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Abstract

Background.  Transient ischaemic attacks (TIA) and minor strokes (TIAMS) have the same patho-
physiological mechanism as stroke and carry a high risk of recurrent ischaemic events. Diagnosis 
of TIAMS can be challenging and often occurs in general practice. Absolute cardiovascular risk 
(ACVR) is recommended as the basis for vascular risk management. Consideration of cardiovas-
cular risk in TIAMS diagnosis has been recommended but its utility is not established.
Objectives.  Firstly, to document the ACVR of patients with incident TIAMS and with TIAMS-
mimics. Secondly, to evaluate the utility of ACVR calculation in informing the initial diagnosis of 
TIAMS.
Methods.  The International comparison of Systems of care and patient outcomes in minor 
Stroke and TIA (InSiST) study is an inception cohort study of patients of 17 Australian general 
practices presenting as possible TIAMS. An expert panel determines whether participants have 
had TIAMS or TIAMS-mimics. ACVR was calculated at baseline for each participating patient. In 
this cross-sectional baseline analysis, ACVR of TIAMS and TIAMS-mimics were compared uni-
variately and, also, when adjusted for age and sex. The diagnostic utility of ACVR was evaluated 
via receiver operating characteristic (ROC) curves.
Results.  Of 179 participants, 87 were adjudicated as TIAMS. The presence of motor and speech 
symptoms and body mass index were associated with a diagnosis of TIAMS. ACVR was associ-
ated with TIAMS diagnosis on univariate analysis, but not when age- and sex-adjusted. ACVR did 
not significantly improve area under ROC curves beyond that of age and sex.
Conclusion.  In patients presenting with transient or minor neurological symptoms, calculation 
of ACVR did not improve diagnostic accuracy for TIAMS beyond that of age and sex.
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Introduction

Transient ischaemic attack (TIA) and ischaemic stroke consti-
tute a continuum of acute cerebrovascular syndrome (1). TIA is 
a potent risk factor for stroke. Of patients with ischaemic stroke, 
23% have had a prior TIA, usually within hours to days of the 
stroke (2). TIAs and minor strokes (TIAMS) can be considered 
a single entity, having a similar prognosis in terms of recurrent 
stroke (3) and are managed similarly. The early identification 
and treatment of TIAMS results in a substantial reduction in 
risk of recurrent stroke, mortality and disability (4).

Diagnosis of a TIA is based on clinical history and is often 
challenging as symptoms and signs have usually disappeared 
by the time of assessment. There is also considerable symptom 
overlap with TIA-mimics: migraine, partial seizure, vestibular 
disorders, intracranial lesions, metabolic causes, transient global 
amnesia, syncope or psychogenic illness are often initially mis-
diagnosed as a TIA (5). Studies involving written case histories 
suggest GPs have variable diagnostic ability concerning TIA (6). 
Approximately 50% of referrals to TIA clinics are eventually 
diagnosed as having a TIA (7,8). Given the urgency of TIA man-
agement, improved diagnostic precision would be of value in 
general practice where TIA patients usually first present [and in 
Emergency Departments (EDs), the next most common site of 
presentation].

To distinguish TIAs from mimics, multiple diagnostic sup-
port tools have been evaluated in secondary care settings (9,10), 
but only a few have been evaluated in general practice (11). TIA 
diagnostic tools appear to perform less well in general practice 
than in secondary care (11).

As well as the history of clinical symptoms, GPs are advised 
to elicit risk factors for vascular disease as an element in TIA 
diagnosis (12,13). Risk factors included in these recommenda-
tions include hypertension, diabetes mellitus, previous cardiac 
or vascular disease, dyslipidaemia, smoking and obesity (12,13). 
These risk factors are similar to those incorporated in the 
Framingham risk score (14) and its derivative, the absolute car-
diovascular risk (ACVR) score (15). The Stroke Foundation of 
Australia currently recommends primary vascular disease pre-
vention based on ACVR calculation (15). Some risk factors are 
more strongly associated with certain types of cardiovascular 
disease, e.g. blood pressure (BP) is more strongly associated with 
stroke (14), and a specific Framingham stroke risk can be calcu-
lated (16). But specific stroke risk is as well predicted in primary 
care by the Framingham general cardiovascular risk as by the 
Framingham stroke-specific profile (17).

ACVR score is currently part of preventative health guide-
lines for Australian GPs and has shown promise in improve-
ment of cardiovascular risk prevention. Little is known about its 
importance in diagnosis, though calculation of ACVR has been 
advocated as part of GPs’ diagnostic differentiation of TIAs and 
TIA-mimics (5).

