Original Paper

Medical Principles
and Practice

Med Princ Pract 2016;25:483-487
DOI: 10.1159/000447516

Received: July 21, 2015
Accepted: June 9, 2016
Published online: June 10,2016

The Effect of Synthetic Cannabinoids on
P-Wave Dispersion: An Observational

Study

Esra Aydin Sunbul® Murat Sunbul® Ayse Terzi® Sumeyye Calli® Esra Koca®

Rabia Bilici® Serhat Citak®

2Department of Psychiatry, Erenkoy Training and Research Hospital for Psychiatric and Neurological Disorders, and
bDepartment of Cardiology, Faculty of Medicine, Marmara University, Istanbul, Turkey

Key Words
Cardiovascular risk - P-wave dispersion - Synthetic
cannabinoids

Abstract

Objective: The aim of this study was to investigate the effect
of synthetic cannabinoids (SC) on P-wave dispersion (PD) in
patients who consume SC. Materials and Methods: The
study population included 72 patients who consumed SC
and 36 age- and sex-matched healthy controls. The severity
of addiction was detected using the addiction profile index
(BAPI). The PD was measured by 12-lead ECG obtained upon
admission to hospital. Statistical analyses were performed
using the SPSS v20.0 statistical software package. Results:
The mean age of the patients and controls was 26.9 + 7.0
and 26.3 £ 6.5 years, respectively. Mean duration of SC con-
sumption was 1.7 £+ 0.7 years. Mean BAPI score of patients
who consumed SC was 12.8 + 3.4. Patients who consumed
SC had a significantly higher PD value than controls (37.7 +
11.5vs.30.6 + 6.4 ms, p < 0.001). The BAPI score was signifi-
cantly correlated with PD value (r = 0.675, p < 0.001). In the
linear regression model that included PD value, age and
heart rate, PD value was significantly and independently cor-

related with BAPI score (r? of the model = 0.339; p < 0.001).
Conclusions: In this study, patients who consumed SC had
significantly higher PD values than controls, and the BAPI
score correlated with the PD value. Hence SC consumption
could lead to an increased risk of cardiovascular disease
through prolonged PD. We recommend the use of the sim-
ple and inexpensive ECG to assess cardiovascular risk in pa-
tients who consume SC. ©2016 S. Karger AG, Basel

Introduction

Synthetic cannabinoids (SC) are manufactured in
clandestine laboratories and sprayed on dried plant ma-
terials [1]. They were first marketed as a legal cannabis
alternative in Europe in the early 2000s. SC consist of
various chemical groups and subgroups. Due to struc-
tural diversity and similarity, laboratories have problems
identifying the different compounds of the synthesized
cannabinoid. Therefore, evaluation of the clinical effects
of SC is difficult because of the unidentified substances
contained in the SC. SC interact with the 2 subtypes of
cannabinoid receptors, CB1 and CB2. The CB1 recep-
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tors are mainly expressed in the central and peripheral
nervous systems, bone, heart, liver, lung, vascular tree
and urogenital system, while CB2 receptors are mainly
expressed in the immune system and central nervous
system [1]. Due to a varying degree of affinity to these
receptors, clinical effects are changeable. Although a few
SC are structurally related to A9-tetrahydrocannabinol,
the primary psychoactive component of cannabis, other
SC belong to different chemical subgroups [1]. SC are
cheaper and more easily available than other cannabi-
noids, and their popularity has increased due to their
intense psychoactive effects and the lack of detectability
in routine urine drug tests [1]. Hence SC consumption
has become widespread, despite increased law enforce-
ment and regulatory control measures [1]. Epidemio-
logical data suggest that the majority of SC users are
young adults who perceive SC as safer than noncannabi-
noid drugs [2].

