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Abstract

Worldwide, > 380 million children and adolescents are overweight or obese, including 41 million children aged < 5 years.
Obesity can change the pharmacokinetic properties of drugs by altering their distribution, metabolism, and elimination.
Thus, children who are overweight or obese are at increased risk for receiving inappropriate doses of commonly used drugs,
which can result in treatment failure, adverse events, and/or drug toxicity. This review analyzes available data on paraceta-
mol dosing for pain and fever in children and adolescents who are overweight or obese to identify gaps and challenges in
optimal dosing strategies. Literature searches using Medline, Embase, and ClinicalTrials.gov were conducted to identify
English-language articles reporting paracetamol pharmacokinetics, dosing practices, and guidelines in children and adoles-
cents who are overweight or obese. Of 24 relevant studies identified, 20 were specific to overweight/obese individuals and
15 were specific to children and/or adolescents. Data on paracetamol pharmacokinetics in children and adolescents who are
overweight or obese are lacking, and there is no high-quality evidence to guide paracetamol prescribing practices in these
patients. Adult data have been extrapolated to pediatric populations; however, extrapolation does not address differences in
paracetamol metabolism in adults versus children; the efficacy and safety effects of such differences are unknown. Given the
growing worldwide prevalence of obesity in children and adolescents and the likelihood that paracetamol use in this popula-
tion will increase accordingly, obesity-specific pediatric dosing guidelines for paracetamol are urgently needed. High-quality

research is necessary to inform such guidelines.

1 Introduction

The increasing prevalence of overweight and obesity among

children and adolescents is a serious global public health
problem associated with increased risks of cardiovascular
disease, diabetes, and other adverse health outcomes [1-4].
In children, obesity is a predictor of premature death and
disability in adulthood and increases the risk for respira-
tory, musculoskeletal, cardiometabolic, and psychological
disorders [3].

Pain has been reported as a common comorbidity in
children who are overweight or obese [5—8]. Children with
obesity have a greater risk of chronic pain and of any pain,
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The global population of children and adolescents who
are overweight or obese is large and increasing rapidly;
because these patients are at increased risk for pain,
the use of analgesics, including paracetamol, can be
expected to increase correspondingly.

The choice of safe and effective paracetamol doses for
pediatric patients who are overweight or obese is chal-
lenging because neither age- nor weight-based dosing
guidelines properly account for differences in fat versus
lean body mass and their possible effects on paracetamol
pharmacokinetics and metabolism in this population.

There is an important and growing unmet need for robust
data on paracetamol disposition and pharmacokinetics in
this population to support the development of evidence-
based guidelines from international/national healthcare
institutions and/or professional societies that address
dosing strategies in children and adolescents who are
overweight or obese.

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40272-020-00417-z&domain=pdf

526

W.T. Zempsky et al.

and report increased pain duration and disability, compared
with normal-weight children [5, 6, 9]. Pain was a current
comorbidity in 47% and 58% of pediatric patients present-
ing for a weight-management program or for bariatric sur-
gery, respectively [7, 8]. Furthermore, patients reporting
pain in the weight-management program had significantly
higher body mass index (BMI) than those reporting no pain
(P < 0.05) [8]. The high prevalence of comorbid pain in
overweight and obese pediatric populations suggests that
analgesic use can be expected to be more common in this
population than in normal-weight children.

