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Beta-blocker and its neuropsychiatric 
effects
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ABSTRACT

Norepinephrine from locus coeruleus plays roles in memory processes and behavioral controls. 
Locus coeruleus change is found in the primary neurodegenerative disease. The disruption of 
this central adrenergic pathway could contribute to neuropsychiatric symptoms. β-blockers 
which are indicated in many conditions both cardiovascular and non-cardiovascular diseases 
directly interrupt the adrenergic pathway. Their peripheral effects are well understood, but 
the neuropsychiatric effects are still questionable. The previous evidence postulated that the 
medication may cause behavioral impairment. This review focused on neuropsychiatric effects 
which were related to β-blockers and their underlying mechanisms. These neuropharmacologic 
properties should be necessary for health-care personnel to be aware of the side effects and 
closely take care of the patients who taking β-blockers.
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INTRODUCTION

β-blockers are commonly prescribed in general practice 
due to their wide range of indications, including ischemic 
heart disease, heart failure, arrhythmias, hypertension, 

migraines, and essential tremor. Studies have found that 
almost 30% of elderly patients have taken β-blockers; 
however, some prescriptions might inappropriately be 
indicated.[1-3]

Cognitive and neuropsychiatric effects attributable 
to β-blockers are questionable. The previous studies 
have reached contradictory conclusions, used varying 
formulations, dosages, and measured different cognitive 
domains.[4-11] Data pertaining to the neuropsychiatric 
side effects of β-blockers are limited and heterogeneous 
because the neuropsychiatric effects are difficult to 
measure in clinical trials and often require prolonged 
follow-up. Both neuropsychiatric side effects and primary 
neurodegenerative diseases are also common among 
patients with cardiovascular diseases, so it may be difficult 
to compare neuropsychiatric symptoms among different 
β-blocker users.[12-17] Therefore, this article objectively 
reviews the pharmacokinetics, pharmacodynamics, and 
pathophysiology of β-blockers and their effects on cognition 
and neuropsychiatric symptoms.

PHARMACOLOGICAL PROPERTIES OF 
β-BLOCKERS

All β-blockers interact with, and have a high affinity for, 
β-adrenoceptors and form drug-receptor complexes which 
deprive endogenous norepinephrine and epinephrine of 
β-adrenoreceptor interaction.[18] β-blockers are classified by their 
pharmacodynamic and pharmacokinetic properties as the first 
generation (nonselective blockage of β-adrenergic receptors), 
second generation (selective blockade of β-adrenergic 
receptors), and third generation (β-blocker with vasodilatation 
action). Furthermore, the selective blockade of β-adrenergic 
receptors has a greater affinity for the β1-receptor,[19] so this 
action affects the cardiovascular system.[20] Cardioselective 
β-blockers are less likely to cause constriction of the airways 
or peripheral vasculature.[20] Vasodilating β-blockers have an 
affinity for binding with alpha-adrenoceptors. This leads to 
vasodilation without affecting cardiac output.[21]

β-blockers are also categorized as lipophilic or hydrophilic, 
which determine their diffusion property through biological 
barriers (e.g., blood-brain and placenta), duration of action, 
metabolism, the volume of distribution, and renal clearance. 
Propranolol and metoprolol are examples of highly lipid-
soluble β-blockers, and atenolol and esmolol are examples of 
hydrophilic β-blockers.[19,22]
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Lipophilic β-blockers such as propranolol and 
metoprolol diffuse through the blood–brain barrier and cause 
neuropsychological symptoms, as shown in Table  1.[15,23] 
In a previous study, side effects of β-blockers, especially 
propranolol, were observed in 9.9% of users, and central 
nervous system adverse effects were reported in 1.1%.

