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Abstract
Purpose of Review Weight gain and body fat redistribution are common side effects of many widely used drugs. We summarize
recent literature on prevalence data and mechanisms associated with drug-induced body fat changes and mechanisms to prevent
or treat metabolic side effects.
Recent Findings The highest prevalence of metabolic complications is seen with antipsychotics and antiretroviral drugs used in
the treatment of HIV and may, at least partly, be responsible for the increased risk for co-morbid diseases such as diabetes,
steatosis of the liver, and cardiovascular disease. The pathogenetic mechanisms leading to weight gain from antipsychotics are
increasingly known and help to unravel the complex interaction that exists between psychopathology and metabolic complica-
tions. Although the classic lipodystrophy mainly occurred with older HIV drugs, also with the newer HIV treatment, weight gain
seems to be a major side effect.
Summary Early detection of the metabolic consequences of drugs can lead to an early diagnosis of the complications and their
treatment. Different medications, including the newer antidiabetics, are being studied in the therapy of drug-induced obesity.
Future research should focus on identifying individuals at risk for metabolic side effects and on early markers to identify
individuals with side effects so that timely treatment of metabolic complications can be initiated.
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Introduction

Weight gain and body fat redistribution, including visceral fat
accumulation, are common side effects of several widely used
drugs, thereby contributing to the worldwide epidemic of
overweight and obesity. Obesity and visceral fat accumulation
are associated with increases in insulin resistance, dyslipid-
emia, metabolic syndrome, and the risk for type 2 diabetes

(T2DM), non-alcoholic fatty liver disease (NAFLD), cardio-
vascular disease, cancer, and even increased mortality. These
body weight and metabolic side effects warrant close moni-
toring and potentially additional therapies to minimize their
health impact, thereby increasing medical costs and contribut-
ing to non-compliance, which risks worsening of the underly-
ing condition.

Weight gain is consistently associated with many older
agents for the treatment of diabetes and with neuropsychotropic
medications, including atypical antipsychotics, antidepressants,
and antiepileptic drugs [1].

The mechanisms behind these effects on body weight and
fat distribution are often poorly understood, which hampers
the identification of high-risk patients for prevention, devel-
opment of lower risk-drugs, and possible treatments [2].

In this review, we focus on recent data on drugs affecting
body weight, fat distribution, and glucometabolic outcomes,
as well as the possible mechanisms contributing to these side
effects (Fig. 1). Recent data, highlighting predictors that could
identify those patients at risk for weight gain and metabolic
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complications, and options for prevention and therapy will be
discussed.

Antidiabetic Drugs

Insulin, sulfonylurea (SU), and thiazolidinediones (TZD) may
cause substantial weight gain when compared to placebo [1].
Metformin and dipeptidyl peptidase-4 (DPP-4) inhibitors are
considered to be weight neutral, whereas sodium glucose
cotransporter 2 inhibitors (SGLT2i) and glucagon-like peptide
1 (GLP-1) receptor analogues (GLP1RA) are associated with
weight loss [3].

The mechanisms behind the weight gaining properties of
insulin, SU, and TZD were reviewed comprehensively [2–5].
The weight-promoting properties of insulin are dose depen-
dent and are more pronounced in injection regimens that in-
clude rapid-acting insulin compared to basal insulin only [6].
The addition of metformin to insulin therapy reduces the ef-
fects of insulin on body weight by decreasing energy intake
[7].

Thiazolidinediones also cause a substantial time and dose-
dependent weight gain ranging from 1.5 to 4 kg in the first
year of treatment [1, 8]. However, TZD use is associated with
almost uniquely subcutaneous fat accumulation, while

amounts of visceral fat remain stable or even decrease.
TZD’s improve hepatic steatosis and inflammation in patients
with non-alcoholic steatohepatitis (NASH), although safety
concerns including osteoporosis and bladder cancer with pio-
glitazone restricts its use [5, 9]. Newer PPAR modulators are
currently being studied in diverse metabolic diseases includ-
ing dyslipidemia, T2DM, and NASH [10, 11].

Newer drug classes, SGLT2 inhibitors, and GLP-1 RAs
concomitantly target weight loss and glycemic control [12].

SGLT2i inhibits renal glucose reabsorption, promoting ap-
proximately 75 g of urinary glucose excretion with an associ-
ated caloric loss of approximately 300 kcal/day [13]. In pa-
tients with type 2 diabetes, SGLT2i produces a mean weight
loss of 2 to 3 kg, irrespective of background therapy. In sub-
jects with overweight or obesity and without diabetes, ob-
served weight loss over 12 weeks was modest, resulting in
approximately 1 to 1.5 kg of extra weight loss compared with
placebo [14].

