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BACKGROUND AND PURPOSE: Chronic kidney disease (CKD) is strongly associated with stroke risk, but the mechanisms
underlying this association are unclear and might be informed by subtype-specific analyses. However, few studies have
reported stroke subtypes in CKD according to established classification systems, such as the TOAST (Trial of ORG 10172
in Acute Stroke Treatment) criteria. We, therefore, aimed to determine which transient ischemic attack and ischemic stroke
subtypes using the TOAST classification occur most frequently in patients with CKD.

METHODS: In a population-based study of all transient ischemic attack and stroke (OXVASC [Oxford Vascular Study]; 2002-2017),
allischemic events were classified by TOAST subtypes (cardioembolism, large artery disease, small vessel disease, undetermined,
multiple, other etiology, or incompletely investigated). Logistic regression was used to determine the relationship between CKD
(defined as an estimated glomerular filtration rate <60 mL/min per 1.73 m?) and transient ischemic attack/stroke subtypes
adjusted for age, sex, and hypertension and then stratified by age and estimated glomerular filtration rate category.

RESULTS: Among 3178 patients with transient ischemic attack (n=1167), ischemic stroke (n=1802), and intracerebral
hemorrhage (n=209), 1267 (40%) had CKD. Although there was a greater prevalence of cardioembolic events (31.8%
versus 21.2%; P<0.001) in patients with CKD, this association was lost after adjustment for age, sex, and hypertension
(adjusted odds ratio=1.20 [95% ClI, 0.99-1.45]; P=0.07). Similarly, although patients with CKD had a lower prevalence of
small vessel disease (8.8% versus 13.6%; £<0.001), undetermined (26.1% versus 39.4%; F<0.001), and other etiology
(1.0% versus 3.6%; A<0.001) subtypes, these associations were also lost after adjustment (adjusted odds ratio=0.86 [0.65—
1.18]; P~=0.27 and 0.73 [0.36-1.43]; £=0.37 for small vessel disease and other defined etiology, respectively) for all but
undetermined (adjusted odds ratio=0.81 [0.67-0.98]; A=0.03).

CONCLUSIONS: There were no independent positive associations between CKD and specific TOAST subtypes, which suggest
that renal-specific risk factors are unlikely to play an important role in the etiology of particular subtypes. Future studies of
stroke and CKD should report subtype-specific analyses to gain further insights into potential mechanisms.
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kidney disease (CKD) is a rising global health bur-
den with prevalence rates of between 11% and
13%."? It has been associated with a 43% increased
risk of incident stroke® greater disability and likelihood

As an established cardiovascular risk factor, chronic

of institutionalization,* and higher short- and long-term
mortality poststroke.5®

Although CKD appears to be a risk factor for stroke
analogous to diabetes mellitus/ the mechanisms
underpinning this relationship are unclear. Previous
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Nonstandard Abbreviations and Acronyms

AF atrial fibrillation

CKD chronic kidney disease

eGFR estimated glomerular filtration rate
OR odds ratio

OXVASC Oxford Vascular Study

TOAST Trial of ORG 10172 in Acute Stroke

Treatment

meta-analyses have suggested that the relationship
between CKD and stroke risk is independent of conven-
tional cardiovascular risk factors frequently comorbid with
CKD, such as hypertension, diabetes mellitus, and atrial
fibrillation (AF).3® Proposed causal mechanisms include
chronic inflammation, oxidative stress, or thrombogenic
factors induced by the uremic milieu that subsequently
contribute to vascular injury and endotheliopathy.® In
particular, CKD has been associated with increased left
atrial thrombogenic milieu in patients with AR heavily
calcified and unstable carotid plaque morphology in large
artery disease,'" and uremic disruption of blood-brain
barrier integrity'? which may have implications for smalll
vessel disease and lacunar stroke risk.'

