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Abstract : ADHD is associated with autonomic dysfunction which gets further modulated with drug therapy. 

There are few prospective studies to evaluate the changes of Autonomic Function Tests before and after 

methylphenidate treatment in drug-naive patients with ADHD. The present study was conceived with the 

objective to study autonomic functions in children with Attention-deficit/hyperactivity disorder (ADHD) before 

and after treatment with Methylphenidate. Autonomic function tests were conducted on 52 drug-naive patients 

with ADHD. The patients then received methylphenidate medication for 12 weeks. The above parameters were 

repeated at 12 weeks of study period. On the Sympathetic reactivity tests, the increase in Systolic blood pressure 

and diastolic blood pressure on exposure to cold (Cold Pressor test) and sustained handgrip (Handgrip test) 

was significantly higher after Methylphenidate treatment which can be attributed to an activation of the 

sympathetic nervous system.  The parasympathetic reactivity tests showed that there was a significant decrease 

of E: I ratio (Deep Breathing Test) after methylphenidate treatment. Changes in heart rate during deep 

breathing reflect parasympathetic modulation. However, there was no significant changes in 30:15 ratio (Heart 

response to standing). Hence methylphenidate increases the sympathetic domination, and reduces the 

parasympathetic domination, and tilts the sympathovagal balance towards the sympathetic arm. 
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I. Introduction 

Attention-deficit/hyperactivity disorder (ADHD) is one of the most common psychiatric disorders in 

children and adolescents with the worldwide prevalence of 7.2 %
1
. Although the exact etiology of ADHD is yet 

to be determined, there is an increasing consensus that the condition involves functional and anatomical 

dysfunction in the brain's frontal cortex and basal ganglia segments of the cortico-basal ganglia-thalamo-cortical 

circuitry 
2
. The autonomic function has consistently been found to be impaired/ affected in ADHD in various 

studies. Underarousal of the sympathetic system has been observed in children with ADHD. 
3-7     

 

II. Aim 
To study in the ADHD children the Autonomic functions before and after the methylphenidate therapy. 

The study was carried out in the Department of Physiology in association with the Department of Psychiatry at 

Lady Hardinge Medical College and Smt Sucheta Kriplani Hospital, New Delhi and was approved by the 

institutional ethics committee for human research of Lady Hardinge Medical College, New Delhi. 

 

III. Methods 
Drug-naive cases of Attention-deficit/hyperactivity disorder (ADHD) diagnosed by a Psychiatrist as 

per American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5
th 

edition (DSM 

– V) criteria
8
 requiring methylphenidate treatment,52 in number were recruited for the study. The subjects were 
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between 6 to 12 years of age. Known patients of hepatic, renal, cardiovascular diseases, diabetes mellitus 

systemic inflammatory disorders and patients having other psychiatric co-morbidities including autism, 

oppositional defiant disorder, conduct disorder and patients receiving medication known to affect autonomic 

function were excluded from the study. A parent or legal guardian of the patients provided the informed written 

consent in either Hindi or English. 

All the participants were called to the Physiology department in the morning hours. The general physical 

examination and autonomic function tests were carried out. The ambient temperature in the laboratory was 

maintained at 23-25°C. 

The following autonomic function tests were conducted on the subjects. 

I. Sympathetic Reactivity tests 

1. Cold pressor test
9,10 

: - In this test, the patient dipped one hand up to the wrist into cold water at 10 

degrees Celsius for one minute. The Systolic and diastolic blood pressures were monitored from the other arm 

before the procedure and at one minute just before retracting the hand from cold water. The increase in the 

systolic and diastolic blood pressure was recorded as a response to cold stimulation. 

2. Hand grip test
11,12 

: - The test was performed in sitting position. Resting blood pressure was recorded. 

First, the subject was instructed to grip the dynamometer with the dominant hand with and contract maximally. 

