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there is a direct relationship between Alzheimer dementia (AD) and the QT interval,

meta-analysis were conducted after a Medline and EMBASE search using terms
“Alzheimer disease or Dementia AND QT interval, QT dispersion or cardiac repo-
larization.” Four studies with control groups were identified. There were significant
differences in QT interval between individuals with AD vs individuals without de-
mentia (controls) (odds ratio (OR)1.665 [random effects model] and 1.879 [fixed
effect model]) (p<0.001). There were significant differences in QT interval be-
tween individuals with AD vs individuals with mild cognitive impairment (MCI) (OR
1.760 [random effects] and 1.810 [fixed effect]) (p <0.001). A significant (p <0.001)
correlation exists between the QTc and the Mini-Mental State Exam (MMSE), a
test of cognitive function. Two studies examined QT variability (the difference be-
tween the longest and shortest QT interval on a 12 lead ECG); the OR for QT
variability AD vs MCI was 3.858 [random effects model] and 3.712 [fixed effects
model] (p <0.001). When compared to the control group, the OR for QT dispersion
in AD was 6.358 [random effects model] or 5.143 (P<0.001) [fixed effects model].
A qualitative analysis of the data raised questions about paucity of data defining
the nature of the control groups, the pathophysiologic mechanism, and the uniform
use of a poor QT heart rate correction factor. The longer QT in AD, greater QT vari-
ability in AD, and the direct relationship between QT interval and AD severity sup-
ports a brain-heart connection in AD that might be fundamental to aging-induced
AD and mortality. Issues with defining the control group, limited number of studies,
conflicting data in population studies, and the lack of a strong electrophysiological

basis underscore the need for additional research in this field.
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1 | INTRODUCTION

The study of brain-heart interactions has attracted more atten-
tion recently not just in the area of vascular diseases but also be-
cause of the potential impact of brain diseases on the heart.® One
neurological disease of increasing prevalence is dementia that is
associated with a high risk of death from cardiac causes.* Several
investigators®® have hypothesized that Alzheimer dementia (AD)
with a selective loss of cholinergic neurons in specific areas of the
brain involved in the autonomic nervous system7’9, alters neuronal
traffic to the heart through sympathetic and parasympathetic fibers
that synapse on extrinsic and intrinsic cardiac ganglia and ultimately
directly innervate cardiac myocytes.’® However, the effect of the
parasympathetic nervous system on the QT interval is not clear,}!™%°
raising questions about the magnitude of the impact of loss of cen-
tral parasympathetic nervous system on the QT interval.

Cardiac repolarization is traditionally assessed on the surface
electrocardiogram (ECG) by measuring the QT interval, recognizing
that this interval encompasses the duration of the QRS complex.*¢’
The QT duration or the QT interval on a 12 lead ECG is a risk fac-
tor for cardiac mortality, especially sudden cardiac death.'®¥ A
meta-analysis of population studies found a consistent association
between prolonged QT interval and increased risk of total, cardio-
vascular, coronary, and sudden cardiac death.?® Because cardiac
mortality is a leading cause of death in persons with dementia,* the
question has been raised whether dementia prolongs the QT dura-
tion. There has been relatively little investigation of the QT interval
in AD, and the results are discordant.®?%22

Variation in the QT interval have been recognized, and the dif-
ference between the longest and shortest QT interval on the 12
lead ECG has been labeled QT dispersion, which has been proposed
to be analogous to the significant correlation between variations in
QT interval and the dispersion of repolarization as determined by
the dispersion of recovery time and action potential duration in the
isolated heart.?® The term QT dispersion as calculated by the dif-
ference in QTc on a 12 lead ECG was found in some patient popu-
lation studies to be associated with subsequent death from cardiac
disease.?*?> This methodology has fallen into disrepute because of
the weak association between variations in QT interval and more
accurate evaluations of QT heterogeneity.%"27 The variability of a
biological factor, however, has been identified as a meaningful fea-
ture as exemplified by the importance of variability of blood pres-
sure and other cardiovascular risk factors in cardiovascular risk
prediction.?®?? The term QT variability will be used herein, and QT
dispersion will be mentioned because the later term has been used
historically.8223-25