Etiological classification of stroke into different caus-
ative subtypes, like the widely used TOAST (Trial of ORG
10172 in Acute Stroke Treatment) system' can provide
mechanistic insights as studies have shown that differ-
ent stroke subtypes may represent different risk factor
profiles.’™'® The heterogenous pathophysiology of stroke
is further highlighted by recent genome-wide association
studies that have identified different genetic loci asso-
ciated with specific stroke subtypes, reflecting differing
causal pathways.'"'®

However, very few studies to date have reported the
frequency of the various etiological stroke subtypes that
occur in CKD, reporting only the risk of all-type events
or ischemic versus hemorrhagic strokes. Those that
have subtyped in more detail variably suggest a pre-
ponderance of cardioembolic, large vessel, or lacunar
events.'?" However, these studies have been small and
did not report adjusted risk estimates. CKD is strongly
related to age and other risk factors. Our recent meta-
analysis has demonstrated that the association between
CKD and stroke appears to be highly dependent on the
method of adjustment for hypertension, implicating long-
term blood pressure burden as the primary confounder
of this relationship.?

In a large prospective population-based study, we
aimed to determine which transient ischemic attack
(TIA) and stroke subtypes occur most frequently
in patients with CKD, and whether any associa-
tions present remained after adjustment for potential
confounders.
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METHODS
Data Availability

Requests for access to data should be submitted for consider-
ation to the OXVASC (Oxford Vascular Study) Study Director
(peter.rothwell@ndcn.ox.ac.uk).

Patients
The OXVASC is an ongoing population-based study of all acute
vascular events (including TIA, stroke, acute coronary syn-
dromes, and peripheral vascular events) since 2002. The study
population comprises all 92 728 individuals, irrespective of age,
registered with about 100 general practitioners in 9 general
practices in Oxfordshire, United Kingdom. The OXVASC popu-
lation is 94% White, 3% Asian, 2% Chinese, and 1% Afro-
Caribbean.?® The methodology of OXVASC was approved by
the Oxfordshire Research Ethics Committee. Multiple meth-
ods of ascertainment are used to ascertain patients with TIA
or stroke, as detailed elsewhere.?* Briefly, multiple overlapping
methods of hot and cold pursuit are used to achieve near-
complete ascertainment of all individuals with TIA or stroke.
These include a daily, rapid access TIA clinic to which partici-
pating general practitioners and the local emergency depart-
ment refer all individuals with unhospitalized TIA or stroke; daily
searches of ward admissions (medical, cardiology, stroke unit,
and neurology), emergency department attendance register
and in-hospital bereavement office death records; and monthly
searches of death certificates, coroner's reports (for out-of-
hospital deaths), general practitioner and hospital diagnostic/
discharge codes, and brain/vascular imaging referrals.

Patients with incident TIA and stroke recruited from April
2002 to March 2017 were included in this analysis. All patients
provided written informed consent or assent was obtained from
relatives, and they were seen by study physicians as soon as
possible after their initial presentation. A detailed clinical his-
tory was recorded in all patients using a standardized question-
naire. Neurological impairment, medical history, and risk factors
were recorded in all patients. Hypertension was defined on
the basis of a historical diagnosis (either patient-reported or
general practitioner-coded) or the presence of antihyperten-
sive treatment. Patients routinely had brain imaging, vascular
imaging, 12-lead ECG, and standard blood tests. However,
during the 15-year study period of OXVASC, different imaging
protocols were used in 2 different time periods. From April 1,
2002 to March 31, 2010 (phase 1), computed tomography
brain and carotid doppler were the first-line imaging methods,
with magnetic resonance imaging or magnetic resonance angi-
ography done in selected patients when clinically indicated.
Echocardiography, 24-hour ECG (Holter monitor), and 5-day
ambulatory home ECG monitoring (R test) were also done
when clinically indicated (eg, potential cryptogenic TIA/stroke;
multiterritory infarct; patients at high risk of endocarditis, with
known valve problems, or with other cardiological complaints).
From April 1, 2010 to March 31, 2017 (phase 2), brain mag-
netic resonance imaging and magnetic resonance angiography
of extracranial and intracranial vessels became the first-line
imaging methods, and all clinic patients had R tests and trans-
thoracic echocardiography.

