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a b s t r a c t 

Background: Widespread use of brain imaging in China has resulted in an increased prevalence of silent 

lacunar infarct (LACI) in addition to symptomatic LACI, but their clinical relevance is not fully understood. 

Methods: We compared the 5-year risks of recurrent stroke and all-cause mortality for silent LACI vs 

symptomatic LACI in a prospective study of 489,597 Chinese adults with no history of stroke or ischemic 

heart disease at baseline. Data on recurrent stroke and all-cause mortality were obtained by linkage with 

local stroke and mortality registries and health insurance records for all hospital admissions. 

Findings: Among 12,150 cases with an adjudicated diagnosis of first-ever LACI, 4,134 (34%) had silent LACI 

and 8,016 (66%) had symptomatic LACI. All cases had brain imaging, but only 33% of silent LACI and 40% 

of symptomatic LACI cases had brain magnetic resonance imaging (MRI). The standardized event rates 

for silent LACI were 2-fold greater in urban than rural areas, but the ratios of silent LACI vs symptomatic 

LACI were similar in all areas. Cases with silent LACI vs symptomatic LACI had comparable 5-year risks 

of recurrent stroke (38% vs 43%) and all-cause mortality (11% vs 14%), respectively. For both silent and 

symptomatic LACI cases, most cases of recurrent stroke had non-LACI (70% vs 72%). While the relative 

risks of recurrent stroke did not differ by age, sex and area, the absolute risks of all-cause mortality 

varied by sex, age and area. 

Interpretation: The prognosis of cases with silent LACI was comparable with symptomatic LACI, and the 

results highlight the need for further randomized trials assessing the efficacy and safety of established 

treatments for ischemic stroke in cases with silent LACI. 
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Research in Context 

Evidence before this study: Silent lacunar infarcts (LACI) are 
small cerebral ischemic lesions ( < 15 mm diameter) detected 

on brain imaging in the territory of the deep perforating ar- 
teries and occurring in the absence of classical symptoms or 
signs of stroke. Little is known about the risks of recurrent 
stroke or all-cause mortality following silent LACI. 

Added value of this study: We compared the prognosis of 
silent LACI with symptomatic LACI, including 5-year risks of 
stroke recurrence and mortality, in a prospective study of 489 
597 Chinese adults without stroke at baseline. Compared to 
participants with no confirmed stroke during follow-up, cases 
with silent LACI were older (60 vs 51 years) and had a higher 
prevalence of hypertension (19% vs 9%) and diabetes (10% vs 
5%) at baseline. Cases with silent LACI vs symptomatic LACI 
had comparable 5-year risks of recurrent stroke (38% vs 43%) 
and all-cause mortality (11% vs 14%), respectively. 

Implications of all the available evidence: The long-term 

prognosis of cases with silent LACI was comparable with 

those with symptomatic LACI, prompting the need for fur- 
ther randomized trials assessing the efficacy and safety of es- 
tablished treatments for ischemic stroke in cases with silent 
LACI. 

. Introduction 

Silent lacunar infarcts (LACI) are covert cerebral ischemic le- 

ions that are detected on brain imaging examinations of individu- 

ls presenting with non-specific or atypical neurological symptoms 

ithout the classical features of an acute stroke [1] . LACI, or la- 

unes, are small brain infarcts ( < 15 mm in diameter), round or 

void, that occur predominantly in the territory of the small deep 

erforating arteries of the subcortical regions of the brain and ac- 

ount about 20-35% of all ischemic strokes (IS) [ 1 , 2 ]. About 10% of

ACI are found in the cortical regions of the brain. Most LACI result 

rom small artery occlusion, but large artery atherosclerosis and 

ardiac embolism may also be involved [3–5] . Silent and symp- 

omatic LACI are part of a spectrum of cerebral small vessel dis- 

ase (CSVD), that includes white matter hyperintensities (WMH), 

erivascular spaces (PVS), cerebral microbleeds (CMB), and brain 

trophy [ 6 , 7 ]. 

