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ABSTRACT

Background PD (PD) is associated with a twofold increase in the risk of death especially sudden death. A predisposing factor
for cardiac sudden death is prolongation of the QT interval. This study evaluated the potential association between QT interval
and PD.

Methods A systematic search was conducted of Medline and EMBASE using the search terms “PD” AND “QT interval” OR
“Cardiac Repolarization” to identify articles.

Results Seven studies with persons with PD (n = 981) and control groups were identified. There was a significant difference in
QT interval comparing patients with PD and persons without PD. The odds ratio showed a significant (P < 0.001) 2.6-fold (ran-
dom effect) greater QTc prolongation in PD compared to control. Overall, there was a significantly longer QT in patients with PD
than controls of 10.7 + 2.8 ms. Data analysis did not show much publication bias. Focusing only on studies that related the QT in-
terval to the severity of PD as assessed by Hoehn-Yahr classification (n = 6), there was a significant (P = 0.004) overall correlation
between QT interval and the severity of PD. There was little publication bias. The data directly examining patients with PD tak-
ing any drug than might prolong QT do not support an association between these mediations and QT prolongation.

Conclusion Individuals with PD have a longer QT interval than individuals without PD. The QT interval is associated with a
greater severity of PD and a greater probability of developing more severe PD. The QT interval should be considered in assess-

ment of PD and possibly as a target for the treatment of PD.

arkinson’s disease (PD) is a condition

whose prevalence increases with aging

and indeed becomes very common among

people after the age of 65 years.!"”) Compared to in-
dividuals 40 to 49 years of age, the prevalence of PD
is 10 fold greater in those aged 65 to 74 years, and
PD prevalence is over 45 times greater for those
over the age of 80 years. PD is associated with a
twofold greater risk of death compared to individu-
als without PD."”! Sudden death, which is usually
cardiac death due to arrhythmias, is the second mo-
st common cause of death, after pneumonia in PD."!
One of the predisposing factors or substrates for
cardiac sudden death is prolongation of cardiac re-
polarization which is detected on the electrocardio-
gram as prolongation of the QT interval."”) A meta-
analysis of population studies found a consistent as-
sociation between prolonged QT interval and in-
creased risk of sudden cardiac death as well as death

© 2024 JGC All rights reserved; www.jgc301.com

from all cardiac causes.” The knowledge that genet-
ic causes of prolonged QT interval are associated
with an increased risk of fatal cardiac arrhythmias
strengthens the conclusions of the meta-analysis of
population studies.

Because the QT interval varies with heart rate, it
is crucially important to utilize the best QT heart
rate adjustment formula."” Heart rate corrected QT
interval duration (QTc) increases with age.!*”! The
association between increasing age and increasing
QTc " has similarities to the increasing prevalence
of PD with increasing age (Figure 1).

The objectives of this study were three-fold. The
first objective was to determine whether there is an
association between longer QT intervals in PD com-
pared to individuals of a similar age without PD. In
addition, the possibility of any alteration in QT be-
ing due to drug therapy that might prolong QT was
assessed. The second objective was to examine whe-
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Figure 1 The prevalence of PD in according to age from a meta analysis of 47 studies from 4 geographic regions in the world" (up-
per panel). The mean spline QTc (QTcRBK), with 95% CI in different age groups from the US NHANES survery for men (left) and wo-
men (right). The linear regression (line) of age on spline QTc is plotted with the 95% CI. Lower panels are from (with permission) Rab-
kin, S.W, Szefer, E., Thompson, D.].S., 2017. A New QT Interval Correction Formulae to Adjust for Increases in Heart Rate. JACC Clin.
Electrophysiol. 3, 756-766. https:/ /doi.org/10.1016/j.jacep.2016.12.005

ther the QT-heart rate adjustment formulae used in
studies of PD were of the kind that was independ-
ent of the impact of heart rate on the QT interval so
as to ensure the validity of any association between
QT and PD. The third objective was to determine the
relationship between QT interval and the severity of
PD because of one of the fundamental characterist-
ics supporting a significant relationship, rather than
a simple association is the presence of a gradient of
risk, in which the strength of the factor is more close-
ly linked with a greater severity of the condition.

METHODS

There has not to our knowledge been a previous
meta-analysis to examine the QT interval in PD. A
systematic search was conducted of Medline and
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EMBASE. The search was conducted from the incep-
tion of each database through to December 15, 2023.

A search string was constructed using terms con-
nected with Boolean operators such as “PD” AND
“QT interval” or “cardiac repolarization” to identi-
fy articles reporting cardiac repolarization/QT in-
terval in patients with PD. The Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA) was used to guide the search ! (Figure 2).
One reviewer screened article titles and abstracts
for full-text review. The exclusion criteria were art-
icles: (1) not published in English except if the Eng-
lish language abstract contained pertinent data for
analysis; (2) involved non-human subjects; (3) non-
primary research articles (reviews, editorials or let-
ters commenting on an article); (4) pediatric age
population; (5) unrelated to the investigated topic;
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Figure 2 The literature flow of meta-analysis.

and (6) relevant data could not be extracted from
the paper.