Selected criteria for overweight and obesity, including
those from the World Health Organization (WHO) and the
US Centers for Disease Control and Prevention (CDC), are
listed in Table 1 [10-15]. According to WHO estimates for
2016, approximately 381 million children and adolescents
may be overweight or obese worldwide, including some 41
million children younger than 5 years of age and 340 million
children and adolescents aged 5—19 years [3]. Worldwide,
an estimated 5.6% of girls (50 million) and 7.8% of boys
(74 million) aged 5-19 years are obese (defined as BMI
> 2 standard deviations above the WHO growth standard
median); however, prevalence rates of pediatric overweight
and obesity vary substantially by geographic region [13].
Notably, rates of pediatric overweight and obesity are ris-
ing in low- and middle-income countries; currently nearly
half of all children who are overweight or obese aged < 5
years live in Asia [3]. The highest rates of childhood obesity
(= 20%) have been reported in Polynesia, Micronesia, the
Middle East, North Africa, the Caribbean, and the United
States. Obesity prevalence is also notably high in other
high-income, English-speaking regions, including Australia,
Canada, and the United Kingdom. Conversely, childhood
obesity rates are lowest (< 1-2%) in certain African and
Asia-Pacific countries (e.g., Cambodia, Vietnam, Ethiopia,
India, and Japan) [13].

For paracetamol (United States Adopted Name [USAN]:
acetaminophen), the WHO and some country-specific

guidelines recommend dosing based on weight, in the range
of 10-15 mg/kg (up to a maximum daily dose of 60 mg/kg)
for infants and children (up to ages 12 or 18 years depending
on country-specific guidelines and/or product formulation)
[16—18]. However, these guidelines do not provide specific
recommendations for paracetamol dosing in children and
adolescents who are overweight or obese.

Drug dosing may be challenging in overweight and obese
populations because obesity causes physiologic changes
in tissue composition, circulating blood volume and flow
distribution, cardiac output, and liver and kidney function
[19-21]. Additionally, children with obesity have been
shown to have greater fat mass, hydration of lean mass, and
bone mineral content than normal-weight children [22, 23].
These obesity-related changes can affect the pharmacoki-
netic properties of many drugs. For example, in adults it is
known that paracetamol clearance increases and exposure
decreases with increasing body weight and that the clear-
ance in patients who are obese is significantly greater than
in normal-weight and overweight controls, which can poten-
tially result in therapeutic failure [24-28].

This narrative review explores the available data on
paracetamol dosing in children and adolescents who are
overweight or obese to identify gaps and challenges in
developing safe and effective dosing strategies. A narrative,
rather than systematic, review approach was used primarily
because of the paucity of well-designed studies and data
with respect to paracetamol dosing in the population of
interest, which indicates in itself a significant unmet need.

2 Methods of Literature Review

Literature searches using Medline, Embase, and ClinicalTri-
als.gov were conducted to identify English-language articles
indexed from database inception through June 11, 2020 with
information on paracetamol dosing and pharmacokinetics
in individuals with obesity. Initial searches focused only on

Table 1 Global definitions of overweight and obese in children and adolescents [10-15]

Criteria

Definitions®

WHO, birth to age 5 years
WHO, age 5-19 years
CDC, age 219 years, age- and sex-specific growth charts

International Obesity Task Force, age 2—18 years

Overweight: BMI > 2 SD above WHO growth standard median
Obese: BMI > 3 SD above WHO growth standard median
Overweight: BMI > 1 SD above WHO growth standard median
Obese: BMI > 2 SD above WHO growth standard median
Overweight: > 85th and < 95th percentile

Obese: > 95th percentile

International BMI cut points by age and sex correspond to adult
BMI > 25 kg/rn2 (overweight) and BMI > 30 kg/m2 (obese)

BMI body mass index, CDC US Centers for Disease Control and Prevention, kg kilogram, m meter, SD standard deviation, WHO World Health

Organization

*Percentiles compare an individual’s height and weight to others of the same age and sex
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pediatric and adolescent populations; however, very few arti-
cles were identified using this strategy. Therefore, searches
were broadened to include both adults and children.