The consumption of products containing SC may
lead to serious adverse effects [3]. Previous studies show
that psychiatric disorders may also lead to an increased
risk of cardiovascular disease (CVD) [4-6]. There is a
bidirectional relationship between CVD and depressive
disorders [7]. Dysregulation of the autonomic nervous
system is an important mechanism for this relationship
[8,9]. Decreased heart rate variability and nondipper hy-
pertension may lead to deterioration in the autonomic
nervous system that includes increased sympathetic ef-
fect and abnormal parasympathetic activity, which may
be the cause of increased risk of CVD [8, 9].

P-wave dispersion (PD), defined as the time differ-
ence between the maximum and minimum of the P-
wave on 12-lead electrocardiography (ECG), is a nonin-
vasive method of disorganized atrial repolarization. It
was proposed to be used as a predictor of the increased
risk of CVD [10, 11]. Previous studies show that PD is
associated with psychiatric disorders including hypo-
chondriasis, depression and panic disorder [12-14].Ina
meta-analysis of PD values in healthy individuals, it was
demonstrated that the mean PD value is 33.46 + 9.65 ms
[15]. A previous study demonstrated that PD values of
>40 ms were found to be correlated with atrial fibrilla-
tion, with a sensitivity of 74-83% and specificity of 81-
85% [16]. Previous studies have shown SC may lead to
increased risk of rhythm abnormalities [17, 18]. There-
fore, we hypothesized that SC could affect the ECG indi-
ces and PD might be one of the causes of rhythm abnor-
malities in these patients. Hence, the aim of this study
was to investigate the effect of SC on PD in patients who
consume SC.

484 Med Princ Pract 2016;25:483-487

DOI: 10.1159/000447516

Materials and Methods

Study Population

Eighty patients were initially enrolled in this study. The person-
ally reported use of SC and/or in whom SC was detected in urine
screening tests at the Erenkoy Mental and Neurological Diseases
Training and Research Hospital. Sociodemographic data were col-
lected using a questionnaire.

Exclusion criteria were: underlying cardiac conditions, abnor-
mal ECG findings and consumption of psychotropic drugs or other
medications that may interfere with an ECG test. Five patients were
excluded because they took psychotropic drugs, and 3 had abnor-
mal ECG findings. The remaining 72 patients were included in the
study; 55 were single, 17 were married and 70 had graduated from
primary school. The control group included 36 healthy age- and
sex-matched volunteers. The investigation complied with the prin-
ciples outlined in the Declaration of Helsinki. The study was ap-
proved by the Institutional Ethics Committee and written informed
consent was obtained from all the participants. Physical examina-
tion findings, medical history data and resting 12-lead ECGs were
obtained from all members of the study population. Laboratory
findings in the medical records of the patients including glucose,
creatinine, total cholesterol, low-density lipoprotein and thyroid-
stimulating hormone levels in the last 2 weeks before enrolment
were also used. PD was measured by 12-lead ECG obtained upon
hospital admission. A single experienced cardiologist (M.S.) who
was unaware of the particular group evaluated the ECG records.

Addiction Profile Index

The severity of addiction was detected using the addiction pro-
file index (BAPI) score. BAPI was validated by Ogel et al. [19] in
2012. The BAPI has 37 items and 5 subscales including the char-
acteristics substance use, diagnosis, effect on daily life, craving se-
verity and motivation. Total BAPI score was calculated as de-
scribed previously [19]. The cut-off point of the BAPI score is 10.7.
A score <12 shows a low level of addiction, 12-14 shows a moder-
ate level of addiction and >14 shows a high level of addiction.

ECG Measurements

Following a resting period of 20 min, 12-lead ECG was record-
ed in supine position at a paper speed of 50 mm/s and an amplitude
of 20 mm/mV using a Nikon Kohden ECG device (Japan). The on-
set of P-wave was defined as the point of first downward departure
from the top of the baseline for negative waves. The return to the
baseline of the bottom of the trace was considered to be the end of
the P-wave. The difference between the maximum and minimum
P-wave duration calculated from any derivation of the 12-lead ECG
was defined as the PD (PD = Pmaximum - Pminimum) [20].

