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Introduction

 Sleep disturbance is a common and distressing problem in palli-
ative care settings, due to devastating physical (e.g., pain, dyspnea, 
fatigue) [1] and psychosocial distress [2], as well as environmental 
factors. Insomnia and changes in sleep status reportedly occur in 47% 
to 96% of patients in palliative care units (PCUs) [1-3] and are often 
refractory. Currently, benzodiazepines (BZDs, gamma-aminobutyric 
acid receptor A agonists), are most commonly used for the pharmaco-
logical treatment of sleep-related complaints, even in PCU patients. 
However, the Cochrane Database Systematic Review has not reported 
any unequivocal clinical evidence on BZDs for the treatment of in-
somnia in palliative care contexts [4]. In addition to insomnia, BZDs 
are used for controlling anxiety, dyspnea and severe pain in PCUs [5]. 
However, no favorable effect has been observed in patients with lower 
back pain following treatment with diazepam and a placebo [6]. In 
this context, 39% of physicians claim that BZDs are overused in their 
own hospice [5]. Generally, in elderly patients, BZDs can cause var-
ious adverse effects, including drowsiness, sedation, cognitive dys-
function, muscle relaxation, thereby contributing to falls and fractures 
[7-9]. Additionally, BZDs lead to decreased deep sleep and precipitate 
delirium [10-12]. Therefore, we assume that the efficacy of BZD use 
may be limited for cancer-related insomnia.

 Suvorexant, a reversible dual orexin receptor antagonist, was ap-
proved in 2014 by the U.S. Food & Drug Administration for the treat-
ment of insomnia [13]. Orexins are neuropeptides secreted by lateral 
hypothalamic neurons; they are involved in regulating the sleep–wake 
cycle and play a role in keeping individuals awake [14]. Suvorexant 
binds reversibly to the receptors of orexins and inhibits the activa-
tion of the arousal system, thereby facilitating sleep induction and 
maintenance [15]. Generally, the clinical effect of suvorexant against 
insomnia is not inferior to that of BZDs with respect to total sleep 
duration, sleep latency [7,16] and time in slow-wave sleep [11] and is 
favored to avoid muscle relaxation [16]. However, the orexin levels in 
the brains of rats subjected to inflammation, such as pancreatitis, are 
higher than those in the brains of rats without inflammation [17]. Ad-
ditionally, various immunological and inflammatory reactions have 
been associated with cancer [18]. Higher levels of orexin are suspect-
ed to induce insomnia among advanced cancer patients.
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Abstract
Objectives

 The frequent occurrence of insomnia among patients in Pallia-
tive Care Units (PCUs) due to physical and/or psycho-social distress 
is an important clinical issue. Suvorexant is a new hypnotic agent 
that inhibits system arousal by selectively blocking the wake-pro-
moting neurotransmitter orexin. Suvorexant reportedly increases 
time in slow-wave sleep, decreases the incidence of delirium does 
not cause muscle relaxation, unlike benzodiazepines (BZDs, gam-
ma-aminobutyric acid A receptor agonists). We hypothesized that 
suvorexant is more effective and safer for the treatment of insomnia 
than BZDs in the context of PCUs.

Methods

 We retrospectively researched the prescription status of hypnot-
ics and their efficacy and safety at the PCU of Kitami Red-Cross 
Hospital.

Results

 Suvorexant was more clinically effective (85.7% versus 50.0%), 
with a lower incidence of delirium (14.3% versus 25.0%), than BZDs. 

Significance of results

 Higher levels of orexin caused by inflammation are suspected to 
lead to insomnia in advanced cancer patients. In this context, suv-
orexant, an orexin receptor antagonist, is assumed to show favor-
able hypnotic activity via its anti-inflammatory effect. Additionally, 
suvorexant regulates the sleep–wake cycle via the orexin system in 
the lateral hypothalamus, which might assist the treatment and pre-
vention of delirium. Thus, suvorexant could be a rational and favor-
able treatment option to improve cancer-related insomnia in PCUs.
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Objective
 We, assumed that the use of the orexin antagonist suvorexant is 
more rational for treating cancer-related insomnia in palliative care 
settings than that of BZDs. Therefore, we studied the applicability 
of suvorexant in treating insomnia in a palliative care setting. To this 
end, the efficacy and safety of suvorexant and BZDs against insomnia 
were retrospectively reviewed at the PCU of Kitami Red-Cross hos-
pital, Hokkaido, Japan.