A search to identify articles reporting on paracetamol
dosing in individuals who are overweight or obese used the
following search terms in the title or abstract: [(acetami-
nophen OR paracetamol OR APAP) AND (overweight OR
obese OR obesity OR body mass) AND (dose* OR dos-
ing OR dosage)]. A subsequent search to identify articles
focused on paracetamol pharmacokinetics in individuals
who are overweight or obese used the following search terms
in the title or abstract: [(acetaminophen OR paracetamol OR
APAP) AND (pharmacokinetic* OR PK) AND (overweight
OR obese OR obesity OR body mass)]. To identify arti-
cles providing paracetamol dosing guidelines in individu-
als who are overweight or obese, the following unrestricted
search was performed: [(acetaminophen OR paracetamol
OR APAP) AND (guideline*) AND (dose* or dosing) AND
(weight OR obese OR obesity OR “body mass™)]. Searches
of sources that are publicly available through non-indexed
sources (e.g., government, academic, business, and indus-
try research that is not formally published) were performed
using combinations of the search terms above to identify
additional dosing guidelines and to identify ongoing clinical
trials of paracetamol in populations of overweight or obese
individuals.

The abstracts of all articles identified in these searches
were evaluated for relevance. Full-text articles were obtained
for all potentially relevant publications. References included
in these full-text articles also were evaluated to identify
any relevant publications that were not found in literature
searches using Medline.

3 Results of Literature Review
3.1 Search Results

Literature searches using Medline and Embase identified
a total of 155 articles; 24 of these publications were rel-
evant. This is a narrative review, and as such, no standard
protocol for systematic literature reviews was followed.
Twenty articles provided data specific to individuals who
were overweight and/or obese. Fifteen articles included data
specific to children and/or adolescents. Nine articles focused
on adults. The key topics discussed in the articles on chil-
dren/adolescents who were overweight and/or obese include
pharmacokinetics (two articles), dosing (six articles), and
guidelines (four articles).

Searches of ClinicalTrials.gov and gray literature searches
identified three registered clinical trials relevant to the use of
paracetamol in children or adolescents who are overweight
or obese (Table 2). Two of these studies have very small

sample sizes and recent (within the past year) updates; the
third, while larger, has not been updated since 2011 and may
have been abandoned. Searches did not find any publications
associated with these trials. This suggests that their findings,
if any, are unlikely to provide much useful information to
help guide paracetamol dosing in children and adolescents
who are overweight or obese.

3.2 Pharmacokinetic Data to Guide Paracetamol
Dosing in Overweight/Obese Children
and Adolescents

Data on the pharmacokinetics of paracetamol in children
and adolescents who are overweight or obese are extremely
limited. Two small pediatric studies in children/adolescents
who were overweight or obese were identified, and these
studies were limited to specific subgroups of patients who
are overweight or obese that may not be generalizable to
broader populations. One study enrolled male children
and adolescents aged 10-17 years with nonalcoholic fatty
liver disease (NAFLD) [29]. The other (single-arm) study
enrolled female adolescents aged 14-20 years with morbid
obesity [26]. Therefore, meaningful comparisons could not
be made between the pharmacokinetic properties of par-
acetamol in general populations of overweight/obese versus
normal-weight children and adolescents. Results of these
two studies are summarized below, together with results of
a single study that assessed the effect of body weight on par-
acetamol pharmacokinetics in pediatric patients with BMI
in the normal range [30].

Barshop and colleagues performed a matched case—con-
trol study evaluating the pharmacokinetics of paracetamol in
12 boys aged 10-17 years with NAFLD who were generally
obese (mean BMI = 34.0 kg/m?). The control group com-
prised 12 boys without NAFLD (mean BMI = 26.2 kg/m?).
The mean dose of paracetamol administered was 3.6 mg/
kg (standard deviation + 0.8) for children with NAFLD and
3.8 mg/kg (+ 0.9) for controls. Children with NAFLD, com-
pared with controls, demonstrated elevated concentrations
of glucuronide metabolite in plasma (35% higher at 4 h, P
= 0.0071) and urine (twofold higher at 4 h, P = 0.0151) of
children with NAFLD compared with controls. In contrast,
children with NAFLD, compared with controls, demon-
strated similar median values for paracetamol peak serum
concentration (C,,,; 10.0 vs 10.1 mg/L, respectively), area
under the plasma concentration-time curve (AUC; 12.6 vs
10.2 mg h~!' L), elimination half-life (2.94 vs 3.52 h), and
clearance (0.31 L kg_1 h~!, both) [29]. These results should
be interpreted with caution because overweight/obesity was
not a criterion for inclusion in the study [29], and the pres-
ence of nonalcoholic steatohepatitis (a histopathological
feature of NAFLD) may have confounded results such that
they are not generalizable to broad populations of children
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Table 2 Clinical trials evaluating paracetamol in overweight or obese children and adolescents