Magnetic resonance imaging (MRI) is more sensitive than com- 

uted tomography (CT) for detection of CSVD [7] . Patients with 

ilent LACI may present with atypical neurological symptoms, in- 

luding headache, atypical limb weakness or sensory loss or dizzi- 

ess, but lack the typical features of stroke and the causal rele- 

ance of any presenting symptoms is uncertain. Previous studies 

f silent brain infarct (SBI) in developed countries have estimated 

revalence rates of 10% to 28% [ 8 , 9 ]. Widespread use of brain imag-

ng in China has resulted in increased detection of silent LACI in 

ospital settings [ 10 , 11 ], with estimated prevalence rates of 20%. 

hile little is known about the prognosis of silent LACI vs symp- 

omatic LACI in the same population, prior studies of SBI, have 

eported that about 10% of individuals developed a symptomatic 

troke within 5 years, which was 2-fold greater than for individu- 
2 
l Natural Science Foundation of China (91843302); UK Medical Re-

,MC_UU_12026/2 MC_U1376 86 851), Cancer Research UK (C16077/A29186;

t Foundation (CH/1996001/9454). ZH was supported West China Hospital,

 and 2016YFC1300505) for a visiting scholarship to the University of Ox-

© 2021 University of Oxford. Published by Elsevier Ltd. 

icle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ )

ls without SBI [ 2 , 3 ]. SBI has also been associated with increased

isk of cognitive decline, psychiatric disorders and premature death 

4–7] . 

Previous studies have reported associations of hypertension, 

hronic kidney disease, metabolic syndrome and carotid artery dis- 

ase with SBI [ 2 , 7 , 11 ], and identified elevated blood pressure as

he chief modifiable cause of both silent and symptomatic CSCVD 

 2 , 7 , 11 ].The American Heart Association currently advocates pri- 

ary stroke prevention strategies to reduce levels of vascular risk 

actors and maintain healthy lifestyles for the management and 

revention of silent LACI [8] . Reliable evidence on the long-term 

rognosis of silent LACI cases could inform the design of clinical 

rials to evaluate the efficacy and safety of established treatments 

or ischaemic stroke in cases with silent LACI. 

We compared the absolute risks, correlates and prognosis of in- 

ident cases of both silent LACI and symptomatic LACI in a 10- 

ear follow-up of the China Kadoorie Biobank (CKB), a community- 

ased prospective study of 0.5 million Chinese adults recruited in 

0 04-20 08. The aims of this report were to: (i) compare the distri- 

ution and determinants of silent vs symptomatic LACI; (ii) assess 

he 5-year risks of recurrent stroke and all-cause mortality in silent 

s symptomatic LACI; and (iii) examine the pathological types of 

ecurrent stroke in silent vs symptomatic LACI. 

. Methods 

.1. Study population 

Details of the study design and participants in the CKB study 

ave been previously described ( 9 , 10 ). Briefly, CKB is an ongoing

ommunity-based prospective study, involving a total of 512,726 

articipants, aged 30-79 years, who were recruited from 10 ge- 

graphically diverse areas (5 urban and 5 rural) in China be- 

ween 2004 and 2008. Data were collected at baseline by trained 

ealth workers using interviewer-administered laptop-based ques- 

ionnaires. Moreover, a range of physical measurements were also 

ecorded, and a blood sample was collected for long-term storage. 

ocal, national and international ethical approvals were obtained 

nd all participants provided written informed consent. 

.2. Data collection 

The questionnaire data collected included questions about de- 

ographic and socioeconomic factors (e.g. date of birth, sex, mar- 

tal status, education, household income), lifestyle factors (e.g. 

moking, alcohol drinking, diet, and physical activity), and personal 

nd family medical history. Blood pressure was measured twice (or 

hree times if the difference between the first two measurements 

as > 10 mm Hg for SBP) using a UA-779 digital sphygmomanome- 

er (A&D Instruments; Abingdon, UK) after participants had been 

eated in the resting position for at least 5 minutes, with the mean 

f the last two measurements used for analyses. 

http://creativecommons.org/licenses/by/4.0/
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.3. Follow up and case ascertainment 

Data on all hospital admissions or deaths were obtained 

y linkage via unique national identification numbers to cause- 

pecific mortality and morbidity registers and to the national 

ealth insurance database. In CKB study, follow-up for almost 97% 

f study participants has been obtained by linkage to the na- 

ional health insurance claims database and mortality registers, 

nd follow-up for participants who were uninsured was obtained 

y visits to households and active screening of disease and death 

egistries to identify hospitalizations for stroke, other vascular dis- 

ases and deaths. 

