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ABSTRACT

Adverse Drug Reactions (ADRs) are an important
yet often overlooked aspect of pharmacotherapy
that poses significant challenges in healthcare.
Defined as harmful or unintended responses to
medications, ADRs can range from mild side
effects to severe, life-threatening conditions. As the
complexity of medication regimens increases and
the number of available drugs expands,
understanding and managing ADRs has become
critical for patient safety and effective healthcare
delivery.The increasing prevalence of chronic
diseases, along with the aging population,
contributes to the rising incidence of ADRs. Older
adults are particularly vulnerable due to
polypharmacy—the concurrent use of multiple
medications—which elevates the risk of drug
interactions and side effects. According to studies,
nearly 40% of older adults take five or more
medications, making them prime candidates for
experiencing ADRs.Types of adverse drug
reactions can be classified into two main
categories: Type A (predictable) and Type B
(unpredictable) reactions. Several factors contribute
to the likelihood of experiencing an ADR. Patient-
specific factors such as age, gender, genetic
predispositions, and existing comorbidities play a
significant role. For example, genetic variations can
affect how a patient metabolizes certain
medications, leading to either subtherapeutic
effects or toxic reactions.Education also plays an
essential role in preventing ADRs. Healthcare
providers must stay updated on the latest research
and guidelines regarding medications.
Implementing  regular training sessions on
pharmacovigilance—monitoring the effects of
medications and identifying potential ADRs—can
empower healthcare teams to better manage patient
safety.

Keywords: Adverse Drug Reaction, Hidden Risk,
Medication Safety, Pharmacovigilance, and Drug
Interaction.

l. INTRODUCTION TO ADVERSE
DRUG REACTIONS (ADRS)

Adverse Drug Reactions (ADRs) refer to
unexpected or harmful effects that occur after
taking a medication at appropriate doses for
treatment, diagnosis, or prevention. These reactions
are unintended and can range from mild discomfort
to severe health risks. ADRs are a major issue in
the healthcare field because they can interfere with
patient recovery, complicate treatment plans,
lengthen hospital stays, and lead to increased
medical expenses.

The effects of ADRs can be diverse,
including mild symptoms like headaches, nausea,
or skin irritation, as well as more serious problems
such as liver injury, kidney dysfunction, severe
allergic responses, or potentially fatal outcomes
like anaphylactic shock. Sometimes, these reactions
are misinterpreted as signs of another illness,
making it crucial to identify and manage them
promptly.

A variety of factors can lead to the
development of ADRs. These include patient-
specific aspects like age, genetic makeup, and
underlying health conditions. Additionally, taking
multiple medications at once—a situation common
in older adults and those with chronic diseases—
can increase the risk. As newer drugs continue to
be introduced into medical practice, the likelihood
of encountering adverse effects also grows.

Minimizing the risk of ADRS requires
healthcare providers to closely monitor drug use
and report any suspected reactions through
pharmacovigilance systems. Prompt recognition of
side effects, educating patients about potential
risks, and tailoring treatment plans to individual
needs are all important steps in promoting
medication safety.[1]

Classification of Adverse Drug Reactions
(ADRs)

Adverse Drug Reactions can be
categorized in various ways, but one of the most
recognized methods is the Rawlins and Thompson
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classification. This system initially classifies ADRs
into two primary types: Type A (Augmented) and
Type B (Bizarre). Later, four more categories—
Types C to F—were introduced to describe more
complex or long-term reactions.

1.Type A (Augmented) Reactions

o Definition: These reactions are linked to the
drug’s normal effects and usually occur when
the dose is too high or when the patient is
particularly sensitive.

Examples:

Low blood sugar caused by insulin

Excessive bleeding due to warfarin

Frequency: Occurs frequently

Severity: Usually mild to moderate
Management: Can often be managed by
lowering the dose or stopping the drug

® O O e
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. Type B (Bizarre) Reactions

o Definition: These are unusual and unexpected
effects that don’t relate to the known actions of
the drug. They’re not dose-related and are
often caused by individual-specific factors like
genetics or immune responses.

e Examples:

o Severe allergic reaction (anaphylaxis) after
penicillin

o Serious skin reactions like Stevens-Johnson
Syndrome from anticonvulsants

e Frequency: Rare

e  Severity: Often severe or even life-threatening

e Management: Immediate discontinuation of

the drug and supportive medical treatment

3. Type C (Chronic) Reactions

e Definition: Reactions that appear as a result of
long-term use of a medication.
Examples:

o Hormonal imbalances or adrenal gland
suppression from prolonged corticosteroid use

