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Abstract 
 

Antidepressants remain among the most widely prescribed medications for major 
depressive disorder and related conditions, yet their therapeutic benefits are often followed up 
with unwanted metabolic side effects. A growing body of research indicates that selective 
serotonin reuptake inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs), and 
tricyclic antidepressants (TCAs) can lead to significant weight gain, raising concerns about 
long-term adherence and patient health outcomes. This article examines the pharmacological 
effects of these drug classes, focusing on how their actions on serotonin, norepinephrine, and 
other neurotransmitter systems can alter appetite, metabolism, and energy balance. Emphasis 
is given to the role of serotonin in satiety and carbohydrate craving, and the action of 
norepinephrine in affecting metabolic rate. The biochemistry of depression itself is also 
considered, since changes in neurotransmitter signaling from disease converge on drug effects 
in complex fashion. Contemporary clinical research highlights genetic factors of weight gain risk 
both between and within antidepressant classes, with some drugs, such as bupropion, emerging 
as weight-neutral alternatives. The discussion summarizes these findings in the perspective of 
clinical practice, both the challenge patients have in balancing mental health treatment with 
physical health and the imperative of individualized prescribing. Lastly, the findings underscore 
the ongoing need for both the creation of antidepressants that do not sacrifice efficacy for 
adverse metabolic consequences and for clinicians to closely monitor and assist patients in 
managing both mood and metabolic health. 
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Introduction​  

Psychiatric diseases affect various age demographics globally, regardless of age, gender, 
and socioeconomic status. According to the World Health Organization (WHO) nearly one in 
eight people worldwide, over 970 million people, live with a mental disorder, with anxiety and 
depression being the most common (2022). In the United States alone, it is estimated that more 
than one in five adults lives with a mental illness (NIMH, 2023). The conditions patients 
experience are not only emotionally disruptive but can also lead to long-term physical conditions 
if not treated properly. The persistence and prevalence of mental health disorders emphasize 
the need for effective medical intervention, especially in forms suitable for long-term use. Among 
psychiatric conditions, Major Depressive Disorder (MDD) and Generalized Anxiety Disorder 
(GAD) are especially common, affecting 6.8 million adults in the US and often treated with 
medications associated with weight gain (Anxiety and Depression Association of America, 
2025). MDD is characterized by persistent sadness, fatigue, loss of interest, changes in appetite 
or sleep, and impaired concentration(American Psychiatric Association [APA], 2013). 

1 



 Neurobiologically, MDD is associated with irregular signaling of serotonin, 
norepinephrine, and dopamine, neurotransmitters involved in mood regulation, energy, and 
reward (Malhi & Mann, 2018). GAD, marked by excessive and uncontrollable worry about 
everyday situations, is also linked to disruptions in similar neurotransmitter pathways, as well as 
hyperactivation of the hypothalamic-pituitary-adrenal (HPA) axis (Stahl, 2021). Pharmacological 
treatments are often necessary for moderate to severe cases of both disorders as therapy 
alone. 
​ Medications used to treat mood and anxiety disorders are among the most commonly 
prescribed psychotropic drugs, including. These include Selective Serotonin Reuptake Inhibitors 
(SSRIs), Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs), Tricyclic Antidepressants 
(TCAs), Monoamine Oxidase Inhibitors (MAOIs), and newer agents like vortioxetine and 
bupropion. They work by extending the availability of key neurotransmitters in the synaptic cleft, 
which helps revive emotional and cognitive function (Stahl, 2021). While these medications can 
transform patients’ lives by greatly enhancing their quality of life, long-term use is often 
complicated by weight gain, a side effect reported in varying degrees across nearly all classes 
(Seretti & Mandelli, 2010).  
​ Antipsychotics, though more commonly prescribed for schizophrenia and bipolar disorder, 
are sometimes in combination therapy for depression and anxiety. These include typical 
antipsychotics (first-generation) like haloperidol, and atypical antipsychotics (second-generation) 
such as olanzapine, clozapine, and risperidone. While highly effective in managing psychotic 
symptoms, the second-generation antipsychotics are more prone to create side effects of weight 
gain and metabolic syndrome. However, because antipsychotic medications are used to treat 
more severe psychiatric conditions compared to antidepressants, their side effects, such as 
weight gain, are overlooked as a secondary concern, as managing the primary illness takes 
priority. And thus the usages of antipsychotic medications in non-psychotic disorders such as 
MDD are a matter of clinical debate (Allison et al., 1999; Baptista et al., 2002). 
​ As it is shown in the complex interplay between psychiatric medications, neurotransmitter 
systems, and metabolic regulation, it is critical to examine which drugs are most associated with 
weight gain and how these effects manifest at the cellular and biochemical level. Understanding 
these mechanisms can help inform treatment decisions and guide the development of more 
metabolically safe options. Specifically, targeting either weight-neutral or weight-reducing 
alternatives, or incorporating behavioral and dietary interventions alongside pharmacotherapy 
might allow clinicians to enhance the efficiency and tolerability. The goal of this paper is 
threefold: One, to identify the drug classes most associated with weight gain in the treatment of 
mood and anxiety disorders. Two, to explain how these drugs biologically induce weight gain on 
a cellular and molecular level. Three, to emphasize the importance of safer, weight-neutral 
alternatives in psychiatric care. By recognizing the biochemical mechanisms of drug-induced 
weight gain, the medical world could optimize treatment strategies to protect both the mental 
and physical health of the patients. 
 