There is great interest as to why SGLT2i therapy is not
associated with more pronounced decreases in weight consid-
ering the caloric loss accompanying the enhanced glucose
excretion. Indeed, with an energy deficit of 2100 kcal/week,
the expected weight loss over 24-week treatment with
SGLT2i would be approximately 7 kg. In rodent models,
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Fig. 1 Mechanisms of weight gain and metabolic disturbance. Schematic
representation of the major pathways by which drugs affect body weight
and metabolic disturbances. GCS, glucocorticosteroids; HPA,

hypothalamic–pituitary–adrenal axis; TZD, thiazolidinediones; SAT,
subcutaneous adipose tissue; IR, insulin resistance; GLUT, glucose
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chronic treatment with the SGLT2i resulted in a compensatory
increase in caloric intake. Also in humans, modeling studies
suggest that an increased energy intake may exceed adaptions
in energy expenditure, contributing to difficulties with
sustained weight loss. Chronic administration of SGLT2i
causes a shift in fuel utilization from carbohydrate towards
fatty substrates and loss of body fat, but no changes were seen
in energy expenditure as measured by indirect calorimetry,
implying that energy intake is increased to explain the ob-
served discrepancies in weight loss [12].

All GLP-1 receptor agonists have the potential to decrease
body mass index (BMI) by decreasing appetite and increasing
satiety, by their interaction in brain areas involved in the ho-
meostasis of food intake, energy expenditure, and energy bal-
ance [15]. There is a substantial difference in the weight losing
effects among the different GLP-1 RA, with an average
weight loss of 2–4 kg with exenatide, lixisenatide, liraglutide,
and dulaglutide. Semaglutide, both in the weekly SC and in
the daily oral formulations, is associated with higher weight
losses [16]. Differences in uptake across the blood–brain bar-
rier have been postulated as an explanation.

However, there is also markedly inter-individual variability
regarding weight loss, with some subjects not losing any
weight, while others losing up to 25 kg [12]. Most of this
weight loss is maintained as long as the treatment is adhered
to, while weight will regain when treatment with GLP-1 RA is
interrupted. Gastrointestinal side effects are common with
these classes of drugs. However, weight loss does not seem
to correlate with the intensity of nausea and/or vomiting.

In phase 2 trials, several dual and tri-receptor agonist pep-
tides, targeting GLP-1, glucagon, and glucose-dependent
insulinotropic polypeptide (GIP) receptors, have been devel-
oped and show promising results in their effects on reductions
of HbA1c and BMI as compared to placebo and GLP-1 RA
monotherapy [17–19].

Psychotropic Medications

Obesity is two to three times more common among patients
with psychiatric disorders than in the general population and
individuals with overweight or obesity suffer more frequently
from psychiatric illnesses than those with a normal weight.
This interaction between obesity and psychiatric disease likely
includes a clustering of adverse metabolic risk behaviors, such
as unhealthy eating, insufficient physical activity, and sub-
stance abuse that accompanies many psychiatric conditions
[20]. But psychiatric diseases also seem to share some patho-
physiological brain pathways in common with those leading
to weight gain and its metabolic complications, thereby creat-
ing a kind of vicious circle where each of the pathways influ-
ences the risk for the other [21].Mounting evidence points to a
critical role for chronic inflammatory processes including

related alterations of brain functions and chronic stimulation
of the hypothalamic–pituitary–adrenal (HPA) axis [21, 22].

Medical therapies for depression, mood disorders, and other
psychiatric illnesses have been associated with sometimes very
large increases in weight (Table 1). Epidemiologic data show a
positive correlation between fat accumulation and the time ex-
posed to psychotropic medication or the number of different
psychotropic drugs used [23]. However, the variation in mean
weight gain is large between the different drug classes and even
within the same class. For most psychiatric treatments, no cor-
relation is found with BMI increase and original diagnosis or
severity of the underlying psychiatric condition, treatment out-
come, BMI at the onset of the disease or treatment, age, or sex,
which impedes prediction of those patients who will or will not
have metabolic side effects [23]. What has been consistently
shown is that early weight gain (in the first month after the start
of treatment) is a strong predictor of the risk for long-term
overweight and obesity [24]. Therefore, weight should be mon-
itored before and shortly after starting a psychotropic drug and a
5% increase above baseline weight after the first month should
prompt physicians to reconsider therapeutic options or to initi-
ate weight-controlling strategies [24, 25].