The medical records of any hospitalised cases of first incident 

troke were retrieved periodically, and the hospital discharge diag- 

oses were adjudicated using bespoke web-based software by Chi- 

ese neurologists blinded to other information recorded at enrol- 

ent in CKB [11] . Causes of death, obtained from official death cer- 

ificates, were supplemented by available medical records. In the 

mall proportion of deaths ( < 5%) occurring without recent medical 

ttention in hospital, standard procedures were used to determine 

robable causes of death based on symptoms and signs provided 

y informants (usually family members). By 1 January 2018, a total 

f 49,459 (9.6%) participants had died and 5,302 (1%) were lost to 

ollow-up. 

Stroke was defined as an acute-onset focal neurological deficit 

f presumed vascular origin lasting more than 24 hours. The 

resent analyses were restricted to individuals with available data 

n brain imaging results. Cases of IS (ICD-10 codes I63) were clas- 

ified into LACI and non-LACI stroke types using clinical and brain 

maging findings. LACI was defined as a stroke with brain imag- 

ng evidence of single or multiple lesions that each were < 15 mm 

n diameter on CT or MRI. Where multiple lesions were found, 

ases were classified as non-LACI if a single lesion was > 15 mm. 

f both LACI and non-LACI co-existed, cases were classified as non- 

ACI ( Supplementary Figure 1 ). In addition, cases were classified 

s non-LACI if typical focal neurological deficits were found or an 

S type was unspecified. Hence, any IS cases where LACI were ex- 

luded, was defined as non-LACI. Silent LACI was defined using the 

ollowing criteria: (i) abnormal signal intensity in a vascular dis- 

ribution of < 15 mm in diameter on CT or MRI; and (ii) no focal

eurological signs or symptoms corresponding to cerebral ischemic 

esions including lacunar syndromes. 

Ischemic heart disease (IHD) is a frequent co-morbidity with 

troke. In the CKB study, all prior IHD cases were self-reported 

octor-diagnosed cases. We cannot exclude the possibility that 

ome IHD cases might also have had a stroke which would affect 

he prognosis of silent vs symptomatic LACI. Hence, we also ex- 

luded participants with prior IHD in the present analyses. Finally, 

mong 21,410 adjudicated cases of first-ever IS with no prior his- 

ory of stroke or transient ischemic attack (TIA) or IHD at baseline 

nd complete data on brain imaging, the present report compared 

he outcomes of 8016 symptomatic LACI cases with 4134 silent 

ACI cases ( Supplementary Figure 1 ). The main outcome measures 

ncluded recurrent stroke or all-cause mortality following their ini- 

ial diagnosis with first-ever silent LACI or symptomatic LACI. 

.4. Statistical analysis 

Selected characteristics at baseline were presented for partic- 

pants who had silent LACI, or symptomatic LACI. Data are pre- 

ented as means and standard deviations (SD) for continuous vari- 

bles and proportions for categorical variables after adjusting for 

ge at baseline, sex and study area. Age-standardized event rates 

f silent LACI and the cumulative risks of recurrent stroke and all- 

ause mortality were calculated, and compared with those for in- 

ividuals diagnosed with symptomatic LACI. Cumulative mortality 
3 
ates following a first incident LACI were calculated as one minus 

aplan–Meier survival probability, with censoring at death or date 

f last follow-up. The cumulative event rates for recurrent stroke 

nd other CVD outcomes were calculated by the cumulative in- 

idence function, treating death from any cause as a competing 

isk. The cumulative incidence of competing risks were estimated 

sing the cmprsk package in R and the corresponding 95% con- 

dence intervals were based on the log-minus-log transformation 

 12 , 13 ]. The event rates were estimated separately by stroke type, 

nd by sex, area (urban or rural), and age at first stroke ( > 65 years

r 65 + years). In analyses of recurrent strokes classified by type, 

ifferent stroke types were treated as competing risks so that the 

nalysis includes only the first recurrent stroke for each partici- 

ant. Unless otherwise specified, recurrent cases of stroke, major 

ascular events or deaths were restricted to those occurring after 

8 days following a first stroke event. Cox proportional hazards 

odels were used to estimate hazard ratios (HRs) and 95% con- 

dence intervals (CIs) for the associations of silent LACI and symp- 

omatic LACI with usual levels of systolic blood pressure (SBP). 

odels were stratified by 5-year age-at-risk groups, sex, region, 

nd adjusted for education (4 groups), and alcohol consumption (3 

roups). The HRs were corrected for regression dilution bias using 

he McMahon-Peto method. The HRs and 95% CIs for groups of SBP 

ere estimated using group-specific variances, such that the HR in 

ach group, including the reference group, were associated with a 

roup-specific 95% CI. All analyses were performed using R version 

.6.2. 