N

. Type D (Delayed) Reactions

e Definition: These reactions do not appear
immediately but show up after a significant
period, even after the medication has been
discontinued.
Examples:

o Certain types of cancer developing from long-
term chemotherapy

o  Birth defects due to drugs like thalidomide

5. Type E (End-of-use) Reactions

e Definition: These occur when a drug is
suddenly stopped, leading to withdrawal or
rebound symptoms.
Examples:

o Seizures after abruptly stopping
benzodiazepines

o High blood pressure after stopping certain
antihypertensive drugs like clonidine

6. Type F (Failure of Therapy)

e Definition: This occurs when the medication
fails to produce the intended therapeutic effect.
Examples:

o Ineffectiveness of antibiotics due to bacterial
resistance

o Contraceptive failure when combined with
another drug that reduces its effect.[2]

Mechanism of Adverse Drug Reactions (ADRS)
Adverse drug reactions (ADRs) can
happen for many reasons. They depend on the
medicine, the person taking it, and how their body
responds. Here are the main ways ADRS can occur:

1. Pharmacological Reactions

e These happen when a drug works too well or
affects other parts of the body besides where
it’s supposed to work.

e These reactions are usually predictable and
depend on the dose.

e Example: Warfarin (a blood thinner) can cause
too much bleeding if the dose is too high.

2. Idiosyncratic Reactions

e  These are unusual and unexpected.

e They’re not related to the drug’s normal
action and are often caused by genetics or the
immune system.

e Example: A severe skin reaction like Stevens-
Johnson syndrome from some antibiotics or
seizure medications.

3. Allergic (Hypersensitivity) Reactions

e The immune system treats the drug like a
harmful substance, even if it’s safe for most
people.

e These can happen even with small doses and
can range from a mild rash to a serious
allergic reaction.

o Example: A serious allergy (anaphylaxis) to
penicillin.
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4. Drug Interactions

e When two or more medicines are taken
together, they can affect each other.

e One drug may increase or decrease the effect
of another.

e Example: Taking warfarin with aspirin can
increase the risk of bleeding.

5. Genetic Factors (Pharmacogenetics)

e People’s genes affect how their bodies
process drugs.

e Some people break down drugs too fast or too
slow, leading to side effects.

e Example: Codeine can turn into morphine too
quickly in some people, causing overdose
symptoms.

6. Overdose or Accumulation

e If someone takes too much of a drug or uses it
for a long time, it can build up in the body.

e This is more common in people with kidney
or liver problems, who can’t clear the drug
properly.

e Example: Digoxin can build up in older adults
and cause side effects like nausea or irregular
heartbeat.[3]

Factors Influencing Adverse Drug Reactions
(ADRs)

Many things can affect how a person
reacts to a medicine. These factors can be related to
the person taking the drug, the medicine itself, or
how and where it’s used.

1. Age

e Older adults and babies are more likely to
have side effects.

e Older people may not break down or remove
drugs from their bodies as fast.

e Babies' organs are still developing, so they
can't handle drugs like adults can.

2. Gender
¢ Women may experience more side effects than
men.

e This can be due to differences in body fat,
hormones, or how their body uses the
medicine.

3. Genetics

e Everyone’s body is different. Some people are
born with genes that make them react
differently to certain drugs.

e For example, a drug might work too well, or
not work at all, because of their genes.

4. Health Problems

e People with kidney, liver, heart, or diabetes
may have a higher risk of side effects.

e These health problems can make it harder for
the body to process the medicine.

5. Taking Many Medicines (Polypharmacy)

e When a person takes many medicines at the
same time, they may mix in the body and
cause bad reactions.

6. Dose and How Long the Drug is Used
e Taking a large dose or using a medicine for a
long time increases the chance of side effects.

7. How the Drug is Taken (Route)

e Medicines can be taken in different ways: by
mouth, injection, or on the skin.

e Injections work faster and may cause stronger
side effects than pills.

8. Lifestyle Choices

e Smoking, drinking alcohol, poor diet, or
using herbal products can change how a drug
works in the body.

9. Drug Quality

e Expired or low-quality medicines may cause
harmful effects or may not work properly.

