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Abstract

Background The use of synthetic cannabinoids (SC) has become a concerning public health issue due to their
potential adverse effects on both physical and mental health. Understanding the effect of cannabis and synthetic
cannabinoids use on kidney functions and creatinine phosphokinase-total (CPK) levels is essential for targeted inter-
vention and patient care.

Methods This cross-sectional study aimed to assess addiction severity using the Addiction Severity Index (ASI)

and kidney functions in 45 patients with SC use disorder and compare them to 45 patients with cannabis use disorder
(CUD). Participants were recruited from the addiction outpatient clinics and inpatient ward of the addiction psychiatry
unit at “Kasr Al Aini Hospital," Cairo University.

Results There was a statistically significant difference between the 2 groups regarding the Addiction Severity Index
domains, where patients with SC use disorder had higher scores in all domains of the ASI.

Regarding kidney functions and CPK-total levels, there was a significant difference in the serum CPK-total level
(p <0.05) between the 2 groups; however, there was no significant difference regarding the other kidney function
tests (serum creatinine, urea, blood urea nitrogen, and estimated glomerular filtration rate).

As for the correlative analysis, there was a significant correlation between some domains of the ASI and the kidney
function tests in both patient groups.

Conclusion Our results strongly suggest that SC may have a more hazardous and detrimental impact on individuals,
encompassing various aspects of addiction severity such as physical health, psychological well-being, social func-
tioning, and overall quality of life. Our findings also highlight the potential risk of elevated CPK-total levels in patients
with SC use disorder; therefore, regular monitoring of kidney function in patients with synthetic cannabinoid use
disorder is crucial for guiding appropriate treatment interventions and mitigating adverse health outcomes.

Keywords Synthetic cannabinoids, Cannabis, Cannabis use disorder, Addiction Severity Index, Kidney functions,
Creatinine phosphokinase

Introduction

Synthetic cannabinoids (SC), also known as “Spice” or
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psychoactive component of cannabis. Unlike THC,
which has only weak partial agonist action at the Can-
nabinoid 1 receptor, most SCs act as full agonists. Con-
sequently, SCs are significantly more potent, with a 4-5
times greater affinity and a potency that ranges from 40
to 660 times higher than THC [1].

Over the past decade, the use of SCs has increased
globally due to their easy accessibility, low cost, and
the misconception that they provide a legal and safer
alternative to cannabis. In the annual statistical analysis
done by the United Nations Office on Drugs and Crime,
the lifetime prevalence of SC use globally ranged from
0.2 to 2.8%, with the highest percentage in Latvia (2.8%
in 2015), Australia (2.8% in 2015), and Chile (2.5% in
2016) [2].

In the recent update of the National Survey for
Addiction in Egypt, cannabis (natural and synthetic)
was one of the most regularly used drugs, where the
prevalence of cannabis use was 3.9% and that of SC use
was 0.2% [3].

The adverse effects of SC consumption have raised
significant concerns among healthcare professionals.
Numerous case reports and small-scale studies have
linked SC use to various psychiatric complications,
including anxiety, panic attacks, agitation, hallucinations,
paranoia, and acute psychotic episodes [4—6].

Apart from psychiatric complications, chronic drug
abuse, including SC, may also exert detrimental effects
on various organ systems, including the kidneys [7]. SC-
related acute kidney injury is a growing public health
concern.

In a recent systematic review examining instances of
acute kidney injury (AKI) among users of SCs, research-
ers found a total of 55 reported cases. The causes of SC-
related AKI were primarily attributed to acute tubular
damage, acute tubulointerstitial nephritis, and acute
interstitial nephritis, with decreasing frequency of occur-
rence [8]. However, the impact of chronic SC use on kid-
ney function and its comparison to cannabis use disorder
patients have not been comprehensively investigated.

Considering the growing prevalence of SC use and its
potential harmful effects, assessing kidney function in SC
use disorder patients is essential for understanding the
overall health implications of SC consumption.

