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Left ventricular hypertrophy and incident cognitive decline in
older adults with hypertension
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The association between raised blood pressure and increased risk of subsequent cognitive decline is well known. Left ventricular
hypertrophy (LVH), as a marker of hypertensive target organ damage, may help identify those at risk of cognitive decline. We
assessed whether LVH was associated with subsequent cognitive decline or dementia in hypertensive participants aged ≥80 years
in the randomized, placebo-controlled Hypertension in the Very Elderly Trial. LVH was assessed using 12-lead electrocardiography
(ECG) based on the Cornell Product (CP-LVH), Sokolow-Lyon (SL-LVH), and Cornell Voltage (CV-LVH) criteria. The Mini-Mental State
Examination (MMSE) was used to assess cognitive function at baseline and annually. A fall in MMSE to <24 or an annual fall of >3
points were defined as cognitive decline and triggered dementia screening (Diagnostic Statistical Manual IV). Death was defined as
a competing event. Fine-Gray regression models were used to examine the relationship between baseline LVH and cognitive
outcomes. There were 2645 in the analytical sample, including 201 (7.6%) with CP-LVH, 225 (8.5%) SL-LVH and 251 (9.5%) CV-LVH.
CP-LVH was associated with increased risk of cognitive decline, subdistribution hazard ratio (sHR)1.3 (95% confidence interval (CI)
1.01–1.67) in multivariate analyses. SL-LVH and CV-LVH were not associated with cognitive decline (sHR1.06 (95% CI 0.82–1.37) and
sHR1.13 (95% CI 0.89–1.43), respectively). LVH was not associated with dementia. LVH may be related to subsequent cognitive
decline, but evidence was inconsistent depending on ECG criterion and there were no associations with incident dementia.
Additional work is needed to understand the relationships between blood pressure, LVH assessment and cognition.
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INTRODUCTION
Although it is established that the degree and duration of
exposure to raised blood pressure (BP) are inversely associated
with cognitive performance [1, 2], the impact of raised BP on risk
of cognitive decline and dementia appears strongest when
experienced in midlife with the evidence in later life more mixed
[3, 4]. Left ventricular hypertrophy (LVH), as a primary target for
hypertensive end-organ damage, reflects the magnitude and
chronicity of BP elevation and thus may be able to identify a
particular older adult population at risk, i.e. those with a longer
history of raised BP [5]. LVH has also been associated with poorer
cognitive performance in meta-analyses of five longitudinal and
four cross-sectional studies (n= 28,648) where those with
electrocardiogram (ECG) or echocardiography assessed LVH were
1.4 times (odds ratio (OR), 95% confidence interval (CI) 1.18–1.66)
more likely to have cognitive impairment [6]. Meta-analyses of the
three cross-sectional studies that included only hypertensive
participants (n= 1262) found that LVH was associated with double
the risk of cognitive impairment (OR 2.14, 95% CI 1.39–3.30) [6].
However, only four out of these 12 studies used ECG [7–10], which

is listed in guidelines as required for routine assessment for LVH in
all hypertensive patients [11, 12].
Ageing is independently involved in left ventricular remodelling

[13], and globally the prevalence of dementia increases with
ageing [14]. However, to our knowledge, there are only three
studies examining ECG defined LVH and its relationship with
subsequent cognitive decline in those aged 70 years old or over
[8, 9, 15]. Furthermore, these three studies report conflicting
results [8, 9, 15], and no study has yet examined older adults with
hypertension. In this study, we assessed whether ECG criteria
defined LVH were associated with the risk of developing cognitive
decline and dementia in participants in the Hypertension in the
Very Elderly Trial (HYVET) [16, 17].

