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Non-steroidal anti-inflammatory drugs (NSAIDs) have become a
foundation in the management of pain and inflammation due to
their widespread efficacy, accessibility, and the extensive research
supporting their use across various clinical conditions. The
historical evolution of NSAIDs, beginning with the introduction of
aspirin over a century ago, laid the groundwork for their current
status in pain management. Aspirin's analgesic and anti-
inflammatory properties were quickly recognised, leading to the
development of other NSAIDs such as ibuprofen and naproxen,
which have since gained popularity for their effectiveness in
treating mild to moderate pain and inflammation (Cavkaytar et al.,

2015; Poddubnyy, 2013).

The mechanism of action of NSAIDs primarily involves the
inhibition of cyclooxygenase (COX) enzymes, which play a crucial
role in the conversion of arachidonic acid to prostaglandins,
compounds that mediate inflammation and pain (Sanchez-Borges
et al., 2002, Whittle, 2003). The discovery of two distinct COX
isoforms, COX-1 and COX-2, has further refined the therapeutic
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applications of NSAIDs. COX-1 is involved in the maintenance of
gastric mucosa and renal function, while COX-2 is primarily
expressed during inflammatory responses (Sanchez-Borges et al.,
2002; Sung et al., 2000). This understanding has led to the
development of selective COX-2 inhibitors, which aim to provide
anti-inflammatory benefits while minimising gastrointestinal side

effects associated with non-selective NSAIDs (Akarca, 2005).

Clinical studies have consistently demonstrated the efficacy of
NSAIDs in various conditions, including arthritis, musculoskeletal
disorders, and postoperative pain (Poddubnyy, 2013; Rossignol et
al., 2008). For instance, a study on axial spondyloarthritis showed
that NSAIDs significantly reduced pain and stiffness in patients,
highlighting their role as a first-line treatment option (Poddubnyy,
2013). Additionally, the use of topical NSAIDs has gained traction,
particularly for localised pain management, as they provide
analgesic effects with minimal systemic absorption, thus reducing

the risk of systemic side effects (Bhat, 2023).

The safety profile of NSAIDs has been a topic of extensive research,
particularly concerning gastrointestinal complications. While
NSAIDs are effective, they are also associated with risks such as
peptic ulcers and gastrointestinal bleeding, especially in long-term
users (Akarca, 2005; Sugano et al., 2012). The introduction of

proton pump inhibitors (PPls) as a preventive measure against
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NSAID-induced gastrointestinal complications has been a
significant advancement in the management of patients requiring
long-term NSAID therapy (Sung et al., 2000). Research has shown
that the combination of NSAIDs with PPIs can effectively reduce
the incidence of gastrointestinal adverse events, allowing for safer

long-term use (Sugano et al., 2012).

In addition to gastrointestinal safety, the potential for
hypersensitivity reactions to NSAIDs has been documented, with
varying degrees of severity ranging from mild urticaria to
anaphylaxis (Cerci, 2023; Kowalski et al., 2011). Understanding the
mechanisms behind these hypersensitivity reactions has led to
improved classification and management strategies, allowing
clinicians to better navigate the complexities of NSAID use in
sensitive populations (Cerci, 2023; Kowalski et al., 2011). For
example, selective COX-2 inhibitors like celecoxib have been
explored for their tolerability in patients with a history of NSAID
hypersensitivity, showing promise in minimising adverse reactions

while providing effective pain relief (Li & Laidlaw, 2019).

The accessibility of NSAIDs, both prescription and over-the-
counter, has also contributed to their prominence in pain
management. Their availability allows patients to self-manage mild
to moderate pain effectively, which is particularly beneficial in

primary care settings (Cavkaytar et al., 2015; Bruyndonckx et al.,
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2018). However, the ease of access necessitates careful patient
education regarding the appropriate use of NSAIDs, potential side
effects, and the importance of consulting healthcare providers for

prolonged use (Bruyndonckx et al., 2018).

