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Abstract
Purpose of Review  To provide examples of knowledge gaps in current pharmaceutical treatments for people with obesity 
and call for changes to regulatory and pharmaceutical clinical research requirements during the drug discovery and develop-
ment process.
Recent Findings  Treatment of obesity and its comorbidities often require the use of prescription drugs, many of which have 
not been fully evaluated in people with obesity. Despite a growing body of research on this topic, the impact of obesity on the 
pharmacokinetics and pharmacodynamics of drugs is often under-studied by drug sponsors and regulators, and subsequently 
underappreciated by clinicians and caretakers. There are currently multiple opportunities for pharmaceuticals to include 
dosing information specifically for patients with obesity in order to ensure safety and efficacy of drugs in this population. 
Additionally, there are serious gaps between what is known about the effects of obesity on drug disposition and the current 
use of drugs according to drug prescribing information and clinical practice.
Summary  There is currently no requirement to test drugs in people with obesity during the drug approval process, even when 
preliminary data suggests there may be altered kinetics in this population. The lack of information on the safe and effective 
use of drugs in people with obesity may be contributing to poorer health outcomes in this population.
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Introduction

Obesity is a rapidly growing disease in the USA and around 
the world. First recognized as a disease by the American 
Medical Association in 2013, 42% of adults in the USA 
have obesity (BMI > 30 kg/m2), and 9% have severe obe-
sity (BMI > 40 kg/m2) [1]. By 2030, it is projected that 49% 
of US adults will have obesity, and 25% will have severe  
obesity [2]. Globally, 13% (650 million) of adults over age 

18 have obesity [3]. People with obesity have been shown 
to be at higher risk for health problems such as type 2 diabe-
tes, hypertension, dyslipidemia, asthma, cancers, depression,  
anxiety, and schizophrenia, and obesity-related medical care 
costs in the USA were estimated to be $173 billion in 2019 
[4]. Given the high number of comorbidities that necessitate 
increased medical care in people with obesity, it is critical 
for health care providers to be able to provide safe and effec-
tive treatment for this growing population of people.

Obesity is a multi-faceted disease with many causes, 
including social determinants, genetic factors, and weight 
gain as a side effect of some pharmaceutical treatments  
[5–9]. There is also a significant body of academic 
literature demonstrating that the pharmacokinetics of some 
pharmaceuticals is altered in people with obesity. In particular, 
the volume of distribution is increased in people with obesity 
for some drugs, which leads to significant increases in half-
life and subsequent changes in the behavior of the drug during 
treatment initiation and after discontinuation [10••]. Some of 
the drugs that have been studied are among those that cause 
clinically significant weight gain, which further complicates 
their use in people with obesity. To address changes in drug 
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clearance associated with body size, particularly in oncology 
drugs, dose strengths may be based on measures such as 
total body weight (TBW), ideal body weight (IBW), or body 
surface area (BSA) [11, 12], which are often optimized for 
patients of normal weight but not for patients with obesity. 
Despite the knowledge that obesity can change the disposition 
of some drugs, specific inclusion of people with obesity in 
clinical trials during the drug development and approval 
process is neither routine nor required. This disparity leads to 
a lack of information that would inform which treatments—
and which dosing regimens—are safe and effective for use in 
people with obesity.

Changes in drug disposition in people with obesity and the 
implications of such changes for patient treatment are becom-
ing more widely acknowledged [13–16, 17••, 18]. There have 
been several well-conducted studies demonstrating explicit 
examples in which the pharmacokinetics and pharmacody-
namics of certain drugs are altered in people with obesity, 
yielding recommendations for changes to clinical practice. 
However, because the main pathway for dissemination of  
this information is through the academic literature, incor-
poration of this information into clinical practice is diffi-
cult at best. This review aims to highlight some examples of  
drugs where use in patients with obesity requires additional 
consideration, and specific recommendations for use in this 
population have been identified (summarized in Table 1).

Drugs with Altered Pharmacokinetics 
and Pharmacodynamics in Obesity

Psychiatric Medications

Brexpiprazole (Rexulti®) is an atypical antipsychotic drug 
that is used to treat schizophrenia, or in combination with 
an antidepressant to treat major depressive disorder. Patients 
with schizophrenia are at greater risk for obesity [19], and it  
is estimated that as many as 58% of patients with schizophre-
nia also have obesity [20]. Additionally, the product label 
for brexpiprazole carries a warning that its use may cause 
weight gain or increased cholesterol levels, both of which 
are concerns for people with obesity. The half-life of brex-
piprazole is significantly longer in people with obesity than 
normal weight people, presumably due to an increase in its 
volume of distribution. Inasmuch as cytochrome P450-2D6 
(CYP2D6) is a principal metabolic enzyme responsible for 
brexpiprazole clearance, patients with genetically impaired 
CYP2D6 metabolism may experience a further prolongation 
of brexpiprazole half-life. The behavior of brexpiprazole in 
patients with obesity was explored using physiologically-
based pharmacokinetic (PBPK) modeling, which demon-
strated that people with obesity may take significantly longer 
to reach the 90% effective concentration threshold (EC90)  

for brexpiprazole after initiation of treatment when compared 
to normal-weight patients. Additionally, modeling suggests 
that the subset of people with obesity who are also CYP2D6 
poor metabolizers may never reach the EC90 when follow-
ing the initiation protocol recommended in the package 
insert [21•]. A lack of efficacy during the initiation phase of 
brexpiprazole is concerning, as undertreatment could lead 
to worsening symptoms of disease, or mislead patients and 
clinicians to believe that the treatment failed when it was 
simply dosed inappropriately. In fact, preliminary results of 
an ongoing survey of patients who have previously taken 
brexpiprazole shows that patients with higher BMI are more 
likely to report that it was ineffective for them, with patients 
with BMI > 35 kg/m2 being most likely to report ineffec-
tive use (Fig. 1). Increasing the dose by administering brex-
piprazole twice daily instead of once daily in the initiation 
phase—effectively giving an extended loading dose—will 
allow patients with obesity to attain effective concentrations 
in a similar timeframe as compared to those without obesity, 
without additional risk of side effects [21•].