Current status

Estimated enrollment

Objective

Trial identifier

Trial record last updated in June 2017; estimated com-

Investigate paracetamol PK and PD in obese children 6 obese adolescents (BMI > 95th percentile; aged

NCT03192566

pletion date of September 2018, but no trial results

10-18 years)

and adolescents

could be identified (sponsor = Children’s National

Health System)

11 obese adolescents presenting for bariatric surgery; Trial record last updated in June 2019; estimated

Evaluate paracetamol PK profiles in young obese

NCT02982928

completion date of January 2018, but no trial results

aged 12-21 years

patients

could be identified (sponsor = Nationwide Children’s

Hospital)

Trial was registered in 2010 and has not been updated

Target sample size = 273 children aged 1-18 years

ACTRN12610000997055 Evaluate the effects of body weight on paracetamol

since 2011 (sponsor = University of South Australia)

prescribed paracetamol; actual enrollment not

specified

PK in children to determine correct dosing

BMI body mass index, PD pharmacodynamic, PK pharmacokinetic

with obesity [31, 32]. Furthermore, the control group was
overweight (mean BMI > 25 kg/m?) and BMI was variable
(standard deviation + 10.95 kg/m?), providing little differ-
entiation from the NAFLD group. These results differ from
those reported in adults in which paracetamol C,,, and AUC
were significantly reduced in adults who were overweight
versus normal-weight adults [24, 25].

In a single-arm clinical trial, Hakim and colleagues [26]
evaluated the pharmacokinetics of a single dose of paraceta-
mol 1000 mg in 11 female adolescents with morbid obesity
(mean BMI = 46 kg/m?, standard deviation 5 kg/m?) aged
14-20 years. Observed data and simulated pharmacokinetic
modeling demonstrated that a two-compartment model using
allometric scaling provided the best fit to the observed data.
Applying allometric scaling to the observed pharmacoki-
netic data for a 70-kg patient produced an estimated paracet-
amol clearance value of 0.15 L kg'1 h~!, about half the value
observed (0.31 L kg~ h™!) in the study of boys with NAFLD
[29]; however, there was substantial intersubject variabil-
ity in the small sample (coefficient of variation = 72.1%).
This is consistent with studies showing increased clearance
in adults with obesity [27, 28]. Simulations based on vari-
ous paracetamol doses administered to a non-obese (50-kg)
adolescent and one with morbid obesity (125 kg) showed
that a paracetamol dose of 2250 mg would be required for
an obese adolescent to achieve serum and effect site par-
acetamol concentrations comparable to those achieved by a
non-obese adolescent receiving a 1000-mg dose. The dose
that achieved a target concentration of 10 mg/L in the effect
compartment at 2 h after administration was better predicted
based on total body weight using allometric scaling than
using linear models [26]. These results are consistent with
the nonlinear relationship between total body weight and
clearance, and the effects of fat mass on volume of distri-
bution. Although these data suggest that dosing based on
allometric scaling may improve therapeutic benefit in ado-
lescents with morbid obesity, the increased dosage required
for such individuals may increase the risk of overdose and
hepatotoxicity [26].

