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Introduction: Opium dependence is a significant health concern in low
and middle-income countries, leading to a considerable number of deaths
annually. Opium has several detrimental effects on its consumers. Data
regarding the impact of opium on stroke are controversial. The objective of this
study is to evaluate the association between opium dependence and stroke.

Methods: | conducted a systematic search based on Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to evaluate the
association between opium dependence and stroke. Following the extraction
of qualitative findings from included studies, a meta-analysis was performed
to assess the pooled estimate of odds ratios (ORs).

Results: Eight and four studies were included in qualitative and quantitative
synthesis, respectively. Opium dependence increases the hazard of stroke
mortality. Also, opium increases the odds of ischemic stroke by 127% (pooled
OR =2.27,95% Cl: 1.47-3.07).

Conclusion: Opium not only merely increases the odds of being diagnosed
with ischemic stroke but also leads to a notable increase in the mortality rate
following stroke.

stroke, cerebrovascular, opium, Papaver somniferum, ischemic

Introduction

Opium (Lachryma papaveris) abuse has led to 1,000’s of deaths annually. It is
estimated that about 30 million people are addicted to opium or its derivatives (1). Not
merely, these people are at increased risk of multiple diseases (2), but also they are at
higher hazard of mortality as a result of malignancies, cardiovascular disease, respiratory
disease, and infections. Golestan Cohort Study (GCS), a prospective study focusing on
the effects of opium conducted in northern Iran, estimated that ever-use of opium results
in an 86% higher hazard of all-cause mortality (3). They found that 16.95% of their
participants are opium dependent. In a broader view, the World Health Organization
estimates that about 2 million Iranians abuse opium, which is three times higher than the
global average (4).

GCS also revealed that stroke accounts for 14.0% of premature death (5). The burden
imposed by stroke increases as life expectancy rises, especially in low and middle-income
countries where incidence or mortality rates have not been altered significantly (6-9).

01 frontiersin.org


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2022.855578
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2022.855578&domain=pdf&date_stamp=2022-09-09
mailto:p.mardi.med@gmail.com
https://doi.org/10.3389/fneur.2022.855578
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fneur.2022.855578/full
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Mardi

Some studies justify these epidemiological findings by the
surge in well-established risk factors such as hypertension, atrial
fibrillation, diabetes, dyslipidemia, aging, and migraine (10-12).
Moreover, several studies aimed to search for novel risk factors
to explain the residual risk unaccounted by the set of these
well-established risk factors (13, 14). With regards to opium
dependence’s medical and epidemiological features, I designed
a systematic review focusing on the association between opium
dependence and stroke.

Methods

This
reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines (15).

study is conducted based on the preferred

Eligibility criteria

I have used the following eligibility criteria: (I) studies should
report the characteristics of patients diagnosed with opium
dependence; (II) studies should report characteristics of patients
diagnosed with any kind of stroke; (IIT) studies should report the
association between opium with stroke incidence, prevalence,
and outcome; and (IV) studies should be observational (namely,
cohort, case-control, or cross-sectional studies).

Information sources

A systematic search was conducted through PubMed,
Scopus, and Web of Science (WoS), from inception, until
January 12, 2022. T also carried out a manual search using
google scholar.

Search strategy

The search strategy for the systematic search was designed
comprising two concepts; stroke and opium. I searched
(“stroke” AND “opium”) OR (“cerebrovascular” AND “opium”)
OR (“cva” AND “opium”) OR (“apoplexy” AND “opium”)
OR (“stroke” AND “papaver’) OR (“cerebrovascular” AND
“papaver”) OR (“cva” AND “papaver”) OR (“apoplexy” AND
“papaver”). The search strategy algorithm is also shown in
Supplementary Table 1.

Study selection

The study selection was carried out via the EndNote
reference management software in three phases to manage
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identified records. Initially, duplicate articles were removed
using the endnote software and manually, followed by the
screening phase, in which the title and abstract of the studies
were evaluated based on the inclusion criteria. Afterward, the
screening of the full texts was conducted.