Research continues to evolve around NSAIDs, with ongoing
studies aimed at optimising their use and minimising adverse
effects. For instance, the exploration of novel formulations and
delivery methods, such as transdermal patches and injectable
forms, aims to enhance the therapeutic efficacy of NSAIDs while
reducing systemic exposure (Bhat, 2023). Furthermore, the
integration of NSAIDs into multimodal pain management
strategies, particularly in surgical and chronic pain settings,
underlines their versatility and importance in contemporary pain

management protocols (Rossignol et al., 2008).
Mechanism of Action

The role of COX enzymes in the therapeutic effects of NSAIDs is
multifaceted and critical to understanding how these medications
alleviate pain and inflammation, as well as their potential
chemopreventive properties in various diseases, including cancer.
COX enzymes, primarily COX-1 and COX-2, are pivotal in the
conversion of arachidonic acid into prostaglandins, which are lipid
compounds that mediate inflammation, pain, and fever. The

inhibition of these enzymes by NSAIDs leads to a decrease in

Page 4 of 27



The Evolution and Clinical Significance of NSAIDs and the Future Directions

prostaglandin synthesis, thereby exerting anti-inflammatory and

analgesic effects (Baek et al., 2021; Ayub & Islam, 2015).

COX-1 is constitutively expressed in many tissues and is
responsible for producing prostaglandins that protect the gastric
mucosa and maintain renal blood flow, while COX-2 is an inducible
enzyme that is upregulated during inflammation and is associated
with pain and inflammatory responses (Crofford, 2000). The
selective inhibition of COX-2 has been shown to provide effective
pain relief with a reduced risk of gastrointestinal side effects
compared to non-selective NSAIDs that inhibit both COX-1 and
COX-2 (Rodriguez et al.,, 2008; Rao & Reddy, 2004). This selectivity
is particularly important in clinical settings where long-term NSAID
use is necessary, as it minimises adverse effects while maximising

therapeutic benefits (Rao & Reddy, 2004).

Research indicates that the therapeutic effects of NSAIDs extend
beyond mere COX inhibition. For instance, certain NSAIDs have
been found to exert COX-independent effects, such as modulating
y-secretase activity, which is implicated in Alzheimer's disease
pathology through the regulation of amyloid-beta peptide
production (Eriksen et al., 2003; Weggen et al., 2003). This suggests
that the therapeutic potential of NSAIDs may encompass a broader

range of mechanisms, including direct interactions with cellular
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pathways involved in inflammation and cell proliferation

(Mizushima, 2010).

In the context of cancer, the inhibition of COX-2 has been linked to
reduced tumorigenesis and improved outcomes in various
malignancies. Studies have demonstrated that NSAIDs can
decrease the incidence of colorectal cancer by inhibiting COX-2-
derived prostaglandin E2 signaling, which is known to promote
tumour growth and angiogenesis (Yong & DuBois, 2006; Zeidler et
al., 2000). Furthermore, genetic and pharmacological studies have
shown that the antitumor effects of NSAIDs are mediated, at least
in part, through COX inhibition, although COX-independent
mechanisms also play a role in their chemo preventive actions

(Martinez et al., 2003; Narayanan et al., 2004).

The dual functionality of NSAIDs, involving both COX-dependent
and COX-independent pathways, highlights the complexity of their
action. For example, while traditional NSAIDs like aspirin and
ibuprofen primarily exert their effects through COX inhibition,
other compounds may activate specific genes or pathways that
contribute to their anti-inflammatory and antitumor effects (Baek et
al., 2002; Turchanowa et al., 2001). This multifactorial approach to
understanding NSAID action is crucial for developing new
therapeutic strategies that maximise efficacy while minimising side

effects.
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Furthermore, the pharmacokinetics of NSAIDs, including their
selectivity for COX-1 versus COX-2, significantly influences their
clinical application. For instance, COX-2 selective inhibitors, known
as coxibs, have been developed to provide anti-inflammatory
effects with a lower risk of gastrointestinal complications, making
them preferable for patients requiring long-term treatment
(Rodriguez et al., 2008; Rao & Reddy, 2004). However, the potential
cardiovascular risks associated with selective COX-2 inhibition have
raised concerns, necessitating careful patient selection and

monitoring (Rodriguez et al., 2008).

In addition to their analgesic and anti-inflammatory properties,
NSAIDs have been investigated for their role in modulating
immune responses. The inhibition of COX-2 can lead to alterations
in cytokine production and immune cell function, which may
contribute to their therapeutic effects in inflammatory diseases and
cancer (Miranda et al., 2019; Zeidler et al., 2000). This immune
modulation is particularly relevant in the context of chronic
inflammatory conditions, where persistent inflammation is a key

driver of disease progression.