Studies of drugs other than paracetamol suggest that
biotransformation and clearance changes similar to those
observed in adults with obesity may also occur in pediatric
populations, and that these changes may affect drug expo-
sure in children with obesity [19, 33]. No studies were iden-
tified that specifically evaluated the effect of overweight or
obesity on pharmacokinetic properties of paracetamol in
children. However, a single study assessed the effect of body
weight over a normal range on paracetamol pharmacokinet-
ics; in 33 normal-weight children between 1.8 and 15 years
of age with weight ranging from 13.7 to 56 kg and BMI
ranging from 14.1 to 25.4 kg/m?, total body weight affected
the clearance and volume of distribution of intravenously
administered paracetamol, as both increased significantly
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with increasing total body weight [30]. It is unclear whether
these results can be applied to oral formulations.

3.3 Paracetamol Dosing Practices in Children Who
are Overweight or Obese

Six studies were identified that provide data on paracetamol
dosing patterns in pediatric patients who are overweight or
obese. These studies included four retrospective studies con-
ducted in Danish [34], Middle Eastern [35], Italian [36], and
American populations [37], an audit of pain management
prescriptions in the United Kingdom [38], and a survey and
observational study of Australian caregivers and pharmacists
[39]. Overall, the studies reported that dosing practices in
children who were overweight or obese were variable and
findings of incorrect dosing were mixed.

Three studies reported more frequent overdosing in chil-
dren who were overweight or obese [34, 38, 39]. The ret-
rospective cohort study conducted at the Danish Children’s
Obesity clinic evaluated dosing strategies in 200 overweight
or obese children aged 3—18 years from 2007 to 2015. Of 34
paracetamol prescriptions identified, paracetamol was dosed
in 15 cases based on total body weight according to the local
pediatric treatment facility standard dosing regimen (not oth-
erwise specified) for normal-weight children [34]. (For refer-
ence, the WHO recommends paracetamol dosing of 10-15
mg/kg up to a maximum daily dose of 60 mg/kg for infants
and children aged 2 months and older [16]). In nine cases,
the calculated dose exceeded the maximum recommended
mg/kg adult dose and the prescribed dose was capped at the
maximum recommended adult dose (not otherwise speci-
fied). In three cases, children who were overweight or obese
were prescribed paracetamol doses exceeding the calculated
dose, and in one case, a child was prescribed a dose exceed-
ing the recommended maximum adult dose. Overall, large
individual variations were observed in dosing regimens for
drugs with a narrow therapeutic window, including paraceta-
mol [34].

An audit of pain-management paracetamol prescrip-
tions in pediatric surgical patients (n = 100) in the United
Kingdom showed that dosing according to local prescrib-
ing guidelines (using ideal body weight) was frequently
exceeded, putting patients at risk for adverse effects. Rec-
ommended oral dosing of paracetamol was 20-30 mg/kg as
an initial single dose for perioperative pain management,
followed by 15-20 mg/kg every 4-6 h (up to 90 mg/kg/day).
Among pediatric patients who were overweight or obese,
six received oral paracetamol doses ranging from 17.4 to
30 mg/kg/dose; four received intravenous (IV) paracetamol
doses ranging from 20 to 23 mg/kg/dose; and four received
a combination of oral and IV paracetamol doses ranging
from 18 to 24 mg/kg/dose. A total of six patients who were

overweight or obese received oral paracetamol at discharge
at doses of 13-33 mg/kg/dose [38].

The survey and observational study in Australia also
reported more frequent overdosing in children who were
overweight or obese. After an initial survey, Australian
caregivers (n = 45) and community pharmacists (n = 28)
were followed to determine paracetamol dosing practices
in children who were overweight or obese. Results showed
that variability in administered doses by caregivers and phar-
macists increased with increasing body weight, reflecting
uncertainty about recommended doses in this population.
When paracetamol doses were normalized to ideal body
weight, children who were overweight or obese were more
likely to receive higher doses, increasing risk for toxicity
[39].