SUBJECTS AND METHODS
HYVET was a double-blind, randomized, placebo controlled trial of
indapamide 1.5 mg sustained release or matching placebo with the
optional addition of 2 or 4 mg perindopril, or matching placebo to reach
target BP of <150/80mmHg (ClinicalTrials.gov number: NCT00122811)
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[16, 17]. Participants were older adults (aged ≥ 80 years old) with a mean
seated systolic BP (SBP) between 160 and 199mmHg, a mean standing
SBP ≥ 140mmHg, and a mean seated diastolic BP (DBP) < 110mmHg
[16, 17]. Exclusion criteria included contraindication to trial medication,
accelerated hypertension, secondary hypertension, hemorrhagic stroke in
the previous 6 months, heart failure requiring treatment with antihyper-
tensive medication, serum creatinine level > 150mmol/l, serum potassium
level < 3.5 mmol/l or >5.5 mmol/l, gout, a clinical diagnosis of dementia
and requirement for nursing home care, etc [16, 17]. HYVET was conducted
in 195 centers in 13 countries. Ethical approvals were obtained, and all
participants gave written informed consent. As the trial reported no
statistically significant relationship between trial treatment and cognitive
decline or dementia [18], the HYVET data were essentially treated as a
cohort, albeit with adjustment for randomised group allocation for the
purposes of these analyses.

Left ventricular hypertrophy (LVH) and ECG measurements
Two clinical doctors (NSB and RLA) evaluated the baseline resting 12-lead
ECG [17], and made an assesment of LVH based on three criteria. Details of
the ECG assessment have been published previously [17]. In brief, LVH was
considered as present by Cornell product criterion (CP-LVH) when the
QRSd multiplied by (RaVL+ SV3) was above 244 mVms for males and the
QRSd multiplied by (RaVL+ SV3+ 0.6) was above 244mVms for females.
LVH was considerred as present by Sokolow-Lyon voltage (SL-LVH)
criterion when the amplitude of SV1+ (RV5 or RV6, whichever is larger)
was above 3.8 mV, and by Cornell voltage criterion (CV-LVH) when the
amplitude of RaVL+ SV3 was above 2.8 mV for males and above 2.0 mV for
females. These LVH measures were additionally explored as continuous
variables. The presence of bundle branch block was defined as a QRSd ≥
120ms.

Cognitive decline, dementia and competing outcomes
Cognitive function was assessed at baseline and annually thereafter using
the Mini-Mental State Exam (MMSE). A reduction in MMSE score to below
24 or by more than three points in one year was classified as cognitive
decline and triggered a dementia assessment [19]. Dementia was
diagnosed based on the Diagnostic Statistical Manual IV [19]. An
independent expert dementia committee blind to trial treatment allocation
reviewed and validated all dementia endpoints. Death from any cause, one
of the trial endpoints, was defined as a competing event in the current
study. A trial endpoint committee comprised of international experts blind
to trial treatment allocation validated trial endpoints, based on supporting
documentation, e.g. death certificates and hospitalization reports.

Statistical analyses
The difference in baseline characteristics between those who were
included in the analytical sample and those who were excluded, and
between those with and without LVH, were assessed using Chi-squared, t
tests and Wilcoxon tests, as appropriate. We used Fine-Gray regression
models, examining the relationship between LVH status and subsequent
cognitive decline or dementia taking competing events (death) into
account, where participants not experiencing cognitve decline or
dementia but experiencing the competing event (death) were treated as
being censored at infinity to indicate that they would never experience the
event of interest [20]. The date of the study visit where cognitive decline
was identified was taken as the date of cognitive decline and as the date of
dementia if so diagnised.
Propotional hazard assumption was checked by fitting a time-

dependent covariate and checking Schoenfeld residuals. Potential
confounders were adjusted for or stratified, as required to meet
propotional hazard assumptions. These included the trial treatment
(placebo versus antihypertensive treatment) and baseline characteristics:
age, sex, education (any versus no formal education), SBP, DBP, serum
cholesterol level, body mass index (BMI, calculated using measured weight
and height, kg/m2), and presence or absence of the following variables:
previous treatment for hypertension, atrial fibrillation defined as self-
reported and/or via ECG evidence, cardiovascular disease, diabetes
mellitus, current smoking and alcohol consumption. Diabetes was defined
as reported diabetes, or in receipt of antidiabetic treatment, or a random
blood glucose measurement of >11.1 mmol/l. These variables were
selected as those that have been shown to be related to the risk of
dementia [21]. Effect modification due to sex and trial medication were
examined. In sensitivity analyses, models were repeated in those with