Main Body: weight gain and its effects and psychiatric medications that induce it 

Weight gain isn’t a trivial side effect. From a biological perspective, it reflects a border 
disruption of metabolic and hormonal homeostasis. On a psychological level, it can lead to 
reduced medication adherence, worsening self-esteem, and even symptom relapse as a result. 
The side effect of weight gain is concerning for patients with mood and anxiety disorders 
because they  may already struggle with body image or disordered eating. Research has shown 
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that weight gain contributes to increased risk for obesity, type 2 diabetes, cardiovascular 
disease, and early mortality (De Hert et al., 2011). Furthermore, the experience of weight gain 
can be psychologically draining— potentially reinforcing the very depressive symptoms that the 
medication is intended to mitigate. For example, a patient gaining weight may experience low 
self-esteem and turn to emotional eating as a coping strategy, creating an endless cycle of 
weight gain and mood symptoms in a vicious cycle (Zimmermann et al., 2003).  
​ This issue is made more complex by the variability in weight-related effects among 
different antidepressants and antipsychotics, as well as the variability due the uniqueness of 
each patient. For example, SSRIs like paroxetine are associated with significant weight gain, 
while fluoxetine or sertraline show more moderate or neutral effects (Fava, 2000; Serretti & 
Mandelli, 2010). Among antipsychotics, olanzapine and clozapine are among the most 
obesogenic, with weight gains exceeding 4–5 kg (8.8 lbs-11.0 lbs) within just 10–12 weeks of 
treatment in some studies (Allison et al., 1999). In contrast, Bupropion, a 
norepinephrine-dopamine reuptake inhibitor (NDRI), is one of the few antidepressants shown to 
promote weight loss, making it a viable alternative in patients concerned about metabolic side 
effects (Anderson et al., 2002).  
 
