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ABSTRACT
The antipyretic and analgesic properties featuring paracetamol allow this drug to dominate the medical scenes
since the late 19th century.
Nowadays, while moving toward a patient-centered healthcare system, an increasing interest is dedicated to
paracetamol administration in vulnerable subpopulations including children, pregnant women, and older people
with comorbidities. The aim of this paper is to review the applications of a widely consumed drug worldwide and
its appropriate use during lifespan by setting aside some common misconceptions and contrasting the spread of
fake news. A customized multidisciplinary board including pediatrician, child and adolescent neuropsychiatrist,
gynecologist, hepatologist, nephrologist, gastroenterologist, internal and geriatric physician was set up. By
applying the most recent evidence in literature to corroborate the clinical suggestions, this review offers precise
answers to specific hot clinical questions.
KEYWORDS: Paracetamol, acetaminophen, pain, pregnancy, elderly.
same company launched a version for adult and since
that time paracetamol has become the most popular
antipyretic and non-opioid pain-relieving drug.

INTRODUCTION
Discovered in the late 19th century the N-acetylparaminophenol (APAP) or paracetamol was first
synthetized from the reduction of p-nitrophenol with tin
in glacial acetic acid by Morse.[1] After disappearing for
a long time with no deepening by scientific community
about medical uses, during the ’50, it was rediscovered
and commercialized only after its identification in the
urines of patients who had taken phenacetin or
acetanilide. These two synthetic, antipyretic analgesics
dominated the drug market during the first 50 years of
the 20th century, but after that period their use was
strongly reduced in many countries due to the
nephrotoxic side effects that both the prodrugs exhibited.
Paracetamol started to tread the scenes of the USA
pharmaceutical market when, in 1955, McNeil
Laboratories commercialized it as an “elixir for
children”, while it was approved for sale without a
prescription only four years later in 1959. In 1961, the
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Thanks to its consistent safety profile, paracetamol is
nowadays the elective and safely worldwide used drug
for fever and pain with a superior side-effect profile to
other analgesics and therapeutic indications from
childhood to late age.
The OTC selling statistics list spread by the Italian
Ministry of Health for the second semester of 2019, saw
paracetamol 500mg tablet at the first place, with more
than two million pill packs sold.[2]
In Italy, the 1000 mg dose can be purchased only under
medical prescription and the administration of
paracetamol must not exceed the threshold dose of 3000
mg per day for adults.
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Although paracetamol was commercialized and used for
more than half a century, not all its mechanisms of action
have been until now discovered and elucidated. While
paracetamol analgesic and antipyretic properties link this
molecule to non-steroidal anti-inflammatory drugs
(NSAIDs), some other peculiar features prevent to
ascribe it to this class. The molecule exhibits a weak
anti-inflammatory activity and on the contrary of NSAID
class drugs leading to many side effects, it is preferred
because of its better tolerance.[3] Paracetamol
pharmacology and toxicology is partially shared with
NSAIDs with the basic pharmacological effects mainly
relying on the suppression of prostaglandin (PG)
production. Differently from NSAIDs that act by
inhibiting cyclooxygenase (COX) through competition
with arachidonic acid for the active site of the enzyme,
paracetamol activity consists in reducing a ferryl
protoporphyrin IX radical cation that, in turn, generates
tyrosine radicals in the place of cyclooxygenase.[3][4] This
mechanism with a fundamental importance for the
oxidation of arachidonic acid, results in the inhibition of
PG production but seems to act only under specific
conditions that are dependent on the peroxide tone.[5] The
peroxide tone evaluation led to suppose a selectivity of
paracetamol on isoenzyme COX-2. It is now evident that
when concentrations of arachidonic acid are low, the
COX-2 pathway is activated in preference to the
isoenzyme COX-1 pathway.[6] As a consequence, at the
therapeutic plasma concentration range, paracetamol
generally appears to be a selective COX-2 inhibitor in
vitro. [7] To date, other research efforts are needed to
understand the not completely clarified role of COX
isoenzymes, but several evidences suggest that
paracetamol acts not only through cyclooxygenase
pathways.