Vortioxetine (Trintellix®) is another drug used to treat 
depression which has an extended half-life due to an 
increased volume of distribution in people with obesity 
[22, 23]. In this case, people with obesity appear to reach 
steady state concentrations in a timely manner, consist-
ent with patients of normal weight. However, vortioxetine 
carries a warning that patients should not be administered 
a monoamine oxidase inhibitor (MAOI) within 21 days 
of stopping vortioxetine due to the risk of serotonin syn-
drome, a class-wide safety concern among serotonergic 
antidepressants. As the half-life of vortioxetine is approxi-
mately 50% longer in people with obesity than in normal 
weight people, the washout period should be extended in 
a corresponding manner, waiting ~ 31 days before admin-
istration of an MAOI [22] in order to ensure that people 
with obesity are able to transition to an MAOI with the 
same safety as normal weight people.

Diazepam (Valium) is a benzodiazepine commonly used 
to treat anxiety disorders, muscle spasms, and may also be 
used in patients with convulsive disorders. Its half-life dur-
ing the approach to steady-state is doubled in people with 
obesity, and the half-life of its active metabolite desmethyl-
diazepam is almost four times longer compared to people 
without obesity (256 ± 55 h vs 69 ± 10 h, respectively) [24]. 
This results in an approximately doubled time to maximal 
drug effect during chronic dosing, which is important for 
patients and clinicians to recognize when initiating treat-
ment. Likewise, the prolonged half-life also necessitates 
more time for diazepam and desmethyldiazepam to be fully 
removed from the body after discontinuation, and warrants 
consideration in patients who may be switching to other 
drugs that have similar depressive effects on the respira-
tory system.
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Anti‑Microbials

Posaconazole is an azole anti-fungal used for the preven-
tion or treatment of systemic fungal infections such as 
Aspergillus and Candida. Patients undergoing transplant 
or cancer treatment may be administered posaconazole as 
prophylaxis or to treat an infection due to their immuno-
suppressed state. Adequate exposure to posaconazole is 
necessary to effectively treat the infection, as well as to 
help minimize the opportunity for resistance. The posa-
conazole (Noxafil®) package insert briefly acknowledges 
that patients with weight greater than 120 kg may have 
lower posaconazole exposure, yet the only recommendation 
for these patients is to monitor closely for breakthrough 
infections. Wasmann et al. used modeling to show that for 
treatment of fungal infection, the loading dose and daily 
maintenance dose of intravenous posaconazole should be 
increased to 400 mg for individuals above 140 kg, while 
the standard 300 mg dose should be sufficient for prophy-
laxis [25•]. However, the authors are clear that these rec-
ommendations do not necessarily hold true for the oral 
suspension or oral delayed release tablet, and further stud-
ies are warranted for different formulations.

Furthermore, posaconazole is a known strong inhibitor 
of the drug metabolizing enzyme CYP3A4, and an inhibi-
tor of the P-glycoprotein transporter. Changes in the phar-
macokinetics of posaconazole in people with obesity have 
been shown to result in prolonged drug-drug interactions for 
weeks after administration of posaconazole has discontinued 
[26, 27]. This can be particularly dangerous, for example, in 
patients who are taking immunosuppressant therapy, such 
as the narrow therapeutic index drug tacrolimus or anti-
cancer therapies that are substrates of CYP3A4. In order 

to minimize the risk of dangerous drug-drug interactions, 
a washout period of approximately 1–2 weeks should be 
required for patients with obesity who have stopped taking 
posaconazole and will be administered a CYP3A4 substrate 
drug. Similarly, patients with obesity who were taking a 
reduced dose of the CYP3A4 substrate drug concomitantly 
with posaconazole should also observe the same washout 
period before resuming the recommended monotherapy 
maintenance dose.

Micafungin is another anti-fungal that is important for 
prophylaxis and treatment of patients with Candida infec-
tions. Standard doses of micafungin for treatment of Can-
dida infections are 100–150 mg/day. However, these doses 
are not sufficient to reach target concentration ratios in 
patients who weigh more than 125 kg [28]. Modeling shows 
that increasing the dose to 200 mg/day would increase the 
probability of reaching those target ratios in patients who 
weigh up to 185 kg [28, 29]. A loading dose may also help 
attain target ratios more quickly 25.

One important facet of anti-microbial therapy is main-
taining a minimum inhibitory concentration (MIC), which 
is the lowest concentration known to be effective against the 
intended target. Often, MIC is measured the plasma, how-
ever, plasma concentrations do not always correlate with 
concentrations in the tissue where the infection resides. In 
patients undergoing laparoscopic surgery, concentrations of 
the antibiotic cefazolin are altered in the interstitial space 
fluid of the subcutaneous adipose tissue in patients with 
obesity [30], resulting in a lower probability of reaching 
target concentrations. This is consistent with other reports 
that patients with obesity are more likely to experience treat-
ment failure and remain hospitalized for longer than patients 
without obesity after treatment with b-lactam antibiotics 
[31•], and that a higher dose of cefazolin (up to 2 g every 
4–6 h) reduces the incidence of treatment failure in people 
with obesity [32].

Tacrolimus

Tacrolimus is a calcineurin immunosuppressant widely 
used to prevent transplant rejection. With highly variable 
pharmacokinetics and a narrow therapeutic window, tac-
rolimus dosing must be optimized to prevent excessively 
high concentrations, which may cause nephrotoxicity, 
or low concentrations, leading to graft failure. As such, 
dosing is initiated on a mg/kg basis in an effort to attain 
effective concentrations in a timely manner, and therapeu-
tic drug monitoring is an important part of patient man-
agement. Recently, studies have shown that using total 
body weight to calculate the initial doses of tacrolimus 
in renal transplant patients with obesity results in over-
exposure to tacrolimus [33, 34•]. A retrospective study 
analyzing the association between whole blood tacrolimus 

BMI (kg/m2)

Effective

Ineffective
<25 25-34 35+

52%
60%

70%

(n = 23) (n = 45) (n = 37)

48%
40%

30%

Fig. 1   Self-reported effectiveness of brexpiprazole in patients, strati-
fied by BMI



433Current Obesity Reports (2023) 12:429–438	

1 3

concentrations and various methods to calculate the ther-
apeutic dose found that ideal body weight has a better  
correlation with therapeutic doses than total body weight 
or adjusted body weight in patients with obesity after kid-
ney transplant [34•]. This study also found that in the first 
2 weeks after transplant, patients with BMI > 35 kg/m2 
required less tacrolimus per kilogram than patients with 
BMI < 25 kg/m2. Further, a separate retrospective study 
found that patients with obesity required a lower mainte-
nance dose per kilogram than patients of normal weight 
at 1–6 months post-kidney transplant. At 6 months post-
transplant, patients with BMI < 25 kg/m2 received a higher 
dose of tacrolimus per kilogram compared to patients with 
BMI > 30 kg/m2 after adjustments due to therapeutic drug 
monitoring, suggesting that dosing based on total body 
weight was not appropriate for these patients [35]. In 
total these data suggest that tacrolimus clearance does not 
increase in parallel with total body weight, and therefore 
adjusting doses based on total weight produces overex-
posure leading to toxicity and dose adjustments. Instead, 
doses based on ideal body weight appear to yield thera-
peutic concentrations in a timely manner and minimize the 
need for dose adjustments. However, package inserts for 
the various formulations of tacrolimus still recommend 
initiating dosing based on total body weight.

