Obesity complications: challenges and clinical impact
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Abstract: There are many angles to consider in drug treatment of obese patients. On the
one hand, some specific weight loss drugs are available, on the other, several drugs are
associated with unintentional weight changes. When treating an obese patient for any given
disease, several physiological changes may influence the pharmacokinetic properties of the
drugs required. Thus, increased body weight may influence the efficacy and safety of some
drug treatments. Even more complicated is the situation after weight reduction surgery.
Due to the various changes to the gastrointestinal tract induced by the different surgical
techniques used, and the dynamic changes in body composition thereafter, drug dosing has
to be constantly reconsidered. Whereas all of these issues are of clinical importance, none
of them have been investigated in the necessary depth and broadness to ensure safe and
efficacious drug treatment of the massively obese patient. Individual considerations have

to be based on comorbidities, concomitant medication, and on specific drug properties, for
example, lipophilicity, volume of distribution, and metabolism. In this article we summarize
the data available on different aspects of drug treatment in the obese patient with the hope of

improving patient care.
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Introduction

More than 1.9 billion adults worldwide are over-
weight, including over 650 million with clinically
relevant obesity, and the number of obese patients
continues to rise.! Most likely, this development
will not change substantially in the foreseeable
future due to the absence or failure of preventive
measures. Obesity is associated with increased
mortality and comorbidity, due, in part, to spe-
cific obesity-associated diseases such as type 2
diabetes mellitus, hypertension, cardiovascular
diseases, respiratory dysfunction, some carcino-
mas, nonalcoholic fatty liver disease, and ortho-
pedic degenerative diseases.>> But clinical
management of obese patients is often compli-
cated whether the disease is obesity-associated or
not. Specific guidelines for weight-adjusted dose
modifications are lacking for almost all drugs
available, although there is considerable concern
that some drugs, especially those with a narrow

therapeutic range, might require dose adjustment
in obese patients. There is also only scant evi-
dence on the effectiveness of drugs used regularly
in obese patients. One reason for the lack of data
is underrepresentation of patients with obesity in
clinical trials.%> In summary, physicians should
be aware of how current pharmacotherapy influ-
ences metabolism and body weight, and how
pharmacotherapy is influenced by obesity.

The relationship between body weight and drug
therapy is characterized by the following four main
topics,® which are also illustrated in Figure 1:

(1) Drugs intentionally used to reduce body
weight

(2) Drugs causing unintentionally weight
changes as a side effect

(3) Pharmacokinetic alterations due to increased
body weight
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Figure 1. Linkage of drug treatment and body weight.
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Questions to be addressed when pharmacotherapy is planned in obese patients: Can the drug be given in the same dose as
in normal weight patients? Does the drug promote weight gain or weight loss (might there be an alternative drug with better
metabolic properties in obese patients). Are efficacy and side effects of the drug independent of body composition?

(4) Influence of body weight on drug treat-
ment efficacy

In recent years, several weight-reducing drugs
received marketing authorization, and there are
several current reviews available summarizing this
topic.””1! However, data concerning weight
changes as side effects of drugs, pharmacokinetic
alterations in obese patients, and influence of
body weight on drug efficacy are rather rare.

Here, we summarize relevant information to
allow evidenced-based individual pharmacother-
apy of obese patients. Clinically relevant drug
characteristics of available anti-obesity drugs,
important drugs promoting the development of
obesity, and changes in pharmacokinetics and
pharmacodynamics in relation to body weight are
presented.

Antiobesity drugs

Several drugs have been developed specifically to
reduce body weight; some of these have gained
marketing authorization during the last 5years,
whereas several others are still in development.8
Besides that, weight loss is an important side
effect of some commonly used drugs. Well-known
examples include Topiramate, an antiepileptic
drug that is also used for migraine prophylaxis,
Roflumilast in chronic obstructive pulmonary
disease (COPD) therapy, and Bupropion and
Fluoxetine in the treatment of depression. For
some other drugs, the weight-reducing effect is

not the primary treatment indication, but is desir-
able, and probably explains part of the effective-
ness. Important examples are sodium-glucose
transport protein 2 (SGLT2) inhibitors and
glucagon-like peptide-1 receptor (GLP1) ago-
nists when used to treat type 2 diabetes melli-
tus.!%13 In some diseases where several drugs are
available, a specific drug may be chosen because
of its known weight-lowering side effect, for
example, Topiramate seems to be a good treat-
ment option for obese patients with migraine. But
weight-reducing effects may also lead to off-label
use of some drugs, and abusive use of some of
these drugs cannot be ruled out, for example,
Methylphenidate.!4

Of course, not every obese patient needs pharma-
cological treatment for weight loss. Exercise, diet,
and behavior modification should always be the
cornerstones of anti-obesity treatment.!>-16 How-
ever, many affected patients do not lose weight, or
fail to maintain weight loss, with that approach.
There is consensus that anti-obesity drug treat-
ment may be considered for individuals who fail to
respond to lifestyle interventions after 6 months of
treatment, and have a body mass index (BMI) of
>30kg/m? or a BMI of >27kg/m? with weight-
associated comorbidities.!%17%:18 However, weight
reduction per se should not be the main goal of
treatment. Improvement of obesity-associated
comorbidities like hyperglycemia, hyperlipidemia,
and hypertension are at least of equal importance.
However, expectations in regard to weight loss
efficacy are often very unrealistic. Patients and
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healthcare providers should realize that efficacy of
available anti-obesity drugs is often limited to a
reduction of 5-10% of body weight over a 1-year
period. Drug-induced weight loss typically does
not occur for more than 6-—8 months. Obesity is a
chronic disease and requires long-term treatment.
Many patients and health care providers still do
not act according to this concept. No one would
suggest discontinuing antidiabetic medication
when hemoglobin Alc (HbAlc) is improved after
a new medication was started. Regarding obesity,
there is regular dispute about regained weight after
anti-obesity medication was discontinued, which
demonstrates the need for effective weight mainte-
nance strategies. As with other chronic diseases,
anti-obesity medication should be viewed as a
next-step treatment option on basis of a continu-
ous healthy lifestyle regime including increased
daily activity and a calorie-deficit diet. Drug ther-
apy should never be a standalone therapy, or even
universal remedy, against obesity. Pharmacotherapy
can be considered as an adjunct to bariatric sur-
gery to maintain weight and prevent weight regain
some time after surgery. In some cases, added drug
treatment can even facilitate further weight loss in
these patients.!?

Anti-obesity drugs in Europe

There is a wide range of Anti-obesity drugs in
Europe, from amphetamine-type medicines to
preparations made from algae and homeopathic
medicines. However, only a few of these drugs are
recommended in current guidelines.!>1® Anti-
obesity drugs have been used for more than
100years.” Some of the drugs still available acti-
vate the sympathetic nervous system similar to
the action of amphetamines. These ampheta-
mine-type drugs can cause cardiovascular and
psychological adverse effects. Moreover, the
product information summary contains warnings
regarding pulmonary arterial hypertension and
addiction potential when taken over a long period
of time. These drugs may be effective in some
patients, but are authorized only for short-term
use (4-12weeks), which does not fit into a well-
structured and long-term effective obesity ther-
apy. Moreover, type 2 diabetes mellitus is a
contraindication for sympathomimetic drugs,
and, therefore, many patients who seek weight
reduction therapy are not suitable for this kind of
treatment. Another factor is the lack of safety data
from large randomized controlled trials. One
exceptionmaybe Cathin (=Norpseudoephedrine),

because at least a small randomized controlled
trial was conducted recently.2® Some of the avail-
able anti-obesity preparations contain relevant
amounts of ethanol or iodine, which can be a risk
in patients with alcohol dependency or thyroid
gland diseases. Swelling agents from algae or crus-
tacean-derived chitin products to bind dietary
lipids may reduce absorption of other drugs like
oral contraceptives or thyroid hormones. Thus,
prescription or recommendation of these drugs
and preparations requires a considerable knowl-
edge about their properties and constituents.

Of the drugs with marketing authorization for the
treatment of obesity in Europe, sufficient efficacy
and safety information from large randomized
controlled trials are available for only Orlistat,
Liraglutide, Bupropion/Naltrexone, and, with
some limitations, Cathin.