In a double blind randomized recent study published by
Bershad et al. in 2018,[17] opioid- and non-opioid
analgesics have been compared on responses to
psychosocial stress in humans using the Trier Social
Stress Test (TSST) or a non-stressful control task
(NSCT) test. Interestingly, paracetamol has been shown
to influence some components of psychological stress
without dampening physiological responses. Some
evidences support the possibility that it reduces affective
responses by acting on inflammation process that
commonly has a key role in contributing to psychiatric
symptoms, including depression.[17][18]

A central effect via cannabinoid and vanilloid receptors
(TRPA1, TRPV)[8][9] has been studied together with the
interfering mechanism with the nociception at the spinal
level that acts through the inhibition of the
L‐arginine‐nitric oxide (NO) pathway.[4][10]

The discovery of paracetamol multiple interactions with
vanilloid, cannabinoid, serotonergic and opioidergic
receptors modified our understanding of this molecule,
thus revealing its entangled complexity with an action at
spinal and supraspinal levels. Although these pain
pathways have been deep studied for many years,
paracetamol antinociceptive mechanism, based on
enhancing multiple endogenous analgesic networks, well
explains the reason why its complex interaction model
remains yet uncompleted.

Paracetamol is even able to interact with descending
serotonergic pathways; there are evidences in mouse, rat
and humans that the analgesic activity of the paracetamol
and COX-2 inhibitors is dependent on intact central
serotonin systems.[19] Furthermore, serotonin deficiency
exacerbates paracetamol-induced liver toxicity in
mice.[20]
Although the specific interaction mechanisms of
paracetamol are still unclear, some studies also suggested
a correlation between serotonin metabolism and gutbrain axis.[21] Because differences in host intestinal
microbiota are increasingly recognised as a potential
source of inter-individual variation in response to drugs
and toxins, drug‐induced changes in the gut brain axis
represent a newly and interesting research field.
Variations in intestinal microbiota do not fully explain
differential susceptibility to paracetamol‐induced
hepatotoxicity in mice, but intervention aimed at
modifying intestinal microbiota would seem to support
the treatment of patient with acute liver failure.[22]

A recent study based on functional neuroimaging shows
how self-experienced pain and empathy for pain in
others involve some overlapping neural circuits .[11][12]
Paracetamol reduces both the perception of own physical
pain and the discomfort caused by other people's
suffering and unpleasantness of noise blasts.[13]

Pharmacokinetics and pharmacodynamics
Paracetamol pharmacokinetics has been well studied in
animals and human.

The reduction in paracetamol-induced activation of
paralimbic cortical brain areas could also explain the
consequent reduction in positive empathy and empathic
sharing of other's pleasant experiences.[14] The
neurochemical basis of a possible reduction in empathic
behaviours in rats would seem to rely on a decrease in
oxytocin and vasopressin levels in the prefrontal cortex
and amygdalae.[15]

Very little oral paracetamol is absorbed from the
stomach and owing to this its use as a model drug for
gastric emptying is part of many mechanistic studies
where retarded or impaired gastric emptying occurs.[23]
With a half-life elimination of approximately two hours
at therapeutic doses and with a peak concentration being
achieved within 90 minutes, the larger part of absorption
has been detected in the proximal portion of the small

Paracetamol also involves endogenous opioid pathway as
confirmed by opioid antagonist use.[16]
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intestine. Due to differences in normal physiologic
factors such as gastrointestinal movement, the
pharmacokinetic profile of paracetamol, when oral
administrated, has inter-subject variability; paracetamol
rate and extent of absorption in GI tract appears to be
age-dependent.[24] From the lumen across the mucosal
membrane the drug flows into the bloodstream by
passive diffusion.

acid (25-35%) and cystine (approximately 3%), only a
very small amount (2−9%) of paracetamol is excreted
unchanged. The two non-toxic paracetamol derived
metabolites glucuronide and sulphate conjugates are
excreted as a minor and major parts in the bile and in the
urine, respectively.[33]
At therapeutic doses the 5–10% is oxidized by
cytochrome P450 (CYP450) and forms the toxic
metabolite N-acetyl-p-benzoquinone imine (NAPQI)[34]
that is subsequently neutralized by glutathione and
excreted as cysteine and mercapturate metabolites by the
kidney. Cytochrome P450 enzyme activity is needed to
produce the reactive metabolites of paracetamol NAPQI,
but can be also induced by concomitant drug or herbal
preparation use.[35]

Paracetamol oral availability is dose-dependent and
ranges from 70% to 90%[25] and its pharmacokinetic
variability depends on the way of administration i.e.,
orally or intravenously. In postoperative pain
management
practices,
paracetamol
intravenous
administration results in shortening the length of hospital
stay, hospitalization costs, and reducing the average daily
morphine equivalent dose.[26] In a recent study Mallama
et al. reported how paracetamol route of administration,
intravenously or orally, did not affect pain or any other
postoperative outcome.[27]

In case of the recommended dosage is exceeded, or when
the CYP2E1 capacity for glucuronidation and sulfation is
saturated, increased amounts of NAPQI are formed.[35]

Considering the widespread use of this analgesic in frail,
comorbid and healthy older adults, and the potential
changes the relative pharmacokinetic may undergone,
geriatric patients deserve specific medical attentions.