.5. Role of the Funding Source 

The funding organizations had no role in the design, conduct, 

nalysis, interpretation, or approval for the submission of this re- 

ort. 

. Results 

Among the 12,150 cases with a clinically-adjudicated diagnosis 

f LACI, 4,134 (34%) had silent LACI and 8,016 (66%) had symp- 

omatic LACI. Cases with silent LACI had comparable baseline char- 

cteristics as those with symptomatic LACI, but were more likely 

o be female (61% vs 54%), and less likely to have diabetes (10% vs 

3%) or hypertension (19% vs 22%) ( Table 1 ) . Compared to partici-

ants without stroke during follow-up, cases with silent LACI were 

lder (60 vs 51 years) and had a higher prevalence of hypertension 

19% vs 9%) and diabetes (10% vs 5%) at baseline ( Table 1 ). 

The age-standardized event rates of silent LACI were higher in 

rban than in rural areas (104 vs 54 per 10 0,0 0 0 person-years), 

s were the rates of symptomatic LACI ( Supplementary Figure 2 ). 

cross the 10 study areas, the absolute rates of silent LACI varied 

ver 10 to 20-fold from 15 (Zhejiang, a rural area in south East of 

hina) to 288 per 10 0,0 0 0 person-years (Harbin, an urban area in 

orth East of China). Similar regional variations were observed for 

he standardized event rates for symptomatic LACI ( Supplemen- 

ary Figure 2 ). Despite substantial variations in the absolute event 

ates, the ratios of silent versus symptomatic LACI were compa- 

able in all 10 study areas ( Supplementary Figure 2 ). Details of 

he presenting symptoms of silent LACI cases recorded in all 4134 

ilent LACI cases are provided in Supplementary Table 1 and these 

ncluded dizziness or headache (80.3%), bilateral limb weakness or 

our-limb weakness or numbness in 9.2%, and coma, drowsiness or 

lumsiness in 2.3%. 

The case fatality rates at 28 days for silent LACI were 0.5%, 

hich were similar to those with symptomatic LACI (0.8%; Supple- 

entary Table 2 ). In both cases, the case fatality rates did not dif- 

er materially by gender or area, but increased progressively with 

ge ( Supplementary Table 2 ). Among survivors of silent LACI at 
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Table 1 

Baseline characteristics of participants by subtypes of first adjudicated ischemic stroke 

Silent LACI 

(n = 4,134) 

Symptomatic LACI 

(n = 8,016) 

No confirmed stroke 

(n = 464,114) 

Age at baseline, years, % 

30 - 39 2.6 2.2 16.5 

40 - 49 16.8 16.7 31.6 

50 - 59 34.1 33.7 30.6 

60 - 69 32.2 32.4 15.9 

70 - 79 14.2 15.0 5.3 

Mean (SD) 60.2 (9.5) 59.6 (9.5) 51.2 (10.4) 

Age at first confirmed stroke, years 67.2 (9.3) 66.5 (9.5) 

Female, % 61.2 53.8 59.4 

Rural, % 39.6 40.0 57.3 

Married, % 85.5 86.0 91.1 

Household income < 10,000 CNY/y, % 30.6 29.0 28.2 

No formal school, % 21.1 19.2 18.5 

Prior disease, % 

Hypertension 19.2 21.8 9.2 

Diabetes 9.9 13.1 5.0 

Ever regular smoker, % ∗

Men 68.4 73.8 74.5 

Women 5.7 5.8 3.0 

Ever regular drinker, % ∗∗

Men 40.9 44.1 41.8 

Women 3.3 2.6 2.9 

Physical activity, MET-h/day 20.0 (11.5) 20.5 (12.0) 21.6 (13.9) 

SBP, mmHg 137.6 (23.0) 140.8 (24.2) 130.1 (20.6) 

DBP, mmHg 81.3 (11.8) 83.0 (12.3) 77.4 (11.0) 

BMI, kg/m ² 24.2 (3.4) 24.4 (3.5) 23.6 (3.3) 

Waist:Hip ratio 0.89 (0.07) 0.90 (0.07) 0.88 (0.07) 

Imaging type, % 

CT only 67.5 59.6 

MRI 32.5 40.4 

Values are mean (SD) unless otherwise stated. Means and percentages are directly standardised to age, sex and study area structure of the CKB study population 

after excluding 23,129 participants with prior CHD or stroke/TIA. 

