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Abstract
The prevalence of opioid use in the current opioid epidemic era has led to a public health emergency due to
the ties to mortality and morbidity. Studies have investigated opioids’ impacts on different aspects of
cardiovascular health, although there seems to be a lack of a current concise review. Therefore, the aim of
this literature review is to provide a summary of the most recent studies from the past decade that postulate
a connection between opioids and their impact on cardiovascular health while highlighting conflicting areas
among published research. For this literature review, three databases, PubMed (NLM), EMBASE, and Web of
Science (Core Collection), were searched for full peer-reviewed articles written in English about human
subjects and published between 2013 and 2023 inclusive. The following initial approach was to search for
terms in the title of articles: “opioid AND (“vascular” OR “artery” OR “vein” OR “heart rate” OR “infarct” OR
“stroke” OR “aortic” OR “cardiovascular disease”). After assessing for duplicate articles from the three
databases, the remaining articles were assessed for inclusion eligibility. In the present review, a brief
description of the overall role of opioid receptors is provided followed by the literature findings. These
findings indicate potentially important negative impacts of opioid use on cardiovascular health in a number
of areas. These include opioid-associated increases in the following: (1) vascular aging based on
demonstrated increases in arterial stiffness, (2) opioid-related reductions in heart rate variability (HRV) and
its implications on morbidity and mortality, (3) opioid’s impacts on coronary artery and coronary heart
disease (CHD), (4) opioids as a risk factor for atrial fibrillation (AF) and (5) opioid use as a risk factor for
vascular occlusion processes. In addition to these broad cardiovascular effects, other aspects of concern are
related to the potential impacts of withdrawal from opioid use, which, when done rapidly, are associated
with increases in blood pressure and a decrease in HRV.

Categories: Cardiology
Keywords: naloxone, opioid addiction, coronary heart disease, hypertension, opioid overdose, opioid withdrawal,
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Introduction And Background
Opioids are a class of drugs that are commonly used for their analgesic effects to modulate pain via their
actions on the opioid system which is composed of opioid peptides and receptors [1]. Opioid receptors are
widely dispersed throughout the bodily organs including the liver, heart, GI tract, and the central and
peripheral nervous system [2]. The presence of receptors allows opioids to have several physiological and
pathological effects on different bodily systems such as the nervous, respiratory, GI, and cardiovascular
systems, the last of which is the focus and scope of this review [3]. For example, opioid receptors are spread
throughout the nervous system which govern brain physiology at different points in neural processing,
including autonomic, emotional, sensory, and cognitive functions, ultimately leading to analgesic effects [4].
In the respiratory system, opioids induce respiratory depression perceived by the regularity of the inspiratory
rhythm and decreased frequency of inspiration [5]. The activation of opioid receptors in the GI tract inhibits
the neuronal excitability of the enteric system decelerating the transit time of contents from the stomach to
the small intestine while also exerting a suppressive influence on secretion and absorption of the GI tract [6].

Opioid use was stable for the two decades prior to 2008 at which time national trends saw a sharp increase in
the United States (US) [7]. In 2018, it was reported that over 10 million people were misusing prescription
opioids such as oxycodone, fentanyl, codeine, meperidine, morphine sulfate, and others [8-10]. The US
government declared the growing opioid epidemic a public health emergency due to increased opioid-
related deaths quintupling in the past 20 years and opioids linked to serious health issues [7,11]. In 2021, the
World Health Organization disclosed that over 70% of fatalities linked to drug usage were attributed to
opioids, with 30% of these fatalities arising from the physiological effects of opioids on the brain's
respiratory regulation causing overdose deaths [12]. While researchers are still actively researching the
different aspects of opioids, studies have shown some associations between opioids and cardiovascular
health [8,13,14].

Cardiovascular disease (CVD) is a major contributor to global mortality, with an increasing prevalence from
271 million cases in 1990 to 523 million cases across 204 countries by 2019 [3,15,16]. The opioid epidemic
has spurred research into the impacts of opioid use on cardiovascular health with the indication that its use
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may increase the risk of death from cardiovascular events [3,8]. Different studies have examined other
factors about the potential negative impacts of opioid use on vascular features and function [17,18]. There is
a present need to examine and integrate the overall opioid-cardiovascular connection and consolidate the
current status of understanding both concerning the use of opioids and withdrawal from their use. The
purpose of this review is to meet this need.

Review
Methods
Three databases, PubMed (NLM), EMBASE, and Web of Science (Core Collection), were searched for full
peer-reviewed articles written in English about human subjects and published between 2013 and 2023
inclusive. The following initial approach was to search for terms in the title of articles: “opioid AND
(“vascular” OR “artery” OR “vein” OR “heart rate” OR “infarct” OR “stroke” OR “aortic” OR “cardiovascular
disease”). After assessing for duplicate articles from the three databases, the remaining articles were
assessed for inclusion eligibility. Studies were excluded if they were written in non-English languages, were
animal studies, had only abstracts/poster presentations, were review articles, were commentaries, were
editorials, and had a non-opioids/non-cardiovascular focus (i.e., opioids prescription medication limitation
policies following postoperative vascular surgery, the sole use of non-opioids in surgical settings,
geographic relations to opioids in social determinants of health, fetal/spinal cord studies). Therefore, the
remaining articles were evaluated for this literature review.