We aimed to establish the vascular risk profile of patients 
with incident possible TIAMS and to compare the ACVR scores 
of TIAMS and TIAMS-mimics. We also aimed to determine the 
potential for ACVR score calculation to improve TIAMS diag-
nostic performance.

Methods

The International comparison of Systems of care and patient 
outcomes in minor Stroke and TIA (InSiST) study is an incep-
tion cohort study in which patients with possible TIAMS are fol-
lowed for 12 months post-event. Participants are recruited from 
within the patient-base of 17 general practices in the Hunter 
and Manning Valley regions of New South Wales, Australia. All 
practices are within the referral footprint of a single hospital-
based secondary care Acute Neurovascular Clinic which pro-
vides a service for urgent diagnosis and management of TIAMS.

In InSiST, a clinical definition of TIA is used: a rapidly devel-
oped clinical symptom of focal disturbance of cerebral function 
lasting <24 hours with no apparent non-vascular cause. Minor 
strokes are defined as lasting >24 hours and with a National 
Institutes of Health Stroke Scale score of ≤4. Multiple overlapping 
means of ascertainment are used. These are within participating 
general practices, EDs, the regional Acute Neurovascular Clinic, 
GP after-hours services, Stroke Units and hospital separations.

This is a cross-sectional analysis of baseline data from the first 
13 months of the InSiST study (August 2012 to August 2013).

Participants completed an extensive baseline interview, either by 
phone or face-to-face. Interviews were conducted by an experienced 
stroke nurse or a recent medical graduate provided with specific 
training for the task. The interviewers elicited a detailed patient 
narrative of the index event and its context as well as a structured 
interview eliciting any salient features of the index event (positive or 
negative) not captured by the narrative. Further data was obtained 
from general practice and hospital clinical records. Index events 
were classified as TIAMS or TIAMS-mimic by an adjudication 
panel of three clinician neurologists and GPs (including at least one 
stroke physician and one GP). As well as the study interview find-
ings, the data available to the panel included general practice, ED 
and Acute Neurovascular Clinic clinical records, including imaging 
reports, and direct viewing of imaging studies ordered during ED 
or Acute Neurovascular Clinic consultations. The final adjudication 
for each event was the consensus of the panel, arrived at by consid-
eration and discussion of all available information.

A baseline ACVR score was calculated for each participant, 
utilizing the Australian ACVR charts (15). In these charts, patient 
age, sex, smoking status, diabetes and ratio of total cholesterol to 
high density lipoprotein cholesterol are used to calculate ACVR. 
A  Framingham-based general ACVR rather than stroke-specific 
risk was employed as the Framingham stroke-specific risk incor-
porates left ventricular hypertrophy (16) (for which we did not 
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have complete data) and does not perform better in stroke predic-
tion than the general ACVR (17). Furthermore, Australian GPs are 
familiar with the general ACVR tool and, thus, its demonstrated 
validity in TIAMS diagnosis would be of immediate clinical utility.

Participants were categorized as ‘low’ (<10% risk of car-
diovascular event in next 5  years), ‘moderate’ (10–15% risk), 
‘high’ (>15% risk), or ‘automatically-high’ (>15% risk) risk. 
The ‘automatically-high’ risk category is defined by current 
or previous cardiovascular disease, stroke or TIA, or carotid 
endarterectomy/stent. The ‘automatically-high’ risk category 
also includes those with diabetes and age >60, moderate/severe 
chronic kidney disease (estimated glomerular filtration rate <45 
and/or persistent proteinuria), serum total cholesterol >7.5, sys-
tolic BP ≥180, diastolic BP ≥110 and Aboriginal or Torres Strait 
Islander adults aged >74, as per the National Vascular Disease 
Prevention Alliance (NVDPA) Guidelines (15). The NVDPA 
indicators of ‘automatically-high’ ACVR not included in our 
formulation were familial hypercholesterolaemia and diabetic 
microalbuminuria, as this data was not collected.

Statistical analysis

Categorical data are presented as number and percent of indi-
viduals with the outcome of interest. Continuous data are pre-
sented as means and SDs. All P values for TIAMS/non-TIAMS 
comparisons were calculated using logistic regression. Adjusted 
P values were adjusted for age and sex. Factors were then placed 
into receiver operating characteristic (ROC) curves and the area 
under the ROC (AUROC) curve was compared between factors 
of interest to assess improvements in diagnostic accuracy. All 
analyses were programmed in Stata v13 or SAS v 9.3.