Antidepressant Medications

Mean long-term weight changes of ≥ 5% of initial weight are
seen with many antidepressant agents, irrespective of drug
class. In contrast to older data where the highest obesogenic
property was attributed to tricyclic agents, recent long-term
prospective cohort data attribute most weight gain to
mirtazapine, fluoxetine, citalopram, escitalopram, sertraline,
paroxetine, trazodone, venlafaxine, and duloxetine. The mag-
nitude of the weight increase significantly differs by class, and
also within the same class of drugs, significant individual
differences are reported. In most studies, no clear predisposing
individual factors could be identified, although younger pa-
tients seem to be more prone to weight gain than those above
65 years [26].

Antidepressant drug–induced weight gain does not corre-
late with disease severity and also occurs when these drugs are
used in other indications, such as neuropathic pain or anxiety
[27].

Agomelatin, a melatonergic receptor agonist and postsynap-
tic serotonin antagonist, has been shown to be weight neutral
[28].

Only bupropion, a norepinephrine and dopamine reuptake
inhibitor and nicotinic antagonist, has systematically been as-
sociated with weight loss. Bupropion reduces appetite and
food cravings [29]. In combination with naltrexone, it is ap-
proved as an anti-obesity drug in the USA and Europe [30].
Compared to placebo, bupropion/naltrexone combination
therapy results in mean weight losses ranging between 2.5
and 5.2% of initial body weight [31].
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Lithium

In randomized controlled trials, the majority of patients on
lithium therapy for bipolar disorder gain more than 5% of
initial body weight. Risk factors for weight gain are a high
baseline weight, younger age, co-administration of antidepres-
sants, and female sex. Weight gain also seems to be dose-
dependent in some, but not all of the studies [32].

Antipsychotics

The number of individuals in the population receiving anti-
psychotic drugs is surprisingly high, most commonly for psy-
chosis, although antipsychotic drugs are also widely used to

treat other psychiatric conditions like bipolar disorders, atten-
tion deficit disorder, and dementia in the elderly [33, 34].

Typical or “conventional” neuroleptics (phenothiazines,
butyrophenones, and thioxanthines) have been introduced
since the 1950s and are effective antipsychotic drugs because
they are dopamine D2 receptor antagonists, but they all have
major neurological side effects [35]. Therefore, the atypical
antipsychotics or second-generation antipsychotics (SGAP)
are increasingly replacing the conventional neuroleptics.
SGAPs are characterized by a combined activity on both the
D2 and 5-HT2a receptors. Besides their antagonistic effects
on these receptors, they possess diverse pharmacologic inter-
actions with a number of other neurotransmitter receptors
[36].

Table 1 Overview of the
psychotropic drugs and their
mean effect on weight

Drug class Weight loss Weight neutral,
(< 1 kg/year)

Minor weight gain
(1–5 kg/year)

Major weight gain
(> 5 kg/year)

Antidepressants Tricyclic
agents

Amitriptyline

Nortriptyline

Imipramine

Desipramine

Dosulepin

Doxepin

Clomipramine
SSRI Escitalopram paroxetine

citalopram

fluoxetine

sertraline
SNRI Duloxetine

Venlafaxine
MAOI Moclobemide Phenelzine

MT1/MT2 Agomelatine

Other Bupropion

Reboxetine

Trazodone

Nefazodone

Mirtazapine

Maprotiline

Mianserine
Antipsychotics Typical Molindone Haloperidol

Perphenazine
Atypical Aripiprazole

Ziprasidone

Lurasidone

Paliperidone

Iloperidone

Asenapine

Amisulpride

Quetiapine

Risperidone

Sertindole

Clozapine

Olanzapine

Anticonvulsants Topiramate

Zonisamide

Lamotrigine

Levetiracetam

Tiagabine

Oxcarbazepine

Gabapentin

Pregabalin

Valproate

Carbamazepine

Mood
stabilizers

Lithium

SSRI, several selective serotonin reuptake inhibitors; SNRI, serotonin and norepinephrine reuptake inhibitors;
MAOI, monoamine oxidase inhibitors; MT, melatonin receptor
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Up to 80% of patients taking antipsychotic medication ex-
perience weight gain that exceeds their ideal body weight by
20% or more [37]. The largest obesogenic effect is consistent-
ly associated with olanzapine and clozapine. Weight gain–
promoting effects of the antipsychotics seem to be more pro-
nounced in people with a normal body weight at baseline and
more in women than in men. Weight gain is time- and dose-
dependent and can be predicted by weight increases in the first
weeks of treatment. Drug-naïve patients gain significantly
more weight than patients exposed to antipsychotics in the
past and studies in pediatric patients demonstrate greater ab-
solute weight gain in this group than in adults. Patients who
have greater treatment-emergent weight gain are more likely
to benefit from treatment with antipsychotics [24, 38, 39].