Orlistat

With Orlistat, an average weight reduction of
about 3.8kg above placebo was seen in clinical
trials. In patients with type 2 diabetes mellitus,
weight reduction was about 2.5 kg.2! The observed
weight reduction was associated with a reduction
in blood pressure; however, cardiovascular end-
point studies with orlistat are still lacking.?2 The
incidence of type 2 diabetes mellitus is lowered in
obese patients with impaired glucose tolerance
when treated with orlistat compared with lifestyle
interventions alone.?3 Orlistat is a lipase inhibitor,
reducing dietary fat uptake in the small intestine
by about 30%. Thus, efficacy and side effects
depend on daily fat intake. Intestinal side effects
(fatty/oily stool, fecal urgency, oily spotting,
increased defecation, fecal incontinence, flatus
with discharge, and oily evacuation) are common
problems with Orlistat. Concomitant use of natu-
ral fibers (psyllium mucilloid) might help to ame-
liorate these adverse gastrointestinal effects.24
Orlistat does not affect cytochrome P450 metab-
olism, but drug interactions are possible due to
resorption inhibition in the small intestine. For
example, this interaction is well documented for
concomitant medication with ciclosporin.?>
Resorption of fat-soluble vitamins might also be
reduced, and oral multivitamin supplementation
should be considered during treatment.26:27
Currently, Orlistat is the only marketed anti-obe-
sity drug of this category (lipase inhibitor) in
Europe. Cetilistat (ATL-962) is equipotent to
Orlistat regarding fecal fat excretion, but seems to

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae

Therapeutic Advances in Endocrinology and Metabolism 11

have a somewhat better gastrointestinal side effect
profile. Cetilistat has gained marketing authoriza-
tion in Japan, and an approval in the US is
expected.®

Liraglutide

Liraglutide is a long-acting glucagon-like pep-
tide-1 (GLP1) receptor agonist to be injected
subcutaneously once daily. Marketing authoriza-
tion was granted by the European Medicines
Agency (EMA) in 2009 in doses up to 1.8 mg for
the treatment of type 2 diabetes mellitus under
the tradename Victoza®. In 2015, marketing
authorization was granted for treatment of obe-
sity in doses up to 3mg per day, the correspond-
ing tradename is Saxenda®.’® The SCALE
Obesity and Prediabetes trial evaluated Liraglutide
in obese and overweight nondiabetic patients.
The study included 3731 subjects who were
treated with Liraglutide 3mg daily or placebo.
Patients were also counseled on diet and exercise.
At the end of the 56-week trial, the Liraglutide
group lost an average of 8% (7.2kg) of their initial
body weight compared with 2.6% (2.8kg) in the
placebo group. The placebo-corrected weight loss
was 4.4 kg.28 The proportion of patients achieving
a weight reduction of 5-10% of baseline weight is
2-3 times greater with Liraglutide than with pla-
cebo.28:29 For weight loss, there is a clear dose
relationship for doses up to 3 mg daily.3° The rec-
ommended dosing scheme is to start with 0.6 mg
daily, and then increase the dose by 0.6 mg weekly
up to the target or maximum dose, to reduce the
frequent gastrointestinal side effects.®® Cardio-
vascular safety is of utmost importance for new
anti-obesity drugs, especially after the withdrawal
of Sibutramine due to the increased risk of cardi-
ovascular adverse effects.3! Treatment with
Liraglutide lowers waist circumference, lipids,
HbAIlc, blood pressure, blood sugar, and insulin
to an extent proportional to the achieved weight
loss. Moreover, the LEADER study demon-
strated, for the first time for treatment with a
GLP1 receptor agonist, a reduction in cardiovas-
cular and total mortality in patients with type 2
diabetes mellitus.32 Although weight reduction
was not a primary endpoint in the LEADER trial,
treatment with Liraglutide resulted in a weight
loss of 2.3kg over placebo. Still, long-term effi-
cacy and safety of GLP1 receptor agonists remain
somewhat controversial. Even if cardiovascular
protection seems to be a class effect, the sus-
pected risk of worsening of diabetic retinopathy is

still in need of clarification.3? The risk of pancrea-
titis and cholecystitis is now largely considered
refuted, but long-term data are lacking for
Liraglutide and other GLP1 receptor agonists for
the treatment of obesity. Animal studies with
Liraglutide raised the suspicion of an association
with medullary thyroid cancer. Even though there
has been no sign of this association in humans, a
personal or family history of medullary thyroid
cancer or multiple endocrine neoplasia type 2 is
considered a contraindication for treatment with
this drug.3® Liraglutide is a useful therapeutic
option to achieve weight loss in individual sub-
jects, especially in patients with type 2 diabetes
mellitus. However, therapy costs may be too high
for many patients, which might limit the broader
use of these drugs depending on the reimburse-
ment situation in a specific country.

There are several more long-acting GLP-1 recep-
tor agonists either already licensed for treatment
of type 2 diabetes mellitus or currently in clinical
trials. Semaglutide is currently being investigated
as weight loss therapy and will be available in the
future in an oral application form as well.3%:35

Bupropion/naltrexon

The fixed combination of naltrexone and sus-
tained release bupropion was approved by the
United States Food and Drug Administration
(FDA) in 2014 under the tradename Contrave®,
and by the EMA in 2015 as Mysimba®.8 The
combination drug naltrexone/bupropion seems to
have a lower weight-reducing efficacy than the
previously described Liraglutide, which is coun-
tervailed by the combined spectrum of adverse
effects of both drugs.3¢ Bupropion reduces appe-
tite and increases energy expenditure through
increased dopamine activity and proopiomelano-
cortin  (POMC) neuronal activation, modest
dose-dependent weight lowering efficacy has been
shown in several clinical studies.?”-38 The overall
safety profile of Bupropion is good, with only a
mild rise in blood pressure and mild tachycardia
reported in some patients, and a substantially
reduced risk of seizures with the sustained release
Bupropion.3¢

Long-term efficacy of bupropion is inhibited by a
negative feedback on pro-opiomelanocortin
(POMC) neurons via opioid receptors, which, in
turn, is blocked by Naltrexone. Naltrexone failed
to produce consistent or clinically meaningful
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weight loss, but combined bupropion/naltrexone
induced significantly greater weight loss over
56 weeks compared with monotherapy and pla-
cebo.36:39 Although the fixed-dose combination
may be helpful in helping some obese patients to
reduce weight, the lack of long-term and cardio-
vascular safety data limits the use of this drug in
patients with increased cardiovascular risk.

Cathin

Cathin is one of the remaining agents from the
era of amphetamines and amphetamine-type
drugs that were used in the past 40years for the
treatment of obesity.2° Cathin is an alkaloid iso-
lated from khat leaves, and is licensed for the
short-term treatment of diet-related obesity.
Pharmacologically, Cathin acts as an ampheta-
mine-type agent and induces anorexia, increased
alertness, increased sensory stimulation, hyper-
thermia, increased respiration and heart rate, rise
of blood pressure, constipation, and urine reten-
tion.?° In a recent randomized controlled trial
with 241 overweight and obese patients, treat-
ment with three doses of Cathin (16 mg, 32 mg,
53.3mg) was compared with placebo over a treat-
ment period of 24 weeks. Patients treated with
Cathin had significantly greater weight loss com-
pared with placebo over 24weeks (6.5 = 4.2kg;
6.2 +4.7kg; and 9.1 =5.4kg respectively wversus
2.4 + 4.4 kg for placebo). A modest dose-depend-
ent increase in heart rate was observed in the
treatment groups, but otherwise no safety prob-
lems were detected. Overall dropout rate was
highest in the placebo group. A therapy over
24 weeks with Cathin seems to be safe, with a
considerable efficacy, but the long-term benefit-
risk ratio still remains unclear, and further explo-
ration in larger clinical trials is needed, especially
with respect to cardiovascular safety.2?

Antiobesity drugs approved by the FDA

In addition to the above-mentioned anti-obesity
drugs available in Europe, the selective serotonin
receptor agonist Lorcaserin (tradename Belvig®)
and the combination drug Phentermine/
Topiramate (tradename Qsymia®) are approved
by the FDA for treatment of obesity in the United
States.”

Lorcaserin reduces appetite by binding to the
5-HT2C receptors, for which it has a ~15-100
fold greater selectivity over 5-HT2A and 5-HT2B

receptors. Efficacy and safety was shown in the
BLOSSOM and BLOOM trials. Patients treated
with Lorcaserin lost significantly more body
weight compared with placebo (—5.8% wversus
—2.5%). Headache, upper respiratory tract infec-
tions, and nasopharyngitis were common reported
side effects. Importantly, cardiac valvulopathy
rates were similar to placebo. Significant improve-
ments in lipid and glycemic indicators, quality-of-
life measures, and vital signs were seen in the
Lorcaserin group compared with placebo.0

Phentermine belongs to the class of amphetamine-
type drugs and promotes weight loss by activating
the sympathetic nervous system, thus increasing
resting energy expenditure and decreasing food
intake. Phentermine is contraindicated in patients
with cardiac comorbidities, hyperthyroidism, and
glaucoma, and in patients who have taken mono-
amine oxidase inhibitors within 14 days. The sec-
ond drug in Qsymia® is topiramate, which is
approved for the treatment of epilepsy and
migraine prophylaxis. The observed weight-
reducing side effects are presumably triggered by
induced taste aversion, and, thus, decreased
caloric intake. Topiramate is teratogenic and thus
contraindicated during pregnancy; women of
child-bearing potential must take contraceptive
measures.*!~43 Efficacy and safety of the phenter-
mine/topiramate combination was shown in the
EQUIP, Conquer, and Sequel trials. A dose-
dependent placebo-subtracted weight loss of up to
roughly 9% was reported after 1year of treatment.
Adverse side effects included paresthesia, dizzi-
ness, dry mouth, constipation, dysguesia, insom-
nia, and anxiety. Improvements in lipid parameters
and blood pressure, as well as improvement of
fasting glucose, insulin levels, and reduced pro-
gression to type 2 diabetes mellitus were seen in
the clinical studies.4!=#3 A specific cardiovascular
safety trial has not been conducted to date.

