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Abstract
Obesity is a major public health problem that can affect drug disposition and dosing, particularly in vulnerable 

pediatric populations. Despite potentially detrimental consequences from inappropriately dosed drugs in children with 
obesity, drug product labels largely fail to include dosing or guidance specific to this population. Failure to include 
this information results in an increased incidence of adverse events, and concerns from treating physicians regarding 
their ability to provide appropriate care for children with obesity. Using data from the National Institute of Child 
Health and Human Development-funded Pediatric Trials Network (PTN), we explore possible ways to improve drug 
labeling in children with obesity. In order to improve health outcomes of children with obesity, carefully designed and 
executed PK trials and comprehensive PK analysis strategies are needed. Early collaboration with the Food and 
Drug Administration may be helpful in developing studies and analyses that are most beneficial for child health. This 
collaboration is particularly important for drugs that treat potentially life-threatening diseases, where inclusion of PK 
and dosing on the drug label is vital. We hope that increasing the body of knowledge on drug dosing in children with 
obesity will open the door to regulatory guidance based on extrapolation or population-specific PK studies, similar to 
other currently-recognized special populations. Given the magnitude of the pediatric obesity pandemic, recognition as 
a special population will offer substantial public health value.
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Introduction
According to the World Health Organization (WHO), childhood 

obesity is “one of the most serious public health challenges of the 21st 
century” [1]. In the United States (U.S.), >12.7 million (17%) children 
ages 2-19 years of age are obese as determined by a body mass index 
(BMI) ≥ 95th percentile on the Centers for Disease Control and 
Prevention (CDC) BMI-for-age growth charts with some metropolitan 
areas estimating a prevalence of up to 30% [2,3]. Such pervasiveness 
indicates the need to routinely consider obesity in all matters involving 
child health. One of the possible side effects of obesity can be altered drug 
disposition. Observed changes in drug disposition include: increased 
total body water and lipids from adipose tissue, resulting in increased 
volume of distribution; increased serum concentrations of alpha-
1-acid glycoprotein and lipoproteins, resulting in increased protein
binding and altered drug elimination; increased or decreased hepatic
metabolism of drugs and increased renal clearance of drugs eliminated 
by glomerular filtration (Figure 1) [4-7]. When a child with obesity
receives a drug dosed for a child with a normal BMI, altered disposition 
can render a drug ineffective or toxic. In turn, ineffective or toxic drugs 
can result in adverse patient outcomes, including death [8,9]. Despite
potentially detrimental consequences from inappropriately-dosed
drugs in children with obesity, drug product labels largely fail to include 
dosing or guidance specific to this population [10-12]. Administration
of drugs that lack pediatric dosing information in product labels has
been associated with inappropriate dosing, increased incidence of
adverse events, and concerns from treating physicians regarding
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inability to provide appropriate care [13-15]. For children with obesity 
and their medical providers, issues associated with incomplete product 
labels are only further exacerbated by limited availability of pediatric 
formulations that optimize drug concentrations in manageable 
palatable volumes for children with obesity. Such issues can contribute 
to under-dosing and drug non-compliance, resulting in especially dire 
consequences for children administered drugs to treat life-threatening 
or life-altering diseases such as epilepsy. Multiple phenomena explain 
the lack of product labeling to guide dosing in children with obesity, 
including limited existence of the following factors: 1) pharmacokinetic 
(PK) data collected from children with obesity to inform dosing; 2) 
knowledge of complex analysis methods necessary to evaluate PK in 
children; 3) product labeling specific to adults with obesity or children 
without obesity; and 4) lack of Food and Drug Administration (FDA) 
or European Medicines Agency (EMA) guidance for the conduct of 
drug trials in children with obesity. In this manuscript, we expand on 
the existing barriers to product labeling in children with obesity and 
offer potential solutions based on the experience of the Pediatric Trials 
Network (PTN), which is a National Institute of Child Health and 
Human Development-funded research network conducting off-patent 
therapeutic trials for regulatory labeling in children. We propose two 
strategic avenues to increase drug labeling in children with obesity: the 
first uses the concept of extrapolation, which leverages data from adults 
with obesity or children without obesity; the second uses PK data from 
children with obesity to supplement existing pediatric indications.
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Lack of PK Data in Children with Obesity to Inform 
Dosing

