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ABSTRACT 

Study of effects of acute sleep deprivation on inflammatory markers, oxidant 

status and autonomic activity and the relationship between their changes. 

OBJECTIVES:  

I. To study the effects of acute sleep deprivation on blood levels of 

Malondialdehyde (MDA) and Superoxide dismutase (SOD), the 

biomarkers of oxidative stress, blood levels of highly sensitive C- 

reactive protein (hsCRP), the inflammatory marker and Short-

term Heart Rate Variability (HRV) indices, the measures of 

autonomic activity. 

II. To study the correlation/ association between the changes in 

above parameters. 

III. To perform a sub-group analysis of the changes in the parameters. 

IV. To study the efficacy of a new technique to monitor, record and 

document acute sleep deprivation under natural settings. 

METHODS: 

Twenty volunteers of age 20- 40 years who were doctors including staff and 

post graduate students of the institution were recruited to undergo 36 hours 

of acute sleep deprivation, if they met the inclusion criteria of having an 

average sleep duration of >=6 hours per night (from 2 week sleep log) and 

Epworth sleepiness scale (ESS) score 10 (indicator of daytime sleepiness). 

The Sleep deprivation protocol required the volunteer to be under 

surveillance of a video camera recorder when they were in their room/home, 
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inclusive of the night hours. They were also required to maintain a record of 

the wake activities, every hour, throughout the 36 hours of sleep deprivation, 

in the Log-sheet provided. The video recording and the log-sheet was 

reviewed to ensure subject compliancy, further to which data collected from 

subject was considered for analysis. 

Baseline levels of serum hsCRP, serum MDA, blood SOD and HRV indices 

(from a 5-min lead II ECG recording) was estimated on the evening prior to 

the start of the Sleep deprivation protocol. The same parameters were 

estimated again, at end of 36 hours of sleep deprivation.  All study variables 

were summarized using descriptive statistical methods with mean (SD) or 

median (IQR). Paired t test / Wilcoxon signed rank test was used to compare 

the Pre and post values depending on the data normality. Correlation 

between all study variables was assessed using Pearson’s or Spearman’s 

correlation coefficient. 

RESULTS:  

Sleep deprivation did not produce any significant overall changes in any of 

the parameters in all the twenty subjects however subgroup analysis and 

correlation studies revealed significant findings. The changes in hsCRP had 

a negative correlation with changes in total power (r= -0.4496, p=0.0467) 

such that higher the changes in the total power (LF+HF), lower were the 

changes in hsCRP levels following sleep deprivation. The implication was 

that doctors with higher total HRV after sleep deprivation had lower levels 

of inflammation. The change in the Total power showed a significant 
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positive correlation with changes in the LF power (r= 0.603, p=0.0049) but 

not changes in HF power (r= -0.2872, p=0.2195). This indicates that 

increases in total power were mainly due to increase in LF power. Sleep 

deprivation produced significant lowering effect of SOD levels (Median 

(IQR)) from baseline in females {-0.004(-0.009; 0)} compared to males 

{0.003(-0.009; 0.008)} (p= 0.0478). Sleep deprivation produced a 

significant increasing effect in Median (IQR) MDA levels from baseline in 

doctors of clinical {0.23(-0.78; 0.50)} compared to non-clinical specialty {-

0.14(-1.08; 0.25)} (p= 0.0494). The results of our study reveal the 

vulnerability of female doctors and clinical doctors to oxidative stress 

produced by sleep deprivation.  

 

KEYWORDS: Acute sleep deprivation, MDA, SOD, hsCRP, HRV, doctors.
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INTRODUCTION 

Sleep is a phenomenon that has existed throughout the evolutionary process. 

Humans spend about one-third of their lifetime or approximately eight hours 

per night, sleeping. Yet the purpose of sleep continues to intrigue scientists 

over the globe and there have been multiple theories to explain and 

understand the need to ‘sleep’. Several theories have suggested that sleep 

may be required for energy conservation, as is seen with hibernating 

mammals or for brain restoration and memory consolidation. Sleep affects 

the mental and physical health of an individual. A sufficient amount of sleep 

is essential for optimal health, immune function and cognition.  

Sleep deprivation is the loss of sleep either due to inadequate sleep time, 

interrupted or fragmented sleep, or a combination of both. In the modern 

society, lifestyle related factors, work pressures and prolonged use of 

electronic gadgets contribute to sleep loss. Chronic sleep deprivation 

increases stress hormones, insulin resistance and sympathetic activation and 

increases the risk for developing cardiovascular diseases and metabolic 

disorders such as obesity and diabetes. 