In this study, we hypothesized that regular SC use
might cause kidney injury (elevation in renal function
tests; blood urea nitrogen, urea, creatinine, estimated
glomerular filtration rate (eGFR), and CPK-total). The
work aims to assess addiction severity using the Addic-
tion Severity Index and to measure kidney functions and
CPK-total in patients with SC use disorder and those
with cannabis use disorder and to assess the correlation
between kidney functions and addiction severity.
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Methods

Study design

A cross-sectional study was conducted at the Addiction
Psychiatry Unit of the Psychiatry Department at Kasr Al
Aini Hospital, School of Medicine, Cairo University. The
study utilized a convenient sample of individuals diag-
nosed with cannabis use disorder and SC use disorder.
Data collection took place between December 2021 and
December 2022.

Participants

The study included 90 participants, divided into two
groups. Group I consisted of 45 individuals aged 18 to
35, who met the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) criteria for SC
use disorder as their primary addictive substance. Group
II comprised 45 individuals aged 18 to 35, who met the
DSM-5 criteria for cannabis use disorder as their primary
addictive substance.

Patients with chronic medical conditions such as car-
diac, hepatic, renal, and neurological diseases were
excluded from the study. Uncorrected visual and hearing
impairments were also excluded.

Patients with positive urine drug screening for sub-
stances other than the main substance (using ABON
Multi-Drug One Strip Screen Test Panel) were excluded
as well.

Before participating in the research, each participant
was required to complete and provide written informed
consent.

Procedure

Recruitment began in December 2021 in the Addiction
Psychiatry inpatient unit and outpatient clinic of Kasr Al
Ainy Psychiatry and Addiction Hospital.

Once consent was obtained, a urine sample was col-
lected for urine toxicology screening. Participants who
tested positive for substances other than the main sub-
stance of each group were excluded.

Patients with SC use disorder who tested negative for
SCs but reported regular use were not included in the
study. Only those who tested positive were included.

Clinical interviews (including detailed substance his-
tory) and tests lasted between 60 to 90 min, with breaks
allowed as needed. Some subjects required two sessions
to complete the interview.

After the interview, blood samples were collected from
participants with their consent.

The recruitment phase ended in December 2022.

Ethical approval
The proposal was approved by the Scientific and Ethi-
cal Committee of the Department of Psychiatry at Kasr
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Al-Ainy in September 2021. Subsequently, the research
received approval from the Ethical Committee of Cairo
University in October 2021 (Registration number:
MD-298-2021).

Measures

Psychometric tools

(1) Structured Clinical Interview for DSM IV-TR Axis I
Disorders (SCID I) [9]: Arabic version[10].

The SCID is a diagnostic interview designed for use by
mental health professionals to evaluate thirty-three psy-
chiatric disorders outlined in the fourth edition of the
DSM-1V by the American Psychiatric Association (APA).
In this study, the SCID I was used to confirm the diagno-
sis of substance dependence.

(2) Addiction Severity Index (ASI) version 5 [11], Ara-
bic Version [12].

The ASI is a semi-structured interview that provides
a comprehensive assessment of the challenges faced
by individuals with substance use disorders. It con-
sists of seven subscales, designed to measure the sever-
ity of issues across various domains, including medical,
employment, alcohol and drug use, legal, family/social,
and psychiatric problems.

Laboratory investigations

Urine drug screen

Urine samples were collected from all subjects at the time
of assessment, and tested for the presence of SCs (Strox),
tramadol, morphine, amphetamine, barbiturates, benzo-
diazepines, and cannabis using ABON Multi-Drug (One
Strip Screen Test Panel and ABON SCs Strip Screen Test
Panel (Urine), Product by: ABON Bio pharm (Hangzhou)
Co., Ltd.).

Blood tests

Three milliliters of venous blood was drawn into a ster-
ile, properly labeled tube. After collection, the blood
was allowed to clot, followed by centrifugation at 3000
rpm for 10 min. The resulting serum was then carefully
extracted and stored at—20 °C until ready for assay. The
following investigations will be measured:

— Serum urea, blood urea nitrogen, creatinine.
— Creatinine phosphokinase-total.

Based on the results of the blood investigations, the
estimated glomerular filtration rate was calculated using
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) Eq[13].
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Statistical analysis

The data underwent coding and entry using the Statis-
tical Package for the Social Sciences (SPSS) version 25
(IBM Corp., Armonk, NY, USA). Quantitative data were
summarized using mean, standard deviation, median,
minimum, and maximum values, while categorical data
were summarized using frequency (count) and relative
frequency (percentage).