Although new definitions for stroke and TIA have been sug-
gested recently,?5% to enable comparison with previous studies,
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the classic definitions of TIA and stroke are used throughout.?®
A stroke is defined as rapidly developing clinical symptoms
and signs of focal, and at time global (applied to patients in
deep coma and to those with subarachnoid hemorrhage), loss
of brain function, with symptoms lasting >24 hours or leading
to death, with no apparent cause other than that of vascular
origin.?” ATIA is an acute loss of focal brain or monocular func-
tion with symptoms lasting <24 hours and which is thought to
be caused by inadequate cerebral or ocular blood supply as a
result of arterial thrombosis, low flow, or embolism associated
with arterial, cardiac, or hematological disease.?® All cases were
reviewed by a senior neurologist (Dr Rothwell) daily, and imag-
ing was reviewed by the study neuroradiologist. All patients
were followed up by a research nurse or physician at 1, 3, 6,
12, 24, 60, and 120 months after the index event.

CKD was defined as estimated glomerular filtration rate
(eGFR) <60 mL/min per 1.73 m? for 3 or more months as
per 2012 Kidney Disease: Improving Global Outcomes guide-
lines.®® eGFR was estimated using the CKD-Epidemiology
Collaboration Equation. eGFR was then categorized into b
groups based on modified CKD classification by the National
Kidney Foundation-Kidney Disease Outcomes Quality Initiative:
eGFR=90 (reference), 60 to 89, 30 to 59, 15 to 30, and <15
mL/min per 1.73 m2 For the purpose of statistical analysis, the
latter 2 groups were combined as the individual numbers within
each group were small.

All clinical history and investigation results were reviewed in
detail by a study physician using a standardized form (Materials
in the Data Supplement) as soon as completion of all investiga-
tions, and cases were then reviewed with a senior neurologist
(Dr Rothwell) and TIA/ischemic stroke cause was classified
(blind to CKD status) according to the modified TOAST crite-
ria into 7 subtypes: cardioembolic stroke, large artery disease,
small vessel disease, undetermined cause, unknown etiology,
multiple causes, or other defined cause.'* We have previously
described the specific criteria used to diagnose each TOAST
subtype in detail?® The patients were classified as undeter-
mined stroke only if the diagnostic work-up included at least
brain imaging, ECG, and carotid imaging, and no clear cause
was found. Patients with more incomplete investigations were
classified as unknown stroke while stroke of multiple causes
was classified separately. Although TOAST criteria have not
been specifically validated for TIA events, its practical appli-
cation in a TIA cohort has been previously demonstrated with
comparable results to other classification systems.3

Statistical Analysis

Descriptive statistics were used to summarize the baseline char-
acteristics of the cohort stratified by CKD status. Continuous
data were given as mean (SD) or median (interquartile range)
as appropriate, categorical data were given as n (%). Mann-
Whitney U and %2 tests were used to test the significance of
differences between 2 groups for continuous and categorical
variables, respectively. The relative frequency of TOAST sub-
types was reported according to CKD status. Associations
between CKD and TOAST subtypes were determined by binary
logistic regression whereby specific subtypes were treated as
dichotomous dependent variables and compared with all other
subtypes, adjusted for age, sex, and hypertension, and stratified
by age (<65 versus =65 years) and eGFR category. Statistical
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heterogeneity in CKD prevalence among TOAST subtypes was
investigated using metaregression to determine if age was a
significant predictor of between-subtype variance. Logistic
regression analysis was also used to determine the association
between ICH and CKD using ischemic stroke as the reference
category. Events of unknown etiology (ie, incompletely investi-
gated) were excluded from all regression analyses to avoid the
risk of reverse causation (ie, under-investigation of elderly, frail
patients with CKD due to contraindications or frailty). Results
were considered significant at A<0.05. All statistical analyses
were performed using SPSS version 25.0.