Two of the remaining three studies reviewed here
reported more frequent dosing errors in children who were
overweight or obese [35, 36]. The study conducted in Saudi
Arabia reported both under- and overdosing errors in this
population. This retrospective analysis evaluated the preva-
lence of inappropriate medication dosing in overweight and
obese children at pediatric ambulatory care clinics from June
to December 2013. Of the 2460 children screened, 96 were
overweight or obese and received approximately 345 medi-
cations during the study period. Across all drugs, inappropri-
ate doses (defined as > 10% deviation from doses calculated
based on Lexicomp and Harriet Lane pediatric reference
standards) were prescribed to 66% (63/96) of overweight or
obese children; in these patients, rates of overdosing (51%)
and underdosing (49%) were similar. Paracetamol was iden-
tified as one of the most likely drugs to be prescribed inap-
propriately, increasing risks for hepatotoxicity or inadequate
pain or fever control [35].

Underdosing of paracetamol and ibuprofen was identified
as the primary concern in a retrospective study conducted
at 17 clinics in Italy (n = 1471, not confined to children
who were overweight or obese). Paracetamol and ibupro-
fen were dosed inadequately in 61% (893/1471) of children
based on an appropriate paracetamol dose defined as 15-20
mg/kg (1000 mg for children weighing > 50 kg). Most of
these children (577/893) were prescribed paracetamol. Body
weight > 40 kg was associated with an increased likelihood
of underdosing [36].

The sixth study reviewed here reported less frequent dos-
ing errors in children who were overweight or obese than
in normal-weight children. In this retrospective study con-
ducted at a single US academic hospital, the potential for
analgesic or antimicrobial drug dosing errors was evaluated
in 278 overweight or obese (BMI > 85th percentile) children
aged 5-12 years compared with controls. The most com-
monly observed overdosing errors were for combination
paracetamol/hydrocodone; overdosing of paracetamol alone
and combination paracetamol/codeine was rare in children
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who were overweight or obese. Overdosing of paracetamol/
hydrocodone, in which patients received paracetamol doses
greater than the recommended 15 mg/kg/dose, was more
common in the control group than in the overweight/obese
group (26.4% vs 14.7%, respectively) [37].

In the studies reviewed, dosing regimens were variable
and inappropriate dosing was common in children who were
overweight or obese. It is generally accepted that underdos-
ing could lead to suboptimal therapeutic effect and overdos-
ing has the potential to cause toxicities; however, there is an
absence of clinical data on this topic. Indeed, none of the
studies reviewed here reported adverse events, toxicities, or
other sequelae associated with over/underdosing in children
who were overweight or obese.

3.4 Paracetamol Dosing Guidelines that Include
Recommendations for Children Who are
Overweight or Obese

Results of our searches indicate that paracetamol dosing
guidelines that include specific recommendations for use
in children and adolescents who are overweight or obese
are extremely limited. In our searches for international,
national, professional society, or institutional guidelines/
recommendations on paracetamol dosing in this population,
we were able to identify only four children’s hospitals (St.
Louis Children’s Hospital, Royal Children’s Hospital Mel-
bourne, Rocky Mountain Hospital for Children, and Sydney
Children’s Hospital) that provide weight-based, rather than
age-based, paracetamol dosing guidelines on their external,
publicly accessible websites [40—43]. While weight-based
dosing is generally recognized as more accurate than age-
based dosing for children whose weight is not within the
average range [44, 45], these website guidelines [40-42]
and most national, international, and society guidelines for
pediatric oral paracetamol dosing [16—-18, 45-48] do not
include any specific recommendations for patients who are
overweight or obese. For example, WHO recommendations
specify a maximum daily dosage of 60 mg/kg/day, but do
not address the overweight or obese pediatric population
[16]. In the absence of efficacy and safety data resulting from
use of the three children’s hospital website guidelines, it is
not possible to evaluate their relative merits and shortcom-
ings with respect to treatment of pediatric patients who are
overweight or obese.

