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ABSTRACT  

I N T R O D U C T I O N: Opioids are fundamental for managing moderate to severe pain, but their use is associated with the risk 

of cognitive impairment. A key clinical challenge is distinguishing the iatrogenic effects of opioids from the negative 

impact of inadequately controlled pain itself on cognitive functions. The aim of this review is to synthesize current 

knowledge on the mechanisms, clinical manifestations, and management strategies for cognitive risk during opioid 

therapy. 

M A T E R IA L  A N D  M E T H O DS : A narrative literature review was conducted, using the databases PubMed, Scopus, and 

Google Scholar. The analysis included preclinical and clinical studies (observational and randomized), systematic 

reviews, and meta-analyses. The selection covered both foundational papers on pathophysiology and the latest 

publications on clinical manifestations and modern therapeutic approaches. 

R E S U L T S: Cognitive impairments induced by opioids result from complex mechanisms, including neurotoxicity and 

impaired synaptic plasticity. The main clinical symptoms include deficits in attention, memory, and executive functions. 

The clinical picture is often complicated by confounding factors such as the pain itself, emotional stress, or 

polypharmacy. High-risk groups include older adults and patients with renal failure. Effective risk mitigation strategies 

include individualized dosing, opioid rotation, and the use of drugs with a potentially more favorable neurocognitive 

profile, such as tapentadol or buprenorphine. 
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C O N C L U S I O N S: Effective pain management requires a paradigm shift – from focusing solely on analgesia to a holistic 

strategy that actively balances controlling pain with preserving cognitive function. Proactive cognitive monitoring and 

individualized pharmacotherapy are crucial for optimizing treatment outcomes and improving patients’ quality of life. 

KEYW ORDS  

opioids, cognitive functions, pain, palliative care, cognitive medicine 

STRESZCZENIE  

W S T Ę P: Opioidy są podstawą w leczeniu bólu o nasileniu umiarkowanym do silnego, jednak ich stosowanie wiąże się  

z ryzykiem zaburzeń funkcji poznawczych. Kluczowym wyzwaniem klinicznym jest rozróżnienie jatrogennego 

działania opioidów od negatywnego wpływu niedostatecznie kontrolowanego bólu na funkcje poznawcze. Celem 

przeglądu jest synteza aktualnej wiedzy na temat mechanizmów, objawów klinicznych i strategii postępowania  

w przypadku ryzyka zaburzeń funkcji poznawczych podczas terapii opioidami. 

M A T E R IA Ł  I  M E T O D Y : Przeprowadzono narracyjny przegląd literatury, korzystając z baz danych PubMed, Scopus  

i Google Scholar. Analiza objęła badania przedkliniczne i kliniczne (obserwacyjne i randomizowane), przeglądy 

systematyczne oraz metaanalizy. Dobór piśmiennictwa uwzględniał zarówno fundamentalne prace dotyczące 

patofizjologii, jak i najnowsze publikacje koncentrujące się na objawach klinicznych i nowoczesnych podejściach 

terapeutycznych. 

W Y N I K I: Zaburzenia poznawcze wywołane przez opioidy wynikają ze złożonych mechanizmów, w tym neuro-

toksyczności i upośledzonej plastyczności synaptycznej. Główne objawy kliniczne obejmują deficyty uwagi, pamięci  

i funkcji wykonawczych. Obraz kliniczny jest często komplikowany przez czynniki zakłócające, takie jak sam ból, stres 

emocjonalny czy polipragmazja. Do grup wysokiego ryzyka należą osoby w podeszłym wieku oraz pacjenci z nie-

wydolnością nerek. Skuteczne strategie ograniczania ryzyka obejmują indywidualizację dawkowania, rotację opioidów 

oraz stosowanie leków o potencjalnie korzystniejszym profilu neurokognitywnym, takich jak tapentadol czy bupre-

norfina. 

W N IO S K I : Skuteczne leczenie bólu wymaga zmiany paradygmatu – od koncentracji wyłącznie na analgezji do 

holistycznej strategii, która aktywnie równoważy kontrolę bólu z zachowaniem funkcji poznawczych. Proaktywne 

monitorowanie funkcji poznawczych oraz zindywidualizowana farmakoterapia mają podstawowe znaczenie dla 

optymalizacji wyników leczenia i poprawy jakości życia pacjentów. 