SSRIs: Selective Serotonin Reuptake Inhibitors 
​ Selective Serotonin reuptake inhibitors, in short, SSRIs, are the most commonly 
prescribed class of antidepressants and are considered first-line pharmacological treatments for 
Major Depressive Disorder (MDD) and Generalized Anxiety Disorder (GAD). They function by 
selectively inhibiting the serotonin transporter (SERT), thereby increasing synaptic 
concentrations of serotonin (also known as 5-HT) in the central nervous system (Fig 1).  In 
patients with MDD, lower levels of circulating serotonin have been evident, contributing to 
dysregulated mood and appetite (Katzman et al., 2022). Serotonin regulates mood, appetite, 
and satiety through its action in areas of the brain such as the hypothalamus. By preventing 
reuptake, SSRIs aim to normalize serotonergic signaling and alleviate depressive symptoms. 
​ Despite their effectiveness, SSRIs are frequently associated with weight gain during 
long-term use. This adverse effect is thought to be multifactorial. First, we must consider the role 
of serotonin, which plays an important role in appetite regulation. Chronic SSRI treatment can 
cause 5-HT₁A autoreceptors to become less sensitive, which allows serotonin neurons to fire 
more consistently. Because serotonin also helps regulate hunger and satiety, these changes 
may alter appetite signals in the brain and contribute to weight gain (Commons et al., 2019). 
Whether such desensitization occurs in hypothalamic neurons involved in satiety control 
remains to be established. In addition to effects on appetite, SSRIs may also influence 
metabolism more broadly by altering insulin sensitivity and lipid processing, which could further 
contribute to weight gain (Chiba et al., 2021).  
​ Paroxetine (Paxil) is one of the SSRIs most strongly associated with weight gain. A 
systematic review by Fava (2020) found that around 25% of patients treated with paroxetine for 
more than six months experienced significant weight gain (>7% of baseline body weight). In 
contrast, other SSRIs like fluoxetine or sertraline show more moderate effects, although weight 
gain can vary significantly across individuals, with some patients experiencing early weight loss 
followed by delayed gain (Chiba et al., 2021). These inconsistencies highlight the need for 
long-term monitoring in clinical practice. 
 
SNRIs: Serotonin-Norepinephrine Reuptake Inhibitors 
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​ Serotonin-norepinephrine reuptake inhibitors (SNRIs), such as venlafaxine and 
duloxetine, are another major class of antidepressants that target both the serotonin and 
norepinephrine transporters (SERT and NET). Norepinephrine is involved in attention, arousal, 
and the regulation of energy expenditure and metabolism through adrenergic pathways in both 
the brain and peripheral tissues. Like serotonin, reduced norepinephrine transmission is 
implicated in depressive symptoms (Delgado, 2000). 
​ Therefore, by increasing extracellular levels of both neurotransmitters, SNRIs provide 
simultaneous treatment for depression and anxiety disorders. However, the additional targeting 
of norepinephrine can result in the production of distinct metabolic consequences. For instance, 
norepinephrine can increase energy expenditure (thermogenesis) and break down fat stores 
(lipolysis) through β-adrenergic receptor activation. These effects may either counteract or 
amplify the appetite-increasing effects of serotonin reuptake inhibition, influencing whether 
weight gain occurs (Hainer et al., 2006). 
​ Compared to SSRIs, SNRIs are usually associated with a lower number of cases of 
weight gain. Duloxetine has been shown to have a relatively weight-neutral effect, with some 
clinical studies reporting minimal to no significant weight changes during short-term treatment 
(Wise, Mace, Krause, & Nelson, 2006). Venlafaxine shows a similar profile, although weight gain 
may occur after extended use. The process behind these differences is still under investigation, 
but it is likely that norepinephrine’s role in inducing energy expenditure provides partial 
protection against weight accumulation.  
 
TCAs: Tricyclic Antidepressants 
​ Tricyclic antidepressants (TCAs) represent an older class of antidepressants that are now 
reserved for cases that are treatment-resistant due to their unfavorable side effect profile. 
Studies show a substantial decline in TCA use for depression, with some reports indicating they 
were used in only 2% of patients with depression in 2001, compared to 47% in 1987 A 
MEPS-based study through 2015 reported that amitriptyline comprised ~2.0% of antidepressant 
monotherapy prescriptions, indicating TCAs remained a small minority of depression 
monotherapy by 2015. It is important to note that more recent prescription-count databases still 
record substantial absolute numbers of TCA prescriptions (often for pain, insomnia, or low-dose 
uses), but those counts do not directly measure the percentage of patients diagnosed with 
depression receiving TCAs. TCAs function by blocking the reuptake of both serotonin and 
norepinephrine, but they also antagonize various other receptors, including histamine (H1), 
muscarinic acetylcholine, and α-adrenergic receptors. These off-target effects can contribute 
dramatically to weight gain and other adverse effects such as sedation and anticholinergic 
symptoms (such as dry mouth, constipation, blurred vision, and urinary retention), which in the 
long term limit their clinical use.  

