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ABSTRACT 

Osmotic release oral system (OROS) methylphenidate is a medication used for attention deficit hyperactivity disorder 

(ADHD) that can cause some indirect effects on the immune system, albeit mild. Impaired immune function can increase 

the risk of infectious diseases caused by pathogenic and opportunistic microorganisms. In children, weakened immune 

function after taking OROS methylphenidate may be due effects related to the medication such as reduced appetite, sleep 

disturbances, and/or stress. Sleep is a crucial function for the immune system, and disturbances can cause fatigue or 

behavioral difficulties, which can compromise the immune system and thus the defense responses to microorganisms. 

Prolonged use of OROS methylphenidate in children with ADHD may be associated with mild nutritional deficiencies 

(protein, vitamins, and minerals) with mild immunosuppressive effects. The increase in dopamine and norepinephrine 

activates the sympathetic nervous system, stimulates β-adrenergic receptors on immune cells, and inhibits T-lymphocyte 

proliferation, resulting in an increased risk of infection. Treatment with OROS methylphenidate can increase the levels 

of certain hormones, such as cortisol, which is a stress hormone and an immune suppressant. High cortisol levels reduce 

the response of immune cells, including T lymphocytes, which are necessary for the production of antibodies produced 

by B cells. In conclusion, it can be deduced that treatment with OROS methylphenidate in children with ADHD may 

indirectly reduce the immune response and therefore the body's defenses against microbial infections. 
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INTRODUCTION 

Osmotic release oral system (OROS) methylphenidate is an extended-release central nervous system stimulant used 

to treat attention deficit hyperactivity disorder (ADHD) that gradually delivers medication for 12 hours. It can cause 

reduced appetite, sleep disturbances, and/or stress, and its effects on the immune system have been reported (1). Immune 

cells are not directly affected by OROS methylphenidate therapy, which does not cause an increase in opportunistic 

infections, as occurs after treatment with chemotherapy or corticosteroids (2). OROS methylphenidate alters the levels of 

neurotransmitters such as norepinephrine and dopamine, which participate in immune system regulation (3). In these 

cases, changes in pro-inflammatory cytokines may occur, but these effects are not significant. The direct effects of OROS 

methylphenidate on the immune system are subtle and may occur indirectly by weakening the immune system and 
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affecting the response to infections. The use of extended-release OROS methylphenidate, which causes an increase in 

dopamine and norepinephrine, and its relation to infections is an interesting, although not entirely clear, topic (4).  

In the OROS formulation, methylphenidate increases dopamine and norepinephrine levels in the brain and improves 

attention and impulse control (5).  These effects are due to the blockade of dopamine and norepinephrine reuptake, which 

remain active in the synapses for a longer period of time. Methylphenidate is not an immunosuppressant and does not 

directly and significantly increase the risk of infections, but it may do so by causing stress, reduced appetite, and/or sleep 

disturbances (6). These factors can influence susceptibility to infections. The decreased appetite caused by OROS 

extended-release methylphenidate can indirectly affect the immune system. A decreased appetite results in the ingestion 

of fewer proteins needed to produce antibodies, fewer vitamins, and fewer minerals needed to produce efficient immune 

cells and maintain proper immune system function. These deficiencies can reduce the body's ability to fight infections. 

Food restriction can alter levels of cortisol (a stress hormone) and leptin, which are involved in the immune response. 

Furthermore, the gut microbiota can be altered, resulting in dysregulation of microorganisms that are essential for the 

body's physiological functioning (7). 

TREATMENT WITH OROS METHYLPHENIDATE AND THE IMMUNE RESPONSE 

Treatment with OROS methylphenidate in children with ADHD can cause sleep disturbances that affect the immune 

response (8). Sleep disturbances in children cause fatigue or behavioral difficulties, which can compromise the immune 

system, affecting the body's ability to defend against infections. During sleep, several hormones are produced, such as 

melatonin, growth hormone, cortisol, leptin, prolactin, insulin, amongst others. Sleep is important for regulating the 

immune system, as cytokines, immune mediators that help fight infections and inflammation, are produced during rest 

(9). Furthermore, sleep strengthens immune memory, the body's ability to recognize microorganisms such as viruses and 

bacteria. These functions are particularly important for children whose immune systems are not yet fully developed. 