A major problem with studies of QT interval and QT interval vari-
ability in AD has been that there are few studies and they usually
have small sample sizes. Meta-analysis is a methodology that consol-
idates small studies, including those that are apparently conflicting,
into one large study, thereby increasing the accuracy of the results.*°

The aim of this study was to assess the data on the QT inter-
val and QT variability in AD and utilize meta-analysis to determine
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whether these two QT factors are abnormal in AD and whether they

relate to cognitive impairment.

2 | METHODS

2.1 | Study design

A systematic search from the inception of Medline and EMBASE
through August 30, 2023 was conducted. Search terms “dementia
or Alzheimer disease AND QT interval,” QT dispersion, or cardiac
repolarization were used in conjunction with Boolean operators to
identify articles reporting dementia and QT interval. There was no
requirement for approval from our research ethics committee be-
cause there was no primary patient or animal contact. The meta-
analysis was not registered. The search was conducted according
to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).31:32

First, duplicates were removed. Titles and abstracts were
screened to identify articles for full-text review. The single author
extracted the data. The inclusion criteria were QT interval or QT
dispersion and Alzheimer disease or dementia. The exclusion crite-
ria were: (i) articles reporting the effect of drugs for AD or demen-
tia on the QT interval (ii) not published in English; (iii) non-primary
research articles (reviews, editorials, or letters commenting on an
article); (iv) involved non-human subjects; (v) unrelated to the inves-
tigated topic and (vii) did not provide a direct comparison of a con-
trol or comparator group; (vii) relevant data could not be extracted
from the paper.

Extracted from each paper were primary author's name, details
of QT measurement and heart rate adjustment, QT variability or so-
called QT dispersion, study inclusion, and exclusion criteria.

The initial search produced 135 references after the elimina-
tion of duplicates. After filtering the titles and abstracts, 43 were
eliminated because they dealt with the effect of drugs on the QT
interval and 70 were eliminated because the QT abbreviation was
for another entity, e.g., Qualitative Trait (Figure 1). The text review
eliminated 18 reports that dealt with subjects that met the exclusion
criteria. Studies that did not deal with dementia or dealt with subse-

quent cognition testing were not included.

2.2 | Statistical analysis

Results were quantified using forest plots depicting the standard
difference of means, 95% confidence interval, and P value. The
meta-analysis was performed using Comprehensive Meta-Analysis
(Biostat Inc., NJ). Because of the small number of studies in the field,
both the fixed effect and random effects analysis were conducted.
Study heterogeneity in the meta-analysis was tested using Cochran's
Q, I2, and Tau statistic. Data are presented as the mean+SD.
Publication bias was assessed by examination of funnel plots and
calculation of the Failsafe N.
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FIGURE 1 The flow diagram to identify papers examining the QT interval in dementia.

3 | RESULTS

There were four studies with control groups that presented data
for comparison (Table 1). Zulli et al. evaluated 33 individuals
with Alzheimer dementia (AD), 39 individuals with mild cognitive
impairment (MCI), and 29 “cognitive healthy subjects” (controls)
who were matched for demographic characteristics.?* Coppola
et al. studied 31persons with AD patients, 77 persons with
MCI, and 116 “cognitively normal subjects.”® Danese et al.
studied 108 individuals with dementia, 44 individuals with MCI,
and 56 controls. The dementia group consisted of “27AD, 5

frontotemporal dementia, 5 dementia-Parkinson complex, 19
vascular dementia, 1 normotensive hydrocephalus, 1 Lewy body
dementia, 21 mixed dementia (vascular dementia and AD) and 29
other neurological conditions.”?? Mao et al. reported on a cross-
sectional population study in which 5.2% had dementia of which
194 had AD, 94 had vascular dementia, and 11 had other kinds
of dementia.>® Dementia was defined according to standardized
references. MCl was defined somewhat differently in one of
the three studies. In three of these studies, the QT interval was
reported to be measured from the start of the QRS complex to the
end of the T wave defined as “the point of return of the isoelectric
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TABLE 1 Details of studies that examined the QT interval in dementia.