In case of intentional or unintentional overdoses
paracetamol effects can lead to severe liver injury and
even acute liver failure (ALF), a rare disorder
characterized by high levels of aminotransferases (1000
IU/ml) and low levels of bilirubin.[36] Many factors can
influence the severity and the outcome of liver failure
and include concomitant alcohol abuse, drug-to-drug
interactions and nutritional status; in patients with
hepatic injury and chronic liver disease the serum halflife of paracetamol is prolonged of approximately 2
hours.[37]

Recently, based on selected studies and clinical trials on
paracetamol pharmacokinetics parameters and safety,
Mian and colleagues reported a decrease in clearance
(CL) and volume of distribution (Vd) in frail older
people.[24] According to the evidence that changes in
paracetamol formation mostly occur in impaired
conjugation rather than in the formation of oxidative
metabolites, the same authors argued that there is no
evidence supporting a higher incidence of hepatotoxicity
in normal paracetamol dosage in older subjects.

A safety issue is whether therapeutic doses can cause
liver injury in vulnerable patients. Among hepatotoxicity
risk factors, malnourishment is the main condition that
may predispose frail patients to related liver AEs, so it
would be more prudent for high-risk frail older (with low
weight or renal and hepatic impairment) to start with
lower doses or reduce the dose frequency.[38]

Paracetamol is less involved in causing significant
gastrointestinal (GI) mucosal injury, such as
gastrointestinal bleeding or organ adverse effects of
NSAIDs [28] and usually the initial choice for
paracetamol administration instead of NSAID occurs
when pre-existing gastrointestinal risk factors are
present.[29]

No increased activity of P450 has been reported in
patients with chronic liver disease and this pathologic
status does not influence hepatic levels of glutathione.
Consequently, paracetamol 1000 mg can be used at the
standard 8 hours interval in patients with mild to
moderate liver dysfunction (Class A+B according to
Child‐Pugh classification) after a careful analysis of
patient-specific factors (Table 1).[39][40]

Clinical evidences support paracetamol safety profile in
gastrointestinal tract when compared with NSAIDs,
among which only ibuprofen seems to show a
comparable and safety profile.[30]
Moreover, some literature data indicate that concomitant
use of NSAIDs and paracetamol does not cause an
increase of safety outcome risk over the use of the drugs
alone.[31] Higher doses of paracetamol were more likely
linked to gastrointestinal AEs like those occurring with
high-dose NSAIDs.[32]
Almost completely metabolized in the liver (90%) where
it is conjugated with glucuronic acid (50-60%), sulfuric
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Table 1. Paracetamol indications at recommended dosage (3g/day) by age and specific pathological conditions.
Patient
age
or
Indication in healthy/pathologic subset
Use in clinical practice
physiologic/pathologic condition
- Fever and pain
Children
From birth 10/15 mg/kg/dose
- Postoperative pain
- Procedural pain
Maximum 3gr/die
only in case of real need, under the direct
Pregnant women
- Fever and mild pain
control of the doctor, for a short period and
at the lowest effective dose
- Fever
- Pain
Adult
Maximum 3 gr/die
- Headache
- Small surgical interventions
- Postoperative pain
- Fever
- Maximum 3gr/die
- OA pain related (even
- Comorbid patients
together with NSAIDs to
reduce their toxicity
Elderly
- Start with a low dose and reduce dose
- Cancer pain (mild pain on
frequency in high-risk and frail older
first step or together with
patients (low weight or renal and hepatic
weak opioids for opioid
impairment)
sparing)
Patients
with
mild-moderate
liver
Liver disease
- Fever and mild pain
dysfunction
Kidney disease
Dialysis patients
- Fever and mild pain
Cancer
Initial treatment stages
- Fever and mild pain
Together with drug overdose, the major risks for hepatic
adverse effects are related to alcohol consumption. A
recent study based on a large alcohol consumer cohort
evidences that moderate/high alcohol consumption
worsens the presentation and outcome of both
paracetamol acute liver injury and acute liver failure.[41]

Hot clinical questions
As highlighted in the last Italian competent authority for
drugs (AIFA) report in 2018,[48] attention has been paid
to drug consumption among specific more vulnerable
subpopulations: paediatrics, geriatrics and pregnant
women. The aim of the below reported paragraphs is to
shed light on paracetamol clinical use in these vulnerable
patient populations covering the whole lifespan.