The pharmacokinetic properties of β-blockers depend on 
their absorption through the gastrointestinal tract, hepatic 
first-pass metabolism, lipid solubility, plasma protein binding, 
and renal or biliary elimination, which are altered by much 
pathology. Lipophilic β-blockers are nearly absorbed by the 
gastrointestinal lumina, whereas hydrophilic β-blockers are 
not.[19,24] Metoprolol and propranolol have a high first-pass 
effect and are mainly eliminated by hepatic enzymes, as 
shown in Table 1. Cimetidine and proton-pump inhibitors also 
directly inhibit their enzymatic oxidation, so these medications 
increase the levels of lipophilic β-blockers.[19] On the other 
hand, hydrophilic β-blockers such as atenolol are mainly 
eliminated through the kidneys. Thus, renal impairment tends 
to decrease clearance and increase their plasma half-life. The 
binding of β-blockers with plasma proteins also correlates to 
drug levels and their half-lives, and determines their duration 
of action, as shown in Table  1.[22,25] The pharmacodynamics 
and pharmacokinetic properties of β-blockers are summarized 
in Table 1.

CENTRAL ADRENERGIC PATHWAY AND 
THE EFFECTS OF β-BLOCKERS

In the central nervous system, norepinephrine is mainly 
produced by the locus coeruleus, which is in the brainstem. 
Norepinephrine also exerts widespread effects throughout 
the prefrontal cortex, hippocampus, thalamus, striatum, and 
olfactory bulb.[26-28] Patterns of norepinephrine secretion are 
changed by external stimuli. During alertness or attention, 
norepinephrine is secreted as a burst rhythm signal on top 
of a low, stable background, called the tonic state. When 
experiencing stressful stimuli or anxiety, norepinephrine 
levels increase and remain high throughout the duration 
of the stressful period, called a phasic state.[29,30] Secreted 
norepinephrine interacts with the adrenergic receptors, 
including α1, α2, and β receptors. In particular, α2 receptors 
are found to be concentrated within the superficial layer of the 
prefrontal cortex.[31-33]

Norepinephrine has a direct role in selective attention 
and working memory and works cooperatively with 
dopamine within the prefrontal cortex. In addition, 
norepinephrine stimulates synaptic plasticity through 
G-proteins, adenylyl cyclase, and cAMP. Norepinephrine 
is essential for the learning, consolidation, and retrieval 
aspects of memory.[32-34] Furthermore, the density of Tau 
protein progressively accumulates in locus coeruleus along 
with Braak’s Alzheimer’s staging and is related to prodromal 
symptoms in dementia.[32,35-38]

The effects of β-blockers within the central nervous 
system depend on several mechanisms. First, β-blockers 
must penetrate the blood–brain barrier and bind directly 
with β-adrenergic receptors, after which they suppress 
information flow from the β receptor mediator. Second, Ta
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β-blockers may also interact with the non-adrenergic 
receptors, interrupt their signals, or disturb the membrane 
stabilization, thereby interfering with the neurotransmitter 
network. For example, serotonin network interference may 
result in neuropsychiatric behaviors. Moreover, β-blockers 
also interact with peripheral nerves and can change 
autonomic nervous system activity.[39]

β-BLOCKERS AND THEIR 
NEUROPSYCHIATRIC EFFECTS

Although the therapeutic benefits of β-blockers are clearly 
identified, their neuropsychiatric effects are still undetermined.

Delirium

Delirium is the well-defined encephalopathy syndrome 
which is common in hospitalized patients. The mechanisms 
of delirium are uncertain; however, multiple etiologies 
and risk factors (including medications) precipitate the 
common pathological pathway and produce symptoms. 
Medications are common predisposing and precipitating 
factors. β-blockers can cause delirium, especially in elderlies 
or those with preexisting cognitive dysfunction. Moreover, 
relationship of the dosage increment and delirium was 
reported.[39-41] The proposed mechanisms are β-blockers that 
may have the competitive interaction with serotonin-sensitive 
adenylate cyclase system that may related to the underlying 
pathogenesis.[40] A case report of the elderly was prone to 
side effects from β-blockers due to increased total body fat, 
decreased lean body mass and water, low albumin levels, and 
decreased glomerular filtration rates. After medication was 
discontinued, the delirium improved, as shown in Table 2.[40] 
Propranolol or bisoprolol, the lipophilic β-blockers, tends 
to exhibit increased distribution and half-life in patients 
with increased body fat. Low albumin levels increase the 
free drug form and allow a larger free fraction to cross the 
blood–brain barrier. Moreover, pre-operative administration 
of β-blockers increases the odds of post-operative delirium 
by 2.06 times.[39-41]