Although an increased prevalence of metabolic syndrome
has been reported in drug-naïve patients with diverse psycho-
ses, there is a significant association with longer disease du-
ration and with the intake of clozapine in particular [40, 41].
The development of glucose intolerance and diabetes in pa-
tients taking antipsychotics has also been reported in patients
without significant weight changes [42]. In one 5-year study
of clozapine-treated patients, 52% experienced one or more
episodes of hyperglycemia and 30% were diagnosed as hav-
ing type 2 diabetes [43]. SGAPs increase the synthesis of free
fatty acids and triglycerides in the liver and induce hypertri-
glyceridemia, although newer SGAP appears to have fewer
metabolic side effects [1, 2, 44, 45].

The induction of these metabolic alterations, dyslipidemia,
metabolic syndrome, and type 2 diabetes, contribute to the
higher incidence of cardiovascular disease in patients taking
these drugs. People with psychosis have a 20% shorter life
expectancy than the general population, mainly driven by an
increase in cardiovascular disease [41, 46].

In view of the high cardiometabolic risk associated with
antipsychotic drug use, the American Diabetes Association
and American Psychiatric Association (ADA/APA)
Consensus Development Conference recommends close mon-
itoring of weight and metabolic and cardiovascular risk factors
in all patients taking SGAPs [25].

Mechanisms of Psychotropic Induced Weight Changes
and Metabolic Complications

For a detailed and comprehensive review on the different
mechanisms explaining the metabolic side effects of SGAP,
we refer to the recent work of Singh [47]. Different mecha-
nisms explaining the weight gain have been studied, varying
in importance between the different classes of psychotropic
drugs. SGAP affects central and peripheral neurotransmitter
function and acts on dopaminergic (DA), serotonergic (5-
HT2), histaminergic (H1), adrenergic and muscarinic cholin-
ergic (mACh), and cannabinoid (CB1) receptors, thereby
influencing appetite and satiety, leading to hyperphagia,

excess caloric consumption, and influencing energy homeo-
stasis [36, 48]. The varying affinity of SGAP for these recep-
tors and polymorphisms in the neuroreceptor genes partly ex-
plain the large differences in effects on weight by the different
drugs [38].

Olanzapine and clozapine increase ghrelin release and the
expression of the ghrelin receptor, further leading to decreased
satiety and hyperphagia [49].

Psychosis itself is associated with altered levels of pro-
inflammatory cytokines (e.g., IL-1, IL-6, and TNF-α).
Alterations in the gut microbioma are proposed as another
mechanism linking psychosis and obesity. Indeed, alterations
in the gut microbioma influence the adaptive immune re-
sponse and inflammation, which are implicated not only in
the pathogenesis of psychosis but also in that of obesity and
its metabolic complications [50]. Moreover, chronic SGAP
use also causes dysbiosis of the gut, leading to an increased
Firmicutes:Bacteroides ratio which has been associated with
metabolic side effects. In rats, olanzapine-induced weight gain
can be reversed by specific antibiotic therapy [51].

SGAPs are also associated with reduced adiponectin con-
centrations, possibly further adding to the pre-existing pro-
inflammatory state and increasing insulin resistance.
Moreover, central disruption of inflammatory cytokines and
downregulation of neuroinflammation by SGAPs are associ-
atedwith disturbances in anorexigenic pathways and increases
in food intake [52].

SGAPs promote lipogenesis and enhance antilipolytic ef-
fects of insulin, thereby favoring lipid accumulation and adi-
pocyte enlargement and inducing insulin resistance [40, 53,
54].

SGAPs are associated with a marked increase in insulin
resistance in muscle, adipose tissue, and liver [48], possibly
mediated by impaired GLUT-4 and GLUT-5 glucose trans-
porter function [55]. In addition, a direct impairment of pan-
creatic β-cell function and decreased insulin secretion has
been linked to the affinity of these drugs for the 5HT-1a and
5HT-2 serotonin receptors of the β-cells [48]. SGAPs de-
crease GLP-1 concentrations and as such increase glucagon
synthesis and increase gluconeogenesis and glycogenolysis
[42].

Therapy and Prevention of Antipsychotic Weight Gain

Many studies have evaluated pharmacological and non-
pharmacological approaches to prevent or treat weight gain
that accompanies SGAP treatment. Also, in SGAP-induced
weight gain, diet and exercise represent the mainstay of
weight loss treatment and positively impact metabolic com-
plications and risk factors [56]. Benefits are thought to be the
greatest when delivered as early as possible, before weight
gain has occurred [57].
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Switching to another antipsychotic drug with less potential
for weight and cardiometabolic side effects has been endorsed
by the ADA/APA consensus guidelines in those with more
than 5% weight gain or worsening of their lipid or glycemia
parameters [25, 58].