Mao et al. 2023

Coppola et al. 2013 Danese et al. 2019

Zulli et al. 2005

Author/Study definitions

Computer QT

Algorithm

Start of the QRS complex to the end of

Start of the QRS complex ...to the end of the T

Start of QRS complex to the end of the T wave.

QT measurement

the T wave, The leads showing the

longest QT

wave ...defined as the point of return of the

isoelectric line

The end of the wave was defined as the point

of return to the isoelectric line

Bazett

Bazett Bazett

Bazett

Heart rate correction

QT variability

Not done

Not done

Difference between maximum and minimum

Difference between maximum and minimum

QTc calculated from the 12 lead ECG (QTc max-

QTc calculated from the 12 lead ECG (QTc max-

QTc min)

QTc min)

Mayo Clinic criteria Not done

Petersen criteria (1999). These are (i) memory

Mayo Clinic criteria

Criteria for mild cognitive

complaint; (ii) normal activity of daily living;
(iii) normal general cognitive function;

impairment

(iv) abnormal memory for age; and (v) not

demented

4854)

No dementia (N

Not defined in detail

Not defined in detail

Matched for demographic characteristics,

Criteria for controls

hypertensive condition, smoking habits,
and laboratory parameters. Enrolled

consecutively

Measured

Measured

None

Measured

MMSE
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line.” In the other study, the QT interval was assessed by the ECG
computer algorithm and details were not specified.®® In each
study, the QT interval was adjusted for heart rate by the Bazett
formula,®* hereafter referred to by its abbreviation QTcBZT.®

There was an overall significant difference in QTc between pa-
tients with dementia and those with MCI after pooling the three
studies (Figure 2). The finding was significant in two of the three
studies. The odds ratio was 1.810 in the fixed and 1.760 in the
random effects model. There was significant heterogeneity be-
tween studies with Q value of 7.048 (P=0.029), I?> of 71.621, and
Tau?=0.367+0.516 (SEM). An analysis of publication bias found
the classic fail-safe N was 3, i.e., if three negative studies would be
found, it would make the relationship not significant.

There was an overall significant difference in QTc between indi-
viduals with dementia compared with controls (cognitively normal
or no dementia) (Figure 3). The finding was significant in two of the
four studies—the studies with the largest sample size. The over-
all odds ratio was 1.879 (fixed effect) and 1.665 (random effects
model). There was significant heterogeneity between studies with Q
value of 9.920 (P=0.019) and I? of 69.759 and Tau?=0.057+0.073.
An analysis of publication bias found the classic fail-safe N was 16,
i.e., if 16 negative studies were found it would make the relationship
not significant. One of these studies evaluated the relationship in a
multivariate analysis adjusting for age, gender, education, smoking,
alcohol intake, BMI, APOE genotype, resting heart rate, the num-
ber of chronic diseases, and use of anti-thrombotic agents, cardiac
agents, and QT prolonging drugs.33 In that multivariable analysis, QT
was associated with dementia.®

Three studies examine QTc and the degree of cognitive impair-
ment as assessed by MMSE. Danese et al. reported a significant cor-
relation between QTc and both raw MMSE data as well as MMSE
adjusted for age and gender.?? Mao et al. reported a significant cor-
relation between QTc and JTc intervals with MMSE.%° Coppola et al.
reported a significant correlation between QT and MMSE but only in
the MCI group.6 The data for their entire study population were not
available. Recognizing this limitation, their MCI group® and the entire