Disruptive Behavior

Disruptive behavior is the cluster of hyperactivity, impulsivity, 
irritability, disinhibition, aggression, and agitation. The specific 
underlying mechanism is still unknown. The dysfunction of 
orbitofrontal cortex, cingulate, and brainstem monoaminergic 
nuclei which contributes to the dysregulation of serotonin 
and norepinephrine may underline the symptoms.[25,42,43] 
Propranolol (mean 106 mg/day) was studied to be beneficial 
for controlling agitation and emotion-related impulsivity in 
a clinical trial, as shown in Table 2.[44] Pindolol also showed 
a benefit for aggression and was related to norepinephrine 
changes, as shown in Table 2.[45] Comparing with antipsychotic, 
β-blockers were less studied and showed modest effect.[43] The 
use of β-blockers for the treatment of disruptive behavior is 
still off-label.[44,46-48]

Anxiety

Anxiety can result from maladaptive memories due 
to dysregulation and imbalance of neurotransmitters 

between the amygdala, hypothalamus, and prefrontal 
cortex.[49] According to the previous studies, β-blockers, 
especially propranolol, have a modest benefit in patients 
with anxiety disorders. Some prescribe β-blockers for fear 
prevention before dental surgery. The past studies found 
that β-blockers impair the consolidation phase of memory, 
so the medication might be useful for treating or preventing 
fear or anxiety, as shown in Table  2.[50-54] β-blockers also 
are beneficial for anxiety patients who present with cardiac 
symptoms.[55] Systematic review found that no significant 
difference between propranolol and benzodiazepine for 
panic disorder is shown in Table 2.[56]

Hallucination

Hallucination is a neuropsychiatric symptom that is related 
to high caregiver stress and patient self-injury.[57,58] Data of 
β-blockers and hallucination are still limited and contradictory. 
β-blockers are used to treat patients with schizophrenia by 
unknown underlying mechanism. β-blockers may interact with 
neuroleptic metabolism, resulting in increased neuroleptic 
drug levels, leading to control the hallucination.[15,59,60] On the 
other hand, several reports have showed that the lipophilic 
β-blockers such as propranolol and metoprolol may be the 
causative agent of hallucination and after discontinuation 
the medication, hallucination was resolved, as shown in 
Table 2.[61,62]

Sleep Disturbances and Nightmare

Melatonin helps synchronize circadian rhythms and the 
sleep-wake cycles.[63] The synthesis and secretion of 
melatonin are influenced by norepinephrine through the 
β1 receptor.[64] β-blockers could reduce melatonin levels 
and are related to poor sleep quality, nightmares, or vivid 
dreams. Lipophilic β-blockers such as metoprolol may cause 
more sleep disturbances than hydrophilic agents such as 
nebivolol.[64-67]

Fatigue

Fatigue is a subjective lack of mental or physical energy. Its 
underlying mechanism is complex and poorly understood. Due 
to the multifactorial causes of fatigue, both the central and 
peripheral nervous systems are symptom contributors.[68-71] 
Fatigue depends on intrinsic factors and extrinsic factors such as 
the weather or mood, which can exacerbate fatigue.[72] Na+-K+-
ATPase pumps, which control ion movement between muscle 
and plasma, may be related to fatigue reported in patients 
who use β-blockers users. β-blockers might interfere with Na+-
K+-ATPase pumps and result in an imbalance of the K+ shift 
between muscle and plasma.[73] Cardioselective β-blockers are 
less likely to induce muscle fatigue than nonselective β-blockers. 
A report of β-blockers found significantly higher associations 
with fatigue for early generation or first-generation drugs, 
compared to newer β-blockers.[74] Moreover, β-blockers cause 
a muscle fatigue during acute treatment and are significantly 
associated with an increased risk of medication withdrawal 
due to fatigue.[74] In contrast, the long-term treatment with 
β-blockers such as in hypertensive patients, the fatigue seems 
to disappear.[75]
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CONCLUSION