SŁOW A KL UCZOWE  

opioidy, funkcje poznawcze, ból, opieka paliatywna, medycyna kognitywna 

 

INTRODUCTION  

Palliative care is an approach that improves the quality 

of life of patients and their families who are facing life-

-threatening illnesses, by preventing and alleviating 

suffering through early identification and the thorough 

assessment and treatment of pain and other physical, 

psychosocial, and spiritual issues [1]. Chronic pain 

management is a fundamental aspect of palliative care. 

In 1986, the World Health Organization (WHO) 

introduced the analgesic ladder to guide adequate pain 

control in cancer patients. Although large-scale studies 

confirming its effectiveness are lacking, this method 

remains simple and effective for managing pain in 

70%–80% of palliative care patients. The model 

involves a stepwise escalation from non-opioid 

analgesics to weak and then strong opioids, depending 

on pain severity and response to treatment [2]. Third- 

-step opioids are the basis of pain treatment in cancer 

patients, and morphine has been the most commonly 

used drug in pain treatment for many years. Over the 

last 40 years, opioid use has increased in both  

 

developed and developing countries. These drugs are 

applied in both short- and long-term pain management. 

Improved life expectancy among cancer patients and 

some chronic disease courses underscore the essential 

role of opioids in long-term therapy. However, 

prolonged opioid use and increasing cumulative doses 

are associated with significant risks, including 

psychological and physical dependence, drug 

tolerance, and various adverse effects [3,4,5,6,7]. 

Common side effects include dizziness, nausea, 

vomiting, constipation, and respiratory depression. 

Less frequently observed adverse effects are delayed 

gastric emptying, hyperalgesia, immunological and 

hormonal dysfunctions, muscle rigidity, and 

myoclonus. Concerns about physical dependence and 

addiction may complicate prescribing decisions and, in 

some cases, may lead to inadequate pain control. 

Opioids exert their analgesic effects primarily through 

activation of MOR (mu-opioid receptor), KOR (kappa-

-opioid receptor), and DOR (delta-opioid receptor) 

receptors, located within the central nervous system 

(CNS). Additionally, they interact with other receptors 

influencing the serotonergic, noradrenergic, 
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dopaminergic, GABAergic, and glutamatergic systems, 

contributing to some of their CNS side effects [6,7,8,9]. 

Executive functions are crucial for effective daily 

functioning. Cognitive functions, or cognition, 

encompass a person’s ability to process thoughts and 

interact with their environment [10]. They involve 

higher-order mental processes such as memory, 

learning, speech, reading comprehension, reasoning, 

planning, decision-making, and communication. The 

pathway of information processing includes stimulus 

perception, selective attention, working memory, and 

executive functioning. Cognition also covers the 

coordination and regulation of goal-oriented behavior 

[11]. In summary, “cognition is a multifaceted 

construct that includes learning, memory, language, 

executive function, attention, [and] social cognition, 

among other components” [12]. 

The impact of opioids on cognitive functions is 

complex and influenced by factors such as the duration 

of use, the dosage, individual patient risk factors, and 

the nature of the pain being treated. In cancer-related 

pain management, effective analgesia is paramount, 

often justifying the use of high opioid doses despite the 

potential for cognitive impairment. Conversely, in non-

-cancer pain, where therapy is typically long-term, the 

effects on cognition are more nuanced. Challenges in 

this context include the risks of addiction, cumulative 

side effects, and tolerance to escalating opioid dosages 

[3,9,13]. It is crucial to emphasize, however, that  

the foundation of effective pain management is  

a comprehensive diagnosis to identify the underlying 

pain mechanism. Pain is not a uniform phenomenon; it 

can be broadly categorized as nociceptive (e.g., somatic 

or visceral) and non-nociceptive, with neuropathic pain 

being a primary example [14]. This distinction is 

clinically vital, as neuropathic pain, often described by 

patients as burning or shooting, is frequently resistant 

or only partially responsive to opioid monotherapy 

[14,15]. Therefore, modern pain management relies on 

a multimodal therapeutic approach, which often 

includes the use of co-analgesics (adjuvant drugs) such 

as anticonvulsants or antidepressants [15]. Such  

a strategy not only improves analgesic efficacy, but 

may also allow for a lower opioid dosage, thereby 

potentially mitigating any adverse cognitive effects 

[15]. 

Considering the complex effects of opioids on the brain, 

a clear overview of the current evidence is needed. This 

narrative review synthesizes the knowledge on the 

pathophysiological mechanisms and clinical manifesta-

tions of opioid-induced cognitive impairment. It also 

outlines potential strategies to balance effective pain 

management with cognitive preservation. Given the 

aging population and the increasing use of opioids in 

non-cancer pain, understanding and mitigating 

cognitive side effects is becoming a priority in both 

palliative and chronic care settings. 