Three successive trials were performed at an interval of 30 seconds. The highest value of three contractions was 

taken as a maximum voluntary contraction. After an interval of five minutes, handgrip exercise was again done, 

but this time contraction was maintained steadily by the subject at 30% of maximum voluntary contraction for 

up to 4 minutes. During this maneuver, both systolic and diastolic blood pressure was recorded at first, 2
nd 

and at 

the 4th minute from the non-exercising arm. The maximum rise in systolic and diastolic blood pressure was 

taken as an index of response to the hand grip. 

 

II. Parasympathetic Reactivity tests 

1. Deep breathing test-E:I ratio
 13-16 

:- the ECG was recorded using BPL CARDIART 6208 ECG 

machine. The patient was instructed to take deep and steady breathing at six breaths per minute in lying position 

comprising of 5 seconds of inspiration and 5 seconds of expiration. During breathing, an electrocardiogram was 

recorded continuously. The point of beginning of inspiration and the point of expiration was marked on ECG. 

The E: I ratio was calculated from the formula- 

E: I ratio =   Longest R-R interval during Expiration 

                    The shortest R-R interval during Inspiration 

               In very young children who were unable to follow the above instructions, the values were calculated 

from single breath cycle.         

2. Standing lying test-30:15 ratio
13-16 

:– The ECG was recorded using BPL CARDIART 6208 ECG 

machine. The subject was instructed to lie down quietly for 10 minutes, while a continuous electrocardiogram 

was recorded and then the patient was instructed to stand up and remain motionless. The point of standing was 

recorded. The 30:15 ratio was calculated as- 

30:15 ratio = R-R interval at beat 30 after assuming an erect posture 

                      R-R interval at beat 15 after assuming an erect posture 

 

The patients were then put on methylphenidate for 12 weeks. Mean dose of methylphenidate at the 

endpoint of the study was 20.58 ± 3.52 mg and mean dose per kg of body weight at the endpoint of the study 

was 0.70 ± 0.09 mg/ Kg.  

Autonomic function tests were repeated at 12 weeks of study period.   

Data obtained were subjected to statistical evaluation using Graph Pad Prism Version 7 software. The 

mean and standard error of the mean (Mean ± SEM) were calculated after testing for normal Gaussian 

distribution. Wilcoxon matched-pairs signed rank test was used to compare the difference from baseline to 12 

weeks after methylphenidate treatment. 

 

IV. Results 

In the comparison of sympathetic reactivity tests (Table1) before and after methylphenidate treatment, 

there was an increase in Systolic blood pressure & diastolic blood pressure on exposure to cold (Cold Pressor 

test) and sustained handgrip (Handgrip test) after Methylphenidate treatment.  The parasympathetic reactivity 

tests (Table2) showed that there was a significant decrease of E: I ratio (Deep Breathing Test) after 

methylphenidate treatment. However, there was no significant change in 30:15 ratio (Heart response to 

standing). 

.   
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V. Discussion 

The increase in blood pressure following the cold pressor test is attributed to activation of sympathetic 

nervous system 
17

.  

The maximum increase in the systolic and diastolic blood pressure in response to sustained handgrip 

significantly higher after Methylphenidate treatment. Sustained isometric muscular contractions are known to 

produce marked increases in systemic arterial blood pressure, heart rate, and cardiac output.  The hemodynamic 

responses to the static effort are related to an activation of the adrenergic system 
17

. The increments in SBP and 

DBP here again show the increased sympathetic responsiveness as evident in CPT.  

Changes in heart rate during deep breathing reflect parasympathetic modulation 
13, 15 

and in this study 

decrease in E: I ratio could signify decreasing parasympathetic modulation after the methylphenidate therapy. 

Our study is in concordance with studies by various authors. In a study conducted in  2011 by Negrao 

et al. 
4
 , it was found that stimulant-free children with ADHD had a sympathetic underarousal and 

parasympathetic overarousal of the autonomic system as compared to control subjects and that methylphenidate 

shifted the autonomic balance of children with ADHD towards normal levels. In a recent study by Hayeon 

Jennifer Kim in 2015 
18

, it was reported that children with ADHD show parasympathetic dominance and that 

methylphenidate treatment changes this parasympathetic dominance into an autonomic balance. Thus, there was 

a shift away from parasympathetic dominance post-therapy with methylphenidate.  

