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Abstract :  The hallmark of Postural Orthostatic Tachycardia Syndrome (POTS), a chronic illness, is orthostatic intolerance 

accompanied by an abnormal rise in heart rate when standing upright. Numerous symptoms, such as weariness, exercise 

intolerance, and gastrointestinal distress, are commonly experienced by patients. It generally affects primarily women between 

the ages of 20 and 50. POTS frequently starts with a viral infection, significant surgery, trauma, or pregnancy. Nonetheless, our 

understanding of the syndrome's pathophysiology is incomplete or lacking. There are no FDA-approved drugs for treating 

POTSonce it has been diagnosed. On the other hand, non-chemical therapeutic alternatives like exercise, increased fluid intake, 

tensing of the muscles, diet, and routine adjustments are usually used in conjunction with patient education to control it. 

 

IndexTerms - Postural Orthostatic Tachycardia Syndrome (POTS), weariness, exercise intolerance, orthostatic 

intolerance. 

I. INTRODUCTION 

Postural Orthostatic Tachycardia Syndrome is characterized as a clinical syndrome that lasts for at least half a year. The 

primary diagnostic criterion is the absence of overt orthostatic hypotension during a head-up tilt test and an increase in heart rate 

equal to or greater than 30 min−1 or above 120 min−1.[1] One of the most prevalent types of chronic orthostatic intolerance in 

pediatric patients is POTS.[1] 

Since tilt table testing and beat-to-beat hemodynamic monitoring are crucial components of the diagnostic workup, POTS can 

be challenging to identify.[2] Furthermore, One should rule out POTS in favour of other illnesses that might cause tachycardia, 

such as tachyarrhythmias, anaemia, severe deconditioning, dehydration, thyroid disease, usage of adrenergic medications, and 

emotional disorders.[2] 

Because of the factors above, it is challenging to assess the overall prevalence; nonetheless, it is believed that approximately 

500.000 persons in the USA alone suffer from POTS. Rather than an increase in the disease's overall prevalence, Robertson 

(1999) defined "the epidemic of orthostatic tachycardia and orthostatic intolerance" as an epidemic of disease recognition. 

Because of this, it is uncertain if POTS has been an underdiagnosed illness or if its occurrence is rising and signalling the start of 

an epidemic.[2] 

 

  II.CLASSIFICATION 
 

POTS has been categorized in several ways by researchers. According to Dr. Blair Grubb, POTS can be classified as 

"primary" or "secondary." "Primary" (also called "idiopathic") POTS is defined as having no other discernible medical condition. 

When there is another medical condition that is known to cause or exacerbate POTS symptoms, it is referred to as "secondary" 

POTS.[3] Dr. Julian Stewart classified POTS into "high flow" and "low flow" categories based on the patient's lower limb blood 

flow.[4] Other researchers have used some notable features of the post-stroke syndrome to characterize the condition: 

hypovolemic POTS, linked to low blood volume; partial dysautonomic or neuropathic POTS, linked to a partial autonomic 

neuropathy; and hyperadrenergic POTS, linked to elevated norepinephrine levels.[3][5][6] Several POTS patients exhibit two or 

three of the various characteristics, indicating that these are not separate medical conditions. One patient may, for instance, have 

low blood volume, increased norepinephrine, and neuropathy. 

 

   III.EPIDEMIOLOGY 
There is no data on how common POTS are.[7] A study calculated a minimum rate of 170 cases of POTS per 100,000 people; 

however, because of underdiagnosis, the true prevalence is probably higher.[7]According to a different study, there are at least 

500,000 cases in the US.POTS affects women more frequently than men, with a 4:1 female-to-male ratio.[8][9]The majority of 

POTS patients are between the ages of 20 and 40, with an average age of 21.[10][8] POTS diagnoses are uncommon after the age 

of 40, possibly because symptoms get better with age.[7] 
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   IV.   ETIOLOGY 
Specific postural orthostatic tachycardia syndrome subgroups have been identified based on a range of putative aetiologies 

outlined below. The ultimate common pathway is generally considered excessive tachycardia in the context of cardiovascular 

deconditioning.[11] 