PK trials in children with obesity are clearly needed to inform dosing 
in this population. The conduct of pediatric PK trials is difficult due to 
limited numbers of eligible children, low parental consent rates, limited 
available blood volume in children compared to adults, and difficulties 
obtaining timed blood samples [16]. These issues of trial conduct are 
true for most pediatric clinical trials, but are often more complex in 
children with obesity [10,11]. Potential roadblocks to trial conduct in 
children with obesity largely relate to participant enrollment barriers. 
First, although childhood obesity is widespread, urban residence and 
associated low income and educational attainment are important 
risk factors; these same factors have also been associated with lower 
access to healthcare and lower willingness or ability to participate in 
clinical trials [17,18]. Second, obesity is stigmatized, so parents often 
misperceive a child’s actual weight; consequently, parents may be 
unwilling to allow children to participate in clinical trials specific to 
obese populations [19]. Furthermore, revealing an obesity diagnosis 
during the process of informed consent could result in psychological 
distress. These challenges require proactive organization and 
consideration when designing much-needed PK trials. Collaboration 
with clinical sites that have active research or intervention programs 
on childhood obesity could be beneficial. Integrating PK trials in the 
context of existing programs increases the likelihood of enrollment and 
enables an adequate number of samples per participant to be collected. 

Additionally, integration improves the likelihood that an investigator 
will be more sensitive to the psychological morbidity associated with 
an obesity diagnosis. As a complimentary approach, investigators 
should engage parents and child obesity advocacy groups to identify 
best practices for sensitivity and communication regarding issues such 
as informed consent.  

Complexity of PK Analysis Methods
Characterizing PK across the pediatric age and disease continuum 

is difficult but complicated further by obesity in children [20]. For 
example, the most appropriate definition of obesity for pediatric PK 
analysis remains controversial. In the U.S., obesity is generally defined as 
a BMI ≥ 95th percentile according to age and sex classification; however, 
for PK evaluation, body composition (including proportions of body 
fat) may be a more specific determinant of drug disposition than body 
size alone. Data regarding the adequacy of BMI as a measure of excess 
body fat are mixed. Some sources cite good correlation (r=0.78-0.88) 
of BMI with skinfold thickness, bioelectrical impedance, densitometry, 
and dual energy x-ray absorptiometry (i.e., the gold standard 
measurement) [21-23]. Other studies suggest that a combination of 
factors such as BMI and waist circumference more accurately predict 
adiposity; measures such as waist-to-hip or waist-to-height ratio may 
better correlate with clinical outcomes than BMI [24,25]. To date, 
these anthropometric measures have undergone limited evaluation 
in relation to pediatric drug PK [23]. Calculated size descriptors (e.g., 
total body weight, lean body mass, ideal body weight, fat-free mass) 
are most frequently used in PK analyses of obesity; these descriptors 
have yielded variable results with regard to drug exposures in children 
with obesity compared to controls (Table 1) [11]. Partly because of 
issues of variability, not only for obesity, but also for pediatric PK 
modeling in general, some have advocated for a more standardized 
approach to the base PK model prior to consideration of factors such 
as obesity. Such an approach would combine allometric weight scaling 
and a sigmoid function to account for organ maturation and related 
changes in clearance across the pediatric age continuum. Regardless 
of which approach is chosen, PK analyses in children with obesity are 
complex, and are most often successful when performed by groups 
with extensive expertise in the most complex PK modeling techniques 
[26-32]. Based on our experience, PK analyses in children with obesity 
should incorporate various definitions of obesity and analysis methods. 
We recently investigated the PK of a single dose of intravenous 
pantoprazole administered to children and adolescents 6 to <18 years 
of age with a BMI  ≥ 95th percentile for age and sex according to CDC 
criteria, and a confirmed diagnosis of gastrointestinal reflux disease 
[32]. We collected timed PK samples, gathered waist-to-hip ratios, and 
assembled resting energy expenditures. We developed a population 
PK model, evaluating total body weight, lean body mass, free fat mass, 
and nonfat mass as covariates, and explored relationships between PK 
parameters and other markers of adiposity. Using these methods, we 
identified that in children with obesity by BMI (compared to those 
without), pantoprazole clearance and volume of distribution were 
significantly lower, whereas systemic exposure was significantly higher. 
Consequently, we recommended dosing based on lean body weight 
[32]. We have taken similar approaches to PK analyses of clindamycin 
and methadone in children with obesity. For clindamycin, we identified 
total body weight dosing as sufficient for children with and without 
obesity receiving treatment for skin and soft tissue infections [26]. For 
methadone, clearance was markedly reduced for children with obesity 
compared to those of normal weight; however, similar dosing resulted 
in a therapeutic range of concentrations for both lean and total body 
weight in children with and without obesity (NCT01945736) [33-46]. 
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Figure 1: Obesity-associated Effects on various bodily functions. 
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Limited Drug Product Labeling for Adults with Obesity
Despite the prevalence of obesity nearing 30% among adults and 