The understanding of COX enzymes and their role in NSAID action
continues to evolve, with ongoing research exploring novel
compounds that may offer enhanced therapeutic profiles. For

instance, the identification of new COX isoforms and variants, such
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as COX-3, has opened avenues for targeted therapies that could
provide pain relief with fewer side effects (Chandrasekharan et al.,
2002). Additionally, the exploration of NSAID combinations with
other therapeutic agents may enhance their efficacy and broaden

their applications in clinical practice (F et al., 2020).
Clinical Uses Across Specialties

NSAIDs widespread use can be attributed to their ability to
alleviate symptoms of musculoskeletal disorders, inflammatory
diseases, and acute pain episodes, making them key in both
primary and specialised medical care. Conditions such as
osteoarthritis, rheumatoid arthritis, and acute injuries are
particularly prevalent among NSAID prescriptions, as these drugs
provide significant symptomatic relief through their anti-
inflammatory properties (Al-Saeed, 2011; Bhattarai et al., 2021,
Wongrakpanich et al., 2018).

NSAIDs reduce the production of prostaglandins by inhibiting
these enzymes, which in turn lowers inflammation and pain
perception. This pharmacological action is particularly beneficial in
chronic conditions such as osteoarthritis and rheumatoid arthritis,
where inflammation is a significant contributor to pain and
disability (Vanderstraeten et al., 2016, Naseem et al., 2021).
Furthermore, the analgesic properties of NSAIDs make them a

preferred choice for acute pain management, including

Page 8 of 27



The Evolution and Clinical Significance of NSAIDs and the Future Directions

postoperative pain and dental pain (Shukla, 2024; Wongrakpanich
et al., 2018).

In addition to musculoskeletal disorders, NSAIDs are frequently
prescribed for various other conditions. For instance, they are
commonly used to manage pain associated with cancer, where
inflammatory symptoms can significantly impact the quality of life
(Setiawan et al., 2017). The use of NSAIDs in cancer patients is
particularly relevant as they can help alleviate pain and swelling
that often accompany tumour growth and treatment-related side
effects. Furthermore, NSAIDs are also utilised in the management
of headaches, menstrual pain, and other acute pain conditions,
further underscoring their versatility as analgesics (Al-Saeed, 2011,

Wongrakpanich et al., 2018).

Despite their efficacy, the prescription of NSAIDs is not without
risks. Adverse effects associated with NSAID use, such as
gastrointestinal bleeding, renal impairment, and cardiovascular
events, necessitate careful consideration by healthcare providers
(Wongrakpanich et al., 2018; Roubille et al., 2013; Narsinghani &
Sharma, 2014). For instance, patients with pre-existing conditions
such as chronic kidney disease (CKD) or cardiovascular disease may
be at an increased risk for complications when using NSAIDs,
leading to a more cautious approach in prescribing these

medications (Keohane et al., 2017). Consequently, healthcare
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providers often assess the risk-benefit ratio before initiating NSAID
therapy, particularly in vulnerable populations such as the elderly

(Wongrakpanich et al., 2018; Narsinghani & Sharma, 2014).

The prevalence of NSAID prescriptions is also influenced by clinical
guidelines and treatment protocols that recommend their use as
first-line therapy for pain and inflammation (Vanderstraeten et al.,
2016; Naseem et al., 2021). In many cases, NSAIDs are
recommended after the failure of non-pharmacological
interventions or other analgesics, such as acetaminophen
(Vanderstraeten et al., 2016). This stepwise approach to pain
management reflects the recognition of NSAIDs as effective agents
for controlling pain and inflammation while also acknowledging the

potential for adverse effects.

Furthermore, the prescribing patterns of NSAIDs can vary based
on the clinical setting. In outpatient settings, NSAIDs are often
prescribed for chronic conditions, while in emergency
departments, they may be used for acute pain management
(Neupane et al., 2022). This variability highlights the adaptability of
NSAIDs in addressing a wide range of clinical scenarios, reinforcing

their status as a mainstay in pain management.
Adverse Effects and Safety Concerns

The major health risks associated with NSAID use include

gastrointestinal complications, cardiovascular events, and renal
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impairment, with certain populations being particularly vulnerable
to these adverse effects. Understanding these risks is crucial for
both healthcare providers and patients to ensure safe and effective

use of these medications.

