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Abstract: Duchene Muscular Dystrophy (DMD) is a progressive neuromuscular disorder affecting male children of a 
career mother, as seen in more than 70% of cases. It is an X-linked recessive disease that affects 1 in 3600-6000 live 
male births. As the child grows, muscles are progressively wasted and degenerated in the body. As time passes, it also 
involves intercostal and heart muscles leading to cardiorespiratory failure and death. Using a smartphone-based 
application namely, Lyfas that uses the principles of the optical sensor, arterial photoplethysmography, and 
photochromatography, this report focuses on capturing digital cardiovascular biomarkers at the backdrop of DMD and 
understanding the physiological aspect of the disorder and its progression, especially the risk of the involvement of 
cardiac muscles.  
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KEY MESSAGE 

Monitoring the initiation and extent of involvement of 
the cardiac muscles is crucial to DMD cases as 
eventually, patients die due to cardiac failure. A non-
invasive and ubiquitous way of monitoring Heart Rate 
Variability (HRV) and its correlates by studying the 
Pulse Rate Variability (PRV) from the capillary arteries 
of the index fingers may be useful in evaluating the 
myocardial involvement as the illness progresses as 
the prognostic measure, which is the principal focus of 
this case study. 

INTRODUCTION 

DMD is a rare neuromuscular genetic disorder 
where the skeletal muscle protein, namely dystrophin, 
is mutated causing ‘weak sarcolemma’ leading to the 
wasting of these muscles progressively [1] in about 0.8 
million male children in India [2]. Across the world, 1 in 
3500 male births is found to be vulnerable to express 
the disease mostly between 3-6 years of age [3]. 
Physiotherapy and glucocorticoids remain still the 
mainstay of the treatment [1]. 

Mobile health, in short mHealth, is gaining 
popularity as the extension of the current digital 
healthcare or eHealth by virtue of the (i) increasing 
number of smartphone users, (ii) widening network 
coverage, and (iii) powerful cameras with in-built optical 
sensors with LED light, which offers the ‘reflectant’ light 
source for photoplethysmography (study of blood 
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volume changes) and photochromatography (study of 
cellular substances and solutes in the blood). PRV 
surrogates for the Heart Rate Variability (HRV), which 
reflects Cardiac Autonomic Modulation (CAM) in 
explaining the mind-body homeostasis. These simple, 
low-cost, non-invasive, and ubiquitous techniques form 
the foundation of mHealth. 

CASE HISTORY 

The report is about a 12-year old Indian boy with 
127 cm of height and 28 kgs of weight (BMI: 17.4) who 
presented with a sudden loss of power to lift his arms in 
2018. On clinical examination, bilateral facial palsy, 
high arch palet, dropping of shoulders, slurred speech, 
neuromuscular lordosis with hip flexion-contracture, 
waddling gait, and positive Gower’s sign are found. The 
child was investigated for DMD PCR (30-05-2018), in 
which 18 exomes were detected but could not rule out 
exome deletion as it generally happens in the case of 
DMD. CPK level was tested and found 3489 IU/L (30-
04-2018). No abnormalities were detected in MRI of the 
brain and spine (04-06-2018).  

A series of gene sequencing studies showed no 
deletion or duplication in any of the 79 exomes in the 
DMD gene (20-07-2018). Later, on 24-07-2018, clinical 
exome sequencing showed a heterozygous variant of 
uncertain significance in the TRAPPC11 variants 
(p.(Pro820llefs*5), exon 22), which proves that the 
patient was a carrier of DMD.  

A nerve conduction test on 31-07-2018 showed 
motor axonopathy involving bilateral median and ulnar 
nerve affecting biceps, which was corroborating with 
the very first occurring symptom of the patient. CPK 
was re-studied on 02-08-21 and its level was 5482IU/L. 
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The patient had a high CPK-MB value (176ng/ml on 
14/03/2021, while the normal value is less than 6.22), 
which is a biomarker for the involvement of the heart 
muscles. Meanwhile, the patient was advised to take 
calcium, multivitamins, occupational therapy, and 
physiotherapy.  

Parents of the patient consulted Acculi Labs Pvt. 
Ltd. Bangalore for Lyfas testing (which is non-invasive 
and ubiquitous) to understand the underlying 
physiological state of the child, performed at the home 
of the patient from 24-08-2021 to 27-08-2021. Among 
many digital biomarkers, in this case, Heart Rate (HR), 
HR changes, SDNN, RMSSD, a 50 msec time-domain 

 

Figure 1: Morphology of the patient and the snapshots of the CK reports. 