Thus, in our study ADHD children showed an increase in sympathetic activity with methylphenidate 

treatment.  

In our study, no serious adverse events were reported during the study period. But the increase in 

sympathetic activity warrants a cautious use of Methylphenidate. Hence patients should be screened carefully 

for cardiac diseases before initiating methylphenidate treatment.  

Our study has a few limitations. No control group was recruited in our study to compare the autonomic 

functions with patients of ADHD. Only male patients were recruited in our study as no female patient met our 

inclusion and exclusion criteria. The sample size was small (only 52 patients).  

 

Table 1: Changes in cold pressor test (CPT) and Hand grip test (HGT) from baseline to 12 weeks after 

methylphenidate treatment in the study group (Mean ± S.E.M values) 
Parameters Baseline 

 
After Treatment 
 

p-value 

CPT 

SBP 

(mm Hg.) 

Basal 104.30±0.45 104.8±0.49 0.0001 

After 1 min 113.10±0.60 117.0±0.61 0.0001 

Difference     8.85±0.37 12.23±0.47 0.0001 

DBP 

(mm Hg.) 

Basal   67.46±0.50 68.15±0.43 0.0001 

After 1 min   75.96±0.67 79.23±0.61 0.0001 

Difference     8.50±0.40 11.08±0.48 0.0001 

HGT 

 

SBP 
(mm Hg.) 

Basal 104.10±0.49 105.0±0.55 0.0001 

Max increase   111.6±0.59 115.1±0.73 0.0001 

Difference     7.50±0.32 10.35±0.43 0.0001 

DBP 
(mm Hg.) 

Basal   67.38±0.48 68.19±0.42 0.0001 

Max increase   74.81±0.57 77.46±0.59 0.0001 

Difference     7.42±0.33   9.27±0.41 0.0001 

p value- > 0.05-Non-Significant (NS),<0.05-Significant, <0.01-Very Significant, <0.001-Highly Significant. 

Wilcoxon matched-pairs signed rank test 

 

Table 2: Changes in E: I, 30:15 from baseline to 12 weeks after methylphenidate treatment in the study group 

(Mean ± S.E.M values) 
Parameters Baseline 

 

 

After treatment 

 

p-value 

E: I ratio 1.27 ± 0.03 1.21 ± 0.02 0.0065 

30: 15 ratio 1.03 ± 0.01 1.07 ± 0.01 0.0720 

p value- > 0.05-Non-Significant (NS),<0.05-Significant, <0.01-Very Significant, <0.001-Highly Significant. 

Wilcoxon matched-pairs signed rank test 

 

References: 
[1]. Thomas R, Sanders S, Doust J, Beller E, Glasziou P. Prevalence of attention-deficit/hyperactivity disorder: a systematic review and 

meta-analysis. Pediatrics. 2015 Apr 1;135(4):e994-1001. 

[2]. Richards JM, Plate RC, Ernst M. A systematic review of fMRI reward paradigms used in studies of adolescents vs. adults: the 

impact of task design and implications for understanding neurodevelopment. Neuroscience & Biobehavioral Reviews. 2013 Jun 
30;37(5):976-91. 

[3]. Musser ED, Galloway-Long HS, Frick PJ, Nigg JT. Emotion regulation and heterogeneity in attention-deficit/hyperactivity 

disorder. Journal of the American Academy of Child & Adolescent Psychiatry. 2013 Feb 28;52(2):163-71. 



Autonomic functions in Attention-deficit/hyperactivity disorder (ADHD) before and after .. 