RESULTS

A total of 3178 consecutive eligible patients with TIA
(n=1167), ischemic stroke (h=1802), and ICH (n=209)
were recruited from 2002 to 2017 Table 1 shows the
baseline characteristics at the time of the event for all
TIA/ischemic stroke patients and according to CKD sta-
tus. The median age was 75.8 (66.0-83.7) years, 49.1%
(n=1458) were men, and hypertension was the most
prevalent risk factor being found in 585% (n=1738).
The median eGFR was 65.9 mL/min per 1.73 m? and
1197 patients had CKD (40.3% of the study popula-
tion). A total of 422 patients (14.2%) had an eGFR=90,
1346 (45.3%) had an eGFR 60 to 89, 1064 (35.8%)
had an eGFR 30 to 59, 133 (4.5%) had an eGFR<30
mL/min per 1.73 m2 Only 11 patients (0.3%) were dialy-
sis dependent. Notably, compared with those with nor-
mal renal function, the CKD group was older and had a
significantly higher burden of vascular risk factors and
comorbidities, including hypertension, diabetes mellitus,
ischemic heart disease, peripheral arterial disease, con-
gestive cardiac failure, and AF (all A<0.05).

Table 1 and Figure 1 demonstrate the relative fre-
quency of TIA/ischemic stroke TOAST subtypes occur-
ring with the entire population and according to the
presence or absence of CKD. There was a greater prev-
alence of cardioembolic subtype (31.8% versus 21.2%;
P<0.001), unknown (16.6% versus 889%; F<0.001),
and multiple cause (4.3% versus 2.8%; P=0.03) events
in patients with CKD while small vessel disease (8.8%
versus 13.6%; A<0.001), undetermined (26.1% versus
39.4%; A<0.001), and other etiologies (1.0% versus
3.6%; A<0.001) were more common in patients without
CKD. There was no significant difference in large artery
disease subtype prevalence between groups (11.3%
versus 10.6%; P=0.59).

Although there appeared to be major differences
in CKD prevalence between TIA/stroke subtypes
(P<0.001; Figure 1), CKD prevalence was also strongly
associated with age. When the median age of each
TIA/stroke subtype was plotted against the odds ratio
(OR) of individual subtypes, there was a linear associa-
tion suggesting potential confounding by age (P value
for heterogeneity=0.001; Figure 2). Consistent with this
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Table 1. Baseline Characteristics of All Patients With TIA and Ischemic Stroke, and Stratified According to the Presence of CKD

Characteristics* All Patients, n=2969 No CKD, n=1772 CKD Present, n=1197 P Value
Age, y, median (IQR) 75.8 (66.0-83.7) 70.6 (59.8) 81.7 (74.7-87.4) <0.001
Male sex 1458 (49.1) 984 (55.7) 474 (39.6) <0.001
Black race 34 (1.1) 22 (1.2) 12 (1.0) 0.18
eGFR, mL/min per 1.73 m?, median (IQR) 65.9 (50.5-82.0) 78.6 (69.4-89.3) 46.9 (38.3-54.1) <0.001
Hypertension 1738 (58.5) 897 (50.7) 841 (70.3) <0.001
Diabetes mellitus 425 (14.3) 222 (12.6) 203 (17) 0.001
Previous history of hyperlipidemia 909 (30.6) 499 (28.2) 410 (34.3) 0.001
Previous history of Ml 318 (10.7) 137 (7.7) 18.1 (15.1) <0.001
Previous history of PAD 206 (6.9) 79 (4.5) 127 (10.6) <0.001
Previous history of VHD 280 (9.4) 127 (7.2) 153 (12.8) <0.001
Previous history of CCF 268 (9.0) 88 (5) 180 (15) <0.001
Previous history of atrial fibrillation 554 (18.7) 247 (14.0) 306 (25.6) <0.001
Current or history of smoking 1628 (54.8) 1020 (57.8) 608 (51.2) <0.001
Event type <0.001

TIA 1167 (39.3) 763 (43.2) 403 (33.7)

Ischemic stroke 1802 (60.7) 1005 (56.8) 794 (66.3)
TOAST classification <0.001

Cardioembolism 757 (25.5) 375 (21.2) 381 (31.8)

Large artery 322 (10.8) 187 (10.6) 135 (11.3)

Small artery 347 (11.7) 241 (13.6) 105 (8.8)