Pharmacokinetic and pharmacodynamic of adverse
drug reaction .[4]

Pharmacokinetics of Adverse Drug Reactions
(ADRs)

Pharmacokinetics is all about how the body
handles a drug: how it absorbs, spreads, breaks
down, and removes it. These processes affect how
much of the drug stays in the body, which can lead
to side effects (ADRS).

1. Absorption

e Absorption is how the drug gets into your
bloodstream.

e If the drug is absorbed too quickly or too
slowly, it can cause side effects.

o Too fast = the drug can be too strong, causing
toxicity.

o Too slow = the drug might not work well
enough.

e Example: If a drug is absorbed too fast, it
might cause harmful effects. If it’s absorbed
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too slowly, it might not help the condition as
expected.

2. Distribution

e  After a drug enters the bloodstream, it spreads
through the body.

e If the drug builds up in certain organs (like the
liver or kidneys), it can cause harmful
reactions.

e Example: If a drug stays too long in the liver
or kidneys, it might cause damage to these
organs.

3. Metabolism

e The liver helps break down many drugs,
turning them into forms the body can get rid
of.

e Genetic differences affect how fast or slow a
person processes the drug.

e Example: Some people process codeine
slowly, which can turn it into morphine at a
dangerous level, causing problems like
breathing difficulties.

4. Elimination

e The kidneys and liver get rid of drugs from
the body.

e If a person has kidney or liver problems, the
drug can build up in the body and cause
harmful effects.

e Example: A drug like digoxin can build up in
the body if someone has kidney problems,
leading to toxic symptoms like nausea or
irregular heartbeats.[5]

Pharmacodynamics of Adverse Drug Reactions
(ADRs)

Pharmacodynamics is about how the drug
affects your body. It focuses on how the drug
works with the body’s receptors to produce effects.
ADRs can happen when a drug interacts with the
wrong receptors or has too strong an effect.

1. Receptor Binding

e Drugs work by binding to certain receptors in
the body to cause effects.

e If the drug binds to the wrong receptor or
overstimulates the correct one, it can cause
unwanted side effects.

e Example: Antipsychotic drugs can bind to
dopamine receptors but may also affect
serotonin receptors, causing problems like
weight gain or sedation.

2. Dose-Response Relationship

e The dose of a drug determines how much
effect it has on the body. Higher doses can
lead to stronger effects, but also increase the
risk of side effects.

e Example: Painkillers like opioids can cause
breathing problems if taken in a higher dose
than needed.

3. Drug-Receptor Interaction (Agonist vs.
Antagonist)

e Agonists activate receptors, while antagonists
block them.

e If the drug overactivates or blocks a receptor
too much, it can cause side effects.

e Example: A beta-blocker (a type of drug for
heart problems) may block heart receptors too
much, causing low blood pressure
(hypotension).

4. Therapeutic Window

e The therapeutic window is the range of drug
concentration in the blood where the drug
works well without causing harm. A narrow
therapeutic window means the drug is more
likely to cause side effects.

e Example: Warfarin, a blood thinner, has a
narrow window—too much can cause
bleeding, while too little won’t prevent blood
clots.[6]

Detection and Monitoring of Adverse Drug
Reactions (ADRs)

Detecting and keeping track of Adverse
Drug Reactions (ADRs) is essential to keep
patients safe. Some ADRs can go unnoticed until
they cause significant harm, so it's important to
identify them early. Here's how healthcare
providers detect and monitor ADRs:[7]

1. Detection of ADRs
a. Clinical Observation

Doctors, nurses, and pharmacists carefully
watch for any unusual symptoms after a patient
takes a drug. If a patient experiences strange
symptoms, it might indicate an ADR.

o Example: If a patient on antibiotics suddenly
develops a rash or trouble breathing, it could
be an allergic reaction.

b. Patient Reports

e Patients or their caregivers can report any side
effects they experience to their healthcare
provider or ADR reporting systems.

DOI: 10.35629/4494-100225022510 Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 2505



International Journal of Pharmaceutical Research and Applications

LN |

N\

UPRA Journal

5 J Volume 10, Issue 2 Mar—Apr 2025, pp: 2502-2510 www.ijprajournal.com

o

o

o

® @

DN

(o

e O

Example: A patient who feels dizzy or
unusually tired after starting a new medication
can tell their doctor.

. Laboratory Tests and Diagnostics

Doctors may use blood tests, urine tests, or
imaging to check for signs that a drug is
affecting the body, like changes in liver or
kidney function.

