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Objectives

At the conclusion of the presentation, learners will be more able to
1. describe what is known about the biology of regulation of body weight and 
body composition;
2. describe the medications currently approved for chronic weight management 
within the context of drug development attempts over the last 100 years; 
3. relate how medications approved for various indications can influence weight 
and body composition; and  
4. discuss future approaches to obesity treatment with medications with the 
goal of optimizing body composition and function.   
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Genetic Contribution to Body Habitus

Borjeson M. Acta Paediatr Scand. 1976;65(3):279-287.
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Gut Microbiota changes
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Endocrine disruptors Hypoglycemia
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Somatic 
Changes 

During 
Puberty

◦ Lean mass increases steadily from onset to 
completion of puberty but is greater in males.
◦ At the onset of puberty there is an increase in 
fat accumulation in females and a decrease in 
males.
◦ At time of somatic maturation, females have 
twice the body fat of males.
◦ 17% body fat required for onset of menses and 
22% body fat required for maintenance of 
menses.

Barnes HV. Physical Growth and Development During Puberty. Medical Clinics of North America- Vol. 59, 
No. 6, November 1975. 1305-1317.



Most people gain weight over early and mid adulthood and 
lose weight (lean mass) beginning in mid-60’s.

Yang, Y.C et al. Life-course trajectories of body mass index from adolescence to old age: Racial and educational disparities. Proc. Natl. Acad. Sci. USA 2021, 118, e2020167118.



Somatic 
Changes 
During 
Menopause

◦Weight gain is 0.5 kg/year during midlife

◦Weight per se is not related to menopause

◦Changes in body fat composition and 
distribution are related to ovarian hormones

◦Matching for age, peri and post menopausal 
women have more fat mass and visceral fat than 
pre menopausal women

10Davis SR, et al.  Climacteric 2012; 15:419-429.



Body Fat Redistribution During Menopause 
(age-matched women)

11
Genazzani AR, Gambacciani M. Gynecological Endocrinology. 2006; 22(3): 145–150



Complex 
Peripheral Signals 
are Integrated 
Into CNS Systems 
to Regulate Body 
Weight

1. Yu JH et al. Diabetes Metab J. 2012;36(6):391-398.
2. Mendieta-Zerón H et al. Gen Comp Endocrinol. 2008;155:481-495.
3. Grannell A, et al. Muscles 2022, 1, 26–47.

CNS, central nervous system
PfC, prefrontal cortex 
NAc, nucleus accumbens
VTA, ventral tegmental area
PP, pancreatic polypeptide
CCK, cholecystokinin; 
GLP-1, glucagon-like peptide 1
OXM, oxyntomodulin
PYY, peptide YY. 
Primarily based on data from animal studies.

Peripheral signals are 
relayed to brain 
systems via blood and 
Vagus Nerve 1,2

Peripheral 
signals are 
released 
by pancreas, 
gastrointestinal 
system, and 
adipose tissue1,2

Brain systems (homeostatic and 
reward) receive and integrate 

peripheral and other CNS signals 
(eg, dopamine, serotonin)1,2

Leptin, insulin, and ghrelin              
are integrated directly into

Hypothalamus

Appetite Stimulating
Appetite Suppressing

Myokines3
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Progress in Anti-Obesity Pharmacotherapies1-4

1. Pilitsi E, et al. Metabolism. 2019;92:170-192.
2. Müller TD, et al. Nat Rev Drug Discov. 2021;1-23.
3. Onakpoya IJ, et al. BMC Med. 2016;14:191.
4. https://www.ajmc.com/view/fda-approves-diabetes-drug-tirzepatide-for-chronic-weight-management

*Approved for short term use in the US   

Rainbow Pills 
(withdrawn 1968)

Amphetamine 
(withdrawn 1979)

2,4 Dinitrophenol
(withdrawn 1938)

Clobenzorex 
(withdrawn 2000)

Mazindol
(withdrawn 1987)

Sibutramine
(withdrawn 2010)

Orlistat (1999)

Dexfenfluramine 
(withdrawn 1997)

Phentermine/
topiramate 

Lorcaserin 
(withdrawn 2020)

Liraglutide 3.0 mg
Naltrexone/bupropion

Semaglutide 
2.4 mg

Phentermine*

Phenmetrazine*
(withdrawn 1982) 

Desoxyephedrine 
(withdrawn 1973)

Diethylpropion*

Benzphetamine*

Phendimetrazine*

Fenfluramine 
(withdrawn 1997)

1933 1939 1944 1956 1970 1973 1995 2014 20211959 1960 1961 1963 1997 1999 2006 2012

Rimonabant 
(withdrawn 2007)

Slide courtesy Louis J. Aronne, M.D.