Methods
 From June to November 2015, 73 patients who had already fin-
ished their chemotherapy were admitted to the PCU, where they ex-
clusively received palliative care. Among these patients, 31 were ad-
ministered hypnotics for insomnia. Six patients who had already been 
taking psychotropic medication, including antipsychotics for mental 
illnesses, were excluded. Finally, a total of 25 patients (mean age = 
72.1 ± 12.8; sex (M/F) = 14/11) with single hypnotic treatment were 
enrolled in this study (Table 1).

 The efficacy of hypnotics for insomnia was evaluated by the nurs-
es on the night shift and the patients themselves. Practically, when 
both nurses and the patient judged that the patient “slept well” after 
the use of hypnotics, we decided the treatment was “effective,” and 
“ineffective” otherwise. We additionally examined the incidence of 
delirium and falls. The statistical analysis was performed using Bell 
Curve for Excel Version:3.20 (Social Survey Research Information 
Co., Ltd., Shinjuku-ku, Tokyo, Japan). The group differences (Suv-
orexant versus BZDs) of the demographic data were analyzed using 
the Mann-Whitney U test. The efficacy and incidence of delirium re-
lated to both BZDs and suvorexant were investigated using the Chi-
square test. A p value of < 0.05 indicated statistical significance. This 
study was conducted in line with the Declaration of Helsinki and with 
the approval of the Ethics Committee of Kitami Red-Cross Hospital. 
We have orally presented this study at The 29th Annual Meeting of 
the Japan Psycho-Oncology Society.

Results
 Patient demographics are shown in Table 1. Sixteen patients were 
administered BZDs (zolpidem tartrate, 8 patients; brotizolam, 3 pa-
tients; rilmazafone hydrochloride, 2 patients; zopiclone, 1 patient; 
etizolam, 1 patient; and flunitrazepam, 1 patient; (figure 1). Seven 
patients were administered suvorexant, 2 were administered ramel-
teon. No significant differences were identified in terms of age and 
sex between the groups (Table 1). Suvorexant showed significantly 
higher efficacy in treating insomnia than BZDs (85.7% [6 patients] 
versus 50.0% [8 patients]; (Table 2). Patients who were treated with 
BZDs showed a significantly higher rate of drug-related delirium than  

those treated with suvorexant (25.0% [4 patients] versus 14.3% [1 pa-
tient]; (Table 3). All patients administered suvorexant and 16 patients 
administered a BZD died. The number of days these patients spent 
in the PCU was not significantly different between groups (Table 4).

Discussion
 In PCUs, sleep disturbance is a common and distressing problem. 
BZDs are conventionally used for psychologically induced insom-
nia [5] even in elderly subjects, despite the various adverse effects, 
such as falls and precipitating delirium. In this study, the efficacy and 
safety of suvorexant and BZD prescriptions for insomnia were retro-
spectively compared for PCU patients. Suvorexant was shown to be 
more effective in the treatment of insomnia, with a lower incidence of 
delirium, than BZDs.

Suvorexant BZDs P

Number (female) 7 (4) 16 (7) > 0.05*

Age, years 75.6 ± 12.6 70.6 ± 12.6 > 0.05#

Administration,
fixed/single

4/3 9/7 -

Table 1: Demographics BZDs: benzodiazepines, gamma aminobutyric 
acid A receptor agonist.

*: Chi-square test,

#: Mann-Whitney U test.

Figure 1: Hypnotics administered for PCU patients with insomnia. Dark 
gray: suvorexant, 7 patients. Light gray: benzodiazepines, 16 patients. 
White: ramelteon, 2 patients.

Suvorexant BZDs P

Number of
effective/ineffective cases

6/1 8/8 < 0.05*

% 85.7 50.0 -

Table 2: Effectiveness BZDs: benzodiazepines, gamma aminobutyric 
acid A receptor agonists. 