Data collection process and data items

I filled data extraction sheets containing variables such as
author name, year of publication, age, gender, study type, sample
size, the definition of exposure and outcome, the measure of
association, and study findings.

Quality assessment

Quality assessment (QA) of included studies was conducted
by STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) guideline, comprising 22 sub-items.
Each item’s ratings are yes (1) or no (0), and the total QA
score is the sum of these sub-items. This guideline restricts its
recommendations to the three main analytical designs used in
observational research (cohort, case-control, and cross-sectional
studies) (16).

Data synthesis

The findings of this study are presented as odds ratios (ORs)
and 95% confidence interval (95% CI). In order to perform the
meta-analysis, STATA version 14.0 (StataCorp, College Station,
TX) software was used. I restrict the meta-analysis when two or
more records report the association of opium and stroke. The
pooled estimate of ORs and their 95% CI was calculated based
on the extracted datasheet. I? statistic and chi-square-based Q-
test were used for the assessment of heterogeneity. In the current
study, the lack of heterogeneity was specified when the p-value
was more than 0.10. Random models were used to pool the ORs.
Publication bias was measured using Begg’s test. Publication bias
was considered substantial whenever the p-value was <0.1.

Results

Study selection

Our manual and systematic searches yielded 110 studies
from PubMed, 88 studies from Scopus, 92 studies from Web of
Science, and 302 from Google scholar. After duplicates removal,
I evaluated 584 studies for eligibility, followed by the exclusion
of 566 records based on their title and abstract. Finally, eight
and four studies were included in the qualitative and quantitative
syntheses. The detailed flow diagram is shown in Figure 1.
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FIGURE 1
PRISMA flow diagram of included studies
Study characteristics Qualitative findings
Table 1 demonstrates the characteristics of included studies Six included studies evaluated the relationship between
(3, 17-23). Six (75%) studies included in the qualitative analysis opium consumption and stroke (18-23). The outcome of
were case-control, while the remaining two records were cohort four papers was the diagnosis of ischemic stroke (18,
studies. The sample size of included studies ranges from 133 in 20, 22, 23), while in two other, indices regarding the
the Mousavi-Mirzaei et al. study (21) to 50,045 in the Khademi formation of ischemic plaque (21) and diagnosis of any
et al. study. The highest percentage of men in a paper was 57.8 kind of stroke (19) were the outcome. Four (18, 19, 21,
in Saberi et al. study. QA of Studies based on STROBE showed 22) out of these six studies revealed at least a significant
that the QA score of included studies ranges from 15 to 20 measure concerning the association between stroke and
out of 22. opium use.
Frontiersin Neurology 03 frontiersin.org
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TABLE 1 Demographic characteristics of participants of included studies.

References Study Provenance Sample Male (%) Age Demographic characteristics Quality
type size assessment
score (out
of 22)
Andalibi et al. (17) Prospective Iran 595 308 (51.76) 64.6 + 14.8 e Study Name: Mashhad Stroke Incidence Study 20
cohort e Time period: 12-month period (2006-2007)
o Study location: Mashad, an urban area of Iran
e Other features of study population: 5 points follow-up, including 1
week, 1 month, 3 months, 1 year, and 5 years after their stroke
Ebrahimi et al. (18) Case-control Iran 956 542 (56.69) 67.19 e Time period: 2014 16
o Study location: Alzahra Hospital in Isfahan, Iran
e Other features of study population: case = patients with confirmed AIS,
control = hospitalized patients with no history of AIS and cardiovascular
disease, matched for age (£5 years) and sex.
Fallahzadeh et al. Case-control Iran 9,264 4,276 (46.15) 52.6 9.7 o Study Name: The Pars Cohort Study 17
(19) o Time period: Fall 2012 to 2014
o Study location: Valashahr district, a rural area consisting of Valashahr
city and 93 villages located in Fars province in southern Iran.
e Other features of study population: study population was consist of a
variety of ethnicities, mainly Fars and Turk.
Hamzehee Case-control Iran 210 100 (47.6) 66.9 e Study location: Shafa hospital, Kerman, Iran 15
Moghadam et al. o Other features of study population: Patients diagnosed with Acute
(20) ischemic stroke.
Khademi et al. (3) Prospective Iran 50,045 21,019 (42.00) 52.1+£8.9 e Study Name: The Golestan Cohort Study 19
cohort e Time period: January 2004 to June 2008
e Study location: Gonbad City and 326 villages in Golestan province,
north eastern Iran
Mousavi-Mirzaei Case-control Iran 133 70 (52.63) 71.52 e Time period: June 2016 to April 2017 17
etal. (21) e Study location: Vali-Asr Hospital of Birjand, East of Iran.
o Other features of study population: patients diagnosed with AIS.
Rezvani and Case-control Iran 558 251 (44.98) 56.2 e Time period: 2010 18
Ghandehari (22) o Study location: Cardiology and Neurology clinics of Birjand, Province of
Southern Khorasan, Iran.
Saberi et al. (23) Case-control Iran 166 96 (57.8) 68.2 e Time period: April 2013 to March 2014 15