Data extraction was performed by a single revie-
wer. The following items were collected from each
article: author, year of publication, country of ori-
gin of the study center, sample size, age, sex, defini-
tion of PD, assessment of the severity of PD, nature
of the QT measurement and heart rate adjustment
formulae used to correct for the impact of heart rate
on the QT interval. In addition, data were collected
on the impact of drugs that might potentially pro-
long the QT interval that were being administered
to individuals with PD and their control or refer-
ence group.

There are a number of different heart rate correc-
ted QT intervals (QTc). Those proposed by Bazett
(QTcBZT), Hodges (QTcHDG), Karjalainen QTcK-
RJ, Fridericia (QTcFRD), Rautaharju (QTcRTH) and
Framingham (QTcFRM) and others.”! Because there
was no primary patient or animal contact, there was
no requirement for approval from our research eth-
ics committee.

Statistical Analysis

Data were analyzed using forest plots depicting
the standard difference of means, 95% CI, and P-
value. The meta-analysis was performed using
Comprehensive Meta-Analysis (Biostat Inc., NJ, and
USA). In-study heterogeneity in the meta-analysis
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was tested using Q, Cochran’s P statistic where
variance is described by SEM. The odds ratio also
calculates the variance as SEM. Otherwise, data is
presented as the mean and SD. Because of the wide
range of sample sizes, a random effects model was
chosen for data analysis. Publication bias was as-
sessed by Funnel plots and the calculation of classic
Fail safe N. The methodological approach was sim-
ilar to our recent work.""!

RESULTS

QT in Parkinson's Disease

There were seven studies with control groups
that fit the criteria (Table 1). Ishizaki, et al.l''l ex-
amined 48 PD patients (20 males 28 females) aged
65 years and 44 controls aged 60 years, and ex-
cluded patients with heart disease. The abstract was
in English and provided the important data but the
paper was not in English so that details of the dia-
gnostic criteria for PD were not available. QTc inter-
vals were significantly longer in the PD patients
than in the controls. The QTc formula employed was
not available for examination. Oka, et al."” meas-
ured the QT intervals in 30 patients with PD and 30
healthy control subjects. All patients with PD met
the UK PD Society Brain Bank criteria.!'” The con-
trol group was selected from persons who were
considered “health” at an annual health check-up
and did not have hypertension, medically signific-
ant findings, abnormal ECGs or were receiving
medications.!"”! QTcBZT intervals in patients with
PD significantly exceeded that of healthy controls ['".

Deguchi, et al""” studied 34 patients with PD, and
30 age and gender-matched healthy controls. All
patients with PD met the UK Parkinson's Disease
Society Brain Bank criteria.!"”! None of the patients
had a history of cardiac ischemia, arrhythmia,
bundle branch block pattern or significant Q waves
on ECG, renal failure, chronic liver disease, a his-
tory of alcohol abuse, diabetes, hypertension, elec-
trolyte abnormalities in serum potassium, calcium
and magnesium, or were taking medication known
to affect the QTc interval.l'"’! QTcBZT was used for
analysis.

Sariahmetoglu, et al.l'* studied 40 persons with
PD, as diagnosed by the UK PD Society Brain Bank

857



JOURNAL OF GERIATRIC CARDIOLOGY RESEARCH ARTICLE

Table 1 QT interval in patients with PD, country of origin, diagnostic criteria and the QT interval in patients with PD receiving

potentially QT prolonging medications.

Author and year Diagnostic criteria

QTc  Country

Relation to QT prolonging drugs

Movement Disorder Society Clinical

No significant (P = 0.6) differences in QT in those

1;;%111%21 s-Flores, Criteria QTcBZT Spain  receiving drugs prolonging QT vs those not on
’ those kind of drugs.
) - No significant (P = 0.67) differences in QT in
Deguchi, et all"” UK PD Society Brain Bank Criteria QTcBZT Japan  those receiving drugs prolonging QT vs those
not on those kinds of drugs.
121 . . - No significant difference in QT in patients with
Oka, et al. UK PD Society Brain Bank Criteria QTcBZT Japan PD on LevoDopa or not receiving this agent.
o ., National Institute of Neurological
Mochizuki, et al®™  Disorders and Stroke diagnostic criteria QTcBZT Japan  Relationship not examined
for PD.
(S;gi]a hmetoglu, UK PD Society Brain Bank Criteria QTcBZT Turkey Relationship not examined
Zhong, et al*" UK PD Society Brain Bank Criteria QTcFRD China  Relationship not examined

Ishizaki, et al.™! Uncertain

Ozturk & Ozturk!"! UK PD Society Brain Bank Criteria

Yoo, et al"”! Clinical plus PET scan

Uncertain Japan
QTcBZT

Uncertain Korea

Relationship not examined
Turkey Relationship not examined

Relationship not examined

PD: Parkinson’s disease.

criteria and 20 controls. QTcBZT was calculated.
The control group consisted of volunteer who were
healthy, age-matched hospital staff and their relat-
ives with no disorders that might affect the auto-
nomic nervous system "I,

Piqueras-Flores, et al."”! evaluated 50 patients
with idiopathic PD recruited from a specialized cli-
nic and who fulfilled the diagnosis of PD according
to the criteria of the Movement Disorder Society
Clinical Diagnostic Criteria for PD. A control group

of 50 healthy volunteers with “similar specifications”

(matched control group) were also studied. The ex-
clusion criteria were: coronary artery disease, valve
disease which is previously known or was found on
echocardiography, prosthetic heart valve, or cardi-
omyopathy."”) QTcBZT was used for analysis. Rest-
ing heart rate was reported in only one of the stud-
ies and was reported to be the same in the PD and
control group."”!