Renal dysfunction due to renal tubular necrosis may
rarely occur in case of paracetamol severe poisoning[42]
whereas liver functionally is much more easily
compromised. Urinary excretion of unchanged
paracetamol is only 1–4 % ; the great part is eliminated
as paracetamol-glucuronide or paracetamol-sulphate.[43]
In case of extracorporeal clearance of paracetamol, as
occurring in patients undergoing dialysis, no dose
modification is required and the drug continues to be the
preferred analgesic, due to the sodium retentive effect of
NSAIDs.[44]

All the clinical suggestions here reported rely on a
multidisciplinary cooperation among medical specialists
that participated to an ad hoc structured medical board.
Adequate dosage of paracetamol in children
Preferably administered orally, paracetamol is indicated
by Italian paediatricians (98.3%) as the first choice
treatment for the management of fever in children and
according to the 2016 update of the Italian Society for
Paediatrics’ guidelines, paracetamol can be also used
under the time threshold of 3 months and in case of
dehydration.[49] For an optimal management of fever, as
indicated by the 2016 update of the Italian Society of
Paediatrics’ guidelines a dose of 15 mg/kg every six
hours (up to a maximum of 60 mg/kg) for children and a
dose of 10 mg/kg/dose (up to a maximum of 40
mg/kg/day) for infants up to three months, are
recommended (Table 1). Using these doses, a
comparative study of paracetamol and NSAIDs
(ibuprofen at a dose of 10 mg/kg/dose) found equivalent
efficacy and tolerability.[50] Moreover, although few
specific data in literature deal with the treatment of
discomfort in children with fever, paracetamol appears to

Pakravan et al. consider the elevated creatinine
concentrations, increased in case of severe paracetamol
toxicity, to have a high prognostic value in patients
candidate for an immediate transfer to the liver unit.[45]
Also hyperlactataemia is considered a death predictor
factor in acetaminophen-induced fulminant hepatic
failure[46] and the sustained low-efficiency dialysis
(SLED) appeared to improve acid–base status, decrease
lactate and decrease paracetamol concentrations.[47] In
patients requiring renal dialysis support, a continuous
monitoring is needed also after the acetylcysteine
antidote administration.
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be
the
most
indicated
and
recommended
pharmacological tool to achieve early symptomatic
improvement during febrile illness.[51]

Table 2. Leading features of inflammation in
physiologic and pathologic conditions.
Physiologic
Pathologic
finalized
a-finalized (“non resolving”)
(“resolving”)
imited duration
chronic duration
limited intensity
variable intensity, with flares

However, many paediatricians and caregivers underdose
the medication in case of fever [52] and acute pain. [53]
The administration of the correct paediatric dose of fever
or pain-relieving drugs is of major importance.

Heavy menstrual bleeding and endometriosis are the
most frequent aetiologies of severe/invalidating
dysmenorrhea, causing a progressive impairing impact
on the women daily life and requiring appropriate
analgesics.

Paracetamol suicidal misuse in adolescent
Paracetamol deliberate self-poisoning is a world-wide
issue and it is cause of fatal hepatotoxicity in western
countries, [54] especially among adolescents (15–19-yearolds)[55] and even childhood.[56] Some measures have
been used to reduce overdose cases; both pack size and
amount of drug in each tablet have been reduced in UK;
consequently, although a decreased death percentage was
observed, the problem was not completely solved.[57]
Warnings on packs had little deterrent effect and further
preventive measures should be considered.[58] In order to
avoid misuse, parents should improve drug storage
security at home and pharmacists should pay much more
attention in checking high dose prescriptions.