AOMs = Antiobesity medications

Withdrawn AOMs

AOMs on market

2023

Tirzepatide
5, 10, 15 mg
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Percent weight loss (drug vs placebo) for anti-obesity medications

Phen/TPM NAL/BUP Liraglutide Semaglutide

Drug
Placebo

Allison DB, et al. Obesity. 2012;20(2):330-342. [EQUIP]; Gadde KM, et al. Lancet. 2011;37:1341-1352. [CONQER]; Greenway FL, et al. Lancet. 2010;376:595-605. [COR I];
Apovian CM, et al. Obesity. 2013;21:935-943 [COR II]; Wadden TA, et al. Obesity. 2011;19(1):110-120. [COR-BMOD]; Pi-Sunyer X, et al. N Engl J Med. 2015;373(1):11-22. [SCALE];
Wadden TA, et al. Int J Obes. 2013;37:1443-1451. [SCALE MAIN]; Wilding JPH, et al. N Engl J Med. 2021;384(11):989-1002 [STEP 1]; Wadden TA, et al. JAMA. 2021;325(14):1403-1413. [STEP 3];  Rubino E, et 
al. JAMA 2021;325(14):1414-1425 [STEP 4]; Jastreboff A, et al. N Engl J Med 2022 Jun 4, DOI: 10.1056/NEJMoa2206038.
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A Decade of Obesity Drug Discovery
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Drugs That Cause Weight Gain 

(1) Kushner RF, Ryan DH. JAMA. 2014;312:943-952. (2) Apovian CM, et al. J Clin Endocrinol Metab. 2015;100:342-362.

Category Drugs That May Cause 
Weight Gain Possible Alternatives

Neuroleptics Thioridazine, haloperidol, olanzapine, 
quetiapine, risperidone, clozapine Ziprasidone, aripiprazole

Antidiabetic agents Insulin, sulfonylureas, thiazolidinediones AGIs, DPP-4is, SGLT2is,  
GLP-1 RAs, metformin

Steroid hormones Glucocorticoids, progestational steroids and 
contraceptives Barrier methods, NSAIDs

Tricyclic
antidepressants

Amitriptyline, nortriptyline, imipramine, 
doxepin

Protriptyline, bupropion, 
nefazodone

MAOIs Phenelzine
SSRIs Paroxetine Fluoxetine, sertraline
Other antidepressants Mirtazapine, duloxetine Bupropion

Anticonvulsants Valproate, carbamazepine, gabapentin, 
pregabalin, vigabatrin

Topiramate, lamotrigine, 
zonisamide, felbamate

Antihistamines Cyproheptadine Inhalers, decongestants
β- and α-blockers Propranolol, doxazosin ACEi, CCBs



Pillinger T, et al.  Comparative effects of 18 antipsychotics on metabolic function in patients with schizophrenia, predictors of metabolic dysregulation, 
and association with psychopathology: a systematic review and network meta-analysis. The Lancet Psychiatry, Volume 7, Issue 1, 64 - 77

Heat Map: Weight and Metabolic effects of Antipsychotics



Antipsychotic Associated Weight Gain 
Mechanism of Action (MOA)  

MOA of antipsychotics – Central effects

◦ First generation antipsychotics are mostly dopamine antagonists, especially D2. Some are  
norepinephrine blockers, cholinergic blockers or histaminergic blockers.

◦ Second generation antipsychotics are serotonin 5-HT2A and 5-HT2C antagonists, many also are 
dopamine antagonists

Antiobesity Medication MOA – Central effects

◦ Lorcaserin –5 HT2C agonist

◦ Bupropion (Naltrexone/Bupropion) – dopamine and norepinephrine re-uptake inhibitor

◦ Phentermine – norepinephrine release

◦ Semaglutide, tirezepatide – GLP-1 RA (multiple brain areas)



Antidepressants

OMA Obesity Algorithm 2023



HIV medications 

◦ May Increase Body Weight
◦ Some highly active antiretroviral therapies (HAART) protease inhibitors 

without HIV-associated lipodystrophy

◦ May Alter Body Composition
◦ HAART protease inhibitors may increase abdominal and visceral fat, and 

produce HIV-associated lipodystrophy

OMA Obesity Algorithm 2023



Weight Change with Hormones

◦ Glucocorticoids 
◦ Can increase weight and create truncal fat distribution

◦ Progestin contraceptives 
◦ Injectable or Implantable progestins have greatest risk for weight gain

◦ Testosterone
◦ When used to replace testosterone in testosterone deficiency in men, 

reduces % body fat and increases lean mass

OMA Obesity Algorithm 2023
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What is the goal of weight loss?