 

NEUROPATHIC 

A length-dependent autonomic neuropathy known as neuropathic postural orthostatic tachycardia syndrome is primarily 

characterized by sympathetic denervation in the lower limbs, which results in decreased vasoconstriction and venous 

pooling.[12][13] A study found that a distal pattern of anhidrosis revealed by thermoregulatory sweat testing was associated with 

peripheral sudomotor denervation in 50% of POTS patients.[14] Despite normal systemic norepinephrine spillover, POTS 

patients have been found to have reduced norepinephrine spillover in their lower extremities, which suggests dysfunctional 

norepinephrine reuptake because of damaged terminal nerves.[15]It has also been noted that dependent acrocyanosis is a sign of 

peripheral venous pooling.[16]Therefore, an excessive cardiovascular response is required to maintain appropriate mean arterial 

pressures. 

 

HYPERADRENERGIC 

The hyperadrenergic subtype, which accounts for 30 to 60% of patients with POTS is characterized by elevated standing 

plasma norepinephrine levels of 600 pg/mL or higher. The primary symptoms of this subtype are palpitations, tremors, 

hypertension, anxiety, and tachycardia.[17][18] One case had a norepinephrine transporter (NET) loss of function gene mutation 

(SLC6A2), which led to inadequate norepinephrine transport and an elevated mean supine heart rate.[19] NET block is more 

commonly observed when drugs such as tricyclic antidepressants, sympathomimetics (methylphenidate), and norepinephrine 

reuptake inhibitors (bupropion) are causing pharmacologic inhibition.[17][18]When treating the cognitive side effects of post-

oxygenase syndrome (POTS), such as depression, anxiety, and difficulty concentrating, these drugs are frequently helpful. As a 

result, it is wise. 

 

HYPOVOLEMIC 

Although the degree of hypovolemia varies between studies, reduced plasma, red blood cell, and total blood volumes are seen 

in up to 70% of patients with postural orthostatic tachycardia syndrome.[20][18][21] This physiologic low-volume state is 

persistent in POTS patients. It is correlated with a paradoxically low level of aldosterone and renin, indicating a potential 

disruption of the renin-angiotensin-aldosterone axis, essential for maintaining a sufficient plasma volume.[22] Patients with co-

occurring gastrointestinal disorders may experience secondary hypovolemic states, which result in excessive fluid loss and 

inadequate volume intake (nausea, vomiting, diarrhoea).[17] 

 

AUTOIMMUNE 

Given the significant overlapping commonalities (female predominance, post-viral onset, elevated autoimmune markers) seen 

in other systemic autoimmune disorders like rheumatoid arthritis, lupus, and Sjogren's syndrome, one theory for postural 

orthostatic tachycardia syndrome is an autoimmunity hypothesis.[17][23] Increased autoantibodies have been shown in POTS in 

earlier research. Up to 25% of patients had positive antinuclear antibodies; the most common cause was Hashimoto 

thyroiditis.[24][25]According to one study, POTS patients had higher proinflammatory IL-6 levels that were linked to higher 

sympathetic drive—possibly as a result of long-term systemic immune activation.[26]In the POTS population, additional 

autoimmune markers, such as ganglionic AChR, G-protein coupled receptor, and different nonspecific autoantibodies, have also 

been observed.[27][28][29] 

 

DECONDITIONING 

Although its existence as a cause or effect is unclear, patients with postural orthostatic tachycardia syndrome frequently 

exhibit physical and cardiovascular deconditioning.[16][20]Furthermore, objective laboratory or autonomic findings do not 

always correlate with the degree of deconditioning.[30] Other healthy people placed in microgravity environments, like space 

flight, have also shown similar symptoms to POTS, indicating the physical and gravity-dependent roles underlying POTS.[11] 

Compared to healthy controls, POTS patients have been shown to have smaller hearts, with an average reduction in left 

ventricular mass of 16% and a reduction in plasma volume of 20%. Chronic fatigue, autonomic instability, and general functional 

impairment are well-documented conditions that lead to decreased physical activity and extended periods of bed rest.[31][32] 