Ozturk and Ozturk evaluated 28 persons with
PD, based on United Kingdom Parkinson Disease
Society Brain Bank criteria who had a mean age of
59 years, and 26 controls.'”! QTcBZT was used for
analysis. The symptom progression of PD was as-
sessed with the Modified Hoehn and Yahr Scale.

Yoo, et al.'”! sought to develop a machine learn-
ing model to detect PD from the 12 lead ECG. They
presented their univariate data from 751 patients
with idiopathic PD and 751 age and sex-matched
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patients without PD using a propensity score mat-
ching for covariates. The diagnosis of PD was clinic-
al (ICD 10 code) plus a PET scan showing decrea-
sed dopamine transporter in the posterior putamen.
The severity of PD was considered mild but the QT
heart rate correction formula was not specified.
Thus, the majority of studies utilized the same dia-
gnostic criteria for Parkinson’s specifically the UK
Parkinson’s Disease Society Brain Bank criteria.!"”"*"!

There is concern about the QT heart rate correc-
tion formula that was used for these studies. Most
studies (five of seven studies) used the QTcBZT for-
mula which is not as good as the other QTc formu-
lae in the general population ) and also in PD.[""!
QTcBZT does not correct satisfactorily for the im-
pact of heart rate on QT interval in patients with
PD.!"") The potential impact of the inadequacies of
QTcBZT for the association of prolonged QT in PD
must remain somewhat uncertain until a study is
conducted comparing a number of the better heart
rate QT correction formulae in PD.

The QT interval was significantly different in pa-
tients with PD compared to controls (Figure 3). The
odds ratio showed a significant (P < 0.001) 2.6-fold
greater QTc prolongation in PD compared to con-
trol. Overall, there was a significantly longer QT in
patients with PD than controls of 10.7 £ 2.8 ms.
There was significant heterogeneity between stud-
ies (Q=32.7, P=0.001; ' = 81.7 and Tau® = 0.141) as
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QT interval in Parkinson's Disease

Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper Relative Relative
inmeans error Variance limit limit Z-Value P,,,. weight weight
Yoo, et al.'”} 0.092 0.052 0.003 -0.009 0.194 1790 0.073 18.72
Ozturk & Ozturk!! 0.946 0.220 0.048 0515 1.378  4.300 0 14.21
Pigueras-Flores, et al.™®  0.106 0.200 0.040 -0.287 0498 0.528 0.598 14.86
Sariahmetoglu, et al."  0.511 0.278 0.077 -0.033 1.056 1.840 0.066 12.34
Deguchi, et al.l"®) 0.835 0.261 0.068 0.323 1.347 3.198 0.001 12.87
Oka, et al.™ 0.930 0.272 0.074 0.398 1.463 3423 0.001 12.53
Ishizaki, et al."! 0.520 0.212 0.045 0.105 0936 2453 0.014 14.47
Pooled 0.530 0.164 0.027 0.208 0.852 3.227 0.001
Prediction interval 0.530 -0.525 1.584

-2 -1

Figure 3 Forest plot for QT interval in studies that examined it, in patients with PD compared to a control group without PD. The
relative weight that each study contributed to the overall effect is shown for the random effects model. PD: PD.

shown by the funnel plot which is a plot of the stan-
dard error or precision on the vertical axis as a func-
tion of effect size on the horizontal axis (Figure 4).
In the absence of publication bias, studies are dis-
tributed symmetrically about the combined effect
size. Data analysis did not suggest a high likeli-
hood of publication bias. The classic Fail safe N was
74 indicating that it would take 74 (negative) stud-
ies to reverse this significant finding of a prolonged
QTcin PD.

QT Interval and Severity of PD

The QT interval was directly related to the sever-
ity of PD in most but not all studies. Oka, et al.''”}
found that in patients whose Hoehn and Yahr score
was III or more, QTcBTZ was significantly greater
than in patients whose score was II or less. Ishizaki,
et al!"' reported a significant correlation between
QTc and PD severity as assessed by Hoehn and Yahr

Funnel plot of standard error by std diff in means

stage.

Gibbons, et al!"”! found that QTc (QTcBZT) was
associated with a significantly higher global statist-
ical test (GST) score after 5 years of follow-up for
patients with PD who were over 67 years old. Seve-
rity of PD was measured by the GST that combines
into a single factor five outcome measures from (1)
Modified Schwaband England activities of daily liv-
ing; (2) the Parkinson’s Disease Quality of Life Scale
and a set of five questions from the United Parkin-
son Disease Rating Scale related to ambulatory ca-
pacity, the Symbol Digit Modalities test and the Mo-
dified Rankin.""”! Patients with higher GST scores
had more advanced disease.!"”