Role of Delta and Kappa opioid receptors
Opioid receptors are a part of the G protein-coupled receptors (GPCRs) family which are responsible for
triggering different signaling pathways including stimulation of mitogen-activated protein (MAP) kinases,
regulating adenylyl cyclase activities and modulation of ion conductance [11,19]. The classical opioid
receptors, μ- (MOR), δ- (DOR), or κ- (KOR), are distributed in the nervous system and, upon stimulation,
have the effects of causing bradycardia, analgesia, and constipation [1,19]. The specific effects of each
receptor’s activation in the cardiovascular system across different articles concluded conflicting outcomes as
to whether opioid receptor activation exerts apoptotic or anti-apoptotic effects on cells such as human
umbilical vein endothelial cells (HUVECs) and breast cancer cells [11,19,20].

Concerning cardiovascular effects, one aspect of opioid’s impact in long-term use is due to opioid receptor
activation promoting increasing inflammatory responses and reactive oxygen species (ROS) that can lead to
cardiovascular complications such as microvascular dysfunction and atherosclerosis [20]. This negative
impact is to be differentiated from acute opioid receptor activation. This aspect has been investigated using
HUVECs that were acutely exposed to activated KORs. This caused intracellular ROS levels to decrease
indicating a reduction in oxidative stress.

In another study, the role of acute activation of DOR was investigated with a DOR agonist D-Ala2, D-Leu5-
Enkephalin (DADLE) in human breast cancer cells that shared similar anti-apoptotic effects [19]. In that
study, the acute activation of DOR-activated PI3K/Akt promoted cell survival. The proposed ability of
DADLE to preserve cells through these anti-apoptotic ischemic (hypoxic) conditions may explain its effects
on ischemic strokes by reducing cell death following ischemic events [1]. The significance of the DOR
protective nature, by their capacity to maintain ionic balance under hypoxic/ischemic conditions, may also
be tied to their cardiovascular system impacts, particularly relevant in the context of ischemic strokes [1].

The acute cellular protective nature associated with KOR or DOR stimulation can be reduced or eliminated
in the presence of chronic opioid use. Chronic opioid use increases tolerance and decreases opioid receptor
signaling causing receptor desensitization. This process causes a reduction or loss of the protective
mechanism of reduced oxidative stress, thereby creating increased susceptibility to inflammatory damages
and ultimately CVD [11].

Opioid impacts on arterial stiffness and hypertension
Arterial stiffness is a measure of the ability of arteries to expand in response to an increase in transmural
pressure [21]. With aging and other conditions such as hypertension, arterial stiffness tends to increase [22].
A consequence of this is that the propagation velocity of pressure pulse waves in large arteries increases
[23]. One result of this increased speed is that reflected pressure waves arrive back at the heart earlier than
normal causing an increase in central arterial systolic blood pressure [23]. This augmented pressure causes
an increase in ventricular afterload and is detrimental to cardiac function [24]. Recently developed methods
allow for the measurement of effective arterial stiffness by measuring the speed with which the pulse
pressure wave moves, and the greater the velocity, the greater the stiffness [23]. As such, these arterial
stiffness measures, determined by pulse wave analysis (PWA), are sometimes used to assess the relative
“physiological age” of the arterial system. Increased stiffness has a negative effect on cardiovascular health
[25].

One study evaluated arterial stiffness and central arterial blood pressure using PWA in 1,263 patients
divided into four treatment groups: methadone (opiate agonist, n=71), buprenorphine (partial opiate
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agonist, n=593), naltrexone (opiate antagonist, n=23), and a non-treated control (n=576) [18]. The study’s
data indicated a pattern of increasing arterial stiffness and increasing vascular age as the level of lifetime
opioid agonism increased among groups. For example, comparing subjects at the age of 60 years, the
predicted vascular age, based on arterial stiffness values, was 67.40 (control group), 72.03 (partial opiate
agonist), and 82.79 (opiate agonist) years, respectively, in the order of increasing opioid agonism depicting
increasing vascular age with opioid agonism [18].

An extended analysis of the 1,263 patients divided by age considered 576 patients as clinical controls and
687 as opioid-dependent patients [17]. Their results indicated that arterial stiffness and, thus, vascular age
were worse in opioid-dependent patients compared with opioid clinical controls. The mean calculated
vascular ages were elevated by 1.97% in men and 13.43% in women [17].