Perspective

Semaglutide and exenatide are both GLP-1
receptor agonists with marketing authorization
for the treatment of type 2 diabetes mellitus. Both
drugs are in development for the treatment of
obesity.® While exenatide is a short acting GLP-1
analog, and, thus, does not provide substantial
treatment benefits in comparison with liraglutide,
semaglutide is a long acting GLP-1 analog with a
once per week subcutaneous treatment (0.25mg
up to 1.0mg). Moreover, an oral application is
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also in development, which would make the drug
much more attractive for patients.3* Both sema-
glutide and exenatide provide comparable or even
more efficacy than does treatment with liraglu-
tide. Both drugs are in phase II trials, and market-
ing approval for obesity can be expected in the
near future.® There are several other agents under
investigation, targeting special pathways involved
in the development of obesity. Examples of prom-
ising agents are: melanocortin-4 receptor agonists
(RM-493), NPY-inhibitors (the Y2/Y4 receptor
agonist obinepitide and a selective Y4 receptor
agonist TM30339), sympathomimetics (tesofen-
sine), combinations of GLP-1 and PYY?3-36 ago-
nists, lipase inhibitors with lesser side effects
(cetilistat, marketing authorization in Japan
already granted), [3-adrenoreceptor agonists
(LY-377604 + Sibutramin), angiogenesis inhibi-
tors (ALS-1.1023), sirtuin 1 (SIRT1) activators,
molecules targeting cGMP pathways (sildenafil
and linaclotide), and several dual receptor ago-
nists like tirzepatide, which is a promising dual
GIP (Gastrin Inhibitory Peptide) and GLP-1
receptor agonist currently in development.8:44-46
These drugs present only a few candidates in the
obesity drug pipeline.45

Common drug classes associated with

weight changes

In daily clinical practice, patients may complain
about treatment-associated weight gain. The
number one weight-increasing medicine class on
the list are atypical antipsychotics, along with sys-
temically applied glucocorticoids and insulin or
sulfonylureas for lowering of blood glucose.474°
Concrete knowledge about this topic often
remains anecdotal, because changes in body
weight are often ignored during drug registration
studies. On the one hand, every medicine with a
sedative effect may promote weight gain due to
possibly reduced daily activity; on the other,
drugs with central nervous system (CNS) depres-
sant effect often display a broad influence on a
variety of neurotransmitter receptors and trans-
porters. A pathophysiologic connection can be
assumed only in cases where drug influences on
hunger, satiety and energy metabolism are known.
Unfortunately, for most drugs, such data are not
available. Thus, only observations in clinical stud-
ies or registries can be taken as evidence for
weight effects. Current knowledge about weight
gain with selected drugs as reported in clinical tri-
als is summarized in Table 1. In the table, we also

name drugs within the same indication with more
favorable weight effects, but this is not meant as
an explicit treatment recommendation. Weight
effects of certain drugs should be kept in mind,
especially when obese patients are treated.
However, of course this cannot be the only selec-
tion criterion. Whether a weight-neutral or even
weight-reducing drug is suitable as a therapeutic
alternative should be decided from the clinical
point of view for the individual patient.

Antidiabetics

Influence of drugs on body weight plays a major
role, particularly in the treatment of type 2 diabe-
tes mellitus, since weight gain is strongly associ-
ated with disease progression and many
antidiabetic drugs promote weight gain.>° Insulin,
and insulin analogues, stimulate weight gain more
than oral antidiabetics. In clinical trials, mean
weight gain on insulin therapy has been between
1.8 and 6.5kg.#® Various mechanisms seem to
play a role here, such as increased rate of hypogly-
cemia, decreased energy loss through the kidneys
by blood glucose normalization, and the anabolic
effect on muscle and adipose tissue. Also, central
insulin effects as well as the unphysiological appli-
cation into subcutaneous adipose tissue are dis-
cussed as possible mechanisms.5 Presumably
due to stimulation of endogenous insulin secre-
tion, sulfonylureas also cause a considerable
amount of weight gain. Thiazolidinediones, such
as Pioglitazone, have also been shown to increase
body weight. In contrast, alpha-glucosidase inhib-
itors, as well as dipeptidyl-peptidase-4 inhibitors,
are weight-neutral, and metformin, SGLT-2
inhibitors, and glucagon-like peptide-1 agonists
decrease body weight in ascending efficacy.48:50,51

Antipsychotics

Antipsychotics, with their variety of neurotrans-
mitter-receptor affinities, have varying effects on
body weight.*® In general, medications in the class
of typical antipsychotics usually show a greater
weight gain, which is most pronounced when
patients are treated with Thioridazine. Among the
drug class of atypical antipsychotics, especially clo-
zapine, olanzapine, and risperidone are associated
with increased body weight during therapy. In this
drug class, only Ziprasidone is not associated with
the development of obesity. Lithium, which is used
as a mood-stabilizing agent in bipolar disorder,
also often leads to an increase in body weight.48
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Table 1. Reported drug influence on body weight in clinical trials.

Drugs leading to weight gain

Weight gain in kg Possible alternative

Weight loss in kg

Antiepileptics/mood  Valproate
stabilizer
Gabapentin
Lithium

Carbamazepine
Neuroleptics Olanzapine
Quetiapine
Risperidone
Clozapine
Aripiprazole
Glucocorticoids
Antidiabetics Insulin
Glimepiride
Glibenclamide
Pioglitazone
Tolbutamide
Sitagliptin
Nateglinide
Antidepressives Nortriptyline
Doxepine
Amitriptyline
Mirtazapine

Betablockers Atenolol

Metoprolol

Propranolol

1.2-5.82 Zonisamide

2.2 Topiramate

4.02 Lamotrigine
1.02
2.4 Ziprasidone
1.1

0.8

4.2t0 9.92

0.6°

Class effect with approximately 4-8% increase in body weight

1.8-6.52

2.1 Metformin

2.6 Acarbose

2.6 GLP1-agonists

2.8 SGLT2-Inhibitors

0.55

0.3

3.72 Bupropion

2.72 Fluoxetine

1.8 Sertraline

1.5 Venlafaxine
Duloxetine

1a (ACE-Inhibitors)®

0.5-1.52 (AT1-Blockers]®

-0.6t0 2.3 (Thiazides)P

-7.7
-3.8

+0

-3.2t0-2.72

-1.1
-0.4
-1.2t0-5.6

-2.2to -4.7

-1.3
-1.3
(unknown)
(unknown)

(unknown)

Adapted from Pilitsi and colleagues,® Domecq and colleagues,?” and Leslie and colleagues.“8
aLimited or no data available from randomized placebo controlled trials and measured weight change.
bNo effect on body weight but with metabolically favorable or at least neutral (thiazides) profile.

ACE, angiotensin-converting enzyme; AT1-Blockers, angiotensin Il receptor antagonists; GLP1, glucagon-Llike peptide-1 receptor; SGLT2, sodium-

glucose transport protein 2.

Antidepressants

Tricyclic antidepressants are associated with
weight gain. This is especially true for Amitriptyline,
Clomipramine, Doxepin, and Imipramine. Likewise,

monamine oxidase inhibitors lead to an increase in
body weight. Newer antidepressants such as selec-
tive serotonin reuptake inhibitors, selective norepi-
nephrine reuptake inhibitors, and Mirtazapine are
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Figure 2. Obesity-induced changes in
pharmacokinetic properties of drugs.

In obese patients, pharmacokinetic drug properties are
altered (arrows indicating: T indifferent, T increased,
{ decreased capacity). Consequently, resulting drug
concentration at the place of action and pharmacologic
effect might be different to normal weight patients.

less likely to increase body weight, and sometimes
patients even lose weight during therapy.>?

Antiepileptics

Valproate and Carbamazepine are associated with
weight gain, likewise Gabapentin and Pregabalin.
Only in patients treated with Topiramate and
Zonisamide was this undesirable drug effect not
observed.>?

Immunosuppressants

Of the drugs used for immunosuppressive ther-
apy, glucocorticoids especially, but also specific
calcineurin inhibitors such as Tacrolimus and
mTOR inhibitors like Sirolimus, increase body
weight.48

Other drugs

Contrary to the popular belief that therapy with
sex hormones promotes weight gain, research has
yielded conflicting results. In women, neither hor-
mone replacement therapy after menopause (irrel-
evant if with estrogen/progesterone-based hormone
replacement therapy or with phytoestrogens)>3455
nor hormonal contraception systematically lead to
weight gain.>® On the contrary, suppression of sex

hormone production in premenopausal women
lowers the basal metabolic rate,5” suggesting even a
weight-reducing effect of sex hormones. Recently,
an association with increased energy intake has
been found for patients treated with B-hydroxy
B-methylglutaryl (HMG)-Co-A inhibitors (statins).>®

Influence of obesity on pharmacokinetic
parameters of drugs

Body weight is determined mainly by height and
the proportion of water, fat, and muscle mass.
Changes in the composition of these compart-
ments result in altered pharmacokinetic proper-
ties of drugs. The physiological body proportions
of obese patients are fundamentally different from
those of normal weight patients. In addition to
the overly increased proportion of adipose tissue,
there are also changes in regional blood flow, car-
diac output is increased, body water is decreased,
and relative proportion of fat-free mass per kilo-
gram body weight is reduced.>® These anthropo-
metric changes result in clinically relevant changes
in pharmacokinetic and pharmacodynamic prop-
erties of drugs, as illustrated in Figure 2.0 Several
recent reviews describe the need for an individu-
alized therapy in obese children and adults, taking
into account the described changes of body com-
position and physiology.%:61:62 Despite the high
rate of obese patients worldwide, and clear indi-
cations to differences in the pharmacokinetics of
many drugs, specific recommendations on
weight-adjusted dosing is lacking in the product
information summary of most drugs.>