Zhong, et al”" evaluated 118 PD patients and fo-
und that QTc (QTcFRD) correlated with the Hoehn-
Yahr classification of the severity of PD. Deguchi, et
al found a higher mean QTc (QTcBZT) with pro-
gressively higher level of H-Y score.!' In contrast,
Mochizuki, et al.”'! evaluated 156 PD patients and

reported no correlation between QTcBZT and H-Y
5 01 stage. Piqueras-Flores, et al"”! did not correlate QTc
5 with H-Y or PD severity.
T 02 o Ozturk and Ozturk evaluated 28 persons with PD
% and showed a relationship between QTcBZT and
& 03 the modified Hoehn and Yahr Scale.""”
0.4 L Focusing only on studies that related the QT in-
-20 -15 -1.0 -05 0 05 10 15 20

Std diff in means

Figure 4 Funnel plot which is a measure of the study size (SE)
on the vertical axis and the effect size on the horizontal axis in
studies that examined QT interval, in patients with PD com-
pared to a control group without PD. PD: PD.
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terval to the severity of PD as assessed by Hoehn-
Yahr classification yielded 6 studies. Two of the
studies from the previous group were deleted and
two studies (without control groups) but with PD
patients, had the relationship of QT to H-Y severity
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analyzed. The Hedge’'s g was calculated because
some studies compared the mean QT in the differ-
ent H-Y categories while other studies calculated a
correlation statistic (r value). The result was a signi-
ficant overall correlation between QT interval and
the severity of PD (Figure 5 & Figure 6). There was
heterogeneity between studies (Q = 81.6, P=939, P
<0.001) Tau’= 1.158). There is little publication bias.
The Fail Safe was n =178 or one would have to locate
178 negative studies for there to be no significant (2
tail P value > 0.05) relationship between QT inter-
val and the severity of PD. Although the data presen-
ted by Gibbons, et all could not be included be-
cause they did not consider the Hoehn-Yahr classi-
fication, their findings clearly support the results of
this meta-analysis.""”

There was insufficient data to make a conclusion
about any relationship between QT and the dura-
tion of PD. Zhong, et al.” found that QTc (QTcFRD)
correlated with disease duration. Deguchi, et all™
found a significant positive association between the
duration of PD and QTc. Sariahmetoglu, et al."! did
not find any significant differences in QTc intervals
in patients with “early” or “advanced stage”.

Separation of QT Prolonging Drugs and QTc in PD

The question has arisen whether the QT prolong-
ation in PD is due to the underlying disease or to
the drugs the patients receive for treatment of PD
that might prolong the QTc. Patients with PD often
are prescribed psychiatric drugs as their course of
PD becomes advanced. These agents have a risk of
QT prolongation.””””! Survey data have found a
small proportion of patients with PD concomitantly

of 192 patients with PD at one clinic, one third were
prescribed QTc prolonging medication. Of these
only 20 patients had prolonged QTc and two-thirds
had shorter QTc after medication changes."”! In con-
trast, another study reported that that while 55% of
patients with PD took one or more potentially QTc-
prolonging drugs, only 10% took drugs that were
definitely linked to QT prolongation."” The data di-
rectly examining patients with PD taking any drug
than might prolong QT do not support an associ-
ation between these mediations and QT prolonga-
tion (Table 1).

DISCUSSION

This study contributes meaningful data leading
to an improved understanding of brain-heart con-
nections in the neurodegenerative disorder labelled
PD. By pulling together available knowledge, this
study concludes that individuals with PD have a
longer QT interval than individuals without PD.
The QT interval duration is associated with a great-
er severity of PD and a greater probability of sub-
sequently developing more severe PD. Importantly
there are no data that supports a significant rela-
tion between potentially QT prolonging drugs in
patients with PD that might account for the longer
QT interval in PD.

It is noteworthy that the association of PD with a
longer QT interval was found in early studies in the
field ' as well as more recent studies.!"” Despite
the long time span of the studies, the majority of
studies utilized the same diagnostic criteria for Par-
kinson’s specifically the UK Parkinson’s Disease So-

. . . . . . . 12-14,16 .
using potentially QT prolonging drugs. In a survey  ciety Brain Bank criteria.! I Tt is noteworthy,
Relation of QTc duration to severity of parkinson's disease (H-Y score)
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper Relative Relative
g error  Variance limit limit Z-Value P, weight  weight
Ozturk & Ozturk!™ 0822 0422 0178 -0.005 1649 1948 0.051 — 15.61
Zhong, et al. ! 2320 0285 0081 1761 2879 8140 0 16.83
Mochizuki, et al? 0082 0161 0026 -0234 0398 0509 0611 it 17.61
Deguchi, et al." 2483 0.285 0.081 1924 3042 8712 0 16.83
Oka, et al.i2 1135 0294 0086 0559 1711  3.861 0 - 16.76
Ishizaki, et al.!") 1163 0341 0116 0495 1.831 3411 0.001 — 16.37
Pooled 1.332 0457 0209 0436 2227 2915 0.004
Prediction intervel ~ 1.332 -1915 4578 | \
-4 -2 0 2 4

Figure 5 Forest plot for the relationship between the QT interval and severity of PD severity of PD as assessed by Hoehn-Yahr
classification. The relative weight that each study contributed to the overall effect is shown for the random effects model. PD: PD.
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however, that the relationship between QT prolong-
ation and PD was stronger in studies that used the
UK PD Society Brain Bank criteria for PD.