known associations between obesity and diseases that require lifelong 
drug administration, a review of multiple FDA labels suggests that 
obesity-specific information is also lacking in adult drug labels [47]. 
This omission is significant because drug labeling in children often 
depends on that in adults to establish initial dosing [48]. Although 
labeling of drug products for adults with obesity has not been a major 
focus for drug manufacturers and likely contributes to absence of 
label information for children with obesity, some dosing data in 
adults is available. Academic investigators have evaluated PK in 
obese adults for multiple drug products, including carbamazepine, 
midazolam, inhaled anesthetics, ibuprofen, phenytoin, diazepam, 
voriconazole, amiodarone, lorazepam, ciprofloxacin and propofol 
among others [42,49-58]. Unfortunately, publication of drug dosing 
recommendations in obese adults without regulatory submission 
for labeling has not consistently translated into improved clinical 
practice and optimal patient outcomes. In a recent study of more 
than 18,000 adults presenting to an emergency department for 
antibiotic therapy, obesity was a significant risk factor for antibiotic 
treatment failure [59]. Furthermore, multiple antibiotics evaluated 
in this study and drug products evaluated in other studies do not 
have physicochemical properties traditionally considered predictive 
of altered drug disposition in the setting of obesity (e.g., lipophilicity) 
[11,59,60]. These findings underscore two important messages: 
first, additional PK studies are needed to evaluate the effect of 
obesity on the dosing of many more drug products; and second, 
wide dissemination of available dosing information through drug 
labeling and publications is paramount to change clinical practice 
and improve patient outcomes. 

Lack of an Existing Regulatory Paradigm for Drug 
Labeling in Obesity

A fourth contributor to the lack of widely-disseminated 
guidance on dosing in obese populations is the absence of existing 
regulatory guidance for PK evaluation and drug labeling specific 
to adults or children with obesity. Multiple considerations should 
guide the regulatory strategy for increasing pediatric product labels. 
Specifically, whether explicit PK analysis methods or definitions of 
obesity are necessary for inclusion in pediatric product labels needs 
to be determined. Whether or not safety outcomes are necessary for 
inclusion of PK data in pediatric labels and what outcomes are required 
needs to be evaluated. Such evaluation should consider the availability 
of multiple curated sources of both inpatient and outpatient real-
world pediatric data, including the National Patient-Centered Clinical 
Research Network (PCORnet) and the Comparative Effectiveness 
Research Through Collaborative Electronic Reporting (CER2) data 
registries [61,62]. Requirements to collect safety data are consistent 
with FDA- and EMA-endorsed regulatory pathways of extrapolation 
in which efficacy data from obese adults or children without obesity 
could be used to reduce the burden of proof for pediatric labeling 
[63]. In addition, legislative mandates and incentives through the Best 
Pharmaceuticals for Children Act and the Pediatric Research Equity 
Act encourage using extrapolation to promote the examination of 
drug products in children after studying these products in adults 
[63]. Certainly, this strategy has been important for pediatric drug 
labeling, resulting in a substantial increase in new or expanded 
pediatric indications compared to no extrapolation [63]. To date, 
extrapolation has not been identified as an official regulatory pathway 
to update pediatric labeling with obesity-specific information. Rather, 
recent collaboration between the PTN and FDA has suggested more 