baseline MMSE ≥ 24, whom are considered as unlikely to have pre-existing
cognitive decline and/or undiagnosed dementia. Inverse probability
weighting was used to evaluate the potential impact of attrition. Due to
the insidious nature of cognitive decline onset and individuals‘ differences
in the number of MMSE tests and spacing between tests, dates of events
used in the analyses can be inaccurate. Therefore, multinomial logistic
regression taking account of death as a competing risk was used as a more
conservative option in the sensitivity analyses. All statistical analyses were
carried out using SAS version 9.4. Significance was set at p < 0.05, and all
tests were two-tailed.

Study sample
There were 3845 participants in the HYVET trial, of whom 1200 were
excluded from the current analyses due to missing, uncodable, incomplete
ECG or ECG with bundle branch block, no cognitive assessment, or missing
information on covariates (Fig. e-1). In sensitivity analyses, the subset of
those who had baseline MMSE ≥ 24 included 1836 participants.

RESULTS
The analytical sample included 2645 participants with a mean
follow-up of 2 years (standard deviation (SD) 1.3 years) for
cognitive decline, and of 2.2 years (SD 1.4 years) for dementia. The
analytical sample was younger, more likely to be female, and less
likely to have atrial fibrillation or history of cardiovascular disease,
compared to those who were excluded (Table e-1, all p < 0.05).
They also had higher DBP (all p < 0.05), but otherwise did not
differ from those who were excluded.
Among the 2645 participants in the analytical sample, 201

(7.6%) had CP-LVH, 225 (8.5%) had SL-LVH, and 251 (9.5%) had CV-
LVH. When examining the characteristics of those classified as
having LVH compared to those without, in general, those with LVH
had higher SBP but other characteristics varied depending on the
classification used. Specifically, those who had CP-LVH were older,
more likely to be female, to have formal education, higher SBP and
DBP, and greater BMI, and to have atrial fibrillation (all p < 0.05)
than those who did not have CP-LVH (Table 1). Those classified as
having SL-LVH by contrast had higher SBP, but had lower values of
BMI and cholesterol (all p < 0.05) than those who did not have SL-
LVH. Those who had CV-LVH were more likely to be female, to
have formal education, to have atrial fibrillation, and less likely to
use alcohol and to be current smoker (all p < 0.05), than those who
did not have CV-LVH. They also had higher SBP and DBP and
greater BMI (all p < 0.05).

CP-LVH
After adjusting for age, sex, SBP, cholesterol level, BMI, previous
treatment for hypertension, presence or absence of atrial
fibrillation, cardiovascular disease, diabetes mellitus, current
smoking status, alcohol consumption, and trial treatment, and
stratified by education and diastolic hypertension status, CP-LVH
was associated with increased risk of developing cognitive
decline, subdistribution Hazard Ratio (sHR) 1.3 (95% confidence
interval (CI) 1.01–1.67, p= 0.04, Table 2, Fig. e-2). Statification was
used for DBP and education as these variables failed the
proportional hazards assumptions, and DBP was categorised as
having diastolic hypertension (DBP ≥ 90mmHg) versus not having
diastolic hypertension (DBP < 90mmHg). In sensitivity analyses,
when including only those who had baseline MMSE ≥ 24, n=
1836), the associations became stronger (Table 2). There was no
association between CP-LVH and the risk of developing dementia
in any analyses, however point estimates were consistently greater
than unity in adjusted models. When CP-LVH measure was used as
a continuous variable, it showed the same pattern of associations
for both cognitive decline and dementia (Table e-2).

SL-LVH and CV-LVH
There were no associations between SL-LVH and the risk of
incident cognitive decline or dementia (Table 2) although point
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estimates were consistent with the CP-LVH results. Similarly for
CV-LVH, with the exception of CV-LVH examined as a continuous
variable, where it showed an association with increased risk of
cognitive decline in sensitivity analyses among those with
baseline MMSE ≥ 24 (p= 0.04, Table e-2).