β-blockers are a two-sided coin. These medications are 
beneficial for the treatment of many indications and are 
especially effective at decreasing mortality in patients with 
cardiovascular diseases. We examined β-blockers from 
a neuropsychological viewpoint with attention to their 
mechanisms of action for specific neuropsychiatric symptoms. 
Lipophilic β-blockers can diffuse through the blood–brain 
barrier and are likely to contribute to neuropsychological 
outcomes. β-blockers are beneficial and can be used for the 
treatment of some neuropsychiatric effect of e.g., anxiety, 
disruptive behavior; however, well designed clinical trial 
are needed to prove the benefits clinically. Consequently, 
physicians and pharmacists need to aware of these side 
effects. Hydrophilic β-blockers should be the option or 
principle to select the best of β-blockers for patient to avoid 
the neuropsychiatric effects. Future research is needed if we 
are to accurately identify patients who are at increased risk 
for β-blocker side effects. Further, it is important that we use 
β-blockers for the correct indications, at the correct doses, 
while closely monitoring side effects.

REFERENCES
1.	 Musini VM, Tejani AM, Bassett K, Wright JM. Pharmacotherapy 

for hypertension in the elderly. Cochrane Database Syst Rev 
2009;4:Cd000028.

2.	 Marquez PH, Torres OH, San-Jose A, Vidal X, Agusti A, Formiga F, 
et al. Potentially inappropriate antihypertensive prescriptions to 
elderly patients: Results of a prospective, observational study. 
Drugs Aging 2017;34:453-66.

3.	 Lim KK, Sivasampu S, Khoo EM. Antihypertensive drugs for 
elderly patients: A cross-sectional study. Singapore Med J 
2015;56:291-7.

4.	 Stuhec M, Keuschler J, Serra-Mestres J, Isetta M. Effects of 
different antihypertensive medication groups on cognitive 
function in older patients: A systematic review. Eur Psychiatry 
2017;46:1-15.

5.	 Deary IJ, Capewell S, Hajducka C, Muir AL. The effects of 
captopril vs atenolol on memory, information processing and 
mood: A double-blind crossover study. Br J Clin Pharmacol 
1991;32:347-53.

6.	 Perez-Stable EJ, Halliday R, Gardiner PS, Baron RB, Hauck WW, 
Acree M, et al. The effects of propranolol on cognitive function 
and quality of life: A randomized trial among patients with 
diastolic hypertension. Am J Med 2000;108:359-65.

7.	 Solomon S, Hotchkiss E, Saravay SM, Bayer C, Ramsey P, 
Blum RS. Impairment of memory function by antihypertensive 
medication. Arch Gen Psychiatry 1983;40:1109-12.

8.	 Lichter I, Richardson PJ, Wyke MA. Differential effects of 
atenolol and enalapril on memory during treatment for essential 
hypertension. Br J Clin Pharmacol 1986;21:641-5.

9.	 Nielson KA, Jensen RA. Beta-adrenergic receptor antagonist 
antihypertensive medications impair arousal-induced modulation 
of working memory in elderly humans. Behav Neural Biol 
1994;62:190-200.

10.	 de Quervain DJ, Aerni A, Roozendaal B. Preventive effect of 
beta-adrenoceptor blockade on glucocorticoid-induced memory 
retrieval deficits. Am J Psychiatry 2007;164:967-9.