Due to the different body composition of obese
and normal weight subjects, with a dispropor-
tional high amount of adipose tissue in obese
patients, it seems reasonable that drugs need to
be individually dosed in obese patients, depend-
ing on their respective pharmacological and phys-
icochemical properties. However, height, weight,
or BMI of an individual do not properly reflect
body composition. Bioelectric impedance analy-
sis currently represents the simplest, fastest, most
accessible, and least expensive approach to esti-
mate lean body mass and fat mass. Alternative
approaches to estimate body composition include
dual energy X-ray absorptiometry, quantitative
computed tomography, dilution techniques, air
displacement plethysmography, three-dimen-
sional photonic scanners, quantitative magnetic
resonance, and magnetic resonance imaging and
spectroscopy.®®> Special conversion tables exist,
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for example, for renal insufficiency, but are cur-
rently not available for patients with obesity.> To
date, pharmacokinetic differences in obese
patients have been poorly investigated, especially
because that group of patients is often underrep-
resented in clinical trials.%5 As yet, there is no
other way but to deduce individual dosing from
the pharmacokinetic properties of the respective
drug.®? Especially for drugs with a narrow thera-
peutic range, therapeutic drug monitoring
(TDM) should be used to assure patient safety.>

The pharmacokinetic properties of a drug are
based on four processes: absorption, distribution,
metabolism, and excretion (the ADME princi-
ple). Substantial changes in any of these processes
because of the high percentage of body fat render
dose adjustments necessary in obese patients.60-62
We summarize known obesity-associated altera-
tions in absorption, distribution, metabolism, and
excretion in the following sections.

Absorption

Only a few studies are available in which over-
weight and obese individuals were studied with
regard to alterations in drug absorption. Despite
possible differences in intestinal blood flow and
gastric emptying,®+%> increased body weight does
not appear to be associated with clinically relevant
changes in gastrointestinal absorption of drugs.>®

An altered absorption of subcutaneous, transder-
mal, or intramuscular drugs is very likely in obese
patients, due to an increased proportion of subcu-
taneous adipose tissue,®® and decreased local
blood flow.%7 However, the results of clinical
studies are sometimes contradictory in this regard.
While clinically significant differences in absorp-
tion could not be demonstrated in studies with
Actrapid and low-molecular-weight heparins,%8-70
other studies with fast-acting insulin and human
choriongonadotropin showed significant absorp-
tion differences after subcutaneous injection.”1:72
The huge amount of subcutaneous adipose tis-
sue, and its reduced blood flow, suggest a
change in bioavailability even with transdermal
administration. Inter alia, a decreased transder-
mal bioavailability has been demonstrated for
nicotine.”® In addition, application errors are
possible when drugs should be injected intra-
muscularly; standard needles may be too short
for obese people, resulting in subcutaneous
injection.74-76

Distribution

Distribution of drugs depends on the amount of
adipose tissue, fat free mass, blood flow, and
binding affinity to plasma proteins and tissue
structures.>?-%2 While absolute amount of fat tis-
sue and fat-free mass are increased in obese
patients, their proportions are changed, with a
decrease in the percentage of fat-free mass, and
an increase in the percentage of fat mass com-
pared with normal weight subjects.®%77 Cardiac
output, and, thus, overall organ perfusion increase
with increasing body weight,”® whereas relative
adipose tissue blood flow decreases.” There are
no indications for a change in binding to plasma
albumin, which is the most important drug-bind-
ing plasma protein. However, augmented binding
to other plasma proteins may be possible, in par-
ticular to alpha(l)-acid glycoprotein, whose
secretion is enhanced in obesity.>°

The described changes influence the volume of
distribution of drugs in obese subjects. However,
a general statement about how distribution of
drugs is changed in obesity is not possible.”®
Volume of distribution of a drug depends on its
pharmacological and physicochemical properties,
in particular, its binding affinities.8 Depending
on whether the drug is a lipophilic or hydrophilic
molecule, different models of dose adjustment are
required in the obese patient. In case of a hydro-
philic drug, fat-free mass or lean body mass are
crucial, whereas, for lipophilic substances, calcu-
lation of the individual therapeutic dose should
be based on total body weight.”®:81 However, this
conclusion can apply only to chronic therapy. In
acute short-term therapy, for example, adminis-
tration of anesthetics during surgery, and dose
adjustment according to total body weight, might
result in overdose, even in case of drugs with high
lipophilicity, which is why lean body mass is usu-
ally recommended for dose calculation during
anesthesia.8? Likewise, lean body mass may be
the most suitable reference for individual dose
adjustment in overweight and obese patients in
need of chemotherapy due to malignancies.83
However, insufficient, and often contradictory,
clinical data are available, and, thus, due to con-
cerns about potential underdosing and resulting
lack of efficacy, current oncologic guidelines rec-
ommend that dose calculation is based mainly on
total body weight, or body surface area calculated
based on total body weight.8485 Clinical trials are
urgently needed to optimize drug treatment in
obese oncologic patients.
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Metabolism

The liver is the most important organ for drug
metabolism. Hepatic metabolism is divided in
phase I and phase II reactions. Oxidation, reduc-
tion, and hydrolysis belong to phase I, and conju-
gation (glucuronidation, sulfation, etc.) to phase
II reactions. The reactions are catalyzed by
hepatic enzymes, expression of which is influ-
enced by various factors, for example by cytokines.
Many diseases, for example, inflammation, type 2
diabetes mellitus, and obesity, lead to an altered
rate of hepatic metabolism.36 Obese patients have
a reduced rate of metabolism via CYP3A4 isoen-
zymes, whereas metabolism by uridine diphos-
phate glucuronosyltransferases (UGT1 and
UGT?2 with respective subfamilies), xanthine oxi-
dase, N-acetyltransferase, and CYP2EI1 is accel-
erated.8” Moreover, activities of CYP1A2,
CYP2C9, CYP2C19, and CYP2D6 might also
be increased, but study results are inconsistent in
this regard.®%-87 Only limited data are available on
effects of obesity on phase II reactions.
Glucuronidation and sulfation of drugs appear to
be induced in obese patients, which could be
shown by increased clearance of paracetamol
(484 wersus 323 ml/min in men and 312 wversus
227 ml/min in females), which is both glucuroni-
dated and sulfated.®® Glucuronidation is assumed
to be more strongly induced than sulfation, as
shown by accelerated benzodiazepine metabo-
lism.8° However, similar clearance of procaina-
mide and salicylates in lean and obese individuals
may be an indication that not all phase II reac-
tions are altered by obesity.20:91

Effects of obesity on extrahepatic metabolism of
drugs have been poorly studied. Besides the liver,
the intestinal tract is also a very important site of
drug metabolization.®2 A connection between
food intake and both intestinal CYP expression
and p-glycoprotein could be found; thus, obe-
sity-associated changes are likely to exist in intes-
tinal drug metabolization as well.?3°¢ However,
accurate data to assess the clinical relevance of
these alterations are lacking. Adipose tissue itself
plays only a minor role in drug metabolism.
Nevertheless, a study with prednisolone revealed
significant differences between healthy and obese
subjects, which could not be explained by modi-
fied enzyme expression in the liver. The cause is
believed to be an occurrence of 11-hydroxyster-
oid dehydrogenase type 1 in adipose tissue, and,
thus, increased rate of extrahepatic metabolism
in obesity.%

Excretion

Drugs, and their metabolites, are predominantly
excreted through the kidneys. Major common
risk factors for chronic kidney disease are hyper-
tension and type 2 diabetes mellitus; both are
strongly associated with obesity. Thus, specific
causalities for decreasing renal function in obesity
are difficult to distinguish.?¢ Nevertheless, in
patients with long-term obesity, renal disease is
relatively common. Even if underlying mecha-
nisms bear many similarities, obesity seems inde-
pendently to promote glomerulopathies.®” The
significant correlation of renal impairment with
BMI could also be seen in a study with obese
patients before bariatric surgery.®® Renal elimina-
tion rate is determined by glomerular filtration as
well as tubular reabsorption and secretion.
Various morphological and functional changes, in
particular within the glomeruli, were observed
after a high-fat diet and the consecutive weight
gain in dogs.%® Initially, rapid weight gain appears
to result in increased tubular sodium reabsorp-
tion and compensatory renal vasodilation. The
exact mechanism for this early increase in glomer-
ular filtration rate (GFR) is not fully understood,
but, at least initially, weight gain seems to increase
GFR.100 Whether the observed initially increased
GFR is caused by weight gain is still controver-
sially discussed. Another study in patients with
morbid obesity without detectable proteinuria did
not show an increased glomerular filtration rate
compared with normal weight individuals.!°! This
apparent discrepancy might be explained by dif-
ferences in the determination of GFR.>° In most
cases renal function is given as the estimated GFR
(eGFR). The formulas underlying the calculation
are usually based on total body weight or stand-
ardized body surface area. However, these formu-
las are not validated for obese patients, and can
be used only to a very limited extent in this popu-
lation.192103 This is reflected in a small study
including 17 individuals with normal serum cre-
atinine. In this comparison, GFR was not ele-
vated in the eight obese compared with the nine
normal weight subjects, when measured GFR
was corrected for lean body mass. In this study,
the inulin method, which allows accurate deter-
mination of GFR irrespective of body weight, was
used to determine GFR.104