The only sources we identified that provide any guidance
for paracetamol dosing in children with obesity are from the
Sydney Children’s Hospital and the Best Practice Advocacy
Centre New Zealand (bpac™%). The Sydney Children’s Hos-
pital states that for patients with obesity, paracetamol dose
should be calculated based on ideal body weight for age
and height; however, formulas or sample calculations are
not provided [43]. The bpac™? guidelines for paracetamol
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state that the same mg/kg dose calculation should be used
for obese and normal-weight children, but that the adult dose
should never be exceeded [17].

The British National Formulary for Children (BNFC)
and the UK National Health Service recommend age-based
dosing for the management of pain or fever with discomfort
in children aged 3 months to 12 years [47]. Although the
BNFC guidelines were updated in 2011 to include narrower
age bands than those listed on the labels of many commonly
used over-the-counter products, calculations based on UK-
WHO growth charts using these guidelines yielded inappro-
priate calculated doses for both overweight and underweight
children [49]. One rationale for age- instead of weight-based
dosing is that weight-based calculations can be difficult for
caregivers [50], highlighting a significant unmet need for
clearer package insert guidelines.

The absence of evidence-based guidelines from inter-
national or national health institutions or professional spe-
cialty-based societies with respect to paracetamol dosing in
children/adolescents who are overweight or obese consti-
tutes an important unmet need.

4 Discussion

In general, optimization of drug dosing in children who are
overweight or obese is particularly difficult because very
few studies have evaluated obesity-related pharmacokinetic
changes of commonly prescribed medications in pediatric
or adolescent populations [51]. Attempts have been made to
develop methods to calculate medication doses in children
who are overweight or obese, based on standardized meas-
ures of body weight/size (Table 3 [34, 52]). Although dosing
aids and decision-support tools have been developed to help
parents and practitioners determine and administer appropri-
ate paracetamol doses in these patients [53, 54], these calcu-
lation methods and tools are not supported by robust clinical
data. The body size metrics of ideal or adjusted body weight
can be used, but these methods often result in underdosing
[35]. Dosing based on BMI or body surface area can result in
overdosing, with calculated doses exceeding the maximum
recommended total dose [35]. Additionally, data have shown
ideal body weight calculation methods are not standardized,
and the concept of ideal body weight is poorly understood
among pediatricians [51, 55].

Body weight affects drug disposition characteristics, and
this effect will be compounded by other physiologic changes
associated with obesity. Drug disposition in patients with
obesity can be altered because of, for example, changes in
lipid parameters and the proportion of adipose tissue versus
lean muscle mass, neither of which are accounted for in BMI
calculations [19-21]. The degree and direction of changes in
specific pharmacokinetic parameters are dependent on the
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drug; for example, acetaminophen clearance increases with
increased weight, but the reverse is true for antipyrine [19,
27, 56]. As a result, patients who are overweight or obese
are at increased risk for receiving inappropriate doses of
medication [19, 33-35, 57].

Clearly, the most critical pharmacokinetic considera-
tion in paracetamol dosing for obese patients is clearance,
which has been shown to be increased in adults with obe-
sity [27, 28]. This would suggest that patients with obesity
may require higher doses than currently recommended by
guidelines/formularies to achieve paracetamol levels that
are associated with therapeutic benefit [27, 28]. However,
the ability to increase paracetamol dosing to achieve thera-
peutic efficacy in response to increased clearance is limited
by the absolute maximum allowed dose of 4000 mg/day in
children/adolescents [58].

The prescribing information and package inserts for par-
acetamol provide a recommended dosing chart based on
both age and corresponding body weight. This may intro-
duce uncertainty for children who are overweight or obese,
since their weight is outside normal age-based weight ranges
[39]. Because of such complexities in determining the most
appropriate metric to use in dose calculation for pediatric
patients who are overweight or obese, optimal dosing of
paracetamol in this population remains uncertain [26, 33].

Results of our narrative literature review confirm that
specific dosing guidance for paracetamol in children and
adolescents who are overweight or obese is extremely lim-
ited or absent [33, 59]. Incorrect paracetamol dosing in such
patients is a recognized risk factor for treatment failure [60].