1.22 .33 were assessed

study population from Danese et al.““and Mao et a
(Figure 4). There was a significant (P<0.001) correlation between
MMSE and QTc. There was no significant heterogeneity between
studies (Q=2.859, >=30.040, P=0.239; Tau?=0.002+0.005).
Publication bias analysis indicated that it would require 119 nega-
tive studies to negate the significance of this analysis. Another study
was identified but could not be combined because it did not utilize
MMSE.3¢ Zonneveld et al. examined the relationship between QTc,
calculated by the infrequently used Hodges formula, and correlated
it with several measurements of cognitive function specifically
the Stroop test, letter-digit coding test, and picture word learning
tests.3” Adjusting for cardiovascular risk factors in multivariable lin-
ear regression models, QTc was not associated with cognitive func-
tion while JTc was associated with cognitive function as assessed by
the Stroop test.3”

It is noteworthy that the prevalence of prolonged QTc was sig-

nificantly higher in patients with greater impairment of attention,
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Model - Study name Statistics for each study
Stddiff Lower Upper
inmeans limit limit ZValue pValue
Zullietal2005 0497 0027 0968 2071 0038
Coppolaetal 2012 0.139 055 0279 -0651 0515
Danese etal 2019 0568 0212 0925 3126 0.002
Fixed 0327 0092 0562 2727 0006

Std diff in means and 95% Cl Weight (Fixed)

Relative Relative Relative Relative

veight weight weight weight
' 24.90 30.78
3167 B2
834 36.02
-0.50 0.00 0.50 1.00
MCI Dementia

FIGURE 2 The Forest plot for QT interval in studies that examined it in patients with AD compared to a comparator control group with
MCI. The relative weight that each study contributed to the overall effect is shown.

QT and Dementia
Model - Study name Statistics for each study Std diff in means and 95% Cl Weight (Fixed)
Stddiff Lower Upper Relafive Relafive Relative Relaive
inmeans limit limt ZValue pValue veight weight weight weight
Zulli et al 2005 0092 0407 0591 0362 0717 590 1781
Coppolaetal 2012 0133 0530 0264 -0657 0511 0 93 214
Danese etal 2019 0646 0315 0976 3831 0000 O 13.49 25.38
Mao et al 2023 0376 0232 0519 5126 0000 —D— [A W) 3468
Fixed 0348 0227 0469 5621 0000 ‘
-1.00 -0.50 0.00 0.50 1.00
Control Dementia

FIGURE 3 The Forest plot for QT interval in studies that examined it in patients with AD compared to a comparator-control group
without cognitive impairment. The relative weight that each study contributed to the overall effect is shown.

memory, praxis, and executive functions severe and moderate
disability.?

Two studies examined QTc variation, and both found a signifi-
cantly greater amount of variation in patients with AD compared
to either those with MCI or controls (Figure 5). Both studies mea-
sured QTc variation in the same way, specifically the difference be-
tween the maximal QTc and the minimum QTc on a 12 lead ECG.%??

The odds ratio for QT dispersion in AD was 3.712 (P<0.001)
(fixed effects model) or 3.858 (P=0.003) (random effects model)
when compared to the group with MCI. There was no heteroge-
niety between the two studies (Q=2.292, P=0.130; ?=56.371,
Tau?=0.071+0.177). When compared to the control group, the
odds ratio for QT dispersion in AD was 5.143 (P<0.001) (fixed ef-
fects model) or 6.358 (P=0.019) (random effects model). There was
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Corelation of QTc and MMSE

Lower Upper

limit
-0.145

-0.129
-0.174

2-Value p-Value

Study name Statistics for each study
Correlation limit
Coppola et al 2013 -0.357 -0.538
Danese et a 2019 -0.260 -0.383
Mao et al 2023 -0.200 -0.226
026 -0.292

-0.158

-3.212 0.001
-3.810  0.000
-14.549 0.000
-6.403  0.000

Correlation and 95% CI

Relative Relative
weight weight

8.52
19.88
71.60

o0

-1.00 0.50 0.00 0.50 1.00

FIGURE 4 The Forest plot for the correlation between QTc, and the degree of cognitive impairment as detected on a MMSE.