Christoffersen BØ, et al. Obesity (Silver Spring). 2022 Apr;30(4):841-857. 

GOAL: Loss of excess abnormal fat mass, preservation of lean mass, optimizing organ function

25
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Increased risk of frailty 
fractures in Look AHEAD 

intensive lifestyle 
intervention.

Look AHEAD Trial – Modest Weight Loss and Frailty Fractures  



Emerging Approaches to Improving Body 
Composition with Weight Loss
• Activin and Myostatin as targets

• Bimagrumab - Monoclonal Ab blocks ActRIIB signaling
• Taldefgrobep alfa – an adnectin that blocks active myostatin and 
inhibits ActRIIB signaling

• Apitegromab – Monoclonal Ab targets pro- and latent Myostatin

◦Selective Androgen Receptor Modulators
◦ Enobosarm



The Last Word

• Medications can promote weight loss or weight gain, body 
composition improvement or body composition deterioration, and 
metabolic improvement or metabolic deterioration. 

• We need to improve our understanding of these processes, bearing 
in mind that the goal of obesity management is not reducing body 
size, but improving body function and body health. 



THANK YOU!

Questions?

ryandh@pbrc.edu
Donna H. Ryan, MD

Pennington Biomedical Research Center
Baton Rouge, LA 

mailto:ryandh@pbrc.edu


Antipsychotic Drugs and 
Effects on Weight

Most consistently increase weight (kg)

◦ Olanzapine 9.06

◦ Haloperidol 7.97

◦ Risperidone 7.81

◦ Clozapine 6.21

◦ Quetiapine 6.14

Neutral/variable effects on weight (kg)

◦ Aripiprazole 3.31

◦ Ziprasidone 2.18

◦ Paliperidone 1.24

Bak M et al. PLOS ONE 2021, Feb 17



Metformin in antipsychotic weight gain
• Meta analysis 12 studies, 743 patients, metformin produced -3.24% weight loss 

and metabolic improvement.
de Silva et al. Metformin in prevention and treatment of antipsychotic induced weight gain: a systematic review and meta-analysis. BMC Psychiatry (2016) 16:341

Liraglutide for antipsychotic weight gain
◦ Randomized trial of 103 patients on olanzapine or clozapine.  Liraglutide 3 mg 

produced -5.3 kg and metabolic improvement.
Larsen JR, et al. Effect of Liraglutide Treatment on Prediabetes and Overweight or Obesity in Clozapine- or Olanzapine-Treated Patients With Schizophrenia Spectrum 
Disorder: A Randomized Clinical Trial. JAMA Psychiatry. 2017 Jul 1;74(7):719-728.

Topiramate for antipsychotic weight gain
◦ Review of meta-analysis and randomized trials. Modest loss 1.27 to 3.95 kg at 

12 weeks
Generali JA, Cada DJ. Topiramate: antipsychotic-induced weight gain. Hosp Pharm. 2014;49(4):345-347. 

◦ Semaglutide (awaiting studies)
Sass et al. BMJ Open 2023:13e068652; 

Medicating for Antipsychotic Weight Gain



Hypnotics and Mood Stabilizers and Body 
Weight effects

OMA Obesity Algorithm 2023

Mood Stabilizers



Cardiovascular Medications May Increase Weight

Beta blockers
• Propanolol
• Atenolol
• Metoprolol
• ? Carvedilol

Calcium channel blockers
• Older and less lipophilic 

dihydropyridine ca channel 
blockers

• Nifedipine
• Amlodipine

OMA Obesity Algorithm 2023



Weight Change with 
Diabetes Medications 

Weight Gain Weight Neutral Weight Loss

Insulin Alpha-glucosidase inhibitors GLP-1 Receptor Agonists

Meglitinides Bromocriptine Metformin

Sulfonylureas Colesevelam Pramlintide

Thiazolidinediones DPP-4 inhibitors SGLT2 inhibitors



Chemotherapies and Anti-Inflammatory Agents

◦ May Increase Body Weight
◦ Tamoxifen
◦ Cyclphosphamide
◦ Methotrexate
◦ 5-fluorouracil
◦ Aromatase inhibitors
◦ TNF-α inhibitors

◦ May Decrease Body Weight
◦ Apremilast

OMA Obesity Algorithm 2023
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