Effect modification, attrition, and multinomial logistic
regression
We found no effect modification by sex and trial treatment in any
of the models. Using inverse probability weighting to examine the
potential impact of attrition (Table e-3), and multinomial logistic
regression to account for the likely inaccuracy in event dates
(Table e-4) showed similar results.

DISCUSSION
LVH was identified in 7.6%, 8.5% and 9.5% of the study sample
using CP-LVH, SL-LVH and CV-LVH criteria, respectively. Overall the
pattern of results was consistent although statistically significant
only for the outcome of cognitive decline and CP-LVH and to a
lesser extent CV-LVH.
Other longitudinal studies that have reported on ECG defined

LVH and cognitive outcomes in older adults, have also reported
mixed findings. In an American population assessed in 1980s,
older adults (average age 79 years) showed no association
between LVH (criterion unclear) and incident dementia (Diagnos-
tic Statistical Manual III) [9]. In the Helsinki Aging Study which
included three birth cohorts aged 75, 80 and 85 years old, the
presence of LVH was not associated with decrease of over 3 points
in MMSE or increase in Clinical Dementia Rating during follow-up
[8]. Finally, in the PROspective Study of Pravastatin in the Elderly at
Risk (PROSPER) trial, a higher baseline Sokolow-Lyon product
index was associated with steeper decline in selective attention,
processing speed, and immediate and delayed memory over a
mean follow-up of 3.2 years among 5804 participants aged 70 to
82 years, after adjustment for cardiovascular risk factors, co-
morbidities and medications [15]. However, the Sokolow-Lyon
product index was used as a continuous variable in this study,
which limits the clinical meaningfulness [15].
In contrast, longitudinal studies in younger populations have

consistently reported associations between ECG criteria defined
LVH and cognitive outcomes. Firstly, in the Whitehall II study, in a
study sample at a mean age of 55.6 (SD 6) years old with LVH
assessed using the Minnesota code [22], they found that LVH was
associated with greater decline in a subsequent 10-year change in
a composite score of reasoning, memory, phonemic and semantic
fluency and vocabulary (p= 0.05) [22]. Similarly, the Reasons for
Geographic and Racial Differences in Stroke (REGARDS) study
(mean age 64.3 (SD 9.2)), found that CV-LVH was related to the
development of cognitive impairment (decline from a Six-Item
Screener score of ≥5 to a follow-up score of ≤4), OR 1.29 (95% CI
1.06–1.58) during a mean follow-up of 4.1 years [10]. Finally, the
Atherosclerosis Risk in Communities (ARIC) study (mean age 56.9
(SD 5.7) years) [23] found CV criterion defined LVH was associated
with a higher risk of dementia HR 1.90 (95% CI 1.47–2.44) during a
mean follow-up of 18 years [23].
The general lack of a strong association between LVH and

cognitive decline or dementia in HYVET may be due to a shorter
follow-up (an average of 2 to 2.2 years in the current study
compared to longer follow-up in the studies of younger adults)
and the use of a screening test to define cognitive decline rather
than neuropsychological tests. We note the wide confidence
intervals, with point estimates being greater than unity in general.
In addition, our participants were older adults. On the one hand
this may have meant that they were more likely to have
confounding health conditions and to be a population among
whom the association between LVH and cognitive outcomes may
therefore be weakened. On the other hand, as is frequently theTa
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case for clinical trials, the HYVET participants were likely to have
been healthier than their counterparts in general population, as
evidenced by the low prevalence of previous cardiovascular
disease at baseline [16]. Older adults, who survived longer after
developing LVH at younger age or who developed LVH in older
age, may also be less vulnerable to adverse prognoses.
Furthermore, despite the potential for LVH to identify those with
a longer term exposure to raised BP and therefore potentially to
select those who had experienced raised BP from mid into later
life, our results are congruent with the literature on BP and risk of
cognitive decline and dementia in older adults where the
relationship seems to be attenuated compared to midlife
[8, 9, 23]. Lastly, the reported association between CP-LVH and
cognitive decline was after adjustment for systolic and diastolic
blood pressure BP. However, the fact that in over 30% of
hypertensive patients, brain damage (e.g. stroke, cerebral small
vessel disease, memory loss) can be the only hypertensive target
organ damage [24], may have contributed to the lack of strong
associations.
It should also be noted that we found only CP-LVH to be