 

 

Figure 2: The snapshots of the past genetic studies. 
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measure of HR variability (pNN50), low vs high-
frequency domain of HRV (LF/HF) are considered. 
Each of these biomarkers has been discussed 
concerning its clinical significance, in the following 
section. Figure 1-3 respectively shows the snapshots of 
the patient’s morphology and CPK enzyme levels, 
results of the genetic studies, and the Lyfas biomarker 
scores. It is worth noting that we have shown the plots 
of only abnormal biomarkers. 

Figure 1 shows the morphological photograph of the 
patient and the reports of CPK and CPK-MB. 
Snapshots of the genetic studies can be seen in Figure 
2, where Figure 3 shows the scores of the Lyfas 
cardiovascular biomarkers and its time-series plotting 
for the visualization.  

DISCUSSION 

DMD is an X-linked genetic disorder and caused by 
mutation of the DMD gene which is located on the short 
arm(p) of the X chromosome(Xp21.2) and the gene 
encodes for Dystrophin protein which regulates skeletal 
and cardiac muscles and is attached to the inner 
membrane of muscle fiber, so any mutation in the DMD 
gene leads to loss of dystrophin protein which further 
leads to degeneration of muscle fiber. 

Studies suggest that mutation in the recessive 
TRAPPC11 gene causes a spectrum of diseases like 

Limb-Girdle muscular dystrophy, myopathy with a 
movement disorder, and intellectual disability. [4] The 
patient's report, in this study, shows the presence of 
the TRAPPC11 gene with variant 
c.2458_2461delinsAT p.(Pro820llefs*5) creates a 
frameshift at codon 820 which is suggestive of 
muscular dystrophy as seen in this case. 

Creatine phosphokinase (CPK) or Creatine kinase 
is the enzyme that is used to supply ATP to tissue and 
cells of the brain, skeletal muscles, and the heart. 
Increased CPK levels are indicative of muscular 
damage as in this case of Duchenne muscular 
dystrophy. When the patient was first tested of CPK the 
value was 3489 IU/L on 30/04/2018 but reduced to 871 
U/L on 13/02/2021 because the degeneration of 
muscle is more initially and later when there is a 
decline in muscle mass the CPK value is also low. 
There are 4 isoenzymes of CPK which is used to detect 
damage to a particular muscle. CK-MB is present in the 
cardiac muscles and can detect acute myocardial 
infarction [5]. CK-MB value of the patient is 176ng/ml 
(on 14/03/2021), which was very high and suggested 
the involvement of cardiac muscles [6].  

Gower’s sign is a classical feature of DMD that 
signifies weakness in the proximal hip muscles and 
patients, therefore, climb on their thighs while standing 
up from the sitting position and it can be seen when the 
disorder has advanced enough [7]. Genetic studies and 

 

Figure 3: Snapshots of the digital cardiovascular biomarkers were obtained from a series of Lyfas tests. 
Abbreviations mentioned in Figure 3 and its full forms: 
HR, Heart Rate as bpm or beats per minute; SDNN, Standard deviation of N-N intervals (in mse or millisecond); RMSSD, Root Mean Square of successive R-R 
interval difference (in mse); SD1/SD2, the ratio of Poincaré plot standard deviation perpendicular to the line of identity). 
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blood CPK levels (the biomarker of the destruction of 
muscle mass) are for the diagnosis of DMD [8]. It 
eventually becomes a life-threatening condition due to 
progressive weakening of the myocardium leading to 
death due to cardiorespiratory failure and digital 
biomarkers such as Heart Rate Variability (HRV) and 
its correlates can provide physiological clues to the 
grade of such deterioration and set an alarm to the 
neurologists, as there is a strong correlation between 
myocardial fibrosis and diminished HRV [9].  

 

Figure 5: Lyfas test procedure. 

Lyfas is a commercially available smartphone-
based non-invasive ubiquitous biomedical application 
with theISO certification number: 13485:2016 and CE 
certification number: 29695, dated 01/11/2019) [10]. It 
can capture several digital biomarkers by studying the 
capillary blood flow of the index fingers [11]. Using the 
principles of reflectant Arterial Photoplethysmography it 
can capture the Pulse Rate Variability (PRV) that 
surrogates for the HRV and its correlates, which can be 
classified into the (A) Time-domain measure that 
includes (i) the standard deviation of NN interval or 
SDNN, which refers to the cardiac risk as values <50 
ms indicates the highest risk, while values between 50-
100 ms refer to moderate risk, and values over 100 ms 
refer to no risk, (ii) the percentage of sinus NN intervals 
that differs over 50 ms i.e., pNN50, a value of 3% or 
more eliminates the cardiac risk while <3% indicates 
very high cardiac risk [12] and (iii) the root mean 
square of successive RR interval difference known as 
the RMSSD that reflects the vagus nerve mediated 
autonomic control of the heart and a low RMSSD level 
(<50 ms) refers to sympathetic overactivity and hence 
poses for a higher cardiac risk [13]; (B) Frequency-
domain measure, which is the ratio of Low and High-
frequency powers known as the LF/HF score, which 
signifies the sympathovagal balance in the body, 
respectively and high LF-HF value signifies the high 
cardiac risk; and (C) Non-linear measure under which 
lies the ratio of Poincaré plot standard deviation 
perpendicular to the line of identity, which is termed as 
the SD1/SD2 score and is also a measure of the 
autonomic (sympathetic vs parasympathetic) balance 
and a high ratio refers to the cardiac risk due to 
sympathetic dominance [11]. Using 
photochromatography Lyfas can detect the solutes and 
cellular material in the capillary blood, which reflects 
the metabolic state of the body. Its novel heuristics 
collates the above findings into comprehensive mind-
body homeostasis analytics with data visualization 
through graphs and plots, which can be downloaded as 
a report for clinical correlations, i.e., correlating the 
values of these biomarkers with that of the chief 