*: Chi-square test, Effective: nurses observe “the patient slept well” and 
the patient felt they “slept well.”

Suvorexant BZDs P

Number of delirium cases 1 4 < 0.05*

% 14.3 25.0 -

Table 3: Delirium related to the administration of hypnotics. BZDs: ben-
zodiazepines, gamma aminobutyric acid A receptor agonist. 

*: Chi-square test, Delirium: disturbance of consciousness after adminis-
tration hypnotics within 24 hours.

Suvorexant BZD P

Number of deaths 7 11 -

Number of days 42.7 ± 57.1 19.7 ± 15.5 > 0.05#

Table 4: Number of days in PCU until death. BZDs: benzodiazepines, 
gamma aminobutyric acid A receptor agonist. 

#: Mann-Whitney U test.
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 On one hand, in palliative care settings, the Cochrane Database 
Systematic Review reported no clinical evidence for BZDs in the 
treatment of insomnia [4]. On the other hand, suvorexant reportedly 
increases total sleep duration and decreases sleep latency [16] without 
muscle relaxation or cognitive decline [19]. Our results showed that 
the efficacy of suvorexant (85.7%) was a little higher than that ob-
served in the Japanese post-marketing drug-use survey (73.2%) [20]. 
This may be because our patients developed insomnia as a result of 
cancer-related inflammation. Physical pain (e.g., pain, dyspnea, fa-
tigue) plays a crucial role in the physiobiological basis of insomnia 
in patients in PCUs. A survey of patients with chronic pain reported 
that 38% of patients use BZDs not only for sleep but also for muscle 
relaxation, anxiety and pain relief [21]. Moreover, another study on 
BZDs failed to show a significant improvement in the sleep of indi-
viduals with chronic pain conditions [22], suggesting that the efficacy 
of BZDs for insomnia is influenced by patients’ physical condition. 
For instance, midazolam is superior to morphine in controlling base-
line and breakthrough dyspnea, especially in moderate or severe cases 
[23]. However, in our study, no patients with severe dyspnea were 
recruited and pain was controlled with opioids and non-opioids.

 In terms of the pathophysiology of cancer-related insomnia, Kwek-
keboom et al. noted significant associations of inflammation with 
cancer symptoms, inducing pain, fatigue, sleep disturbance [24]. For 
example, orexin expression in tumor tissues of gastric cancer patients 
is significantly upregulated compared with that in chronic gastritis pa-
tients and the control group [25]. Hamasaki et al. found significantly 
higher levels of orexin in the brain of rats with pancreatitis than in the 
healthy controls [17]. Thus, our results suggest that suvorexant im-
proves insomnia by suppressing the elevated orexin-induced inflam-
mation related to cancer. Additionally, slow-wave sleep reportedly 
decreases the fatigue associated with inflammatory activations [26]. 
Krasnow and Marks claimed that dysfunctions in orexin neural activ-
ity are associated with fatigue in patients with cachexia [27]. There-
fore, Suvorexant may not only improve insomnia [11] but also the 
fatigue related to cancer inflammation. Some PCU-related environ-
mental issues, such as noises, disturb sleep [1]. Clinically, Drake et 
al. reported that waking after sleep onset decreases in patients treated 
with suvorexant compared with those in the placebo group [28]. Suv-
orexant objectively increases theta band activity during sleep, provid-
ing a subjective feeling of deep sleep [11].  Additionally, Seol et al. 
showed impaired physical/cognitive performance upon forced awak-
ening from sleep while using brotizolam, which was not observed in 
patients administered suvorexant [19]. Therefore, suvorexant may be 
more effective and safer than BZDs for sleep interrupted by environ-
mental factors.

 In this study, BZDs induced a higher incidence of delirium than 
suvorexant (25.0% versus 14.3%). BZD-induced delirium would re-
sult from the transient thalamic dysfunction caused by exposure to 
medications that interfere with the central glutamatergic, GABAergic, 
dopaminergic, cholinergic pathways [29]. However, Hatta et al. and 
Masuyama et al. showed the preventive effects of suvorexant on delir-
ium, suggested that the antagonism of suvorexant against inflamma-
tion-induced elevated orexin may result in the prevention of delirium 
[30,31]. Falls were not observed in our study, even in the BZD cases. 
This may be because patients were observed carefully, all found it dif-
ficult to move unaided (the Performance Status of almost all patients 
was 4).