Comparisons between quantitative variables were con-
ducted using the non-parametric Kruskal-Wallis and
Mann-Whitney tests [14]. For comparing categorical
data, the chi-square (y[1]) test was employed, with the
exact test being utilized when the expected frequency
was less than 5 [15].

Correlations between quantitative variables were
assessed using the Spearman correlation coefficient [16].
A significance level of p <0.05 was adopted to determine
statistical significance.

Results
The participants in both groups were matched regarding
age, education, occupation, marital status, and residency.
As for the substance data, the age of onset of substance
use in patients with SC use disorder was 22.6+4.5 years,
with a total duration of use of 3.5+2.4 years. For those
with cannabis use disorder, the age of onset was 17.8 +2.5
years, with a total duration of use of 11.5+5.6 years. The
average dose of SC used per day was 5+ 2.6 cigarettes as
reported by patients in the SC group while the average
dose of cannabis was 3+ 1.5 cigarettes in the cannabis
group. There was a significant difference between the two
groups regarding these parameters (p-value <0.001, < 0.00
1,<0.001, respectively) (Table 1).

Table 1 Substance use data among both groups

Group | Group Il P-value

SC group Cannabis

N=45 group

N=45

Mean +SD Mean =*SD
Age of onset 226 45 178 25 <0.001*
Duration of use/years 35 24 115 56 <0001*
Dose (average) (no. of ciga- 5 26 3 15 <0.001*

rettes)

* P-value <0.05 is significant

Regarding the Addiction Severity Index, Table 2
shows a significant difference in the 7 domains (medical,
employment status, drug abuse, legal status, family status,
family history, and psychiatric illness) of the ASI between
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both groups (p=<0.001, 0.005, 0.005,<0.001,<0.001,
0.002, and 0.008, respectively).

Table 3 indicates no significant difference in kidney
function tests between the two groups, including serum
urea level, serum creatinine level, blood urea nitrogen,
and estimated glomerular filtration rate.

Additionally, Table 3 shows a significant difference in
creatinine phosphokinase-total (CPK) levels between the
two groups (p-value=0.009). However, most of the CPK-
total measurements in both groups were within the nor-
mal range, apart from one finding in the SC group that
was 6795 U/L and was excluded from the data analysis
as it would have highly affected the mean value of the
results.

To better analyze the difference in the CPK-total lev-
els in patients with SC use disorder, Table 4 is created. It
shows that 86.7% of patients had a CPK-total level within
the normal laboratory range (0 to 191). However, 13.3%
of patients had values above the normal range, with one
case reaching an extreme value of 6795.

Table 2 Addiction Severity Index in patients with synthetic
cannabinoids use disorder (group I) compared to patients with
cannabis use disorder (group I)

Group | Group Il P-value

SC group Cannabis group

N=45 N=45

Mean +SD Mean +SD
Medical 4.022 222 18667 2117 <0.001*
Employment status  5.756 21014 4422 2.251 0.005*
Drug abuse domain  7.133 1659 5889 23665  0.005*
Legal status 2622 3.505 0.400 1.175 <0.001*
Family status 6.689 1.7558 4.6889 2.1828 <0.001*
Family history 3.244 1.747 1911 2.224 0.002*
Psychiatric illness 55778 19597 4133 295112 0.008*

" P-value < 0.05 is significant
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Table 4 The range of CPK levels in patients with synthetic
cannabinoid use disorder

Range of CPK No. of patients %
0to 191 39 86.7%
191 to 1000 5 11.1%
Above 1000 1 2.2%
Total 45 100%

In Table 5, which examines the correlation between
kidney functions and Addiction Severity Index domains
in both patient groups, a positive correlation was found
between the family status domain, psychiatric ill-
ness domain, and urea levels (p-value=0.004, 0.012,
respectively). Additionally, a positive correlation was
observed between the family status domain, psychiat-
ric comorbidity domain, and blood urea nitrogen lev-
els (p-value=0.004, 0.012, respectively). Furthermore,
a positive correlation was noted between the substance
domain and CPK-total levels (p-value=0.025) (Fig. 1),
along with a negative correlation between the employ-
ment status domain and eGFR (p-value =0.041).