Reboxetine may reduce olanzapine-induced weight gain in
schizophrenia patients. Weight and metabolic benefits have
also been reported by switching to, or the addition of,
topiramate, amantadine, fluvoxamine, and orlistat [59–61].
With metformin, an attenuation or reduction of weight gain
and an amelioration of the metabolic side effects of SGAP
therapy have been demonstrated, with greater benefits the ear-
lier metformin was started [62]. In a rodent study, the addition
of metformin and berberine prevented the loss of brown fat
induced by olanzapine and was associated with favorable
changes in the expression of several genes controlling energy
expenditure [63].

In patients who are obese or those with diabetes, GLP-1
RA demonstrates long-lasting weight loss and benefits on glu-
cose metabolism [1, 3]. Growing evidence suggests that pa-
tients who are overweight and those with psychosis exhibit
similar structural brain changes, cognitive deficits, and central
neuropeptide alterations, suggesting an overlap between the
pathophysiological pathways of these disorders [64]. GLP-1
RAs have been shown to provide neuroprotective effects in
cerebral degenerative diseases such as Parkinson’s disease,
Huntington’s chorea, and Alzheimer’s dementia [64].
Liraglutide, a once-daily injected GLP-1 RA, reverses
SGAP-induced weight gain, impaired glucose tolerance, met-
abolic side effects, and behavioral depression [65].

Betahistine (an H1 agonist), recently studied in monother-
apy or in combination therapy with metformin, protects
against SGAP-induced weight gain and hyperlipidemia
through modulations of SREBP-1- and PPAR-α-dependent
pathways [66, 67].

Mifepristone (a glucocorticoid and progestin receptor an-
tagonist) attenuated increases in weight and reduced the met-
abolic changes induced by risperidone and olanzapine, sug-
gesting mechanistic involvement of the hypothalamic–pitui-
tary–adrenal axis in the weight and cardiometabolic side ef-
fects of antipsychotic medications [68].

The orally effective selective protein kinase C-β (PKC- β)
inhibitor ruboxistaurin, which is used in treatment of diabetes-
associated retinopathy andmacular edema, attenuates the effects
on adipose tissue differentiation by clozapine in rodents. If this is
shown to be relevant for humans, it could offer a new target for
the prevention of antipsychotic-induced weight gain [69].

Because of the associations between inflammation, adipos-
ity, and psychiatric disease, other therapeutic options being
explored to improve psychiatric symptoms without adverse
metabolic sequelae include COX-2 selective non- steroidal
anti-inflammatory drugs, and monoclonal antibodies against
anti-TNF-α and interleukin-6 [70, 71].

Anti-seizure Drugs

Many of the antiepileptic treatments are associated with
weight change. Most prominent effects are recorded with
valproate and carbamazepine, inducing weight gain in 71%
and 43% of the patients, respectively. Pregabalin and
gabapentin can also induce weight gain and are of particular
importance since they are usedmore andmore in the treatment
of neuropathic pain, including in patients with diabetes.
Weight neutral antiepileptic drugs include lamotrigine, leveti-
racetam, and phenytoin. Some others are associated with
weight loss, including felbamate, topiramate, and zonisamide
[72, 73].

Greater weight gain is associated with longer duration of
treatment with valproate, although most of the weight gain is
observed within the first year, women, post-pubertal adoles-
cents, and those who are overweight before treatment begin
seem to bemost susceptible to weight gain with valproate than
men [74].

Valproate adversely affects glucose and lipid metabolism
that contributes to weight-independent worsening of insulin
resistance, decreased insulin secretion, and an increased risk
for type 2 diabetes [75–77]. Besides its diabetogenic effect,
valproate also induces other features of the metabolic syn-
drome (e.g., dyslipidemia) as well as endothelial dysfunction.
Up to 60% of the patients taking valproate develop non-
alcoholic steatohepatitis, further contributing to insulin resis-
tance, chronic inflammation, and increased risk for cardiovas-
cular disease [78].

With the other anticonvulsants, weight gain can be consid-
erable in susceptible patients [72]. However, in contrast to
valproate, metabolic side effects accompanying use of carba-
mazepine, pregabalin, and gabapentin are thought to be sec-
ondary to the induced weight gain rather than weight-
independent mechanisms [79].

Topiramate and zonisamide have been shown to decrease
body weight, even when studied in populations with obesity
and overweight without any seizure history. Adding
topiramate to another antiepileptic, antipsychotic, or antide-
pressant drug or changing anticonvulsant therapy for
topiramate or zonisamide can help preventing or treating
weight gain that accompanies psychiatric or anticonvulsant
therapy [61, 80]. In the USA, the combination therapy
topiramate/phentermine is approved as an anti-obesity drug
[81].

