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Left ventricular hypertrophy in association with
cognitive impairment: a systematic review and
meta-analysis

Marios K Georgakis1, Andreas Synetos1,2, Constantinos Mihas1, Maria A Karalexi1, Dimitrios Tousoulis2,
Sudha Seshadri3 and Eleni Th Petridou1

Left ventricular hypertrophy (LVH) is a marker of prolonged exposure to high blood pressure and a predictor of cardiovascular

disease risk. The objective of the current study was to investigate its association with cognitive function. Following standard

guidelines, pairs of independent reviewers screened 2359 articles to search for studies that addressed the research question,

extracted data and evaluated the quality of the studies using the Newcastle-Ottawa scale; authors were contacted for additional

data. A random-effects meta-analysis and a meta-regression analysis were performed. Eighteen eligible studies using various

methodologies and of varying quality were identified. However, both cross-sectional and prospective studies were indicative of a

positive association between LVH and cognitive impairment or cognitive performance and decline in both population-based and

patient-based subjects. The meta-analysis showed an increased risk of cognitive impairment among subjects with LVH in

population-based studies (9 studies; 28 648 subjects; odds ratio (OR): 1.40, 95% confidence interval (CI): 1.18–1.66) and

studies exclusively on hypertensive subjects (3 studies; 1262 subjects; OR: 2.14, 95% CI: 1.39–3.30). The effect was stronger

when assessing LVH by echocardiography rather than electrocardiogram and was retained in the sensitivity analyses of

prospective and highest quality studies and studies adjusting for hypertension or blood pressure levels. No heterogeneity or

publication bias was documented, whereas the presence of hypertension seemed to reinforce the reported association, as derived

from the meta-regression analysis. There is evidence suggesting an independent association of LVH with cognitive impairment.

Because of the highly heterogeneous methodologies, future large prospective studies with clinically defined dementia outcomes

are needed to replicate the findings.
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INTRODUCTION

The dramatic increase in the average life expectancy during the last
century has resulted in a global rise in cognitive impairment
and dementia rates; the prevalence of mild cognitive impairment
among the elderly worldwide is estimated to be 20–30%,1 whereas
5–7% of individuals older than 60 years suffer from dementia.2

Although cognitive decline has been conventionally attributed to
neurodegenerative etiology, cumulative evidence suggests that vascular
pathology is a major contributor.3 Indeed, the presence of traditional
cardiovascular disease (CVD) risk factors at midlife, including diabetes
mellitus,4 hypertension5 and hypercholesterolemia,6 is associated with
an increased risk of cognitive decline later in life.
Particularly, numerous epidemiological studies have been

published on the effect of blood pressure (BP) on cognition,

with the findings being more consistent towards an association
of midlife high BP levels and cognitive impairment.7–9 Similarly,
efficient hypertension control through treatment appears to attenuate
the effect of this association.10 These observations are thought to be
primarily mediated by the effect of chronic hypertension on the
cerebral vasculature; specifically, exposure to high BP levels for
years results in an acceleration of atherosclerosis in cerebral
large vessels, along with a thickening of cerebral perforating
arterioles, leading to white matter hypoperfusion and ischemic
rarefaction.11 However, single BP measurements, particularly in the
elderly, do not correspond to the chronic hemodynamic burden
posed by the exposure to high BP; thus, more objective markers
of the duration of hypertension are needed to better predict
CVD risk.
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Chronic exposure to hypertension leads to damage in target organs,
including heart, kidney, retina and brain. Markers of damage in any of
these organs could be used as proxies for a prolonged exposure to high
BP, whereas their recognition could provide a window for preclinical
diagnosis of damage to the other organs.12 Indeed, microalbuminuria,
considered an early marker of renal small vessel disease, and retinal
vascular damage are associated with increased risk of silent cerebral
microvascular lesions and cognitive dysfunction.13–16 Left ventricular
mass (LVM) is strongly associated with long-term high BP levels17,18

and comprises a predictor of hypertension development in non-
hypertensive individuals.19 Left ventricular hypertrophy (LVH) is the
consequence of high arterial loading of the heart, is linearly related
with arterial stiffness,20 and comprises a good predictor of CVD risk
prospectively.21