QT dispersion and Dementla

Study name Statictioc for emaoh ctudy
Sta airr Lower Uppor
In moanc nmit 1mit Zvalue p-Value
Zulli et al 2006 1,011 0.519 1504 a.oza ©0.000
Coppola at al 2012 .51 o.088 0.933 23609 0.0
Poolad o.723 o.a0z2 1.04a49 a.az1 ©.000
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Study name

Sta airmr
In means
Zulli et aal 2005 1.476
Coppola ot al 2012 0.609
Pooled 0.903

Statistics for each study

Lower Upper
nmnmit nmit Z-value p-value
0.914 2.039 5.1485 0.000
0.207 1.012 2.969 0.003
0.576 1.230 5.408 0.000
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33.
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FIGURE 5 The Forest plot for QT dispersion in studies that examined it in patients with AD compared to a comparator group with MCl
(upper panel) and a control group without cognitive impairment (lower panel). The relative weight that each study contributed to the overall

effect is shown.

heterogeneity between the studies (Q=6.037, P=0.014; >=83.436,
Tau?=0.314+0.532). These findings are supported by a study of

63 healthy older adults, over 60years of age, without dementia,

in whom QT variability was significantly correlated with cogni-
tive function as assessed by the Montreal Cognitive Assessment,

executive composite score, non-executive composite score, and the
digit symbol substitution test.>®

Danese et al. evaluated all subjects with cognitive impairment
with a structural brain imaging study (computed tomography or mag-
netic resonance imaging).22 They reported a relationship between
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the extent of the degenerative process and/or the “cerebral vascu-
lar load” and the QTc prolongation. The prevalence of alterations of
QTc interval was higher in patients with Fazekas grade 2 and 3 than
patients with Fazekas grade 0 and 1.22 The results remained signif-
icant after excluding persons taking drugs that had the potential to
produce QT prolongation.??

4 | DISCUSSION

This study has several important findings. First, there is an overall
relationship between dementia and QT interval such that patients
with dementia have a longer QT interval than individuals with MCI
or individuals with no cognitive impairment. Second, QT prolonga-
tion correlates with the degree of cognitive impairment. Third, QT
variability is increased in AD. Fourth, qualitative analysis identified
several serious issues with the currently available data.

The finding of a significantly longer QT in AD supports the con-
tention of a brain-heart connection in dementia. The mechanism
by which this occurs remains to be defined. It has been speculated
that the loss of cholinergic neurons in the brain, which occurs in AD,
leads to a reduction in parasympathetic cardiac neuronal activation,
that in turn prolongs the QT interval.>® The effect of the parasym-
pathetic nervous system on the QT interval, however, is not well de-
fined.***® Furthermore, it has been long accepted that any effect
of the parasympathetic nervous system on cardiac repolarization is
minimal 2413

Using indirect assessment, to infer the role of the sympathetic
and parasympathetic nervous system on the heart, several inves-
tigators concluded that patients with AD manifested a relatively
hyper-sympathetic and hypo-parasympathetic state.’”"** A hyper-
sympathetic state would be expected to shorten the QT interval*?*®
rather than prolong it. The situation is more complex depending on
the relative degree of sympathetic activation and parasympathetic
withdrawal because various combinations of sympathetic and vagal
tone can produce different ventricular electrophysiology effects at
the same heart rate.’>*? A reduction in both sympathetic and para-
sympathetic tone by trimethaphan, which interrupts sympathetic
and parasympathetic nerve traffic to postganglionic autonomic neu-
rones, produces a dose-dependent prolongation of QTc.*® However,
in any given state, the sympathetic or parasympathetic effects are
dependent on the underlying sympathetic tone.'® Thus, more inves-
tigation is necessary to tease out the precise mechanism by which
AD produces QT prolongation.