Opioid impacts on angiogenesis
Angiogenesis is the process by which new blood vessels form and malignant tumors require angiogenesis to
support the growth of the tumor [26,27]. Thus, substances or processes that promote angiogenesis
associated with tumors would indicate a negative feature. It has been suggested that opioid use may impact
the angiogenic process and that opioids promote tumor angiogenesis [19]. In that study, DOR was stimulated
with a DOR agonist DADLE in human breast cancer cells (MCF-7) through cell treatment incubation. The
stimulation process led to the activation of hypoxia-inducible factor 1α (HIF-1α). The activation of HIF-1a
triggered the synthesis and release of diverse angiogenic factors and also the expression of cyclooxygenase-2
via phosphoinositide 3-kinase(PI3K)/Akt stimulation [19].

Opioid association with retinal vein occlusion
Retinal vascular occlusion has been linked to different cardiovascular factors. In the case of retinal blood
flow reduction, occlusion may be due to retinal vein occlusion in a branch or central vein [28]. In a
retrospective study of 380 cases of branch occlusion and 311 cases of central vein occlusion, it was found
that for these 691 cases compared to 1,520 controls, there was an increased risk of vein occlusion in those
who reported they had used opioids [29]. Reported mean odds ratios (OR) ranged from 1.98 for branch
occlusions to 2.32 for central vein occlusions for those who used opioids.

Opioids and atrial fibrillation
Atrial fibrillation (AF) is one of the most common cardiac arrhythmias [30-32] and is a significant risk factor
for stroke [33-35]. An investigation of a possible link between opioid use and AF was done on 30,239
participants [14]. In this study, medical information including blood tests and electrocardiograms was
obtained, and opioid use was established during in-home visits with pill-bottle review by trained staff [14].
Analysis of the data indicated a statistically significant effect of opioid use on AF after accounting for
confounding variables with an OR of 1.29 (95%CI, 1.11-1.51). A possible explanation of this association was
offered by the authors. They speculated that it was related to endogenous opioid effects that open
mitochondrial potassium adenosine triphosphate channels. This process would make the atrial myocytes
susceptible to oxidative stress during episodes of ischemia, therefore, leading to the increased chance of AF.

Opioids and heart rate variability
Heart rate variability (HRV) is an indicator of cardiac neural control and is measured by determining the
temporal variation in the times between adjacent heartbeats that can be expressed in terms of time
variations or in terms of spectral frequency distributions [36]. In the frequency representation, the spectral
distribution is standardly divided into frequency bands, commonly referred to as very low frequency (VLF),
low frequency (LF), and high frequency (HF). The ranges of the VLF, LF, and HF bands are 0.003-0.04 Hz,
0.04-0.15 Hz, and 0.15 -0.4 Hz. The power of the HF band is thought to depend on the modulation of cardiac
parasympathetic efferent nerve traffic [37], whereas the LF band is thought to reflect a composite of both
sympathetic and parasympathetic activity but with the sympathetic component more dominant [38,39].
Consequently, a higher HF power is thought to indicate greater parasympathetic influence. This can be
assessed as the ratio of HF/LF power or by the percentage of the total HRV spectral power due to HF. Based
on this concept, the impact of opioid long-term use on HRV was evaluated in a group of 491 opioid users
[40]. In that study, a comparison was made between those who were diagnosed with opioid use disorder
(OUD, n=258) and those long-term opioid users without such a diagnosis (n=232). The relevant finding to
the present study was that the OUD group had a significantly reduced HF-HRV percentage (48.0 ± 22.5 vs.
57.3 ± 22.8, p<0.001) [41]. Furthermore, regression analysis indicated an increasing difference between
groups with increasing OUD severity.

Opioid withdrawal
Several studies have used changes in HRV to assess other aspects of opioid use and withdrawal [40,42-44].
Because HRV is linked to sympathetic and parasympathetic activity of the autonomic nervous system and
opioid use affects HRV, it is worthwhile to consider to potential impact of withdrawal of opioid use. In a
study of 10 male physiologically dependent opioid users in whom opioid withdrawal was induced by the
administration of the opioid antagonist naloxone, several cardiovascular changes were observed [40]. In this
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study withdrawal signs were noted in all subjects 21 minutes post-naloxone administration. Associated
cardiovascular changes, as measured from baseline, included significant increases in HR, systolic blood
pressure, and diastolic blood pressure and decreases in HF-HRV.

The simulation of opiate withdrawal is also experienced by using short-acting opiates such as morphine,
oxycodone, and heroin which require users to re-administer to avoid the aversive effects of opiate
withdrawal [18]. The adverse effects of opiate withdrawal include hypertensive and other cardiovascular
changes [18]. The clinical syndrome experienced from opiate withdrawal is characterized as a hyper-
adrenergic state with tachycardia and reduced subendocardial blood perfusion with an associated increased
cardiovascular age and arterial stiffness [17].