METHODS 

This article presents a comprehensive narrative review 

of the literature, designed to synthesize current 

knowledge on the impact of opioids on cognitive 

functions. A literature search was conducted using the 

databases PubMed, Scopus, and Google Scholar. The 

search strategy utilized a combination of keywords, 

including “opioids,” “cognitive functions,” “cognitive 

impairment,” “pain management,” and “palliative 

care”. The selection criterion was articles published in 

English and Polish. The search was not restricted by 

publication date so as to ensure the inclusion of 

foundational papers, although priority was given to 

recent publications. Older references, published before 

2015, were retained selectively when they provided 

seminal findings or foundational knowledge, 

particularly in areas such as opioid receptor biology, 

neurocognitive assessment tools, and early exploratory 

interventions. Their continued relevance is supported 

by frequent citation and a lack of newer suitable 

replacements. The literature search was designed to be 

comprehensive, encompassing foundational preclinical 

and clinical studies, high-impact systematic reviews 

and meta-analyses, and key clinical guidelines and 

narrative reviews that have shaped the understanding of 

the field. Editorials and single case reports were 

excluded, unless the latter served to illustrate a critical 

clinical point. This selection process resulted in a final 

sample of 52 sources used in the review.  

RESULTS 

Pathophysiological mechanisms 

The MOR, DOR and KOR opioid receptors are widely 

distributed in brain structures involved in cognition, 

such as the prefrontal cortex, hippocampus, amygdala, 

and striatum [6,16,17]. The activation of these 

receptors by exogenous opioids can affect cognitive 

functions both transiently and chronically. 

Foundational preclinical and clinical research indicates 

that this receptor activation plays a crucial role in 

processes such as learning, attention, memory, and 

emotion regulation [8,9,18]. 

The prefrontal cortex is critical for executive functions, 

including planning, decision-making, and impulse 

control. Preclinical studies indicate that chronic 

activation of MORs in this region leads to impaired 

decision-making and increased impulsivity [18]. These 

functional deficits are linked to MOR-mediated 

modulation of neurotransmission, such as presynaptic 

inhibition of glutamate and GABA release, which 

reduces overall neuronal activity [19]. Furthermore, by 

inhibiting GABAergic interneurons, opioids disrupt 

dopaminergic signaling in the ventral tegmental area to 
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prefrontal cortex (VTA-PFC) pathway, weakening 

cognitive control [18,20]. Prolonged opioid exposure 

may also cause structural changes; findings from 

animal models suggest a reduction in dendritic density, 

while longitudinal imaging studies have revealed 

significant reductions in grey matter volume in the 

prefrontal cortex and cingulate gyrus after prolonged 

opioid therapy, correlating with poorer cognitive test 

scores [21]. 

The hippocampus is essential for memory 

consolidation and learning. Animal studies have shown 

that the activation of KORs in the hippocampus  

inhibits synaptic plasticity by reducing brain-derived 

neurotrophic factor (BDNF), which weakens long-term 

potentiation (LTP) and impairs synaptic efficiency, 

leading to memory consolidation deficits [22,23].  

Other preclinical research has demonstrated that 

chronic opioid exposure, particularly to MOR and KOR 

agonists, negatively impacts hippocampal neurogenesis 

by inhibiting both the proliferation of progenitor cells 

and the differentiation of new neurons [18,22]. 

Regarding emotional regulation, foundational studies 

in rats have detected high concentrations of DOR 

mRNA and protein in the amygdala [16,17]. In these 

animal models, DOR activation modulates 

glutamatergic and GABAergic transmission, which 

reduces stress and anxiety responses. Research using 

selective DOR antagonists confirms this, showing an 

increase in anxiety-like behaviors in rats [16,17]. 

The striatum is involved in motivation and 

psychomotor function. Data from both animal and 

clinical studies show that chronic MOR stimulation in 

this region alters dopaminergic signaling, leading to 

reduced motivation and slowed movement [18,20]. 

While brief opioid administration increases dopamine 

release, long-term use induces adaptations that result in 

chronic dopamine depletion. For instance, rat studies 

with self-administered fentanyl show decreased 

midbrain dopamine levels and reduced motivational 

behaviors [24]. Similarly, clinical PET studies of 

chronic pain patients have correlated reduced D2 

receptor availability in the striatum with decreased 

motivation and heightened pain perception [20]. 