In this context, the cardio-cerebral axis has received scientific
attention with a number of studies declaring an association of
LVH with stroke22,23 and silent cerebrovascular lesions.24 Likewise,
previous studies have examined whether presence of LVH is associated
with cognitive decline and dementia.25–27 To our knowledge, no
systematic evaluation of these studies has been attempted so far. Thus,
the aim of the current study was to conduct a systematic review of the
literature on the association between LVH and cognitive function and,
if possible, quantitatively synthesize the results of the published
studies.

METHODS
This systematic review and meta-analysis was conducted based on the
Meta-analysis of Observational Studies in Epidemiology (MOOSE)
guidelines,28 as detailed in Supplementary Table 1. Accordingly, studies were
identified through a systematic literature search, as detailed in the 'Search
strategy' described in the Supplementary Materials.

Eligibility criteria
Cohort, case-control and cross-sectional studies quantifying an association of
LVH with either measures of cognitive function or risk of dementia were
eligible for inclusion. Case series, case reports, in vitro and animal studies were
excluded, as were studies including solely children or adolescents. We included
studies both on the general population and studies examining a specific patient-
based population, including individuals suffering from hypertension, diabetes
mellitus, chronic kidney disease and CVD. Studies on different populations
were thereafter independently examined.
The exposure variable was either a continuous measure of LVM, assessed via

transthoracic echocardiogram (TTE) or LVH (dichotomous variable), assessed
by electrocardiogram (ECG) or TTE. LVM should be calculated via the method
of Devereux et al,29 indexed or not to the body surface area of the participants
(left ventricular mass index, LVMI). TTE-assessed LVH should be preferably
defined as LVMI ⩾ 115 g m−2 in males and ⩾ 95 g m− 2 in females,30 but
different cutoff points were also considered for eligibility. The definition of
LVH by studies using ECG should be based on a standard 7-lead or 12-lead
ECG using a validated calculation (for example, Sokolow-Lyon indices or
Cornell voltage criteria).31–35 Given the significantly lower sensitivity of ECG in
the detection of LVH compared to TTE36 and their independence of
one another’s association with CVD outcomes,37 these indices were also
independently examined.
Two major outcomes were explored: dementia/cognitive impairment

(dichotomous variable) and cognitive function (continuous variable). Diagnosis
of dementia or major dementia subtypes, namely Alzheimer’s disease (AD) or
vascular dementia (VaD), by diagnostic criteria or of cognitive impairment via
validated neuropsychological tests was required. With regards to cognitive
function, studies should assess via validated instruments either global cognitive
function or individual cognitive domains; eligible studies provided an associa-
tion of LVH with either cognitive performance at a single measurement or
scoring decline between two distinct time points.

Data extraction and quality assessment
Publication details (year, authors, title and journal), study information (region,

study period, design, follow-up, inclusion-exclusion criteria and cohort-size),

characteristics of participants (age, gender, smoking, body mass index, presence

of diabetes, hypertension and CVD, BP levels), LVH/LVM assessment, cognitive

measures, number of dementia cases and statistical analysis (effect estimate,

effect size and adjustments) were abstracted in a pre-piloted spreadsheet.

Maximally adjusted effect estimates were preferred, whereas authors were

contacted or previous publications were sought in case of missing data.
The nine-item Newcastle-Ottawa Scale (NOS)38 was used for quality

assessment of case-control and cohort studies, whereas its eight-item adapted

version was used for cross-sectional studies.39 Detailed studies of NOS in the

context of this review are provided in the respective section of the

Supplementary Materials.
Two pairs of reviewers (four reviewers total) worked independently and

masked each other from the study selection, data abstraction and quality

assessment; disagreements were resolved by consensus.

Statistical analysis
Due to the heterogeneity of studies on cognitive function, a meta-analysis was

feasible only for the effect of LVH on the risk of cognitive impairment. Effect

estimates along with their 95% confidence intervals (CI) by LVH, were pooled

using random-effects models.40 Although both cross-sectional and longitudinal

cohort studies were included in the quantitative synthesis, only odds ratios

(ORs) were included in the analysis to avoid statistical heterogeneity.