Undetermined cause 1011 (34.1) 697 (39.4) 313 (26.1)

Unknown 355 (12) 155 (8.8) 199 (16.6)

Multiple 101 (3.4) 49 (2.8) 52 (4.3)

Other 75 (2.5) 63 (3.6) 12 (1.0)

CCF indicates congestive cardiac failure; CKD, chronic kidney disease (defined as eGFR<60 mL/min per 1.73 m?); eGFR, estimated glomerular filtration rate; IOR,
interquartile range; MI, myocardial infarction; NIHSS, National Institutes of Health Stroke Scale; PAD, peripheral artery disease; TIA, transient ischemic attack; TOAST,

Trial of ORG 10172 in Acute Stroke Treatment; and VHD, valvular heart disease.
*Numbers are n (%) unless otherwise stated.

hypothesis, the prevalence of CKD showed a similar pat-
tern of variation according to age within individual TIA/
stroke subtypes (Figure 3).

The association between CKD and TOAST subtypes
was further examined using univariate and multivariate
regression analysis (Table 2). In unadjusted analysis, CKD
appeared to be associated with a significantly increased
risk of cardioembolic TIA/stroke (crude OR=2.04 [95%
Cl, 1.72-2.42]; A/<0.001) and events of multiple etiologies
(crude OR=1.75 [1.18-2.61]; P=0.006). However, these
risk associations attenuated and became nonsignificant
after adjustment for age, sex, and hypertension (adjusted
OR=1.20 [0.99-1.45]; P=0.07 for cardioembolic events
and adjusted OR=1.13 [0.73-1.74]; P=0.59 for events of
multiple causes). CKD initially appeared to be associated
with lower risk of small vessel disease (crude OR=0.67
[0.52-0.86]; A=0.001), events of undetermined cause
(crude OR=0.60 [0.51-0.71]; /<0.001), and events
of other defined etiology (crude OR=0.30 [0.16—-0.56];
P<0.001), but again these associations were lost after
adjustment for age, sex, and hypertension (adjusted
OR=0.86 [0.65—1.13]; A=0.27 for small vessel disease
events and adjusted OR=0.73 [0.37-1.45]; P=0.36 for
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events of other defined cause), apart from events of unde-
termined etiology which remained significantly negatively
associated with CKD (adjusted OR=0.81 [0.67-0.98];
P=0.03). There was no overall association between CKD
and large artery disease in either unadjusted or adjusted
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Figure 1. Relative frequencies of TOAST (Trial of ORG 10172
in Acute Stroke Treatment) transient ischemic attack/stroke
subtypes according to chronic kidney disease (CKD) status.
CE indicates cardioembolism; LAD, large artery disease; MUL,
multiple causes; OTH, other causes; SVD, small vessel disease; UDE,
undetermined; and UNK, unknown.
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Figure 2. The odds ratio (OR) of specific TOAST (Trial of ORG
10172 in Acute Stroke Treatment) subtypes in chronic kidney
disease (CKD) vs the median age within individual subtypes.
CE indicates cardioembolism; LAD, large artery disease; SVD, small
vessel disease; UDE, undetermined; and UNK, unknown.

analysis. Additional adjustment for any temporal trend in
CKD prevalence over time did not alter the findings.

Table I in the Data Supplement shows the crude and
adjusted ORs of TOAST subtypes according to eGFR cat-
egories. After adjustment for age, sex, and hypertension,
there were no independent associations between any of
the eGFR categories and specific TOAST subtypes.

The age-specific associations of CKD and TOAST
subtypes are shown in Table 3. CKD was associated
with a significantly increased risk of cardioembolic
events in patients <65 years even after adjustment for
age, sex, and hypertension (adjusted OR=1.99 [1.02—
3.82]; P=0.04) but not at older ages (adjusted OR=1.10
[0.90-1.35]; A=0.35). There was a nonsignificant asso-
ciation between CKD and large artery disease events in
those aged <65 years (adjusted OR=1.32 [0.62-2.82];
P=0.47). With further analysis though, there was an
independent association between CKD and large artery

TIA and Stroke Subtypes in CKD

disease in those aged <b5 years (adjusted OR=6.20
[1.18-32.51]; P=0.03; Figure 3). There was also a sig-
nificant inverse association between CKD and other
causes in older patients (adjusted OR=0.40 [0.17-
0.96]; P=0.04).