11.	 Dimsdale JE, Newton RP. Cognitive effects of beta blockers. J 
Psychosom Res 1992;36:229-36.

12.	 Paykel ES, Fleminger R, Watson JP. Psychiatric side effects 
of antihypertensive drugs other than reserpine. J Clin 
Psychopharmacol 1982;2:14-39.

13.	 Fiedorowicz JG. Depression and cardiovascular disease: An 
update on how course of illness may influence risk. Curr 
Psychiatry Rep 2014;16:492.

14.	 Lichtman JH, Froelicher ES, Blumenthal JA, Carney RM, 
Doering LV, Frasure-Smith N, et al. Depression as a risk factor 
for poor prognosis among patients with acute coronary 
syndrome: Systematic review and recommendations: A scientific 
statement from the American heart association. Circulation 
2014;129:1350-69.

15.	 Keller S, Frishman WH. Neuropsychiatric effects of cardiovascular 
drug therapy. Cardiol Rev 2003;11(2):73-93.

16.	 Johnson SC, Christian BT, Okonkwo OC, Oh JM, Harding S, Xu 
G, et al. Amyloid burden and neural function in people at risk for 
Alzheimer’s disease. Neurobiol Aging 2014;35:576-84.

17.	 Rahimi J, Kovacs GG. Prevalence of mixed pathologies in the 
aging brain. Alzheimer’s Res Ther 2014;6:82.

18.	 Gliebus G, Lippa CF. The influence of beta-blockers on delayed 
memory function in people with cognitive impairment. Am J 
Alzheimers Dis Other Demen 2007;22:57-61.

19.	 Borchard U. Pharmacological properties of B-adrenoceptor 
blocking drugs. J Clin Bas Cardiol 1998;1:5-9.

20.	 Weber MA. The role of the new beta-blockers in treating 
cardiovascular disease. Am J Hypertens 2005;18:169s-76.

21.	 Ladage D, Schwinger RH, Brixius K. Cardio-selective beta-
blocker: Pharmacological evidence and their influence on 
exercise capacity. Cardiovasc Ther 2013;31:76-83.

22.	 Hocht C, Bertera F, Mauro JS, Parola A, Taira CA. PK/PD 
modeling of B-blockers in cardiovascular disease: An update. Int 
J Pharmacokinet 2016;1:55-68.

23.	 Dimsdale JE, Newton RP, Joist T. Neuropsychological side effects 
of beta-blockers. Arch Intern Med 1989;149:514-25.

24.	 Greenblatt DJ, Koch-Weser J. Adverse reactions to propranolol 
in hospitalized medical patients: A report from the boston 
collaborative drug surveillance program. Am Heart J 
1973;86:478-84.

25.	 Takahashi A, Quadros IM, de Almeida RM, Miczek KA. Behavioral 
and pharmacogenetics of aggressive behavior. Curr Top Behav 
Neurosci 2012;12:73-138.

26.	 Arikuni T, Ban T. Subcortical afferents to the prefrontal cortex in 
rabbits. Exp Brain Res 1978;32:69-75.

27.	 Gerfen CR, Clavier RM. Neural inputs to the prefrontal agranular 
insular cortex in the rat: Horseradish peroxidase study. Brain Res 
Bull 1979;4:347-53.

28.	 Trillo L, Das D, Hsieh W, Medina B, Moghadam S, Lin B, et al. 
Ascending monoaminergic systems alterations in Alzheimer’s 
disease. Translating basic science into clinical care. Neurosci 
Biobehav Rev 2013;37:1363-79.

29.	 Foote SL, Aston-Jones G, Bloom FE. Impulse activity of locus 
coeruleus neurons in awake rats and monkeys is a function 
of sensory stimulation and arousal. Proc Nat Acad Sci U S A 
1980;77:3033-7.

30.	 Rajkowski J, Kubiak P, Ivanova S, Aston-Jones G. State-related 
activity, reactivity of locus ceruleus neurons in behaving monkeys. 
In: Goldstein DS, Eisenhofer G, McCarty R, editors. Advances in 
Pharmacology. United States: Academic Press; 1997. p. 740-4.