Particularly, two out of the five longitudinal studies presented ORs derived

from logistic regression analysis in the published articles, whereas we

self-calculated the respective ORs from 2×2 tables for the remaining three

studies. Thus, no analysis for hazard ratios was feasible. Two different analyses

were performed; the first analysis was performed on population-based studies

and the second analysis was performed on exclusively hypertensive patient-

based studies. All analyses were stratified by the method of LVH assessment

(TTE or ECG). In addition to the dichotomous evaluation of LVH, no analysis

by LVMI increments (for example, by 1SD increase) was possible due to the

non-availability of the required data by the individual studies. Sub-analyses by

etiology and severity of cognitive impairment (all-cause dementia, AD, VaD

and mild cognitive impairment), assessment of cognitive impairment (clinical

diagnosis or screening cognitive test), level of adjustment (adjusted for

hypertension or not), study design (prospective and cross-sectional) and quality

score were performed. Heterogeneity was assessed via the I2 estimation and the

Cochran Q statistic, whereas potential publication bias was evaluated by funnel

plots. Analyses were performed using the STATA Software (v13.0, Stata

Corporation, College Station, TX, USA).

RESULTS

Results of the search strategy
A total of 2359 results were retrieved from the literature search,
whereas 7 additional articles were identified using the 'snowball'
procedure. We excluded studies based on an examination of the title
or abstract of 2295 articles, resulting in 71 articles, requiring an
evaluation of their full text. Out of these 71 articles, 16 studies were
identified to meet our eligibility criteria, 15 studies were excluded due
to specific reasons and the authors of 40 articles, which were not
eligible based on their published version, were contacted for additional
information. For 6 of the latter articles, we obtained the required data,
and these studies were also included. From the total of 22 eligible
studies, 4 studies had to be excluded due to overlapping populations;
therefore, a final group of 18 studies was deemed eligible for inclusion
in this systematic review.25–27,41–55 The study selection process is
graphically summarized in Figure 1; details on how each individual
study was processed and the full reference list are provided in
Supplementary Table 2.
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Description of studies and quality evaluation
Study design and populations. Twelve of the 18 studies were based on
community subjects from the general population, whereas 6 were
patient-based, including solely subjects with hypertension, who
manifested arterial disease or chronic kidney disease; one of the
population-based studies examined only individuals with subjective
memory complaints (Table 1). Only eight studies had a prospective
design examining the association of LVH with incident cognitive
impairment or cognitive decline over follow-up periods ranging from
1 to 10 years. The mean/median age of the participants was455 years
in all studies and exceeded 65 years in 10 of the studies.

Assessment of exposure variable. The exposure variable was LVH in
15 of the studies and LVM in 3 studies. Highly heterogeneous
methodologies were used for the definition of LVH, with six studies
using ECG, and nine studies assessing it using TTE-based definitions;
in particular, the desired ⩾ 115 g m− 2 for males and ⩾ 95 g m− 2 for

females were adopted only by four studies, whereas higher cutoff
points of 125 g m− 2 for males and 110 g m−2 for females were used in
three studies. Scuteri et al. compared the highest LVM quartile,
whereas one study did not clarify the cutoff point used.

Assessment of the cognitive outcomes. A variety of outcomes was
examined by eligible studies; these studies could be further divided
into continuous outcomes of cognitive performance or cognitive
decline in a specific domain and dichotomous outcomes of cognitive
impairment or dementia (all-cause, AD, VaD). Six studies examined
cognitive function, four of the studies as cognitive performance
at a single time-point (cross-sectional studies), whereas two studies
assessed the decline in score between temporally different measures.
Some studies examined solely global cognitive function, but cognitive
sub-domains, which were generally categorized to executive function/
attention, processing speed and verbal memory, were also assessed in