Drug Dosed Per Body Weight Measurement Exposure in Obesity
Antimicrobials
Clindamycin [26] kg TBM Therapeutic
Tobramycin [27] kg ABM Therapeutic
Cefazolin [27] kg ABM Therapeutic

Gentamicin [28] kg ABM Therapeutic

Vancomycin [29-31] kg TBM
TBM

Subtherapeutic [29,31]
Therapeutic [30]

Other 
Pantoprazole [32] kg TBM Supratherapeutic

Methadone* kg TBM Therapeutic
Mercaptopurine [33] m2 TBM Subtherapeutic

Teniposide [34] kg TBM Therapeutic
Methotrexate [34] m2 TBM Therapeutic
Cytarabine [34] m2 TBM Therapeutic

Theophylline [35] kg TBM Not available
Busulfan [36] kg TBM Supratherapeutic

Divalproex sodium [37] kg TBM 
ABM Supratherapeutic Therapeutic

Doxorubicin [38,39] kg [24]
m2 [35]

TBM 
ABM Therapeutic 

Etoposide [34,39] m2; m2 TBM; ABM Therapeutic 
Cyclosporine [40] kg ABM Therapeutic

Propofol [40] kg ABM Therapeutic
Acetaminophen [41] Fixed dose n/a Therapeutic

Carbamazepine [42,43] Fixed dose n/a Therapeutic [43]
Valproic acid [43] Fixed dose n/a Therapeutic

ABM, adjusted body mass; LBM, lean body mass; TBM, total body mass
* Methadone is a PTN product, but not yet published.

Table 1: Body Weight Measurement and Effect on Drug Exposure in Children. 
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of a conditional approach. For drugs in which PK studies do not 
support a difference in dosing between children with and without 
obesity, supplemental data (including population-specific safety 
and efficacy data) may be necessary prior to negotiation of a label 
change. For drugs in which PK studies demonstrate a difference in 
dosing between children with and without obesity, negotiation of PK 
and dosing updates of the product label can be undertaken without 
supplemental safety and efficacy data. Considering the public health 
burden of obesity and the existing need to acquire data for hundreds 
of approved drug products, a standardized pathway to update product 
labels with obesity-specific data is important. Such a pathway could 
entail supplementation of an existing pediatric indication with PK 
data from children with obesity. This pathway is likely more efficient 
and equally effective as the extrapolation pathway, particularly for 
life-threatening or life-altering diseases for which appropriate drug 
dosing is vital. Supplementation of an existing pediatric indication 
with PK data from children with obesity could occur by designating 
obese persons as a special population. Precedent exists for issuing 
regulatory guidance to evaluate PK and dosing in special populations 
where PK could differ from normal physiologic state (i.e., renal 
impairment and hepatic dysfunction). For example, in 1998, following 
a marked increase in the proportion of U.S. adults with chronic 
kidney disease, the FDA issued draft guidance for conducting PK 
studies in patients with impaired renal function and representation 
of results in approved product labeling [64]. This original guidance 
recommended conduct of a PK study when the drug had a renal 
elimination pathway. In 2010, refined guidance recommended that PK 
studies be consistently conducted in persons with renal impairment, 
with the extent of the study being dependent upon a renal or non-
renal elimination pathway [65]. Subsequently, positive, negative, or 
unknown results (in the event of an omitted PK study) are documented 
in the product label. Issuing regulatory guidance for patients with 
renal impairment has proven effective by increasing the number 
of PK studies conducted in this population. In a study evaluating 
the effects of the 1998 guidance, investigators identified a 15-point 
increase in the percentage of applications for new molecular entities 
submitted to the FDA that included renal impairment studies [66]. 
Categorizing children and adults with obesity as a special population 
could have the same effect. Notably, in many circumstances, the 
magnitude of obesity’s impact on PK is similar to that observed 
with renal impairment, and the presence or magnitude of alteration 
is not always predictable based on drug elimination pathways or 