One of the most prominently studied TCAs, amitriptyline, is associated with substantial 
weight gain. According to clinical data, about 25% of people taking amitriptyline report weight 
gain, often due to increased appetite and slower metabolism (Hers, 2022). The predominant 
reason behind this weight gain is believed to be H1 histamine receptor antagonism in the 
hypothalamus that enhances appetite and reduces satiety. In addition, muscarinic M3 receptor 
antagonism has been associated with impaired insulin secretion and signaling, which leads to 
glucose dysregulation, imbalances in blood sugar levels,  and an increased risk of metabolic 
syndrome (Grajales et al., 2019). 
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​ The severity of weight gain caused by TCAs is normally greater than that of SSRIs and 
SNRIs, making them a less favorable option for patients at risk of obesity or type 2 diabetes. 
Moreover, TCAs are associated with sharp cardiotoxicity (damage to the heart or impairment of 
heart function that can lead to irregular heartbeats, reduced heart function, or other 
cardiovascular problems), especially in overdose scenarios, further limiting their utility. Due to 
these risks, TCAs like amitriptyline are now rarely prescribed unless newer agents with more 
moderate side effects fail to produce adequate results. 

 
Fig. 1 | Serotonin-related Antidepressants Mechanism of Action (SSRIs, SNRIs, TCAs) | 
The figure on the left side (normal) illustrates that Serotonin (5-HT) is made from tryptophan 
inside the neuron. When released into the synaptic left, serotonin binds to receptors, passing 
along the signal. Normally, extra Serotonin is removed from the cleft by a 5-HT reuptake 
transporter. The figure on the right side (antidepressant action) illustrates that SSRIs, SNRIs, 
and TCAs block this serotonin reuptake transporter. And as a result, more serotonin remains in 
the synaptic cleft for longer, causing the increased serotonin signaling. That leads to 
improvement in mood and relief of depression. 
 
 
NaSSAs (Noradrenergic and Specific Serotonergic Antidepressants) 
​ NaSSAs, such as mirtazapine, amplify serotonin and norepinephrine release by 
antagonizing α₂-adrenergic autoreceptors, and also block histamine H₁ receptors, which is a 
unique pharmaceutical profile (Watanabe et al., 2010). This histamine H₁ antagonism 
contributes to mirtazapine’s sedative and appetite-stimulating effects, making it beneficial for 
depressed patients with comorbid insomnia or weight loss, yet it also increases the risk of 
weight gain and daytime drowsiness. 
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Mirtazapine is greatly associated with significant weight gain. A pooled analysis of 
randomized U.S. clinical trials found that approximately 7.5% of adult patients experienced 
weight gain of ≥ 7% of baseline body weight, compared with none in the placebo group. In 
pediatric data, 49% of mirtazapine-treated youth gained ≥ 7% body weight (FDA label, 2020). 
From a mechanistic aspect, its strong H₁ antagonism is implicated in appetite stimulation and 
subsequent metabolic effects, including dyslipidemia - abnormal blood lipid levels that can 
increase cardiovascular risk (Lechner et al., 2023). 
 
MAOIs (Monoamine Oxidase Inhibitors) 

MAOIssuch as phenelzine, isocarboxazid, and tranylcypromine raise synaptic levels of 
serotonin, norepinephrine, and dopamine through irreversibly inhibiting the monoamine oxidase 
enzyme (MAO-A and MAO-B), which are responsible for breaking down monoamine 
neurotransmitters through oxidative deamination (Fig. 2). MAO-A mainly breaks down serotonin 
and norepinephrine, whereas MAO-B primarily affects dopamine and various trace amines. By 
inhibiting these enzymes, MAOIs halt the breakdown of serotonin, norepinephrine, and 
dopamine, leading to higher levels of these neurotransmitters in the presynaptic neuron, which 
are then released into the synaptic cleft. This increased availability boosts the activation of 
postsynaptic receptors, enhancing mood, motivation, and energy in individuals suffering from 
depression. The overall rise in monoamine signaling accounts for both the effectiveness of 
MAOIs and the risks of serious interactions, such as hypertensive crises from consuming 
tyramine-rich foods or serotonin syndrome when taken with other serotonergic substances. 
Although they are effective, especially for the patients who are resistant to typical treatments, 
they are now infrequently prescribed due to serious dietary restrictions such as avoidance of 
aged cheese, cured meats, fermented foods, and alcoholic beverages, etc. since MAOIs 
prevent the degradation of tyramine, a compound present in specific food items. If patients on 
MAOIs eat foods rich in tyramine, it can result in a critical increase in blood pressure referred to 
as a hypertensive crisis. This condition may lead to intense headaches, elevated heart rates, 
and potentially stroke. In addition, hypertensive risk is similar to tricyclic antidepressants (TCAs). 