Table 6 explores the correlation between substance use
data and kidney functions in patients with SC use disor-
der. It revealed a significant negative correlation between
the age of onset of SC use and the eGFR (p-value < 0.000)
(Fig. 2). Moreover, a significant positive correlation was
found between the duration of SC use and CPK-total lev-
els (p-value=0.048) (Fig. 3). Additionally, a significant
positive correlation was observed between the average
number of SC cigarettes, and creatinine level (Fig. 4) as
well as a negative correlation between the average num-
ber of cigarettes and the eGFR (p-value=0.011, 0.003,
respectively).

Table 3 Kidney function tests and creatinine phosphokinase-total in both groups

Group | Group Il P-value

SC group Cannabis group

N=45 N=45

Mean +SD Min  Max Mean +SD Min  Max
Serum urea level Mg/dl (normal range = 15-45) 23.20 6.51 13 40 2253 6.16 8 36 0619
Serum creatinine level Mg/dl (normal range=0.7-1.3) 0.871 01203 066 113 0.829 0199 048 1.25 0.226
Blood urea nitrogen level Mg/dl (normal range =6-24) 10.824 3038 607 1867 10.521 2875 373 1680 0629
Creatinine phosphokinase-total U/L (normal range=46-171)  137.84 70239 60 510 106.889 32857 24 174 0.009*
Estimated glomerular filtration rate (mL/min/1.73m[1]) (nor- 118178 17103 86 192 117422 18273 78 149 0.840

mal >90 or 60> 90)

" P-value < 0.05 is significant
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Table 5 The correlation between kidney functions and Addiction Severity Index domains in both patient groups
Patient ASI score Kidney function tests
Urea Creatinine BUN CPK eGFR
Medical R -0.079 0.082 -0.078 —0.065 -0.037
P-value 0461 0.445 0467 0.544 0.731
Employment R 0.125 0123 0.125 0.151 -0.216
P-value 0.241 0.247 0.240 0.158 0.041*
Substance domain R 0.166 0.167 0.167 0.237 —0.058
P-value 0.118 0.115 0.116 0.025*% 0.588
Legal status R 0.025 -0.016 0.025 0.302 -0.075
P-value 0.813 0.880 0.814 0464 0482
Family status R 0.304 0.156 0.303 0.158 —0.054
P-value 0.004* 0.142 0.004* 0.140 0.610
Family history R 0.045 0.080 0.046 0.036 -0.011
P-value 0.675 0455 0.669 0.738 0917
Psychiatric illness R 0.263 0.052 0.263 0.021 —0.004
P-value 0.012* 0.625 0.012* 0.845 0.973

" P-value < 0.05 is significant
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Fig. 1 The correlation between serum CPK and ASI substance use domain

Discussion

The purpose of the current study was to assess addic-
tion severity using ASI and measure renal functions, and
CPK-total in patients with SC use disorder in comparison
to patients with cannabis use disorder.

Substance use data
Table 1 shows that patients with synthetic cannabi-
noid use disorder consumed a significantly higher dose

compared to those with cannabis use disorder. Note-
worthy, the average daily dose of the main substance was
approximately measured using the number of cigarettes
(containing the main substance) smoked as reported by
patients, as it was difficult to calculate the precise dose
retrospectively. However, this finding can be explained
by the high affinity of synthetic cannabinoids for can-
nabinoid receptors, its higher potency, severe withdrawal
symptoms, shorter duration, and peak earlier which ren-
der it more addictive when compared to cannabis [1, 17].
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Table 6 The correlation between substance use data and kidney function tests in patients with synthetic cannabinoids
Patient substance use data Kidney function tests
Urea Creatinine BUN CPK eGFR
Age of onset R -1 186 -.110 090 —-.597
P-value 466 222 470 561 .000*
Duration of use R 086 —.081 087 .300 —.125
P-value 575 .598 .568 048* 413
Average dose (number of ciga- R 083 375 082 —-.027 — 437
rettes per day) P-value 588 011 593 864 003*

" P-value <0.05 is significant
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Fig. 2 The correlation between the average no. of SC cigarettes per day and the eGFR

Addiction severity index

Table 2 shows a statistically significant difference
between the SC group and the cannabis group in terms
of the 7 domains of the ASI. The greater addiction sever-
ity observed in patients with SC use disorder may be
attributed to several factors. SCs are known for their high
potency and unpredictable effects on the central nervous
system, which can lead to more intense and dysregulated
substance use patterns.