drug physicochemical characteristics (Table 2). Furthermore, the 
prevalence of adults (30%) and children (17%) with obesity in the U.S. 
exceeds the prevalence of chronic kidney disease (14-15%) [64,65]. 
Therefore, the potential public health impact of classifying obesity as 
a special population could be substantial, perhaps even more so than 
the impact observed with classifying renal impairment. Given the 
public health burden associated with obesity, establishing methods 
for product labeling and dissemination of information represents 
an urgent, unmet public health need. Continued, concerted efforts 
to improve pharmacotherapy in pediatric obesity provide unique 
opportunities for the field of pediatrics to pave the way in addressing 
the needs of children and adults with obesity.

Conclusion
Childhood obesity is a major public health burden with important 

implications for drug dosing. Similar to other special populations, 
children with obesity are at risk of drug under- or over-dosing. To 
reduce this risk and improve health outcomes, carefully designed 
and executed PK trials and comprehensive PK analysis strategies 
are needed. These strategies are best undertaken within the context 
of a collaborative network and with expertise from pediatric clinical 
pharmacologists experienced in obesity analyses. Since the FDA 
mandate regarding studies in children and adults with obesity is 
unclear, early collaboration with the FDA may be helpful in developing 
studies and analyses that are most beneficial for child health. This 
collaboration is particularly important for drugs that treat potentially 
life-threatening (e.g., epilepsy) diseases, where inclusion of PK and 
dosing on the drug label is vital, regardless of identified dosing and 
PK differences in children with and without obesity. Ultimately, 
we hope that increasing the body of knowledge on drug dosing in 
children with obesity will open the door to regulatory guidance based 
on extrapolation or population-specific PK studies, similar to other 
currently-recognized special populations. Given the magnitude of the 
pediatric obesity pandemic, recognition as a special population will 
offer substantial public health value. 
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Renal Impairment Obesity

Drug Drug Elimination 
Pathway

Magnitude of Altered PK 
Compared to Subjects 

without Renal Impairment
Drug Physicochemical Characteristics

Magnitude of Altered PK 
Compared to Subjects 

without Obesity

Paliperidone Renal AUC 1.5X (mild impairment); 
4.8X (severe impairment) [66] Busulfan

Highly lipophilic; 32% protein bound; hepatic 
metabolism by conjugation with glutathione 

[67]

Clearance 0.82X of subjects 
without obesity [36]

Duloxetine Hepatic metabolism 
(CYP1A2, CYP2D6)

Cmax and AUC 2.0X   in end-
stage renal disease [66]

Divalproex 
Sodium

Moderately lipophilic; pKa 5.14; 
Concentration-dependent protein 

binding (81-90%); hepatic metabolism 
by glucuronidation and mitochondrial 

β-oxidation [67]

Usual dosing results in 1.56X 
drug exposure [37]

Telithromycin

Hepatic metabolism 
(CYP3A4 and 

cytochrome P450 
independent)

Cmax 1.4X; AUC 1.9X in severe 
impairment [66] Acetaminophen

Moderately lipophilic; 25% protein binding; 
hepatic and gut glucuronidation; sulfation; 

and oxidation by CYP2E1 [67]

83% decrease in volume of 
distribution [41]

Rosuvastatin
OATP1B1 transport; 

minimal CYP2C9 
metabolism

Plasma concentrations 3X in 
end-stage renal disease [66] Ciprofloxacin

Moderately lipophilic; 20-40% protein 
bound; 15% hepatic metabolized; renal 

clearance [67,68]

1.23X steady state volume of 
distribution [57]

PK, pharmacokinetic

Table 2: Select Drugs with Altered PK Due to Obesity or Renal Impairment.
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