These data warrant a discussion of potential path-
ophysiologic explanations. PD is characterized by
the clinical findings of a tremor, bradykinesia, mus-
cle rigidity, impaired gait and posture.””! The un-
derlying pathophysiologic mechanism is conside-
red to be dopaminergic neuronal loss in the substa-
ntia nigra pars compacta and depletion of dopam-
ine in the striatum.” The pathways leading to the
loss of dopaminergic neurones include mitochon-
drial damage, oxidative stress, excitotoxicity, en-
ergy failure, protein misfolding and their aggrega-
tion, impairment of protein clearance pathways, cell-
autonomous mechanisms, “prion-like protein infec-
tion” and neuroinflammation."””! Dopaminergic
neuronal loss of function can be linked to QT inter-
val prolongation. In a study of young healthy adults,
iodine-123 labelled 2B-carbomethoxy-3p-(4-iodop-
henyl) nortropane, a radiotracer for imaging dopa-
mine transporters in the living human brain, with
single-photon emission tomography correlated with
QTcBZT as well as a less common QT-heart rate co-
rrection formula (QTcKR])." In contrast, heart rate
did not correlate significantly with striatal dopam-
ine transporter binding.™!

Exploring the consequences of PD on the heart is
an exciting but still incompletely defined story
which impacts on the ability to interpret the associ-
ation of increased QT interval in PD. The QT inter-
val changes may be viewed within the wider pic-
ture of the cardiac abnormalities in PD which in-
clude cardiac structural changes, heart failure and
various cardiac electrophysiologic changes.” Fo-
cusing on electrocardiographic features, a relation-
ship exists at several levels. From a general per-
spective, ECG activity has been shown to synchron-
ize with the EEG in PD.”” Considering only the QT
interval, requires an understanding of newer putat-
ive pathophysiologic explanations for PD. PD is as-
sociated not only with a marked reduction in the
catecholamine dopamine in the nigrostriatal sys-
tem but also with a significant reduction in the cat-
echolamine norepinephrine in the heart as well as a
substantial loss of noradrenergic fibres in the sym-
pathetic nervous system."”” This observation has
been attributed to the impairment in aldehyde de-

http:/ /www .jgc301.com; jgc@jgc301.com

hydrogenase function in PD leading to the accumu-
lation of the products of catecholaldehydes 3,4-di-
hydroxyphenylacetaldehyde (DOPAL) and 3,4-di-
hydroxyphenylglycolaldehyde (DOPEGAL), de-
rived from dopamine and norepinephrine (respect-
ively), that are highly toxic especially to neuron-
es.” Increased enzymatic oxidation of cytoplasmic
dopamine to its aldehyde metabolite leads to a re-
duction in norepinephrine production, storage, and
recycling in extant neurons (the so-called sick-but-
not-dead neurones).l"”! Oligomerizes of DOPAL to
form quinone-protein adducts with a-synuclein, a
major constituent in Lewy bodies, impedes vesicu-
lar storage, diminishes dopamine biosynthesis via
tyrosine hydroxylase and L-aromatic-amino-acid
decarboxylase including inefficient vesicular se-
questration of cytoplasmic catecholamines, and at-
tenuated neuronal reuptake via cell membrane cat-
echolamine transporters.”” It is possible that re-
duced adrenergic innervation and reduced cardiac
catecholamine release might account for the incr-
eased QT in PD. Beta-adrenergic stimulation with
isoproterenol produces a small decrease in QT inte-
rval.”! Prolonged stimulation of cardiac sympathet-
ic nerves or epinephrine administration reduces QT
interval durations.® Thus, reduced cardiac catech-
olamine content in PD might prolong cardiac repol-
arization. The increased QT interval in PD can be
linked to changes in the autonomic nervous system
in PD, although there is not a great deal of robust ph-
ysiologic data in this area. Gibbons, et al.l'! repor-
ted that in younger individuals with PD (< 62 years
of age), QT interval was associated with baseline or-
thostatic fall in blood pressure suggesting a rela-
tionship between longer QTc and greater orthostat-
ic hypotension, which is generally attributed to al-
terations in baro-receptor sympathetic outflow.
Deguchi, et al™ found that QTc intervals were not
related to orthostatic fall in blood pressure rather
QT correlated with blood pressure changes with the
Valsalva manoeuver. Left cardiac sympathetic den-
ervation is associated with a transient increase in
QTc which is consistent with a role of cardiac sym-
pathetic denervation to explain part of the increa-
sed QT in patients with PD."” Cardiac sympathetic
denervation in PD occurs independently of the mo-
vement disorder.’™ Thus, there is a discrete path-
way of neuronal (sympathetic) denervation in PD
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which may explain the associated increase in QT in-
terval.

Cardiac parasympathetic dysfunction occurs in
parallel with cardiac sympathetic denervation in
patients with PD."”) Again it has been suggested
that cardiac autonomic dysfunction can be inde-
pendent of the dopaminergic neurodegeneration re-
sponsible for motor symptoms."””