 

V.PATHOPHYSIOLOGY 

 

Although the exact cause of POTS is unknown, episodes frequently follow surgery, viral illnesses, or trauma. In addition, 

women may develop symptoms right before their periods. Furthermore, in certain patients, genetic abnormalities might be 

involved.[33] A triggering event, like COVID-19, typically occurs weeks or months before the onset of POTS symptoms in 

patients.[34] 

When a patient moves from a supine to a standing position, their regular physiological response is interrupted, which is the 

hallmark of post-stroke syndrome (POTS). An immediate reduction in blood volume to a volume of 500 mL to 800 mL upon 

standing is a normal physiological response.[35]Thirteen Blood pools in the legs and abdomen as a result, lowering blood 

pressure (BP) as a result of less blood returning to the heart. Sensing this drop in blood pressure, specialized cells called 

baroreceptors send signals to the brain, triggering autonomous nervous system in a compensatory manner.[35][36] Increased 

sympathetic activity during this reaction causes vasoconstriction, increased heart rate (HR), and increased stroke volume. 

Furthermore, there is a decrease in parasympathetic outflow, which raises HR even more. These combined responses maintain the 

cardiac output (CO) required for the brain and other organs to be perfused.[35]Thirteen Standing up from a supine position, 
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POTS results from an exaggerated compensatory response to the initial decline in BP and CO, which causes the patient to 

experience pronounced tachycardia.[37][36][38] 

Though several mechanisms, including hypovolemia and deconditioning, have been proposed, the precise mechanism causing 

the autonomic dysregulation observed in POTS remains unknown. Reduction in blood volume and blood pooling in the legs after 

normal conditions are restored are two signs of deconditioning, a decrease in heart-muscle responsiveness that can occur 

occasionally following extended weightlessness.[39]sixteen Because a higher HR will be required to sustain CO, this may further 

exacerbate hypovolemic symptoms.[35] 

A fresh explanation suggested is neuroendocrine dysfunction, in which cases may parade hyperadrenergic countries due to 

elevated cardiovascular adrenergic exertion distinct from tachycardia. Compared to cases without POTS, these cases generally 

have advanced catecholamine situations, which may be caused by a functional or acquired insufficiency in the norepinephrine 

transporter( NET). ( 38) Some POTS cases with a single point mutation have also been set up to have inheritable variations that 

affect reduced norepinephrine concurrence, sympathetic whim-whams activation, and loss of NET function. ( 40) Also, women 

are more likely to be diagnosed with POTS, and the inflexibility of their symptoms can change throughout the menstrual cycle, 

leading to changes in BP and vasoconstriction. ( 41) Nevertheless, experimenters suspect that POTS may have colourful causes, 

some of which may be abnormal regulation of BP; disabled function of jitters, especially in the lower extremities; and functional 

changes in heart and blood vessel. 

 

VI. TREATMENT : 

A.PHARMACOLOGICAL TREATMENT: 

 
 

FIGURE 1:Treatment strategy for POTS [credits to IJSRM] 

B.NON PHARMACOLOGICAL TREATMENT : 

Reduced water consumption and shorter sleep duration are risk factors for POTS in kids and teenagers [42]. A crucial 

component of POTS patients' care is health education. Increasing intake of salt and water is the fundamental treatment for the 

illness. The majority of kids with POTS should consume up to 5.6 g of salt. The objectives are a 24-hour urinary sodium 

excretion of more than 200 mmol or a urine osmolality of less than 300 mmol/L [43]. Since those who slept for less than eight 

hours a day had a 5.9-fold higher risk of developing POTS than those who slept for more than eight hours, good sleep may also 

be a crucial factor to consider [42]. 

Researchers have discovered that patients with POTS experience reduced symptoms when participating in a consistent, brief-

term progressive physical exercise program[44]. Walking on a treadmill, swimming, biking both upright and recumbent, and 

machine rowing are all part of this regimen. Nonetheless, a significant obstacle to effective physical therapy is patient adherence 

to the program regularly and consistently [45-46]. 