Study location: two academic hospitals associated with Guilan University

of Medical Science in north of Iran.

AIS, Acute ischemic stroke was defined as a sudden focal neurologic deficit of presumed arterial origin lasting >24 h with or without corresponding ischemic lesion on brain imaging.
Age is described as mean or mean =+ standard deviation.
Gender is described as number of males (percent).
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TABLE 2 Qualitative findings of included studies.

10.3389/fneur.2022.855578

References Study type Exposure Outcome Measure of Findings
association
Andalibi et al. (17) Prospective cohort Opium use (burned and Mortality following Adjusted hazard 7 days 1.36 (0.70-2.65)
the sap) any type of stroke ratio (95% CI) 1 month 1.51 (0.91-2.51)
Disability following 3 months 1.58 (1.01-2.49)
stroke (mRS*) 1 year 1.78 (1.20-2.65)
5 years 1.75 (1.28-2.40)
3 months 0.63 (0.23-1.67)
1 year 1.19 (0.42-3.37)
5 years 0.54 (0.09-3.22)
Ebrahimi et al. (18) Case-control Opium addiction (based Ischemic stroke Adjusted odds ratio Not adjusted for 3.95 (2.02-7.69)
on medical records and (95% CI) tobacco use
interview of the patient) Adjusted for 2.36 (1.16-4.85)
tobacco use
Fallahzadeh et al. Case-control Self-report opium use Stroke (all types) Unadjusted odds 1.60 (1.01-2.55)
(19) ratio (95% CI)
Hamzehee- Case-control Constant use of opium Ischemic stroke Logistic regression B (SE) 0.861(0.316)
Moghadam for at least 1 year (95% CI)
etal. (20) Adjusted odds ratio Adjusted odds ratio 2.36 (1.26-3.61)
(95% CI)
Khademi et al. (3) Cohort Opium use (self-report) Death as a result of Adjusted hazard Male 1.49 (1.07-2.08)
any kind of stroke ratio (95% CI) Female 1.97 (1.30-2.97)
Total 1.68 (1.29-2.18)
Mousavi-Mirzaei Case-control Opium dependence** Atherosclerotic Adjusted odds ratio Number of plaques 1.42 (1.11-1.81)
etal. (21) plaques (95% CI) Vascular stenosis 1.01 (0.98-1.03)
Calcified plaque 1.37 (0.95-1.97)
Internal media 2.48 (2.27-10.94)
thickness
Rezvani et al. (22) Case-control Opium addiction** Ischemic stroke Adjusted odds ratio Oral opium 0.21 (0.08-0.56)
(95% CI) addiction
Inhaled opium 1.76 (0.76-4.08)
addiction
Saberi et al. (23) Case-control Opium addiction** Ischemic stroke Logistic regression B (SE) 0.67 (0.40)
Adjusted odds ratio Adjusted odds ratio 1.94 (0.89-4.36)
(95% CI)

“The Modified Rankin Scale (mRS) is used to measure the degree of disability in patients who have had a stroke.