Another speculative possibility is based on the
finding that PD-associated proteins, such as a-sy-
nuclein are present throughout the ANS.” Voltage-
gated potassium (Kv) channels play an important
role in cardiac repolarization. In primary cultured
mouse microglial cells, whole-cell patch clamp re-
cordings show that aggregated o-Synuclein protein
caused upregulation of voltage-gated potassium
channel Kv1.3 expression and activity of the out-
ward Kv1.3 current.!”

It might be suggested that the QTc interval re-
flects a global image of a patient’s cardiovascular
risk factors. This possibility is unlikely. Male sex is a
CV risk factor and as shown in Figure 2 men have
shorter QT intervals that women. Low HDL choles-
terol is a CV risk factor and is associated with a shor-
ter QT interval."” Hypertension is a complex factor
as it can produce left ventricular hypertrophy whi-
ch then can prolong the QT interval and QTc can be
affected by antihypertensive drugs so that the true
effect of hypertension on QT interval depends on the
patient population.”” In type 2 diabetes mellitus,
the prevalence of QTc > 440 ms is less than 50% (44.1%)
and the prevalence of high-risk QTc (= 500 ms) is rare
(2%).[40]

There are several limitations of this study that
warrant discussion. First, the number of studies ex-
amined was relatively small. The number of stud-
ies, however, represent the result of an intensive lit-
erature search and reflect the small number of stud-
ies that addressed questions about the QT interval
in PD. Second, the clinical reality of caring for pa-
tients with PD, can confront patients with multiple
drug therapy that may prolong the QT interval alo-
ne or in combination with other drugs that were not
the concomitant therapy of individuals in the stud-
ies that were examined herein. However, the data to
date do not suggest that the association of PD with
QT prolongation is due to drug therapy for PD or
other concomitant medication.”" Third, a risk of bi-
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as assessment was not conducted because it is ex-
tremely difficult to obtain meaningful results in
case control studies with no intervention (render-
ing it impossible to assess the randomization stra-
tegy and examine the nature of the intervention) and
limited data on the control or reference group. Four-
th, the studies did not include a subcategorization
of PD based on different subtypes of PD, so it was
not possible to determine whether QT prolongation
occurred more commonly in any one specific PD
subtype. Fifth, the studies that examined the associ-
ation between the QT interval and the severity of
the disease, did not consider the effect of age as a co-
variate. However, the severity of PD is not always a
function of age. Sixth, this population meta-analys-
is established the correlations between greater QT
interval and PD with the objective of providing data
to establish an explanation for the increased risk of
sudden death due to cardiac causes in PD. It is ne-
cessary to construct studies to evaluate cardiovas-
cular mortality in patients with PD stratified by
their QT interval. Considering that there are con-
sistent associations between prolonged QT interval
and increased risk of total, cardiovascular, coron-
ary, and sudden cardiac death Bl it is most likely
that such studies will confirm the relationship of QT
interval to cardiac mortality in PD. A longitudinal
follow-up study of patients with PD should also in-
clude other ECG features as well as cardiovascular
risk factors and biochemical biomarkers of adverse
cardiovascular outcomes in order to determine, in
multivariate analysis, the contribution of the QT in-
terval, using appropriate heart rate adjustment, to
cardiovascular mortality in patients with PD.

In conclusion, QT interval is more prolonged in
individuals with PD than in control and QT correl-
ates with the severity of PD and the development of
meaningful disability from PD. These findings sug-
gest that clinicians should assess the QT interval in
patients with PD. Considering that the linkage bet-
ween the brain and cardiac autonomic system, it is
worth considering the QT interval as a marker of the
cardiac autonomic nervous system changes from do-
paminergic neuronal loss in the brain. Taken toge-
ther the association between longer QT interval and
cardiac death especially sudden death plus the high
prevalence of sudden death in PD, justify further re-
search to determine whether treatment targeting
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Figure 6 Funnel plot which is a measure of the study size (SE)

on the vertical axis and the effect size on the horizontal axis in

studies that examined relationship between the QT interval and

severity of PD as assessed by Hoehn-Yahr classification. PD: PD.

QT interval would be of value in the management
of patients with PD.

DECLARATIONS

Ethics Approval and Consent to Participate
Not applicable

Data Availability

Data is available from the cited literature

Declaration of Interest

The author declares that the research was conduc-
ted in the absence of any commercial or financial re-
lationships that could be construed as a potential
conflict of interest.

Funding Support

None.

Al

Al was not used in any part of this research or
preparation of the manuscript

REFERENCES

[1] Pringsheim T, Jette N, Frolkis A, Steeves TDL. The pre-
valence of PD: a systematic review and meta-analysis.
Mov Disord 2014; 29: 1583-1590.

[2] Bennett DA, Beckett LA, Murray AM, et al. Prevalence
of Parkinsonian signs and associated mortality in a
community population of older people. N Engl | Med
1996; 334: 71-76.

[3] Sato K, Hatano T, Yamashiro K, et al. Prognosis of PD:
time to stage III, IV, V, and to motor fluctuations. Mov
Disord 2006; 21: 1384—1395.