31.	 MacDonald E, Kobilka BK, Scheinin M. Gene targeting--homing 
in on alpha 2-adrenoceptor-subtype function. Trends Pharmacol 
Sci 1997;18:211-9.

32.	 Mather M, Harley CW. The locus coeruleus: Essential for 
maintaining cognitive function and the aging brain. Trends Cogn 
Sci 2016;20:214-26.

33.	 Ramos BP, Arnsten AF. Adrenergic pharmacology and cognition: 
Focus on the prefrontal cortex. Pharmacol Ther 2007;113:523-36.

34.	 Sara SJ. The locus coeruleus and noradrenergic modulation of 
cognition. Nat Rev Neurosci 2009;10:211-23.

35.	 Marcyniuk B, Mann DM, Yates PO. The topography of nerve cell 
loss from the locus caeruleus in elderly persons. Neurobiol Aging 



Lertvipapath and Warunyuwong: Neuropsychiatric side effects of beta-blockers

http://www.tjps.pharm.chula.ac.th122	�  TJPS 2020, 44 (2): 117-123

1989;10:5-9.
36.	 Vijayashankar N, Brody H. A quantitative study of the pigmented 

neurons in the nuclei locus coeruleus and subcoeruleus in man as 
related to aging. J Neuropathol Exp Neurol 1979;38:490-7.

37.	 Manaye KF, McIntire DD, Mann DM, German DC. Locus coeruleus 
cell loss in the aging human brain: A non-random process. J 
Comp Neurol 1995;358:79-87.

38.	 Braak H, Thal DR, Ghebremedhin E, Del Tredici K. Stages of the 
pathologic process in Alzheimer disease: Age categories from 1 to 
100 years. J Neuropathol Exp Neurol 2011;70:960-9.

39.	 Koella WP. CNS-related (side-)effects of beta-blockers with 
special reference to mechanisms of action. Eur J Clin Pharmacol 
1985;28:55-63.

40.	 Gupta S, Kala ST. A case of bisoprolol induced delirium in an 
elderly patient. GM 2018;48:7.

41.	 Katznelson R, Djaiana G, Mitsakakis N, Lindsay TF, Tait G, 
Friedman Z, et al. Delirium following vascular surgery: Increased 
incidence with preoperative beta-blocker administration. Can J 
Anaesth 2009;56:793-801.

42.	 Peters JR, Eisenlohr-Moul TA, Walsh EC, Derefinko KJ. Exploring 
the pathophysiology of emotion-based impulsivity: The roles of 
the sympathetic nervous system and hostile reactivity. Psychiatry 
Res 2018;267:368-75.

43.	 Keszycki RM, Fisher DW, Dong H. The hyperactivity-impulsivity-
irritiability-disinhibition-aggression-agitation domain in 
Alzheimer’s disease: Current management and future directions. 
Front Pharmacol 2019;10:1109.

44.	 Peskind ER, Tsuang DW, Bonner LT, Pascualy M, Riekse RG, 
Snowden MB, et al. Propranolol for disruptive behaviors in 
nursing home residents with probable or possible Alzheimer 
disease: A placebo-controlled study. Alzheimer Dis Assoc Disord 
2005;19:23-8.

45.	 Herrmann N, Lanctot KL, Eryavec G, Khan LR. Noradrenergic 
activity is associated with response to pindolol in aggressive 
Alzheimer’s disease patients. J Psychopharmacol 2004;18:215-20.

46.	 Rajkumar RP. Successful management of difficult-to-treat 
aggression with low-dose propranolol in a patient with 
intellectual disability: A case report. Prim Care Companion CNS 
Disord 2012;14:PCC.12l01373.

47.	 Plantier D, Luaute J. Drugs for behavior disorders after traumatic 
brain injury: Systematic review and expert consensus leading to 
French recommendations for good practice. Ann Phys Rehabil 
Med 2016;59:42-57.