In contrast to GFR, tubular reabsorption and
secretion are more difficult to measure. Never-
theless, some studies suggest possible changes in
obesity. Lithium is filtered through the glomerulus
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and reabsorbed through tubulus cells. Therefore,
increased lithium clearance in obese patients
without concomitant change in GFR indicates
decreased tubular reabsorption.!% Likewise,
increased tubular secretion may lead to increased
excretion of Procainamide in obesity.?? Confirming
these findings, similar evidence for altered tubular
secretion and reabsorption in obesity is available
for ciprofloxacin and cimetidine.106

Another way of excreting drugs and drug metabo-
lites is via biliary secretion. Expression of intrahe-
patic transport proteins, which are required for
the excretion of many chemical substances, is
reduced in obesity. Thus, even if only limited
information is available on altered biliary secretion
in obesity, an impaired biliary secretory capacity
must be assumed for many xenobiotics.!7 Study
results for patients with obesity related nonalco-
holic fatty liver disease are inconclusive. While
liver metabolism might be decreased, at least in
earlier disease stages, hepatic efflux transporter
activity seems to be increased, presumably to pre-
vent further damage by toxicants.108

Specific dose recommendations in obesity

Table 2 summarizes medications for which dose
recommendations in obesity are available from
clinical trials. Most of the studied drugs are used
only short term during anesthesia or to treat infec-
tious diseases. Drugs used for chronic diseases
often lack reliable data from pharmacokinetic stud-
ies. Dose adjustments for drugs not included in the
list must be set on an individual basis, especially
when drugs with a narrow therapeutic window are
concerned. At least until more robust evidence
becomes available, a general guide for dose adjust-
ments can be to use total body weight as basis for
dose calculation in case of highly lipophilic drugs
used for short-term treatments, and lean body mass
in case of chronic treatment or hydrophilic drugs.”
Important to note, a dose recommendation might
be appropriate in individual cases, which is not cov-
ered by the respective marketing authorization and
the summary of product characteristics of the drug.
These cases have to be assigned to off-label use
with all legal consequences.

Drug treatment after weight reduction

surgery

Depending on the type of surgery, surgical
weight reduction interventions cause more or

less dramatic anatomical changes in the gastroin-
testinal tract. Together with the drastic weight
loss, and, thus, altered body composition, unpre-
dictable changes in the pharmacokinetics of drugs
are to be expected. A summary of the potential
changes after surgery is given in Table 3.

The altered absorption conditions with often mas-
sively reduced intestinal resorption surface
together with the dynamic changes of body com-
position and possibly altered enzyme and drug
transporter activities may lead to unpredictable
changes in drug efficacy, always depending on
type and time after weight reduction surgery. On
the other hand, disease activity of many obesity-
related comorbidities improves postoperatively.
There are many reviews in the literature delineat-
ing this problem, but up to now only few clinical
trials are available from which clear, generally
applicable clinical advice can be drawn.!14-120
Some examples from the literature suggest that
absorption and drug efficacy might be dependent
on time since surgery.!21:122 Of note, bioavailabil-
ity is contrarily altered in these two examples.
While bioavailability for both examined drugs
normalized some months after surgery, absorption
of atorvastatin was initially increased, and absorp-
tion of serotonin reuptake inhibitors was initially
decreased.!21:122 The reason for this discrepancy
might be altered cytochrome P450 enzyme and
transporter activities in the liver and intestine.120
Due to the manifold and diverse changes after
weight reduction surgery, and the specific physic-
ochemical properties of drugs, no general advice
can be given on how to dose these patients cor-
rectly over time. Some smaller clinical trials have
revealed some specific CYP enzyme alterations,
but, unfortunately, the results are somewhat con-
tradictory, and specific conclusions are thus diffi-
cult to draw.!?312¢ For many drugs commonly
used in obese patients to treat comorbidities, such
as antidepressants, antidiabetics, statins, antihy-
pertensives, corticosteroids, contraceptives, and
thyroid hormones, smaller maintenance doses are
required following bariatric surgery; however,
higher doses are required for other drugs.!14118-120
Attempts have been made to use pharmacokinetic
modeling to predict plasma concentrations with-
out groundbreaking success.!17:118 Some clinical
observations, however, reinforce the importance
of the matter; for example, the observation of an
increased suicide rate after bariatric surgery, which
might be caused by decreased bioavailability of
some antidepressants.12>
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Table 2. Medications with published dose recommendations in obesity.

Drug

Recommended dose adjustment

Antibiotics and antimycotics'0?

Aminoglycosides

Vancomycin
Beta-lactam antibiotics
Daptomycin
Flucytosine
Amphothericine
Tuberculostatics
Anesthetics82110

Thiopental

Propofol

Fentanyl
Remifentanil
Succinylcholine
Vecuronium
Rocuronium
Atracurium
Cisatracurium

Benzodiazepines

Antithrombotics'!1.112

Low molecular weight heparins

Fondaparinux

Ideal body weight2 + 0.4 (total body weight - ideal body weight], drug
monitoring

Total body weight, drug monitoring

Few data, adjustment most likely according to body surface area
Total body weight, a little less if appropriate

Ideal body weight

LBM (few data)

Ideal body weight (few data)

Induction of anesthesia: LBM

Maintenance of anesthesia: total body weight
Induction of anesthesia: LBM

Maintenance of anesthesia: total body weight
LBM

LBM

Total body weight

Ideal body weight

Ideal body weight

Ideal body weight

Ideal body weight

Loading dose: total body weight

Maintenance dose: ideal body weight

Prophylaxis: fixed-dose increased according to total body weight (few
data)

Treatment: total body weight, maximal dose in extreme obesity if
necessary

Prophylaxe: fixed-dose maybe increased (few data)

Treatment: body weight >100kg: 10 mg daily

aldeal body weight is the weight for which, based on a specific body height, the longest life expectancy was determined.
There are a number of formulas that can be used to calculate ideal body weight, the formulas provide equivalent results.3

LBM, lean body mass (~ fat free mass).
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Table 3. Potential physiologic changes after weight loss surgery with relevance for drug treatment.

Physiological changes immediately after surgery''4

Physiological changes long-term after surgery

Absorption
gastrointestinal pH.

Alteration of gastric emptying time, gastric/

Duodenal absorption surface reduced.
Reduced intestinal first-pass metabolism (CYP3A4,

CYP3A5).

Decreased intestinal p-glycoprotein efflux.

Decreased intestinal transit time.
Dissociation of bile salt delivery.

Distribution

No immediate changes after surgery

No long-term adaption/normalization

Normalization of obesity induced alterations ¢0:
J fat free mass, 44 fat mass, { organ volume, ¥
ejection fraction, d blood volume, altered protein

Metabolism No immediate changes after surgery

binding,  alpha-1-acid glycoprotein, { plasma lipids,J
free fatty acids

{ intestinal blood flow, T CYP3A4, { liver fat, {
cholestasis, | periportal fibrosis, { specific enzymes

Excretion

No immediate changes after surgery

(uridine-diphosphate-Glucuronosyl-transferase,
xanthinoxidase, N-acetyltransferase, CYP2E1),
glucuronidation, sulfidation, ¥ biliary secretion/

transporter activity, ¥ inflammation

Regeneration of renal insufficiency induced by obesity?

CYP, cytochrome P450.

Altered pharmacokinetic after Roux-en-Y

gastric bypass surgery

Roux-en-Y gastric bypass is one of the most popu-
lar and most effective bariatric surgery techniques.
Physiological changes induced by Roux-en-Y gas-
tric bypass influence pharmacokinetics through
reduced gastric volume, decreased gastric acidity,
delayed gastric emptying, reduced intestinal
mucosal surface, reduced hepatic first-pass metab-
olism, shortened intestinal transit time, and a more
distal mixing of chyme with bile acids and pancreas
enzymes.!16 Overall, drugs in liquid formulations
(syrup, solution, etc.) are better absorbed than tab-
lets, and solubility of basic drugs may be impaired
while acidic drugs are absorbed more easily and
faster after Roux-en-Y gastric bypass surgery.
Since the intestinal transit time is also a decisive
factor for the bioavailability of many drugs, and,
moreover, mix with bile acids and pancreatic
enzymes is delayed, dissolution of highly lipophilic
drugs must be expected to be hampered, and their
bioavailability to be decreased.!!®