Opioids and coronary heart disease
A prospective study of over 29,000 participants evaluated the association between opioid prescription use
and the occurrence of coronary heart disease (CHD), stroke, and cardiovascular-related death. Participants,
who were followed for a median time of 5.2 years, had an increased adjusted hazard risk of CHD (1.38) and
cardiovascular deaths (1.66) only for females. Although several limitations to this study have been described
[9], the overall findings are important for consideration. The presence of CHD is often associated with CAD
which itself is linked to the presence of coronary artery atherosclerosis [45,46]. It may be that there is a
linkage between opioid use and increased vascular inflammation due to elevated levels of interleukin-1 in
opioid users thereby predisposing them to CAD [3]. Two studies [3,18] that evaluated coronary risk factors
found that individuals who had taken opioids or opioid-dependent patients had an elevated risk for CAD
with a 2.2-fold increase (95 % CI 1.8-2.7) [18].

In a study that investigated the association between prescription opioid use (POU) and CHD and CVD, it was
found that POU in females increased the risk of both CHD and CVD death [9]. For both genders, POU was
associated with an increased risk with an HR of 1.24 (95% CI: 1.08-1.42) with a greater impact among
women with HR=1.35 (95%CI: 1.12-1.64) [13]. These findings were consistent with another study in which
women with POU were at higher risk for CVD death, with an HR of 1.43 (95% CI 1.12-1.84). Taken together
these data suggest a gender-dependent cardiovascular impact of opioid use, although the explanation is
unknown [8].

Delving into the underlying causes of CAD and CVD, a patient’s post-mortem reports analysis study focused
on mortality’s relation to opioid use [47]. This study had a sample of 436 individuals who had died due to
CVD pathologies. Vascular pathologies examined included the presence and extent of atherosclerosis,
atheroma, fibrosis, hypertrophy, inflammation, and stenosis. There was an association between the presence
of opioids in the system of the post-mortem reports and the total CVD severity level consistent with a
significant relationship between opioids and CVD pathologies with inflammation and atheroma leading to
atherosclerosis [47].

Opioids in intra-operative surgical setting
Opioids used in general anesthesia may negatively impact cardiovascular system hemodynamics. A study
aimed at evaluating this effect compared general anesthesia with opioids vs. general anesthesia with
perioperative thoracic epidural analgesia. This was done in patients who had off-pump coronary artery
bypass [48]. The group that received the opioids experienced a significant increase in heart rate and mean
arterial pressure as compared to the other group. The authors speculated that the increased stress state that
the opioid group experienced opens the possibility of opioid-related myocardial infarction, arrhythmia, and
pulmonary edema during coronary artery bypass graft surgery. In a different surgical setting (transcatheter
aortic valve implantation), the relative impacts of using dexmedetomidine (DEX) vs. propofol-opioid (PO)
sedation was evaluated with 157 patients in the DEX group and 140 patients in the PO group [49]. It was
found that administration of PO sedation had higher levels of hypercapnia requiring pharmacologic
hemodynamic and vasopressor support. These two reports indicate opioid use in intraoperative settings
should be carefully considered. The potential mortality impact of long-term opioid use prior to undergoing
vascular surgery was evaluated in a convenience sample of 164 patients [50]. In this study, only six patients
reported opioid prior use but compared to the non-users, statistical analysis indicated a higher post-surgical
mortality risk with an adjusted HR of 4.31 (95% CI: 1.77-10.55, p=0.001).

Conclusions
The findings of this review indicate potentially important negative impacts of opioid use on cardiovascular
health in several areas. These include opioid-associated increases in (1) vascular aging as assessed by
increases in arterial stiffness, (2) opioid-related reductions in HRV and its implications for future morbidity
and mortality, (3) opioid’s potential impacts on coronary artery and coronary heart disease (CHD), (4) as a
risk factor for atrial fibrillation, and (5) as a risk factor for vascular occlusion processes. In addition to these
broad cardiovascular effects, other aspects of concern are related to the potential impacts of withdrawal
from opioid use, which, when done rapidly, are associated with increased blood pressure and a decrease in
HRV.

2023 Toska et al. Cureus 15(9): e46224. DOI 10.7759/cureus.46224 4 of 6

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Grant Liska M, Crowley MG, Lippert T, Corey S, Borlongan CV: Delta opioid receptor and peptide: a dynamic

therapy for stroke and other neurological disorders. Handb Exp Pharmacol. 2018, 247:277-99.
10.1007/164_2017_7

2. Sobczak M, Sałaga M, Storr MA, Fichna J: Physiology, signaling, and pharmacology of opioid receptors and
their ligands in the gastrointestinal tract: current concepts and future perspectives. J Gastroenterol. 2014,
49:24-45. 10.1007/s00535-013-0753-x

3. Rahimi Darabad B, Vatandust J, Pourmousavi Khoshknab MM, Hajahmadi Poorrafsanjani M: Survey of the
effect of opioid abuse on the extent of coronary artery diseases. Glob J Health Sci. 2014, 6:83-91.
10.5539/gjhs.v6n7p83