48.	 Ward F, Tharian P, Roy M, Deb S, Unwin GL. Efficacy of beta 
blockers in the management of problem behaviours in people 
with intellectual disabilities: A systematic review. Res Dev Disabil 
2013;34:4293-303.

49.	 Patriquin MA, Mathew SJ. The neurobiological mechanisms of 
generalized anxiety disorder and chronic stress. Chronic Stress 
(Thousand Oaks, Calif) 2017;1:1-10.

50.	 Steenen SA, van Wijk AJ, van Westrhenen R, de Lange J, de 
Jongh  A. Effects of propranolol on fear of dental extraction: Study 
protocol for a randomized controlled trial. Trials 2015;16:536.

51.	 Wang SH. Novelty enhances memory persistence and 
remediates propranolol-induced deficit via reconsolidation. 
Neuropharmacology 2018;141:42-54.

52.	 Dunbar AB, Taylor JR. Reconsolidation and psychopathology: 
Moving towards reconsolidation-based treatments. Neurobiol 
Learn Mem 2017;142:162-71.

53.	 Kredlow MA, Eichenbaum H, Otto MW. Memory creation 
and modification: Enhancing the treatment of psychological 
disorders. Am Psychol 2018;73:269-85.

54.	 Kathol RG, Noyes R Jr., Slymen DJ, Crowe RR, Clancy J, 
Kerber RE. Propranolol in chronic anxiety disorders. A controlled 
study. Arch Gen Psychiatry 1980;37:1361-5.

55.	 Hoehn-Saric R, McLeod DR. Cardiac symptoms and anxiety 
disorders: Contributing factors and pharmacologic treatment. 

Am J Cardiol 1987;60:68J-73.
56.	 Steenen SA, van Wijk AJ, van der Heijden GJ, van Westrhenen  R, 

de Lange J, de Jongh A. Propranolol for the treatment of 
anxiety disorders: Systematic review and meta-analysis. J 
Psychopharmacol 2016;30:128-39.

57.	 Cheng ST. Dementia caregiver burden: A research update and 
critical analysis. Curr Psychiatry Rep 2017;19:64.

58.	 El Haj M, Roche J, Jardri R, Kapogiannis D, Gallouj K, Antoine P. 
Clinical and neurocognitive aspects of hallucinations in 
Alzheimer’s disease. Neurosci Biobehav Rev 2017;83:713-20.

59.	 Peet M, Middlemiss DN, Yates RA. Propranolol in schizophrenia. II. 
Clinical and biochemical aspects of combining propranolol with 
chlorpromazine. Br J Psychiatry 1981;139:112-7.

60.	 Hanssen T, Heyden T, Sundberg I, Alfredsson G, Nybäck  H, 
Wetterberg L. Propranolol in schizophrenia: Clinical, 
metabolic, and pharmacological findings. Arch Gen Psychiatry 
1980;37:685-90.

61.	 Goldner JA. Metoprolol-induced visual hallucinations: A case 
series. J Med Case Rep 2012;6:65.

62.	 Sirois FJ. Visual hallucinations and metoprolol. Psychosomatics 
2006;47:537-8.

63.	 Xie Z, Chen F, Li WA, Geng X, Li C, Meng X, et al. A review of sleep 
disorders and melatonin. Neurol Res 2017;39:559-65.

64.	 Brismar K, Hylander B, Eliasson K, Rossner S, Wetterberg L. 
Melatonin secretion related to side-effects of beta-blockers from 
the central nervous system. Acta Med Scand 1988;223:525-30.

65.	 Brismar K, Mogensen L, Wetterberg L. Depressed melatonin 
secretion in patients with nightmares due to beta-adrenoceptor 
blocking drugs. Acta Med Scand 1987;221:155-8.

66.	 Yilmaz MB, Erdem A, Yalta K, Turgut OO, Yilmaz A, Tandogan I. 
Impact of beta-blockers on sleep in patients with mild 
hypertension: A randomized trial between nebivolol and 
metoprolol. Adv Ther 2008;25:871-83.