During absorption in the intestinal mucosa, enzy-
matic metabolization already takes place.
Moreover, there is presystemic elimination of
many drugs by drug transporters such as

p-glycoprotein. The capacity of these processes is
severely limited postoperatively by the elimina-
tion of the proximal small intestine, and, thus,
bioavailability of affected drugs may significantly
increase.!'® As mentioned above, studies examin-
ing changes in CYP activities did not present
robust results and are difficult to interpret.123:124
There are only a few studies with sufficiently large
groups of patients that have been able to demon-
strate specific postoperative changes in the bioa-
vailability of drugs after Roux-en-Y gastric bypass.
The sparse literature was evaluated in several
recent reviews.!14118-120 Ayajlable data indicate
an increased bioavailability of Paracetamol and
possibly Atorvastatin (shortly after surgery), a
presumably  unchanged  bioavailability  of
Metformin, Morphine, Caffeine, Tolbutamide,
Midazolam, Moxifloxacin, and Omeprazole, and
a presumably reduced bioavailability of serotonin
reuptake inhibitors, Phenytoin, Mycophenolate,
Sirolimus, Tacrolimus,and Azithromycin.114,118-120

Overall, more research is urgently needed to opti-
mize drug treatment after bariatric surgery, and
up to now, there is no clear and simple algorithm
to predict the changes in absorption kinetics of
drugs after weight reduction surgery.120
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Conclusion

Drug treatment and body weight are linked in
four ways: drugs may intentionally be used to
reduce weight; drugs may unintentionally influ-
ence body weight as a side effect; increased body
weight may alter the pharmacokinetic characteris-
tics of a drug, thus requiring dose adjustment at
least in massively obese patients; and efficacy of
drugs in massively obese patients may be altered
also due to pharmacodynamic reasons. We have
provided a literature review with regards to the
first three issues, with specific emphasis on dis-
cussion of the weight reduction surgery patient.
Overall, a significant lack of knowledge has to
be considered when a massively obese patient
requires drug treatment, and many uncertainties
remain. Systematic development of the clinical
pharmacology of obesity is necessary to improve
the safety and efficacy of drug treatment given the
ever-rising numbers of this patient population.

Authors’ note

MM performed the literature research and drafted
the manuscript. All authors provided critical feed-
back, helped shape the research and contributed to
the final manuscript. SE supervised the project.

Funding

The author(s) received no financial support for
the research, authorship, and publication of this
article.

Conflict of interest statement
The authors declare that there is no conflict of
interest.

ORCID iD
Marcus May
7513-4244

https://orcid.org/0000-0002-

References
1. World Health Organization. Obesity and
overweight [Fact Sheet], https://www.who.int/
en/news-room/fact-sheets/detail/obesity-and-
overweight (2019).

2. Guh DP, Zhang W, Bansback N, ez al. The
incidence of co-morbidities related to obesity
and overweight: a systematic review and meta-
analysis. BMC Public Health 2009; 9: 88.

3. Pi-Sunyer X. The medical risks of obesity.
Postgrad Med 2009; 121: 21.

4. Jacques KA and Erstad BL. Availability of
information for dosing injectable medications in

10.

11.

12.

14.

15.

16.

17.

underweight or obese patients. Am ¥ Health Syst
Pharm 2010; 67: 1948.

. Martin JH, Saleem M and Looke D.

Therapeutic drug monitoring to adjust dosing
in morbid obesity — a new use for an old
methodology. Br ¥ Clin Pharmacol 2012; 73:
685-690.

. May M and Engeli S. Characteristics of drug

treatment of obese patients. Internistische Praxis
2018; 58: 674-686.

. Miiller TD, Clemmensen C, Finan B, ez al.

Anti-obesity therapy: from rainbow pills to
polyagonists. Pharmacol Rev 2018; 70:
712-746.

. Pilitsi E, Farr OM, Polyzos SA, et al.

Pharmacotherapy of obesity: available
medications and drugs under investigation.
Metabolism 2019; 92: 170-192.

. Velazquez A and Apovian CM. Updates on

obesity pharmacotherapy. Ann N 'Y Acad Sci
2018; 1411: 106-119.

Srivastava G and Apovian CM. Current
pharmacotherapy for obesity. Nat Rev Endocrinol
2018; 14: 12-24.

Gadde KM, Apolzan JW and Berthoud HR.
Pharmacotherapy for patients with obesity. Clin
Chem 2018; 64: 118-129.

Ribola FA, Cancado FB, Schoueri JH, ez al.
Effects of SGLT2 inhibitors on weight loss in
patients with type 2 diabetes mellitus. Eur Rev
Med Pharmacol Sci 2017; 21: 199-211.

. Potts JE, Gray L], Brady EM, er al. The effect

of glucagon-like peptide 1 receptor agonists
on weight loss in type 2 diabetes: a systematic
review and mixed treatment comparison meta-
analysis. PLoS One 2015; 10: e0126769.

Benson K, Flory K, Humphreys KL, ez al.
Misuse of stimulant medication among college
students: a comprehensive review and meta-
analysis. Clin Child Fam Psychol Rev 20153 18:
50-76.

Apovian CM, Aronne L], Bessesen DH, ez al.
Pharmacological Management of Obesity: An
Endocrine Society Clinical Practice Guideline.
F Clin Endocrinol Metab 2015; 100: 342-362.

Hauner H, Moss A, Berg A, et al.
Interdisziplinédre Leitlinie der Qualitdt S3 zur
‘Priavention und Therapie der Adipositas‘.
Adipositas 20145 8: 179.

Jensen MD, Ryan DH, Apovian CM, ez al. 2013
AHA/ACC/TOS guideline for the management
of overweight and obesity in adults: a report of

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae
https://orcid.org/0000-0002-7513-4244
https://orcid.org/0000-0002-7513-4244
https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight

M May, C Schindler et al.

the American college of cardiology/American
heart association task force on practice
guidelines and the obesity society. ¥ Am Coll
Cardiol 2014; 63: 2985-3023.

18. Tsigos C, Hainer V, Basdevant A, et al.
Management of obesity in adults: European
clinical practice guidelines. Obes Facts 2008; 1:
106-116.

19. Nor Hanipah Z, Nasr EC, Bucak E, ez al. Efficacy
of adjuvant weight loss medication after bariatric
surgery. Surg Obes Relat Dis 2018; 14: 93-98.

20. Hauner H, Hastreiter L, Werdier D,
et al. Efficacy and safety of cathine (nor-
pseudoephedrine) in the treatment of obesity: a
randomized dose-finding study. Obes Facts 2017;
10: 407-419.

21. Hutton B and Fergusson D. Changes in body
weight and serum lipid profile in obese patients
treated with orlistat in addition to a hypocaloric
diet: a systematic review of randomized clinical
trials. Am F Clin Nurr 2004; 80: 1461-1468.

22. Sharma AM and Golay A. Effect of orlistat-
induced weight loss on blood pressure and
heart rate in obese patients with hypertension.
F Hypertens 2002; 20: 1873-1878.

23. Torgerson JS, Hauptman J, Boldrin MN, ez al.
XENical in the prevention of diabetes in obese
subjects (XENDOS) study: a randomized study
of orlistat as an adjunct to lifestyle changes
for the prevention of type 2 diabetes in obese
patients. Diabetes Care 2004; 27: 155-161.

24. Cavaliere H, Floriano I and Medeiros-Neto G.
Gastrointestinal side effects of orlistat may be
prevented by concomitant prescription of natural
fibers (psyllium mucilloid). Int ¥ Obes Relat
Metab Disord 20015 25: 1095-1099.

25. Xenical SmPc. EU/1/98/071/001-006. In:
Agency EM, (ed.). Cheplapharm, Germany,
2008.

26. McDuffie JR, Calis KA, Booth SL,, er al. Effects
of orlistat on fat-soluble vitamins in obese
adolescents. Pharmacotherapy 2002; 22: 814—822.

27. Gotfredsen A, Westergren Hendel H and
Andersen T'. Influence of orlistat on bone
turnover and body composition. Int J Obes Relat
Metab Disord 20015 25: 1154-1160.

28. Pi-Sunyer X, Astrup A, Fujioka K, ez al. A
Randomized, controlled trial of 3.0 mg of
liraglutide in weight management. N Engl ¥ Med
2015; 373: 11-22.

29. Davies M], Bergenstal R, Bode B, ez al. Efficacy
of liraglutide for weight loss among patients

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

with type 2 diabetes: the SCALE diabetes
randomized clinical trial. JAMA 2015; 314:
687-699.

Astrup A, Carraro R, Finer N, ez al. Safety,
tolerability and sustained weight loss over 2
years with the once-daily human GLP-1 analog,
liraglutide. Int ¥ Obes (Lond) 2012; 36: 843-854.

Cunningham JW and Wiviott SD. Modern
obesity pharmacotherapy: weighing
cardiovascular risk and benefit. Clin Cardiol
2014; 37: 693-699.

Marso SP, Daniels GH, Brown-Frandsen K,
et al. Liraglutide and cardiovascular outcomes
in type 2 diabetes. N Engl ¥ Med 2016; 375:
311-322.

Saxenda SmPC. EMEA/H/C/003780.
NovoNordisk, Denmark, 2015.

Davies M, Pieber TR, Hartoft-Nielsen M,
Hansen OH, Jabbour S and Rosenstock J. Effect
of oral semaglutide compared with placebo and
subcutaneous semaglutide on glycemic control
in patients with type 2 diabetes: A randomized
clinical trial. ¥AMA 2017; 318: 1460-1470.