Opioid receptors exhibit a phenomenon known as 

ligand-biased signaling, where different ligands 

binding to the same receptor can activate distinct 

intracellular pathways. This mechanism helps explain 

why various opioids produce a diverse range of effects, 

from analgesia to adverse outcomes such as tolerance 

and cognitive impairment [25]. 

Beyond direct neuronal effects, opioids also interact 

with the brain’s immune system, particularly microglia. 

As demonstrated in experimental animal and cell model 

studies, opioids like morphine and its metabolites can 

activate Toll-like receptor 4 (TLR4) in microglia.  

This activation triggers pro-inflammatory signaling 

pathways (e.g., NF-κB) and the release of cytokines 

such as IL-1β and TNF-α, resulting in chronic 

neuroinflammation. This inflammatory state has been 

shown to impair synaptic function and inhibit both 

neuroplasticity and neurogenesis, contributing to 

opioid tolerance and hyperalgesia [26]. Although 

preclinical studies show that blocking TLR4 can reduce 

these effects [26] and inhibitors such as resatorvid have 

been studied in other inflammatory conditions [27], 

large-scale clinical trials confirming their efficacy for 

opioid-induced neuroinflammation are currently 

lacking [26,27]. A summary of the effects of opioids on 

key brain structures and their related cognitive 

impairments is provided in Table I. 

 

Table I. Impact of opioids on selected brain structures and cognitive functions 

MOR – mu-opioid receptor; DOR – delta-opioid receptor; KOR – kappa-opioid receptor; GABA – gamma-aminobutyric acid; VTA-PFC – ventral tegmental 
area-prefrontal cortex; LTP – long-term potentiation; BDNF – brain-derived neurotrophic factor. 

Brain structure Physiological role Opioid receptors Effect of opioids 
Potential cognitive 

impairments 

Prefrontal cortex 
Executive functions 

(planning, decision-making, 
impulse control) 

MOR 

Inhibition of glutamate and 
GABA release, neuronal 

hyperpolarization, impaired 
dopaminergic transmission 
in the VTA-PFC pathway, 
synaptic plasticity changes 

Impaired decision-making, 
reduced concentration, 
increased impulsivity 

Hippocampus 
Memory consolidation, 

learning, synaptic plasticity 
MOR, DOR, KOR 

Inhibition of LTP, 
decreased BDNF, impaired 

neurogenesis 

Memory deficits, reduced 
cognitive flexibility, 

increased stress sensitivity 

Amygdala 
Emotional regulation, 

stress response 
DOR 

Modulation of GABAergic 
and glutamatergic 

transmission, dysfunction 
under chronic opioid use 

Increased anxiety, 
emotional dysregulation, 
impaired attention and 

memory 

Striatum 
Motivation, motor control, 

reward system 
MOR 

Initial dopamine increase 
followed by chronic 
dopamine depletion, 
altered GABAergic 

transmission 

Apathy, reduced 
motivation, impaired 

decision-making, slowed 
psychomotor activity 
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Clinical and neuropsychological findings 

According to clinical reviews and systematic analyses, 

long-term opioid use presents a significant risk of 

neuropsychological disturbances [8,13]. The most 

commonly reported disorders include deficits in 

attention and concentration, psychomotor slowing,  

and impairments in working and episodic memory.  

In a cohort of individuals with opium use disorder, 

significant cognitive impairments were observed, 

particularly in working memory and information- 

-processing speed [28]. Older individuals, particularly 

those with multiple comorbidities, are reported to be 

especially vulnerable to these neurotoxic effects [5,8]. 

Systematic reviews indicate that even short-term use 

(days to weeks) can result in noticeable cognitive 

deterioration, particularly in the domains of attention 

and information processing speed [13]. While some 

opioid-induced cognitive impairments may be 

reversible – particularly those resulting from acute 

reactions or improper dosage – chronic changes linked 

to reduced neuroplasticity, inhibited neurogenesis, or 

ongoing neuroinflammation are associated with long- 

-term deterioration [8,13]. Clinical observations also 

note that many of these symptoms develop gradually 

and may be mistakenly attributed to the normal aging 

process or progression of the underlying disease [8]. 

A meta-analysis of 18 studies involving over  

1,200 patients with chronic non-cancer pain found 

small to moderate impairment in attention 

(Standardized Mean Difference [SMD] = 0.38)  

and working memory (SMD = 0.42) associated with 

opioid use. They were found to be largely reversible 

after 4–24 weeks of discontinued opioid use [13]. 