: http:/ /www .jgc301.com; jgc@jgc301.com

(4]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

JOURNAL OF GERIATRIC CARDIOLOGY

Straus SMJM, Kors JA, De Bruin ML, et al. Prolonged
QTc interval and risk of sudden cardiac death in a pop-
ulation of older adults. | Am Coll Cardiol 2006; 47:
362-367.

Zhang Y, Post WS, Blasco-Colmenares E, et al. Electro-
cardiographic QT interval and mortality: a meta-ana-
lysis. Epidemiology. 2011;22: 660-670.

Rabkin S, Szefer E, Thompson DJS. A New QT Interval
Correction Formulae to Adjust for Increases in Heart
Rate. JACC Clin Electrophysiol 2017; 3: 756—766.
Rabkin SW, Cheng X-BJ, Thompson DJS. Detailed ana-
lysis of the impact of age on the QT interval. | Geriatr
Cardiol 2016; 13: 740-748.

Rabkin SW, Cheng XB. Nomenclature, categorization
and usage of Formulae to Adjust QT interval for Heart
Rate. World ] Cardiol 2015; 7: 315-325.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA
2020 statement: an updated guideline for reporting sys-
tematic reviews. BMJ 2021; 327: n71.

Rabkin SW. Assessing myocardial strain and myocardi-
al work as a marker for hypertensive heart disease: a
meta-analysis. Rev Cardiovasc Med 2023; 24: 217.
Ishizaki F, Harada T, Yoshinaga H, et al. [Prolonged
QTc intervals in PD--relation to sudden death and
autonomic dysfunction]. No To Shinkei. 1996;48:
443-448. [Article in Japanese].

Oka H, Mochio S, Sato H, Katayama K. Prolongation of
QTc Interval in Patients with PD. Eur Neurol 1997; 37:
186-189.

Deguchi K, Sasaki I, Tsukaguchi M, et al. Abnormalit-
ies of rate-corrected QT intervals in PD-a comparison
with multiple system atrophy and progressive supranu-
clear palsy. /] Neurol Sci 2002; 199: 31-37.
Sariahmetoglu H, Soysal A, Sen A, et al. Forehead sym-
pathetic skin responses in determining autonomic in-
volvement in PD. Clin Neurophysiol 2014; 125: 2436—
2440.

Piqueras-Flores ], Lopez-Garcia A, Moreno-Reig A, et
al. Structural and functional alterations of the heart in
PD. Neurol Res 2018; 40: 53-61.

Ozturk U, Ozturk O. Index of cardio-electrophysiolo-
gical balance and Parkinson disease. Medicine (Baltim-
ore) 2023; 102: e35075.

Yoo H, Chung SH, Lee C-N, Joo HJ. Deep Learning Al-
gorithm of 12-Lead Electrocardiogram for Parkinson
Disease Screening. | Parkinsons Dis 2023; 13: 71-82.
Malkiewicz JJ, Malkiewicz M, Siuda J. Prevalence of QTc
Prolongation in Patients with PD. Assessment of the Ef-
fects of Drugs, Clinical Risk Factors and Used Correc-
tion Formula. J Clin Med 2021; 10: 1396.

Gibbons CH, Simon DK, Huang M, et al. Autonomic
and electrocardiographic findings in PD. Auton Neur-
o0sci 2017; 205: 93—-98.

Zhong LL, Song YQ, Ju KJ, Chen AN, Cao H. Electro-
cardiogram characteristics of different motor types of
PD. Int ] Gen Med 2021; 14: 1057-1061.

Mochizuki H, Ishii N, Shiomi K, Nakazato M. Clinical
features and electrocardiogram parameters in PD.
Neurol Int2017; 9: 7356.

Rabkin SW. Impact of age and sex on QT prolongation
in patients receiving psychotropics. Can | Psychiatry

863


https://doi.org/10.1002/mds.25945
https://doi.org/10.1056/NEJM199601113340202
https://doi.org/10.1002/mds.20993
https://doi.org/10.1002/mds.20993
https://doi.org/10.1016/j.jacc.2005.08.067
https://doi.org/10.1016/j.jacep.2016.12.005
https://doi.org/10.4330/wjc.v7.i6.315
https://doi.org/10.1159/000117432
https://doi.org/10.1016/S0022-510X(02)00079-5
https://doi.org/10.1016/j.clinph.2014.03.024
https://doi.org/10.1080/01616412.2017.1390933
https://doi.org/10.1097/MD.0000000000035075
https://doi.org/10.1097/MD.0000000000035075
https://doi.org/10.1097/MD.0000000000035075
https://doi.org/10.3233/JPD-223549
https://doi.org/10.1016/j.autneu.2017.04.002
https://doi.org/10.1016/j.autneu.2017.04.002
https://doi.org/10.1016/j.autneu.2017.04.002
https://doi.org/10.2147/IJGM.S296769

JOURNAL OF GERIATRIC CARDIOLOGY

[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

2015;60.

Torres-Yaghi Y, Carwin A, Carolan J, et al. QTc inter-
val prolongation with therapies used to treat patients
with PD psychosis: A Narrative Review. Neuropsychi-
atr Dis Treat 2021; 17: 3791-3818.

