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Background: Apolipoprotein E (ApoE) and monocyte chemoattractant protein-1 (MCP-1) are inflammatory markers associated with premature atherosclerosis, which leads to increased cardiovascular disease risk among people with HIV (PWH). We aimed to evaluate the association between the plasma levels of these inflammatory markers and ischemic stroke in young PWH.

Methods: We conducted a prospective case-control study at the University Teaching Hospital in Lusaka, Zambia, between March 2022 and October 2024, comparing young PWH with non-cardioembolic ischemic stroke (cases) to age- and sex-matched PWH without a history of stroke (controls). Standardized data collection instruments were used to collect information on other known risk factors for stroke, including demographic, clinical, laboratory, and imaging parameters. ELISA was done to measure ApoE and MCP-1 levels in the plasma of individuals in both the case and control groups.

Results: We analyzed results for 50 cases and 50 controls. Compared to controls, cases were more likely to have (1) traditional stroke risk factors such as hypertension (42 vs. 2%, p = 0.001); (2) more poorly controlled HIV, including lower CD4 counts [259 (165–520) cells/μl vs. 452 (380–553) cells/μl, p = 0.030)] and higher viral loads [0 (0–4,217) copies/ml vs. 0 (0–1,578) copies/ml, p = 0.007]; (3) markers of atherosclerotic disease, including increased pulse wave velocity (PWV) [10.89 (9.99–12.15) m/s vs. 9.01 (7.989.67) m/s, p < 0.001] and carotid intima-media thickness (cIMT) [0.79 (0.70–0.99) mm vs. 0.63 (0.57–0.67) mm, p < 0.001]. Cases had lower plasma ApoE levels [1.20 (0.78–1.41) ng/ml vs. 1.55 (1.23–1.81) ng/ml, p = 0.001], but not statistically different MCP-1 plasma levels [622 (417–886) pg/ml vs. 594 (394–1,024) pg/ml, p = 0.772] compared to controls. Lower ApoE levels (aOR 0.13, 95% CI 0.03–0.68, p = 0.015), abnormal cIMT ≥0.70 mm (aOR 2.72, 95% CI 1.08–6.85, p = 0.033), and alcohol use (aOR 1,078, 95% CI 4–267,933, p = 0.013) were independently associated with ischemic stroke in multivariable analysis.

Conclusion: The results suggest that lower plasma ApoE levels are independently associated with non-cardioembolic ischemic stroke in young PWH. Additional studies with larger sample sizes are needed to further explore the contribution of these inflammatory markers in young-onset HIV-associated stroke.
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1 Introduction

Atherosclerosis has been reported to occur at higher rates and at younger ages in people with HIV (PWH), and could be associated with increased risk of cardiovascular and cerebrovascular diseases (Zimba et al., 2021; Hsue et al., 2012; Piconi and Clerici, 2013; Triant, 2012; Piconi et al., 2013; Albuquerque et al., 2013). For instance, HIV-associated stroke tends to occur at younger ages (< 50 years of age) compared to people without HIV (PWoH; Zimba et al., 2021). The underlying aetiological mechanisms for increased risk of stroke among PWH remain unclear (Hsue et al., 2012; Piconi and Clerici, 2013). There is evidence that inflammatory markers are elevated in PWH in comparison with PWoH, (Piconi and Clerici, 2013; Triant, 2012) potentially leading to premature atherosclerosis and young-onset stroke. Although PWH have a high prevalence of traditional risk factors, they also have other factors that may induce premature atherosclerosis and lead to young-onset stroke such as immunosuppression, chronic inflammation, HIV-induced foam cell transformation, and cumulative exposure to antiretroviral therapy (ART) medications which cause mitochondrial and metabolic dysfunction (Piconi et al., 2013; Albuquerque et al., 2013).

Several inflammatory pathways are implicated in the development of atherosclerosis, with some, such as mutations of monocyte chemoattractant protein-1 (MCP-1) and apolipoprotein E (APOE) genes, due to genetic predispositions (Roy et al., 2009; Ibáñez et al., 2014). Circulating monocytes are attracted to the subendothelial space mainly by MCP-1, where they commence phagocytosis of modified lipoproteins and become fat-laden foam cells (Charo and Taubman, 2004; Gu et al., 1997). Several studies have implicated an MCP-1 gene mutation with higher protein expression, making them more susceptible to developing premature atherosclerosis and potentially resulting in young-onset stroke (Rovin et al., 1999; Alonso-Villaverde et al., 2004). However, little is known about the influence of the presence of HIV on this gene mutation and the impact that might have on atherosclerosis and increasing young-onset stroke risk.