Therefore, sleep disturbances affect the immune system, increasing the risk of infectious diseases. Children who sleep 

poorly tend to get sick more often than those who sleep normally. Additionally, sleep deprivation can weaken the response 

to vaccinations, making children less protected and can increase inflammation levels in the body, causing dysregulation 

of cortisol, a hormone that influences the immune system (10). Sleep deprivation can also affect nutrition, increase stress, 

and reduce energy. Good sleep is crucial for children's immune health; it helps children grow and learn and also protects 

them from infections and diseases (11). 

Prolonged use of OROS methylphenidate is released osmotically in children with ADHD and may be associated with 

nutritional deficiencies resulting from a combination of metabolic, neurochemical, and endocrine factors (12).  Regarding 

neurochemical effects, methylphenidate blocks the norepinephrine and dopamine transporters, increasing their synaptic 

levels (5). The increase in dopamine and norepinephrine activates the sympathetic nervous system, activating β-adrenergic 

receptors on immune cells, modulating the production of both pro- and anti-inflammatory cytokines, and inhibiting T-

cell proliferation resulting in immune deficiency (13). These effects are not very pronounced, but they can reduce the 

antiviral response, resulting in reduced efficacy against infections and making the patient more vulnerable. 

Reduced appetite leads to reduced intake of iron, zinc, and vitamins (A, C, D, B, and others), which are important for 

fighting microbial infections. Increased catecholamine metabolism can generate reactive oxygen species and deplete 

antioxidant reserves, resulting in reduced immune cell efficiency and increased need for protective micronutrients 

(14).  Therefore, methylphenidate does not directly lead to infections, but it can create nutritional and neuroendocrine 

conditions that reduce the effectiveness of the immune system, especially in children. 

Treatment with OROS methylphenidate can induce mild physiological stress in children characterized by tachycardia, 

increased blood pressure, and activation of the sympathetic nervous system. These effects may slightly, but not severely, 

reduce the immune response (9). 

Inhibition of dopamine transporter (DAT) and norepinephrine transporter (NET) leads to an increase in synaptic 

catecholamines through a mechanism of inhibition of DAT and NET (5). These effects result in increased dopamine in 

the prefrontal cortex and norepinephrine in the locus coeruleus and peripheral nervous system. Norepinephrine acts on 

β1-adrenergic receptors in the heart, causing an increase in heart rate, while stimulation of α1 receptors in blood vessels 

induces peripheral vasoconstriction and increased blood pressure. 

The hypothalamic-pituitary-adrenal (HPA) axis is the main biological system involved in the stress response, and 

catecholaminergic stimulation can cause an increase in corticotropin-releasing hormone (CRH) in the hypothalamus, 

adrenocorticotropic hormone (ACTH) in the pituitary gland, and cortisol in the adrenal gland, resulting in 

immunosuppression (15). This does not represent pathological stress, but rather an adaptive modulation. These effects 

are mild in children because the release of OROS methylphenidate is gradual and low-peaked, and therapeutic doses do 

not saturate the peripheral sympathetic nervous system. 
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OROS methylphenidate generally does not cause significant effects on the immune system, nor does it increase the 

risk of infections, although these issues are widely debated. Therefore, there is no direct molecular mechanism 

demonstrating immunosuppression due to methylphenidate treatment. The increase in the neurotransmitters dopamine 

and norepinephrine influences the immune system and can be both positive and negative, depending on the amount, 

timing, and context (16). 

Dopamine acts on both brain and immune cell receptors to modulate inflammation, which can increase or decrease 

depending on dopamine levels. Dopamine can regulate T lymphocytes and influence the activation of the immune 

response, but it may also play a physiological role in maintaining immune homeostasis (16). Norepinephrine is a mediator 

of the sympathetic nervous system and stress, it inhibits the immune system (although some immune cells may be 

stimulated), and it can reduce the production of inflammatory cytokines (17) (Fig.1). 

 

 
Fig. 1. Osmotic release oral system (OROS) methylphenidate used for treating attention deficit hyperactivity disorder 

(ADHD) can cause reduced appetite, sleep disturbances, and/or stress, which can lead to a weakened immune system 

and thus, increased vulnerability to infections. 

CONCLUSIONS 

Treatment with OROS methylphenidate in children with ADHD, indirectly, although weakly, reduces the immune 

response and therefore the body's defenses against microbial infections. OROS methylphenidate is not an 

immunosuppressant and does not directly weaken the immune system. However, some of its side effects, such as 

decreased appetite, sleep disturbances, and increased stress, can indirectly weaken the body's defenses if persistent, 

especially in children and individuals with already weakened immune systems, and facilitate the onset of diseases, 

including infections. 
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