Example: If liver enzyme levels rise while
taking acetaminophen, it could mean liver
damage.

. Screening for Risk Factors

Healthcare professionals use tools to identify
people who may be at higher risk for ADRs,
such as older adults or those with existing
health problems (like kidney disease).
Example: Older adults taking several
medications may need more careful monitoring
to avoid drug interactions.

. Signal Detection and Surveillance Systems

Systems like the FDA's MedWatch or
EudraVigilance (in Europe) track ADR reports
from doctors, patients, and drug companies.
When multiple reports of the same side effect
occur, it can signal a possible ADR.

Example: If many people report severe
headaches from a particular drug, the system
flags it for further investigation.[8]

. Monitoring of ADRs
. Ongoing Patient Assessment

Once an ADR s found, doctors and healthcare
providers keep monitoring the patient for any
changes or new symptoms. Regular check-ups
help ensure safety.

Example: A person starting a new blood
pressure medicine may be checked for
dizziness or fainting as side effects.

. Drug Level Monitoring

Some medications, like warfarin (a blood
thinner) or digoxin (for heart failure), need
regular blood tests to ensure the drug is at the
right level—not too much or too little.
Example: Doctors regularly check the blood
levels of warfarin to avoid bleeding or
clotting problems.

. Side Effect Documentation

Healthcare providers carefully document any
side effects the patient experiences, including
the timing, severity, and whether the symptoms
go away when the drug is stopped or changed.

o
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Example: If a rash appears after starting a new
antibiotic, doctors track when it happens to see
if it's caused by the medication.

. ADR Reporting and Databases

Healthcare providers report ADRs to national
databases, like MedWatch or Yellow Card in
the UK. These databases help regulatory
agencies analyze risks across the population.
Example: If a doctor notices many patients
complaining of severe headaches from a
painkiller, they may report it to a database for
further review.

. Post-Marketing Surveillance

After a drug is approved and sold, post-
marketing surveillance continues to watch for
ADRs in the general population. Some side
effects might not appear in clinical trials but
show up when the drug is used by more
people.

Example: A new drug might cause rare side
effects that were not noticed in clinical trials
because the trials involved fewer people.[9]

. Preventing ADRs through Monitoring
. Dose Adjustment and Discontinuation

If an ADR is found, the doctor may adjust the
dose of the drug or stop it temporarily to
prevent further harm.

Example: If a patient feels nauseous from pain
medication, the doctor may reduce the dose or
try a different drug.

. Switching Medications

If the ADR is serious or persistent, the doctor
may switch the patient to a different drug to
reduce side effects.

Example: A patient with gastrointestinal
bleeding from ibuprofen may be given a
different painkiller with fewer stomach side
effects.

. Regular Follow-up Visits

Regular follow-up visits help doctors catch
ADRs early and adjust the treatment before
serious issues arise.

Example: A patient taking a statin for
cholesterol is regularly checked for muscle
pain or liver problems.[10]

Regulatory Framework and Pharmacovigilance
(Simplified)

Pharmacovigilance is the science of

monitoring the safety of drugs to prevent harmful
reactions or problems. It helps make sure that the
medications we take are safe. This process is
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guided by rules and regulations to ensure that drugs
on the market are effective and safe for people.
Here’s a breakdown of regulatory frameworks
and pharmacovigilance in simple terms:

1.Regulatory Framework for Pharmacovigilance

a. International Guidelines

e World Health Organization (WHOQO): WHO
provides global standards to monitor and report
drug safety. It runs the International Drug
Monitoring Program, which helps track and
share information about drug safety
worldwide.

e International Council for Harmonisation
(ICH): This group sets rules for drug safety,
including how to report adverse effects and
analyze safety data.

b. National Regulations

e U.S. Food and Drug Administration (FDA):
In the U.S., the FDA runs a program called
MedWatch, where doctors and patients can
report problems with drugs. The FDA also
makes sure drug companies keep track of any
side effects after the drug is on the market.

e European Medicines Agency (EMA): The
EMA works in Europe, overseeing drug safety
through a system called EudraVigilance,
which tracks drug safety after approval.

e  Other countries like Health Canada, MHRA
in the UK, and TGA in Australia also have
similar systems to keep track of drug safety.