67.	 Ahmed AI, van Mierlo PJ, van Waarde JA, Jansen PA. 
Hallucinations and vivid dreams by use of metoprolol. Tijdschr 
Psychiatr 2010;52:117-21.

68.	 Kaminska M, Kimoff RJ, Schwartzman K, Trojan DA. Sleep 
disorders and fatigue in multiple sclerosis: Evidence for 
association and interaction. J Neurol Sci 2011;302:7-13.

69.	 Braley TJ, Chervin RD. Fatigue in multiple sclerosis: Mechanisms, 
evaluation, and treatment. Sleep 2010;33:1061-7.

70.	 Edwards RH. Human muscle function and fatigue. Ciba Found 
Symp 1981;82:1-18.

71.	 Chaudhuri A, Behan PO. Fatigue in neurological disorders. Lancet 
2004;363:978-88.

72.	 Hall PE, Kendall MJ, Smith SR. Beta blockers and fatigue. J Clin 
Hosp Pharm 1984;9:283-91.

73.	 McKelvie RS, Jones NL, Heigenhauser GJ. Factors contributing 
to increased muscle fatigue with beta-blockers. Can J Physiol 
Pharmacol 1991;69:254-61.

74.	 Ko DT, Hebert PR, Coffey CS, Sedrakyan A, Curtis JP, Krumholz HM. 
Beta-blocker therapy and symptoms of depression, fatigue, and 
sexual dysfunction. JAMA 2002;288:351-7.

75.	 Fellenius E. Muscle fatigue and beta-blockers--a review. Int J 
Sports Med 1983;4:1-8.

76.	 Propranolol. In DRUGDEX System (Database on the Internet). 
Ann Arbor, MI: Truven Health Analytics; 2019. Available from: 
http://www.micromedexsolutions.com. [Last accessed on 2019 
Apr 01].

77.	 Atenolol. In DRUGDEX System (Database on the Internet). Ann 
Arbor, MI: Truven Health Analytics; 2019. Available from: http://
www.micromedexsolutions.com. [Last accessed on 2019 Apr 01].

78.	 Bisoprolol. In DRUGDEX System (Database on the Internet). Ann 
Arbor, MI: Truven Health Analytics; 2019. Available from: http://
www.micromedexsolutions.com. [Last accessed on 2019 Apr 01].

79.	 Esmolol. In DRUGDEX System (Database on the Internet). Ann 
Arbor, MI: Truven Health Analytics; 2019. Available from: http://



Lertvipapath and Warunyuwong: Neuropsychiatric side effects of beta-blockers

123	�  TJPS 2020, 44 (2): 117-123http://www.tjps.pharm.chula.ac.th

www.micromedexsolutions.com. [Last accessed on 2019 Apr 01].
80.	 Metoprolol. In DRUGDEX System (Database on the Internet). 

Ann Arbor, MI: Truven Health Analytics; 2019 Available from: 
http://www.micromedexsolutions.com. [Last accessed on 2019 
Apr 01].

81.	 Carvedilol. In DRUGDEX System (Database on the Internet). Ann 
Arbor, MI: Truven Health Analytics; 2019. Available from: http://
www.micromedexsolutions.com. [Last accessed on 2019 Apr 01].

82.	 Labetalol. In DRUGDEX System (Database on the Internet). Ann 

Arbor, MI: Truven Health Analytics. 2019. Available from: http://
www.micromedexsolutions.com. [Last accessed on 2019 Apr 01].

83.	 Choi JY, Kim K, Kang M, Lee YK, Koo KH, Oh JH. Impact of a 
delirium prevention project among older hospitalized patients 
who underwent orthopedic surgery: A retrospective cohort study. 
BMC Geriatr 2019;19:1-9.

84.	 Wasik KK, Michaels AD. Acute delirium induced by carvedilol: A 
case report. J Med Cases 2013;4:732-3.