Emergency Contraception

Levonorgestrel (a progestogen) is a common emergency con-
traception medication that is approved by the FDA for over-
the-counter use. The packaging for Plan B One-Step®, the 
most commonly known brand of levonorgestrel emergency 
contraception, does not say anything about effectiveness 
based on bodyweight. However, Glasier et al. reported that 
the risk of pregnancy after taking levonorgestrel in women 
with obesity was more than fourfold greater compared to 
women with BMI < 25 kg/m2 (OR 4.41, 95% CI 2.05–9.44) 
[36]. There was also an increased risk of pregnancy after 
taking ulipristal acetate; however, this risk was lower (2.6-
fold) than levonorgestrel [36]. It is also reported that lev-
onorgestrel appears to be ineffective in women over 70 kg. 
Further research showed that women with obesity had lower 
concentrations (AUC and Cmax) of levonorgestrel compared 
to women with BMI < 25 kg/m2. Doubling the dose of lev-
onorgestrel in women with obesity results in similar concen-
trations to normal weight women [37]. However, a subse-
quent clinical trial showed that in women with BMI > 30 kg/
m2 and weights above 176 lb, a double dose of levonorgestrel 
did not improve ovulation inhibition compared to a single 
dose [38•]. As a result, the authors recommend that alter-
native emergency contraception, such as ulipristal acetate, 
should be used by women over 70 kg (~ 150 lb).

Vitamin D

Vitamin D deficiency has been well-documented in peo-
ple with obesity [39–44]. This deficiency is hypothesized 
to have a few contributing factors, including poor diet and 
decreased sun exposure. A lipophilic prohormone, vita-
min D is subject to “volumetric dilution” in the increased 
adipose tissue of people with obesity [40, 42]. That is, the 
increased adipose tissue acts as a reservoir for vitamin D, 
requiring higher absolute exposure to result in the same 
serum vitamin D levels as people without obesity. Risks 
associated with vitamin D deficiency include decreased 
skeletal health [45] and increased cardiovascular dis-
ease [46–48]. It is unclear how vitamin D deficiency, 
cardiovascular disease risk, and obesity interact, but the 
coincidence of these disease states requires considera-
tion. Unfortunately, it is also unclear which vitamin D 
supplement (vitamin D2, D3, 25-hydroxyvitamin D3, or 
calcidiol) and which dose strengths are most effective 
in increasing serum vitamin D to recommended levels 
in people with obesity [43, 49•]. The Endocrine Society 
Clinical Practice Guideline on vitamin D supplementation 
recommends that adults with obesity take two to three 
times the recommended amount of vitamin D for their age 
group [50]; however, the evidence to support this recom-
mendation is scarce.

Ibuprofen

Ibuprofen is a non-steroidal anti-inflammatory drug 
(NSAID) that is commonly used as an over-the-counter 
pain and fever reliever. It is also used for pain relief in the 
post-operative setting through both IV and oral adminis-
tration. Research suggests that both clearance and volume 
of distribution are significantly different between normal-
weight subjects and subjects with obesity [51]. As the 
observed changes to volume of distribution and clearance 
were parallel within individuals, the half-life of ibuprofen 
did not change with body composition; however, subjects 
with obesity had markedly lower peak plasma concentra-
tions likely driven by more extensive distribution in this 
cohort. Changes in clearance were well correlated with 
total body weight (R2 = 0.81, P < 0.001), and it is worth 
noting that neither changes in clearance nor volume of 
distributions were a result of differences in plasma protein 
binding. Cumulatively, these data suggest that a higher 
dose may be necessary to achieve adequate exposure and 
subsequent pain control [51]. As such, the authors of this 
research suggest that increasing the dose strength based 
on excess body weight (e.g., 3.5 mg/kg above IBW) would 
yield more consistent exposures to patients, regardless of 
body size.
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Discussion and Conclusions

The examples given above are a small sampling of the 
work that has been done to date to better understand 
the effects of obesity on drug disposition and behavior. 
Despite this growing body of knowledge, however, uptake 
of this information into clinical practice has been slow. 
There are currently no standard processes to ensure that 
drugs are evaluated in people with obesity as a part of the 
approval process, leaving academic and clinical research-
ers to investigate this on their own, and with little motiva-
tion beyond scientific contribution. As a result, what is 
known about the effects of obesity on drug disposition is 
inconsistent from one drug to the next, and it is difficult to 
know which drugs have been adequately studied without 
conducting a survey of the literature. Because of this gap 
between the scientific literature and clinical practice, peo-
ple with obesity are at risk of receiving sub-standard care.

People with obesity are generally reported to have 
worse outcomes for many health conditions than people 
without obesity. For example, BMI is an independent pre-
dictor of psychiatric hospital admission, and the authors 
of this study hypothesize that there may also be a relation-
ship between coincidence of obesity and the severity of 
mental illnesses such as schizophrenia [52]. Additionally, 
people with schizophrenia and obesity are found to have 
increased risk of attempted suicide and more than five life-
time hospitalizations compared to people without obesity 
[19]. This begs the question of what treatments are effec-
tive in patients with obesity. As detailed above, changes 
in the pharmacokinetics of atypical antipsychotics such as 
brexpiprazole may lead to undertreatment of schizophrenia 
and further exacerbating the severity of the illness.