Gastrointestinal complications are among the most well-
documented risks associated with NSAID use. These complications
can range from mild dyspepsia to severe conditions such as peptic
ulcers and gastrointestinal bleeding. The risk of these adverse
effects is dose-dependent and is particularly pronounced in older
adults and those with a history of gastrointestinal disorders
(McGettigan & Henry, 2013). A meta-analysis indicated that
NSAIDs, especially non-selective ones, significantly increase the
risk of serious gastrointestinal events (Ungprasert et al., 2015).
Furthermore, the concurrent use of NSAIDs with anticoagulants
has been shown to heighten the risk of major bleeding (Penner et
al., 2022). This is particularly concerning for patients with pre-
existing gastrointestinal issues or those taking multiple
medications, as polypharmacy can exacerbate the risk of adverse

drug reactions (Moore et al., 2015).

Cardiovascular risks associated with NSAID use are also significant.
Studies have shown that NSAIDs can elevate blood pressure and
increase the risk of acute myocardial infarction (AMI) (Bally et al.,

2017; , Shau et al., 2012). The risk is particularly pronounced with
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higher doses and prolonged use, leading to a growing concern
regarding the safety of NSAIDs in patients with existing
cardiovascular conditions (McGettigan & Henry, 2013). For
instance, a study highlighted that the risk of AMI is influenced by
the timing and dosage of NSAID exposure, suggesting that even
short-term use can pose risks for susceptible individuals (Bally et
al., 2017). Additionally, certain demographic groups, such as older
adults and those with pre-existing cardiovascular diseases, are at

an increased risk for these adverse outcomes (Lin et al., 2021).

Renal impairment is another critical concern linked to NSAID use.
NSAIDs can lead to acute kidney injury (AKI), particularly in
populations with pre-existing renal conditions such as chronic
kidney disease (CKD) (Patel et al., 2012). The mechanisms by which
NSAIDs induce renal damage include inhibition of prostaglandin
synthesis, which is essential for maintaining renal blood flow,
especially in states of dehydration or compromised renal function
(Chiasson et al., 2019). Research has indicated that the prevalence
of NSAID use in patients with CKD is alarmingly high, despite
guidelines recommending against their use in this population
(Gnjidic et al., 2014). Additionally, the risk of nephrotoxicity is
compounded in older adults, who often have multiple
comorbidities and may be taking other nephrotoxic medications

(Lin et al., 2021).
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Certain populations are particularly vulnerable to the adverse
effects of NSAIDs. Older adults are at increased risk due to age-
related physiological changes, polypharmacy, and the higher
prevalence of comorbid conditions (Gnjidic et al., 2014). Also,
individuals with pre-existing gastrointestinal, cardiovascular, or
renal conditions are more likely to experience severe complications
from NSAID use (McGettigan & Henry, 2013). For instance, a study
found that older adults using NSAIDs had a significantly higher
incidence of AKlI compared to younger populations (Lin et al.,
2021). Furthermore, patients with a history of gastrointestinal
bleeding or ulcers should be closely monitored when prescribed
NSAIDs, as they are at a heightened risk for recurrence of these

complications (Moore et al., 2015).

The knowledge and perceptions of patients regarding the risks
associated with NSAID use also play a crucial role in their safety.
Research has shown that many patients, particularly those with
lower educational levels, may not fully understand the potential
risks of NSAIDs, which can lead to misuse (Phueanpinit et al., 2016).
This lack of awareness can result in patients failing to disclose
relevant medical histories that could influence the safety of NSAID
prescriptions. Therefore, enhancing patient education regarding
the risks associated with NSAIDs is essential for improving safety

outcomes (Phueanpinit et al., 2016).
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Comparative Efficacy and Novel Developments in NSAIDs

The comparison between traditional NSAIDs and COX-2 inhibitors
has been a focal point of research, particularly concerning their
efficacy and safety profiles. Traditional NSAIDs, such as ibuprofen
and naproxen, are non-selective inhibitors that affect both COX-1
and COX-2 enzymes, while COX-2 inhibitors, like celecoxib and
etoricoxib, are designed to selectively inhibit the COX-2 enzyme,
which is primarily involved in inflammation and pain signalling. This
selectivity has significant implications for both therapeutic efficacy
and adverse effects, particularly gastrointestinal and cardiovascular

risks.