2. Key Parts of Pharmacovigilance Systems

a. Adverse Event Reporting

e Spontaneous Reporting: Healthcare

professionals and patients can report side
effects directly to safety systems (e.g.,
MedWatch in the U.S.). These reports help
detect if a drug is causing unexpected
problems.

b. Risk Management Plans (RMPs)

e Drug companies must make plans to manage
and reduce risks linked to new drugs. This
includes regular monitoring and educating
patients about the potential risks.

. Signal Detection
Regulatory bodies look for patterns in reports
to spot "signals" that something could be
wrong with a drug. If a potential safety issue is
found, more research is done.

d. Periodic Safety Update Reports (PSURS)

e Drug companies must send regular updates on

how their drugs are performing, including
information about any side effects. These

e O

reports help decide if any changes to the drug’s
usage are needed.

e. Post-Marketing Surveillance

e After a drug is approved, it continues to be
monitored for side effects that may not have
shown up during clinical trials. This
monitoring can involve special studies or
tracking patient data.[11]

3. Post-Marketing Safety Measures

a. Risk Communication

e When new risks are found, drug companies
and regulatory bodies will update labels and
inform doctors and the public through
warnings and advice.

b. Restricting Drug Use

e If a drug causes serious issues, regulatory
bodies may limit who can take it, adjust the
dose, or, in some cases, stop the drug from
being sold.

c. Risk Evaluation and Mitigation Strategies
(REMS)

e REMS are special rules to manage risky drugs.
They can include things like limiting who can
prescribe the drug, requiring patient testing, or
making sure the drug is only used in certain
situations.

4. Role of Healthcare Professionals in
Pharmacovigilance

e Reporting ADRs (Adverse Drug Reactions):
Doctors, nurses, and pharmacists play a key
role in noticing and reporting side effects of
drugs.

e Monitoring Drug Safety: They also help keep
track of how patients are doing with their
medications by following up and identifying
any new or unexpected side effects.

e Educating Patients: It’s important for
healthcare providers to explain potential side
effects to patients and encourage them to
report any problems with their medication.

5. Benefits of Pharmacovigilance and
Regulatory Oversight

e Improved Patient Safety: By catching and
managing risks early, pharmacovigilance helps
reduce harmful reactions and ensures safer
medications.

e Informed Decision-Making: Regulatory
bodies use the data collected to make
important decisions about whether to keep,
update, or remove drugs from the market.
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Global Collaboration: Regulatory agencies
worldwide share safety data, helping to spot
problems in different regions and make sure
drugs are safe for everyone.[12]

Strategies to Reduce Adverse Drug Reactions
(ADRs)

is

Reducing adverse drug reactions (ADRS)
important for keeping patients safe and

improving their treatment. Here are some simple
strategies to reduce the risks of ADRs:

1. Choosing the Right Medication

N

w

Personalized Medicine: Use medicines that
are specifically suited to the patient's genes and
health conditions. This helps avoid medicines
that could cause problems for certain
individuals.

Example: Some people might need specific
tests to choose the safest medication based on
their genetic makeup.

Consider Other Health Issues: If a patient
has existing conditions like liver or kidney
disease, doctors should choose drugs carefully
since some medicines may be harmful.
Example: A person with liver disease may
need a lower dose of a medicine that affects
the liver.

. Monitoring and Catching Problems Early

Regular Check-Ups: Doctors should monitor
patients closely, especially when starting new
medication. This includes checking vital signs,
lab tests, and asking patients about any new
symptoms.

Example: If a patient starts taking medication
for high blood pressure, the doctor may check
kidney function and blood pressure regularly.
Report Problems Quickly: Doctors and
patients should report any side effects or
unusual symptoms so that they can be
addressed early.

Example: If a patient develops a rash after
starting a new drug, the doctor should report it
to the health system so further action can be
taken.

. Educating Patients

Explain the Risks: Doctors should talk to
patients about possible side effects of their
medication so they know what to watch out for
and when to report issues.

Example: Before giving antibiotics, the doctor
should explain that they might cause an

I

]

(2]

allergic reaction like a rash or breathing
problems.

How to Take Medicines: Patients should be
given clear instructions on how to take their
medication, including when to take it and
whether to take it with food or on an empty
stomach.

Example: For blood-thinners like warfarin,
patients need to know how to take it correctly
to avoid bleeding problems.

. Managing Multiple Medications

Avoid Too Many Medications: Try not to give
patients too many medications, especially
elderly patients, since this increases the risk of
harmful drug interactions.