Heart failure patients with obesity may be placed on a 
left ventricular assist device (LVAD) to provide cardiac 
support while they lose weight in order to qualify for a 
transplant. However, patients with obesity and an LVAD 
are at higher risk of infections related to the device, and 
are less likely to proceed to transplant than patients with-
out obesity [53–55]. Similarly, patients with obesity are 
more likely to experience surgical site infections after 
renal transplant compared to patients without obesity 
[56]. It has been proposed that patients with obesity 
receive prophylactic treatment to prevent infections in 
these situations; however, this is only a useful tool if the 
antimicrobials to be used are administered at an appropri-
ate dose. Similarly, patients with obesity and bloodstream 
Candida infections require longer courses of treatment 
and longer hospital stays than patients without obesity 
[57]. People with obesity generally are at higher risk for 
morbidity and mortality due to nosocomial infections [58, 
59]. While a physiological predisposition for infection 

may exist, it is also possible—if not likely—that sub-
therapeutic dosing of anti-microbial agents such as those 
described in this paper increases the risk of treatment 
failure in these patients.

Many drugs, such as enoxaparin, fluconazole, and 
many antibiotics, are difficult to properly administer in 
people with obesity, and dosing changes may occur in 
practice which are not reflected in the product labeling 
for these drugs. For example, a table from a critical care 
textbook proposes dosing changes in people with obesity; 
however, these recommendations are not always reflected 
in the prescribing instructions and may not be standard 
practice (Table 2) [60]. Guidelines for how to dose anti-
cancer drugs in people with obesity have recently been 
updated, but the quality of evidence supporting many of 
these recommendations is low [61]. The lack of informa-
tion about how the pharmacokinetics and pharmacody-
namics of drugs may or may not change in people with 
obesity makes treating these patients more difficult and 
may be contributing to poorer outcomes.

It is critical to understand whether the treatments for 
the various comorbidities of obesity are safe and effective 
for these patients, as is standard for patients with renal or 
hepatic impairment. However, despite FDA guidance to 
include patients “at the extremes of weight” in clinical 
trials [63], there is currently no regulatory requirement or 
incentive for pharmaceutical developers to include patients 
with obesity in clinical trials during the approval of a new 
drug. Given that 42% percent of US adults have obesity, 
compared to 2.2% of adults with kidney disease and 1.7% 
with liver disease (Fig. 2) [62], it should be required that 
drug sponsors assess new drugs for the potential phar-
macokinetic changes in people with obesity and, if war-
ranted, conduct specific studies to examine the clinical rel-
evance of such changes. In November 2022, the FDA held 
a workshop to discuss designating people with obesity as a 
special population for study during the drug approval pro-
cess, signaling regulatory awareness of this issue during 
drug discovery and development and the need to address 
it. Identifying people with obesity as a special popula-
tion would speed awareness of the potential for changes in 
drug pharmacokinetics and pharmacodynamics and may 
increase the likelihood that this information is taught and 
implemented as part of standard medical training. As it 
stands now, however, there is a significant body of lit-
erature demonstrating clinically relevant changes of some 
drugs in people with obesity. The incomplete data and 
potential risks of drugs in people with obesity requires 
attention—from clinicians, researchers, and regulators, 
especially in light of the potential that these gaps could 
be adding to the poor clinical outcomes experienced by 
the substantial population of people living with obesity.
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Table 2   Differences between practical and package insert dosing recommendations

Table modified from Deutschman and Neligan. Evidence-Based Practice of Critical Care (2010); package insert instructions current as of June 1, 
2023. Bold indicates difference between textbook and package insert recommendations
TBW total body weight, IBW ideal body weight
ABW = IBW + 0.4*(TBW-IBW)
*For treatment of venous thromboembolism

Drug Recommendation from evidence-based 
critical care

Package insert dosing recommendation

Induction Maintenance

Lidocaine TBW IBW Dose calculated on mg/kg of TBW
Digoxin IBW IBW Loading dose calculated using TBW; maintenance dosing calculated 

using LBW and renal function
β-blockers IBW IBW Fixed dose not based on weight; titrate to effect
Aminoglycosides ABW ABW Dose calculated on mg/kg of TBW
Vancomycin ABW ABW Dose calculated on mg/kg of TBW and renal function
Atracurium TBW TBW Dose calculated on mg/kg of TBW
Vecuronium IBW IBW Dose calculated on mg/kg of TBW
Phenytoin TBW IBW Fixed dose not based on weight; titrate to effect
Corticosteroids IBW IBW Variable based on disease state
Cyclosporine IBW IBW Dose calculated on mg/kg of TBW
Aminophylline IBW IBW Calculate loading dose based on IBW, then flat infusion rate based on age
Heparin* ABW Fixed dose, minimum dose calculated on mg/kg of TBW
Enoxaparin* TBW TBW Dose calculated on mg/kg of TBW
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Fig. 2   Percentage of US adults with selected chronic diseases accord-
ing to the CDC [62]
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permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  
•  Of importance  
••  Of major importance

	 1.	 Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of 
obesity and severe obesity among adults: United States, 2017–
2018. NCHS Data Brief 2020:1–8.

	 2.	 Ward ZJ, Bleich SN, Cradock AL, Barrett JL, Giles CM, Flax C, 
et al. Projected U.S. state-level prevalence of adult obesity and 
severe obesity. N Engl J Med 2019;381:2440–50. https://​doi.​org/​
10.​1056/​NEJMs​a1909​301.

	 3.	 World health statistics. – Monitoring health for the SDGs. Sus-
tainable Development Goals. Geneva: World Health Organiza-
tion; 2023;2023.

	 4.	 Ward ZJ, Bleich SN, Long MW, Gortmaker SL. Association of 
body mass index with health care expenditures in the United 
States by age and sex. PLoS ONE. 2021;16:e0247307. https://​
doi.​org/​10.​1371/​journ​al.​pone.​02473​07.

	 5.	 Apovian CM, Okemah J, O’Neil PM. Body weight consid-
erations in the management of type 2 diabetes. Adv Ther. 
2019;36:44–58. https://​doi.​org/​10.​1007/​s12325-​018-​0824-8.

	 6.	 Doane MJ, Bessonova L, Friedler HS, Mortimer KM, Cheng 
H, Brecht T, et al. Weight gain and comorbidities associated 
with oral second-generation antipsychotics: analysis of real-
world data for patients with schizophrenia or bipolar I disor-
der. BMC Psychiatry. 2022;22:114. https://​doi.​org/​10.​1186/​
s12888-​022-​03758-w.

	 7.	 Pillinger T, McCutcheon RA, Vano L, Mizuno Y, Arumuham 
A, Hindley G, et al. Comparative effects of 18 antipsychotics on 
metabolic function in patients with schizophrenia, predictors of 
metabolic dysregulation, and association with psychopathology: 
a systematic review and network meta-analysis. Lancet Psychiat. 
2020;7:64–77. https://​doi.​org/​10.​1016/​S2215-​0366(19)​30416-X.