Statistical Analysis

Statistical analyses were performed using the SPSS v20.0 statis-
tical software package. Continuous data are expressed as mean +
standard deviation while categorical data are presented as number
and percentage of patients. The x* test and the Fisher exact test
were used for the comparison of categorical variables while the
Student t test or the Mann-Whitney U test were used to compare
parametric and nonparametric continuous variables, respectively.
Correlation analysis was performed using the Spearman correla-
tion test. Linear regression analyses were performed to determine
the predictors of BAPI score. A value of p < 0.05 was considered
statistically significant.
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Table 1. Sociodemographic data and clinical parameters of pa-
tients and controls

Patients Controls Normal

(n=72) (n=36) range
Age, years 26.9£7.0 26.3£6.5 -
Gender, male 72 36 -
Married 17 8 -
Not married 55 28 -
Working status 45 26 -
Completed primary school 70 36 -
Duration of SC use, years 1.7+0.7 - -
BAPI score 12.8+3.4 - -
Glucose, mg/dl 91.9+13.6 94.5+£17.3 65-110
Creatinine, mg/dl 0.82+0.10 0.81+0.11 0-1.2
Total cholesterol, mg/dl 170.0£30.7  174.2+36.1 80-200
LDL, mg/dl 104.6+28.2 103.9£35.5 0-140
TSH, mIU/ml 1.24+0.83 1.63+0.67 0.34-5.60

Values are expressed as n or means + SD. LDL = Low-density lipopro-
tein; TSH = thyroid-stimulating hormone.

Table 2. ECG parameters of the study population

Patients Controls p value
(n=72) (n=36)
Heart rate, beats/min 71.3+12.7 71.848.3 0.325
P maximum, ms 91.3+12.4 90.7+9.4 0.729
P minimum, ms 53.5+12.4 60.1+11.4 0.009
PD, ms 37.7+11.5 30.6+6.4 0.001

Table 3. Linear regression analysis to determine the independent
predictors of BAPI score

B t p value
PD, ms 0.581 5.650 <0.001
Age, years -0.055 -0.506 0.615
Heart rate, beats/min 0.092 0.842 0.403
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Fig. 1. PD significantly correlated with BAPI in patients who con-
sumed SC.

Results

The mean age of the patients and the controls was 26.9
+ 7.0 and 26.3 + 6.5 years, respectively. Sociodemograph-
ic data and clinical parameters of patients who consumed
SC and controls are shown in table 1. These data were
similar in the 2 groups. Mean duration of use of SC was

Synthetic Cannabinoids and P-Wave
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1.7 £ 0.7 years. The mean BAPI score of the study popula-
tion was 12.8 + 3.4. The laboratory measurements are
shown in table 1. Alllaboratory measurements were with-
in the normal range.

The ECG findings of the study population are given in
table 2. Heart rate was similar in the 2 groups. Patients
who consume SC have a significantly higher PD value
than controls (37.7 £ 11.5 vs. 30.6 £ 6.4 ms, p < 0.001).
Correlation analysis revealed that BAPI score was signif-
icantly correlated with PD value (r = 0.675, p < 0.001;
fig. 1). Linear regression analysis was performed to deter-
mine the predictors of BAPI score of patients who con-
sumed SC (table 3) and showed that out of PD value, age
and heart rate, PD value was significantly and indepen-
dently correlated with BAPI score (r* of the model =
0.339; p < 0.001).

Discussion

In this study, the patients who consumed SC had sig-
nificantly higher PD than healthy controls and PD was
significantly correlated with BAPI score. Furthermore,
the PD value was an independent predictor of BAPI score
in patients who consumed SC.