MET-h/day = Metabolic equivalents of task hours per day; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; BMI = Body mass index 
∗ Current or ex-regular smoker 
∗∗ Ex-regular, reduced intake or weekly alcohol drinking 
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8 days, the cumulative all-cause mortality rates were 2%, 11% and 

1% at 1, 5, 9 years, which were slightly lower than that observed 

3%, 14% and 29%, respectively) among those with symptomatic 

ACI ( Table 2 and Figure 1 ). As shown in Supplementary Figure 

 , the all-cause mortality rates of silent LACI at 5 years were 2- 

old greater in men vs women (14% vs 8%), and in rural vs urban

esidents (15% vs 8%) and were 3-fold greater in individuals over 

5 years vs under 65 years (16% vs 5%). In contrast, the cumulative 

ll-cause mortality rates at 1, 5 and 9 years in individuals without 

ny stroke were 0%, 3% and 6%, respectively, which were less than 

ne-third of those observed among cases with silent LACI ( Supple- 

entary Table 3 ). 

Among survivors (who were alive and had no recurrent stroke) 

t 28 days after diagnosis of first silent LACI, the cumulative recur- 

ence rates were 11%, 38% and 53% at 1, 5, and 9 years, respectively,

hich were slightly lower than 15%, 43% and 57% among those 

ith symptomatic LACI ( Table 2 and Figure 1 ) . The stroke re-

urrence rates were similar between silent and symptomatic LACI 

ases. The all-cause mortality rates for both LACI types were higher 

n men than women, among urban than rural residents, and in 

hose aged over 65 than under 65 years at first incident stroke 

 Supplementary Figure 3 ). In contrast, the cumulative event rates 

f first stroke in individuals without stroke at baseline were 2% and 

% at 5 and 9 years (and the death rates were 3% and 6%, respec-

ively). 

Following a first silent LACI, 70% of all the recurrent strokes 

t 5 years after initial diagnosis had non-LACI, only 24% also had 

ACI, 5% had ICH and 2% had unspecified stroke ( Table 3 ) . The pat-

erns were similar for symptomatic LACI with corresponding rates 

f 72%, 19%, 5% and 3%, respectively ( Table 3 ) . Both silent and

ymptomatic LACI showed strong positive and log-linear associa- 
t

4 
ions with higher levels of systolic blood pressure (SBP), with ad- 

usted HR per 10 mmHg higher usual SBP of 1.16 (95% CI 1.14-1.18) 

nd 1.30 (1.28-1.32), respectively ( Figure 2 ). 

. Discussion 

This large community-based prospective cohort study con- 

rmed previously reported high incidence rates of total stroke in 

hinese adults. A high proportion of reported IS cases were in- 

ependently adjudicated by local neurologists as silent or covert 

ACI. Although the absolute rates of silent LACI varied by 10-fold 

etween study areas (consistent with rates for other IS types), the 

atios of silent LACI vs symptomatic LACI were similar in each area. 

mong silent LACI cases, about 4 in 10 had a recurrent stroke and 

bout 1 in 10 died by 5 years consistent with event rates for symp- 

omatic LACI. For individuals with silent LACI who experienced a 

ecurrent stroke type, two-thirds had non-LACI (usually with poor 

rognosis) and only a quarter had LACI, consistent with those for 

ymptomatic LACI. While the risks of recurrent stroke at 5 years 

id not differ by age, sex and area, the all-cause mortality rates 

ere higher in men, in rural areas and in those aged over 65 years. 

The absence of consensus on diagnostic criteria or type of imag- 

ng used for diagnosis for silent LACI and SBI has complicated com- 

arisons between studies conducted in different populations. The 

RI methodology (including magnetic field strength, slice thick- 

ess, and gap between slices) has varied between studies [14] , 

nd hence, the absolute rates of silent SBI have varied by over 

0-fold (from 5% to 62%). In the present study, about one-fifth of 

S cases had silent LACI. Although there were over 10-fold differ- 

nces in the age-standardized admission rates of silent LACI be- 

ween the 10 study areas, the ratios of silent LACI vs symptomatic 
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Figure 1. Cumulative event rate of recurrent stroke and all −cause mortality from 28 days after onset of first ischemic stroke event 

Lines indicate the cumulative incidence function, starting at 28 days after the onset of first stroke, separately for silent LACI and symptomatic LACI by years of follow up. 