	 8.	 Lee SH, Paz-Filho G, Mastronardi C, Licinio J, Wong M-L. Is 
increased antidepressant exposure a contributory factor to the 
obesity pandemic? Transl Psychiatry. 2016;6:e759–e759. https://​
doi.​org/​10.​1038/​tp.​2016.​25.

	 9.	 Gafoor R, Booth HP, Gulliford MC. Antidepressant utilisation 
and incidence of weight gain during 10 years’ follow-up: popu-
lation based cohort study. BMJ 2018:k1951. https://​doi.​org/​10.​
1136/​bmj.​k1951.

	10.••	Bruno CD, Harmatz JS, Duan SX, Zhang Q, Chow CR, 
Greenblatt DJ. Effect of lipophilicity on drug distribution 
and elimination: influence of obesity. Br J Clin Pharmacol. 
2021;87:3197–205. https://​doi.​org/​10.​1111/​bcp.​14735. Lipo-
philicity correlates with increased volume of distribution of 
a drug in people with obesity and may be used as a factor 
when considering whether pharmacokinetics may be altered 
in people with obesity.

	11.	 Green B, Duffull SB. What is the best size descriptor to use for 
pharmacokinetic studies in the obese? Br J Clin Pharmacol. 
2004;58:119–33. https://​doi.​org/​10.​1111/j.​1365-​2125.​2004.​02157.x.

	12.	 Greenblatt DJ, Bruno CD, Harmatz JS, Dawson-Hughes B, 
Zhang Q, Li C, et al. Estimation of absolute and relative body 

fat content using noninvasive surrogates: can DXA be bypassed? 
J Clin Pharmacol. 2023;63(Supp2):s35–s47.

	13.	 Hanley MJ, Abernethy DR, Greenblatt DJ. Effect of obesity on 
the pharmacokinetics of drugs in humans. Clin Pharmacokinet. 
2010;49:71–87. https://​doi.​org/​10.​2165/​11318​100-​00000​0000-​00000.

	14.	 Jain R, Chung S, Jain L, Khurana M, Lau S, Lee J, et al. Impli-
cations of obesity for drug therapy: limitations and challenges. 
Clin Pharmacol Ther. 2011;90:77–89. https://​doi.​org/​10.​1038/​
clpt.​2011.​104.

	15.	 Brill MJ, Diepstraten J, van Rongen A, van Kralingen S, van 
den Anker JN, Knibbe CA. Impact of obesity on drug metab-
olism and elimination in adults and children. Clin Pharma-
cokinet. 2012;51:277–304. https://​doi.​org/​10.​2165/​11599​410-​
00000​0000-​00000.

	16.	 Smit C, De Hoogd S, Brüggemann RJ, Knibbe CA. Obesity 
and drug pharmacology: a review of the influence of obesity 
on pharmacokinetic and pharmacodynamic parameters. Expert 
Opin Drug Metab Toxicol. 2018;14:275–85. https://​doi.​org/​10.​
1080/​17425​255.​2018.​14402​87.

	17.••	Greenblatt DJ, Bruno CD, Harmatz JS, Zhang Q, Chow CR. 
Drug disposition in subjects with obesity: the research work 
of Darrell R. Abernethy J Clin Pharmacol. 2022;62:1350–63. 
https://​doi.​org/​10.​1002/​jcph.​2093. Provides a brief history of 
the research on the effects of obesity on pharmacokinetics 
dating back to the 1970s. Despite the knowledge that obesity 
can affect pharmacokinetics, there are no current require-
ments to study people with obesity during the drug approval 
process.

	18.	 Zhang T, Krekels EHJ, Smit C, Knibbe CAJ. Drug pharmacoki-
netics in the obese population: challenging common assumptions 
on predictors of obesity-related parameter changes. Expert Opin 
Drug Metab Toxicol. 2022;18:657–74. https://​doi.​org/​10.​1080/​
17425​255.​2022.​21329​31.

	19.	 Chouinard V-A, Pingali SM, Chouinard G, Henderson DC, 
Mallya SG, Cypess AM, et al. Factors associated with over-
weight and obesity in schizophrenia, schizoaffective and bipolar 
disorders. Psychiatry Res. 2016;237:304–10. https://​doi.​org/​10.​
1016/j.​psych​res.​2016.​01.​024.

	20.	 Annamalai A, Kosir U, Tek C. Prevalence of obesity and diabetes 
in patients with schizophrenia. World J Diabetes. 2017;8:390. 
https://​doi.​org/​10.​4239/​wjd.​v8.​i8.​390.

	21.•	 Bruno CD, Elmokadem A, Housand C, Jordie EB, Chow CR, 
Laughren TP, et al. Impact of obesity on brexpiprazole phar-
macokinetics: proposal for improved initiation of treatment. 
J Clin Pharmacol. 2022;62:55–65. https://​doi.​org/​10.​1002/​
jcph.​1947. Brexpiprazole half-life is prolonged in people 
with obesity, leading to delayed attainment of effective 
concentrations.

	22.	 Greenblatt DJ, Harmatz JS, Chow CR. Vortioxetine disposi-
tion in obesity: potential implications for patient safety. J Clin 
Psychopharmacol. 2018;38:172–9. https://​doi.​org/​10.​1097/​JCP.​
00000​00000​000861.

	23.	 Bruno CD, Greenblatt DJ, Harmatz JS, Chow CR. Clinical con-
sequences of altered drug disposition in obesity: call for change. 
J Clin Pharmacol. 2023;63(Supp2):s25–s34.

	24.	 Abernethy DR, Greenblatt DJ, Divoll M, Shader RI. Pro-
longed accumulation of diazepam in obesity. J Clin Pharmacol. 
1983;23:369–76. https://​doi.​org/​10.​1002/j.​1552-​4604.​1983.​
tb027​50.x.