Example: A doctor should regularly check all
the medications an elderly person is taking to
ensure they don’t interact poorly with each
other.

Check for Drug Interactions: Before
prescribing any medication, doctors should
make sure it won’t interact badly with other
drugs the patient is already taking.

Example: If a person is on a blood thinner like
warfarin, the doctor should check if other
medications like ibuprofen could increase the
risk of bleeding.

. Adjusting Doses and Personalizing Treatment

Start Low, Increase Gradually: For some
medications, it’s safer to start with a low dose
and increase it slowly to avoid side effects.
Example: When prescribing sedatives or
antidepressants, doctors may start with a small
dose to avoid strong side effects like excessive
drowsiness.

Consider Organ Health: Patients with liver or
kidney issues may need lower doses of certain
medications because their bodies process the
drugs more slowly.

Example: A person with kidney problems may
need a lower dose of a drug like an antibiotic
that is cleared through the kidneys.

. Post-Market Monitoring

Ongoing Monitoring: After a drug is
approved, it’s important to keep checking its
safety in real-life use, as some side effects only
show up later.

Example: After a drug is released to the
public, reports from doctors and patients can
uncover rare side effects like liver damage.
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e Communicate New Risks: If new side effects
are discovered after a drug is on the market,
this information should be shared with doctors
and patients right away.

o Example: If a drug is found to cause birth
defects, the warning labels will be updated,
and doctors will be informed to stop using it in
pregnant women.[13]

Future Directions and Innovations in Preventing
Adverse Drug Reactions (ADRs)

Adverse Drug Reactions (ADRs) are
unwanted effects caused by medicines. In the
future, we’ll have better ways to prevent them
using technology, science, and smarter
healthcare tools. Here's how:

1. Personalized Medicine

e What it is: Giving medicine based on a
person’s genes, health, and lifestyle.

e Why it helps: Everyone's body reacts
differently. Knowing your genes helps doctors
give you the safest medicine.

o Example: A gene test before taking warfarin (a
blood thinner) can avoid dangerous bleeding.

2. Artificial Intelligence (Al)

e What it is: Smart computers that can look at a
lot of health data to find risks.

¢ Why it helps: Al can tell doctors if a patient is
at high risk for a side effect before giving a
drug.

e Example: It warns if two drugs together may
cause harm.

3. Electronic Health Records (EHR)

e What it is: Digital records of your health and
medicines.

e Why it helps: Helps doctors avoid
prescribing unsafe drugs by showing full
patient history.

e Example: A warning pops up if a drug could
harm a patient with weak kidneys.

4. Health Apps and Wearables

e What it is: Smartwatches or phone apps that
track your health.

e Why it helps: They can catch side effects
early and alert you or your doctor.

e Example: A smartwatch may notice a
heartbeat problem after starting a new drug.

5. Big Data and Real-World Evidence

e What it is: Looking at millions of patient
records to spot patterns.

e Why it helps: Helps find rare or long-term
side effects that weren’t seen in trials.

e Example: Finding that an old medicine causes
problems in elderly people.

6. Advanced Drug Monitoring

e What it is: Better tools to check how much
drug is in your body.

e Why it helps: Makes sure drug levels are
safe—not too high or too low.

e Example: A smart device checks blood drug
levels at home, avoiding extra hospital
visits.[14]

1.  CONCLUSION:

Adverse Drug Reactions (ADRs) are a
serious concern in healthcare, as they can cause
harm to patients and even lead to life-threatening
situations. Understanding the causes, types, and
risk factors behind ADRs is key to making
medication use safer and more effective.

ADRs can happen due to a variety of
reasons, such as individual differences in genetics,
age, organ function, or interactions between
multiple medications. That’s why personalized
approaches—Ilike using genetic testing and
carefully monitoring patients—are essential.

To reduce the risk of ADRs, healthcare

professionals must work together to:

e Choose the right drug and dose for each person

e  Monitor patients closely during treatment

o Educate patients about possible side effects

e Use smart tools like Electronic Health Records
and Al for early warnings

e Report and track ADRs through global safety
systems

Looking  ahead, innovations  like
pharmacogenomics, wearable devices, artificial
intelligence, and global data sharing offer new
hope. These advances will allow for faster
detection, more accurate prediction, and better
prevention of ADRs—making treatments safer and
more personalized.

In short, by combining technology,
teamwork, and patient awareness, we can
uncover hidden medication risks and create a safer
future for everyone.
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