ApoE has a protective role in cardiovascular diseases. It mediates high-affinity binding of ApoE-containing lipoproteins to low-density lipoprotein receptors (LDL-R) and LDL-R-related protein-1, facilitating the clearance of triglyceride-rich lipoproteins from circulation and conferring protection from atherosclerosis (Sofat et al., 2016). Very low circulating levels of ApoE are associated with premature atherosclerosis (Schaefer et al., 1986). A previous study in Zambia found an increased risk of haemorrhagic stroke in individuals with the ApoE ε2ε4 genotype, but correlations with plasma ApoE levels were not investigated, and no evaluations on the association with HIV or young-onset stroke were made (Atadzhanov et al., 2013).

The main aim of this exploratory study was to investigate plasma MCP-1 and ApoE concentrations as risk factors for HIV-associated stroke by comparing young PWH with and without ischemic stroke. We prioritized these inflammatory markers partly because of our previous ApoE gene polymorphism findings, but also due to inadequate funding to evaluate other inflammatory markers. We used the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) classification (Goldstein et al., 2001) to select only individuals with non-cardioembolic ischemic strokes in order to select for individuals with a higher likelihood of having atherosclerosis. We hypothesized that non-cardioembolic ischemic stroke in young PWH is associated with premature atherosclerosis which, in turn, is associated with low ApoE and high MCP-1 plasma concentrations.



2 Methods


2.1 Study setting

The study was conducted at the University Teaching Hospital (UTH) in Lusaka, Zambia, which is the largest tertiary care center in Zambia, a country of approximately 22 million people (Mulenga, 2024). Available neurodiagnostic assessments at UTH include magnetic resonance imaging (MRI), computed tomography (CT), and electroencephalography. The hospital has a neurology division with a functional stroke unit and serves as the national referral hospital. Hospital admission, physician consultations, and medications stocked in the hospital pharmacy are free of charge for all patients, but individuals may pay out of pocket for any other medications and all investigations if they do not have health insurance. As such, incomplete workups are common because of financial limitations, unavailability of laboratory reagents, and/or non-functioning neuroimaging. In addition, investigations that would not significantly alter patient management are usually not undertaken. For example, vessel imaging is not obtained as part of routine stroke care because dual antiplatelet therapy is not widely available due to the expense, and there are currently no vascular surgeons or interventional radiologists in Zambia.



2.2 Study design and participants

We conducted a prospective matched case-control study of young PWH with and without ischemic stroke from March 2022 to October 2024. Cases were PWH aged between 18 and 49 years with imaging-confirmed ischemic stroke presenting within 2 weeks of symptom onset and where the stroke was of non-cardioembolic etiology using the TOAST criteria. Cases were recruited from the UTH inpatient neurology service and neurology clinics. An age- (3+ years), sex-, and race-matched control was selected for each case. Controls were confirmed to be stroke-free after a neurological assessment and had no history of any other neurological disorder. Control participants were recruited while accessing routine outpatient HIV care services at UTH. Patients with sickle cell disease, cardiac diseases, meningitis, or any other central nervous system space-occupying lesion were excluded from the study. Similarly, PWoH with stroke were excluded on the basis of previous findings that they tend to be older than PWH with ischemic stroke, and young-onset stroke in PWoH is often caused by non-traditional cardiovascular risk factors (Zimba et al., 2021; Coll et al., 2007; Triant et al., 2007).



2.3 Study procedures

Upon obtaining informed consent, we collected sociodemographic and clinical information. Routine stroke workups, including CT and MRI scans, lipid panel, electrocardiogram, and echocardiogram, were also recorded if obtained as part of routine clinical care. All participants were assessed and examined by a neurologist. Stroke severity was graded according to the National Institutes of Health Stroke Scale (NIHSS) and the modified Rankin scale (mRS; Lyden et al., 1994; Scale, 2008). A blood sample was collected and separated into plasma which was used to determine CD4 count and HIV viral load as well as for MCP-1 and ApoE quantification.