Both paracetamol and NSAIDs are useful for the
treatment of primary dysmenorrhea pain. [65] NSAIDs
analgesic power appeared to be more effective in
relieving pain duration than paracetamol[66] but, due to
their higher toxicity and adverse effects, it would be
more favourable to combine lower NSAIDs doses with
paracetamol.[67]
Invalidating dysmenorrhea may represent the key
symptom of endometriosis, a common cause of infertility
and chronic pelvic pain (CPP), located in the pelvic area
and that lasts for 6 months or longer. Endometriosis is a
disabling, underdiagnosed and undertreated estrogendependent disorder affecting young women, defined by
the presence of functional endometrial tissue in the
uterine cavity.[67] The ectopic endometrial tissue that
responds to hormonal stimulation cyclically grows and
sheds within the host tissues and/or in the peritoneum.
The accumulated ectopic blood causes an acute cyclic
inflammation together with worsening pain. If
endometriosis is not diagnosed, inflammation persists
and pain turns from acute and cyclic to continuous,
chronic and finally neuropathic, a real disease per se.[68]
Chronic Pelvic pain is the tip of the iceberg of tissue
inflammation most frequently triggered by the cyclic
menstrual shedding of endometriotic lesions. It will
persist when inflammatory molecules production
becomes chronic. The diagnostic delay between
invalidating dysmenorrhea and endometriosis varies
between 7 and 9 years and involves two contributing
factors: the neglect of the biological bases of menstrual
pain and the lack of “visible” endometriotic lesions for
many years. Current diagnostic tools (pelvic echography,
magnetic resonance and even laparoscopy, in cases of
deep infiltrating endometriosis) are not always capable to
detect endometriotic lesions, especially when smaller
than two millimetres.[69]

In Italy, the 1000mg dose can be purchased only under
medical prescription.
In those intended overdose cases qualifying for liver
transplantation, the multidisciplinary assessment
approach is based on psychiatric evaluation.[37]
Analgesic use related to catamenial disorders and
pain: endometriosis underestimation in young women
The physiologic acute inflammatory response featuring
ovulation, menstruation and delivery, finds its molecular
bases on mast-cell releasing factors (bradykinins,
vasoactive factors, histamine, serotonin, cytokines, and
specialized-pro-resolving mediators) that disappear when
tissue integrity is restored.[59][60][61] Menstrual cycle is a
physiologic inflammatory process with limited time
duration, finalized to restore a new endometrial layer
(“resolving”); inflammation has a moderate intensity,
appropriate for the ongoing renewal process, and causes
mild and not debilitating pain. Primary dysmenorrhea is
the pain associated with menstrual bleeding and although
is mostly related to a good prognosis, it can be more
impactful and unpleasant for some women.[62] During the
menstrual period, more than one-third of women always
or often experience menstrual cramps and about the 70%
of them suffer from a variety of symptoms that include
irritability, fatigue, backache, headache, leg pains,
nausea, vomiting, and pain.[63]

As well as NSAIDs, paracetamol, effectively reduce
dysmenorrhea but is insufficient for pain relief in women
with a non-diagnosed endometriosis.[70]

Dysregulation of the inflammation resolution process can
lead
to
a progressive
uncontrolled
chronic
inflammation.[64] The more intense the inflammation, the
stronger the intensity of perceived pain. Table 2 reports
some general aspects featuring inflammation.
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progressive, should raise suspicion of the presence of
endometriosis.

parameters at the end of the first and the second year of
life, respectively.[80]

The intensity of pain parallels the intensity of the
underlying inflammation, as in the real world the
intensity of smoke is usually proportionate to the
intensity of the fire that is provoking it. Therefore, the
goal is to reduce the inflammation by reducing the
predisposing, precipitating and maintaining factors in a
multimodal, concerted strategy.[71]

In the last five years an increasing number of papers
dealing with the association of long-term paracetamol
use and child neuropsychiatric disorders, but literature is
not concordant in attributing a causal implication of
paracetamol prenatal consumption on the onset of
neuropsychiatric disorders.[81][82]
In a Norwegian sibling-controlled cohort study, children
prenatally exposed to short-term use of paracetamol (1–
27 days) showed poorer gross motor outcomes. In the
same study, children exposed for more than 28 days
showed impairments in communication, externalizing
behaviour and internalizing behaviour.[83] Ji and
colleagues found that cord biomarkers of foetal exposure
to paracetamol were associated with significantly
increased risk of childhood ADHD and autism in a dose
dependent manner.[84]

Physicians should avoid the minimalistic symptomatic
pain-relieving approach and be proactive in diagnosing
the underlying conditions contributing to dysmenorrhea
and/or CPP.
Paracetamol during pregnancy and infantile
neuropsychiatric disorders
Drug consumption during pregnancy is not
recommended unless the potential benefits for the mother
justify the potential risks to the unborn. Pregnancy
physiologic changes including plasma volume increase,
cardiac output and glomerular filtration influence the
drug pharmacokinetics together with a decreased gastric
emptying time thus delaying the drug effect.[72]