Deaths from any cause were treated as competing risks. Participants experiencing an event or death within the first 28 days from first stroke were excluded 

Figure 2. Associations of usual SBP with risk of silent and symptomatic LACI 

Cox proportional hazards models were used to estimate the HR (95% CI) of silent LACI and symptomatic LACI per 10 mmHg higher usual levels of systolic blood pressure 

(SBP). The models were adjusted for age at baseline, sex, and area. For each category, the area of each square is inversely proportional to the variance of the category-specific 

log risk, which also determines the 95% CI. The HRs are shown above each square and the number of events are shown under each square. 
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6 
ACI were similar in each area, suggesting that regional discrepan- 

ies reflected differences in disease rates rather than differences in 

iagnostic practice. 

Previous studies conducted in mainly Western populations of 

ilent LACI or SBI cases, have been constrained by small sample 

ize and included comparisons with healthy individuals rather than 

ymptomatic LACI cases. In a meta-analysis of > 14,0 0 0 participants 

rom 13 cohort studies with a mean follow-up duration of 2-14.5 

ears, individuals with SBI detected by MRI had 2-fold higher risks 

f subsequent stroke compared with those without SBI [3] , but no 

omparisons were provided for cases with symptomatic IS. In the 

ardiovascular Heart Study of 923 participants with an MRI diag- 

osis of SBI, 7.3% had symptomatic strokes during 4-year follow-up, 

ith a 50% higher risk than those without SBI [15] . In the Rotter- 

am Scan Study, in which 217 cases of SBI were detected using MRI 

mong 1,007 participants, 11.7% had subsequent stroke at 4-years, 

ising to 23.7% at 10-years [ 16 , 17 ]. 

The present study is the first large study to compare the prog- 

osis of silent LACI and symptomatic LACI cases in the same study 

opulation, and demonstrated that the long-term event rates of 

ubsequent stroke and death were similar for both silent and 

ymptomatic LACI. Moreover, the stroke recurrence rates were 

igher than those reported in previous studies of SBI in Western 

opulations. The 5-year risks of all-cause mortality for silent LACI 

n the present study were comparable with those in cases with a 

ospital diagnosis of TIA or minor stroke (10.6% risk of all-cause 

ortality) in Western countries [18] . The reasons for the poor 

ong-term prognosis among silent LACI cases in China are unclear, 

ut may reflect differences in study design and disease diagnosis, 

r lower compliance (or intensity of use) of effective treatments 

fter diagnosis. Previous reports had suggested that up to 50% of 

troke cases in China discontinued medication for secondary pre- 

ention of stroke by 3 months after hospital discharge and that 

ypertension was poorly managed following stroke [ 19 , 20 ]. 

Few previous studies have examined the long-term prognosis 

f silent LACI cases, or assessed stroke recurrence by pathologi- 

al type and IS type in silent and symptomatic LACI cases. In the 

S Cardiovascular Heart Study, half of all recurrent strokes that 

ccurred among individuals with SBI had cardio-embolic strokes, 

ollowed by lacunar and atherosclerotic strokes [15] . However, the 

umber of recurrent stroke cases were too small (only 47 cases) 

o provide reliable evidence on outcomes. With complete follow- 

p for 10 years after enrolment, the present study had a greater 

umber of recurrent stroke cases than most previous studies and 

emonstrated that most recurrent stroke cases following both 

ilent and symptomatic LACI were non-LACI. There is evidence that 

psilateral large-artery atherosclerosis and cardio-embolism are in- 

ependent predictors of recurrent stroke in cases of TIA or mi- 

or stroke [18] . Hence, more intensive treatment of the underly- 

ng causes of silent LACI is required, including screening for atrial 

brillation or large-artery atherosclerosis. Such strategies may be 

articularly relevant in individuals at high-risk of recurrent stroke 

e.g., men, rural residents and individuals aged over 65 years). 