2.4 Comorbid conditions case definitions

Hypertension was defined per World Health Organization (WHO) guidelines as current use of antihypertensive medication, history of being diagnosed as hypertensive by a doctor prior to stroke, documented blood pressure (BP) of greater than or equal to 140 mmHg systolic or 90 mmHg diastolic before the stroke or persisting more than a week after the acute event or evidence of left ventricular hypertrophy on electrocardiogram (ECG) or echocardiogram (Whitworth, 2003). Atrial fibrillation was defined by self-reported history, ECG, or echocardiogram. Diabetes mellitus was diagnosed if a participant was taking antidiabetic drugs prior to stroke; if a doctor had diagnosed type I or type II diabetes before stroke; if a patient had a documented hemoglobin A1c ≥6.5% or non-fasting blood glucose ≥11.1 mmol/L, or if a patient had a fasting blood glucose ≥7.0 mmol/L after the acute phase of stroke (Alberti and Zimmet, 1998). Hyperlipidaemia was defined by self-report, statin use, or standard laboratory cutoffs including low-density lipoprotein (LDL) greater than 3.36 mmol/L, high-density lipoprotein (HDL) less than 1.29 mmol/L, total cholesterol more than 5.17 mmol/L, or triglycerides greater than 3.88 mmol/L (Nelson, 2012). Cigarette smoking was classified by self-report as active smoker (current or former smoker for less than 1 year), passive smoker (household member or coworker who regularly smoked in his/her presence for more than 1 year during the last 10 years), or non-smoker, and alcohol use was defined by self-reported alcohol intake ≥1 drink per week or former alcohol intake that stopped for less than 1 year.



2.5 Carotid intima-media thickness and pulse wave velocity

Carotid Doppler studies were performed using a Mindray DC-40 linear probe 8–13 MHz high-resolution B-mode ultrasound and using previously described methods (Touboul et al., 2012). A carotid intima-media thickness (cIMT) ≥0.70 mm was considered to be pathological and suggestive of atherosclerosis (Lorenz et al., 2007). Large artery stiffness was indexed from aortic pulse wave velocity (PWV) using applanation tonometry, and aortic PWV was measured using previously described methods (Norton et al., 2012). A PWV above the threshold of 10.00 m/s was considered as suggestive of increased large artery stiffness (Kim and Kim, 2019). The cIMT and PWV examinations were performed by a single operator (MC),1 a radiologist who had undergone dedicated training in the relevant techniques. The operator was blinded to the category of the patient with regards to case or control.



2.6 Stroke classification

All brain imaging results were interpreted by a radiologist (MC), and stroke classification was done independently by two study investigators (SZ and MA). Stroke classification was adjudicated by a third neurologist (DS) when there was disagreement between the first two reviewers. Ischemic stroke cases were further classified using the TOAST classification: large artery atherosclerosis, cardio-embolism, small vessel occlusion (lacuna), determined etiology (vasculitis, hypercoagulability), and undetermined cause (Goldstein et al., 2001). All etiologies were included except those classified as due to cardio-embolism.



2.7 ELISA assays

A commercial Human ELISA ApoE kit (Biomatik, Ontario) for in vitro quantitative measurement in human serum was used to determine plasma ApoE levels. The assay was performed according to the manufacturer's instructions. A human MCP-1 ELISA kit (Biomatik, Ontario) was used to quantify MCP-1 levels in plasma according to the manufacturer's instructions. Serially diluted standards were incorporated in both assays in order to determine the absolute concentration of the analytes using a standard curve.



2.8 Sample size

This was a pilot study with limited previous studies to help with sample size calculations. Based on our prior clinical registry (Zimba et al., 2021), we estimated we could recruit 50 PWH with non-cardioembolic ischemic stroke during a 1-year recruitment period and cases were matched 1:1 with controls. Although the sample size was small, we were confident that the findings from this study would provide foundational data for future research.



2.9 Statistical analysis

All data were entered into a secure REDCap database hosted by the Zambian Ministry of Health Infectious Diseases Directorate and analyzed using SPSS version 27 (IBM, New York; Harris et al., 2019, 2009). Demographic and clinical characteristics were summarized using descriptive statistics. Chi-square tests were used to determine the association between categorical predictor variables and ischemic stroke. Since all the continuous variables were not normally distributed, the non-parametric Mann–Whitney U-test was used to determine association between ischemic stroke and continuous variables. p Values of less than or equal to 0.002 were taken as statistically significant in order to correct for increased type 1 error due to multiple comparisons.