Increased risk of ADHD diagnosis was primarily
associated with first-trimester fever and repeated fever
episodes while different disorders may potentially result
from variation in exposure across pregnancy periods.[85]
On the contrary, recent scientific evidences do not
support a causal relation between the onset of the
psychiatric disorder and the drug consumption.[82]
Gustavson et al. showed how maternal fever in early
pregnancy may be a risk factor for ADHD and
inattention problems and argued that this risk is neither
mitigated nor inflated by use of paracetamol.[86] Masarwa
et al. claimed that unmeasured confounding may explain
the previously reported association between paracetamol
use during pregnancy and risk of ADHD.[82][87]

An increased use of medications including potentially
teratogenic drug has been found in pregnant women[73]
and about the 5% of pregnant women use one or more
addictive substances. Recent research data show that
smoking tobacco or marijuana, taking prescription pain
relievers, or using illegal drugs during pregnancy are
associated with a double or even a triple risk of
stillbirth.[74][75][76]
The consumption of paracetamol remains the first line
for the treatment of pain and fever during pregnancy
(Table 1) and more than half of the mothers reported its
use.[77] Paracetamol, as other free unbound drugs, readily
crosses the placenta and because of the interaction with
the endocannabinoid and serotonin systems has been
deepened together with the foetal exposures during
pregnancy and child outcomes.

Although drug prescription during pregnancy deserves
greater attention especially in the first weeks, the risk for
underdosing is also a factor to be taken into account:
inadequate pain management consequences, including
both physiological and psychological factors weighing
on the mother and the child, should worry more than the
potential side effects of paracetamol itself.[88]

Nevertheless also maternal inflammatory cytokines cross
the placenta in febrile conditions and may affect foetal
brain development;[78] similarly, the use of tobacco or
other substances and the concurrent intake of alcohol
might contribute in creating a substantial bias that affects
the detection and evaluation of the analgesic effect of
paracetamol and other OTC drugs during pregnancy.

Pain treatment should be tailored to the lowest
therapeutic dose for short time also in the second and
third trimesters of pregnancy when posture changes lead
to biomechanical effects and related pain is associated
with increased consumption of drugs.[89]
NSAIDs administration should be avoided in the third
trimester while, to date, paracetamol would seem to be
safe and tolerated without risk.[90]

Studies in mice during neonatal brain development
reported that the drug affects the cognitive function.[79]
However, no association between paracetamol
administration during pregnancy and decreased
neurodevelopmental
performance
or
emotional/behavioural has been found by TovoRodrigues and colleagues after evaluating neurological
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reported paracetamol as first choice drug during
pregnancy and breastfeeding.[92]

The medical board here involved believes that further
studies are needed in order to better determine the correct
timing for the MTH replacement therapy administration.
Specifically, more efforts are needed in treating patients
presenting an aggressive, painful and invalidating
perimenopausal hand/feet OA onset, accompanied by
severe pain and a more rapid joint tissue destruction and
deformity.

Perimenopausal
symptomatic
hand/feet
OA,
refractory to standard symptomatic management
Osteoarthritis (OA) is known to be a major cause of pain
and disability; it is a sex- and age-linked disease and
statistically increases after the fifth decade and triples in
women compared to men.
The first phase is a joint progressive inflammation,
appropriately defined as “ostheoarthritis”, followed by a
progressive degenerative subversion of the joint
“cytoarchitecture”, with joint instability, restricted
movements, deformity, and progressive functional
impairment.

A timely MHT should be considered, in the very first
phases of acute menopausal joint pain, when the
“window of therapeutic opportunity” is still well opened,
especially in families with genetic/familial OA of small
joints; MHT makes possible to modulate/reduce the
progression of OA together with its associated
invalidating inflammation, movement impairment and
pain.

Due to the strict connection with estrogenic fluctuations
and levels,[93] women are more likely to develop synovial
inflammation (consequent to estrogenic deficiency) and
bone re-modelling. Women’s joints are very rich in
estrogenic receptors. Premenopausal cyclic estrogenic
fluctuation first, and then the loss of estrogen may trigger
a powerful inflammatory reaction, particularly in the
small joints of hands and feet. In addition, about the 25%
of women have a genetically determined, familial
polymorphism in the gene codifying for the estrogenic
receptor that increases the joint inflammatory response to
estrogens fluctuation and loss.[94] OA becomes even
more dramatic and disabling in case of early menopause,
when the anticipated estrogenic deficiency may lead to
an earlier activation of the inflammatory process.

