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Abstract

Background: evidence on the long-term natural history, predictors and outcomes of anxiety after stroke is insufficient to inform
effective interventions. This study estimates within 10 years of stroke: (i) the incidence, cumulative incidence, prevalence, and time
of onset of anxiety. (ii) Predictors of anxiety and its association with depression. (iii) The association between anxiety 3 months
after stroke and mortality, stroke recurrence, disability, cognitive impairment and quality of life (QoL) at follow-up.
Methods: data from the South London Stroke Register (1995–2010). Patients were assessed at the time of the stroke, at 3
months, 1 year and then annually for up to 10 years. Baseline data included socio-demographics and stroke severity. Follow-up
data included assessments for anxiety and depression (hospital anxiety and depression scale), disability, cognition and QoL.
Multivariate regression was used to investigate predictors and associated outcomes of anxiety.
Results: incidence of anxiety up to 10 years ranged from 17 to 24%. Cumulative incidence: 57%. Prevalence range: 32–38%.
Amongst patients with anxiety, 58% were anxious at 3 months. 57–73% of patients with anxiety had co-morbid depression.
Predictors of anxiety included age under 65, female gender, inability to work, depression treatment, smoking and stroke severity.
Anxiety at 3 months was associated with lower QoL at follow-up.
Conclusions: anxiety is a frequent problem affecting stroke survivors in the long term. Clinicians should pay attention to patients
at risk of anxiety since it is associated with lower QoL and depression.

Keywords: anxiety, stroke, cohort studies, incidence, prevalence, older people

Introduction

Anxiety is the most common mental health problem world-
wide [1]. It has a high prevalence amongst stroke survivors,
in which it causes symptoms such as decreased energy,
poor concentration, irritability, nervous tension and insom-
nia, and it may also be associated with family and social
disruption [2–4].

Despite being so frequent, anxiety after stroke has been in-
sufficiently investigated [3, 5]. The evidence on the long-term
natural history of anxiety after stroke, including its prevalence,
incidence, cumulative incidence and time of onset is very
limited. Previous studies do not provide enough information
to identify the stroke patients at higher risk of anxiety on

which interventions should focus [2]. Furthermore, most
studies examine the phenomena of anxiety and depression in
isolation when it has been well reported that they present to-
gether very frequently [2, 6]. The prognosis of patients with
anxiety after stroke is also poorly understood as it remains
unknown whether anxiety after stroke is associated with other
health outcomes such as mortality, disability, stroke recurrence,
cognitive impairment or lower quality of life (QoL) in the long
term. The available evidence is therefore insufficient to inform
effective prognosis and treatment strategies for stroke survi-
vors with anxiety [2, 4].

This study calculates the incidence, cumulative incidence,
prevalence and time of onset of anxiety up to 10 years after
stroke, and its association with depression during this time. It
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also estimates predictors of anxiety up to 10 years after
stroke. Finally, the association between anxiety 3 months
after stroke and mortality, stroke recurrence, disability, cogni-
tive impairment and QoL up to 10 years is investigated.

Methods

Patients were recruited from the South London Stroke
Register (SLSR), a prospective population-based stroke regis-
ter covering an inner-city population of 271,817 (census
2001) [7]. Data from patients, registered in the SLSR between
1 January 1995 and 31 December 2009, and followed up
until the 31 August 2010, were used.

Participants were registered during the acute phase of their
first stroke and then followed up 3 months after stroke, 1 year
after stroke and annually thereafter for up to 10 years. The
World Health Organization definition of stroke was used [8].
A study clinician verified the diagnosis of all participants. Data
collected at baseline included socio-demographics (age, gender
and ethnicity) and stroke severity measures. These included
Glasgow Coma Scale (GCS), hemiparesis and urinary incon-
tinence. Disability was also assessed at baseline using the
Barthel index (BI) [9]: scores of 0–14 were categorised as
severe disability. Pharmacological treatment for depression,
employment status and smoking habit, at the time of stroke,
was also recorded.