Alternative nutritional, psychological, and pharmacological therapies should be a part of a multidisciplinary treatment plan for 

adolescents and children with post-traumatic stress disorder (PTSD). Like other researchers, we have discovered that children 

with POTS have low iron storage [47-48], low levels of vitamin B12 [49], low levels of vitamin B1 [50], hypovitaminosis D [51], 

and high levels of homocysteine in their plasma [52]. Patients' recovery would greatly benefit from these being corrected. 
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VII. CONCLUSION 

A significant amount of disability can be caused by POTS, an autonomic nervous system disorder, in previously healthy 

individuals. Patients with POTS typically have low blood volume, are frequently hyperadrenergic, and exhibit an elevated HR of 

≥30 bpm with 10 minutes of standing (or higher in children). Different POTS subtypes involve various physiological and 

biochemical alterations and distinct clinical features. Specific biomarkers help determine the drugs used in individualized 

treatment plans by reflecting the pathophysiology of POTS in children. Nevertheless, more clinical research is still needed to 

understand the condition's pathophysiology and the available treatment options. As of right now, POTS patients' symptoms are 

mostly managed empirically. While orthostatic and non-orthostatic symptoms may improve with general lifestyle modifications 

used to treat POTS, refractory symptoms should prompt additional diagnostic testing and appropriate dietary and pharmaceutical 

management. When nutritional deficiencies are identified, they should be treated and monitored. 

 

 

REFERENCES 

[1]. Benarroch, EE. 2012. Postural tachycardia syndrome: a heterogeneous and multifactorial disorder. Mayo Clin Proc, 

87:1214-1225. 

[2]. Sheldon RS, Grubb BP, Olshansky B, et al. 2015. Heart Rhythm Society Expert consensus statement on the diagnosis 

and treatment of postural tachycardia syndrome, inappropriate sinus tachycardia, and vasovagal syncope. Heart 

Rhythm, 12:e41-e63. 

[3]. Blair P. Grubb. 2008. Circulation. Postural Tachycardia Syndrome, 117: 2814-2817. 

[4]. Stewart JM, Glover JL, Medow MS. 2006. Increased plasma angiotensin II in postural tachycardia syndrome (POTS) 

is related to reduced blood flow and blood volume. Clin Sci (Lond), 110(2):255-63. 

[5]. Satish. R Raj and MD MSCI. 2006. The Postural Tachycardia Syndrome (POTS): Pathophysiology, Diagnosis & 

Management Indian Pacing Electrophysiol J., 6(2): 84-99.  

[6]. Freeman, R. et al. 2011. Consensus statement on the definition of orthostatic hypotension, neurally mediated syncope 

and the postural tachycardia syndrome. Clin Auton Res, 21(2):69-72. doi: 10.1007/s10286-011-0119-5. PMID: 

21431947. 

[7]. Mathias, CJ. Low, DA. Iodice, V. Owens, AP. Kirbis, M. and Grahame R. 2011. "Postural tachycardia syndrome--

current experience and concepts". Nature Reviews. Neurology, 8(1):22–

34. doi:10.1038/nrneurol.2011.187. PMID 22143364. S2CID 26947896. 

[8]. Low, PA. Sandroni, P. Joyner, M. and Shen, WK. 2009. "Postural tachycardia syndrome (POTS)". Journal of 

Cardiovascular Electrophysiology, 20 (3):352–358. doi:10.1111/j.1540-

8167.2008.01407.x. PMC 3904426. PMID 19207771. 

[9]. Boris, JR. and Bernadzikowski, T. 2018. "Utilisation of medications to reduce symptoms in children with postural or-

thostatic tachycardia syndrome". Cardiology in the Young, 28 (12):1386–

1392. doi:10.1017/S1047951118001373. PMID 30079848. S2CID 51922967. 
[10]. Shaw BH, Stiles LE, Bourne K, Green EA, Shibao CA, Okamoto LE, et al. 2019. "The face of postural   tachycardia 

syndrome - insights from a large cross-sectional online community-based survey". Journal of Internal Medicine, 286 

(4): 438–448. doi:10.1111/joim.12895. PMC 6790699. PMID 30861229. 