However, results do vary: while lower-quality studies 

report cognitive decline, higher-quality trials did not 

find significant deficits – some even noted cognitive 

improvements, potentially due to better pain control 

[13]. 

A dose-dependent relationship between opioid exposure 

and cognitive dysfunction has been demonstrated in  

the EPOS study, involving 1,915 cancer patients.  

Those receiving ≥ 400 mg of morphine equivalents 

daily were 75% more likely to develop cognitive 

impairment compared to those on < 80 mg/day (Odds 

Ratio [OR] = 1.75) [29]. This finding is supported by 

systematic reviews which highlighted several studies 

demonstrating this link. For example, one study found 

a significant negative correlation between the daily 

morphine dose and information processing speed  

(r = -0.45, p < 0.05) [30]. To distinguish these effects 

from those caused by the underlying condition, it is 

crucial to also consider the cognitive impact of chronic 

pain itself, which is detailed in the following section.  

 

 

Opioids with a potentially favorable  

neurocognitive profile 

In response to the cognitive risks associated with 

classical opioids, research has focused on agents with 

alternative mechanisms of action. Tapentadol, which 

combines MOR agonism with norepinephrine reuptake 

inhibition, has been investigated for its cognitive- 

-sparing potential. A comprehensive review confirms 

that tapentadol has a more favorable cognitive profile 

than traditional opioids such as oxycodone. The review 

summarizes findings from multiple clinical trials which 

indicate that patients treated with tapentadol exhibited 

less impairment on tests of attention and psychomotor 

function [31]. Similarly, buprenorphine, a partial MOR 

agonist, is recognized for its favorable safety profile, 

particularly in vulnerable populations such as the 

elderly. Its “ceiling effect” for respiratory depression is 

well-documented, and this partial agonism may also 

translate into a lower risk of severe cognitive 

impairment. Systematic reviews and comprehensive 

literature reviews confirm that buprenorphine is a safer 

option in patients with renal failure and in older adults, 

who are at higher risk for opioid-induced neurotoxicity, 

due to its stable metabolic profile and lower 

accumulation of active metabolites [32,33]. 

The confounding role of pain on cognition 

Crucially, chronic pain itself is a powerful modulator of 

cognitive function. A comprehensive meta-analysis 

encompassing 37 studies and over 52,000 patients 

confirmed that chronic pain is associated with 

significant declines on cognitive screening tests, 

including the SF-36 (SMD = -1.50) and the Montreal 

Cognitive Assessment (SMD = -1.11) [34]. This is 

further supported by a large-scale cohort study (Health 

and Retirement Study), which demonstrated that 

individuals with persistent pain experienced a 9.2% 

faster decline in episodic memory and had an 8% higher 

risk of developing dementia over a ten-year period 

(Hazard Ratio [HR] = 1.08; 95% confidence interval 

[CI]: 1.00–1.18) [35]. Neurobiologically, these deficits 

are linked to structural and functional brain changes; 

neuroimaging studies reveal gray matter atrophy in the 

key areas of the medial prefrontal cortex and cingulate 

gyrus, alongside altered brain activity patterns, often 

described as “cognitive resource competition,” where 

brain networks are reallocated to process pain at the 

expense of cognitive tasks [36]. The clinical relevance 

of this is highlighted by findings in oncology, where the 

presence of pain more than doubled the odds of self- 

-reported cognitive deficits (OR = 2.3; 95% CI: 1.7–3.0) 

[37] and objective testing showed that female cancer  

 

 

 

 



ANN. ACAD. MED. SILES. (online) 2026, 80, 32–41 

37 

survivors with chronic pain performed significantly 

worse on emotion-based decision-making tasks (Iowa 

Gambling Task) than survivors without pain (mean 

score = 45.3 vs 58.7; p < 0.01) [38]. 

Potential interventions to mitigate cognitive effects 

Several non-pharmacological and pharmacological 

interventions have been investigated for their potential 

to alleviate opioid-related cognitive impairments.  

In a randomized controlled trial (RCT) involving 

patients on methadone maintenance, a working 

memory training program led to significant cognitive 

improvements with a large effect size (d = 0.54–0.67) 

[39]. Similarly, Mindfulness-Oriented Recovery 

Enhancement (MORE) therapy, in another RCT, 

demonstrated a significant reduction in pain perception 

(d = 0.64) and opioid craving (d = 0.77) [40]. Another 

study confirmed the benefits of mindfulness-based 

interventions in opioid-treated patients, showing not 

only reduced pain intensity and sensitivity, but also 

statistically significant improvements in sleep quality 

[41]. Pharmacologically, a pilot study of donepezil in 

opioid-treated cancer patients showed a statistically 

significant reduction in sedation, measured by  

a 3.8-point mean change on the Epworth Sleepiness 

Scale (p < 0.01), as well as improvements in mood and 

alertness [42]. 