4. Erbs E, Faget L, Scherrer G, et al.: A mu-delta opioid receptor brain atlas reveals neuronal co-occurrence in
subcortical networks. Brain Struct Funct. 2015, 220:677-702. 10.1007/s00429-014-0717-9

5. Baertsch NA, Bush NE, Burgraff NJ, Ramirez JM: Dual mechanisms of opioid-induced respiratory depression
in the inspiratory rhythm-generating network. Elife. 2021, 10:e67523. 10.7554/eLife.67523

6. Yan Y, Chen Y, Zhang X: The effect of opioids on gastrointestinal function in the ICU . Crit Care. 2021,
25:370. 10.1186/s13054-021-03793-1

7. Salehi Omran S, Chatterjee A, Chen ML, Lerario MP, Merkler AE, Kamel H: National trends in
hospitalizations for stroke associated with infective endocarditis and opioid use between 1993 and 2015.
Stroke. 2019, 50:577-82. 10.1161/STROKEAHA.118.024436

8. Khodneva Y, Richman J, Kertesz S, Safford MM: Gender differences in association of prescription opioid use
and mortality: a propensity-matched analysis from the REasons for Geographic And Racial Differences in
Stroke (REGARDS) prospective cohort. Subst Abus. 2021, 42:94-103. 10.1080/08897077.2019.1702609

9. Khodneva Y, Muntner P, Kertesz S, Kissela B, Safford MM: Prescription opioid use and risk of coronary heart
disease, stroke, and cardiovascular death among adults from a prospective cohort (REGARDS study). Pain
Med. 2016, 17:444-55. 10.1111/pme.12916

10. Cook CM, Simpson SQ, Satterwhite L: Excipient-induced pulmonary vascular disease: an underrecognized
and deadly complication of opioid addiction. Lung. 2021, 199:363-8. 10.1007/s00408-021-00456-4

11. Peyravian N, Dikici E, Deo S, Toborek M, Daunert S: Opioid antagonists as potential therapeutics for
ischemic stroke. Prog Neurobiol. 2019, 182:101679. 10.1016/j.pneurobio.2019.101679

12. van Lemmen M, Florian J, Li Z, et al.: Opioid overdose: limitations in naloxone reversal of respiratory
depression and prevention of cardiac arrest. Anesthesiology. 2023, 139:342-53.
10.1097/ALN.0000000000004622

13. Khodneva Y, Muntner P, Kertesz S, Howard G, Safford M: Prescription opioid use is associated with
increased mortality in the reasons for geographic and racial differences in stroke study. Drug Alcohol
Depen. 2015, 146:157. 10.1016/j.drugalcdep.2014.09.345

14. Qureshi WT, O'Neal WT, Khodneva Y, Judd S, Safford MM, Muntner P, Soliman EZ: Association between
opioid use and atrial fibrillation: the reasons for geographic and racial differences in stroke (REGARDS)
study. JAMA Intern Med. 2015, 175:1058-60. 10.1001/jamainternmed.2015.1045

15. Roth GA, Mensah GA, Johnson CO, et al.: Global burden of cardiovascular diseases and risk factors, 1990-
2019: update from the GBD 2019 study. J Am Coll Cardiol. 2020, 76:2982-3021. 10.1016/j.jacc.2020.11.010

16. Amini M, Zayeri F, Salehi M: Trend analysis of cardiovascular disease mortality, incidence, and mortality-
to-incidence ratio: results from global burden of disease study 2017. BMC Public Health. 2021, 21:401.
10.1186/s12889-021-10429-0

17. Reece AS, Hulse GK: Impact of lifetime opioid exposure on arterial stiffness and vascular age: cross-
sectional and longitudinal studies in men and women. BMJ Open. 2014, 4:e004521. 10.1136/bmjopen-2013-
004521

18. Reece AS, Hulse GK: Impact of opioid pharmacotherapy on arterial stiffness and vascular ageing: cross-
sectional and longitudinal studies. Cardiovasc Toxicol. 2013, 13:254-66. 10.1007/s12012-013-9204-4

19. Schoos A, Gabriel C, Knab VM, Fux DA: Activation of HIF-1α by δ-opioid receptors induces COX-2
expression in breast cancer cells and leads to paracrine activation of vascular endothelial cells. J Pharmacol
Exp Ther. 2019, 370:480-9. 10.1124/jpet.119.257501

20. Zhang S, Yang F, Shi R, et al.: Activation of κ-opioid receptor inhibits inflammatory response induced by
sodium palmitate in human umbilical vein endothelial cells. Cytokine. 2021, 146:155659.
10.1016/j.cyto.2021.155659

21. Cecelja M, Chowienczyk P: Role of arterial stiffness in cardiovascular disease . JRSM Cardiovasc Dis. 2012,
1:cvd.2012.012016. 10.1258/cvd.2012.012016

22. Boutouyrie P, Chowienczyk P, Humphrey JD, Mitchell GF: Arterial stiffness and cardiovascular risk in
hypertension. Circ Res. 2021, 128:864-86. 10.1161/CIRCRESAHA.121.318061