Patients with SC use disorder exhibited more severe
scores in the medical status domain compared to those
with cannabis use disorder. The medical problems
reported by patients in the SC group ranged from intoxi-
cation symptoms to lack of physical fitness and easy
fatiguability; however, no chronic illnesses or hospitaliza-
tions for medical reasons were reported by either group.

Our findings are consistent with previous research
that concluded SC had more medical complications,

including seizures, cardiovascular events, acute kidney
injuries, and hypokalemia, compared to natural cannabis
users [17-19].

Secondly, in terms of the employment subscale of
the ASI, most patients in the SC group had moder-
ate to severe occupational problems, ranging up to los-
ing their jobs. This may indicate the negative effects of
SC on work performance. Currently employed subjects
reported problems ranging from warnings of termination
to issues with absenteeism. However, most patients with
cannabis use disorder had mild to moderate occupational
problems.

These findings are also consistent with studies show-
ing that drug use can impact not only employment prob-
ability but also the quality and sustainability of work [20].
Substance use problems affect work in many ways, espe-
cially an individual’s cognition and their relationships
with their coworkers [21]. Another study on 166 male SC
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users found that the unemployment rate among SC users
was 40.4% [22] indicating that individuals using SCs may
face challenges in maintaining stable employment and
have limited social support systems.

Thirdly, in the legal problem subscale of the ASI,
all patients in this study faced legal issues. In the SC

group, 64.4% of patients had mild legal problems,
while the rest had problems ranging from moder-
ate to severe (35.6%). In the cannabis group, 89% had
mild legal problems. The majority of the legal issues
reported were linked to aggressive behavior towards
others, including family members or neighbors, as well
as engaging in theft to acquire funds for purchasing the
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substance. Additionally, possessing an illegal substance
was a common legal problem reported by participants.

These findings align with previous research by Oznur
et al., who discovered that one in every three SC users
encountered legal problems and resorted to illegal
actions to obtain SCs [22]. Similarly, another study noted
that SC users faced a higher prevalence of legal issues
compared to users of other substances, suggesting that
criminal records could serve as an indicator for predict-
ing SC use [23].

Furthermore, in the family history subscale of the ASI,
the majority of patients with SC use disorder (86.7%)
had a positive family history of substance use compared
to 55.6% of the cannabis use disorder group. The posi-
tive family history of substance use can be explained
by genetic factors, learned behavioral patterns, and the
availability of the substance [24].

Additionally, the results of the family/social domain
of the ASI in this study showed that more than a quar-
ter (37.8%) of patients with SC use disorder had severe
social problems, while the rest had social problems rang-
ing from mild to moderate. In the cannabis group, the
majority of cases had social problems ranging from mild
to moderate. This indicates that both cannabis and SCs
have a negative effect on the social function of patients.
However, SC use may lead to behavioral changes and
strained family dynamics, contributing to a more detri-
mental impact on social relationships.

In Egypt, addiction carries a social stigma that not only
affects those who suffer from it but also extends to their
families. Egyptian culture values strong family ties, which
means that addiction-related issues, such as drug-seeking
behaviors, occupational struggles, and marital conflicts,
have significant impacts on the families of those affected
[25].

Regarding the psychiatric status of the ASI, all patients
in the study had psychiatric problems ranging from mild
to severe. However, 95.6% of patients with SC use disor-
der reported moderate to severe psychiatric problems,
compared to patients with cannabis use disorder, where
24.4% had mild psychiatric problems and 40% had mod-
erate psychiatric problems. The potent effects of SCs on
the central nervous system may contribute to the devel-
opment or exacerbation of psychiatric disorders.

These results align with previous research that has
highlighted the psychiatric effects and comorbidities
associated with SC use, showing the frequency of these
effects is higher compared to those with cannabis use [4].

Kidney function tests

Regarding kidney functions, our initial hypothesis pos-
ited that SCs would negatively impact kidney function
and increase CPK-total levels. However, our findings in
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Table 3 revealed that kidney functions were within the
normal range in both groups with no significant differ-
ence. Interestingly, patients with SC use disorder exhib-
ited slightly elevated CPK-total levels compared to those
with CUD.