Follow-up was by postal questionnaire or interview, de-
pending on the capacity of patient to fill in the questionnaire.
Such capacity was judged by the patient, the next of kin or the
field worker. Patients unable to complete the follow-up ques-
tionnaire, and those not returning them by post, were tele-
phoned to re-arrange the follow-up assessment. Patients who
could not be followed up at one time point remained registered
and were contacted again for the following annual assessment.
At follow-up patients were assessed for anxiety and depression
using the hospital anxiety and depression scale (HADS) [10].
Scores > 7 in the HADS depression and anxiety subscales
were considered cases of depression and anxiety, respectively.
HADS has been validated in stroke patients [11]. It shows
optimum performance when HADS subscales scores > 7 are
used to identify anxiety and depression, (sensitivity: 0.78 and
specificity: 0.74 for anxiety; 0.72 and 0.86 for depression) [10].
HADS is not a diagnostic scale but a screening tool that indi-
cates risk of depression and anxiety. However, the terms ‘de-
pression’ and ‘anxiety’ are used in this paper for succinctness.
HADS was routinely collected between 1997 and 2010.
Patients registered in 1995 (n= 299) and 1996 (n= 350)
received their first HADS assessment in 1997. Data on HADS
were therefore not included from these patients in the respect-
ive estimates for early rates of anxiety and depression. HADS
cannot be answered by proxy and so all information was col-
lected directly from patients. No data could be collected from
patients with severe cognitive or communication impairment
that the fieldworker, or the patient’s next of kin, judged would
give invalid responses. At follow-up measures of disability and
cognitive impairment were also collected. Cognitive function

was assessed with the Mini-Mental State examination (MMSE)
[12] or the Abbreviated Memory Test (AMT) [13]. Patients
with MMSE score <24 or AMT Scores 0–7 were considered
cognitively impaired [12, 13].QoL was assessed with the SF-36
[14] or SF-12 [15]. The physical and mental component
summary scores of these scales were used. Scores collated
from the scales ranged from 0 to 100 with high score repre-
senting better QoL. Mortality data were collected by the SLSR
follow-up team or from the Office of National Statistics. The
definition of recurrent stroke was the same as for the index
stroke [8]. Only recurrences 21 days after the initial event, or if
earlier, in a different vascular territory were included [16].

Statistical methods

The characteristics of survivors completing and not complet-
ing HADS were compared using chi-squared tests.

The cumulative incidence of anxiety was calculated
amongst patients assessed at any time point. Incidence was
calculated amongst patients assessed in consecutive time
points. The prevalence of anxiety after stroke and the pro-
portion of patients reporting anxiety together with depres-
sion were calculated in patients assessed at each time point
up to 10 years after stroke.

Baseline variables potentially associated with anxiety at 3
months, 1, 3, 5 and 10 years were investigated with multivari-
ate logistic regression models adjusted for age, gender and
ethnicity.

The associations between anxiety 3 months after stroke (ex-
planatory variable) and mortality, stroke recurrence, disability,
impaired cognition and QoL (outcomes) at follow-up were
investigated in multivariate regression models adjusted for age,
gender, ethnicity, stroke severity measures (GCS, incontinence
and hemipareis), disability at baseline and depression at 3
months. Anxiety at 3 months was chosen as the explanatory
variable because most patients had their first symptoms of
anxiety early after stroke. Cox regression models were used to
analyse the association between anxiety at 3 months and mor-
tality, and stroke recurrence, up to 10 years after stroke.
Multinomial logistic regression models were used to analyse the
association between anxiety 3 months after stroke and disability
at 1, 3, 5 and 10 years. The associations between anxiety at 3
months and cognitive impairment at 1, 3, 5 and 10 years were
analysed with logistic regression. Linear regression models were
used to analyse the associations between anxiety 3 months after
stroke and QoL at 1, 3, 5 and 10 years. Only patients with com-
plete outcome data were included in the analyses.

Most variables analysed as potential predictors or con-
founders had some missing data. A separate category was
assigned to it, e.g. paresis 0 (No), 1 (Yes) and 2 (Missing).
Sensitivity analysis was conducted to compare estimates
obtained in multivariate analysis when the category for
missing data was included and when it was not included. Any
differences observed between estimates obtained with and
without a missing data category were reported. When esti-
mates and standard errors were stable and similar to those

543

Anxiety after stroke, natural history, predictors and outcomes
D

ow
nloaded from

 https://academ
ic.oup.com

/ageing/article/43/4/542/15736 by guest on 09 April 2024



based on complete data, the results obtained using separate
categories for missing data were presented.