A multivariable conditional logistic regression model was used to adjust for confounders and to identify factors independently associated with young-onset HIV-associated non-cardioembolic ischemic stroke. Variables that reached statistical significance in bivariable models and those associated with stroke using biological plausibility were included in the multivariate logistic regression model. Different models were run, and we selected the best predictive model based on one with the largest area under the receiver-operating characteristic (ROC) curve, lowest Akaike information criterion and Bayesian information criterion, and the highest likelihood ratio. We checked fitness of the model using Hosmer–Lemeshow goodness of fit test and confirmed that there was no multicollinearity using variance inflation factor values. p Values of less than 0.05 were taken as statistically significant.



2.10 Ethical approval

Ethical approval was obtained from the University of Zambia Biomedical Research Ethics Committee (No. 1945-2021) and the Zambia National Health Research Authority (Ref: NHREB00008/30/09/2021), and permission was obtained from UTH management to conduct the study. Written informed consent was obtained from each study participant. In the event that the participant had altered mental status, informed consent was obtained from the participant's designated surrogate decision-maker.




3 Results


3.1 Demographic and clinical characteristics

In total, 50 cases and 50 controls were enrolled (Figure 1). For all cases, the stroke was their first ever stroke, and they presented with a median NIHSS score of 7 (3–17), and mRS score of 4 (2–5). The majority (n = 32; 64%) of cases had either large artery atherosclerosis or small artery occlusion. Compared to controls, cases were more likely to have hypertension, higher PWV, and increased cIMT. Cases had hyperlipidaemia, were more likely to use alcohol, had higher median diastolic blood pressure, and a higher WHO HIV clinical stage, but they were less likely to be on ART although these comparisons were not statistically significant. Similarly, cases had lower CD4 counts and higher HIV plasma viral loads compared to controls, but the difference was not statistically significant (Table 1).


[image: Flowchart showing patient selection process. Out of 107 assessed, 7 were excluded due to non-ischemic stroke diagnoses. 100 PWH were recruited, split into two groups: 50 with ischemic stroke and 50 with no stroke.]
FIGURE 1
 Overview of recruitment process.


TABLE 1 Comparison of baseline demographic and clinical characteristics between PWH with and without ischemic stroke.


	Characteristics
	Cases (n = 50)
	Controls (n = 50)
	p-Value





	Age, median (IQR)
	42 (37–47)
	42 (37–47)
	0.766



	Female, n (%)
	33 (66)
	33 (66)
	0.999



	Secondary school or higher, n (%)
	38 (76)
	42 (84)
	0.371



	Married/cohabiting, n (%)
	20 (40)
	27 (54)
	0.161



	Hypertension, n (%)
	21 (42)
	1 (2)
	0.001



	Diabetes mellitus, n (%)
	2 (4)
	0 (0)
	0.152



	Hyperlipidaemia, n (%)
	5 (10)
	0 (0)
	0.022



	Taking ART, n (%)
	43 (86)
	50 (100)
	0.006



	Family history of stroke, n (%)
	13 (26)
	8 (16)
	0.220



	Sudden death < 50 years in family, n (%)
	5 (10)
	3 (6)
	0.461



	Hypertension in family, n (%)
	34 (68)
	25 (50)
	0.067



	Diabetes mellitus in family, n (%)
	10 (20)
	14 (28)
	0.349



	Active smoker, n (%)
	5 (10)
	5 (10)
	0.999

 
	Passive smoker, n (%)
	14 (28)
	4 (8)



	Alcohol use, n (%)
	18 (36)
	7 (14)
	0.011



	WHO clinical stage, n (%)
	0.030



	 Stage 1
	35 (70)
	44 (88)
	

 
	 Stage 2
	10 (20)
	6 (12)

 
	 Stage 3
	5 (10)
	0 (0)

 
	 Stage 4
	0 (0)
	0 (0)



	NIHSS, median (IQR)
	7 (3–17)
	N/A
	

 
	mRS, median (IQR)
	4 (2–5)
	N/A

 
	TOAST classification, n (%)
	
	N/A

 
	 Large artery atherosclerosis
	19 (38)