Current weight-based dosing guidelines for paracetamol
(10-15 mg/kg, up to a maximum daily dose of 60 mg/kg
[16—18]) have been developed based on concerns about
reduced efficacy, and are not based on robust pharmacoki-
netic or pharmacodynamic data. For example, although
one study suggested similar paracetamol pharmacokinetic
behavior between NAFLD patients and normal-weight

Table 3 Measures used to calculate medication doses in overweight/
obese children [34, 52]

Dosing criteria Measurement

Age Age in years

Total body weight (TBW) Weight in kg

Body mass index (BMI) TBW/height? (kg/m?)

Ideal body weight (IBW) BMI at the 50th percentile®
for age and sex X height?

Lean body weight (LBW) IBW + 0.29 x (TBW — IBW)

Adjusted body weight (ABW) IBW + (0.4 x [TBW — IBW])

ABW actual body weight, BMI body mass index, /BW ideal body
weight, kg kilogram, m meter, TBW total body weight

*Percentiles compare an individual’s height and weight to others of
the same age and sex

counterparts [26], the study was so small (and not specific
to obesity) that it remains unknown whether the increased
paracetamol clearance observed in adults also affects chil-
dren/adolescents who are overweight or obese. The lack of
pharmacokinetic and pharmacodynamic data for paraceta-
mol in children and adolescents who are overweight or obese
is a significant data gap [61].

Modeling and simulation can be used as research tools
to help bridge this data gap, but wide implementation in
pediatric drug development has not occurred [62]. However,
one group modified a physiologically based pharmacokinetic
model for adults to account for the physiologic changes that
occur in children/adolescents from birth to 18 years of age.
Using paracetamol as a model compound, simulated plasma
concentration—time profiles in children/adolescents closely
matched experimentally observed data in adults [63]. This
model considers body weight, tissue composition, organ
weights, and other variables known to differ significantly in
obese versus non-obese children [63]. However, the model is
not specific to children and adolescents with obesity. Further
research may elucidate whether data from adult studies of
paracetamol pharmacokinetics can be used to inform dosing
guidance in children who are overweight or obese.

Despite potentially promising modeling results from
Edginton and colleagues [63], extrapolation of paraceta-
mol pharmacokinetic and dosing data from adult studies to
pediatric populations should be done with extreme caution
[64]. Paracetamol clearance mechanisms and half-life have
been shown to differ in children (sulfation) compared with
adults (glucuronidation), gradually changing as children age.
Furthermore, the elimination half-life for paracetamol varies
with age between neonates, infants, children, and adoles-
cents [65].

5 Conclusion

Literature searches have identified significant gaps in our
understanding of the pharmacokinetic behavior of paraceta-
mol, and in clinical data assessing various dosing strategies
in children and adolescents who are overweight or obese. As
a result, there are limited data on which to base the develop-
ment of evidence-based guidelines, which explains the lack
of currently available paracetamol dosing recommendations
in overweight and obese pediatric and adolescent popula-
tions. Incorrect dosing can result in suboptimal efficacy and/
or increased risk for adverse outcomes, most notably hepa-
totoxicity. There is a strong need for well-designed studies
in conjunction with pharmacokinetic and pharmacodynamic
modeling to confirm the magnitude of changes and charac-
terize metabolite formation (e.g., sulfation and glucuronida-
tion) to provide needed data for evidence-based dosing guid-
ance. Pending the availability of reliable, consensus-based
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guidelines, practitioners should employ dosing strategies
with which they are most comfortable (for many, this will
represent modification of weight-based dosing), with the
minimization of hepatotoxicity risk the paramount concern.
Furthermore, practitioners should caution caregivers of chil-
dren who are overweight or obese to seek medical advice
before applying weight-based dosing to minimize the risk
of accidental paracetamol overdose.
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