Results

The SLSR recruited 4022 patients during the time of the
study. Supplementary data available in Age and Ageing online,
Appendix SI and S2 present the number of patients regis-
tered, assessed for anxiety or lost to follow-up and the char-
acteristics of patients assessed, and not assessed, for anxiety
at each time point.

Natural history of anxiety up to 10 years after stroke

Amongst the 2179 patients assessed for anxiety during the
follow-up, 1254 had anxiety at some time point; cumulative
incidence 57.5% (55.5–59.6). Annual incidence of anxiety
ranged from 16.9 (12.2–21.5) to 23.6% (19.0–28.1) during
the 10 years of follow-up, and the prevalence ranged from
31.9 (29.1–34.7) to 38.3% (31.9–44.6) (Table 1). Among the
654 patients who had anxiety at some point and were
assessed at 3 months, 377 were anxious at 3 months, 57.6%
(53.8–61.4).

Association with depression and predictors of

anxiety up to 10 years after stroke

Among the 607 patients who had depression at some point,
and were assessed at 3 months, 360 were depressed at 3
months 59.3% (55.4–63.2). The proportion of patients with
anxiety presenting depression simultaneously ranged from
56.9 (51.2–62.6) to 73.2% (64.2–82.2) during the 10 years of
follow-up (Table 2).

Age under 65 was associated with anxiety at 3 months, 1,
3 and 5 years, and female gender was associated with anxiety
at 1 months, 1 and 3 years. Disability was associated with
anxiety at 3 months and 3 years, and paresis was associated
with anxiety in Year 1 (Table 3). Other variables associated
with anxiety at follow-up were inability to work at baseline,
treatment for depression and being a smoker at the time of
the stroke.

Health outcomes associated with anxiety up to 10

years after stroke

During the 10 years of follow-up 414 of the patients assessed
for anxiety at 3 months died. There was no significant associ-
ation between anxiety at 3 months and mortality at follow-up
[hazard ratio (HR): 0.97 (0.77−1.23), P = 0.846]. During this

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2. Patients with anxiety and comorbid depression

Patients with anxiety
assessed for depression

Patients with anxiety and
comorbid depression, n

Patients with anxiety and
comorbid depression, % (95% CI)

3 months 371 240 64.7 (59.8–69.6)
1 years 394 231 58.6 (53.7–63.5)
2 years 297 169 56.9 (51.2–62.6)
3 years 343 213 62.1 (56.9–67.2)
4 years 284 174 61.3 (55.6–67.0)
5 years 219 133 60.7 (54.2–67.2)
6 years 197 115 58.4 (51.4–65.3)
7 years 157 98 62.4 (54.8–70.1)
8 years 133 77 57.9 (49.4–66.4)
9 years 97 71 73.2 (64.2–82.2)
10 years 86 53 61.6 (51.1–72.1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. Prevalence and incidence of anxiety up to 15 years after stroke

n assessed n with anxiety Prevalence % [95% confidence interval (CI)] n assessed without anxiety
in previous follow-up

Incident cases, n Incidence % (95% CI)