consistently associated with cognitive decline and the accuracy of
ECG defined LVH criteria may need to be taken into account.
Although a 1990’s study using autopsy as a gold-standard for
diagnosis of LVH reported CP having a specificity of 95% and
identifying LVH with greater sensitivity than CV (51% versus 36%)
[25] a more recent study has reported similar sensitivity and
specificity for CP and CV in detecting magnetic resonance imaging
defined LVH, whereas Sokolow-Lyon criterion had a higher
sensitivity but a lower specificity [26]. When assessed by
echocardiography, combined LVH prevalence was 36% among
adults with hypertension aged 44–67 years in a systematic review
[27]. The prevalence of LVH in our study was less than a-third of
that number. Notably, comparing the point estimates for odds
ratios, greater increased risk of cognitive impairment among
individuals with LVH than without LVH was found when assessing
LVH by echocardiography than ECG [6]. Therefore, although
echocardiography is less affordable as a routine basic screening
test, it may be a better assessment tool for LVH to predict
cognitive function.
A strength of our analyses is the use of a well characterized

older adult population with hypertension, aged ≥80 years, with a
SBP of ≥160 mmHg, and prospective data collection on cognitive
decline and dementia. The use of such a clinical trial population
also brings the potential for limitations due to selection bias, e.g.
those who had a contraindication to trial medications, those with
accelerated or secondary hypertension or gout, and those who
required nursing care were excluded from the recruitment.
Secondly, our definition of cognitive decline was based on a
screening test and thus is not the same as a clinical diagnosis of
mild cognitive impairment, furthermore we cannot evaluate any
potential associations between LVH and specific cognitive
domains that may be disproportionately influenced by vascular
risk, e.g. executive function. Additionally, baseline MMSE scores
were similar between those with and without LVH. The standard
study pre-specified definition of cognitive decline, which triggered
a dementia assessment is unlikely to provide a precise incidence
of cognitive problems, as the requirement of a drop to <24 may
have missed out dementia cases (for example, other research has
shown a maximum score of 29 reported among nursing home
residents with dementia [28]) although the annual decline of over
3 ameliorates this to some extent. Thirdly, we do not have
information on all potential confounding factors, e.g. antic-
oagulation, hypertensive mediated brain damage. Finally, since
we do not have longitudinal ECG data, we cannot comment on
whether LVH was regressed or recovered after antihypertensive
medication use which might lead to reduction of cognitive
dysfunction, although no effect modification of treatment arm
was shown.

CONCLUSIONS AND IMPLICATIONS
LVH, a long-term consequence of elevated BP, assessed using ECG,
may not be useful as a simple and efficient screening tool to
identify older adults with hypertension at short term risk of
developing cognitive decline or dementia. However, it may add to
the broader clinical picture when assessing older adults at risk of
cognitive decline and further work is clearly needed to evaluate
the prognostic implications of LVH for cognition, over time, in this
age group and at younger ages and, alongside this, to assess the
implications of using the differing definitions of LVH.

SUMMARY

What is known about topic

● Raised blood pressure and cumulative higher pressures are
associated with an increased risk of cognitive decline and
dementia.

● Left ventricular hypertrophy (LVH), reflecting the magnitude
and duration of blood pressure elevation, may be a useful
biomarker for a population at particular risk of subsequent
cognitive decline and dementia.

● There is little data available in the older adult population, i.e.
those who are arguably at greatest risk.

What this study adds

● In a cohort of older adults with hypertension, LVH at baseline
was associated with an increased risk of incident cognitive
decline but not incident dementia over a mean follow up of
two years.

● LVH as an indicator of cumulative raised blood pressure may
be a useful biomarker for subsequent cognitive decline,
however, further work is needed to validate and confirm this
relationship.

DATA AVAILABILITY
Additional data are available from the corresponding author on reasonable request.

REFERENCES
1. Qiu C, Winblad B, Fratiglioni L. The age-dependent relation of blood pressure to

cognitive function and dementia. Lancet Neurol. 2005;4:487–99. https://doi.org/
10.1016/s1474-4422(05)70141-1.