Are elderly patients at greater risk of paracetamol
adverse effects?
Likewise, other vulnerable “special populations”, elderly
patients deserve medical attention and clinical measures
aimed both at checking the effect of multiple drug
consumption (poly-pharmacotherapy) and lowering the
related economic burden impacting on healthcare
systems.
The
SIMPATHY
European
project
(https://ec.europa.eu/eip/ageing/news/simpathy-projecttackle-polypharmacy-elderly_en. 2016), “Polypharmacy
Management by 2030” recognizes polypharmacy to be a
growing problem as population longevity and the
incidence of multimorbidity are increasing.
Demographic indices by the Italian National Census
Bureau (ISTAT) are in line with other Countries
reporting an increasing percentage of drug consumption
among 65-94 aged adults.

Paracetamol is widely used as a first-line analgesic in
OA. The 2019 update of the Italian Society for
Rheumatology clinical practice guidelines for the
diagnosis and the management of knee, hip and hand
osteoarthritis recommends paracetamol (up to 3g/day) as
an effective initial oral analgesic for the treatment of
mild to moderate pain.[95] Oral NSAIDs are
recommended at the lowest effective dose and for the
shortest duration in patients who inadequately respond to
paracetamol administration.[95]

As reported by the Italian medicines agency (AIFA)
elderly patients aged 65 use six/seven different drugs
with a maximum of 7.7 drugs in elderly Italians aged
85.[92] A word-wide effort is moving towards a reduction
of drug consumption in multimorbid geriatric patients
that are at a higher risk of obesity, cerebrovascular,
cardiovascular, renal and coagulation system disorders.

Paracetamol may result inadequate in the advanced
stages of the OA of the hand which is a progressive
common musculoskeletal condition affecting women in
the age of the menopause. Since the first decades of the
19th century the “arthritis of the menopause” has been
included among degenerative arthritis.[96]

The achievement of good pain control in elderly patients
is not a simple task, but it is necessary because of the
high percentage of frail older people who demand for
effective and safe analgesics.
Literature data are discordant in assessing paracetamol
supremacy effect when compared with COXIB and
NSAIDs in osteoarthritis pain relief. The excellent safety
of paracetamol at therapeutic doses and the high
percentage of elderly people (increasing with age)
expressing positive preference, have contributed in rising
its good reputation, and a recent systematic review and
meta-analysis on the management of osteoarthritis in
elderly, suggested its oral administration as fist line
treatment together with NSAIDs topical use.[98]

Inflammation is particularly severe during the first two
years after the menopause: this step is known as the
“window of opportunity”, when a timely and appropriate
menopausal hormonal therapy (MHT) may modulate and
reduce the progression of the disease from inflammatory
to degenerative, avoiding a parallel pain shifting from
acute to chronic. Some clinical evidences support the
therapeutic effect of MHT therapy,[97] but to date it is not
recommended as the first-line treatment.
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The 2019 update of the Italian Society for Rheumatology
guidelines for the diagnosis and management of knee,
hip and hand osteoarthritis recommends preferring
paracetamol in elderly patients because of its relative
safety in comparison with NSAIDs.[95]

of dosage at various steps of analgesic therapy with
drugs stronger than paracetamol and with a less safe
profile, is needed.
Drug to (not only) drug interactions
Paracetamol is not itself directly toxic but any toxicity is
due to its intermediate metabolites. Because
polypharmacy both impact on healthy and specific
population at all ages, the possibility of drug-drug
interactions must be evaluated as a real problem.

Besides considering the paracetamol AEs, some recent
perspectives face the possibility to reduce medication
impact on older and frail patients.
In order to reduce potentially inappropriate medications
in frail older adults, with limited life expectancy, a recent
tool including 27 criteria namely the STOPPFrail
(Screening Tool of Older Persons Prescriptions in Frail
adults with limited life expectancy), has been developed
but paracetamol is not among the drugs considered by
most respondents to be discontinued[99] and despite the
heterogeneity of elderly patient health conditions, it is
not necessary to reduce the maximum dosage of 3 grams
per day (Table 1).

The inducers of CYP2E1 and CYP1A2 may enhance the
production of NAPQI and, consequently, increase the
fraction of paracetamol oxidized to NAPQI.
The list of paracetamol drug-drug know interaction
counts dozens of molecules and active substances and it
is not to be forgotten that a huge number of drugs contain
paracetamol in their formulation.
Due to short therapy duration in acute disease, serious
adverse drug interactions with paracetamol are rarely
reported, [103] but the amount of doses for extended
periods increase with chronicity.