' Opium addiction is diagnosed when three of seven physiological (e.g., tolerance and withdrawal); behavioral (e.g., taking the drug in larger amounts than intended), and cognitive (e.g.,
persistent desire to cut down) symptoms are met within the previous 12 months.
CI, confidence interval.

driven from GCS
revealing that opium use increases the hazard of mortality
stroke (3). Andalibi

Moreover, a single paper was showed that although opium use increases the hazard

of death following stroke, it does not significantly

due to Similarly, et al’s study alter the hazard of disability following stroke (17).
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Author-Date

Ebrahimi, 2018(18)
Hamzehee-Moghadam, 2006 (20)
Rezvani, 2012 (22)

Saberi, 2017 (23)

Overall, DL (I* = 0.0%, p = 0.562)

%
Effect (95% Cl) Weight
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FIGURE 2
Forest plot of the meta-analysis.
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The qualitative synthesis of included studies is shown
in Table 2.

Quantitative findings

Four studies evaluating the effect of opium on ischemic
stroke were included in the meta-analysis (18, 20, 22, 23).
The quantitative synthesis proved that opium increases
the odds of ischemic stroke by 127% (pooled OR =
2.27, 95% CI: 1.47-3.07). No heterogeneity was evident
in current meta-analysis (Cochran’s Q = 2.05, degree
0562, I* = 0.0%). Also,
Begg’s test did not show a significant publication bias (p-

of freedom = 3, p-value =
value = 0.192). Forest plot of the meta-analysis is shown
in Figure 2.

Discussion

This study indicated that not only opium dependence almost
doubles the odds of being diagnosed with a stroke but also
it leads to a higher hazard of mortality due to stroke. This
is the first systematic review and meta-analysis that proposes
opium dependence as a notable risk factor for stroke to the
best of my knowledge. It should be clarified that this study and
included records are all focused on the cerebrovascular effects of
opium abuse, rather than the effects of prescribed opium, as a
component of a medical treatment plan.

Our meta-analysis on multi-variable adjusted case-control
studies revealed that opium consumption independently
increases the odds of ischemic stroke. Moadabi et al. proposed
hypothetical pathophysiology underlying the impact of opium

on cerebral hemodynamic parameters. They performed

Frontiersin Neurology

06

transcranial Doppler (TCD) ultrasonography, which revealed
that patients with opium dependence are at higher odds of
abnormal pulsatility index (OR = 9.615) and mean flow velocity
(OR = 3.246). In other words, they indicated that opium
affects both small and large vessels, which leads to a higher
risk of ischemic stroke (24). Likewise, Mousavi-Mirzaei et al.’s
study revealed that opium consumption leads to increased
atherosclerotic plaques and internal media thickness, a well-
established component of the pathogenesis of ischemic stroke
(21). These findings are similar to studies showing an increased
risk of myocardial infarction and coronary revascularization,
among opium users (25). Opium consumption is a significant
risk factor for coronary artery disease, as it increases the
progression of atherosclerosis, and leads to an increase in low-
density lipoprotein cholesterol (LDL-C) level and a decrease in
high-density lipoprotein cholesterol through opium-induced
activation of hepatic pathways (26-28).

Moreover, the Asiabanha et al. study demonstrated that
opium imposes brain cell damage by inducing apoptosis, which
may prone the brain to cerebrovascular incidents (29). Opium
addiction also affects endothelial function, leading to a decline
in nitrous oxide level (30), a molecule that improves brain blood
flow and neuronal survival in stroke (31).

Apart from previously mentioned pathways, opium
addiction is a well-established risk factor for diabetes,
hypertension, and hyperlipidemia (32), which can potentially
elevate stroke hazards (33, 34). Studies, included in the current
meta-analysis, were adjusted for potential confounders such
as dyslipidemia, diabetes, and hypertension. Nevertheless, it
should be noted that previous studies revealed that opium
consumption worsens glucose metabolism in patients both with
diabetes and non-diabetes (35, 36), and it results in a significant
disturbance in lipid profile, which in turn may provoke stroke
(28). To sum up, opium not only directly affects brain cells but
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also leads to unfavorable changes in the incidence of metabolic
risk factors.