oreover, the strong log-linear positive associations of higher lev- 

ls of SBP with higher risks of both silent and symptomatic LACI 

ighlight the potential importance of strategies to lower blood 

ressure for prevention of both silent LACI and symptomatic LACI 

 2 , 11 ]. The comparable results for associations of both silent and 

ymptomatic LACI with elevated levels of SBP reflects shared risk 

actors, in addition to comparable outcomes. Consequently, it is 

ikely that treatment approaches for silent LACI will be similar 

o those for symptomatic LACI. However, further randomized ev- 

dence is needed to assess the efficacy and safety of established 

reatments for IS (including antiplatelet agents and statins) in cases 

ith silent LACI. 
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Table 3 

Cumulative event rates of further stroke by types from 28 days after first diagnosis of LACI 

Years since first diagnosis 

LACI Type of recurrent stroke 1 2 3 4 5 6 7 8 9 

Silent LACI No. events 90 177 218 254 278 293 299 305 308 

Cumulative event rate, % (95% CI) 2 (2-3) 5 (4-5) 6 (5-7) 8 (7-9) 9 (8-10) 10 (9-12) 11 (10-13) 12 (11-14) 13 (11-15) 

Proportion of recurrent strokes, % 20 23 23 24 24 24 24 24 24 

Non-LACI No. events 334 563 689 767 832 871 891 903 910 

Cumulative event rate, % (95% CI) 8 (8-9) 15 (14-16) 19 (18-21) 23 (21-24) 27 (25-28) 30 (28-32) 32 (30-34) 35 (32-37) 37 (34-40) 

Proportion of recurrent strokes, % 74 72 71 70 70 70 70 69 69 

ICH No. events 17 31 40 47 52 54 55 57 57 

Cumulative event rate, % (95% CI) 0 (0-1) 1 (1-1) 1 (1-2) 1 (1-2) 2 (1-2) 2 (1-2) 2 (1-3) 2 (2-3) 2 (2-3) 

Proportion of recurrent strokes, % 4 4 4 4 5 4 4 5 4 

Unspecified No. events 10 15 16 21 21 23 23 25 25 

Cumulative event rate, % (95% CI) 0 (0-0) 0 (0-1) 0 (0-1) 1 (0-1) 1 (0-1) 1 (1-1) 1 (1-1) 1 (1-2) 1 (1-2) 

Proportion of recurrent strokes, % 2 2 2 2 2 2 2 2 2 

All stroke No. events 451 786 963 1,089 1,183 1,241 1,268 1,290 1,300 

Cumulative event rate, % (95% CI) 11 (10-12) 21 (19-22) 27 (26-29) 33 (31-34) 38 (36-40) 43 (41-45) 46 (44-49) 50 (48-53) 53 (50-57) 

Symptomatic LACI No. events 179 320 410 468 508 530 552 557 561 

Cumulative event rate, % (95% CI) 2 (2-3) 4 (4-5) 6 (5-7) 7 (7-8) 8 (8-9) 9 (8-10) 10 (10-11) 11 (10-12) 11 (10-13) 

Proportion of recurrent strokes, % 16 18 19 19 19 20 21 20 20 

Non-LACI No. events 849 1,341 1,633 1,829 1,950 2,016 2,059 2,094 2,104 

Cumulative event rate, % (95% CI) 11 (11-12) 18 (18-19) 24 (23-25) 28 (27-29) 31 (30-33) 34 (33-35) 36 (35-38) 39 (37-41) 40 (39-42) 

Proportion of recurrent strokes, % 76 74 73 73 72 72 71 71 71 

ICH No. events 52 85 113 129 141 144 148 153 157 

Cumulative event rate, % (95% CI) 1 (1-1) 1 (1-1) 2 (1-2) 2 (2-2) 2 (2-3) 2 (2-3) 3 (2-3) 3 (3-4) 4 (3-4) 

Proportion of recurrent strokes, % 5 5 5 5 5 5 5 6 6 

Unspecified No. events 39 60 68 78 88 90 92 93 94 

Cumulative event rate, % (95% CI) 1 (0-1) 1 (1-1) 1 (1-1) 1 (1-1) 1 (1-2) 2 (1-2) 2 (1-2) 2 (1-2) 2 (1-2) 