2. Yaffe K, Vittinghoff E, Pletcher MJ, Hoang TD, Launer LJ, Whitmer R, et al. Early
adult to midlife cardiovascular risk factors and cognitive function. Circulation.
2014;129:1560–7. https://doi.org/10.1161/circulationaha.113.004798.

3. Walker KA, Sharrett AR, Wu A, Schneider ALC, Albert M, Lutsey PL, et al. Asso-
ciation of midlife to late-life blood pressure patterns with incident dementia.
JAMA. 2019;322:535. https://doi.org/10.1001/jama.2019.10575.

4. Corrada MM, Hayden KM, Paganini-Hill A, Bullain SS, Demoss J, Aguirre C, et al.
Age of onset of hypertension and risk of dementia in the oldest‐old: the 90+
Study. Alzheimers Dement. 2017;13:103–10. https://doi.org/10.1016/j.
jalz.2016.09.007.

5. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP. Prognostic implications
of echocardiographically determined left ventricular mass in the Framingham
Heart Study. N. Engl J Med. 1990;322:1561–6. https://doi.org/10.1056/
nejm199005313222203.

6. Georgakis MK, Synetos A, Mihas C, Karalexi MA, Tousoulis D, Seshadri S, et al. Left
ventricular hypertrophy in association with cognitive impairment: a systematic
review and meta-analysis. Hypertens Res. 2017;40:696–709. https://doi.org/
10.1038/hr.2017.11.

7. Delgado P, Riba-Llena I, Tovar JL, Jarca CI, Mundet X, López-Rueda A, et al. Pre-
valence and associated factors of silent brain infarcts in a Mediterranean cohort
of hypertensives. Hypertension. 2014;64:658–63. https://doi.org/10.1161/
HYPERTENSIONAHA.114.03563.

Y. Xu et al.

311

Journal of Human Hypertension (2023) 37:307 – 312

https://doi.org/10.1016/s1474-4422(05)70141-1.
https://doi.org/10.1016/s1474-4422(05)70141-1.
https://doi.org/10.1161/circulationaha.113.004798.
https://doi.org/10.1001/jama.2019.10575.
https://doi.org/10.1016/j.jalz.2016.09.007.
https://doi.org/10.1016/j.jalz.2016.09.007.
https://doi.org/10.1056/nejm199005313222203.
https://doi.org/10.1056/nejm199005313222203.
https://doi.org/10.1038/hr.2017.11.
https://doi.org/10.1038/hr.2017.11.
https://doi.org/10.1161/HYPERTENSIONAHA.114.03563.
https://doi.org/10.1161/HYPERTENSIONAHA.114.03563.


8. Kähönen-Väre M, Brunni-Hakala S, Lindroos M, Pitkala K, Strandberg T, Tilvis R.
Left ventricular hypertrophy and blood pressure as predictors of cognitive
decline in old age. Aging Clin Exp Res. 2004;16:147–52. https://doi.org/10.1007/
bf03324544.

9. Katzman R, Aronson M, Fuld P, Kawas C, Brown T, Morgenstern H, et al. Devel-
opment of dementing illnesses in an 80-year-old volunteer cohort. Ann Neurol.
1989;25:317–24. https://doi.org/10.1002/ana.410250402.

10. Unverzagt FW, McClure LA, Wadley VG, Jenny NS, Go RC, Cushman M, et al.
Vascular risk factors and cognitive impairment in a stroke-free cohort. Neurology.
2011;77:1729–36. https://doi.org/10.1212/WNL.0b013e318236ef23.

11. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, et al. 2020
International Society of Hypertension global hypertension practice guidelines.
Hypertension. 2020;75:1334–57. https://doi.org/10.1161/HYPERTENSIONAHA.120.
15026.

12. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. ESC/
ESH guidelines for the management of arterial hypertension. J Hypertens.
2018;36:1953–2041. https://doi.org/10.1097/HJH.0000000000001940.