	25.•	 Wasmann RE, Smit C, Van Donselaar MH, Van Dongen EPA, 
Wiezer RMJ, Verweij PE, et al. Implications for IV posacona-
zole dosing in the era of obesity. J Antimicrob Chemother. 
2020;75:1006–13. https://​doi.​org/​10.​1093/​jac/​dkz546. Posa-
conazole plasma concentrations are lower in people with 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMsa1909301
https://doi.org/10.1056/NEJMsa1909301
https://doi.org/10.1371/journal.pone.0247307
https://doi.org/10.1371/journal.pone.0247307
https://doi.org/10.1007/s12325-018-0824-8
https://doi.org/10.1186/s12888-022-03758-w
https://doi.org/10.1186/s12888-022-03758-w
https://doi.org/10.1016/S2215-0366(19)30416-X
https://doi.org/10.1038/tp.2016.25
https://doi.org/10.1038/tp.2016.25
https://doi.org/10.1136/bmj.k1951
https://doi.org/10.1136/bmj.k1951
https://doi.org/10.1111/bcp.14735
https://doi.org/10.1111/j.1365-2125.2004.02157.x
https://doi.org/10.2165/11318100-000000000-00000
https://doi.org/10.1038/clpt.2011.104
https://doi.org/10.1038/clpt.2011.104
https://doi.org/10.2165/11599410-000000000-00000
https://doi.org/10.2165/11599410-000000000-00000
https://doi.org/10.1080/17425255.2018.1440287
https://doi.org/10.1080/17425255.2018.1440287
https://doi.org/10.1002/jcph.2093
https://doi.org/10.1080/17425255.2022.2132931
https://doi.org/10.1080/17425255.2022.2132931
https://doi.org/10.1016/j.psychres.2016.01.024
https://doi.org/10.1016/j.psychres.2016.01.024
https://doi.org/10.4239/wjd.v8.i8.390
https://doi.org/10.1002/jcph.1947
https://doi.org/10.1002/jcph.1947
https://doi.org/10.1097/JCP.0000000000000861
https://doi.org/10.1097/JCP.0000000000000861
https://doi.org/10.1002/j.1552-4604.1983.tb02750.x
https://doi.org/10.1002/j.1552-4604.1983.tb02750.x
https://doi.org/10.1093/jac/dkz546


437Current Obesity Reports (2023) 12:429–438	

1 3

obesity after IV dosing. This could lead to treatment failure 
due to underdosing.

	26.	 Greenblatt DJ, Harmatz JS, Ryan MJ, Chow CR. Sustained 
impairment of lurasidone clearance after discontinuation of 
posaconazole: impact of obesity, and implications for patient 
safety. J Clin Psychopharmacol. 2018;38:289–95. https://​doi.​org/​
10.​1097/​JCP.​00000​00000​000892.

	27.	 Chow CR, Harmatz JS, Ryan MJ, Greenblatt DJ. Persistence 
of a posaconazole-mediated drug-drug interaction with ranola-
zine after cessation of posaconazole administration: impact of 
obesity and implications for patient safety. J Clin Pharmacol. 
2018;58:1436–42. https://​doi.​org/​10.​1002/​jcph.​1257.

	28.	 Wasmann RE, Smit C, Ter Heine R, Koele SE, Van Dongen 
EPH, Wiezer RMJ, et al. Pharmacokinetics and probability of 
target attainment for micafungin in normal-weight and morbidly 
obese adults. J Antimicrob Chemother. 2019;74:978–85. https://​
doi.​org/​10.​1093/​jac/​dky554.

	29.	 Maseda E, Grau S, Luque S, Castillo-Mafla M-P, Suárez-de-la-
Rica A, Montero-Feijoo A, et al. Population pharmacokinetics/
pharmacodynamics of micafungin against Candida species in 
obese, critically ill, and morbidly obese critically ill patients. Crit 
Care. 2018;22:94. https://​doi.​org/​10.​1186/​s13054-​018-​2019-8.

	30.	 Brill MJE, Houwink API, Schmidt S, Van Dongen EPA, Hazebroek 
EJ, Van Ramshorst B, et al. Reduced subcutaneous tissue distri-
bution of cefazolin in morbidly obese versus non-obese patients 
determined using clinical microdialysis. J Antimicrob Chemother. 
2014;69:715–23. https://​doi.​org/​10.​1093/​jac/​dkt444.

	31.•	 Pinner NA, Tapley NG, Barber KE, Stover KR, Wagner JL. 
Effect of obesity on clinical failure of patients treated with 
β-lactams. Open Forum Infect Dis 2021;8:ofab212. https://​doi.​
org/​10.​1093/​ofid/​ofab2​12. Patients with obesity who need 
treatment with beta-lactam antibiotics have higher rates 
of treatment failure compared to patients without obesity. 
Providing obesity-specific dosing recommendations for these 
drugs may improve patient outcomes.

	32.	 Simpson T, Shah S, Pogue JM, Wu J. Safety and efficacy of 
high-dose cefazolin therapy in obesity. vol. 6(Suppl 2). Open 
Forum Infect Dis. 2019;S570. https://​doi.​org/​10.​1093/​ofid/​
ofz360.​1426.

	33.	 Andrews LM, De Winter BCM, Tang J-T, Shuker N, Bouamar R, 
Van Schaik RHN, et al. Overweight kidney transplant recipients 
are at risk of being overdosed following standard bodyweight-
based tacrolimus starting dose. Transplant Direct. 2017;3:e129. 
https://​doi.​org/​10.​1097/​TXD.​00000​00000​000644.

	34.•	 Breslin NT, Hedvat J, Salerno DM, Jandovitz N, Patel C, Lee 
S, et al. Comparing weight‐based dosing of tacrolimus XR in 
obese and non‐obese renal transplant recipients. Clin Transplant 
2022;36. https://​doi.​org/​10.​1111/​ctr.​14529. Tacrolimus dosing 
based on total body weight results in supratherapeutic expo-
sure in patients with obesity. Dosing should instead be based 
on ideal body weight.

	35.	 Chinnadurai R, Ibrahim ST, Tay T, Bhutani S, Kalra PA. Body 
weight-based initial dosing of tacrolimus in renal transplanta-
tion: is this an ideal approach? J Ren Care. 2021;47:51–7. https://​
doi.​org/​10.​1111/​jorc.​12339.

	36.	 Glasier A, Cameron ST, Blithe D, Scherrer B, Mathe H, Levy D, 
et al. Can we identify women at risk of pregnancy despite using 
emergency contraception? Data from randomized trials of uli-
pristal acetate and levonorgestrel. Contraception. 2011;84:363–
7. https://​doi.​org/​10.​1016/j.​contr​acept​ion.​2011.​02.​009.