Paracetamol is safe for elderly patients but the
administration of other analgesics like NSAIDs and
opioids in case of severe pain must be pondered. Pain
intensity guides the proper selection of analgesics in frail
older patients with comorbidities. In case of severe pain,
strong opioids administration can be suggested and
associated with improved function. As reported by Malec
and Shega,[100] individual specific needs in comorbid
older patients treated with opioids have to be necessarily
included in a dedicated and continuous monitoring
approach.

With the aim to elucidate paracetamol/warfarin
competition in oxidative and nonoxidative pathways, two
studies proved a different potency of the two warfarin
isomers (L- and R-warfarin) and proposed that
paracetamol can compete with the R-warfarin isomer,
resulting in an increasing concentration of the more
potent S-isomer.[104]

Although not related to the aim of this review, another
main topic of analgesia that deserves just a brief mention
is the cancer pain management.

In geriatric patients an American study proved that the
simultaneous administration of oral anticoagulant
warfarin and daily use of moderate-high doses of
paracetamol (2-4 grams), after two week of paracetamol
administration, reveals a significant clinical interaction
between the two drugs[104] with a consequent high
haemorrhagic risk factor.

Among recommendations for cancer pain relief in older
people, the World Health Organization recommended the
usage of non-opioid analgesics (paracetamol or NSAIDs)
in the first step, for mild pain and together with a weak
opioid in moderate pain (Table 1).[89]

In a recent study on 104 elderly patients administered
with a dose higher than 3 g/day a low percentage of
drug-drug interaction (10%) has been detected.[105] As
suggested by studies on model organisms, other
confounding factors may contribute to the DDI
development as shown for the synergistic effects
observed in combination with NSAID.[106] About the
mechanism, it has been suggested that paracetamol does
not have sufficient antiplatelet effect to potentiate the
anticoagulant effect of warfarin and that this interaction
is due to a decrease in vitamin K dependent clotting
factors.[107]

As stated in an updated Cochrane library article, there is
high uncertainty about the impact of paracetamol for
treating cancer pain.[101] Likewise based on 2017
Cochrane review, there is no strong evidence in
supporting or refuting the use of NSAIDs alone or in
combination with opioids for the treatment of mild
cancer pain. Because of NSAIDs significant toxicity it is
necessary to monitor and reassess their long-term use.[102]
Noteworthy, in clinical practice, opioid-sparing
adjuvants are used in common multimodal analgesia in
cancer pain and postoperative pain management. Most of
opioid AEs are in fact dose-related and the coadministration of paracetamol mitigate them.

Despite
cytochrome
P450
inducers
including
carbamazepine, phenobarbital and isoniazid may
theoretically lead to increased levels of NAPQI when
combined with paracetamol, clinical complications are
rare.[108]

In order to properly balance pain relief and AEs in
elderly patient with comorbidities, frequent re-evaluation
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With the new direct-acting antiviral agents-based HCV
treatment, a potential risk of drug-drug interaction (DDI)
exists in patients using oxycodone in combination with
paracetamol, when regimens containing protease
inhibitors are used to treat HCV infection. Oxycodone is
metabolised by CYP3A4 and CYP2D6 and recent
evidences show that the combination of oxycodone and
paracetamol is more effective than oxycodone alone.[108]

targeted treatments for the progressive tissue destroying
inflammation and the associated worsening pain.
To avoid dangerous drug to drug interactions particular
attention must be paid to the consumption of drugs
containing paracetamol in their formulation and herbal
preparations used in self-medication approaches.
Moreover, as stated by the World Health Organization,
more efforts are needed for prevent suicidal intended
misuse, especially among adolescents.

Protease inhibitors are weak inhibitor of CYP3A4.
However, since oxycodone has a narrow therapeutic
window, its increased levels could increase or prolong
the related AEs and hence may cause respiratory
depression. Patients receiving oxycodone and any
CYP3A4 inhibitor need to be clinically monitored.
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Also, possible interactions with herbal preparations may
have potential AEs on hepatic, renal functions and
coagulation.[109] The globalization of the food habits
opens the way to new spices and herbal preparations that
can be also used in self-medication approaches. As a
consequence, other molecule and drug interactions need
to be explored.
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Recently, FL83B mouse hepatocytes were used as an in
vitro model for hepatotoxicity induced by paracetamol
and demonstrated that a piperine-enhanced curcuminoid
preparation administration, concomitant to paracetamol,
is unlikely to result in a clinically significant interaction
involving CYP3A, CYP2C9 conjugation enzymes.[110]
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