23. Ghosh A, Dharmarajan A, Swain PK, Das D, Verma P, Tripathy PR: Impact of cardiovascular factors on pulse
wave velocity and t otal vascular resistance in different age group patients with cardiovascular disorders.
Curr Aging Sci. 2019, 11:261-8. 10.2174/1874609812666190226151500

24. Lyle AN, Raaz U: Killing me unsoftly: causes and mechanisms of arterial stiffness . Arterioscler Thromb Vasc

2023 Toska et al. Cureus 15(9): e46224. DOI 10.7759/cureus.46224 5 of 6

https://dx.doi.org/10.1007/164_2017_7
https://dx.doi.org/10.1007/164_2017_7
https://dx.doi.org/10.1007/s00535-013-0753-x
https://dx.doi.org/10.1007/s00535-013-0753-x
https://dx.doi.org/10.5539/gjhs.v6n7p83
https://dx.doi.org/10.5539/gjhs.v6n7p83
https://dx.doi.org/10.1007/s00429-014-0717-9
https://dx.doi.org/10.1007/s00429-014-0717-9
https://dx.doi.org/10.7554/eLife.67523
https://dx.doi.org/10.7554/eLife.67523
https://dx.doi.org/10.1186/s13054-021-03793-1
https://dx.doi.org/10.1186/s13054-021-03793-1
https://dx.doi.org/10.1161/STROKEAHA.118.024436
https://dx.doi.org/10.1161/STROKEAHA.118.024436
https://dx.doi.org/10.1080/08897077.2019.1702609
https://dx.doi.org/10.1080/08897077.2019.1702609
https://dx.doi.org/10.1111/pme.12916
https://dx.doi.org/10.1111/pme.12916
https://dx.doi.org/10.1007/s00408-021-00456-4
https://dx.doi.org/10.1007/s00408-021-00456-4
https://dx.doi.org/10.1016/j.pneurobio.2019.101679
https://dx.doi.org/10.1016/j.pneurobio.2019.101679
https://dx.doi.org/10.1097/ALN.0000000000004622
https://dx.doi.org/10.1097/ALN.0000000000004622
https://dx.doi.org/10.1016/j.drugalcdep.2014.09.345
https://dx.doi.org/10.1016/j.drugalcdep.2014.09.345
https://dx.doi.org/10.1001/jamainternmed.2015.1045
https://dx.doi.org/10.1001/jamainternmed.2015.1045
https://dx.doi.org/10.1016/j.jacc.2020.11.010
https://dx.doi.org/10.1016/j.jacc.2020.11.010
https://dx.doi.org/10.1186/s12889-021-10429-0
https://dx.doi.org/10.1186/s12889-021-10429-0
https://dx.doi.org/10.1136/bmjopen-2013-004521
https://dx.doi.org/10.1136/bmjopen-2013-004521
https://dx.doi.org/10.1007/s12012-013-9204-4
https://dx.doi.org/10.1007/s12012-013-9204-4
https://dx.doi.org/10.1124/jpet.119.257501
https://dx.doi.org/10.1124/jpet.119.257501
https://dx.doi.org/10.1016/j.cyto.2021.155659
https://dx.doi.org/10.1016/j.cyto.2021.155659
https://dx.doi.org/10.1258/cvd.2012.012016
https://dx.doi.org/10.1258/cvd.2012.012016
https://dx.doi.org/10.1161/CIRCRESAHA.121.318061
https://dx.doi.org/10.1161/CIRCRESAHA.121.318061
https://dx.doi.org/10.2174/1874609812666190226151500
https://dx.doi.org/10.2174/1874609812666190226151500
https://dx.doi.org/10.1161/ATVBAHA.116.308563


Biol. 2017, 37:e1-e11. 10.1161/ATVBAHA.116.308563
25. Castelli R, Gidaro A, Casu G, et al.: Aging of the arterial system . Int J Mol Sci. 2023, 24:6910.

10.3390/ijms24086910
26. Kuczynski EA, Vermeulen PB, Pezzella F, Kerbel RS, Reynolds AR: Vessel co-option in cancer. Nat Rev Clin

Oncol. 2019, 16:469-93. 10.1038/s41571-019-0181-9
27. Ondrovics M, Hoelbl-Kovacic A, Fux DA: Opioids: modulators of angiogenesis in wound healing and cancer .

Oncotarget. 2017, 8:25783-96. 10.18632/oncotarget.15419
28. Schmidt D: Comorbidities in combined retinal artery and vein occlusions . Eur J Med Res. 2013, 18:27.