Records identified and screened by 
search strategy  

n = 2359

Additional records identified 
via “snowball procedure”  

n = 7
Irrelevant articles  

n = 2295

Articles with insufficient data for 
calculation of effect estimates  

(Letters sent) 
n = 40 

Articles meeting inclusion criteria 
n = 16 

Relevant articles 
 (potentially eligible) 

n = 71

Excluded with reasons  
n = 15

Unavailability of data 
n=8

Analysis or dataset provided 
n=6

No reply  
n=23

Excluded due to overlap  
n=4 

Eligible articles 
n=22 

Excluded due to overlap 
n=3

INCLUDED IN SYSTEMATIC REVIEW 
n=18 

Figure 1 Flowchart of the study selection process.
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some studies using composite scores of a variety of instruments; two
studies assessed global cognition using a single MMSE measurement.
Out of the 14 studies examining dichotomous outcomes, 9 studies

defined cognitive impairment by the MMSE, using a variety of cutoff
points (ranging from 21 to 27; maximum: 30). Likewise, one study
defined cognitive impairment as a decline of Six-Item Screener scoring
(maximum: 6) under 5. Another study prospectively ascertained
cognitive decline by a worsening (0.5 points or more) of the Clinical
Dementia Rating over times, whereas 1 study defined mild cognitive
impairment based on clinical and neuropsychological assessment.
Finally, two prospective studies defined all-cause dementia, AD and
VaD/multi-infarct dementia using official diagnostic criteria.

Quality assessment. Supplementary Table 3 presents the results of the
study quality evaluation. The eight longitudinal studies scored
generally high, as only two of them lost 42 points in NOS, mostly
due to the lack of comparability between the exposed and unexposed
cohort, given the unadjusted associations provided. However, five of
the studies were additionally compromised due to the high percentage
(420%) of participants lost to follow-up evaluation.
None of the 10 cross-sectional studies received the maximum of

10 points in NOS and 5 of the studies lost 42 points. The high or
non-reported non-response rate was the main limitation of the
included studies, followed by the unjustified/low sample size. Studies
of the lowest quality were further compromised by the lack of
comparability among exposed and unexposed subjects.

Association of left ventricular hypertrophy with cognitive outcomes
Findings from longitudinal cohort studies. Population-based studies.
The largest published study (n= 23 752 subjects) from the Reasons for
Geographic and Racial Differences in Stroke (REGARDS) population
showed longitudinally (mean follow-up: 4.1 years) that among
individuals with normal cognitive performance at baseline, LVH,
assessed by ECG, is associated with increased odds of incident
cognitive impairment (Six-Item Screenero5; OR: 1.29). This effect
was significant even after adjustment for a variety of potential
confounding factors, namely demographic variables, comorbidities,
traditional CVD risk factors and systolic BP levels.44 Out of the
remaining 4 population-based studies with a prospective design, none
of the studies showed a statistically significant association of LVH (2
studies by ECG and 2 by TTE) with cognitive decline, mild cognitive
impairment, or incident dementia.41,49,50,54 Nevertheless, 3 of the
studies showed positive associations (OR ranging from 1.05 to
1.74),41,49,54 whereas the oldest study by Katzman et al,50 demon-
strated a non-significant increased risk for VaD (OR: 1.82), but not
AD (OR: 0.46). The lack of statistical power (105–650 study subjects)
could have precluded the emergence of statistically significant effects;
however, only 1 of the studies presented estimates adjusted for major
confounders.
Out of the 2 prospective studies examining measures of cognitive

function, the Hoorn Study (N= 313, mean age 66 years)45 showed an
association of increasing LVM with worse performance in a single
assessment of the examined cognitive sub-domains (categorized in
executive function/attention, verbal memory and processing speed)
after a mean follow-up period of 5.9 years, which remained statistically
significant after multivariate adjustments, only for attention/executive
function and processing speed.45 Similarly, the Whiterhall I study,
which included 5810 individuals, showed a significant association of
LVH (assessed via ECG) and worsening in global cognition, as defined
by a decline of a composite score from various tests in a time period of
10 years.43. Patient-based studies. In the single prospective study,

referring to a population of 473 individuals with clinically manifested
arterial disease (Second Manifestations of Arterial Disease—Magnetic
Resonance Study; mean age 57 years), ECG-assessed LVH, did not
show by itself any association with annual prospective decline of
executive function and verbal memory scoring over a follow-up period
of 4 years.27