Weight gain is a notable side effect, especially with phenelzine, which has been most 
notably related with this issue. In one review, 68% of phenelzine-treated patients gained weight, 
with mean gains of 9.1 kg (20.1 lbs) and 6.8 kg (15 lbs) in different subgroups. The 
phenomenon is believed to result from MAOIs' overall increase in serotonin, norepinephrine, 
and dopamine, which modifies the hypothalamic control of hunger and fullness. Long-term 
elevations in serotonin are associated with cravings for carbohydrates, while alterations in 
dopamine and norepinephrine signaling can interfere with metabolic rate and energy 
equilibrium. These physiological processes provide insight into the considerable weight gain 
seen with phenelzine and like medications (Wharton, 2018).  
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Fig. 2 | Effect of MAOI on Neurotransmitters (Dopamine and Noradrenaline) | a.The figure 
on the left illustrates the production of Dopamine, showing Tyrosine Uptake by the tyrosine 
transporter. Then Tyrosine Hydroxylase converts into dopamine and it is then converted into 
dopamine. Stored dopamine can be released into synapse when needed; dopamine can also be 
converted into noradrenaline. b.The figure on the right illustrates the metabolism of dopamine, 
which dopamine and noradrenaline are broken down by monomaine oxidases (MAOs). 
However, in this figure, MAOIs are blocking both MAO-A and MAO-B and this prevents the 
breakdown of dopamine and noradrenaline, causing higher concentrations of these 
neurotransmitters inside the neuron. Higher dopamine and noradrenaline concentrations lead to 
elevated mood. (Rege, S., 2021) 
 
 
 
Bupropion 

Bupropion acts as a norepinephrine–dopamine reuptake inhibitor (NDRI), distinguishing it 
by its minimal impact on serotonin systems. By preventing the reuptake transporters for 
norepinephrine and dopamine, bupropion elevates the synaptic levels of these 
neurotransmitters, improving reward pathways and energy regulation while minimizing 
numerous side effects related to serotonin. Clinically, bupropion is notable for its weight-neutral 
to weight-loss profile. This difference in mechanism appears to play a central role in its 
weight-neutral to weight-loss profile, which sets it apart from many first-line antidepressants like 
SSRIs and SNRIs. 
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In contrast to SSRIs or SNRIs, bupropion mainly focuses dopamine and norepinephrine 
activity, particularly in brain regions like the nucleus accumbens and prefrontal cortex, which are 
associated with motivation, reward processing, and energy regulation, not hypothalamus where 
Serotonin Inhibitors usually act upon. This dopaminergic activity causes a reduction in 
food-related reward sensitivity, decreases cravings, and reduces emotional eating. Additionally, 
increased norepinephrine levels can affect the energy level, which is  linked to greater 
sympathetic activity. 

Clinically, bupropion is one of the few antidepressants associated with weight reduction 
rather than gain. In a randomized controlled trial, patients taking extended-release bupropion 
(400 mg/day) lost an average of 3.7% of body weight over 48 weeks (Anderson et al., 2002). 
Meta-analyses have confirmed this finding, supporting bupropion’s use in patients who are 
overweight, at risk for metabolic syndrome, or concerned about weight-related side effects of 
antidepressant treatment (Patel et al., 2016). 
 