O’Neil PM, Birkenfeld AL, McGowan B, ez al.
Efficacy and safety of semaglutide compared with
liraglutide and placebo for weight loss in patients
with obesity: a randomised, double-blind,
placebo and active controlled, dose-ranging,
phase 2 trial. Lancet 2018; 392: 637-649.

Billes SK, Sinnayah P and Cowley MA.
Naltrexone/bupropion for obesity: an
investigational combination pharmacotherapy
for weight loss. Pharmacol Res 2014; 84: 1-11.

Domecq JP, Prutsky G, Leppin A, ez al. Clinical
review: drugs commonly associated with weight
change: a systematic review and meta-analysis.
F Clin Endocrinol Metab 20155 100: 363-370.

Harto-Truax N, Stern WC, Miller LL, ez al.
Effects of bupropion on body weight. ¥ Clin
Psychiatry 1983; 44: 183-186.

Greenway FL, Fujioka K, Plodkowski RA, er al.
Effect of naltrexone plus bupropion on weight
loss in overweight and obese adults (COR-I): a
multicentre, randomised, double-blind, placebo-
controlled, phase 3 trial. Lancer 2010; 376:
595-605.

Aronne L, Shanahan W, Fain R, ez al. Safety
and efficacy of lorcaserin: a combined analysis
of the BLOOM and BLOSSOM trials. Postgrad
Med 2014; 126: 7-18.

Allison DB, Gadde KM, Garvey WT, et al.
Controlled-release phentermine/topiramate in

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae

Therapeutic Advances in Endocrinology and Metabolism 11

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

severely obese adults: a randomized controlled
trial (EQUIP). Obesity (Silver Spring) 2012; 20:
330-342.

Gadde KM, Allison DB, Ryan DH, ez al. Effects
of low-dose, controlled-release, phentermine
plus topiramate combination on weight and
associated comorbidities in overweight and
obese adults (CONQUER): a randomised,
placebo-controlled, phase 3 trial. Lancer 2011;
377: 1341-1352.

Garvey WT, Ryan DH, Look M, et al. Two-year
sustained weight loss and metabolic benefits

with controlled-release phentermine/topiramate

in obese and overweight adults (SEQUEL): a
randomized, placebo-controlled, phase 3 extension
study. Am F Clin Nurr 2012; 95: 297-308.

Valsamakis G, Konstantakou P and Mastorakos
G. New targets for drug treatment of obesity.
Annu Rev Pharmacol Toxicol 2017; 57: 585-605.

Bray GA, Fruhbeck G, Ryan DH, ez al.
Management of obesity. Lancer. 2016; 387:
1947-1956.

Frias JP, Nauck MA, Van J, ez al. Efficacy and
safety of .Y3298176, a novel dual GIP and
GLP-1 receptor agonist, in patients with type
2 diabetes: a randomised, placebo-controlled
and active comparator-controlled phase 2 trial.
Lancer 2018; 392: 2180-2193.

Fernstrom MH. Drugs that cause weight gain.
Obes Res 1995; 3(Suppl. 4): 435S-439S.

Leslie WS, Hankey CR and Lean ME. Weight
gain as an adverse effect of some commonly
prescribed drugs: a systematic review. QFM
2007; 100: 395-404.

Hasnain M and Vieweg WV. Weight
considerations in psychotropic drug prescribing
and switching. Postgrad Med 2013; 125:
117-129.

Hermansen K and Mortensen LS. Bodyweight
changes associated with antihyperglycaemic
agents in type 2 diabetes mellitus. Drug Saf
2007; 30: 1127-1142.

Monami M, Nardini C and Mannucci

E. Efficacy and safety of sodium glucose
co-transport-2 inhibitors in type 2 diabetes:
a meta-analysis of randomized clinical trials.
Diabetes Obes Metab 20145 16: 457-466.

Fava M. Weight gain and antidepressants. ¥ Clin
Psychiarry 2000; 61(Suppl. 11): 37-41.

Chukwu J, Delanty N, Webb D, ez al. Weight
change, genetics and antiepileptic drugs. Expert
Rev Clin Pharmacol 20145 7: 43-51.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Espeland MA, Stefanick ML, Kritz-Silverstein
D, et al. Effect of postmenopausal hormone
therapy on body weight and waist and hip girths.
F Clin Endocrinol Metab 1997; 82: 1549-1556.

Glisic M, Kastrati N, Musa J, ez al.
Phytoestrogen supplementation and body
composition in postmenopausal women:

a systematic review and meta-analysis of
randomized controlled trials. Maturitas 2018;
115: 74-83.

Gallo MF, Grimes DA, Schulz KF, ez al.
Combination estrogen-progestin contraceptives
and body weight: systematic review of
randomized controlled trials. Obster Gynecol
2004; 103: 359-373.

Day DS, Gozansky WS, Van Pelt RE, ez al. Sex
hormone suppression reduces resting energy
expenditure and {beta}-adrenergic support of
resting energy expenditure. ¥ Clin Endocrinol
Merab 2005; 90: 3312-3317.

Sugiyama T, Tsugawa Y, Tseng CH, ez al.
Different time trends of caloric and fat intake
between statin users and nonusers among us
adults: gluttony in the time of statins? ¥4AMA
InternMed 20145 174: 1038-1045.

Hanley MJ, Abernethy DR and Greenblatt D]J.
Effect of obesity on the pharmacokinetics of
drugs in humans. Clin Pharmacokinet 2010; 49:
71-87.

Jain R, Chung SM, Jain L, er al. Implications
of obesity for drug therapy: limitations and
challenges. Clin Pharmacol Ther 2011; 90:
77-89.

Harskamp-van Ginkel MW, Hill KD, Becker
K, et al. Drug dosing and pharmacokinetics
in children with obesity: a systematic review.
FAMA Pediarr 2015; 169: 678—685.

Smit C, De Hoogd S, Bruggemann RJM, ez al.
Obesity and drug pharmacology: a review of the
influence of obesity on pharmacokinetic and
pharmacodynamic parameters. Expert Opin Drug
Metab Toxicol 2018; 14: 275-285.

Lee SY and Gallagher D. Assessment methods
in human body composition. Curr Opin Clin
Nutr Metab Care 2008; 11: 566-572.

Xing J and Chen JD. Alterations of
gastrointestinal motility in obesity. Obes Res
2004; 12: 1723-1732.

Alexander JK, Dennis EW, Smith WG, ez al.
Blood volume, cardiac output, and distribution
of systemic blood flow in extreme obesity.
Cardiovasc Res Cent Bull 1962; 1: 39-44.

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae

M May, C Schindler et al.

66. Kjellberg J and Reizenstein P. Body composition
in obesity. Acta Med Scand 1970; 188: 161-169.

67. Lesser GT and Deutsch S. Measurement of
adipose tissue blood flow and perfusion in man
by uptake of 85Kr. ¥ Appl Physiol 1967; 23:
621-630.

68. Clauson PG and Linde B. Absorption of rapid-
acting insulin in obese and nonobese NIDDM
patients. Diabetes Care 1995; 18: 986-991.

69. Sanderink GJ, Le Liboux A, Jariwala N, ez al.
The pharmacokinetics and pharmacodynamics
of enoxaparin in obese volunteers. Clin
Pharmacol Ther 2002; 72: 308-318.

70. Hainer JW, Barrett JS, Assaid CA, ez al. Dosing
in heavy-weight/obese patients with the LMWH,
tinzaparin: a pharmacodynamic study. 7hromb
Haemost 2002; 87: 817-823.

71. Shah DK, Missmer SA, Correia KF, ez al.
Pharmacokinetics of human chorionic
gonadotropin injection in obese and normal
weight women. ¥ Clin Endocrinol Metab 2014;
99: 1314-1321.

72. Gagnon-Auger M, du Souich P, Baillargeon JP,
et al. Dose-dependent delay of the hypoglycemic
effect of short-acting insulin analogs in obese
subjects with type 2 diabetes: a pharmacokinetic
and pharmacodynamic study. Diabetes Care
2010; 33: 2502-2507.

73. Prather RD, Tu TG, Rolf CN, ez al. Nicotine
pharmacokinetics of Nicoderm (nicotine
transdermal system) in women and obese
men compared with normal-sized men. ¥ Clhn
Pharmacol 1993; 33: 644-649.

74. Palma S and Strohfus P. Are IM injections IM
in obese and overweight females? A study in
injection technique. Appl Nurs Res 2013; 26:
el—e4.

75. Nisbet AC. Intramuscular gluteal injections in
the increasingly obese population: retrospective
study. BMY¥ 2006; 332: 637-638.

76. Johnstone J, Hobbins S, Parekh D, er al. Excess
subcutaneous tissue may preclude intramuscular
delivery when using adrenaline autoinjectors
in patients with anaphylaxis. Allergy 2015; 70:
703-706.

77. Forbes GB and Welle SL. Lean body mass in
obesity. Int ¥ Obes 1983; 7: 99-107.

78. Stelfox HT, Ahmed SB, Ribeiro RA, ez al.
Hemodynamic monitoring in obese patients: the
impact of body mass index on cardiac output
and stroke volume. Crit Care Med 2006; 34:
1243-1246.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Green B and Duffull SB. What is the best size
descriptor to use for pharmacokinetic studies
in the obese? Br ¥ Clin Pharmacol 2004; 58:
119-133.