13. Toba A, Kariya T, Aoyama R, Ishiyama T, Tsuboko Y, Takeda K, et al. Impact of age on left
ventricular geometry and diastolic function in elderly patients with treated hyperten-
sion. Blood Press. 2017;26:264–71. https://doi.org/10.1080/08037051.2017.1306422.

14. Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP. The global prevalence
of dementia: a systematic review and metaanalysis. Alzheimers Dement.
2013;9:63–75. https://doi.org/10.1016/j.jalz.2012.11.007.

15. Mahinrad S, Vriend AE, Jukema JW, van Heemst D, Sattar N, Blauw GJ, et al. Left
ventricular hypertrophy and cognitive decline in old age. J Alzheimers Dis.
2017;58:275–83. https://doi.org/10.3233/jad-161150.

16. Beckett NS, Peters R, Fletcher AE, Staessen JA, Liu L, Dumitrascu D, et al. Treat-
ment of hypertension in patients 80 years of age or older. N. Engl J Med.
2008;358:1887–98. https://doi.org/10.1056/NEJMoa0801369.

17. Antikainen RL, Peters R, Beckett NS, Fagard RH, Wang JG, Rajkumar C, et al. Left
ventricular hypertrophy is a predictor of cardiovascular events in elderly hyper-
tensive patients: Hypertension in the Very Elderly Trial. J Hypertens.
2016;34:2280–6. https://doi.org/10.1097/hjh.0000000000001073.

18. Peters R, Beckett N, Forette F, Tuomilehto J, Clarke R, Ritchie C, et al. Incident
dementia and blood pressure lowering in the Hypertension in the Very Elderly
Trial cognitive function assessment (HYVET-COG): a double-blind, placebo con-
trolled trial. Lancet Neurol. 2008;7:683–9. https://doi.org/10.1016/s1474-4422(08)
70143-1.

19. Peters R, Anstey KJ, Booth A, Beckett N, Warwick J, Antikainen R, et al. Orthostatic
hypotension and symptomatic subclinical orthostatic hypotension increase risk
of cognitive impairment: an integrated evidence review and analysis of a large
older adult hypertensive cohort. Eur Heart J. 2018;39:3135–43. https://doi.org/
10.1093/eurheartj/ehy418.

20. Wolbers M, Koller MT, Witteman JC, Steyerberg EW. Prognostic models with
competing risks: methods and application to coronary risk prediction. Epide-
miology. 2009;20:555–61. https://doi.org/10.1097/EDE.0b013e3181a39056.

21. Anstey KJ, Ee N, Eramudugolla R, Jagger C, Peters R. A systematic review of meta-
analyses that evaluate risk factors for dementia to evaluate the quantity, quality,
and global representativeness of evidence. J Alzheimers Dis. 2019;70:S165–S86.
https://doi.org/10.3233/JAD-190181.

22. Kaffashian S, Dugravot A, Brunner EJ, Sabia S, Ankri J, Kivimäki M, et al. Midlife stroke
risk and cognitive decline: a 10-year follow-up of the Whitehall II cohort study.
Alzheimers Dement. 2013;9:572–9. https://doi.org/10.1016/j.jalz.2012.07.001.

23. Norby FL, Chen LY, Soliman EZ, Gottesman RF, Mosley TH, Alonso A. Association
of left ventricular hypertrophy with cognitive decline and dementia risk over 20
years: the Atherosclerosis Risk In Communities-Neurocognitive Study (ARIC-NCS).
Am Heart J. 2018;204:58–67. https://doi.org/10.1016/j.ahj.2018.07.007.

24. Scuteri A, Benetos A, Sierra C, Coca A, Chicherio C, Frisoni GB, et al. Routine
assessment of cognitive function in older patients with hypertension seen by
primary care physicians: why and how-a decision-making support from the
working group on ‘hypertension and the brain’ of the European Society of
Hypertension and from the European Geriatric Medicine Society. J Hypertens.
2021;39:90–100. https://doi.org/10.1097/hjh.0000000000002621.

25. Molloy TJ, Okin PM, Devereux RB, Kligfield P. Electrocardiographic detection of
left ventricular hypertrophy by the simple QRS voltage-duration product. J Am
Coll Cardiol. 1992;20:1180–6. https://doi.org/10.1016/0735-1097(92)90376-x.