DISCUSSION  

This literature review systematizes the evidence 

indicating that the impact of opioids on cognitive 

functions is a complex phenomenon, conditioned by 

both direct neurobiological mechanisms and clinical 

factors. The collected evidence indicates that the 

activation of opioid receptors in key brain structures 

leads to measurable deficits, particularly in executive 

functions and memory. Concurrently, the analysis of 

clinical data reveals that the final presentation of 

cognitive impairment is also significantly influenced by 

the drug dosage, duration of therapy, and, crucially, the 

pain process itself. 

The observed clinical spectrum of cognitive 

impairments is directly explained by the described 

neurobiological mechanisms. Deficits in executive 

functions, such as difficulties in planning and decision-

-making [8,13], are strongly linked to opioid-induced 

dysregulation of the prefrontal cortex, where 

disturbances in neurotransmission and changes in 

synaptic plasticity occur [18,19,21]. Similarly, reported 

memory problems correspond with findings from 

animal models, which demonstrate that opioids inhibit 

neurogenesis and LTP in the hippocampus [18,22].  
In turn, symptoms such as apathy, reduced motivation, 

and psychomotor slowing can be linked to chronic 

dopamine depletion in the striatum, resulting from the 

reward system adapting over time to MOR stimulation 

[20,24]. Moreover, the mechanism of ligand-biased 

signaling sheds light on why some opioids induce  

a greater degree of tolerance or cognitive impairment 

than others, depending on which intracellular pathways 

are preferentially activated [25]. In addition, the 

growing recognition of the role of neuroinflammation 

– mediated by TLR4 activation and microglial  

response – introduces a new, immune-based 

perspective to opioid-induced neurotoxicity, 

particularly in the context of chronic use [26,27].  

The discussion of neuroinflammation also leads to the 

complex topic of opioid-induced hyperalgesia (OIH). 

This is a paradoxical state where opioids, meant to 

relieve pain, actually begin to increase a patient’s pain 

sensitivity. Although OIH is a recognized phenomenon, 

there is still considerable debate about its true 

prevalence and importance in cancer-related pain [43]. 

This presents a major diagnostic challenge for 

clinicians. When a patient’s pain worsens, is it because 

the disease is progressing, has the patient developed 

tolerance, or is it OIH? Making the right call is critical 

because the treatment for OIH is counterintuitive: it 

often requires reducing the opioid dosage, not 

increasing it. 

A critical element of this discussion is the 

acknowledgment that the observed clinical picture in 

patients is the result of an interaction between two 

powerful factors: the pain itself and the action of 

opioids. As shown by current meta-analyses [34] and 

cohort studies [35], chronic pain per se is an 

independent risk factor for cognitive decline. The 

magnitude of this phenomenon is striking: it not only 

leads to a measurable, 9% faster decline in memory 

performance, but it may also slightly elevate the long- 

-term risk of developing dementia [35]. 

This may reflect the structural brain changes visible  

in neuroimaging studies, which document atrophy in 

areas responsible for attention, executive control, and 

memory encoding – particularly the medial prefrontal 

cortex and cingulate gyrus – consistent with the concept 

of cognitive resource competition [36]. Understanding 

this fact is essential for the differential diagnosis of 

cognitive deficits, allowing clinicians to distinguish 

symptoms stemming from the underlying disease, 

which themselves can more than double the risk of 

cognitive impairment from the iatrogenic effects of 

pharmacotherapy [37]. The clinical expression of this 

interaction is further evidenced by objective behavioral 

data, such as poorer performance on decision-making 

tasks among patients experiencing pain [38], 

reinforcing the need for integrated cognitive-pain 

assessment. The impact of opioids on cognitive 

functions is not uniform and can shift over the course 

of treatment. While some cognitive effects in non- 

-cancer pain can be reversible after drug 

discontinuation [13], the picture is complicated by the 



M. Mierniczek et al.: OPIOIDS AND COGNITIVE FUNCTION 

38 

development of tolerance. A classic clinical example is 

tolerance to sedation: many patients who are initially 

drowsy for the first few days of therapy find that this 

effect wears off over time. This adaptation can be 

beneficial for a patient’s daily functioning, but it can 

also be misleading. The fading sedation might mask 

persistent, more subtle deficits in other cognitive areas 

(e.g., executive functions), which may not improve in 

the same way. This highlights a key clinical point: 

subjective reports of sleepiness are not a reliable 

measure of the overall cognitive impact of opioids, 

underscoring the need for objective monitoring [8]. 

