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Background: The association between left atrial size and the risk of stroke has not
been fully understood. We performed a meta-analysis of prospective cohort studies
to determine whether left atrial enlargement (LAE) is associated with an increased risk
of stroke.

Methods: We searched PubMed, EMBASE, Web of Science, and the Cochrane Library
through May 2019. Prospective cohort studies were included if they reported hazard
ratios (HRs) and corresponding 95% confidence intervals (Cls) of stroke with respect to
LAE. All meta-analyses were performed using a random-effects model.

Results: Six studies involving 66,007 participants and 3,549 stroke events were
included. Compared with patients without LAE, those with LAE had an increased risk
of stroke (adjusted HR 1.68, 95% CI 1.36-2.07). There was also a graded association
with stroke relating to LAE (adjusted HR for mild LAE 1.50, 95% CI 0.98-2.28; moderate
LAE 1.40, 95% Cl 1.12-1.75; and severe LAE 1.59, 95% CI 1.33-1.90). Furthermore, for
each increase of 1.cm in left atrial diameter, the odds of stroke were increased by 24%
(adjusted HR 1.24, 95% CI 1.03-1.50).

Conclusions: Our meta-analysis demonstrated that LAE is associated with an
increased and graded risk of stroke.

Keywords: left atrial size, stroke, meta-analysis, risk, systematic review

INTRODUCTION

Stroke is a catastrophic condition with a great burden of disability and death. Furthermore, as the
world population is aging, the global burden of stroke will increase dramatically (1). And it has
been predicted that there will be almost 12 million stroke deaths and 70 million stroke survivors by
2030 (2). Thus, to identify the high risks of stroke patients and to manage well stroke risk factors
have an important individual and social impact.

Studies have found that left atrial size was associated with an increased risk of ischemic stroke
and all-cause of deaths despite of controversy (3-5). Additionally, some studies have found that this
association between left atrial size and stroke seems to exist independent of atrial fibrillation (AF)
(6, 7). Therefore, it is important to identify the association between left atrial size and stroke, which
would be helpful to stratify the risk of stroke.

Among various quantification methods of left atrial size, the European Society of Cardiology
recommends that left atrial volume indexed to body surface area (LAVi) should be used to predict
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all-cause mortality and ischemic stroke because of its accuracy
and reliability (8), considering that it is simpler, more widely
available, and more widely used in clinical practice. Most of
studies chose left atrial diameter (LAD) as their measurement.
Hereby, we conducted a systematic review and meta-analysis of
all the prospective cohort studies to determine the association
between LAD and the risk of stroke.

METHODS

This meta-analysis was conducted and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement (9). It was prospectively registered in the
PROSPERO registry (CRD42017074455).

Data Sources and Search Strategy

We searched PubMed (from inception to May 2019), EMBASE
(from inception to May 2019), Web of Science, and the Cochrane
Library Databases (May 2019). The following search terms were
used: “left atrial volume” OR “left atrial size” OR “left atrial
dimension” OR “left atrial diameter” OR “left atrial dilatation”
OR “left atrial hypertrophy” OR “left atrial enlargement” OR
“left atria volume” OR “left atria size” OR “left atria dimension”
OR “left atria diameter” OR “left atria dilatation” OR “left
atria hypertrophy” OR “left atria enlargement” OR “left atrium
volume” OR “left atrium size” OR “left atrium dimension”
OR “left atrium diameter” OR “left atrium dilatation” OR
“left atrium hypertrophy” OR “left atrium enlargement” OR
“enlarged left atrium” OR “enlarged left atria” OR “heart atrium
enlargement” OR atriomega®* AND “cerebral embolism” OR
stroke OR “Apoplexy” OR “Brain Vascular Accident” OR CVA
OR “Cerebrovascular Accident®” OR “ischemic infarction” OR
embolism™ OR thromboembolism™* OR thrombosis. The Medical
Subject Headings (MeSH) search and free-text terms search were
conducted with our search strategy. Furthermore, we hand-
reviewed reference lists of included studies and review articles to
search for more studies. Only those that were published as full-
length articles and in English were considered. Two investigators
(YCX and LMZ) independently performed the literature search.

Study Selection and Eligibility Criteria

We removed duplicates, screened the titles and abstracts for
relevance, and accessed full text to identify eligibility. For
inclusion, studies had to fulfill the following criteria: have
a prospective cohort design with follow-up >1 year; report
relative risks or hazard ratios (HRs) and their corresponding
95% confidence intervals (CIs) of stroke relating to left atrial
enlargement (LAE).