[11]. Fu, Q. and Levine, BD.2018. Exercise and non-pharmacological treatment of POTS. Auton Neurosci. 215:20-27. 

[12]. Low, PA. Sandroni, P. Joyner, M. and Shen, WK. 2009. Postural tachycardia syndrome (POTS). J Cardiovasc 

Electrophysiol, 3:352-8. 

[13]. Benarroch, EE. 2012. Postural tachycardia syndrome: a heterogeneous and multifactorial disorder. Mayo Clin 

Proc. 2012 Dec;87(12):1214-25. 

[14]. Thieben, MJ. Sandroni, P. et al. 2007. Postural orthostatic tachycardia syndrome: the Mayo Clinic experience. Mayo 

Clin Proc, 82(3):308-13. 

[15].  Jacob, G. Costa, F. et al. 2000. The neuropathic postural tachycardia syndrome. N Engl J Med. 343(14):1008-14. 

[16]. Zadourian, A. Doherty, TA. Swiatkiewicz, I. Taub, PR. 2018. Postural Orthostatic Tachycardia Syndrome: 

Prevalence, Pathophysiology, and Management. Drugs. 78(10):983-994. 

[17]. Bryarly M. Phillips, LT. Fu, Q. Vernino, S. and Levine, BD. 2019. Postural Orthostatic Tachycardia Syndrome: JACC 

Focus Seminar. J Am Coll Cardiol, 73(10):1207-1228.  

[18]. Benarroch EE. 2012. Postural tachycardia syndrome: a heterogeneous and multifactorial disorder. Mayo Clin 

Proc,87(12):1214-25.  

[19]. Shannon, JR. Flattem, NL. Jordan, J. Jacob, G. Black, BK. Biaggioni, I. Blakely, RD. and Robertson, D. 2000. 

Orthostatic intolerance and tachycardia associated with norepinephrine-transporter deficiency. N Engl J Med, 

342(8):541-9. 

[20]. Sheldon, RS. Grubb, BP. Olshansky, B. Shen, WK. et al. 2015. Heart rhythm society expert consensus statement on 

the diagnosis and treatment of postural tachycardia syndrome, inappropriate sinus tachycardia, and vasovagal 

syncope. Heart Rhythm, 2(6):e41-63. 

[21]. Streeten, DH. Thomas, D. and Bell, DS. 2000. The roles of orthostatic hypotension, orthostatic tachycardia, and 

subnormal erythrocyte volume in the pathogenesis of chronic fatigue syndrome. Am J Med Sci, 320(1):1-8.  

[22]. Raj, SR. Biaggioni, I. Yamhure, PC. Black, BK. Paranjape, SY. Byrne, DW. and Robertson, D. 2005. Renin-

aldosterone paradox and perturbed blood volume regulation underlying postural tachycardia syndrome. Circulation, 

111(13):1574-82. 

[23]. Jones, PK. Shaw, BH. and Raj, SR. 2016. Clinical challenges in the diagnosis and management of postural 

tachycardia syndrome. Pract Neurol,16(6):431-438.  

http://www.jetir.org/


© 2024 JETIR June 2024, Volume 11, Issue 6                                                        www.jetir.org (ISSN-2349-5162) 

 

JETIR2406390 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d743 
 

[24]. Fedorowski, A. 2019. Postural orthostatic tachycardia syndrome: clinical presentation, etiology and management. J 

Intern Med, 285(4):352-366.  

[25]. Blitshteyn, S.  2015. Autoimmune markers and autoimmune disorders in patients with postural tachycardia syndrome 

(POTS). Lupus, 24(13):1364-9. 

[26]. Okamoto, LE. Raj, SR. et al. 2015. Sympathetic activation is associated with increased IL-6, but not CRP in the 

absence of obesity: lessons from postural tachycardia syndrome and obesity. Am J Physiol Heart Circ Physiol. 2015 

Dec 15;309(12):H2098-107. 

[27]. Fedorowski, A. Postural orthostatic tachycardia syndrome: clinical presentation, etiology and management. J Intern 

Med. 2019 Apr;285(4):352-366. 