10.1186/2047-783X-18-27
29. McDermott JJ 4th, Lee TC, Chan AX, et al.: Novel association between opioid use and increased risk of

retinal vein occlusion using the national institutes of health all of us research program. Ophthalmol Sci.
2022, 2:10.1016/j.xops.2021.100099

30. Khedagi A, Ugowe F, Jackson LR: Incidence and prevalence of atrial fibrillation in Latinos: what's new since
the study in Latinos (SOL)?. Curr Cardiol Rep. 2023, 25:901-6. 10.1007/s11886-023-01910-w

31. Khurshid S, Ashburner JM, Ellinor PT, McManus DD, Atlas SJ, Singer DE, Lubitz SA: Prevalence and
incidence of atrial fibrillation among older primary care patients. JAMA Netw Open. 2023, 6:e2255838.
10.1001/jamanetworkopen.2022.55838

32. Karamitanha F, Ahmadi F, Fallahabadi H: Difference between various countries in mortality and incidence
rate of the atrial fibrillation based on human development index in worldwide: data from global burden of
disease 2010-2019. Curr Probl Cardiol. 2023, 48:101438. 10.1016/j.cpcardiol.2022.101438

33. McIntyre WF, Wang J, Benz AP, et al.: Estimated incidence of previously undetected atrial fibrillation on a
14-day continuous electrocardiographic monitor and associated risk of stroke. Europace. 2022, 24:1058-64.
10.1093/europace/euab324

34. Morseth B, Geelhoed B, Linneberg A, et al.: Age-specific atrial fibrillation incidence, attributable risk factors
and risk of stroke and mortality: results from the MORGAM Consortium. Open Heart. 2021, 8:e001624.
10.1136/openhrt-2021-001624

35. Gabet A, Chatignoux E, Grave C, Vallée A, Tuppin P, Béjot Y, Olié V: Stroke incidence and death in atrial
fibrillation patients newly treated with direct oral anticoagulants. Clin Epidemiol. 2021, 13:131-40.
10.2147/CLEP.S290707

36. Shaffer F, Ginsberg JP: An overview of heart rate variability metrics and norms . Front Public Health. 2017,
5:258. 10.3389/fpubh.2017.00258

37. Hedman AE, Hartikainen JE, Tahvanainen KU, Hakumäki MO: The high frequency component of heart rate
variability reflects cardiac parasympathetic modulation rather than parasympathetic 'tone'. Acta Physiol
Scand. 1995, 155:267-73. 10.1111/j.1748-1716.1995.tb09973.x

38. Furlan R, Porta A, Costa F, et al.: Oscillatory patterns in sympathetic neural discharge and cardiovascular
variables during orthostatic stimulus. Circulation. 2000, 101:886-92. 10.1161/01.cir.101.8.886

39. Pagani M, Montano N, Porta A, Malliani A, Abboud FM, Birkett C, Somers VK: Relationship between spectral
components of cardiovascular variabilities and direct measures of muscle sympathetic nerve activity in
humans. Circulation. 1997, 95:1441-8. 10.1161/01.cir.95.6.1441

40. Levin CJ, Wai JM, Jones JD, Comer SD: Changes in cardiac vagal tone as measured by heart rate variability
during naloxone-induced opioid withdrawal. Drug Alcohol Depend. 2019, 204:107538.
10.1016/j.drugalcdep.2019.06.040

41. Roberts RL, Garland EL: Association between opioid use disorder and blunted heart rate variability among
opioid-treated chronic pain patients. Addict Biol. 2022, 27:e13230. 10.1111/adb.13230

42. Kroll SL, Williams DP, Thoma M, et al.: Non-medical prescription opioid users exhibit dysfunctional
physiological stress responses to social rejection. Psychoneuroendocrinology. 2019, 100:264-75.
10.1016/j.psyneuen.2018.09.023

43. Garland EL, Bryan CJ, Nakamura Y, Froeliger B, Howard MO: Deficits in autonomic indices of emotion
regulation and reward processing associated with prescription opioid use and misuse. Psychopharmacology
(Berl). 2017, 234:621-9. 10.1007/s00213-016-4494-4

44. McDonald T, Hoffman WE, Berkowitz R, Cunningham F, Cooke B: Heart rate variability and plasma
catecholamines in patients during opioid detoxification. J Neurosurg Anesthesiol. 1999, 11:195-9.
10.1097/00008506-199907000-00007

45. Bytyçi I, Shenouda R, Wester P, Henein MY: Carotid atherosclerosis in predicting coronary artery disease: a
systematic review and meta-analysis. Arterioscler Thromb Vasc Biol. 2021, 41:e224-37.
10.1161/ATVBAHA.120.315747

46. Freeman AM, Raman SV, Aggarwal M, et al.: Integrating coronary atherosclerosis burden and progression
with coronary artery disease risk factors to guide therapeutic decision making. Am J Med. 2023, 136:260-
269.e7. 10.1016/j.amjmed.2022.10.021

47. Arab AZ, Conti AA, Davey F, Khan F, Baldacchino AM: Relationship between cardiovascular disease
pathology and fatal opioid and other sedative overdose: a post-mortem investigation and pilot study. Front
Pharmacol. 2021, 12:725034. 10.3389/fphar.2021.725034