Data Extraction

Two authors (YCX and LMZ) independently collected data
from all included studies using a standard form. The following
information was extracted from each included study: first

Abbreviations: AF, atrial fibrillation; CIs, confidence intervals; HR, hazard ratio;
LAD, left atrial diameter; LAVi, left atrial volume indexed to body surface area;
MeSH, Medical Subject Headings; OAC, oral anticoagulant; RR, risk ratio; TTE,
transesophageal echocardiography.

author, year of publication, country of the study, participant
number and characteristics, sex, AF status at baseline, exposure
definition, mean length of follow-up, number of stroke events,
and covariates in the fully adjusted model.

Quality Assessment

We assessed the quality of each cohort by using the Newcastle-
Ottawa Scale (10). This scale consists of three domains: selection,
comparability, and outcome. The maximum score for cohort is 9
points. We awarded points of 0 to 3, 4 to 6, and 7 to 9 for low,
moderate, and high quality, respectively.

Summary Measures
We described associations using HR or risk ratio (RR) for
prospective studies. RR was considered equivalent to HR (11).

Statistical Analysis

We pooled the adjusted HRs and corresponding 95% Cls
from each study using a random-effects model. We assessed
heterogeneity across studies using the Q statistic and the I*
statistic. The I? statistic is used to estimate the proportion of total
variation across studies due to heterogeneity rather than chance
(ranging from 0 to 100%). An I? value > 50% indicates significant
heterogeneity. We also performed subgroup analyses according
to LA size to further determine the relationship between LAE
and the risk of stroke. To evaluate the publication bias, we
constructed a funnel plot to visualize possible asymmetry (12).
All statistical analyses were performed with Stata, version 12
(StataCorp, College Station, TX). A P < 0.05 was considered
statistically significant.

RESULT

Literature Search

Our initial search yielded 5,436 records. After screening titles and
abstracts, we obtained 44 articles for full-text reviewing. Finally,
six studies were eligible for inclusion (Figure 1) (7, 13-17).

Study Characteristics

The characteristics of the included studies are shown in Table 1.
These studies were published between 1995 and 2016. The
sample sizes of the cohorts ranged from 593 to 52,639. The
mean age of the participants varied from 51 to 73.6 years.
Among these six studies, only two studies (14, 15) excluded
AF patients from baseline participants. The lengths of follow-
up for incident stroke varied between 2.6 and 13 years. All the
studies reported the association between LAE and stroke after
tully adjusting for traditional cardiovascular risk factors such as
age, sex, hypertension, and diabetes. The meta-analysis consisted
of 66,007 participants and 3,549 stroke events. The baseline
participant characteristics among included studies are shown in
Table 2. Quality assessment of each study is outlined in Table 3.
The score for all studies is 7 or above with high quality.

Left Atrial Enlargement and Stroke

Compared with patients without LAE, those with LAE had an
increased risk of stroke (five studies; adjusted HR 1.68, 95% CI
1.36-2.07; Figure 2). Figure 3 shows the association between the
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FIGURE 1 | Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram.

LAE grades and risk of stroke. The pooled HR was 1.50 for mild
LAE (95% CI 0.98-2.28; two studies), 1.40 for moderate LAE
(95% CI 1.12-1.75; two studies), and 1.59 for severe LAE (95%
CI1.33-1.90; two studies). Furthermore, for each increase of 1 cm
in LAD, the odds of stroke were increased by 24% (adjusted HR
1.24,95% CI 1.03-1.50; Figure 4). Visual inspection of the funnel
plot showed some asymmetry (Figure 5). Considering that only
five studies were included in this meta-analysis, it was hard for us
to rule out the publication bias.

DISCUSSION

Our meta-analysis of five prospective cohort studies indicates
that LAE is associated with increased risk of stroke. Additionally,

we found that the risk of stroke became higher with the increase
of the LAD. For each increase of 1 cm in LAD, the odds of stroke
were increased by 24%.

The mechanisms related LAE to stroke have not been fully
understood. Some hypotheses have been proposed, which might
partially explain the association between LAE and stroke. First,
LAE may predispose the development of AF (18), which is a well-
established risk factor for stroke. Second, LAE was considered as
a surrogate marker of other risk factors for cardiovascular events
(19, 20) such as hypertension or carotid atherosclerosis, which
are significantly associated with the high risk of stroke. Third,
LAE may promote blood stasis, which results in the increased
risk of potential embolization through induction of thrombus
formation (7). Additionally, this theory has been supported by
the studies of transesophageal echocardiography (TEE) that LAE
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TABLE 1 | Characteristics of six prospective studies contributing data to the current analysis.