 

Figure 4: The working principle of Lyfas. 
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complaints, sign-symptoms, and physical state of the 
test-takers. Figure 4 - 6 show the snapshots of the 
Lyfas working principle, the test procedure, and a 
sample report, respectively. 

The summary of the time-series Lyfas test reports 
concerning the HRV correlates shows that the average 
values of Heart Rate (HR), HR changes, RMSSD, 

SD1/SD2, and LF/HF are high as seen in Figure 3; 
while SDNN and pNN50 are found to be lower than 
normal. Critical analysis of the overall physiological 
state of the homeostasis, in this case, shows that the 
vagal compensatory mechanism (as evident by the 
high average value of RMSDD and low pNN50) is in-
state to prevent the cardiac risk as a result of the 
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tendency of underlying sympathetic overdrive (as 
evident by the high LF/HF, HR, HR changes, and 
SD1/SD2). There is also deterioration of the overall 
health condition due to the lower value of SDNN with 
the progression of the disease [14-16]. Hence, the 
study concludes that Lyfas parameters can predict the 
cardiac and general physiological health of the patients 

by studying the cardiovascular biomarkers surrogating 
for the CAM in his body and thus could be useful to the 
neurologists to monitor the progress of the illness and 
assess the risk of cardiac involvement in a case of 
DMD. The findings conclude that Lyfas can be used as 
a prognostic tool for monitoring the extent of cardiac 
involvement in case of a neuromuscular disorder.  
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Figure 6: Snapshot of one Lyfas report of the present case. 



32    Journal of Nanotechnology in Diagnosis and Treatment,  2021   Vol. 7 Das and Chattopadhyay 

CONFLICT OF INTEREST 
The authors declare that there is no personal or 

organizational conflict of interest with this work.  

AUTHOR CONTRIBUTION 
SC and RD conducted the study. SC 

conceptualized the data, analyzed it, corelated 
clinically, and written the paper. RD developed Lyfas 
application in smartphone and won the grant of DERBI 
Foundation, The Ministry of Electronics and Information 
Technologies, Govt. of Karnataka, India. Certificate 
number: IN-KA45186921153022T, Dated: 13th July 
2021. 

ACKNOWLEDGMENT/FUNDING SOURCE 

TIDE 2.0 Program, DERBI Foundation, The Ministry 
of Electronics and Information Technologies, Govt. of 
Karnataka, India. Certificate number: IN-
KA45186921153022T, Dated: 13th July 2021. 

REFERENCE 
[1] D. Duan, N. Goemans, S. Takeda, E. Mercuri and A. 

Aartsma-Rus, "Duchenne muscular dystrophy," Nature 
Reviews Disease Primers 2021; 7: p. 13,. 
https://doi.org/10.1038/s41572-021-00248-3 

[2] M. Basu, "A breakthrough for a rare genetic disorder," 
downtoearth, 08 Jan 2020. [Online]. Available: 
https://www.downtoearth.org.in/interviews/health/a-
breakthrough-for-a-rare-genetic-disorder-68447. [Accessed 
21 Sept 2021]. 

[3] G. Acsadi, "rarediseases.org," national Organization for Rare 
Disorders, 6 June 2016. [Online]. Available: 
https://rarediseases.org/rare-diseases/duchenne-muscular-
dystrophy/. [Accessed 21 Sept 2021]. 

[4] P. Munot, N. McCrea, S. Torelli, A. Manzur, C. Sewry, D. 
Chambers, L. Feng, P. Ala, I. Zaharieva, N. Ragge, H. 
Roper, T. Marton, P. Cox, M. Milev, M. Sacher, W. Liang, S. 
Maruyama, I. Nishino, R. Phadke and F. Muntoni, "P.198 
TRAPPC11-related muscular dystrophy with 
hypoglycosylation of alpha-dystroglycan in skeletal muscle 
and brain," Neuromuscular Disorders, 2020; 30(1): S46-
S150. 
https://doi.org/10.21203/rs.3.rs-31937/v1 

[5] RS. Aujla and R. Patel, "Creatine Phosphokinase," in 
StatPearls, Treasure Island (FL), StatPearls Publishing LLC, 
2021. 