 
	 Small artery occlusion
	13 (26)

 
	 Determined etiology
	12 (24)

 
	 Two or more causes
	3 (6)

 
	 Incomplete evaluation
	3 (6)



	BMI (kg/m2), median (IQR)
	25.6 (19.1–28.7)
	24.4 (21–27.1)
	0.856



	Systolic BP (mmHg), median (IQR)
	127 (111–150)
	123 (113–135)
	0.309



	Diastolic BP (mmHg), median (IQR)
	82 (74–93)
	77 (70–89)
	0.028



	Total cholesterol (mmol/L), median (IQR)
	4.55 (3.96–5.17)
	4.29 (3.20–5.09)
	0.250



	Current CD4 (cells/μl), median (IQR)
	259 (165–520)
	452 (380–553)
	0.030



	HIV viral load (copies/ml), median (IQR)
	0 (0–4,217)
	0 (0–1,578)
	0.007



	HIV viral load suppressed n (%)
	16/28 (57)
	23/26 (88)
	0.010



	cIMT (mm), median (IQR)
	0.79 (0.70–0.99)
	0.63 (0.57–0.67)
	< 0.001



	cIMT ≥0.70, n (%)
	38 (76)
	14 (28)
	< 0.001



	PWV (m/s), median (IQR)
	10.89 (9.99–12.15)
	9.01 (7.98–9.67)
	< 0.001



	PWV ≥10.00 m/s, n (%)
	37 (74)
	0 (0)
	< 0.001



Bolded text signifies p < 0.002.

ART, antiretroviral therapy; BMI, body mass index; cIMT, carotid intima-media thickness; mRS, modified Rankin scale; NIHSS, National Institute of Health stroke scale; PWV, pulse wave velocity; TOAST, Trial of ORG 10172 Acute Stroke Treatment; WHO, World Health Organization.





3.2 Inflammatory markers

Measured plasma ApoE was 1.20 (0.78–1.41) ng/ml among cases and 1.55 (1.23–1.81) ng/ml among controls. This difference was statistically significant (p = 0.001). The median level of MCP-1 was 622 (417–886) pg/ml among cases and 594 (394–1,024) pg/ml among controls (p = 0.772; Figure 2).


[image: Box plots compare plasma APOE and MCP-1 levels between controls and cases. Plot A shows a significant difference in APOE levels (p=0.001), with higher levels in controls. Plot B shows no significant difference in MCP-1 levels (p=0.77).]
FIGURE 2
 Comparison of plasma ApoE and MCP-1 levels between controls and cases.




3.3 Independent predictors of ischemic stroke

After adjusting for potential confounders using a multivariable conditional logistic regression model, lower ApoE levels, abnormal cIMT ≥0.70 mm, and alcohol use were independent predictors of ischemic stroke (Table 2). The prediction model used had an area under the ROC curve of 0.84 (0.74–0.95), with a 95% confidence interval (Supplementary Figure S1).

TABLE 2 Multivariable conditional logistic regression analysis for factors associated with the probability of ischemic stroke in PWH.


	Variables
	Adjusted OR (95% CI)
	p-Value (adj. OR)





	ApoE (ng/ml)
	0.13 (0.03–0.68)
	0.015



	Alcohol use, n (%)
	1,078 (4–267,933)
	0.013



	cIMT ≥0.70 mm
	2.72 (1.08–6.85)
	0.033



	Diastolic BP (mmHg)
	1.11 (0.99–1.25)
	0.068



Bolded text signifies p < 0.05.






4 Discussion

Inflammatory markers have emerged as significant contributors to premature atherosclerosis and increased stroke risk, especially in PWH. Our data indicate that low ApoE plasma concentration is independently associated with young-onset HIV-associated non-cardioembolic ischemic stroke, but we did not find any association between MCP-1 plasma concentration and the latter. The association of ApoE genotype with stroke risk is well-established, but the relationship between circulating ApoE concentration and stroke has received little attention (Atadzhanov et al., 2013; Bennet et al., 2007).