Due to the increased risk of CVD in patients who con-
sume SC, numerous clinical studies have been performed
[2, 3, 17, 18]. As a result of these studies, an increased
proportion of young patients who consume SC contact
the emergency services. In this study, patients who con-
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sumed SC were young (mean age: 26.9 * 7.0 years), simi-
lar to previous reports [2]. Although the most frequently
reported adverse clinical effect is tachycardia in young
patients who consume SC [3], the mean heart rate in our
study population was 71.3 + 12.7 beats/min. In a recent
study, Clark et al. [17] proposed that A9-tetrahydrocan-
nabinol could cause an increase in sympathetic activity
and leads to tachycardia at low or moderate doses of SC.
Therefore, the tachycardia response and increased cate-
cholamine concentrations could cause proarrhythmic
abnormalities as well as increase the myocardial oxygen
demand. In contrast, A9-tetrahydrocannabinol can also
result in increased parasympathetic activity at higher dos-
es of SC and cause hypotension and bradycardia [21].
Therefore, decreased coronary flow may contribute to
myocardial ischemia. Harris and Brown [18] reported
that SC might cause severe tachycardia and lead to serious
health care conditions requiring evaluation in the emer-
gency department [18]. Only 1 patient had tachycardia
(102 beats/min) and 7 had bradycardia (minimum: 51
beats/min and maximum: 58 beats/min) in our study
population. An absence of tachycardia and/or bradycar-
dia may not exclude the adverse clinical effects of SC on
the cardiovascular system. Although SC leads to proar-
rhythmic abnormalities, there is no clinical parameter to
predict these abnormalities. Therefore, novel clinical pa-
rameters may be required to predict the effects of SC on
the cardiovascular system.

We originally suggested the possible effect of SC on
ECG parameters and then designed this study. We have
found that the patients who consumed SC had signifi-
cantly higher PD value than healthy controls. Therefore,
our results demonstrated that SC may lead to an increased
risk of CVD through prolongation of the PD. Due to the
evaluation of the PD being less expensive and more wide-
ly available than other diagnostic modalities, clinicians
rely upon it for the differential diagnosis of CVD. Previ-
ous studies had shown that PD is a noninvasive ECG
marker that can be used to determine the increased risk
of atrial fibrillation [22]. Increased PD has been reported
in several clinical settings such as coronary artery disease,
hypertension, chronic renal disease, hypertrophic cardio-
myopathy, depression, heart failure, preeclampsia and
metabolic syndrome [12, 13, 16, 23-27]. Although there
are several pathways for the prolongation of PD, the main
mechanism observed in our patients was thought to be
due to structural and electrophysiological changes in the
atrial myocardium. There are several explanations for our
results on ECG. Increased P-wave duration may be asso-
ciated with altered autonomic control [28, 29]. While the
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acute effect of SC may lead to sympathetic hyper-activa-
tion, their long-term use may trigger the parasympathet-
ic system. Considering the effect of SC on the autonomic
nervous system, their consumption may be one of the
causes of increased PD. Addiction and withdrawal syn-
dromes may also be a reason for increased PD [30].

In our study, although all laboratory parameters were
within the normal range for the study population, de-
tailed medical histories revealed the usage of SC. We did
not validate the usage of SC with urine and/or blood tests.
Although routine urine and blood samples are required
for differential diagnosis in patients who consume SC,
they are not enough for the diagnosis of SC consumption.
Therefore, obtaining a detailed medical history and giv-
ing more attention to environmental factors are impor-
tant methods for true diagnosis. In agreement with the
literature [1, 3], patients who consumed SC had a low
education level and the majority were also single. There-
fore, lack of social support could contribute to the of drug
abuse.

The limitations of this study were the small sample size
and cross-sectional design. Lack of follow-up prospec-
tively and the usage of SC should be validated by novel
urine tests. We recommend a larger population sample to
confirm these findings.

Conclusions

In this study, patients who consumed SC had signifi-
cantly higher PD values than controls, and the BAPI score
correlated with PD value. Furthermore, the PD value was
an independent predictor of BAPI score. Hence SC con-
sumption could lead to an increased risk of CVD through
prolonged PD. We recommend the use of the simple and
inexpensive ECG to assess cardiovascular risk in patients
who consume SC.
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