Cunnington A-L, Hood K, White L. Outcomes of scr-
eening Parkinson’s patients for QTc prolongation. Par-
kinsonism Relat Disord 2013; 19: 1000—-1003.

Jankovic J. PD: clinical features and diagnosis. /] Neurol
Neurosurg Psychiatry 2008; 79: 368-376.

Dauer W, Przedborski S. PD: mechanisms and models.
Neuron 2003; 39: 889-909.

Maiti P, Manna J, Dunbar GL. Current understanding
of the molecular mechanisms in PD: Targets for poten-
tial treatments. Trans! Neurodegener 2017; 6: 28.
Sharabi Y, Vatine GD, Ashkenazi A. PD outside the
brain: targeting the autonomic nervous system. Lancet
Neurol 2021; 20: 868—876.

Candia-Rivera D, Vidailhet M, Chavez M, De Vico Fal-
lani F. A framework for quantifying the coupling bet-
ween brain connectivity and heartbeat dynamics: In-
sights into the disrupted network physiology in PD.
Hum Brain Mapp 2024; 45: e26668.

Goldstein DS. The “Sick-but-not-Dead” Phenomenon
Applied to Catecholamine Deficiency in Neurodegen-
erative Diseases. Semin Neurol 2020; 40: 502-514.
Magnano AR, Holleran S, Ramakrishnan R, et al. Auto-
nomic nervous system influences on qt interval in nor-
mal subjects. ] Am Coll Cardiol 2002; 39: 1820—1826.
Abildskov JA. Neural mechanisms involved in the reg-

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

RESEARCH ARTICLE

ulation of ventricular repolarization. Eur Heart ] 1985;
6 (Suppl D): S31-S39.

Lee B, Edling C, Ahmad S, et al. Clinical and Non-Clin-
ical Cardiovascular Disease Associated Pathologies in
PD. Int ] Mol Sci 2023; 24: 12601.

Kauppila E, Vanninen E, Kuusela T, et al. Cardiac repo-
larization and striatal dopamine transporter function
are interrelated. Nucl Med Commun 2009; 30: 713-717.
Desimone C 'V, Bos JM, Bos KM, et al. Effects on repolar-
ization using dynamic QT interval monitoring in long-
QT patients following left cardiac sympathetic dener-
vation. | Cardiovasc Electrophysiol 2015; 26: 434—439.
Jain S, Goldstein DS. Cardiovascular dysautonomia in
Parkinson disease: from pathophysiology to pathogen-
esis. Neurobiol Dis 2012; 46: 572—580.

Shibata M, Morita Y, Shimizu T, et al. Cardiac parasy-
mpathetic dysfunction concurrent with cardiac sympat-
hetic denervation in PD. | Neurol Sci 2009; 276: 79—
83.

Del Giorno R, Gabutti S, Troiani C, et al. Association
Between HDL Cholesterol and QTc Interval: A Popula-
tion-Based Epidemiological Study. J Clin Med. 2019;8:
1527.

Klimas J, Kruzliak P, Rabkin SW. Modulation of the QT
interval duration in hypertension with antihypertens-
ive treatment. Hypertens Res 2015; 38: 447—454.
Ninkovic VM, Ninkovic SM, Miloradovic V, et al. Pre-
valence and risk factors for prolonged QT interval and
QT dispersion in patients with type 2 diabetes. Acta
Diabetol 2016; 53: 737—744.

Please cite this article as: Rabkin S W. The QT interval in Parkinson’s disease: a systematic review. | Geriatr Cardiol 2024; 21(9):
855-864. DOI: 10.26599/1671-5411.2024.09.003

864

http:/ /www jgc301.com; jgc@jgc301.com gat


https://doi.org/10.2147/NDT.S324145
https://doi.org/10.2147/NDT.S324145
https://doi.org/10.1016/j.parkreldis.2013.07.001
https://doi.org/10.1016/j.parkreldis.2013.07.001
https://doi.org/10.1136/jnnp.2007.131045
https://doi.org/10.1136/jnnp.2007.131045
https://doi.org/10.1016/S0896-6273(03)00568-3
https://doi.org/10.1186/s40035-017-0099-z
https://doi.org/10.1016/S1474-4422(21)00219-2
https://doi.org/10.1016/S1474-4422(21)00219-2
https://doi.org/10.1002/hbm.26668
https://doi.org/10.1016/S0735-1097(02)01852-1
https://doi.org/10.3390/ijms241612601
https://doi.org/10.1097/MNM.0b013e32832bdc96
https://doi.org/10.1111/jce.12609
https://doi.org/10.1016/j.nbd.2011.10.025
https://doi.org/10.1016/j.jns.2008.09.005
https://doi.org/10.1038/hr.2015.30
https://doi.org/10.1007/s00592-016-0864-y
https://doi.org/10.1007/s00592-016-0864-y

	METHODS
	Statistical Analysis

	RESULTS
	QT in Parkinson′s Disease
	QT Interval and Severity of PD
	Separation of QT Prolonging Drugs and QTc in PD

	DISCUSSION
	DECLARATIONS
	Ethics Approval and Consent to Participate
	Data Availability
	Declaration of Interest
	Funding Support
	AI

	REFERENCES