Moreover, the dose-response relationship is well- 

-documented. The EPOS study [29] clearly 

demonstrated a higher risk of cognitive impairment at 

higher morphine equivalent doses, a finding supported 

by the conclusions of systematic reviews [30]. 

Importantly, these findings align with longitudinal 

neuroimaging studies that demonstrate dose-related 

reductions in gray matter volume in regions critical to 

cognition [21], thereby providing a structural basis for 

the observed impairments. This contrasts with the more 

severe and potentially persistent impairments observed 

in populations with long-term, high-dose exposure, 

such as in opioid use disorder [28], where chronic 

neuroadaptive changes in the brain are more 

pronounced. 

The clinical expression of neurotoxicity is strongly 

modulated by the patient’s individual risk factors.  

The elderly are a particularly vulnerable group, in 

whom reduced cognitive reserve, changes in drug 

pharmacokinetics, and polypharmacy significantly 

increase susceptibility to adverse effects [44]. Organ 

failure, especially renal impairment, is also a key factor. 

In patients with impaired renal function, active, 

neurotoxic metabolites of certain drugs, such as 

morphine-3-glucuronide and morphine-6-glucuronide, 

can accumulate, leading to delirium and severe sedation 

[32]. This necessitates the individualization of therapy 

and the selection of opioids with a safer metabolic 

profile in this group, such as buprenorphine or fentanyl 

[32,33]. 

The above findings carry significant implications for 

daily clinical practice, underscoring the need to 

proactively monitor cognitive functions, rather than 

passively wait for patient complaints. Regular 

assessment, especially in at-risk patient groups, may 

enable the early detection of deficits when they are still 

reversible. For this purpose, simple screening tools 

such as the Montreal Cognitive Assessment [45] can be 

useful. In the context of pharmacotherapy, proactive 

strategies extend beyond symptomatic treatment to 

include the conscious selection and modification of the 

opioid regimen. Opioid rotation is a recognized clinical 

strategy that, by utilizing the phenomenon of 

incomplete cross-tolerance, can reduce the severity of 

adverse effects while maintaining effective analgesia 

[46]. Furthermore, a growing body of data suggests that 

opioids with alternative mechanisms of action may 

offer a more favorable cognitive profile. This applies to 

tapentadol, for example; its dual action (MOR agonism 

and norepinephrine reuptake inhibition) and lower  

μ-load result in fewer opioid-related toxicities, such as 

constipation and nausea, when compared to pure MOR 

agonists [47]. Buprenorphine is another example, 

whose status as a partial agonist and the resulting 

ceiling effect make it a safer option, particularly in the 

elderly and patients with renal failure [33]. 

In the realm of non-pharmacological interventions, 

RCTs provide promising evidence of the effectiveness 

of cognitive training [39] and mindfulness-based 

therapies [40,41], which show measurable 

improvement with a large effect size. These strategies 

can be complemented by regular, moderate-intensity 

physical activity, which supports general brain 

neuroplasticity [48]. Notably, these approaches may 

counteract the mechanisms of opioid-induced cognitive 

dysfunction by enhancing hippocampal neurogenesis, 

regulating stress response systems, and reducing 

systemic inflammation – thus targeting several of the 

identified pathophysiological pathways in parallel. 

Supportive pharmacological strategies are considered 

in cases where modifying the opioid dosage is not 

possible or insufficient and cognitive symptoms are 

significantly reducing the patient’s quality of life. 

Particularly interesting results in this regard come  

from a pilot study which showed that donepezil,  

a cholinesterase inhibitor, effectively reduced 

excessive sedation in opioid-treated cancer patients. 

Beyond sedation, improvements in mood and alertness 

were noted, which may reflect more global 

enhancement of cholinergic tone in cortical networks 

implicated in attention and arousal [42]. Similar 

benefits in improving concentration and alleviating 

fatigue in cancer patients have been observed with the 

use of psychostimulant drugs, such as methylphenidate 

[49]. 

However, it must be emphasized that the current 

evidence for the efficacy of these interventions in 

mitigating specific, opioid-induced cognitive deficits is 

still limited and comes mainly from pilot studies. Their 

inclusion in standard-of-care protocols will require 

further, large-scale clinical trials [50] to confirm their 

safety and define optimal therapeutic protocols in this 

patient population. It should be noted that this paper, as 

a narrative review, is inherently susceptible to 

subjectively selected samples and does not 

systematically cover all available studies. Furthermore, 

the evidence base itself has significant limitations. 