Findings from cross-sectional studies. Population-based studies. Four
of the cross-sectional studies (N ranging from 50 to 535 subjects)
reported positive associations of LVH (assessed by TTE) with cognitive
impairment (defined by a single instrument) or clinically defined
dementia,26,41,42,47 being statistically significant in 3 studies.26,41,47

However, the study by Jefferson et al (Framingham offspring;
N= 2,535; mean age 58 years) showed a null association (OR:
0.96).52 Only two of the studies presented unadjusted estimates,41,42

whereas Reitz et al (N= 59; mean age 76 years) showed a sizeable
increased risk for AD (OR: 4.3; OR for VaD: 1.3), further adjusted for
the findings for the APOE genotype.47 Importantly, in a sample of 400
elderly individuals (mean age 79 years), Scuteri et al. showed that the
association of LVH with cognitive impairment was independent of the
mean BP, use of antihypertensive medications and pulse wave
velocity.26 However, in the Framingham Offspring study, (N= 1673,
mean age 57 years), the negative correlations between LVMI and
performance in composite measurements of visuo-spatial ability,
verbal memory, and processing speed/ executive function did not
reach statistical significance.48. Patient-based studies. Three studies
exclusively examined subjects with hypertension in cross-sectional
designs, showing an increased risk of cognitive impairment (ORs
range: 1.74–2.94; statistically significant only in 1 study), after
adjustment for demographic, medical and vascular risk factor
confounders.25,51,55 More specifically, Delgado et al.51 examined
ECG-defined LVH in association with mild cognitive impairment in
701 individuals (mean age 63 years), whereas the remaining 2 studies
assessed cognitive impairment by a single MMSE measurement and
LVH by TTE.25,55 Hayakawa et al.25 showed a linear association of
LVM with MMSE score but also an association of LVH with the odds
of scoring in the lowest MMSE quartile, which was interestingly
retained even after adjustment for 24-h BP levels. Finally, LVH or
increasing LVM did not show any association with cognitive impair-
ment or MMSE scoring in cross-sectional analyses either of subjects
with advanced stage chronic kidney disease in hemodialysis (N= 168;
mean age 45 years)53 or subjects with atrial fibrillation (N= 94; mean
age 75 years).46

Meta-analysis
Left ventricular hypertrophy and cognitive impairment in population-
based studies. In the pooled analysis (9 studies; 28 648 subjects; 2562
cases), LVH was associated with an increased risk of cognitive
impairment (OR: 1.40, 95% CI: 1.18–1.66; Figure 2a). No hetero-
geneity was documented (I2= 0%), whereas the funnel plot was not
representative of publication bias (Supplementary Figure 1). This
effect was significant in both studies assessing LVH using the ECG
criteria and studies using a TTE-based definition, although the effect
was stronger in the latter (ECG, OR: 1.27, 95% CI: 1.05–1.54; TTE,
OR: 1.88, 95% CI: 1.34–2.64). Figure 3 specifically presents the
analysis stratified by the study design. These results were significant in
both longitudinal (24 944 subjects; 2169 cases; Figure 3a) and cross-
sectional studies (5239 subjects; 658 cases; Figure 3b). Interestingly,
the stronger association of TTE-assessed LVH with cognitive
impairment was evident only in studies of cross-sectional design,
which included a much larger sample size, compared to longitudinal
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NOTE: Weights are from random effects analysis
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Figure 2 Association between left ventricular hypertrophy and cognitive impairment in (a) studies of the general population and (b) studies with hypertensive
individuals. Odds ratios of individual studies are indicated by the data markers; shaded boxes around the data markers reflect the statistical weight of the
study; 95% confidence intervals (CI) are indicated by the error bars; pooled-effect estimates with its 95% CI are depicted as a diamond. The sub-analyses by
method of left ventricular hypertrophy assessment are also provided.
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Figure 3 Association between left ventricular hypertrophy and cognitive impairment in population-based (a) longitudinal cohort and (b) cross-sectional
studies. Odds ratios of individual studies are indicated by the data markers; shaded boxes around data markers reflect the statistical weight of the study;
95% confidence intervals (CI) are indicated by the error bars; pooled-effect estimates with its 95% CI are depicted as a diamond. The sub-analyses by
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studies (5239 vs. 216 subjects). The sub-analyses confirmed the
robustness of these findings (Table 2), as the results remained
unchanged in sensitivity analyses of prospective studies, studies
adjusting for the presence of hypertension/BP levels and studies of
the highest quality. Sub-analyses for clinically diagnosed all-cause
dementia, AD or VaD were compromised by the paucity of relevant
studies.