DOI: 10.9790/0853-1706060104                                   www.iosrjournals.org                                             4 | Page 

[4]. Negrao BL, Bipath P, van der Westhuizen D, Viljoen M. Autonomic correlates at rest and during evoked attention in children with 

attention-deficit/hyperactivity disorder and effects of methylphenidate. Neuropsychobiology2011;63:82–91. 

[5]. Musser ED, Backs RW, Schmitt CF, Ablow JC, Measelle JR, Nigg JT. Emotion regulation via the autonomic nervous system in 
children with attention-deficit/hyperactivity disorder (ADHD). Journal of abnormal child psychology. 2011 Aug 1;39(6):841-52. 

[6]. Theodore PB,LisaGK.Sympathetic- and Parasympathetic-linked Cardiac Function and Prediction of Externalizing Behavior, 

Emotion Regulation, and Prosocial Behavior among Preschoolers Treated for ADHD.J Consult ClinPsychol 2013; 81: 481–93. 
[7]. Koenig J, Rash JA, Kemp AH, Buchhorn R, Thayer JF, Kaess M. Resting state vagal tone in attention deficit (hyperactivity) 

disorder: A meta-analysis. The World Journal of Biological Psychiatry. 2016 May 20:1-5. 

[8]. American Psychiatric Association. Diagnostic and Statistical Manual of Mental   Disorder, 5 thed. Washington, DC: American 
Psychiatric Publishing; 2013. P. 314-26 

[9]. Velasco M, Gómez J, Blanco M, Rodriguez I. The cold pressor test: pharmacological and therapeutic aspects. American journal of 

therapeutics. 1997 Jan 1;4(1):34-8. 
[10]. von Baeyer CL, Piira T, Chambers CT, Trapanotto M, Zeltzer LK. Guidelines for the cold pressor task as an experimental pain 

stimulus for use with children. The Journal of Pain. 2005 Apr 30;6(4):218-27. 

[11]. Lind AR, Taylor SH, Humphreys PW, Kennelly BM, Donald KW. The circulatory effects of sustained voluntary muscle 
contraction. Clinical science. 1964 Oct;27:229-44. 

[12]. Victor r, Vissing s, Urias l, Scherrer u. Central motor command activates sympathetic outflow to skin during static exercise in 

humans. in clinical research 1989 apr 1 vol. 37, no. 2, pp. a524-a524. 
[13]. Ewing DJ, Clarke BF. Diagnosis and management of diabetic autonomic neuropathy. British medical journal (Clinical research ed.). 

1982 Oct 2;285(6346):916. 

[14]. Ewing DJ, Borsey DQ, Bellavere F, Clarke BF. Cardiac autonomic neuropathy in diabetes: comparison of measures of RR interval 
variation. Diabetologia. 1981 Jul 1;21(1):18-24. 

[15]. Zygmunt A, Stanczyk J. Methods of evaluation of autonomic nervous system function. Archives of medical science: AMS. 2010 

Mar 1;6(1):11. 
[16]. Ewing DJ, Hume L, Campbell IW, Murray A, Neilson JM, Clarke BF. Autonomic mechanisms in the initial heart rate response to 

standing. Journal of Applied Physiology. 1980 Nov 1;49(5):809-14. 

[17]. von Baeyer CL, Piira T, Chambers CT, Trapanotto M, Zeltzer LK. Guidelines for the cold pressor task as an experimental pain 
stimulus for use with children. The Journal of Pain. 2005 Apr 30;6(4):218-27. 

[18]. Kim HJ, Yang J, Lee MS. Changes of heart rate variability during methylphenidate treatment in attention-deficit hyperactivity 

disorder children: a 12-week prospective study. Yonsei medical journal. 2015 Sep 1;56(5):1365-71. 

 

 

Dr. Pramesh Dogra "Autonomic functions in Attention-deficit/hyperactivity disorder (ADHD) 

before and after Methylphenidate."IOSR Journal of Dental and Medical Sciences (IOSR-

JDMS), vol. 17, no. 6, 2018, pp 01-04. 

 

 

 

 

 

 