Limitations
 This study had several limitations. For instance, our results are 
from a retrospective, single-center design with a small sample size. 
Additionally, the lack of quantitative measurement for sleep needs to 
be considered. However, the subjective feeling of sleep is assumed to 
be prioritized in a palliative care setting.

Conclusion

 The use of suvorexant for insomnia in PCUs may be favorable 
compared with BZD use in terms of its biological rationality and 
safety. Further research in the form of a prospective randomized con-
trolled trial with a larger sample size may confirm our findings.

Acknowledgment

 We thank Dr. Ikuo Gomyou, the chief of the Department of Pallia-
tive Care and the staff of the palliative care unit at Kitami Red-Cross 
Hospital.

Conflicts of Interest
None.

Funding Statement
 This research received no specific grant from any funding agency, 
commercial or not-for-profit sectors.

References
1. Renom-Guiteras A, Planas J, Farriols C, Mojal S, Miralles R, et al. (2014) 

Insomnia among patients with advanced disease during admission in a pal-
liative care unit: a prospective observational study on its frequency and 
association with psychological, physical and environmental factors. BMC 
Palliat Care 13: 40. 

2. Akechi T, Okuyama T, Akizumi N, Shimizu K, Inagaki M, et al. (2007) 
Associated and predictive factors of sleep disturbance in advanced cancer 
patients. Psychooncology 16: 888-894.

3. Mystakidou K, Parpa E, Tsilika E, Gennatas C, Galanos A, et al. (2009) 
How is sleep quality affected by the psychological and symptom distress 
of advanced cancer patients?. Palliat Med 23: 46-53.

4. Hirst A, Sloan R (2004) Benzodiazepine and berated drugs for insomnia 
in palliative care. Cochrane Cochrane Database Syst Rev 4: CD003346.

5. Kamell A, Smith LK (2016) Attitudes toward use of benzodiazepines 
among U.S. hospice clinicians: survey and review of the literature. J Pal-
liat Med 19: 516-522.  

6. Chou R, Deyo R, Friendly J, Skelly A, Weimer M, et al. (2017) Systematic 
pharmacologic therapies for low back pain: a systematic review for an 
American College of Physicians Clinical Practice Guideline. Ann Intern 
Med 166: 480-92.  

7. Holbrook AM, Crowther R, Lotter A, Cheng C, King D (2000) Meta-anal-
ysis of benzodiazepine use in the treatment of insomnia. CMJ 162: 225-
233.

8. Gray SL, Dublin S, Yu O, Walker R, Anderson M, et al. (2016) Benzodi-
azepine use and risk of incident dementia or cognitive decline: prospective 
population based study. British Med J 2: 352:i90.

9. Díaz-Gutiérrez MJ, Martínez-Cengotitabengoa M, de Adana ES, Cano AI, 
Martínez-Cengotitabengoa MT, et al. (2017) Relationship between the use 
of benzodiazepines and falls in older adults: a systematic review. Maturitas 
101: 17-22.

10. Gaudreau JD, Gagnon P (2005) Psychotogenic drugs and delirium patho-
genesis: the central role of the thalamus. Med Hypotheses 64: 471-475.