β-Blockers

The obesogenic propensity of β-blockers has been known for
years [82]. Their use is associated with a slight weight gain of
1 to 4 kg compared to controls, mostly occurring in the first
few months of treatment [82]. Several large trials have linked
β-receptor antagonists to dysglycemia and new-onset
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diabetes, even without significant weight gain [83]. Non-
vasodilating beta-blockers (atenolol, metoprolol, and propran-
olol) in particular are associated with a worsening of glycemic
and lipid parameters. In contrast, vasodilating beta-blockers
(nebivolol, labetolol, and carvedilol) have more favorable
metabolic effects [84].

Corticosteroids

Weight gain and a substantial increase in the risk for type 2
diabetes are generally known side effects of long-term treat-
ment with glucocorticosteroids (GC) [85]. Self-reported data
in patients using chronic corticoid therapy show weight gain
in up to 70% of all patients [86]. The GC-induced weight gain
can be massive, with over 10 kg increases in approximately
20% of patients in their first year of treatment, is dose-depen-
dent, and significantly increases with intakes equivalent to
5 mg prednisone per day. Where older data suggested that
inhaled and topical GCs were metabolically safe, recent data
demonstrate the association of higher doses of inhaled GC
with BMI increases almost twice higher in children with asth-
ma, when compared to those children that were treated with
GC-free treatments [87]. A significant positive association
between exposure to topical CSs and new-onset T2DM was
found in two large adult population-based cohort studies [88].

Glucocorticoids may induce an increase in food intake and
dietary preference for high-caloric, high-fat “comfort foods”
through changes in the activity of AMP-activated protein ki-
nase in the hypothalamus [89–91]. GC decreases thermogen-
esis and uncoupling protein 1 (UCP-1) expression in brown
adipose tissue, thereby influencing metabolic rate [92].
Chronic glucocorticoid therapy or a state of chronic hyperac-
tivation of the hypothalamic–pituitary–adrenal (HPA) axis is
associated with activation of the endocannabinoid (eCB) sys-
tem, which is a potent regulator of food intake and decreases
energy expenditure [93].

Glucocorticoids also affect body fat distribution by increas-
ing visceral fat mass, thereby increasing insulin resistance and
the risk for impaired glucose tolerance, diabetes, and cardio-
vascular disease [94]. Although the mechanisms are not
completely understood, GC acutely stimulates lipolysis
through the activation of hormone-sensitive lipase and an in-
creased catecholamine responsiveness. When this dispropor-
tionately affects fat stores on extremities, it can lead to loss of
these depots, or lipodystrophy, the risk of which has been
reported to be higher among females and younger patients
and increases with a higher baseline body mass index [95].
During chronic administration, GC promotes adipocyte hy-
pertrophy by increasing synthesis and storage of lipids and
enhances adipose tissue hyperplasia by increasing differentia-
tion of preadipocytes to mature adipocytes. Visceral adipose
tissue has a higher glucocorticoid receptor density as com-
pared with other fat depots, which might favor enhanced

expansion of visceral adipose tissue [94]. These differential
effects on visceral and subcutaneous fat may be mediated by
differential regulation of key metabolic genes including lipo-
protein lipase, 11-beta-hydroxysteroid-dehydrogenase-1
(11β-HSD-1), and UCP-1 [94].

Glucocorticoid-induced overexpression of 11β-HSD-1 in
adipose tissue leads to an increase of plasma triglycerides and
cholesterol levels, while 11β-HSD-1 overexpression in liver
promotes insulin resistance, hepatic steatosis, and increased
lipid synthesis [96, 97].

In the liver, glucocorticoids act through peripheral stimu-
lation of the cannabinoid-1 receptor (CB1R), inducing hepatic
lipogenesis, steatosis, and dyslipidemia. By enhancing CB1R
in adipose tissue, glucocorticoids induce insulin resistance
(IR) and obesity. Blocking the peripheral CB1R attenuates
all aspects of metabolic dysregulation by glucocorticoids,
leading the path to potential therapeutic option by selective
peripheral CB1R blockers [93]. These properties make specif-
ic 11β-HSD-1 inhibitors or peripheral CB1R blockers prom-
ising candidate drugs to reverse or prevent glucocorticoid-
induced side effects.