26. Jain A, Tandri H, Dalal D, Chahal H, Soliman EZ, Prineas RJ, et al. Diagnostic and
prognostic utility of electrocardiography for left ventricular hypertrophy defined
by magnetic resonance imaging in relationship to ethnicity: the Multi-Ethnic
Study of Atherosclerosis (MESA). Am Heart J. 2010;159:652–8. https://doi.org/
10.1016/j.ahj.2009.12.035.

27. Cuspidi C, Sala C, Negri F, Mancia G, Morganti A. Prevalence of left-ventricular
hypertrophy in hypertension: an updated review of echocardiographic studies. J
Hum Hypertens. 2012;26:343–9. https://doi.org/10.1038/jhh.2011.104.

28. Hörnsten C, Littbrand H, Boström G, Rosendahl E, Lundin-Olsson L, Nordström P,
et al. Measurement error of the Mini-Mental State Examination among individuals
with dementia that reside in nursing homes. Eur J Ageing. 2021;18:109–15.
https://doi.org/10.1007/s10433-020-00572-9.

ACKNOWLEDGEMENTS
Full acknowledgements for the Hypertension in the Very Elderly Trial (HYVET) can be
found in Beckett NS, et al. N Engl J Med 2008;358(18):1887-98. Y Xu is employed on
the National Health and Medical Research Council (NHMRC) of Australia project
(APP1160373). C Anderson holds an NHMRC Leadership Fellowship (APP 1175861). R
Peters is funded by the NHMRC of Australia Dementia Centre for Research
Collaboration.

AUTHOR CONTRIBUTIONS
All authors contributed significantly to the conceptualization and writing of this
manuscript.

FUNDING
This work was supported by the National Health and Medical Research Council
Project Grant (APP1160373). Open Access funding enabled and organized by CAUL
and its Member Institutions.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41371-022-00681-1.

Correspondence and requests for materials should be addressed to Ying Xu.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2022

Y. Xu et al.

312

Journal of Human Hypertension (2023) 37:307 – 312

https://doi.org/10.1007/bf03324544.
https://doi.org/10.1007/bf03324544.
https://doi.org/10.1002/ana.410250402.
https://doi.org/10.1212/WNL.0b013e318236ef23.
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026.
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026.
https://doi.org/10.1097/HJH.0000000000001940
https://doi.org/10.1080/08037051.2017.1306422.
https://doi.org/10.1016/j.jalz.2012.11.007.
https://doi.org/10.3233/jad-161150.
https://doi.org/10.1056/NEJMoa0801369.
https://doi.org/10.1097/hjh.0000000000001073.
https://doi.org/10.1016/s1474-4422(08)70143-1.
https://doi.org/10.1016/s1474-4422(08)70143-1.
https://doi.org/10.1093/eurheartj/ehy418.
https://doi.org/10.1093/eurheartj/ehy418.
https://doi.org/10.1097/EDE.0b013e3181a39056.
https://doi.org/10.3233/JAD-190181.
https://doi.org/10.1016/j.jalz.2012.07.001.
https://doi.org/10.1016/j.ahj.2018.07.007.
https://doi.org/10.1097/hjh.0000000000002621.
https://doi.org/10.1016/0735-1097(92)90376-x.
https://doi.org/10.1016/j.ahj.2009.12.035.
https://doi.org/10.1016/j.ahj.2009.12.035.
https://doi.org/10.1038/jhh.2011.104.
https://doi.org/10.1007/s10433-020-00572-9.
https://doi.org/10.1038/s41371-022-00681-1
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Left ventricular hypertrophy and incident cognitive decline in older adults with hypertension
	Introduction
	Subjects and methods
	Left ventricular hypertrophy (LVH) and ECG measurements
	Cognitive decline, dementia and competing outcomes
	Statistical analyses
	Study sample

	Results
	CP-LVH
	SL-LVH and CV-LVH
	Effect modification, attrition, and multinomial logistic regression

	Discussion
	Conclusions and implications
	Summary
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




