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BRIEF REPORT
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With Functional Outcome After Ischemic Stroke
Malin Dorvall , MSc; Annie Pedersen , MD, PhD; Jan P. Dumanski , PhD; Martin Söderholm , MD, PhD;  
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BACKGROUND: Mosaic loss of chromosome Y (LOY) is associated with cardiovascular and neurodegenerative diseases in men, 
and genetic predisposition to LOY is associated with poor poststroke outcome. We, therefore, tested the hypothesis that LOY 
itself is associated with functional outcome after ischemic stroke.

METHODS: The study comprised male patients with ischemic stroke from the cohort studies SAHLSIS2 (Sahlgrenska Academy 
Study on Ischemic Stroke Phase 2; n=588) and LSR (Lund Stroke Register; n=735). We used binary logistic regression 
to analyze associations between LOY, determined by DNA microarray intensity data, and poor 3-month functional outcome 
(modified Rankin Scale score, >2) in each cohort separately and combined. Patients who received recanalization therapy 
were excluded from sensitivity analyses.

RESULTS: LOY was associated with about 2.5-fold increased risk of poor outcome in univariable analyses (P<0.001). This 
association withstood separate adjustment for stroke severity and diabetes in both cohorts but not age. In sensitivity analyses 
restricted to the nonrecanalization group (n=987 in the combined cohort), the association was significant also after separate 
adjustment for age (odds ratio, 1.6 [95% CI, 1.1–2.4]) and when additionally adjusting for stroke severity and diabetes (odds 
ratio, 1.6 [95% CI, 1.1–2.5]).

CONCLUSIONS: We observed an association between LOY and poor outcome after ischemic stroke in patients not 
receiving recanalization therapy. Future studies on LOY and other somatic genetic alterations in larger stroke cohorts 
are warranted.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Somatic genetic alterations are an emerging field 
in research for stroke and neurological diseases. 
Mosaic loss of chromosome Y (LOY) is the most com-

mon somatic alteration, and the proportion of cells with 
LOY increases with age.1 LOY occurs most frequently in 
hematopoietic tissue but also occurs in the brain.1,2 LOY 
in peripheral blood cells is independently associated with 
major adverse health outcomes in men, such as cardiovas-
cular disease, diabetes, and Alzheimer disease.3,4 There is 
an increased proportion of cells with LOY in postmortem 

brain tissue from patients with neurodegenerative disor-
ders compared with controls.1,2 We found that a polygenic 
risk score for LOY5 is associated with poor poststroke out-
come.6 Based on this background, we hypothesized that 
LOY itself is associated to poor ischemic stroke outcome.

METHODS
The data that support this study are available upon reasonable 
request.
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Study Population and Outcome
This study comprised male ischemic stroke patients from 
an exploratory cohort (SAHLSIS2 [Sahlgrenska Academy 
Study on Ischemic Stroke Phase 2]; n=588) and an exter-
nal validation cohort (LSR [Lund Stroke Register]; n=735). 
Written informed consent was obtained, and studies were 
approved by the appropriate ethical review boards. Stroke 
severity was assessed by the National Institutes of Health 
Stroke Scale at admission. Data on death and dependency 3 
months after index stroke were retrieved from the Swedish 
National Quality Register, Riksstroke, and modified Rankin 
Scale scores were estimated as described.7 Good functional 
outcome was defined as modified Rankin Scale score of 0 
to 2 and poor as modified Rankin Scale score of 3 to 6. Our 
study fulfills the STROBE (Strengthening the Reporting of 
Observational Studies in Epidemiology) checklist guidelines. 
Further cohort details can be found in the Supplemental 
Material.

Analysis of LOY
DNA from peripheral blood collected at index stroke was 
genotyped using an Illumina Infinium microarray. Normalized 
intensity data and the MADloy software8 were used to calcu-
late the median log R ratio of the male specific part of the 
Y chromosome, and the cut point to define LOY was set to 
<−0.15.9

Statistical Analysis
We analyzed associations between LOY and outcome by binary 
logistic regression analyses. As covariates, we selected age 
and diabetes because they are associated with both LOY and 
ischemic stroke outcome3,6,10 and the National Institutes of 
Health Stroke Scale as it is a strong predictor of poststroke 
outcome.10 Separate models for each covariate were used to 
minimize data missingness. Analyses with all covariates were 
also performed after imputation for missing values. Sensitivity 
analyses excluding patients receiving recanalization therapy, 
that is, intravenous thrombolysis or endovascular therapy, were 
performed as especially endovascular therapy in many cases 
greatly improves outcome. Two-tailed P<0.05 was considered 
significant.

RESULTS
Baseline characteristics are shown for all patients with 
stroke in the Table and for patients with and without 
recanalization therapy in Table S1. In SAHLSIS2, LOY 
was significantly associated with poor outcome in uni-
variable analysis, and this association withstood adjust-
ment for the National Institutes of Health Stroke Scale 
and diabetes but not age (Figure [A]). These results were 
replicated in LSR, and similar associations were observed 
in the combined cohort (Figure [A]).

In sensitivity analyses excluding patients receiv-
ing recanalization therapy, the effect sizes were gen-
erally higher compared with the whole group (Figure 
[B]). These associations were significant also when 
adjusting for age in SAHLSIS2 and in the combined 
cohort and when adjusting for age, National Institutes 
of Health Stroke Scale, and diabetes in the combined 
cohort (Figure [B]).