While the data are limited, there was a strong correlation
between QTc and impaired cognitive function as assessed by
MMSE.®?2 The Mini Mental State Examination (MMSE) consists of
11 questions that assess five areas of cognitive function: orientation,
registration, attention and calculation, recall, and language. There
was no reported relationship between the QT interval and cognition

when cognition was assessed by the Stoop test.”

The explanation
for this apparent discrepancy may be due to the QTc formula used in

that study, specifically the Hodges formula, a rarely used formula to

adjust for the effect of heart rate on the QT interval.®” Data from the
same study supported the association of cardiac repolarization with
cognitive impairment because JTc (QT interval minus the QRS du-
ration) correlated with cognitive function®” and JTc correlates well
with several QTc formulae.”#4

There are few population-based studies that examined the re-
lationship between QT interval and cognition. The results are dis-
cordant. In a sample of 839 older residents (mean age 81) from a
geographically defined biracial community in Chicago, lllinois, USA,
there was no correlation between QT interval and cognitive func-
tion.* Individuals had cognition testing using 17 measures of cog-
nitive performance.*> The results were correlated with data from a
12 lead ECG from which the QT interval was calculated from a linear
transformation of the QT interval based on the RR interval.** A lin-
ear transformation is more accurate than formulae based on power
functions such as QTcBZT.***¢ In contrast, in the MIND CHINA
study, 4886 dementia-free participants (agez60years, 56.2%
women) underwent a neuropsychological test battery to assess cog-
nitive function.3® Longer QT interval was significantly associated
with lower global cognitive function and poorer executive function,
“even among individuals without overt cardiovascular disease.”3¢
They did not appear to calculate QTe.%e

A qualitative analysis of the studies reviewed herein, identi-
fied several issues. First, each of these studies briefly defined their
method for measurement of QT interval from a 12 lead ECG from
the start of QRS complex to the end of the T wave. The end of the
wave was defined as the point of return to the isoelectric line.®21.22
The details of the method were usually not described, but in one
study a ruler was used suggesting that the end of the T was defined
simply as the intersection of the T wave and the TP segment. The
current best approach to measurement of the QT interval involves
defining the end of the T wave by drawing a tangent to the slope of
the descending part of the T wave and marking its intersection with
the T-P segment as the end of the T wave.*’ None of the studies
reported that they used this method—the best practice way to mea-
sure the QT interval. Another issue is that almost all of the studies
adjusted for the known effect of heart rate on the QT interval (heart
rate corrected QT or QTc) used the Bazett formula. The Bazett for-
mula has been seriously criticized as the poorest formula to adjust
for effect of heart rate on the QT interval because it is not an ac-
curate adjustment for heart rate across the heart rate range.*+4847
Importantly, QTcBZT overestimated the number of patients with
prolonged QTc prolongation.*®

There are several other issues that warrant discussion. First, the
relationship between QT and AD was more evident between AD and
individuals with MCI than with individuals without cognitive impair-
ment (the control group). A metric defining a high-quality study is the
provision of an extensive descriptions of the inclusion criteria for the
control groups. In two of the three studies, details of the inclusion
criteria for the control group are not provided. Another issue is ex-
isting studies did not explore the relationship of dementia and more
detailed ECG analysis including QRS-T angle, spatial QRS-T angle,
and T-wave morphology. This systematic review identified problems
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with the utilization of a QT heart rate correction that is generally
found to be poor in adjusting for the effect of heart rate on QT inter-
val; issues with defining the inclusion criteria for the control group;
conflicting data in population studies, and the lack of a strong elec-
trophysiological basis for the original hypothesis linking AD and QT
interval.