Several factors might explain the absence of observed
kidney dysfunction in our study. First, the sample size
may have been too small to detect significant differences
in kidney function between the groups. Additionally, the
duration and dosage of SC use among our participants
might not have been sufficient to induce detectable renal
changes. Furthermore, the variability in SC compounds,
each with different pharmacological properties, could
contribute to inconsistent outcomes across studies.

There are limited studies in the literature exploring the
effects of chronic SC use on kidney functions. A study
on the clinical characteristics of SC users in Upper Egypt
found that 4% of the study population had elevated urea
and creatinine levels [26]. Additionally, there are multiple
case reports and case series documenting acute kidney
injuries induced by SC intoxication [7, 8, 27-30]. While
the exact mechanism of kidney damage remains unclear,
nephrotoxicity seems to be the most likely cause of AKI
associated with SCs.

Moreover, recent studies on the impact of long-term
cannabis use on kidney functions demonstrated that can-
nabis does not affect kidney functions in patients without
CKD [31, 32], but it was linked to a faster annual eGFR
decline among participants with CKD [32].

Creatinine phosphokinase-total levels

It is important to note that CPK-total is not a specific test
for kidney affection, as it can indicate either muscle dam-
age or heart or brain injury [33]. However, in the con-
text of SC use, elevated CPK-total level is probably due
to muscle damage which may occur due to various fac-
tors such as seizures, agitation, and muscle rigidity [8],
potentially leading to kidney damage. Our results align
with multiple case reports of AKI due to rhabdomyolysis
[29, 30], along with clinical experience of 2 cases of AKI
due to SC use in the Addiction Psychiatry Unit in Kasr Al
Aini Hospital (awaiting publication).

Correlation between kidney functions and Addiction
Severity Index domains

In Table 5, the observed correlation between the domains
of the ASI and the different kidney functions might sug-
gest that individuals with more severe addiction-related
challenges might also experience greater physical strain
and potential muscle damage, as indicated by elevated
CPK-total levels. It might also reflect that the more
severe the domains of the addiction, the more physical
health impairment might occur.



Hamimy et al. Middle East Current Psychiatry (2024) 31:53

According to our knowledge, there were no previous
studies that examined the correlation between addic-
tion severity, substance use data, and kidney functions
in patients with SC use disorder. However, exposure to
SCs has been described in various reports from poison
centers and information services, as well as in a recent
review of cases and reports identified in the literature.
These sources indicate a predominance of neurological
(37%), psychiatric (25.6%), cardiorespiratory (44.1%), and
gastrointestinal (13.2%) effects, with varying degrees of
severity [7, 34], in addition to renal affection and multiple
case reports that linked acute kidney injury and SC intox-
ication [8]. Most of these effects were not life-threatening
and generally resolved within 8 h with conventional sup-
portive care [35]. However, compared to cannabis, expo-
sure to SCs appears to result in more severe outcomes.

Limitations

One limitation of the study is the cross-sectional study
design, which does not allow for establishing a definite
temporal relationship between substance use disorders
and kidney function impairment. This highlights the
importance of future longitudinal studies to establish a
temporal relationship.

Conclusion

To conclude, this study showed that patients with SC use
disorder exhibited elevated CPK-total levels compared to
those with cannabis use disorder. This observation points
to the potential impact of SCs on kidney function.

The study also revealed that patients with SC use dis-
order had higher scores in all domains of the Addiction
Severity Index than those with cannabis use disorder.
This strongly suggests that SCs may have a more hazard-
ous and detrimental impact on individuals, encompass-
ing various aspects of addiction severity such as physical
health, psychological well-being, social functioning, and
overall quality of life.

Additionally, the study showed significant correlations
between some domains of the ASI and the kidney func-
tion tests in both patient groups. This further highlights
the hazardous impact of using cannabis and SCs on kid-
ney functions.

In light of this research, it is recommended to screen
for kidney functions and CPK-total levels in patients with
SC use disorder, and it is also recommended to further
study the physical and psychiatric hazards of both SC use
and cannabis use on a multicenter level.
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