Left ventricular hypertrophy and cognitive impairment in hypertensive
individuals. Among the studies solely on hypertensive individuals,
LVH was associated with more than a twofold risk of cognitive
impairment (OR: 2.14, 95% CI: 1.39–3.30), as presented in Figures 2b.
A total of 1,262 subjects (195 cases) from three studies were included
in the analysis, which was also not characterized by heterogeneity
(I2= 0). Similar to population-based studies, the pooled effect for
studies assessing LVH by TTE was stronger (OR: 2.34), compared to
the only study using the ECG definition (OR: 1.74).

Meta-regression analysis. The meta-regression analysis among
population-based studies, presented in Supplementary Table 4,
revealed no statistically significant modifying effect of mean age,
gender, presence of hypertension, mean systolic BP and diastolic BP,
presence of diabetes mellitus, method of LVH assessment and
publication year on the association with cognitive impairment;
it should be noted that the paucity of studies may have limited the
power of these analyses.
To further explore the role of hypertension, we performed an

overall meta-regression analysis, which also included studies on
exclusively hypertensive individuals (presence of hypertension:
100%). It was found that the increasing percentage of hypertensive

individuals in this group of 12 studies reinforced the association of
LVH with cognitive impairment (exponentiated coefficient by 5%
increments of hypertension presence: 1.028, 95% CI: 1.003–1.055,
P= 0.03; Figure 4).

DISCUSSION

This systematic review supports an increased risk of cognitive
impairment among subjects with LVH, which is an effect observed
in both the general population and among subjects with hypertension.
This finding was evident for both ECG and TTE-assessed LVH,
although the effect estimate was higher for the latter method. In
addition, this increased risk appears to be independent of hypertension
and BP levels, although the presence of hypertension was found to
reinforce the findings. The findings were also replicated in the highest
quality and prospective studies, but there was a lack of longitudinal
studies assessing dementia and its major subtypes using the established
diagnostic criteria.
Previous studies have shown that LVH is an independent predictor

of cardiovascular outcomes in hypertensive individuals and the general
population,56–62 including stroke22,23,63 and cerebral microvascular
lesions.24,64 Its assessment via ECG is currently recommended for the
screening of hypertensive individuals for target organ damage.65

Although its regression appears to be associated with an improvement
of CVD risk,66,67 it remains increased compared to individuals who
have never had LVH.68 The current systematic review additionally
contributes to this knowledge by implicating LVH as a risk factor for
cognitive impairment in the general population and among hyperten-
sive individuals. Through an extensive screening of 42000 abstracts
and titles using a sound methodological approach based on standard

Table 2 Summary odds ratios (OR) along with 95% confidence intervals (CI) and heterogeneity measures of the association between left

ventricular hypertrophy (LVH) and cognitive impairment in general population studies by level of adjustment, study design, study quality,

method of cognitive impairment diagnosis and method of left ventricular hypertrophy assessment

Analyses LVH assessment ka OR (95% CI) Heterogeneity (I2, P-value)