The baseline characteristics of all patients with ICH
are summarized in Table Il in the Data Supplement. Of
the 208 patients, 70 (33.7%) had CKD. Patients with
CKD were older (median age 81 versus 71 years;
P<0.001), more hypertensive (71.4% versus 43.5%j;
P<0.001), and more likely to have AF (21.4% versus
9.4%; P=0.03). Compared with ischemic stroke, there
initially appeared to be a lower prevalence of ICH in
CKD (unadjusted OR=0.64 [0.48-0.87]; P=0.004) but
after adjustment for age, sex, and hypertension, there
was no association between CKD and ICH (adjusted
OR=0.75 [0.564-1.05]; ~=0.09).

DISCUSSION

Using a population-based cohort study, we report for the
first time the relative frequency of TIA and stroke sub-
types in CKD using the TOAST classification.' Although
there was a greater prevalence of cardioembolic, large
artery disease, and multiple etiology subtypes in the
CKD population, attenuation of any associations pres-
ent with adjustment for mainly age but also hypertension
is consistent with an earlier stroke risk meta-analysis,?
suggesting that there are no important renal-specific
vascular risk factors beyond these covariates.

Similar to previous studies,'®?' cardioembolic events
were the most frequent subtype within the CKD group,
accounting for 32% of TIA/ischemic stroke events.
Patients with CKD are known to be at high risk of AF
with prevalence rates of 12% reported and increasing
incidence rates with advancing kidney disease stages.®'

CKD prevalence (%)
= N w B n [2] ~
o o o o o o o

o

16-54 55-6565-74 275 |16-54 55-6565-74 275 [16-54 55-6565-74 275 |16-54 55-6565-74 275

Age categories within TOAST Subtypes

Figure 3. Chronic kidney disease (CKD) prevalence within TOAST (Trial of ORG 10172 in Acute Stroke Treatment) subtypes

according to age category.

CE indicates cardioembolism; LAD, large artery disease; SVD, small vessel disease; and UDE, undetermined.
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Table 2. Associations of CKD and TOAST Subtypes, Adjusted for Age, Sex, and Hypertension

TIA/Stroke TOAST Subtype* Crude OR (95% CI) P Value Model 1 ORt (95% CI) P Value Model 2 OR% (95% CI) P Value
Cardioembolic 2.04 (1.72-2.42) <0.001 1.22 (1.01-1.48) 0.04 1.20 (0.99-1.45) 0.07
Large artery disease 1.19 (0.94-1.51) 0.15 1.17 (0.90-1.52) 0.25 1.11 (0.85-1.45) 0.45
Small vessel disease 0.67 (0.52-0.86) 0.001 0.86 (0.66-1.13) 0.28 0.86 (0.65-1.13) 0.27
Undetermined 0.60 (0.51-0.71) <0.001 0.78 (0.65-0.94) 0.01 0.81 (0.67-0.98) 0.03
Multiple 1.75 (1.18-2.61) 0.006 1.14 (0.74-1.75) 0.56 1.13 (0.73-1.74) 0.59
Other 0.30 (0.16-0.56) <0.001 0.73 (0.37-1.46) 0.38 0.73 (0.36-1.43) 0.37

CKD indicates chronic kidney disease (defined as eGFR<60 mL/min per 1.73 m?); eFR, estimated glomerular filtration rate; OR, odds ratio; TIA, transient ischemic

attack; and TOAST, Trial of ORG 10172 in Acute Stroke Treatment.
*Events of unknown cause were excluded.
tModel 1 adjusted for age and sex.
$Model 2 adjusted for variables in model 1 and hypertension.