Efficacy-wise, studies have shown that COX-2 inhibitors can
provide pain relief comparable to traditional NSAIDs in conditions
such as osteoarthritis and rheumatoid arthritis. For instance, Kivitz
et al. demonstrated that celecoxib was as effective as naproxen in
alleviating pain associated with osteoarthritis of the hip, while also
highlighting its superior gastrointestinal safety profile (Kivitz et al.,
2001). This finding is supported by other studies indicating that
COX-2 inhibitors maintain similar analgesic effects while reducing
the risk of gastrointestinal complications (Baraf, 2007).
Furthermore, a systematic review found that COX-2 inhibitors were
associated with a lower incidence of upper gastrointestinal ulcers

and complications compared to traditional NSAIDs, reinforcing
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their role as a safer alternative for long-term pain management

(Bakhriansyah et al., 2017).

In terms of safety, traditional NSAIDs are associated with a higher
risk of gastrointestinal adverse events, including ulcers and
bleeding, due to their inhibition of COX-1, which plays a protective
role in the gastric mucosa (Levy & Imundo, 2010; Sileyman et al.,
2008). This is particularly concerning in populations at risk, such as
the elderly or those with pre-existing gastrointestinal conditions.
Bakhriansyah et al. reported that selective COX-2 inhibitors,
especially when used in conjunction with PPls, significantly reduce
the risk of gastrointestinal ulcers compared to traditional NSAIDs
(Bakhriansyah et al., 2017). Furthermore, observational studies have
shown that patients using COX-2 inhibitors had lower rates of
upper gastrointestinal complications compared to those on non-
selective NSAIDs, even when controlling for disease severity

(Mamdani, 2002; Mamdani et al., 2004).

However, the safety profile of COX-2 inhibitors is not without
concerns. Research has indicated that selective COX-2 inhibitors
may increase the risk of cardiovascular events due to their
mechanism of action. Solomon et al. highlighted that while COX-2
inhibitors reduce prostacyclin production an important vasodilator
they do not affect thromboxane A2 levels, which promote platelet

aggregation and vasoconstriction, potentially leading to increased
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cardiovascular risks (Solomon et al., 2005; Solomon et al., 2004).
This dual effect raises questions about the long-term safety of
COX-2 inhibitors, particularly in patients with existing

cardiovascular conditions.

The cardiovascular safety of COX-2 inhibitors has been a subject of
extensive debate, particularly following the withdrawal of rofecoxib
from the market due to safety concerns. Kearney et al. conducted
a meta-analysis that suggested both traditional NSAIDs and COX-
2 inhibitors could increase the risk of atherothrombosis, although
the exact mechanisms and relative risks remain unclear (Kearney et
al., 2006). The cardiovascular risks associated with COX-2 inhibitors
have led to recommendations for careful patient selection and
monitoring, particularly in those with pre-existing cardiovascular

disease (Williams et al., 2006).

While both traditional NSAIDs and selective COX-2 inhibitors are
effective for pain management, their safety profiles differ
significantly. COX-2 inhibitors offer a lower risk of gastrointestinal
complications, making them preferable for long-term use in
patients at risk for gastrointestinal issues. However, the potential
for increased cardiovascular events necessitates a cautious
approach, particularly in vulnerable populations. The choice

between these classes of medications should be guided by a
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thorough assessment of the patient's individual risk factors and

treatment goals.
Conclusion

NSAIDs have undergone significant evolution since their inception,
transitioning from the discovery of aspirin to the development of
advanced selective COX-2 inhibitors. Their broad therapeutic
utility across conditions such as arthritis, postoperative pain, and
localised inflammation has solidified their role as indispensable
agents in contemporary medicine. However, their widespread use
is tempered by notable safety concerns, including gastrointestinal,
cardiovascular, and renal risks, necessitating a balanced approach
to their prescription and use. Advances in understanding the
molecular mechanisms of NSAIDs, such as COX-dependent and
COX-independent pathways, have broadened their potential
applications, including emerging roles in cancer prevention and

immune modulation.

Future directions in NSAID research focus on enhancing their
therapeutic efficacy while minimising adverse effects. Innovations
in drug formulations, such as transdermal patches and injectable
options, alongside the integration of NSAIDs into multimodal pain
management strategies, highlight their evolving clinical relevance.
Additionally, personalised medicine approaches, including

patient-specific risk assessments and the use of protective co-
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therapies like PPI's, hold promise for improving the safety and
effectiveness of NSAID therapy.

While NSAIDs remain a crucial in pain and inflammation
management, continued research and vigilance are required to
optimise their clinical application, expand their therapeutic
potential, and mitigate their risks. This balance will ensure that
NSAIDs remain both a reliable and safe choice for managing

diverse medical conditions in the future.
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