	37.	 Edelman AB, Cherala G, Blue SW, Erikson DW, Jensen JT. 
Impact of obesity on the pharmacokinetics of levonorgestrel-based 
emergency contraception: single and double dosing. Contracep-
tion. 2016;94:52–7. https://​doi.​org/​10.​1016/j.​contr​acept​ion.​2016.​
03.​006.

	38.•	 Edelman AB, Hennebold JD, Bond K, Lim JY, Cherala G, 
Archer DF, et al. Double dosing levonorgestrel-based emer-
gency contraception for individuals with obesity: a randomized 
controlled trial. Obstet Gynecol. 2022;140:48–54. https://​doi.​
org/​10.​1097/​AOG.​00000​00000​004717. Levonorgestrel-based 
emergency contraception is less effective in women with obe-
sity. Alternative methods of emergency contraception should 
be used.

	39.	 Cheng S, Massaro JM, Fox CS, Larson MG, Keyes MJ, McCabe 
EL, et al. Adiposity, Cardiometabolic risk, and vitamin D status: 
the Framingham heart study. Diabetes. 2010;59:242–8. https://​
doi.​org/​10.​2337/​db09-​1011.

	40.	 Drincic AT, Armas LAG, Van Diest EE, Heaney RP. Volumetric 
dilution, rather than sequestration best explains the low vitamin 
D status of obesity. Obesity. 2012;20:1444–8. https://​doi.​org/​10.​
1038/​oby.​2011.​404.

	41.	 Samuel L, Borrell LN. The effect of body mass index on ade-
quacy of serum 25-hydroxyvitamin D levels in US adults: the 
National Health and Nutrition Examination Survey 2001 to 
2006. Ann Epidemiol. 2014;24:781–4. https://​doi.​org/​10.​1016/j.​
annep​idem.​2014.​07.​016.

	42.	 Carrelli A, Bucovsky M, Horst R, Cremers S, Zhang C, Bessler 
M, et al. Vitamin D storage in adipose tissue of obese and normal 
weight women: vitamin D in adipose tissue of obese women. J Bone 
Miner Res. 2017;32:237–42. https://​doi.​org/​10.​1002/​jbmr.​2979.

	43.	 Pereda CA, Nishishinya MB. Optimal dosage of vitamin D 
supplementation in obese patients with low serum levels of 
25-hydroxyvitamin D. A systematic review Obesity Med. 
2022;29:100381. https://​doi.​org/​10.​1016/j.​obmed.​2021.​100381.

	44.	 Tobias DK, Luttmann-Gibson H, Mora S, Danik J, Bubes V, 
Copeland T, et al. Association of Body weight with response to 
vitamin D supplementation and metabolism. JAMA Netw Open. 
2023;6:e2250681. https://​doi.​org/​10.​1001/​jaman​etwor​kopen.​
2022.​50681.

	45.	 Charoenngam N, Shirvani A, Holick MF. Vitamin D for skel-
etal and non-skeletal health: what we should know. J Clin 
Orthop Trauma. 2019;10:1082–93. https://​doi.​org/​10.​1016/j.​
jcot.​2019.​07.​004.

	46.	 Wang TJ, Pencina MJ, Booth SL, Jacques PF, Ingelsson E, 
Lanier K, et al. Vitamin D deficiency and risk of cardiovascular 
disease. Circulation. 2008;117:503–11. https://​doi.​org/​10.​1161/​
CIRCU​LATIO​NAHA.​107.​706127.

	47.	 Kheiri B, Abdalla A, Osman M, Ahmed S, Hassan M, Bachuwa 
G. Vitamin D deficiency and risk of cardiovascular diseases: a 
narrative review. Clin Hypertens. 2018;24:9. https://​doi.​org/​10.​
1186/​s40885-​018-​0094-4.

	48.	 Barbarawi M, Kheiri B, Zayed Y, Barbarawi O, Dhillon H, Swaid 
B, et al. Vitamin D supplementation and cardiovascular disease 
risks in more than 83 000 individuals in 21 randomized clinical 
trials: a meta-analysis. JAMA Cardiol. 2019;4:765. https://​doi.​
org/​10.​1001/​jamac​ardio.​2019.​1870.

	49.•	 Charoenngam N, Kalajian TA, Shirvani A, Yoon GH, Desai S, 
McCarthy A, et al. A pilot-randomized, double-blind crossover 
trial to evaluate the pharmacokinetics of orally administered 
25-hydroxyvitamin D3 and vitamin D3 in healthy adults with 
differing BMI and in adults with intestinal malabsorption. Am 
J Clin Nutr. 2021;114:1189–99. https://​doi.​org/​10.​1093/​ajcn/​
nqab1​23. Vitamin D3 may be less bioavailable in people with 
high BMI. Supplementation with 25(OH)D3 may be better 
absorbed into systemic circulation in people with obesity.

	50.	 Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, 
Hanley DA, Heaney RP, et al. Evaluation, treatment, and pre-
vention of vitamin D deficiency: an endocrine society clinical 
practice guideline. J Clin Endocrinol Metab. 2011;96:1911–30. 
https://​doi.​org/​10.​1210/​jc.​2011-​0385.

https://doi.org/10.1097/JCP.0000000000000892
https://doi.org/10.1097/JCP.0000000000000892
https://doi.org/10.1002/jcph.1257
https://doi.org/10.1093/jac/dky554
https://doi.org/10.1093/jac/dky554
https://doi.org/10.1186/s13054-018-2019-8
https://doi.org/10.1093/jac/dkt444
https://doi.org/10.1093/ofid/ofab212
https://doi.org/10.1093/ofid/ofab212
https://doi.org/10.1093/ofid/ofz360.1426
https://doi.org/10.1093/ofid/ofz360.1426
https://doi.org/10.1097/TXD.0000000000000644
https://doi.org/10.1111/ctr.14529
https://doi.org/10.1111/jorc.12339
https://doi.org/10.1111/jorc.12339
https://doi.org/10.1016/j.contraception.2011.02.009
https://doi.org/10.1016/j.contraception.2016.03.006
https://doi.org/10.1016/j.contraception.2016.03.006
https://doi.org/10.1097/AOG.0000000000004717
https://doi.org/10.1097/AOG.0000000000004717
https://doi.org/10.2337/db09-1011
https://doi.org/10.2337/db09-1011
https://doi.org/10.1038/oby.2011.404
https://doi.org/10.1038/oby.2011.404
https://doi.org/10.1016/j.annepidem.2014.07.016
https://doi.org/10.1016/j.annepidem.2014.07.016
https://doi.org/10.1002/jbmr.2979
https://doi.org/10.1016/j.obmed.2021.100381
https://doi.org/10.1001/jamanetworkopen.2022.50681
https://doi.org/10.1001/jamanetworkopen.2022.50681
https://doi.org/10.1016/j.jcot.2019.07.004
https://doi.org/10.1016/j.jcot.2019.07.004
https://doi.org/10.1161/CIRCULATIONAHA.107.706127
https://doi.org/10.1161/CIRCULATIONAHA.107.706127
https://doi.org/10.1186/s40885-018-0094-4
https://doi.org/10.1186/s40885-018-0094-4
https://doi.org/10.1001/jamacardio.2019.1870
https://doi.org/10.1001/jamacardio.2019.1870
https://doi.org/10.1093/ajcn/nqab123
https://doi.org/10.1093/ajcn/nqab123
https://doi.org/10.1210/jc.2011-0385