Many detailed pathophysiological mechanisms, 

especially concerning neuroplasticity and 

neuroinflammation, have been elucidated primarily 

through animal model studies, which require caution 

when extrapolating the results to humans. Clinical 
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studies, in turn, are very heterogeneous in terms of the 

drugs used, the dosages, the duration of therapy, and the 

neuropsychological tools employed, which makes it 

difficult to compare results and formulate definitive 

recommendations. Moreover, although neuroimaging 

studies provide fascinating insights into structural and 

functional brain changes [51,52], they often focus on 

the specific population of individuals with opioid use 

disorder, which does not always fully correspond to the 

situation of chronic pain patients undergoing 

therapeutic treatment. 

A future challenge is to develop integrated strategies 

within the dynamic field of “cognitive medicine” [10]. 

Further research is needed on combining standard 

neuropsychological tests with advanced neuroimaging 

techniques, to not only identify deficits but also to 

monitor brain neuroplasticity in response to treatment, 

such as opioid discontinuation or the implementation of 

naltrexone therapy [52]. In pharmacotherapy, instead of 

focusing solely on symptoms, interventions targeting 

the underlying pathophysiological mechanisms, such as 

dysregulation of the glutamatergic system [53] or 

chronic neuroinflammation, should be investigated.  

In this context, early-phase studies exploring the 

neuroprotective potential of TLR4 inhibitors (e.g., 

resatorvid) offer promising leads for addressing opioid-

-induced immune dysregulation [27], although their 

translation into human populations remains to be 

confirmed. Further new directions in pharmacotherapy 

include the development of multi-mechanistic drugs, 

such as those that combine MOR agonism with 

nociceptin/orphanin FQ peptide (NOP) receptor 

activation. The NOP receptor, though part of the opioid 

receptor superfamily, has a unique functional profile. 

Its activation can produce analgesia while 

simultaneously counteracting many of the adverse 

effects associated with classical MOR agonists, 

including respiratory depression, tolerance, and 

reward-related behaviors. This dual-target approach 

therefore represents a promising strategy to dissociate 

potent analgesia from life-threatening side effects, 

potentially offering a safer class of analgesics for the 

future [54]. Ultimately, this all points towards a more 

holistic perspective in pain management, one that is 

best exemplified by the management of complex pain 

conditions. A thorough diagnosis that identifies  

a specific type of pain, such as a neuropathic 

component, allows clinicians to move beyond simple 

opioid titration and introduce targeted co-analgesics. 

For neuropathic pain, this often means using drugs such 

as gabapentin or pregabalin, or antidepressants such as 

duloxetine. This multimodal approach has a powerful 

dual benefit: it is often more effective for managing 

complex or opioid-resistant pain, and it serves as a key 

strategy for cognitive preservation. By successfully 

treating pain with these agents, clinicians can often 

reduce the total daily dose of opioids, directly tackling 

the central challenge of this review: how to balance 

effective pain relief with minimizing cognitive side 

effects [55]. Effective pain management is the 

foundation of care, especially in oncology [56], and it 

is important to remember that cognitive problems in 

cancer patients can result from many factors, including 

the pain itself [37,38]. Furthermore, landmark research 

has demonstrated that early and well-conducted 

palliative care, which includes rational pain 

management, improves quality of life and may also 

extend survival [57]. The pursuit of a balance between 

providing analgesia and preserving cognitive function 

is therefore not a zero-sum game, but a key element of 

comprehensive, effective patient care. 

CONCLUSIONS 

Opioids are fundamental to modern pain management, 

yet their efficacy is challenged by the significant risk  

of cognitive impairment. This review underscores  

the fact that these cognitive deficits are not merely  

a pharmacological side effect, but the result of  

a complex interplay between the neurobiological 

actions of the drug and the parallel neurotoxic effects 

of chronic pain itself. Consequently, a paradigm shift is 

necessary, moving from a singular focus on analgesia 

to a holistic strategy that actively balances effective 

pain relief with preserving cognitive function. This 

requires an integrated approach, including 

individualized dosages, regular cognitive monitoring, 

and non-pharmacological and emerging therapeutic 

strategies. The pursuit of this balance is not a zero-sum 

game, but an essential component of comprehensive, 

patient-centered care, aimed at maximizing both 

quality of life and functional autonomy. 
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