https://pubmed.ncbi.nlm.nih.gov/25136263/
https://pubmed.ncbi.nlm.nih.gov/25136263/
https://pubmed.ncbi.nlm.nih.gov/25136263/
https://pubmed.ncbi.nlm.nih.gov/25136263/
https://pubmed.ncbi.nlm.nih.gov/25136263/
https://pubmed.ncbi.nlm.nih.gov/17086580/
https://pubmed.ncbi.nlm.nih.gov/17086580/
https://pubmed.ncbi.nlm.nih.gov/17086580/
https://pubmed.ncbi.nlm.nih.gov/18838488/
https://pubmed.ncbi.nlm.nih.gov/18838488/
https://pubmed.ncbi.nlm.nih.gov/18838488/
https://pubmed.ncbi.nlm.nih.gov/12519593/
https://pubmed.ncbi.nlm.nih.gov/12519593/
https://pubmed.ncbi.nlm.nih.gov/27002463/
https://pubmed.ncbi.nlm.nih.gov/27002463/
https://pubmed.ncbi.nlm.nih.gov/27002463/
https://pubmed.ncbi.nlm.nih.gov/28192790/
https://pubmed.ncbi.nlm.nih.gov/28192790/
https://pubmed.ncbi.nlm.nih.gov/28192790/
https://pubmed.ncbi.nlm.nih.gov/28192790/
https://pubmed.ncbi.nlm.nih.gov/10674059/
https://pubmed.ncbi.nlm.nih.gov/10674059/
https://pubmed.ncbi.nlm.nih.gov/10674059/
https://pubmed.ncbi.nlm.nih.gov/26837813/
https://pubmed.ncbi.nlm.nih.gov/26837813/
https://pubmed.ncbi.nlm.nih.gov/26837813/
https://pubmed.ncbi.nlm.nih.gov/28539164/
https://pubmed.ncbi.nlm.nih.gov/28539164/
https://pubmed.ncbi.nlm.nih.gov/28539164/
https://pubmed.ncbi.nlm.nih.gov/28539164/
https://pubmed.ncbi.nlm.nih.gov/15617851/
https://pubmed.ncbi.nlm.nih.gov/15617851/


Citation: Nishimoto T, Katayama K, Takahashi T, Kosaka H and Shimada R (2023) Efficacy and Safety of Suvorexant in a Palliative Care Unit: A Retrospective, 
Single-Center Study. J Hosp Palliat Med Care 5: 021.

• Page 4 of 4 •

J Hosp Palliat Med Care ISSN: HPMC, Open Access Journal Volume 5 • Issue 1 • 100021

11. Struyk A, Gargano C, Drexel M, Stoch SA, Svetnik V, et al. (2016) Phar-
macodynamic effects of suvorexant and zolpidem on EEG during sleep in 
healthy subjects. Eur Neuropsychopharmacol 26: 1649-1656.

12. Hatahira H, Hasegawa S, Sasaoka S, Kato Y, Abe J, et al. (2018) Analysis 
of fall-related adverse events among older adults using the Japanese Ad-
verse Drug Event Report (JADER). J Pharm Health Care Sci 17: 32.

13. Jacobson LH, Callander GE, Hoyer D (2014) Suvorexant for the treatment 
of insomnia. Expert Review Clinical Pharmacology 7: 711-730.

14. Sakurai T (2002) Roles of orexins in the regulation of feeding and arousal. 
Sleep Medicine 3: S3-9.

15. Cox CD, Breslin MJ, Whitman DB, Schreier JD, McGaughey GB, et al. 
(2010) Discovery of the dual orexin receptor antagonist [(7R)-4-(5-chloro-
1,3-benzoxazol-2-yl)-7-methyl-1,4-diazepan-1-yl][5-methyl-2-(2H-1,2,3-
triazol-2-yl)phenyl]methanone (MK-4305) for the treatment of insomnia. 
J Med Chem 53: 5320-5332. 

16. Kishi T, Matsunaga S, Iwata N (2015) Suvorexant for primary insomnia: 
a systematic review and meta-analysis of randomized placebo-controlled 
trials. PLoS ONE 10: e0136910.

17. Hamasaki MY, Barberio HV, Barberio DF, Barbeiro DF, Cunha DM, et al. 
(2016) Neuropeptides in the brain defense against distant organ damage. J 
Neuroimmunol 290: 3-5.

18. Walker WH, Borniger JC (2019) Molecular mechanisms of cancer-induced 
sleep disruption. International Journal of Molecular Sciences 20: 2780.

19. Seol J, Fujii Y, Park I, Suzuki Y, Kawana F, et al. (2019) Distinct effects 
of orexin receptor antagonist and GABAA agonist on sleep and physical/
cognitive functions after forced awakening. Proc Natl Acad Sci USA 116: 
24353-8.

20. Asai Y, Sano H, Miyazaki M, Iwakura M, Maeda Y, et al. (2019) Suv-
orexant (Belsomra® Tablets 10, 15, and 20 mg): Japanese drug-use results 
survey. Drugs in Rand D 19: 27-46.