[6] C. Tschöpe, E. Ammirati, B. Bozkurt, A. Caforio, LT. Cooper, 
SB. Felix, JM. Hare, B. Heidecker, S. Heymans, N. Hübner, 
S. Kelle, K. Klingel, H. Maatz, AS. Parwani, F. Spillmann, 

RC. Starling, H. Tsutsui and P. Seferovic, "Myocarditis and 
inflammatory cardiomyopathy: current evidence and future 
directions," Nature Review of Cardiology, 2021; 18: 169-193. 
https://doi.org/10.1038/s41569-020-00435-x 

[7] S. Shrestha and S. Munakomi, "StatPearls [Internet].," in 
Gower Sign , Treasure Island (FL): StatPearls Publishing; 
2021 Jan, [Updated 2021 Feb 23]. 

[8] SM. Szabo, R. Salhany, A. Deighton, M. Harwood, J. and KL. 
Gooch, "The clinical course of Duchenne muscular dystrophy 
in the corticosteroid treatment era: a systematic literature 
review," Orphanet Journal of Rare Diseases 2021; 16(237). 
https://doi.org/10.1186/s13023-021-01862-w 

[9] TD. da Silva, T. Massetti, TB. Crocetta, CB. de Mello 
Monteiro, A. Carll, LC. Marques Vanderlei, C. Arbaugh, FR. 
Oliveira, LC. de Abreu, CF. Filho, J. Godleski and C. 
Ferreira, "Heart Rate Variability and Cardiopulmonary 
Dysfunction in Patients with Duchenne Muscular Dystrophy: 
A Systematic Review," Pediatric Cardiology 2018; 39(5): 
869-883. 
https://doi.org/10.1007/s00246-018-1881-0 

[10] Acculi Labs Pvt. Ltd., [Online]. Available: http://acculi.com/. 
[Accessed 25 October 2021]. 

[11] HS. Deepa and R. Das, "Evaluation Of Non-Invasive 
Smartphone Based Digital Biomarker Tool Lyfas In Detecting 
Sleep Deficiency And Its Effects: A Retrospective 
Observational Study," Indian Journal of Applied Research 
2021; 11(1): 46-47. 
https://doi.org/10.36106/ijar/6214476 

[12] MM. Corrales, BDLC. Torres, AG. Esquivel, MAG. Salazar 
and JN. Orellana, "Normal values of heart rate variability at 
rest in a young, healthy and active Mexican population," 
Health 2012; 4(7): 1-9. 

[13] CM. DeGiorgio, P. Miller, S. Meymandi, A. Chin, J. Epps, S. 
Gordon, J. Gornbein and R. Harper, "M. (2010). RMSSD, a 
measure of vagus-mediated heart rate variability, is 
associated with risk factors for SUDEP: the SUDEP-7 
Inventory," Epilepsy & behavior 2010; 19(1): 78-81. 
https://doi.org/10.1016/j.yebeh.2010.06.011 

[14] K. Umetani, DH. Singer, R. McCraty and M. Atkinson, 
"Twenty-Four Hour Time Domain Heart Rate Variability and 
Heart Rate: Relations to Age and Gender Over Nine 
Decades," Journal of the American College of Cardiology, 
1998; 31(3): 593-601. 
https://doi.org/10.1016/S0735-1097(97)00554-8 

[15] CS. Fazlı and E. Çelik, "Pediatric Heart Rate Variability 
Normative Values Related to Average Heart Rate and Age in 
a Developing Country," Online Journal of Cardiology 
Research & Reports, 2019; 2(5). 
https://doi.org/10.33552/OJCR.2019.02.000547 

[16] F. Shaffer and JP. Ginsberg, "An Overview of Heart Rate 
Variability Metrics and Norms," Frontiers in Public Health 
2017; 28(5): 258. 
https://doi.org/10.3389/fpubh.2017.00258 

[17] G. Acsadi, "rare disease.org," National Organisation for rare 
disorders, 6 6 2016. [Online]. Available: 
https://rarediseases.org/rare-diseases/duchenne-muscular-
dystrophy/. [Accessed 23 9 2021]. 

 
Received on 13-10-2021 Accepted on 29-10-2021 Published on 31-10-2021 

 
DOI: http://dx.doi.org/10.12974/2311-8792.2021.07.3 

© 2021 Das and Chattopadhyay; Licensee Savvy Science Publisher. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in 
any medium, provided the work is properly cited. 
 