3 months 1104 377 34.1 (31.3–36.9) – – –
1 year 1231 405 32.9 (30.3–35.5) 510 97 19.0 (15.6–22.4)
2 years 901 305 33.8 (30.7–36.9) 451 95 21.1 (17.3–24.8)
3 years 1096 350 31.9 (29.1–34.7) 402 74 18.4 (14.6–22.2)
4 years 889 288 32.4 (30.8–38.1) 483 87 18.0 (14.6–21.4)
5 years 659 227 34.4 (30.8–38.1) 335 79 23.6 (19.0–28.1)
6 years 604 201 33.3 (29.5–37.0) 266 52 19.5 (14.7–24.3)
7 years 470 160 34.0 (29.7–38.3) 255 43 16.9 (12.2–21.5)
8 years 401 137 34.2 (28.0–38.8) 209 42 20.1 (14.6–25.6)
9 years 296 99 33.4 (29.0–38.8) 154 23 20.1 (14.6–25.6)
10 years 230 88 38.3 (31.9–44.6) 129 30 23.2 (15.9–30.6)
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time 93 patients assessed for anxiety at 3 months had stroke
recurrences. The association between anxiety at 3 months
and recurrence of stroke was not significant [HR: 1.28 (0.76–
2.14), P= 0.346]. No significant associations between
anxiety 3 months after stroke and disability, cognitive impair-
ment or physical domain of the QoL at 3 months, 1, 3, 5 or
10 years were identified. However, anxiety 3 months after
stroke was significantly associated with lower scores in the
mental domain of QoL in Years 1, 3 and 5 with coefficients
−4.76 (−7.01 to −2.50) P< 0.001, −4.71(−6.86 to −2.57)
P< 0.001, −6.40 (−9.37 to −3.42) P< 0.001, respectively.

Discussion

Overall, more than half of patients experiences anxiety at
some point within 10 years of stroke. At any given time, the
prevalence was over 30% with an annual incidence around
20%. The majority of patients who had anxiety presented
their first symptoms 3 months after stroke. Over half of the
patients with anxiety had depression at the same time. The
risk of anxiety is higher for female patients aged under 65,
unable to work at the time of stroke, treated for depression,
smokers and having severe strokes. Anxiety did not predict
higher mortality, stroke recurrence, disability, cognitive im-
pairment up to 10 years after stroke. However, it was a strong
predictor of lower QoL in the long term.

The anxiety rates observed in stroke patients are higher
than the ones observed in studies of general population
where the estimated pooled 1-year and lifetime prevalence
rates of anxiety are 10.6% (7.5–14.3) and 16.6% (12.7–21.1),
respectively [17]. A recent systematic review reported a
pooled prevalence of post-stroke anxiety of 25% (21–28) in
studies using scales, and 18% (8–29) in studies using clinical
interviews [2]. The diverse methodology of the studies pre-
sented in the review may explain the difference with the
results of this paper. It is possible that studies using scales
may overestimate the prevalence of anxiety after stroke. Most
previous studies did not focus specifically on anxiety after
stroke but on a variety of outcomes and none of the studies
followed patients up for over 5 years after stroke [2]. Our

study also provides additional measures of natural history of
anxiety after stroke such as incidence, cumulative incidence
and time of onset. The prevalence of anxiety seems to be
stable, with new cases occurring over time, suggesting a
dynamic natural history of anxiety after stroke similar to the
one observed in depression after stroke [18].

Unlike anxiety, depression increases mortality and disabil-
ity among stroke survivors [6]. However, depression tends to
be underdetected in these patients [19]. Screening popula-
tions at high risk of depression may increase the proportion
of patients who are diagnosed and treated adequately [20].
Up to three-quarters of the patients with anxiety had depres-
sion at the same time. Therefore, stroke survivors reporting
symptoms of anxiety should be screened for depression as
managing depression appropriately may improve the overall
prognosis [21]. Clinicians seeing long-term stroke survivors
should also pay special attention to female patients who had
severe strokes under the age of 65 as they are at a significantly
higher risk of anxiety and therefore at high risk for depres-
sion and its consequences. The higher prevalence of anxiety
amongst women has been observed in general population
[22]. Multiple factors, physiological, psychological and socio-
logical, have been proposed to explain this difference
between genders. These include genetic factors, lower
physiological reactivity, vulnerability factors such as negative
affectivity, higher exposure to trauma and the lower use of
problem-focused coping strategies, all associated with female
gender and anxiety [22].

The association between anxiety and depression during
the follow-up may explain the association between anxiety
and lower QoL. The possible overlapping between the
HADS and the mental health domain of the SF-12 and
SF-36 may also explain in part this association.