However, as the association between CKD and cardio-
embolic events was greatly diminished with adjustment
for age, sex, and hypertension, this would suggest that
despite being linked to a greater left atrial thrombogenic
milieu,'® CKD itself is not an overall independent risk fac-
tor for these events. The notable exception appears to
be for younger patients whom the association remained
significant even with adjustment, suggesting possible
synergy with other underlying risk factors such as female
sex and hypertension in this subgroup. However, the
addition of renal function to existing stroke risk predic-
tion tools in AF (eg, CHADS, or CHA DS -VASc) has not
been shown to independently add to the predictive value
of these scores,®? although this may also be a reflection
of the accuracy of such scores in a group where their use
has not been validated.

Although low eGFR has been consistently associ-
ated with subclinical small vessel disease, particularly
silent cerebral infarction,?*** we report a lower frequency
of symptomatic lacunar TIA/stroke events in the CKD
population in this study. There was, in fact, no associa-
tion between CKD and small vessel disease events after
adjustment for age and sex. However, our findings are in
keeping with an earlier systematic review and meta-analy-
sis that also did not find any specific association between
CKD and symptomatic lacunar stroke, but that in those
without stroke, greater small vessel disease burden on
imaging was associated with worse renal function.®® The
authors postulated that small vessel disease events may
be underestimated in this group due to imprecise subtyp-
ing with an overreliance on clinical and computed tomog-
raphy diagnosis. Similarly, in our study, not all patients
would have had diffusion-weighted imaging-magnetic
resonance imaging in the acute phase, particularly those
with more advanced CKD, which may limit the sensitivity
of our lacunar stroke subtyping. Previous studies have also
suggested that there may be age-specific associations
between small vessel disease (either markers or strokes)
and CKD,*53¢ however, we did not any differential risk
association between those aged >65 or <6b years old.

Although there was no overall association between
CKD and large artery disease events, there did appear
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to be an age-specific association present for those
aged <bb years. There are a number of potential mech-
anisms that may underlie this relationship. Renal func-
tion has been shown to be a strong predictor of greater
carotid intima-media thickness and progression of sub-
clinical atherosclerosis independent of traditional and
nontraditional cardiovascular risk factors.®” Dialysis
appears to accelerate medial vascular calcification in
children and young people,®® and blood vessels from
children with CKD show features of premature aging,
including oxidative DNA damage and elevated senes-
cence markers.®® There is also evidence of polygenic
correlation between CKD and large artery disease
stroke.”® However, the total number of stroke events
among younger people in this category was quite low
so further research in this area is required.

CKD was associated with a significantly lower risk of
TIA/stroke events of undetermined etiology. Since cryp-
togenic TIA/strokes have been associated with few tra-
ditional atherosclerotic or cardioembolic markers,? this
finding is in keeping with our hypothesis that most of
the stroke risk in kidney disease may be accounted for
by age and hypertension.?? If nontraditional risk factors
such as inflammation, oxidative stress, or coagulopathy
related to the uremic milieu were etiologically important,
one might have expected a higher burden of events of
undetermined cause in patients with CKD, as these fac-
tors are not measured in conventional TIA/stroke work-
up and may be better represented by this subtype.

Similar to previous studies,*' CKD was present in one-
third of patients with ICH. However, there was no specific
association between ICH and CKD as compared to isch-
emic stroke risk. This is consistent with earlier work that
suggests that proteinuria associates more strongly with
hemorrhagic stroke risk than low eGFR.42* |t may also
be a reflection of the underlying predominantly White
population as the relationship between CKD and ICH
appears to be stronger in Asian** and Black populations,
possibly attributable to a higher presence and number of
cerebral microbleeds in the latter.*®

Our study had a number of limitations. First, there
are shortcomings with all etiological classifications
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Table 3. The Age-Specific Associations of CKD and TOAST Subtypes, Adjusted for Age, Sex, and