Study Population Definition of LAD End points No. of HR Covariates in the fully adjusted model
(number) LAE category stroke (95% CI)
(% men) events
Benjamin et al. General No report Categorical Stroke 137 Men: Adjusted for age, hypertension, diabetes,
(17), USA population 55 (Tertile 1, 2.4 ECG left ventricular hypertrophy, smoking,
years and older Tertile 2, (1.6-3.7)/1 cm prevalent atrial fibrillation, and prevalent
(n = 3,099) Tertile 3) Women: congestive heart failure or myocardial
(44%) 1.4 infarction
(0.9-2.1)/1cm
Bouzas- Patients who Men: Categorical Ischemic 2,314 1.36 Adjusted for age, sex, hypertension,
Mosquera et al. underwent LAD >4.1cm  (normal, mild,  stroke, (1.23-1.51) diabetes, hypercholesterolemia, history of
(13), Spain echocardiography moderate, smoking, previous stroke or transient
(n = 52,639) Women: severe) ischemic attack, history of atrial fibrillation,
(52.9%) LAD > 3.9cm severity of mitral regurgitation, mitral valve
stenosis, history of mitral valve
intervention, history of congestive heart
failure, prior myocardial infarction, history
of coronary revascularization, left
ventricular ejection fraction, end-diastolic
left ventricular diameter, left ventricular
mass, history of cancer, chronic kidney
disease, chronic obstructive pulmonary
disease, anticoagulant therapy, referral
setting
Karas et al. (14),  General Men: Continuous Ischemic 138 1.99 Adjusted for age, sex, body mass index,
USA population LAD > 4.2cm stroke (1.28-3.07) systolic blood pressure, antihypertensive
(n =2,391) therapy, diabetes, low-density lipoprotein,
(35.4%) Women: high-density lipoprotein, current smoking,
LAD > 3.8cm serum creatinine, UACR, and HbA1c
Hamatani et al. Patients with LAD > 45mm  Categorical Stroke and Ischemic 1.74 Adjusted for CHA2DS2-VASc score, OAC
(7), Japan non-valvular AF (LAE and SE stroke 112;  (1.25-2.42) prescription and age
(n=2,713) non-LAE) hemorrhagic
(60.4%) stroke 43;
SE 4
Haruki et al. (15),  patients with LAD > Categorical Stroke and Ischemic 2.74 Adjusted for age, sex, family history of
Japan HCM without AF 48 mm (LAE and SE stroke 62; (1.2-6.23) sudden cardiac death, unexplained
(n = 593) non-LAE) hemorrhagic syncope, left ventricular intracavitary
(62.9%) (LAD stroke 4; gradient, maximum left ventricular wall
>48mm) SE6 thickness > 30 mm, non-sustained
ventricular tachycardia
Broughton et al. Population 65 Men: Categorical Ischemic 739 1.81 Adjusted for age, sex, race, education,
(16), USA years and older LAD > 4.1cm (normal, mild,  stroke (1.4-2.34) income, smoking, diabetes, body mass
(n=4,572) moderate, index, low-density lipoprotein cholesterol,
(43%) Women: severe) systolic blood pressure, antihypertensive
LAD > 3.9cm medications, aspirin, heart failure, and

peripheral arterial disease.

LAE, [eft atrial enlargement; LAD, left atrial diameter; HCM: hypertrophic cardiomyopathy; SE, systemic embolism; HR, hazard ratio; Cl, confidence interval;, UACR, urinary
albumin-to-creatinine ratio; HbATc, glycated hemoglobin; AF, atrial fibrillation; OAC, oral anticoagulant.

was associated with spontaneous echocardiographic contrast and
LA thrombus (21).

The investigation of the association between LAE and
stroke may have several clinical implications. First, much
evidence has been found that the left atrial structure and
function were strongly associated with the risk of new-
onset AF (22, 23) and intermittent AF (24). Meanwhile, the
relationship between the AF (including intermittent AF) and
ischemic stroke (which was also includes cryptogenic ischemic
stroke) is well-recognized (25, 26). So current techniques for
detection AF of stroke patients are expensive and have low

yield (27). And studies have found that the measurement of
left atrial function could predict AF in stroke patients (28).
It may be proposed that the left atrial size could serve as a more
ideal and stable predictor than AF/underlying AF in ischemic
stroke patients, especially in cryptogenic ischemic stroke, which
would be also helpful in differentiating etiological diagnoses of
ischemic stroke and treatment of the ischemic stroke: choosing
or not choosing oral anticoagulant (OAC) treatment. Second, a
study (29) that investigated the relationship between LAE and
ischemic stroke had found on TTE that LAE had a satisfying
predictive value for left atrial thrombus (LAT) on TEE. Thus,
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TABLE 2 | Baseline participant characteristics among included studies.