Circulating ApoE concentration is associated with levels of major circulating lipids and lipoproteins, including total cholesterol, LDL, and HDL and triglycerides, but data on its association with stroke is conflicting (Vincent-Viry et al., 1998). Whereas, some studies have demonstrated an association between low ApoE plasma concentration with stroke (Mooijaart et al., 2006; van Vliet et al., 2007; Corsetti et al., 2012), others have not or have even demonstrated an opposite association, with higher circulating concentration of ApoE associated with a higher risk of incident stroke (Mooijaart et al., 2006). One meta-analysis of 9,587 individuals pulled from three different studies did not find any association between ApoE and stroke, although the study was in a largely HIV-uninfected population and cannot be generalized to PWH (Sofat et al., 2016). The presence of HIV and the potential impact of its interaction with ApoE makes PWH a special population which needs to be investigated on a large scale for this association.

Higher circulating levels of MCP-1 have been associated with increased long-term risk of stroke (Georgakis et al., 2019a). Conversely, low plasma MCP-1 levels have been associated with decreased risk for all-cause mortality and poor functional outcome after stroke (Xu et al., 2024). Given the well-established role of MCP-1 in premature atherosclerosis and stroke (Georgakis et al., 2019a,b), it is interesting that our study did not find any association. However, it is important to remember that our study was in young PWH and may have been limited by its small sample size. It is possible that these findings could be due to other factors such as biological variability or lack of sensitivity of this biomarker in our cohort. These findings also call for the interrogation of MCP-1 gene polymorphisms in our cohort. Nonetheless, our findings provide a foundation for further exploration especially in sub-Saharan Africa where the burden of HIV-associated stroke is highest.

Our data also show that alcohol use and abnormal cIMT are each independently associated with non-cardioembolic ischemic stroke among young PWH. Several studies have shown that alcohol use is an important risk factor for stroke with an inverse relationship depending on quantities consumed, with some studies suggesting that alcohol use in moderation is actually protective (Smyth et al., 2023; Reynolds et al., 2003; Zhang et al., 2014). These studies have been in HIV-uninfected individuals, but alcohol use like abnormal cIMT is associated with atherosclerosis (Kiechl et al., 1998; Da Luz and Coimbra, 2001; Tolstrup, 2007). Our findings ultimately place emphasis on the fact that the actual mechanism of stroke in this population of young-onset HIV-associated ischemic stroke is likely multifactorial, with the foundation on which stroke occurs likely to be premature atherosclerosis as evidenced by the abnormal cIMT and alcohol use being independent predictors (Kim and Kim, 2019; Flint et al., 2019).

Our study has several limitations. Some findings were based on information from the routine care available at the hospital during the study. Resource limitations also meant that not every participant was thoroughly evaluated for stroke risk factors such as hyperlipidaemia and diabetes (Supplementary Table S1). Failure to do brain imaging rendered it impossible for some patients to be included in the study, and this was often related to death or discharge prior to enrollment. This introduces the possibility of selection bias, which could have systematically excluded the most severely ill subjects and/or subjects with late-stage HIV. We neither recruited healthy participants nor thoroughly evaluated the ART history/regimen our participants were on, but first line therapy was dolutegravir based. However, a strength of this study is that all participants received a thorough clinical evaluation by trained neurologists, making the clinical characterizations of this cohort more reliable than in many other sub-Saharan African populations in which participants are assessed by non-neurologist healthcare workers.

This was a single-center study with a small sample size of Zambian patients at a national referral hospital, which might make the generalizability of our findings to other populations limited. The results should be interpreted with caution and need to be verified by further research, including correlating these results with individuals' ApoE and MCP-1 gene polymorphisms. These results are in the setting of an observational study in which cut-off points for both markers with adequate clinical sensitivity and specificity have not yet been validated. Nevertheless, our expectation is that these results are likely generalizable to similar settings in other populations of PWH in SSA, and they provide preliminary data that can be used to guide the development of interventions to reduce stroke risk in young PWH.

In summary, we observed that low plasma ApoE levels are associated with young-onset HIV-associated non-cardioembolic ischemic stroke. Low plasma ApoE, abnormal cIMT, and alcohol use were each independently associated with stroke. Although these findings should be taken with caution due to limited sample size, they call attention to the multifactorial nature of stroke risk factors in young PWH. A comprehensive approach addressing all of these risk factors is needed to effectively reduce the stroke burden in this population. Additional studies with larger sample sizes are needed to further explore the association of these inflammatory markers, including their individual gene polymorphisms with young-onset HIV-associated stroke.
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