Antipsychotics  

Although not antidepressants, second-generation antipsychotics are sometimes used 
adjunctively in depression treatment. "Second-generation" or "atypical" antipsychotics differ from 
first-generation drugs in that, in addition to mainly blocking dopamine D₂ receptors, they also 
target serotonin receptors. This action decreases the likelihood of movement-related side effects 
and expands their therapeutic applications. They are well-known for causing substantial weight 
gain, with some patients gaining 20–22 kg (approximately 44–48 lbs) within the first year 
(Harvard Health Blog, 2022). However, it is important to understand that weight gain is not 
always a primary clinical concern, as these drugs are usually prescribed in cases of severe 
psychiatric illness where mitigating symptoms is critical . In such scenarios, the therapeutic 
benefits often outweigh the metabolic risks, especially when paired with lifestyle interventions 
and ongoing medical monitoring. 
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Table.1 | Table Summary of Different Antidepressant | Summary of various kinds of 
antidepressants and their primary mechanism, examples, weight gain risk, and other notable 
side effects 
 
Discussion and Conclusion 
Summary of findings: 
​ The relationship between antidepressant drugs and weight gain has emerged as one of 
the most clinically relevant and concerning side effects in modern society. As shown in multiple 
recent studies, many commonly prescribed medications, such as SSRIs and SNRIs, and  those 
less commonly prescribed such as TCAs and MAOIs, have been implicated in causing 
significant weight gain in some patients (Mayo Clinic, 2024; Healthline, 2019). Though SSRIs 
and TCAs are frequently highlighted for their metabolic side effects, MAOIs such as phenelzine 
may also contribute to weight gain, albeit potentially to a lesser degree than TCAs (Cantú & 
Korek, 1988; Mayo Clinic, 2024). Weight gain poses risks that go beyond physical health, which 
includes heightened body dissatisfaction, decreased self-esteem, and reduced treatment 
adherence due to the fear of experiencing side effects. These can all impair mental health 
outcomes, creating an ironic situation where medication intended to support mood ends up 
undermining recovery. This complex interplay highlights the necessity for therapeutic options 
that effectively treat mood disorders without compromising on patients’ metabolic stability. 
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Future Directions in Drug Development: 
One promising direction for less side effects for these treatments is to develop and widely 

adopt the usages of weight-neutral antidepressants. The NDRI class, particularly bupropion, is 
highlighted for its favorable metabolic profile that provides therapeutic relief without the risk of 
weight gain. In reality, certain patients may even notice slight weight loss while taking bupropion, 
setting it apart from the majority of other antidepressants. This weight-neutrality is believed to 
result from bupropion’s lack of significant impact on serotonin signaling. Unlike SSRIs and 
SNRIs, which increase synaptic serotonin and are often associated with changes in appetite and 
metabolism, bupropion acts primarily on dopamine and norepinephrine pathways. It shows 
minimal to no activity at serotonin transporters or receptors, which may explain its lower 
likelihood of causing weight gain (Stahl, 2004). Clinicians need to exercise caution when 
prescribing bupropion, given its contraindication in individuals with eating disorders like anorexia 
nervosa or bulimia nervosa, where electrolyte imbalances together with bupropion's potential to 
decrease the seizure threshold can greatly elevate the risk of seizures. Therefore, thorough 
patient selection and screening are crucial prior to starting treatment. 

The future of effective and metabolically safe treatment for patients may lie in 
personalized medicine. Currently, the selection of antidepressant follows a trial-and-error 
approach that often leads to avoidable side effects. Integrating genetic and metabolic profiling 
into prescribing decisions prior to trial could help predict which patients are at higher risk for 
weight gain, and therefore moving more towards weight-neutral options. Moreover, the field 
lacks biochemical markers for depression; and clinical diagnoses are heavily symptom-based. 
Identifying molecular or neuroimaging biomarkers could be treated by enabling the therapies to 
be more precision-targeted, therefore reducing both inefficiency and negative side effects.  
 
Clinical Implications: 
​ Clinicians must exercise greater caution regarding the metabolic side effects of 
antidepressants and warn the patients beforehand regarding these side effects. Careful 
consideration of the clinicians can be shown through proactively discussing the potential for 
weight gain with patients, especially for those medications that are known to carry higher risks. 
Carefully determining the patients that are at metabolic risk, such as those with preexisting 
obesity or family history of diabetes, and informing them with such information could also be 
crucial. Finally, prescribers should emphasize that in certain circumstances, side effects such as 
weight gain may be a minor consideration compared to the primary goal of treating the 
condition. Ultimately, improved care  comes down to ensuring that patients are well-informed 
about their treatment options and feel comfortable with the course of therapy. 
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