Hypertension

TIA/Stroke TOAST Subtype* <65y P Value >65y P Value
Cardioembolic

Crude OR 1.87 (0.98-3.54) 0.06 1.58 (1.31-1.91) <0.001

Model 1 ORt 1.98 (1.02-3.82) 0.04 1.14 (0.93-1.40) 0.21

Model 2 OR% 1.99 (1.02-3.86) 0.04 1.10 (0.90-1.35) 0.35
Large artery disease

Crude OR 1.87 (0.90-3.87) 0.10 1.04 (0.80-1.35) 0.78

Model 1 OR 1.43 (0.67-3.02) 0.35 1.20 (0.91-1.58) 0.20

Model 2 OR 1.32 (0.62-2.82) 0.47 1.14 (0.86-1.51) 0.35
Small vessel disease

Crude OR 0.82 (0.40-1.66) 0.58 0.79 (0.60-1.05) 0.10

Model 1 OR 0.78 (0.38-1.60) 0.50 0.92 (0.69-1.24) 0.60

Model 2 OR 0.73 (0.85-1.51) 0.40 0.95 (0.70-1.28) 0.71
Undetermined

Crude OR 0.57 (0.33-0.98) 0.04 0.71 (0.59-0.86) <0.001

Model 1 OR 0.54 (0.31-0.93) 0.03 0.86 (0.70-1.05) 0.13

Model 2 OR 0.57 (0.33-1.00) 0.05 0.90 (0.73-1.10) 0.29
Multiple

Crude OR NA* NA* 1.24 (0.82-1.86) 0.30

Model 1 OR 1.15 (0.75-1.76) 0.54

Model 2 OR 1.15 (0.75-1.76) 0.54
Other

Crude OR 1.26 (0.48-3.32) 0.64 0.31 (0.13-0.73) 0.007

Model 1 OR 2.33 (0.83-6.53) 0.11 0.41 (0.17-0.98) 0.04

Model 2 OR 2.33 (0.83-6.58) 0.11 0.40 (0.17-0.96) 0.04

CKD indicates chronic kidney disease (defined as eGFR<60 mL/min per 1.73 m?); eGFR, estimated glomerular filtration rate; NA, not
available; OR, odds ratio; TIA, transient ischemic attack; and TOAST, Trial of ORG 10172 in Acute Stroke Treatment.
“Events of unknown cause were excluded and no cases of multiple cause observed in CKD patients < 65 y.

tModel 1 adjusted for age and sex.
$Model 2 adjusted for variables in model 1 and hypertension.

of TIA/ischemic stroke. Although the TOAST classifi-
cation is the most widely used system, there may be
multiple different pathologies within each of the TOAST
subcategories, particularly strokes of undetermined
etiology. Second, cryptogenic events (undetermined
and unknown subtypes) accounted for a large propor-
tion of cases, limiting mechanistic insights. However,
this is consistent with other large epidemiological stud-
ies where cryptogenic strokes accounted for 26% to
40% of cases.*®*” Third, since a minority of patients
did not have intracranial vessel imaging or brain mag-
netic resonance imaging, it is possible that there was
misclassification bias whereby large artery disease
and small vessel disease events were misclassified as
undetermined. The changes to diagnostic evaluation
over time could have resulted in differences in subtype
designation through the study period. Fourth, lack of
association between CKD and specific TOAST sub-
types after adjustment for age and hypertension does
not necessarily indicate that renal-specific risk factors
do not play a role in the cause of all stroke. We can only
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conclude that any such role does not differ in impor-
tance between the different etiological subtypes. Fifth,
direct comparison of individual subtype-CKD associa-
tions in a case only setting can be challenging given
that each subtype group is then included in the refer-
ent group of the other. Finally, as previously stated, the
OXVASC population study is 94% White, which may
limit the generalizability of our results to other settings.

However, this study has broader implications for stroke
research. It highlights how any study of risk association
and stroke should be carefully stratified by and adjusted
for age. Previous studies that reported CKD prevalence
according to stroke subtype did not adjust for age,’®"
and as evidenced by this article, subtype-specific asso-
ciations are particularly prone to confounding by age.

In conclusion, to the best of our knowledge, this was
the first study to subtype in detail TIA/stroke events in
patients with CKD according to the TOAST classifica-
tion. We found few associations between CKD and spe-
cific event subtypes after adjustment for age, sex, and
hypertension suggesting that addressing traditional risk
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factors may be most important in terms of prevention
and treatment.
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