The use of a cut-off point to define anxiety does not
allow the investigation of dose response in QoL. It is possible
that a different cut-off point (e.g.: HAD≥ 11 = Anxiety)
would have resulted in different associations as well. The use
of advanced methods, such as the latent class analysis, may
help in future research for better identification of individuals
with different levels of anxiety [23]. This would also provide
better estimates of the magnitudes of all the associations of
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Table 3. Predictors of anxiety after stroke Odd Ratio (OR) (95% CI)

Predictors Anxiety at follow-up

3 months 1 year 3 years 5 years 10 years

Age < 65 2.15 (1.63–2.84)** 2.08 (1.60–2.72)** 2.30 (1.74–3.04)** 1.58 (1.22–2.22)** 1.61 (1.10–2.36)*a

Female gender 1.60 (1.23–2.08)** 2.12 (1.65–2.73)** 1.69 (1.29–2.20)** 1.33 (0.95–1.86) 1.32 (0.91–1.92)
Unable to work 2.78 (1.58–4.91)** 1.79 (1.04–3.08)*a 1.36 (0.79–2.34) 3.78 (1.91–7.50)** 1.84 (0.65–5.25)
Glasgow score < 9 1.06 (0.48–2.35) 1.64 (0.81–3.34) 0.83 (0.39–1.74) 0.56 (0.20–1.60) 1.66 (0.54–5.12)
Paresis 1.46 (1.03–2.07)*a 1.83 (1.32–2.54)** 1.13 (0.82–1.54) 1.58 (1.08–2.30)*a 1.47 (0.96–2.24)
Incontinence 1.09 (0.77–1.53) 0.97 (0.68–1.38) 1.32 (0.92–1.90) 1.25 (0.76–2.05) 0.96 (0.56–1.67)
Impaired cognition 1.17 (0.81–1.69) 1.11 (0.77–1.60) 1.21 (0.81–1.80) 1.70 (1.01–2.86)*a 0.84 (0.29–2.41)
Disability (BI: 0–14) 1.61 (1.10–2.36)* 1.27 (0.89–1.80) 1.62 (1.10–2.38)* 1.00 (0.63–1.59) 0.96 (0.59–1.57)
Depression treatment 2.06 (1.20–3.53) 1.59 (0.96–2.63) 1.90 (1.04–3.44)* 5.39 (2.24–12.98) ** 1.99 (0.23–17.27)
Smokers 1.31 (0.94–1.85) 1.01 (0.73–1.40) 1.61 (1.14–2.27)** 1.69 (1.10–2.58)** 1.65 (0.79–3.45)

aThis result could not be confirmed on the sensitivity analysis.
*P< 0.05, **P < 0.01.
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anxiety, including the associations with QoL. Nonetheless,
the cut-off point used in this study was reported to give
HADS its optimum performance in the identification of
anxiety [10].

Anxiety, unlike depression [24–27], is not an independent
predictor of other negative health outcomes after stroke.

The SLSR, as a population-based register, represents the
least biased sampling frame, and has a large number of
patients assessed repeatedly over 10 years, which is in con-
trast with most previous studies [2]. The assessments of
anxiety and depression could not be confirmed with
DSM-IV criteria [28]. However, the performance of the
HADS is good [10] and the clinical assessment of such a
large number of patients so many years after stroke would
have been unfeasible. Patients who could not be assessed for
anxiety had more severe strokes; therefore it is possible that
the overall frequency and impact of anxiety is actually higher
than the one observed. As in almost all cohort studies there
are some missing data in this analysis. The missing data were
not only due to the difficulty following patients for so long
but to the difficulty of survivors with communication or cog-
nitive impairment to respond to the HADS. This limitations
affect most studies of mental health outcomes in physically ill
patients [29]. Many patients who were lost to follow-up at
one point were followed up in subsequent assessments.
Furthermore, missing data were handled with sensitivity ana-
lysis and estimates were consistent in most cases.

Anxiety is a frequent clinical problem affecting stroke sur-
vivors in the long term and it is associated with lower QoL
and depression, which predicts shorter survival and poorer
prognosis [6]. Doctors should consider its impact on stroke
survivors, not just immediately following stroke but also in
the long term, once physical recovery from stroke has
reached a plateaux.Key points:

• Anxiety affects over half of stroke survivors in the long
term.

• Anxiety is strongly associated with depression and leads to
lower QoL in the long term after stroke.

• Female patients, aged below 65, suffering severe strokes,
with previous history of depression are at high risk of
anxiety.
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