Nonstandard Abbreviations and Acronyms

LOY mosaic loss of chromosome Y
LSR Lund Stroke Register
SAHLSIS2  Sahlgrenska Academy Study on 

Ischemic Stroke Phase 2

Table. Baseline Characteristics for All Male Ischemic Stroke Patients and the Groups With Good (Modified 
Rankin Scale Score, ≤2) and Poor (Modified Rankin Scale Score, >2) Outcome at 3 Months in SAHLSIS2 and 
LSR

Characteristics 

SAHLSIS2 LSR

All Good Poor All Good Poor 

n 588 403 185 735 457 278

Age, y; median (IQR) 71 (60–78) 67 (58–75) 77 (69–85)* 74 (66–80) 71 (62–76) 79 (72–85)*

Initial NIHSS score, median (IQR) 2 (0–6) 2 (0–5) 3 (1–8)* 3 (2–7) 3 (1–5) 6 (3–12)*

Current smoking, n (%) 62 (11) 37 (9) 25 (14) 83 (11) 56 (12) 27 (10)

Diabetes, n (%) 96 (16) 44 (11) 52 (28)* 167 (22) 88 (19) 79 (28)†

Hypertension, n (%) 307 (52) 191 (47) 116 (63)* 426 (58) 244 (53) 182 (66)*

Recanalization therapy,‡ n (%) 189 (32) 134 (33) 55 (29) 142 (19) 81 (18) 61 (22)

LOY, n (%) 83 (14) 39 (10) 42 (24)* 123 (17) 57 (12) 66 (24)*

Percentage of cells with LOY, median (IQR) 34 (23–49) 31 (23–49) 37 (26–50)* 39 (27–55) 38 (25–53) 42 (30–58)†

Differences between outcome groups were examined with the χ2 test for proportions and Mann-Whitney U test for continuous variables. IQR 
indicates interquartile range; LOY, mosaic loss of chromosome Y; LSR, Lund Stroke Register; NIHSS, National Institutes of Health Stroke Scale; 
and SAHLSIS2, Sahlgrenska Academy Study on Ischemic Stroke Phase 2.

*P<0.001,  †P<0.01.
‡Intravenous thrombolysis or endovascular therapy.
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DISCUSSION
We found an association between LOY and poor func-
tional outcome after ischemic stroke that was indepen-
dent of age, stroke severity, and diabetes in patients not 
receiving recanalization therapy.

With regard to potential mechanisms, LOY in leuko-
cytes has been shown to affect the expression of genes 

regulating immune surveillance.11 In brain tissue, LOY is 
enriched in microglia where it has similar effects on gene 
regulation.2 This suggests that LOY in microglia and leu-
kocytes infiltrating the brain directly influences pathways 
involved in stroke recovery. It is also possible that other 
acquired structural chromosomal alterations and muta-
tions that can co-occur with LOY, and reflect genomic 
instability, contribute to our findings. In support for such a 

Figure. Forest plots for the 
associations between mosaic loss 
of chromosome Y (LOY) and poor 
outcome after ischemic stroke.
Odds ratios (ORs) and 95% CIs for poor 
outcome (modified Rankin Scale score, >2) 
for male ischemic stroke patients with LOY 
compared with patients without. Results 
from univariable regression analyses and 
after adjusting for covariates as indicated 
for SAHLSIS2 (Sahlgrenska Academy 
Study on Ischemic Stroke Phase 2; blue), 
LSR (Lund Stroke Register; yellow), and 
combined cohorts (black). A, All patients. B, 
Excluding patients receiving recanalization 
therapy. NIHSS indicates National 
Institutes of Health Stroke Scale. *Missing 
data were imputed.
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hypothesis, we found associations for the polygenic risk 
score for LOY and stroke outcome in both sexes,6 and 
similar findings have been made for other phenotypes.5 
In this context, it is noteworthy that LOY also coexists 
with mutations causing clonal hematopoiesis of inde-
terminate potential,3 which was recently reported to be 
more prevalent in young cryptogenic stroke compared 
with controls.12

Strengths of our study are that it comprises consecu-
tive patients from 2 independent cohorts and that we 
used a microarray with good coverage over the Y chro-
mosome. Nonetheless, this study has a limited sample 
size and lacks data on prestroke modified Rankin Scale 
and cognitive status. Further larger studies are warranted 
to investigate associations in different strata based on 
for instance ischemic stroke subtype, the presence of 
vascular risk factors, medical treatments, cardiovascular 
disease, and other comorbidities. It is also of note that in 
this first exploratory study, we chose to define LOY using 
1 commonly used cutoff for genotype microarray data,9 
but there are alternative ways of analyzing LOY, which 
should be explored in future studies.

In conclusion, we found an independent association 
between LOY and poor outcome in the nonrecanaliza-
tion therapy group, indicating that LOY may influence the 
natural course of recovery after ischemic stroke in men. 
Future studies on LOY and other acquired genetic vari-
ants in larger stroke cohorts are warranted, as well as 
mechanistic studies to disentangle the possible impact 
of LOY on stroke recovery.
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