Overall analysis ECG 3 1.27 (1.05–1.54) 0.0%, 0.69

TTE 6 1.88 (1.34–2.64) 0.0%, 0.71

Any 9 1.40 (1.18–1.66) 0.0%, 0.49

Adjusted for hypertension/blood pressure levels ECG 1 1.29 (1.05–1.58) —

TTE 4 2.07 (1.21–3.54) 0.0%, 0.67

Any 5 1.42 (1.11–1.80) 4.7%, 0.38

Longitudinal studies ECG 3 1.27 (1.05–1.54) 0.0%, 0.69

TTE 2 1.32 (0.61–2.84) 0.0%, 0.54

Any 5 1.27 (1.05–1.54) 0.0%, 0.89

Highest quality studies ECG 2 1.29 (1.05–1.58) 0.0%, 0.94

TTE 2 1.38 (0.55–3.44) 0.0%, 0.53

Any 4 1.30 (1.07–1.57) 0.0%, 0.94

Screening tests for cognitive impairment ECG 1 1.29 (1.05–1.58) —

TTE 5 1.81 (1.27–2.59) 0.0%, 0.65

Any 6 1.41 (1.17–1.69) 0.9%, 0.41

Clinical dementia ECG 1 0.83 (0.31–2.22) —

TTE 1 2.77 (0.87–8.81) —

Any 2 1.46 (0.45–4.73) 58.6%, 0.12

AD ECG 1 0.46 (0.11–1.97) —

TTE 1 4.50 (1.02–19.85) —

Any 2 1.43 (0.15–13.38) 78.4%, 0.03

VaD ECG 1 1.82 (0.49–6.74) —

TTE 1 1.30 (0.20–8.28) —

Any 2 1.63 (0.56–4.74) 0.0%, 0.77

Abbreviations: AD, Alzheimer’s disease; ECG, electrocardiogram; TTE, transthoracic echocardiography; VaD, vascular dementia.
aNumber of studies.
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guidelines,28 18 relevant articles were identified. The meta-analysis on
community-based population was based on a large sample size of
28 648 subjects and it was possible to explore the robustness of the
findings in sensitivity analyses, evaluate potential confounders through
meta-regression and explore sources of bias.

Interpretation of findings
LVH is considered a compensatory adjustment of the heart muscle to
chronic pressure load, aimed at reducing wall stress and maintaining
adequate stroke volume. However, its pathogenic mechanism is
multifactorial and complex, including both neurohormonal responses
and genetic predisposition.69 LVH is considered a target organ damage
in hypertension and its diagnosis has been associated with concurrent
vascular damage in the kidney and retina;70,71 thus, given the effect of
high BP on cerebral circulation and cognition,11 these findings may
underlie a generalized effect of chronic hypertension on both the heart
and brain. This finding is supported by the stronger effect found in
hypertensive individuals and the reinforcement of effect by the
increasing presence of a hypertensive population in the included
studies. Nevertheless, the effect was independent of BP levels,
indicating that markers of endured exposure to hypertension rather
than single BP measurements prone to several biases are better
predictors of disease outcome. Indeed, according to epidemiological
studies, only midlife and not later life BP measurements appear to be
associated with cognition in the elderly.48,72–76 Hypertension is
particularly related to concentric cardiac remodeling, and previous
studies have shown that concentric hypertrophy is more strongly
related to cerebrovascular lesions compared to eccentric
remodeling.24,64 However, none of the studies in this systematic
review evaluated the association of LVH type with cognition.
Compared to brachial pressures, central BP measurements have been
more strongly correlated to left ventricular geometry and LVH in
previous studies.77,78 These findings may particularly underlie the
effect of elevated central BP on brain vasculature, given that central BP
is linearly related to the risk of brain small vessel disease.79 Another
interesting parameter that should be taken into account is blood
pressure variability, which has also been positively correlated with
LVMI80,81 and has been shown to be associated with cerebral small
vessel disease in both cross-sectional and prospective studies.82,83