21. King SA, Strain JJ (1990) Benzodiazepine use by chronic pain patients. 
Clin J Pain 6: 143-147.

22. Nielsen S, Lintzeris N, Bruno R, Campbell G, Larance B, et al. (2015) 
Benzodiazepine use among chronic pain patients prescribed opioids: asso-
ciations with pain, physical and mental health, and health service utiliza-
tion. Pain Med 16: 356-366.

23. Navigante AH, Castro MA, Cerchietti LC (2010) Morphine versus midaz-
olam as upfront therapy to control dyspnea perception in cancer patients 
while its underlying cause is sought or treated. J of Pain and Sym Manage-
ment 39: 820-830.

24. Kwekkeboom KL, Tostrud L, Costanzo E, Coe CL, Serlin RC, et al. (2018) 
The role of inflammation in the pain, fatigue, sleep disturbance symptom 
cluster in advanced cancer. J of Pain and Symptom Management 55: 1286-
1295.

25. Hu S, Niu J, Zhang R, Li X, Luo M, et al. (2020) Orexin A associates with 
inflammation by interacting with OX1R/OX2R receptor and activating 
prepro-orexin in cancer tissues of gastric cancer patients. Gastroenterol 
Hepatol 43: 240-47.

26. Thomas KS, Motivala S, Olmstead R, Irwin MR, et al. (2011) Sleep depth 
and fatigue: role of cellular inflammatory activation. Brain Behav Immun 
25: 53-58.

27. Krasnow SM, Marks DL (2010) Neuropeptides in the pathophysiology and 
treatment of cachexia. Curr Opin Support Palliat Care 4: 266-271.

28. Drake CL, Kalmbach DA, Cheng P, Roth T, Tran KM, et al. (2019) Can 
the orexin antagonist suvorexant preserve the ability to awaken to auditory 
stimuli while improving sleep?. J Clin Sleep Med 15: 1285-1291. 

29. Gaudreau JD, Gagnon P, Harel  F, Roy MA, Tremblay A (2005) Psycho-
active medications and risk of delirium in hospitalized cancer patients. J 
Clin Oncol 23:6712-8.

30. Hatta K, Kishi Y, Wada K, Takeuchi T, Kurata A, et al. (2017) Preventive 
effects of suvorexant on delirium: a randomized placebo-controlled trial. J 
Clin Psychiatry 78: e970-979.

31. Masuyama T, Sanui M, Yoshida N, Iizuka Y, Ogi K, et al. (2018) Suvorex-
ant is associated with a low incidence of delirium in critically ill patients: a 
retrospective cohort study. Psychogeriatrics 18: 209-215.