Antiretroviral Therapy

Shortly after the introduction of antiretroviral therapy (ART) for
the treatment of human immunodeficiency virus (HIV) disease,
it became clear that patients on these medications often had
disorders of fat storage and/or wasting (lipodystrophy). The term
“HIV-associated lipodystrophy syndrome” was introduced to
describe a typical loss of subcutaneous fat in the limbs and face
(lipoatrophy) and central or truncal fat accumulation
(lipohypertrophy). This typical form of lipodystrophy is merely
attributed to the first-generation ART, stavudine (d4T), and zi-
dovudine (AZT), in particular when used together with first-
generation protease inhibitors (PIs). However, it still is important
because these drugs are still in use in some (lower resource)
countries. Moreover, these drugs have long-lasting side effects
on body fat distribution and metabolic parameters, even years
after the use of d4T and AZT has been interrupted [98]. In HIV-
infected patients treated with the first-generation ART, the prev-
alence of lipodystrophy ranges from 10 to 80%, depending on
the studied population, duration of ART treatment, and duration
of HIV infection [99].

Adopting modern ART regimens has largely reduced the
incidence of lipodystrophy and metabolic side effects have
markedly evolved, shifting more to weight gain and fat
accumulation.

Weight gain after initiation of ART is more difficult to
define, since it is often difficult to distinguish between genu-
ine weight gain by ART and the weight gain which is seen by
improving infectious parameters and HIV itself. During the
first decades of HIV, weight gain was associated with an im-
provement of the clinical status of the patient, by reversal of
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the catabolic state and wasting induced by the disease.
However, multiple more recent studies also demonstrate that
weight gain after starting anti-HIV treatment is most pro-
nounced in patients with a low baseline weight and in those
individuals with a high viral load and low white blood cell
count, indicating the most advanced HIV status. In these pa-
tients, weight gain may therefore represent effective treatment
of the condition. Yet, weight gain is frequent in patients treat-
ed with ART, even when therapy is started at a very early
stage, as indicated by current guidelines. This is suggestive
of weight gain by the treatment itself [100].

On the other hand, the prevalence of overweight and obe-
sity in HIV patients reflects the trend in weight gain seen in
uninfected patients and the prevalence of overweight and obe-
sity are not higher in treated people with HIV than in the
general Western population. Keeping this in mind, it could
be that the obesogenic environment interacts with anti-HIV
treatment in the documented increases overweight and obesity
[101].

Since their development, PIs were associated with weight
gain. However, a recent systematic review evaluating
lipodystrophy risk with newer PIs showed neutral effects on
peripheral lipoatrophy and conflicting effects on central
lipohypertrophy [102]. Recent data report weight gain with
the newest antiretrovirals such as integrase inhibitors, entry
inhibitors, and more modern PIs and NNRTIs [100].

Where lipoatrophy is typical for HIV-infected patients and
NRTI treatment, the metabolic consequences of the abdomi-
nal fat accumulation seen with other anti-HIV drugs are not
different from those seen in the classical metabolic syndrome.
In HIV-positive patients, however, the metabolic changes can
also be seen without the typical abdominal fat accumulation.
Metabolic consequences such as insulin resistance and dyslip-
idemia associated with ART seem to be more severe than can
be expected from the perceived weight changes [103].

Since HIV is becoming a chronic disease with more and
more patients surviving to longevity, these metabolic side ef-
fects pose a threat to a significant increase of the risk for
diabetes, cardiovascular, and liver disease (e.g., steatosis and
cirrhosis) in this population [104]. In the non-HIV-infected
population, weight gain and obesity are well-documented risk
factors for diabetes and CVD, and to premature mortality
[105]. However, although overweight and obesity during
HIV treatment definitely increases the risk of developing dia-
betes and CVD, a higher BMI has also been associated with
more effective virological suppression, higher CD4+ counts,
slower disease progression, and decreased mortality [100,
106, 107].

Mechanisms of HIV-Induced Lipodystrophy and Weight Gain

Lipodystrophy is considered to be multifactorial, resulting
from the complex interaction of host characteristics, HIV-

related effects, and antiretroviral drug-specific factors. While
lipodystrophy is clearly linked to antiretroviral therapy, dis-
turbances in adipose tissue gene expression are present in
treatment-naïve patients with HIV, indicating that HIV-1 in-
fection itself likely creates alterations in adipose tissue that are
worsened by antiretroviral therapy [108, 109].

Adipose tissue serves as a reservoir for HIV virus, altering
the adipose tissue environment and causing adipose tissue
inflammation, dysfunction, and hypertrophy [108].
Therefore, it appears that HIV-1 infection itself initiates a first
wave of alterations in adipose tissue that is amplified by ART.

The older NRTIs, stavudine and zidovudine in particular,
inhibit mitochondrial DNA polymerase-γ within adipocytes
causing mtDNA depletion and mitochondrial dysfunction and
oxidative stress in subcutaneous adipose tissue (SAT).
Together with a genetic predisposition (mt haplogroups) and
mitochondrial dysfunction secondary to HIV itself, they in-
hibit adipogenesis and adipocyte differentiation, subsequently
promoting apoptosis, adipose tissue inflammation, and fibro-
sis [110, 111].