Because the findings were also evident in studies of the general
population and remained significant after adjustment for major
confounders, including hypertension, LVH could at least partly and
independently lead to cognitive impairment via its hemodynamic
consequences. In particular, LVH is associated with both systolic
and diastolic left ventricular dysfunction,84,85 resulting in decreased
stroke volume and systemic hypoperfusion, which could predispose
to cerebral ischemia. Indeed, decreased ejection fraction and
diastolic dysfunction have been associated with the presence of
white matter hyperintensities.86,87 In addition, myocardial fibrosis
accompanying LVH comprises an appropriate substrate for ventricular
arrhythmogenesis,88 but also potentially via the consequent atrial load
and hypertrophy for atrial fibrillation.89,90 Atrial fibrillation is related
to cognitive decline primarily via embolic infarction.91

Finally, aging, which comprises the strongest independent predictor
of cognitive decline,2 could be a common factor underlying both
phenomena. Advancing age leads to increased aortic stiffness, which
increases the pressure load in the left ventricle, thereby predisposing to
LVH.92 Furthermore, arterial stiffness has been related to cerebral
small vessel disease and cognitive impairment.93 Nevertheless, most of
the studies adjusted for age, whereas meta-regression for age did not
affect the findings. Likewise, in some of the individual studies, LVH
was associated with cognition independent of arterial stiffness
measures.25,26

Methodological considerations
The study findings should be interpreted considering the limitations,
which were mainly related to the heterogeneity of the included studies.
First, there was high variability regarding the LVH assessment.
In particular, the studies did not only differ on the use of TTE or
ECG but also on the specific criteria applied for each method. Thus, a
clinical recommendation based on the studies is not feasible. However,
LVH assessed by either method was independently associated with the
risk of cognitive impairment, although the effect was stronger for TTE.
ECG is less sensitive compared to TTE in the assessment of LVH,36

but both were independently associated with cardiovascular
outcomes.37 The higher risk associated with TTE could be related to
its higher sensitivity36 and thus better categorization of subjects with
less pronounced LVH, who are also at an increased risk of adverse
outcomes is needed.94 Importantly, the difference was non-significant
in the meta-regression analysis and should be viewed in the context of
statistical uncertainty.
Second, most relevant studies were of cross-sectional design,

whereas consistent prospective data were available only for
ECG-assessed LVH; this was also observed in the sensitivity analysis
of the prospective studies, in which despite documenting statistically
significant results, the data showed that these were attributed only to
studies using ECG. This also does not allow an evaluation of the
prognostic significance of LVH regarding dementia development or
cognitive decline.
Third, the included sample of studies was characterized by highly

heterogeneous measures of cognitive outcomes. The studies did not
only differ regarding the neuropsychological tests used but also on the
specific cutoff point defining the cognitive impairment. Notably, no
heterogeneity was recorded in the meta-analysis though. In addition,
due to the paucity of relevant studies, it was not possible to examine
via meta-analysis the association of LVH with specific cognitive deficits
and most importantly, with the diagnosis of dementia and its major
subtypes.

Figure 4 Results of the random-effects meta-regression analysis regarding
the effect of hypertension (expressed in % of population under study) on the
association between left ventricular hypertrophy and dementia. The cycles
correspond to the individual study estimates (Log (odds ratio)), with their
size indicating the study weight.
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Implications and future perspectives
Currently, LVH assessment is recommended in the clinical setting via
ECG for subjects with hypertension65 as a major predictor of negative
CVD outcomes.56–62 Treatment of hypertension in patients with LVH
aims at regression of LVH, given the associated decrease in CVD
risk.67,95 On the basis of the current findings, it would be intriguing to
assess whether pharmacological LVH regression could also affect the
risk of cognitive impairment and delay cognitive decline among
individuals with hypertension or even in the general population in
future studies. However, future large prospective studies should
replicate the findings using established diagnostic criteria for the
definition of dementia, AD and VaD, and further assess whether the
findings are mediated by cerebral microvascular disease.

CONCLUSIONS

In conclusion, there is evidence that LVH, assessed either electro-
cardiographically or echocardiographically, is independently associated
with an increased risk of cognitive impairment. However, there is a
lack of large prospective studies examining clinically diagnosed
dementia and its subtypes as outcomes. The findings most likely
reflect the hemodynamic consequences of chronic hypertension on the
cerebral circulation and potentially indicate via LVH assessment a
window into the health of brain vasculature.
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