Sample size calculation: for our primary outcome of com-
parison of ACVR in TIAMS and mimics, with an alpha of 0.05, 
power of 0.80, ratio of TIAMS to mimics of 1 (7,8,18), high or 
automatically high ACVR in mimics of 51% (19) and clinically 
significant difference of 0.2, we needed a sample size of 184.

Results

A total of 179 participants presenting as possible TIAMS (of 
365 ascertained cases: response rate 49%) were recruited into 
the cohort under analysis (87 TIAMS and 92 TIAMS-mimics). 
Of the 179 participants, 72 (40%) presented to an ED, 68 (38%) 
were managed exclusively in general practice, 53 (30%) were 
referred to the regional Acute Neurovascular Clinic and 7 (4%) 
to a non-Acute Neurovascular Clinic specialist.

Migraine was the most common TIAMS-mimic (see Table 1). 
Of migrainous neurological events, 74% were in female par-
ticipants and the mean age was 55 (SD  =  13.6) years, com-
pared with 69% female and 70 (SD  =  11.8) years for other 
TIAMS-mimics.

Categorized by ACVR, 96 of the 179 participants (53.6%) 
were high or automatically high risk, 25 (14.0%) were moder-
ate risk, and 47 (26.3%) were low risk. ACVR was unable to be 
calculated for 11 participants (6.1%) with missing data.

Comparisons of TIAMS/non-TIAMS risk factors and 
clinical presentation variables are presented in Tables 2 and 
3. On univariate analysis age, male sex, higher systolic BP, 
higher vascular risk, history of hypertension, atrial fibrilla-
tion, history of vascular disease and smoking history were 
significantly associated with TIAMS diagnosis. History of 
hypertension, atrial fibrillation and history of cardiovascu-
lar disease remained significantly associated with TIAMS 
diagnosis when adjusted for age and sex. Body mass index 
(BMI) became a significant association when adjusted for age 
and sex. Presentation to an ED rather than general practice, 
shorter delay in presentation, speech symptoms and motor 
symptoms were also associated with TIAMS diagnosis when 
adjusted for age and sex.

The prediction of TIAMS/TIAMS-mimic by baseline factors, 
adjusted for age and sex and adjusted for ACVR, is presented 
(via AUROC) in Table 4 and Figure 1. Most variables, including 
ACVR, did not improve diagnostic accuracy beyond that of age 
and sex. BMI, motor symptoms and speech symptoms, however, 
did improve the AUROC.

Discussion

Summary of main findings
Of participants presenting with a possible TIAMS, 49% were 
adjudicated as having had a TIAMS. ACVR was high or auto-
matically high in 57% of study participants. ACVR was strongly 
associated with TIAMS diagnosis on univariate analysis, but not 
when age- and sex-adjusted.

A number of other risk factors, demographic and presen-
tation factors were significantly associated with diagnosis of 
TIAMS rather than TIAMS-mimic, but only BMI, motor symp-
toms and speech symptoms showed any indication of usefulness 
in improving diagnostic accuracy.

Table 1.  TIAMS-mimic types by number and percentage

Mimic type N (%)

Migraine 27 (29.4)
Vestibular dysfunction 16 (17.4)
Seizure 7 (7.6)
Syncope/presyncope 7 (7.6)
Transient global amnesia 4 (4.4)
Visual disturbances 2 (2.2)
Isolated cranial nerve lesions 2 (2.2)
Non-organic causes 4 (4.4)
Other 5 (5.4)
Uncertain 18 (19.6)
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Calculation of ACVR risk did not improve diagnostic accu-
racy beyond that of age and sex.

Interpretation of findings and comparison with 
previous literature

The finding that 49% of patients presenting with suspected 
TIAMS were adjudicated as TIAMS is similar to the 51–54% 

of attendees at Acute Neurovascular Clinics in Scotland, 
Australia and Germany (7,8,18). There is a higher proportion 
of migraines in our study and comparatively more ‘uncertain’ 
diagnoses compared to earlier Acute Neurovascular Clinic 
studies (7,10). This likely reflects our ascertainment of all 
patients within participating practices with a possible TIAMS 
rather than the ‘filtered’ population of referral secondary care 
clinics.