Increases in proinflammatory cytokines inhibit adipocyte
differentiation and increase apoptosis and lipolysis, finally
inducing dyslipidemia and insulin resistance. In addition, in-
creased fat tissue fibrosis and lipohypertrophy are associated
with ectopic fat accumulation in liver, muscle, and heart, fur-
ther increasing cardiometabolic complications [112, 113].

PIs are more closely associated with lipo-accumulation,
especially increases in VAT, and interfere with adipocyte mat-
uration and differentiation [114]. Older PIs (indinavir,
lopinavir, and ritonavir in particular) induce hyperlipidemia
and liver steatosis by excess fatty acid synthesis and altering
the expression of several transcriptase genes (e.g., SREBP-1,
PPAR γ,…) [113].

They are associated with abnormalities in glucose tolerance
and their use is associated with a threefold increase in the risk
of diabetes compared to other treatment options. PIs increase
insulin resistance by interfering with the GLUT-4 glucose
transporter and decrease insulin secretion through direct ef-
fects on β-cell function. Newer PIs like darunavir and
atazanavir and integrase inhibitors (INSTIs) have only limited
effects on glucose metabolism [113, 115].

Therapy of HIV-Associated Lipodystrophy

In patients with visceral fat accumulation and obesity, treat-
ment is not different from that of the non-HIV infected
population.

The use of the older NRTIs, stavudine, or zidovudine has
decreased dramatically since the last decennium, thereby re-
ducing the incidence of lipoatrophy. However, patients that
have taken these drugs in the past can suffer from the compli-
cations of lipodystrophy years after withdrawal of these drugs.
Switching from stavudine to other NRTIs has been shown to
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improve mitochondrial indices, reduce fat apoptosis, and de-
crease some adipose tissue markers of inflammation [113,
116]. A switch from NRTI and NNRTI to protease inhibitors
showed no weight changes whereas a switch to newer
integrase inhibitors may cause even greater weight gain [117].

Pituitary growth hormone (GH) secretion is decreased in
HIV patients. The FDA approved tesamorelin, a recombinant
human GH-releasing hormone, for the treatment of excess
abdominal fat in HIV-infected patients. Tesamorelin de-
creases VAT by 15 to 18%, with a significant improvement
of triglyceride and cholesterol levels. Despite this reduction in
VAT, a small but statistically significant increase in HbA1c is
seen in subjects receiving tesamorelin. Therefore, monitoring
of IGF-1 and glycemic parameters is warranted [118].

Metformin is associated with small reductions of VAT in
patients with glucose intolerance and abdominal obesity.
However, in patients with lipoatrophy, metformin should be
used with caution, since a further decrease of subcutaneous fat
can be induced.

Doleglutavir increases plasma metformin concentration
and total daily dose of metformin therefore should not exceed
1000 mg in patients treated with doleglutavir [99].

Glucose-intolerant patients on antiretroviral therapy dis-
play an altered GLP-1 response to oral glucose and GLP-1
RA may ameliorate the metabolic side effects associated with
antiretroviral therapy [119, 120].

For patients with morbid obesity and/or major obesity-
related diseases, bariatric surgery can be considered. An aver-
age of 20% reduction of initial BMI improved body compo-
sition and metabolic status was observed in patients after bar-
iatric surgery, similarly to non-HIV patients with obesity.
However, ART treatment should be monitored to control
HIV infection and some ART doses should be adjusted fol-
lowing this degree of weight loss [121].

Lipodystrophy-associated changes in adipokine concentra-
tion could be the basis of future therapeutic options. Leptin
and adiponectin decreases have been demonstrated in patients
with lipodystrophy. Treatment with recombinant human lep-
tin increases adiponectin levels and could potentially add a
positive contribution in the treatment of insulin resistance,
dyslipidemia, and hepatic steatosis in patients with HIV and
lipodystrophy [122].

Conclusion

Many commonly used drugs, antipsychotics, antidepressants,
and medications used in the treatment of HIV in particular
have metabolic side effects such as weight gain and increase
the risk of diabetes and cardiovascular disease. Although the
frequency of metabolic complications appears to be lower for
more recently developed products, it remains important to
continue to pay attention to these metabolic complications,

especially in view of the high frequency of obesity in the
general population.

Where possible, the use of metabolically safe medications
should be preferred over drugs with known side effects. It
remains important to monitor patients treated with these drugs
closely, to take preventative measures to avoid additional met-
abolic complications timely and to initiate weight-losing treat-
ments when needed.

Additional research is needed in the search for efficient and
early methods or biomarkers to identify those patients at the
highest risk. Finally, it is important to set up thorough and
large-scale studies to study the most efficient treatment of
the metabolic complications in this target group.
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