438	 Current Obesity Reports (2023) 12:429–438

1 3

	51.	 Abernethy DR, Greenblatt DJ. Ibuprofen disposition in obese 
individuals. Arthritis Rheum. 1985;28:1117–21. https://​doi.​org/​
10.​1002/​art.​17802​81006.

	52.	 Manu P, Khan S, Radhakrishnan R, Russ MJ, Kane JM, Correll 
CU. Body mass index identified as an independent predictor 
of psychiatric readmission. J Clin Psychiatry. 2014;75:e573–7. 
https://​doi.​org/​10.​4088/​JCP.​13m08​795.

	53.	 Forest SJ, Xie R, Kirklin JK, Cowger J, Xia Y, Dipchand AI, 
et al. Impact of body mass index on adverse events after implan-
tation of left ventricular assist devices: an IMACS registry analy-
sis. J Heart Lung Transplant. 2018;37:1207–17. https://​doi.​org/​
10.​1016/j.​healun.​2018.​06.​004.

	54.	 Jaiswal A, Truby LK, Chichra A, Jain R, Myers L, Patel N, et al. 
Impact of obesity on ventricular assist device outcomes. J Card Fail. 
2020;26:287–97. https://​doi.​org/​10.​1016/j.​cardf​ail.​2019.​10.​001.

	55.	 Khan MS, Yuzefpolskaya M, Memon MM, Usman MS, Yamani 
N, Garan AR, et al. Outcomes associated with obesity in patients 
undergoing left ventricular assist device implantation: a system-
atic review and meta-analysis. ASAIO J. 2020;66:401–8. https://​
doi.​org/​10.​1097/​MAT.​00000​00000​001019.

	56.	 Lynch RJ, Ranney DN, Shijie C, Lee DS, Samala N, Englesbe 
MJ. Obesity, surgical site infection, and outcome following renal 
transplantation. Ann Surg. 2009;250:1014–20. https://​doi.​org/​
10.​1097/​SLA.​0b013​e3181​b4ee9a.

	57.	 Barber KE, Wagner JL, Miller JM, Lewis EA, Stover KR. Impact 
of obesity in patients with candida bloodstream infections: a ret-
rospective cohort study. Infect Dis Ther. 2020;9:175–83. https://​
doi.​org/​10.​1007/​s40121-​020-​00285-7.

	58.	 Falagas ME, Kompoti M. Obesity and infection. Lancet Infect Dis. 
2006;6:438–46. https://​doi.​org/​10.​1016/​S1473-​3099(06)​70523-0.

	59.	 Dossett LA, Dageforde LA, Swenson BR, Metzger R, Bonatti 
H, Sawyer RG, et al. Obesity and site-specific nosocomial infec-
tion risk in the intensive care unit. Surg Infect. 2009;10:137–42. 
https://​doi.​org/​10.​1089/​sur.​2008.​028.

	60.	 El Solh AA. 88 - What are the special considerations in the man-
agement of morbidly obese patients in the intensive care unit? In: 
Deutschman CS, Neligan PJ, editors. Evidence-based practice of 
critical care, Philadelphia: W.B. Saunders; 2010;618–26. https://​
doi.​org/​10.​1016/​B978-1-​4160-​5476-4.​00088-2.

	61.	 Griggs JJ, Bohlke K, Balaban EP, Dignam JJ, Hall ET, Harvey 
RD, et al. Appropriate systemic therapy dosing for obese adult 
patients with cancer: ASCO guideline update. J Clin Oncol. 
2021;39:2037–48. https://​doi.​org/​10.​1200/​JCO.​21.​00471.

	62.	 Centers for Disease Control. Summary health statistics for U.S. 
adults: National Health Interview Survey, 2018 n.d. https://​
www.​cdc.​gov/​nchs/​fasta​ts/​kidney-​disea​se.​htm (Accessed May 
8, 2023).

	63.	 US FDA Center for Drug Evaluation and Research. Enhancing the 
diversity of clinical trial populations - eligibility criteria, enroll-
ment practices, and trial designs: guidance for industry. 2020.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/art.1780281006
https://doi.org/10.1002/art.1780281006
https://doi.org/10.4088/JCP.13m08795
https://doi.org/10.1016/j.healun.2018.06.004
https://doi.org/10.1016/j.healun.2018.06.004
https://doi.org/10.1016/j.cardfail.2019.10.001
https://doi.org/10.1097/MAT.0000000000001019
https://doi.org/10.1097/MAT.0000000000001019
https://doi.org/10.1097/SLA.0b013e3181b4ee9a
https://doi.org/10.1097/SLA.0b013e3181b4ee9a
https://doi.org/10.1007/s40121-020-00285-7
https://doi.org/10.1007/s40121-020-00285-7
https://doi.org/10.1016/S1473-3099(06)70523-0
https://doi.org/10.1089/sur.2008.028
https://doi.org/10.1016/B978-1-4160-5476-4.00088-2
https://doi.org/10.1016/B978-1-4160-5476-4.00088-2
https://doi.org/10.1200/JCO.21.00471
https://www.cdc.gov/nchs/fastats/kidney-disease.htm
https://www.cdc.gov/nchs/fastats/kidney-disease.htm

	Incomplete Data and Potential Risks of Drugs in People with Obesity
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Drugs with Altered Pharmacokinetics and Pharmacodynamics in Obesity
	Psychiatric Medications
	Anti-Microbials
	Tacrolimus
	Emergency Contraception
	Vitamin D
	Ibuprofen

	Discussion and Conclusions
	References