Table 3.  Characteristics of the patient’s presentation by outcome: clinical presentation variables

Variable Category Diagnosis P Adj Pa

TIAMS-mimic (n = 92) TIAMS (n = 87)

Hours from symptom onset to first doctor Mean (SD) 362 (1103) 99 (217) 0.0351 0.0469
Hours from symptom onset to Acute Neurovascular 
Clinic (acute referral)

Mean (SD) 604 (1395) 205 (157) 0.4683 0.3575

Presentation pattern ED 21 (36%) 38 (64%) 0.0128 0.0033
GP 62 (58%) 44 (42%)
GP -> ED 9 (64%) 5 (36%)

Symptom duration ≤60 minutes 42 (55%) 35 (45%) 0.4642 0.3865
>60 minutes 50 (49%) 52 (51%)

Motor impairment Yes 12 (27%) 33 (73%) 0.0002 0.0012
Sensory impairment Yes 28 (57%) 21 (43%) 0.3461 0.4191
Visual impairment Yes 29 (53%) 26 (47%) 0.8125 0.9405
Speech impairment Yes 17 (27%) 46 (73%) <0.0001 <0.0001

aThe P value is adjusted for age and sex.

Table 2.  Demographic and other baseline characteristics of patients by outcome: risk factors

Variable Category Diagnosis P Adj Pa

TIAMS-mimic (n = 92) TIAMS (n = 87)

Age Mean (SD) 66 (14) 73 (11) 0.0009 0.0017
Systolic BP Mean (SD) 142 (20) 149 (24) 0.0472 0.1025
Cholesterol Mean (SD) 4.89 (1.33) 4.60 (1.24) 0.1479 0.5344
Weekly alcohol consumption SDEb Mean (SD) 5.0 (7.7) 7.5 (12.9) 0.1265 0.2498
Exercise (hours/week) Mean (SD) 5.4 (5.9) 5.0 (5.4) 0.6719 0.5045
Sex Male 27 (39%) 42 (61%) 0.0099 0.0225
Vascular risk High 38 (40%) 58 (60%) 0.0057 0.4010

Mod 14 (56%) 11 (44%)
Low 32(68%) 15 (32%)

Hypertension Yes 53 (43%) 70 (57%) 0.0012 0.0076
Hyperlipidaemia Yes 42 (47%) 48 (53%) 0.2036 0.3099
Atrial fibrillation Yes 12 (32%) 25 (68%) 0.0123 0.1130
History of cardiovascular disease Yes 25 (36%) 44 (64%) 0.0015 0.1391
Diabetes Yes 16 (50%) 16 (50%) 0.8615 0.6214
Ever smoked Yes 37 (47%) 42 (53%) 0.2440 0.2157
Smoking at time of event Yes 6 (55%) 5 (45%) 0.5820 0.7697
BMI category 17 to ≤25 34 (47%) 39 (53%) 0.1033 0.0047

25 to ≤30 32 (56%) 25 (44%)
30 to ≤35 19 (68%) 9 (32%)
>35 7 (35%) 13 (65%)

aThe P value is adjusted for age and sex.
bSDE is standard drink equivalents.
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The strong association of age and sex with TIAMS diagnosis 
in our study may be partly explained by the large proportion of 
migraines (with bias to female sex and younger age) among our 
TIAMS-mimics.

We found variable evidence of individual elements of vascu-
lar risk calculation being associated with TIAMS on univariate 
analysis (age, sex, BP and a past history of vascular disease were 
significantly associated, but lipid levels, diabetes and smoking 
were not). History of hypertension and atrial fibrillation (not 
included in our ACVR calculation) were also associated with 
TIAMS analysis on univariate analysis. Our results are simi-
lar to an Irish Acute Neurovascular Clinic study: in that study, 
TIAMS patients were older, more likely male and to have had 
a previous TIA, hypertension, coronary artery disease or atrial 
fibrillation than were TIAMS-mimics (9). In comparison, in a 
Scottish Acute Neurovascular Clinic cohort (7), TIA patients 

differed from non-TIA counterparts by being older, having a 
higher BP and a higher burden of traditional cardiovascular risk 
factors (smoking, hypertension, hyperlipidaemia and diabetes).

We found ACVR to be univariately associated with TIAMS/
TIAMS-mimic adjudication, but this association did not persist 
after adjustment for age and sex. Furthermore, addition of 
ACVR to age and sex did not appreciably increase the area 
under the curve (AUC) of ROC curves for TIAMS/TIAMS-
mimic diagnosis. However, addition of motor symptoms or 
speech symptoms to age and sex increased the AUROC (from 
0.68 to 0.74 and 0.73, respectively), similarly for the addition 
of BMI to age and sex (AUROC of 0.75). By comparison, in 
an Irish Acute Neurovascular Clinic population, use of ABCD2 
score (3) (designed as a prognostic rather than diagnostic deci-
sion tool, and incorporating age, BP, speech symptoms, motor 
symptoms, duration of symptoms and history of diabetes) as an 
aid to TIAMS diagnosis resulted in an AUROC of 0.70 (9).