Pacifici GM and Viani A. Methods of
determining plasma and tissue binding of
drugs: pharmacokinetic consequences. Clin
Pharmacokinet 1992; 23: 449-468.

Morgan DJ and Bray KM. Lean body mass as
a predictor of drug dosage. Implications for
drug therapy. Clin Pharmacokinet 1994; 26:
292-307.

Ingrande J and Lemmens HJ. Dose adjustment
of anaesthetics in the morbidly obese. Br ¥
Anaesth 20105 105(Suppl. 1): i16-i23.

Han PY, Duffull SB, Kirkpatrick CM, et al.
Dosing in obesity: a simple solution to a
big problem. Clin Pharmacol Ther 2007; 82:
505-508.

Griggs JJ, Mangu PB, Anderson H, ez al.
Appropriate chemotherapy dosing for obese
adult patients with cancer: American society
of clinical oncology clinical practice guideline.
F Clin Oncol 2012; 30: 1553-1561.

Bouleftour W, Mery B, Chanal E, ez al. Obesity
and chemotherapy administration: between
empiric and mathematic method review. Acta
Omncologica 2019; 58: 880-807.

Gandhi A, Moorthy B and Ghose R. Drug
disposition in pathophysiological conditions.
Curr Drug Metab 2012; 13: 1327-1344.

Brill MJE, Diepstraten J, Van Rongen A,

et al. Impact of obesity on drug metabolism
and elimination in adults and children. Clin
Pharmacokiner 2012; 51: 277-304.

Abernethy DR, Divoll M, Greenblatt D], ez al.
Obesity, sex, and acetaminophen disposition.
Chin Pharmacol Ther 1982; 31: 783-790.

Abernethy DR, Greenblatt DJ, Divoll M, ez al.
Enhanced glucuronide conjugation of drugs in
obesity: studies of lorazepam, oxazepam, and
acetaminophen. ¥ Lab Clin Med 1983; 101:
873-880.

Christoff PB, Conti DR, Naylor C, ez al.
Procainamide disposition in obesity. Drug Intell
Clin Pharm 1983; 17: 516-522.

Greenblatt D], Abernethy DR, Boxenbaum
HG, ez al. Influence of age, gender, and obesity
on salicylate kinetics following single doses of
aspirin. Arthritis Rheum 19865 29: 971-980.

Barthe L, Woodley J and Houin G.
Gastrointestinal absorption of drugs: methods

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae

Therapeutic Advances in Endocrinology and Metabolism 11

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

and studies. Fundam Chin Pharmacol 1999; 13:
154-168.

Murray M. Altered CYP expression and
function in response to dietary factors: potential
roles in disease pathogenesis. Curr Drug Metab
2006; 7: 67-81.

Kobori T, Harada S, Nakamoto K,

et al. Functional alterations of intestinal
P-glycoprotein under diabetic conditions. Biol
Pharm Bull 2013; 36: 1381-1390.

Milsap RL, Plaisance KI and Jusko WJ.
Prednisolone disposition in obese men. Clin
Pharmacol Ther 1984; 36: 824-831.

Hall JE, Crook ED, Jones DW, er al. Mechanisms
of obesity-associated cardiovascular and renal
disease. Am J Med Sci 2002; 324: 127-137.

Maric-Bilkan C. Obesity and diabetic kidney
disease. Med Clin North Am 2013; 97: 59-74.

Xiao N, Jenkins TM, Nehus E, ez al. Kidney
function in severely obese adolescents undergoing
bariatric surgery. Obesity 20145 22: 2319-2325.

Henegar JR, Bigler SA, Henegar LK, ez al.
Functional and structural changes in the kidney
in the early stages of obesity. ¥ Am Soc Nephrol
2001; 12: 1211-1217.

Hall JE, Brands MW, Dixon WN, ez al. Obesity-
induced hypertension. Renal function and
systemic hemodynamics. Hypertension 1993; 22:
292-299.

Anastasio P, Spitali L, Frangiosa A, et al.
Glomerular filtration rate in severely overweight
normotensive humans. Am ¥ Kidney Dis 2000;
35:1144-1148.

Pai MP. Estimating the glomerular filtration
rate in obese adult patients for drug dosing. Adv
Chron Kidney Dis 2010; 17: €53—€62.

Nelson WK, Formica RN Jr, Cooper DL,

et al. An analysis of measured and estimated
creatinine clearance rates in normal weight,
overweight, and obese patients with gynecologic
cancers. ¥ Oncol Pharm Pract 2012; 18: 323-332.

Janmahasatian S, Duffull SB, Chagnac A, et al.
Lean body mass normalizes the effect of obesity
on renal function. Br ¥ Clin Pharmacol 2008; 65:
964-965.

Reiss RA, Haas CE, Karki SD, ez a/. Lithium
pharmacokinetics in the obese. Clin Pharmacol
Ther 1994; 55: 392-398.

Blouin RA and Warren GW. Pharmacokinetic
considerations in obesity. ¥ Pharm Sci 1999; 88:
1-7.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Geier A, Dietrich CG, Grote T, et al.
Characterization of organic anion transporter
regulation, glutathione metabolism and bile
formation in the obese Zucker rat. ¥ Hepatol
2005; 43: 1021-1030.

Thakkar N, Slizgi JR and Brouwer KLR.
Effect of liver disease on hepatic transporter
expression and function. ¥ Pharm Sci 2017;
106: 2282-2294.

Pai MP and Bearden DT. Antimicrobial
dosing considerations in obese adult patients.
Pharmacotherapy 2007; 27: 1081-1091.

Casati A and Putzu M. Anesthesia in the obese
patient: pharmacokinetic considerations. ¥ Clin
Anesth 2005; 17: 134-145.

Badimon L, Hernandez Vera R, Padr6 T, ez al.
Antithrombotic therapy in obesity. Thromb
Haemost 2013; 110: 681-688.

Patel JP, Roberts LN and Arya R.
Anticoagulating obese patients in the modern
era. Br ¥ Haematol 2011; 155: 137-149.

Pai MP and Paloucek FP. The origin of
the “ideal” body weight equations. Ann
Pharmacother 2000; 34: 1066—-1069.

Hachon L, Decleves X, Faucher P, et al.

RYGB and drug disposition: how to do better?
Analysis of pharmacokinetic studies and
recommendations for clinical practice. Obes Surg
2017; 27: 1076-1090.

Smith A, Henriksen B and Cohen A.
Pharmacokinetic considerations in Roux-en-Y
gastric bypass patients. Am F Health-Syst Pharm
2011; 68: 2241-2247.

Brocks DR, Ben-Eltriki M, Gabr RQ, ez al.
The effects of gastric bypass surgery on drug
absorption and pharmacokinetics. Expert Opin
Drug Merab Toxicol 2012; 8: 1505-1519.

Darwich AS, Pade D, Ammori BJ, et al.

A mechanistic pharmacokinetic model to

assess modified oral drug bioavailability post
bariatric surgery in morbidly obese patients:
interplay between CYP3A gut wall metabolism,
permeability and dissolution. ¥ Pharm Pharmacol
2012; 64: 1008-1024.

Smet JD, Van Bocxlaer ] and Boussery K.
The influence of bypass procedures and other
anatomical changes in the gastrointestinal
tract on the oral bioavailability of drugs. ¥ Clin
Pharmacol 2013; 53: 361-376.

Yska JP, Van Der Linde S, Tapper VV, ez al.
Influence of bariatric surgery on the use and

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae

M May, C Schindler et al.

pharmacokinetics of some major drug classes.
Obes Surg 2013; 23: 819-825.

120. Azran C, Wolk O, Zur M, et al. Oral drug
therapy following bariatric surgery: an overview
of fundamentals, literature and clinical

recommendations. Obes Rev 2016; 17: 1050-1066.

121. Hamad GG, Helsel JC, Perel JM, ez al. The
effect of gastric bypass on the pharmacokinetics
of serotonin reuptake inhibitors. Am § Psychiatry

2012; 169: 256-263.

122. Jakobsen GS, Skottheim IB, Sandbu R, ez al.
Long-term effects of gastric bypass and duodenal
switch on systemic exposure of atorvastatin. Surg
Endosc 20135 27: 2094-3101.

123.

124.

125.

Tandra S, Chalasani N, Jones DR, ez al.
Pharmacokinetic and pharmacodynamic
alterations in the Roux-en-Y gastric bypass
recipients. Ann Surg 2013; 258: 262-269.

Puris E, Pasanen M, Ranta VP, er al.
Laparoscopic Roux-en-Y gastric bypass surgery
influenced pharmacokinetics of several drugs
given as a cocktail with the highest impact
observed for CYP1A2, CYP2C8 and CYP2E1
substrates. Basic Clin Pharmacol Toxicol 2019;
125: 123-132.

Mitchell JE, Crosby R, de Zwaan M, et al.
Possible risk factors for increased suicide
following bariatric surgery. Obesity (Silver
Spring) 20135 21: 665-672.

Visit SAGE journals online
journals.sagepub.com/
home/tae

®SAGE journals

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae
https://journals.sagepub.com/home/tae
https://journals.sagepub.com/home/tae