https://pubmed.ncbi.nlm.nih.gov/27554636/
https://pubmed.ncbi.nlm.nih.gov/27554636/
https://pubmed.ncbi.nlm.nih.gov/27554636/
https://pubmed.ncbi.nlm.nih.gov/30574336/
https://pubmed.ncbi.nlm.nih.gov/30574336/
https://pubmed.ncbi.nlm.nih.gov/30574336/
https://pubmed.ncbi.nlm.nih.gov/25318834/
https://pubmed.ncbi.nlm.nih.gov/25318834/
https://pubmed.ncbi.nlm.nih.gov/14592371/
https://pubmed.ncbi.nlm.nih.gov/14592371/
https://pubmed.ncbi.nlm.nih.gov/20565075/
https://pubmed.ncbi.nlm.nih.gov/20565075/
https://pubmed.ncbi.nlm.nih.gov/20565075/
https://pubmed.ncbi.nlm.nih.gov/20565075/
https://pubmed.ncbi.nlm.nih.gov/20565075/
https://pubmed.ncbi.nlm.nih.gov/26317363/
https://pubmed.ncbi.nlm.nih.gov/26317363/
https://pubmed.ncbi.nlm.nih.gov/26317363/
https://pubmed.ncbi.nlm.nih.gov/26711566/
https://pubmed.ncbi.nlm.nih.gov/26711566/
https://pubmed.ncbi.nlm.nih.gov/26711566/
https://pubmed.ncbi.nlm.nih.gov/31174326/
https://pubmed.ncbi.nlm.nih.gov/31174326/
https://pubmed.ncbi.nlm.nih.gov/31712421/
https://pubmed.ncbi.nlm.nih.gov/31712421/
https://pubmed.ncbi.nlm.nih.gov/31712421/
https://pubmed.ncbi.nlm.nih.gov/31712421/
https://pubmed.ncbi.nlm.nih.gov/30552562/
https://pubmed.ncbi.nlm.nih.gov/30552562/
https://pubmed.ncbi.nlm.nih.gov/30552562/
https://pubmed.ncbi.nlm.nih.gov/1983726/
https://pubmed.ncbi.nlm.nih.gov/1983726/
https://pubmed.ncbi.nlm.nih.gov/25279706/
https://pubmed.ncbi.nlm.nih.gov/25279706/
https://pubmed.ncbi.nlm.nih.gov/25279706/
https://pubmed.ncbi.nlm.nih.gov/25279706/
https://pubmed.ncbi.nlm.nih.gov/29360570/
https://pubmed.ncbi.nlm.nih.gov/29360570/
https://pubmed.ncbi.nlm.nih.gov/29360570/
https://pubmed.ncbi.nlm.nih.gov/29360570/
https://pubmed.ncbi.nlm.nih.gov/31983458/
https://pubmed.ncbi.nlm.nih.gov/31983458/
https://pubmed.ncbi.nlm.nih.gov/31983458/
https://pubmed.ncbi.nlm.nih.gov/31983458/
https://pubmed.ncbi.nlm.nih.gov/20733497/
https://pubmed.ncbi.nlm.nih.gov/20733497/
https://pubmed.ncbi.nlm.nih.gov/31538599/
https://pubmed.ncbi.nlm.nih.gov/31538599/
https://pubmed.ncbi.nlm.nih.gov/31538599/
https://pubmed.ncbi.nlm.nih.gov/16170179/
https://pubmed.ncbi.nlm.nih.gov/16170179/
https://pubmed.ncbi.nlm.nih.gov/16170179/
https://pubmed.ncbi.nlm.nih.gov/28767209/
https://pubmed.ncbi.nlm.nih.gov/28767209/
https://pubmed.ncbi.nlm.nih.gov/28767209/
https://pubmed.ncbi.nlm.nih.gov/29423967/
https://pubmed.ncbi.nlm.nih.gov/29423967/
https://pubmed.ncbi.nlm.nih.gov/29423967/


Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us

http://www.heraldopenaccess.us/

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

 
Advances In Industrial Biotechnology | ISSN: 2639-5665 

Advances In Microbiology Research | ISSN: 2689-694X 

Archives Of Surgery And Surgical Education | ISSN: 2689-3126 

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779 

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X 

Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276 

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292 

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370 

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594 

Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X 

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562 

Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608 

Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879 

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397 

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751 

Journal Of Aquaculture & Fisheries | ISSN: 2576-5523 

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780 

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546 

Journal Of Cardiology Study & Research | ISSN: 2640-768X 

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943 

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771 

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844 

Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801 

Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978 

Journal Of Cytology & Tissue Biology | ISSN: 2378-9107 

Journal Of Dairy Research & Technology | ISSN: 2688-9315 

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783 

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X 

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798 

Journal Of Environmental Science Current Research | ISSN: 2643-5020 

Journal Of Food Science & Nutrition | ISSN: 2470-1076 

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X 

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566 

 
Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485 

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662 

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999 

Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640 

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654 

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493 

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657 

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044 

Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X 

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313 

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400 

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419 

Journal Of Obesity & Weight Loss | ISSN: 2473-7372 

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887 

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052 

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X 

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649 

Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670 

Journal Of Plant Science Current Research | ISSN: 2639-3743 

Journal Of Practical & Professional Nursing | ISSN: 2639-5681 

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150 

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177 

Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574 

Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060 

Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284 

Journal Of Toxicology Current Research | ISSN: 2639-3735 

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | ISSN: 2573-0193 

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829 

Trends In Anatomy & Physiology | ISSN: 2640-7752 

info@heraldsopenaccess.us
http://www.heraldopenaccess.us/
https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