48. Charan N, Chaudhary M, Sonkusale M, Deshpande R: A prospective study of intraoperative comparison
between general anaesthesia with conventional opioid and thoracic epidural. J Evol Med Dent Sci. 2019,
8:1667-77. 10.14260/jemds/2019/368

49. Mayr NP, Wiesner G, van der Starre P, et al.: Dexmedetomidine versus propofol-opioid for sedation in
transcatheter aortic valve implantation patients: a retrospective analysis of periprocedural gas exchange
and hemodynamic support. Can J Anaesth. 2018, 65:647-57. 10.1007/s12630-018-1092-4

50. Szabo A, Szabo D, Toth K, et al.: Effect of preoperative chronic opioid use on mortality and morbidity in
vascular surgical patients. Cureus. 2021, 13:e20484. 10.7759/cureus.20484

2023 Toska et al. Cureus 15(9): e46224. DOI 10.7759/cureus.46224 6 of 6

https://dx.doi.org/10.1161/ATVBAHA.116.308563
https://dx.doi.org/10.3390/ijms24086910
https://dx.doi.org/10.3390/ijms24086910
https://dx.doi.org/10.1038/s41571-019-0181-9
https://dx.doi.org/10.1038/s41571-019-0181-9
https://dx.doi.org/10.18632/oncotarget.15419
https://dx.doi.org/10.18632/oncotarget.15419
https://dx.doi.org/10.1186/2047-783X-18-27
https://dx.doi.org/10.1186/2047-783X-18-27
https://dx.doi.org/10.1016/j.xops.2021.100099
https://dx.doi.org/10.1016/j.xops.2021.100099
https://dx.doi.org/10.1007/s11886-023-01910-w
https://dx.doi.org/10.1007/s11886-023-01910-w
https://dx.doi.org/10.1001/jamanetworkopen.2022.55838
https://dx.doi.org/10.1001/jamanetworkopen.2022.55838
https://dx.doi.org/10.1016/j.cpcardiol.2022.101438
https://dx.doi.org/10.1016/j.cpcardiol.2022.101438
https://dx.doi.org/10.1093/europace/euab324
https://dx.doi.org/10.1093/europace/euab324
https://dx.doi.org/10.1136/openhrt-2021-001624
https://dx.doi.org/10.1136/openhrt-2021-001624
https://dx.doi.org/10.2147/CLEP.S290707
https://dx.doi.org/10.2147/CLEP.S290707
https://dx.doi.org/10.3389/fpubh.2017.00258
https://dx.doi.org/10.3389/fpubh.2017.00258
https://dx.doi.org/10.1111/j.1748-1716.1995.tb09973.x
https://dx.doi.org/10.1111/j.1748-1716.1995.tb09973.x
https://dx.doi.org/10.1161/01.cir.101.8.886
https://dx.doi.org/10.1161/01.cir.101.8.886
https://dx.doi.org/10.1161/01.cir.95.6.1441
https://dx.doi.org/10.1161/01.cir.95.6.1441
https://dx.doi.org/10.1016/j.drugalcdep.2019.06.040
https://dx.doi.org/10.1016/j.drugalcdep.2019.06.040
https://dx.doi.org/10.1111/adb.13230
https://dx.doi.org/10.1111/adb.13230
https://dx.doi.org/10.1016/j.psyneuen.2018.09.023
https://dx.doi.org/10.1016/j.psyneuen.2018.09.023
https://dx.doi.org/10.1007/s00213-016-4494-4
https://dx.doi.org/10.1007/s00213-016-4494-4
https://dx.doi.org/10.1097/00008506-199907000-00007
https://dx.doi.org/10.1097/00008506-199907000-00007
https://dx.doi.org/10.1161/ATVBAHA.120.315747
https://dx.doi.org/10.1161/ATVBAHA.120.315747
https://dx.doi.org/10.1016/j.amjmed.2022.10.021
https://dx.doi.org/10.1016/j.amjmed.2022.10.021
https://dx.doi.org/10.3389/fphar.2021.725034
https://dx.doi.org/10.3389/fphar.2021.725034
https://dx.doi.org/10.14260/jemds/2019/368
https://dx.doi.org/10.14260/jemds/2019/368
https://dx.doi.org/10.1007/s12630-018-1092-4
https://dx.doi.org/10.1007/s12630-018-1092-4
https://dx.doi.org/10.7759/cureus.20484
https://dx.doi.org/10.7759/cureus.20484

	Opioid Impacts on Cardiovascular Health
	Abstract
	Introduction And Background
	Review
	Methods
	Role of Delta and Kappa opioid receptors
	Opioid impacts on arterial stiffness and hypertension
	Opioid impacts on angiogenesis
	Opioid association with retinal vein occlusion
	Opioids and atrial fibrillation
	Opioids and heart rate variability
	Opioid withdrawal
	Opioids and coronary heart disease
	Opioids in intra-operative surgical setting

	Conclusions
	Additional Information
	Disclosures

	References