The finding of association of speech and motor symptoms 
with TIAMS diagnosis is consistent with previous studies (9,10).

The significant association of TIAMS diagnosis with BMI in our 
study was not linear, with a U-shaped relationship, so that BMIs 
<25 and >35 were strongly associated with TIAMS diagnosis. This 
is consistent with the U-shaped relationship of BMI with all-cause 
mortality (20) and with the shift to the right of this U-shaped curve 
with age (given the age of our study population). In previous stud-
ies, the upward limb of the stroke-specific mortality U-curve takes 
off at a BMI of 32.5 (20) which is consistent with our findings of 
the relationship of BMI and TIAMS/TIAMS-mimic.

Strengths and limitations

A strength of this study is the ascertainment of possible TIAMS 
from primary as well as secondary care. Previous studies have 

Table 4.  AUROC curve associated with various baseline variables and symptoms

Variable Area under the curve (95% confidence interval)

Unadjusted Adjusted for age and sex Adjusted for ACVR

Age 0.64 (0.56–0.72) 0.67 (0.59–0.75)
Sex 0.59 (0.52–0.67) 0.66 (0.58–0.74)
Age and sex 0.68 (0.60–0.76) 0.69 (0.60–0.77)
Vascular risk 0.63 (0.55–0.70) 0.69 (0.60–0.77)
Systolic BP 0.59 (0.50–0.68) 0.68 (0.60–0.77) 0.64 (0.55–0.73)
Hypertension 0.61 (0.55–0.68) 0.71 (0.63–0.78) 0.67 (0.60–0.75)
Atrial fibrillation 0.58 (0.52–0.64) 0.69 (0.61–0.77) 0.65 (0.57–0.73)
History of cardiovascular disease 0.61 (0.54–0.69) 0.68 (0.60–0.76) 0.65 (0.57–0.72)
BMI category 0.62 (0.54–0.70) 0.75 (0.67–0.82) 0.72 (0.64–0.79)
Hours from symptom onset to first doctor 0.62 (0.54–0.71) 0.70 (0.62–0.78) 0.71 (0.63–0.79)
Motor impairment 0.63 (0.56–0.69) 0.74 (0.66–0.81) 0.69 (0.61–0.76)
Sensory impairment 0.53 (0.46–0.60) 0.70 (0.62–0.78) 0.62 (0.57–0.72)
Visual impairment 0.52 (0.45–0.59) 0.68 (0.60–0.76) 0.63 (0.55–0.71)
Speech impairment 0.66 (0.59–0.73) 0.73 (0.66–0.81) 0.71 (0.63–0.79)

Figure 1.  Area under the curve of age and sex and age, sex and ACVR for 
diagnosis of transient ischaemic attack/minor stroke.
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been of referred patients to secondary care settings. In our study, 
38% of patients were managed exclusively in general practice 
and only 34% had attended an Acute Neurovascular Clinic or 
otherwise been seen by a stroke specialist. As a result of multi-
ple overlapping means of ascertainment, we are confident that 
ascertainment has been good. The moderate response rate of 
49% is a limitation of the study but reflects the difficulties of 
patient recruitment to research in primary care and in this con-
text our response rate is relatively good.

Implications for clinical practice

GPs are encouraged to take cardiovascular risk factors into 
account when diagnosing TIAMS/mimics (5,12,13). Our study 
suggests that GPs should consider two component factors 
of ACVR, age and sex, in their diagnostic process for possi-
ble TIAMS in addition to clinical features of presentation (of 
which, we found speech/motor symptoms to be the most dis-
criminatory). GPs diagnosed hemispheric TIAs more readily 
if the patient was older than 65 (6) in a Polish scenario-based 
study, indicating that some may already be using this approach. 
Patients being underweight or, especially, having a BMI >35 may 
also point to a diagnosis of TIAMS. However, we found no util-
ity in formal calculation of ACVR beyond that provided by age 
and sex alone.

Conclusion

Calculation of ACVR does not appear to improve diagnostic 
accuracy for TIAMS in the situation of first contact with a 
patient with a possible TIAMS.
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