[28]. Vernino, S. and Stiles, LE. 2018. Autoimmunity in postural orthostatic tachycardia syndrome: Current 

understanding. Auton Neurosci, 215:78-82. 

[29]. Watari, M. Nakane, S. Mukaino, A. et al. 2018. Autoimmune postural orthostatic tachycardia syndrome. Ann K, 

Kouzaki Clin Transl Neurol, 5(4):486-492. 

[30]. Parsaik, A. Allison, TG. Singer, W. et al. 2012. Deconditioning in patients with orthostatic intolerance. Neurology, 

79(14):1435-9. 

[31]. Fu, Q. Vangundy, TB. Galbreath, MM. Shibata, S. Jain, M. Hastings, JL. Bhella, PS. and Levine, BD. 2010. Cardiac 

origins of the postural orthostatic tachycardia syndrome. J Am Coll Cardiol, 55(25):2858-68. 

[32]. Miwa, K. and Fujita, M. 2011. Small heart with low cardiac output for orthostatic intolerance in patients with chronic 

fatigue syndrome. Clin Cardiol, 34(12):782-6. 

[33]. Genetic and Rare Diseases Information Center. Postural orthostatic tachycardia syndrome. 

https://rarediseases.info.nih.gov/diseases/9597/postural-orthostatic-tachycardia-syndrome. Accessed January10, 2024. 

[34]. Kanjwal, K. Jamal, S. Kichloo, A. and Grubb, BP. 2020. New-onset postural orthostatic tachycardia syndrome 

following coronavirus disease 2019 infection. J Innov Card Rhythm Manag, 11(11):4302-4304. 

[35]. Sprangers, RL. Wesseling, KH. Imholz, AL. et al. 1985. Initial blood pressure falls on stand-up and exercise 

explained by changes in total peripheral resistance. J Appl Physiol, 70(2):523-530. 

[36]. Johns Hopkins Medicine. Postural orthostatic tachycardia syndrome (POTS). 

www.hopkinsmedicine.org/health/conditions-and-diseases/postural-orthostatic-tachycardia-syndrome-pots. Accessed 

January 22, 2024. 

[37]. Mayo Clinic. Orthostatic hypotension (postural hypotension): symptoms and causes. www.mayoclinic.org/diseases-

conditions/orthostatic-hypotension/symptoms-causes/syc-20352548. Accessed December 24, 2023. 

[38]. Benarroch, EE. 2012. Postural tachycardia syndrome: a heterogeneous and multifactorial disorder. Mayo Clin Proc, 

87(12):1214-1225. 

[39]. Merriam-Webster. Deconditioning. www.merriam-webster.com/medical/deconditioning. Accessed December 24, 

2023. 

[40]. Bryarly, M. Phillips, LT. Fu, Q. et al. 2019. Postural orthostatic tachycardia syndrome: JACC focus seminar. J Am 

Coll Cardiol, 73(10):1207-1228. 

[41]. Z, Li X. Ochs, T. Zhao, J. Zhang, X. et al. 2014. Risk factors for postural tachycardia syndrome in children and 

adolescents PLoS ONE, 9:e113625. 10.1371/journal.pone.0113625[PMC free article] [PubMed] [CrossRef][Google 

Scholar] 

[42]. Stewart, JM. Boris, JR. Chelimsky, G. Fischer, PR. Fortunato, JE. et al. 2018. Pediatric disorders of orthostatic 

intolerance. Pediatrics, 141:e20171673. 10.1542/peds.2017-1673 [PMC free article] [PubMed] [CrossRef][Google 

Scholar] 

[43]. George, SA. and Bivens, TB. Howden Dysautonomia International. Diagnostic delay in POTS. 

www.dysautonomiainternational.org/page.php?ID=184. Accessed December 10, 2023. 

[44]. Lin, J. Han, EJ. Saleem, Y. Galbreath, MM. Hendrickson, D. et al. 2016. The International POTS Registry: evaluating 

the efficacy of an exercise training intervention in a community setting. Heart Rhythm, 13:943–50. 