The mechanisms by which AD might prolong QTc is worthy of
further discussion recognizing that this paper did not provide ex-
perimental evidence on this subject. QT prolongation may occur at
several levels from the brain to the heart. QTc prolongation may be
due to loss of brain tissue in specific areas. There are little data that
correlated QTc with brain structure in AD. Danese et al. performed
structural brain imaging studies (computed tomography or magnetic
resonance imaging) on patients with cognitive impairment and found
a relationship between the extent of the degeneration and/or the
“cerebral vascular load” and the QTc prolongation.?? Acute stroke
that represents the loss of brain tissue is also associated with a pro-
longed QTc interval®® and patients with a prolonged QTc interval are
more likely to die within 90days of their stroke, compared with pa-
tients without a prolonged QT interval.>C In AD, an interaction at the
level of the heart is possible. Type | membrane protein BACE1 (B-site
APP-cleaving enzyme 1), which plays a detrimental role in AD, is also
present in cardiac myocytes where it interacts with KCNQ1 (Kv7.1)
proteins that form a homotetrameric channel, which produces a
voltage-dependent K(+) current affecting cardiac repolarization.>?

Data on QT variability were presented herein for several rea-
sons. First, studies that examined the relationship between QT
variability and AD consistently showed an association.®?! Second,
there is an association between QT variability and cognitive func-
tion.®” Third, in other neurologic conditions associated with loss
of brain tissue such as stroke,”® QT variability is increased.”?>°
Fourth, variability of a biological factor is a meaningful factor
as exemplified by the importance of variability of blood pres-
sure and other cardiovascular risk factors in cardiovascular risk
prediction.?8??

QT variability on a 12 lead ECG was consistently increased in
AD.%?! QT variability in AD has been attributed to several factors.
First, it is associated with an increased prevalence of silent myo-
cardial ischemia in AD and MCI** Second, QT variability has also

been found in brain loss situations such as stroke®%>°

andis directly
related to the size of the lesion rather than to the localization or
type of stroke.>® Third, comorbidities, including coronary artery
disease, drug effects, and interpersonal differences may account
for an element of QT variability®® and may be an explanation for
why some cardiac conditions do not show a relationship between
QT variability and cardiac mortality.””*® Fourth, an imbalance in
the autonomic nervous system contributes to QT interval variabil-
ity.1>%? An important perspective is the concept summarized by
Vrinceanu et al. that degeneration in the prefrontal cortex, which

is involved in cognition and autonomic function®®¢°

produces si-
multaneous loss of both autonomic regulation and cognition, es-
pecially executive functions.3® A “neurovisceral integration model”

has been proposed in which cognition, autonomic function, and
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emotional regulation are interconnected and include the prefron-

tal cortex.®°

4.1 | Study limitations

There are a number of limitations of this study that warrant discus-
sion. The nature of meta-analysis is its dependency on the available
published literature. The strength of the conclusions is based on the
validity of each study. The available data rely on mean results from
each study and do not utilize individual data from all studies. Second,
the small number of studies in this field was likely disproportionately
influenced by one of the studies with the largest sample size. Third,
the kinds of dementia could not be separately analyzed. One large
study had only 25% with AD and the rest had a variety of neurode-
generative conditions.?? However, different kinds of dementias fre-
quently co-exist, so that even in the studies that included “only’ AD,”
there was likely a mixture of other kind of dementias as well. Fourth,
a formal assessment of the quality of studies in this meta-analysis
could not be done. Ranking scales would rank the quality of these
as low because of the absence of randomization or an intervention
group but more importantly because of the limited information on
the selection of the control groups.%*

In summary, this meta-analysis concluded that patients with de-
mentia have a longer QT interval than individuals with MCI or those
without cognitive impairment. It further concluded that QT prolon-
gation correlates with the degree of cognitive impairment. In addi-
tion, QT variability was increased in AD. This study focuses attention
on the need to understand the determinants of aging-associated
QT prolongation that appear important for understanding aging-

induced dementia and mortality.
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