Proportion of recurrent strokes, % 3 3 3 3 3 3 3 3 3 

All stroke No. events 1,119 1,806 2,224 2,504 2,687 2,780 2,851 2,897 2,916 

Cumulative event rate, % (95% CI) 15 (14-16) 25 (24-26) 32 (31-33) 38 (37-40) 43 (42-45) 47 (46-48) 51 (49-53) 55 (53-57) 57 (55-59) 
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The chief strengths of the present study include a prospective 

esign and large number of adjudicated cases with silent LACI. 

oreover, cases with silent LACI were detected in a clinical set- 

ing rather than by imaging detection of all study participants in 

 research setting (using brain imaging to detect abnormalities in 

ll study participants). Hence, the present study was able to com- 

are the prognosis of silent LACI vs symptomatic LACI. However, 

he present study also had several limitations. Firstly, direct visu- 

lization of brain imaging for IS cases was not possible and fea- 

ures of ischemic lesions like size ( < 15 mm) and location were 

nly available from radiological reports. Consequently, we were un- 

ble to distinguish lacunar lesions from other types of small vessel 

isease. Since the diagnosis of symptomatic LACI was prioritized 

n individuals with both symptomatic and silent LACI cases, it was 

ot possible to compare the prognosis of symptomatic LACI with 

nd without a coexisting diagnoses of silent LACI. Secondly, only 

8% of total silent and symptomatic LACI cases were assessed by 

RI, which is more sensitive than CT. Consequently, the reported 

ncident events rates for first LACI and silent LACI are likely to 

ave underestimated the true incidence rates in this study popula- 

ion. Nevertheless, analyses of the cumulative event rates for stroke 

nd all-cause mortality after stratification by type of brain imag- 

ng used (MRI or CT only) demonstrated no material differences in 

urvival rates by those detected by CT only vs MRI (Supplemen- 

ary Figure 5). Thirdly, the findings cannot be generalizable to the 

hinese population, as the CKB study was designed to investigate 

he causes of diseases in diverse regions of China rather than be- 

ng representative of the Chinese population. Participants were not 

creened systematically for silent LACI using MRI and, hence, the 

tandardized event rates for silent LACI should be interpreted with 

aution when making national and international comparisons. The 

tandardized event rates of silent LACI and LACI were higher in ur- 

an than in rural areas, which may reflect the greater availability 

f MRI brain imaging and better access to hospitals in urban ar- 

as, but the ratios of silent LACI vs symptomatic LACI were similar 

n each area (and in rural and urban areas), which suggests that 

ny area differences reflect differences in disease rates rather than 

ifferences in diagnostic practice. However, detailed assessment of 

he causes of regional differences in silent vs symptomatic LACI in- 

idence rates requires further study. Fourthly, outcome ascertain- 

ent was dependent on linkage to coded hospital admissions and 

eath certification data and recurrent stroke events were not adju- 

icated. Stroke recurrence could not be distinguished from stroke 

rogression or from stroke as a co-morbidity of another primary 

iagnosis. In addition, it is possible that patients with silent LACI 

ay have represented more frequently with atypical symptoms 

equiring definitive diagnosis while those with symptomatic LACI 

hose symptoms were minor may have been missed by follow- 

p. Hence, the possibility of overestimation or underestimation of 

troke recurrence after a first-ever stroke cannot be entirely ex- 

luded. Finally, the results cannot be generalized to the overall Chi- 

ese population for primary prevention in the absence of agreed 

iagnostic criteria for silent or covert LACI using CT, which is far 

ore widely used than MRI for brain imaging in Chinese hospitals. 

ence, the results of this study are more likely to be generalizable 

or future observational studies for screening or clinical trials as- 

essing the efficacy and safety of treatments for silent LACI cases. 

oreover, there is no agreement on the relevance, if any, of the 

ssociated non-specific neurological symptoms in cases with silent 

ACI. Future studies should compare the distribution, risk factors 

nd prognosis of silent LACI cases with other stroke cases of un- 

etermined etiology (i.e., cryptogenic etiology, consensus or non- 

onsensus TIA) [21] . 

Overall, the present study demonstrated that the absolute rates 

f silent LACI in Chinese adults were high and that their long- 

erm prognosis was poor, and consistent with the findings for 
8 
ymptomatic LACI. Moreover, about two-thirds of recurrent strokes 

mong silent LACI cases were non-LACI, suggesting a shared etiol- 

gy. Further studies are required to assess the efficacy and safety 

f treatments for silent LACI and to evaluate screening approaches 

or silent LACI in high-risk populations once effective treatments 

ave been approved. 
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