10.1016/j.hrthm.2015.12.012 

[45]. Bryarly, M. Phillips, LT. Fu, Q. Vernino, S. and Levine, BD. 2019. Postural Orthostatic Tachycardia Syndrome: 

JACC focus seminar. J Am Coll Cardiol. 73:1207–28. 10.1016/j.jacc.2018.11.059  

[46]. Sousa, A. Lebreiro, A. Freitas, J. and Maciel, MJ. 2012. Long-term follow-up of patients with postural tachycardia 

syndrome. Clin Auton Res. 22:151–3. 10.1007/s10286-011-0155-1 

[47]. Li, J.  Zhang, Q. Hao, H. Jin, H. and Du, J. 2014. Clinical features and management of postural tachycardia syndrome 

in children: a single-center experience. Chin Med J (Engl). 127:3684–9. 10.3760/cma.j.issn.0366-6999.20140244 

[48]. Jarjour, IT. and Jarjour, LK. 2013. Low iron storage and mild anemia in postural tachycardia syndrome in adolescents. 

Clin Auton Res. 23:175–9. 10.1007/s10286-013-0198-6  

[49]. Öner, T. Guven, B. Tavli, V. Mese, T. Yilmazer, MM. and Demirpence, S. 2014. Postural orthostatic tachycardia 

syndrome (POTS) and vitamin B12 deficiency in adolescents. Pediatrics,133:e138–42. 10.1542/peds.2012-3427 

[50]. Blitshteyn, S. 2017. Vitamin B1 deficiency in patients with postural tachycardia syndrome (POTS). Neurol Res. 

39:685–8. 10.1080/01616412.2017.1331895  

[51]. Antiel, RM. Caudill, JS. Burkhardt, BE. Brands, CK. Fischer, PR. 2011. Iron insufficiency and hypovitaminosis D in 

adolescents with chronic fatigue and orthostatic intolerance. South Med J.104:609–11. 

10.1097/SMJ.0b013e3182246809 

[52]. Li, Y. He, B. Li, H. Zhang, Q. Tang, C. Du, J. and Jin, H. 2018. Plasma homocysteine level in children with postural 

  tachycardia syndrome. Front Pediatr. 6:375. 10.3389/fped.2018.00375 
 

http://www.jetir.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4256207/
https://pubmed.ncbi.nlm.nih.gov/25474569
https://doi.org/10.1371%2Fjournal.pone.0113625
https://scholar.google.com/scholar_lookup?journal=PLoS+ONE.&title=Risk+factors+for+postural+tachycardia+syndrome+in+children+and+adolescents&author=J+Lin&author=Z+Han&author=X+Li&author=T+Ochs&author=J+Zhao&volume=9&publication_year=2014&pages=e113625&pmid=25474569&doi=10.1371/journal.pone.0113625&
https://scholar.google.com/scholar_lookup?journal=PLoS+ONE.&title=Risk+factors+for+postural+tachycardia+syndrome+in+children+and+adolescents&author=J+Lin&author=Z+Han&author=X+Li&author=T+Ochs&author=J+Zhao&volume=9&publication_year=2014&pages=e113625&pmid=25474569&doi=10.1371/journal.pone.0113625&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5744271/
https://pubmed.ncbi.nlm.nih.gov/29222399
https://doi.org/10.1542%2Fpeds.2017-1673
https://scholar.google.com/scholar_lookup?journal=Pediatrics.&title=Pediatric+disorders+of+orthostatic+intolerance&author=JM+Stewart&author=JR+Boris&author=G+Chelimsky&author=PR+Fischer&author=JE+Fortunato&volume=141&publication_year=2018&pages=e20171673&pmid=29222399&doi=10.1542/peds.2017-1673&
https://scholar.google.com/scholar_lookup?journal=Pediatrics.&title=Pediatric+disorders+of+orthostatic+intolerance&author=JM+Stewart&author=JR+Boris&author=G+Chelimsky&author=PR+Fischer&author=JE+Fortunato&volume=141&publication_year=2018&pages=e20171673&pmid=29222399&doi=10.1542/peds.2017-1673&