Study Mean age, Hypertension Diabetes Smoking Previous AF CHADS2 score Follow-up,

years (%) (%) (%) stroke or TIA (%) (mean) years
(%)

Benjamin et al. (17), USA 64.1 38.1 8 24.5 0 1.8 No report 8

Bouzas-Mosquera et al. 61.8 48.3 25.4 24 9.3 21.4 No report 5.5

(13), Spain

Karas et al. (14), USA 59.1 No report 45.3 31.3 0 0 No report 12

Hamatani et al. (7), Japan 73.6 62.2 23.6 35 21 100 2.37 2.6

Haruki et al. (15), Japan 51 No report No report No report No report 0 No report 10.7

Broughton et al. (16), USA >65 No report 14.4 53.3 0 5 No report 13

TIA, transient ischemic attack; AF, atrial fibrillation.

TABLE 3 | Quality ratings for the six cohort studies included on the basis of Newcastle-Ottawa quality assessment scale.

Selection Comparability Outcome Total
(score) (score) (score) score

Representative Selections Assessment  Absence of Control for  Assessment Follow-up Adequacy of

of exposed of non- of exposure  outcome at age or of outcome period follow-up
cohort exposed start of hypertension
cohort study or DM or
smoking
Benjamin et al. (17) 1 1 1 1 2 1 1 1 9 (high)
Bouzas-Mosquera 1 1 1 0 2 1 1 1 8 (high)
etal. (13)
Karas et al. (14) 1 1 1 0 2 1 1 1 8 (high)
Hamatani et al. (7) 1 1 1 0 2 1 1 0 7 (high)
Haruki et al. (15) 1 1 1 1 1 1 1 1 8 (high)
Broughton et al. (16) 1 1 1 1 2 1 1 1 9 (high)
Mean 8.2
DM, diabetes mellitus.
Study %
D HR (95% CI) Weight
Bouzas-Mosquera 2011 - 1.36 (1.23, 1.51) 35.73
Karas 2012 —_— 1.99 (1.28, 3.07) 14.40
Broughton 2016 —_— 1.81 (1.40, 2.34) 24.57
1
)
Hamatani 2016 —— 1.74 (1.25,2.42) 19.77
|
1
Haruki 2016 - < ) 2.74 (1.20,6.23) 5.52
]
Overall (I-squared = 59.1%, p = 0.045) @ 1.68 (1.36, 2.07) 100.00
H
H
NOTE: Weights are from random effects analysis E
| |
161 1 6.23
FIGURE 2 | Meta-analyses of hazard ratios for the association between left atrial enlargement and stroke.
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Study %
D HR (95% CI) Weight
Mid LAE
Bouzas-Mosquera 2011 —— 1.24 (1.05, 1.46) 80.90
Broughton 2016 — & 101(1.36,268) 19.10
Subtotal (-squared = 80.2%, p = 0.025) <> 1.35 (1.16, 1.56) 100.00
Moderate LAE
Bouzas-Mosquera 2011 —= 1.32 (110, 1.59) 86.36
Broughton 2016 —_—%—————  175(1.10,278) 13.64
Subtotal (i-squared = 18.5%, p = 0.268) <> 1.37 (1.16, 1.63) 100.00
Severe LAE
Bouzas-Mosquera 2011 — 1.59 (1.32, 1.91) 93.83
Broughton 2016 1.54 (0.75, 3.17) 6.17
Subtotal (-squared = 0.0%, p = 0.933) <> 1.59 (1.33, 1.90) 100.00
T T
315 1 317

FIGURE 3 | Meta-analyses of hazard ratios for the association between the severity of left atrial enlargement and stroke.

Study %

ID HR (95% CI) Weight

Benjamin 1995 women 1.40 (0.90,2.10) 11.26

Benjamin 1995 men —p——— 240 (1.60,3.70) 11.40
Bouzas-Mosquera 2011 women 1.25(1.14,1.37) 26.15

Bouzas-Mosquera 2011 men 0.96 (0.88, 1.06) 26.11

Broughton 2016 1.14 (1.01,1.28) 25.07

Overall (I-squared = 86.6%, p = 0.000) 1.24 (1.03,150)  100.00

NOTE: Weights are from random effects analysis

$27; 1 3.7

+
B, Iar—

FIGURE 4 | Meta-analyses of hazard ratios for the association between continuous left atrial diameter and stroke.
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FIGURE 5 | Funnel plot with pseudo 95% confidence limits.

patients will not need to undergo TEE, which is expensive
and invasive and has a higher risk of complications. Third,
based on the above findings and implications, LAD, as the
simplest measurement, can be proposed as an additional risk
stratification refinement for patients in predicting ischemic
stroke and systemic embolism, (7) which is also helpful in
the identification of high-risk patients who could benefit from
preventive OAC treatment. Fourth, LAE was considered as a
surrogate marker of other risk factors for cardiovascular events.
So it may be advocated that physicians can optimize risk factor
management through monitoring the change of LAE (30).
Several limitations of this study should be considered. First,
the differences of population in the included studies could result
in inconsistency between studies. And it might be a significant
limitation of our study. However, we only included prospective
cohort studies, which helped minimize heterogeneity. Second,
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