Another modifiable risk factor for stroke is tobacco smoking.
Comparing the effects of tobacco smoking and opium as habitual
risk factors can help understand the harmful but modifiable
effects of opium. OR calculated for the effect of opium on
stroke in this study was higher or similar compared to ORs
calculated for tobacco smoking (37-41). Pan et al’s meta-
analysis revealed that current smokers are at higher odds of
stroke (1.92, 95% CI: 1.49-2.48), while the association of being
a former smoker and stroke was not significant (1.30, 95% CI:
0.93-1.81) (38). Likewise, Wannamethee et al. study showed
that quitting smoking results in notable and rapid benefits in
reducing the risk of stroke (42). Interestingly, smoking cessation
even after stroke enhances the outcome (43). Beneficial effects
of opium cessation are also evident in previous studies (3, 44),
although there is no scientific evidence regarding the impact of
opium cessation and a decline in stroke risk.

Smoking is generally more prevalent in men (45). Similarly,
the prevalence of opium addiction is notably higher in men
than women (3). As the number of studies included in my
meta-analysis was few and no heterogeneity was evident, I
could not conduct a meta-regression analysis to evaluate the
effect of gender. However, it is worth noting that experimental
studies showed that addicted men are at higher risk of ischemic
stroke as men brain cells are more susceptible to opium than
women (29).

Our review shows that opium predisposes patients to
stroke and increases the hazard of mortality following any
type of stroke. In other words, Khademi et al’s study
demonstrated that opium consumption leads to strongly
increased risks of death due to a stroke. That is to say, in
GCS, opium was the cause of mortality in 0.50% of non-users
compared to 1.15% of participants who consume opium. These
findings remained significant after adjustment for potential
confounders (3).

Comparably, Andalibi et al’s study illustrated that
using opium increases mortality risk following stroke. More
specifically, multi-regression models proved that patients who
consume opium are at higher hazard of 3-months (HR = 1.58,
95% CI: 1.01-2.49), 1-year (HR = 1.78, 95% CI: 1.20-2.65), and
5-years (HR = 1.75, 95% CI: 1.28-2.40) mortality. Conversely,
patients’ disability was not significantly different in user and
non-user groups. Participants’ disability was measured using
an objective index (Modified Rankin Scale), which can be
influenced by the analgesic and euphoric effects of opium (17).

Given the remarkable effects of opium on stroke, addiction
prevention programs should be seriously pursued in countries
where opium dependence is common, namely, central Asian
countries and Iran (46). Although I did not add a filter for
the provenance of the study, all included studies were from
Iran in the current review. Even though the single geographical
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provenance of included studies makes the generalization of my
findings challenging, it can assist other low and middle-income
countries, similar to Iran, in adopting better policies.

Strengths and limitations

This study had several strengths. Most importantly, this is
the first systematic review and meta-analysis that evaluates the
effects of opium on stroke. This study evaluates the effect of
opium on stroke incidence and mortality, and it also reviewed
papers that evaluated the outcome of patients dependent on
opium following stroke. This study also had several limitations;
first, the number of studies included in the quantitative analysis
was limited, resulting in a bias. Second, all included studies
were from a single country (Iran). Third, studies included in the
meta-analysis were all case-control studies. Conduction of larger
cohorts is suggested to assess the effect of opium more precisely
as a risk factor. Fourth, due to the absence of randomization,
p-values (even underlying the confidence intervals) must be
considered as a possible approximation to reality.

Conclusion

This study shows that opium consumption significantly
increases the odds of being diagnosed with stroke in the general
population. Moreover, this study’s findings indicate that not only
might there be a significant relationship between opium and
mortality as a result of stroke but opium may also increase the
odds of death after stroke.
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