 

Several studies have been done to study the effect of sleep deprivation on 

inflammatory markers and most studies report raised CRP levels with sleep 

deprivation while some report no change. This indicates the continuing need 

to investigate the effects of sleep deprivation on hsCRP levels in blood. It is 

suggested that the low grade inflammation that may be produced by 
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prolonged sleep loss may explain the pathogenesis of metabolic and 

cardiovascular diseases. 

 

Sleep also has an anti-oxidative function and during sleep, the damaging 

effects of oxidative stress are reversed. Prolonged hours of wakefulness can 

thus lead to accumulation of oxygen free radicals or reactive oxygen species 

(ROS). Several animal studies reveal increased oxidative stress in brain 

tissue and liver and decreased brain antioxidant capacity with sleep 

deprivation. Human studies report increased oxidative stress with chronic 

sleep disturbances but none have looked at acute sleep deprivation. 

Sleep deprivation is associated with increased sympathetic activity, 

increased heart rate and blood pressure.  

 

Several studies report the effects of sleep deprivation on the Heart rate 

variability (HRV) of subjects.  HRV analysis reveals the cardiac autonomic 

effects of acute sleep deprivation by an increase in the normalised LF 

component, indicating sympatho-excitation, as reported by previous 

investigators.  

 

Health care professionals and especially doctors frequently experience acute 

sleep deprivation or periods of restricted or fragmented sleep while on-call 

or while rendering their services in a busy inpatient ward. Even the non-

clinical specialty doctors have the burden of academic and research related 



3 

 

work, which may require them to stay awake for prolonged hours. Western 

studies have shown that chronic sleep deprivation and fatigue amongst 

medical professionals has adverse effects on mood and performance of the 

doctors. There are not many studies in the context of the Indian doctors who 

have a work load comparable to their western counterparts. Our study aims 

to address the impact of acute sleep deprivation on the inflammatory 

markers and oxidative stress among the Indian doctors. 

 

We have thus proposed that doctors who respond with greater sleep 

deprivation induced sympatho-excitation, may generate more ROS and 

exhibit greater low grade inflammation. We have hypothesized that in the 

sleep deprived state, there is increased low grade inflammation and greater 

oxidative stress produced in those responding with greater alteration in 

sympathetic and parasympathetic activity. To test our hypothesis, we 

designed a study which was approved by the ethical committee, to recruit 

medical doctors after informed consent, who will undergo sleep deprivation 

for 36 hours. We estimated the blood levels of the inflammatory marker, 

highly sensitive C-reactive protein (hsCRP), markers of oxidative stress 

namely, Malondialdehyde (MDA) and Superoxide dismutase (SOD) and 

computed the short-term HRV indices before and after sleep deprivation in 

the volunteer doctors. We analysed whether there was any significant 

change in these parameters because of sleep deprivation. We then correlated 

the change in hsCRP level with the change in MDA level and SOD level and 
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with the changes in HRV indices. We also compared the changes in these 

parameters between male and female doctors and between clinical and non-

clinical specialty doctors. 

 

The results of our study reveals the relationship between sleep deprivation 

induced changes of biomarkers of inflammation and oxidative stress and 

markers of autonomic activation. The sub group analysis also reveals the 

difference in response to sleep deprivation by different groups of doctors, 

females compared to males and clinical specialty doctors compared to non-

clinical specialty doctors. Our study has identified the group of doctors who 

are more susceptible to the deleterious effects of sleep deprivation and who 

therefore require remedial measures to contain the ill effects of sleep 

deprivation among them.  
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REVIEW OF LITERATURE 

Sleep is an essential physiological process which has persisted throughout 

the evolution of mammals. It is thus functionally important to restore and 

rejuvenate the body.  States of sleep and wakefulness are generated by 

complex interactions between many neurotransmitters and neuromodulators 

acting at multiple sites within the brain.(1) Sleep is divided into non–rapid 

eye movement (NREM) and rapid eye movement (REM) sleep based on 

electroencephalographic (EEG), electro-oculographic (EOG), and submental 

(chin) electromyographic (EMG) criteria. REM sleep is characterized by low 

muscle tone, prominent eye movements and low voltage and high frequency 

signals on EEG. NREM sleep on the other hand is characterized by more 

muscle tone, very slow rolling eye movements and large amplitude waves 

called as ‘spindles’.(1) 

The American Academy of Sleep Medicine (AASM) and Sleep Research 

Society (SRS) recommends 7 or more hours of sleep per night for young 

adults on a regular basis for optimal health.(2) Sleep states affect both 

mental and physical health of the individual and is important in brain 

restoration (3), memory consolidation, energy conservation and regulation of 

immune functions (4). The benefits of healthy sleep require not only 

adequate sleep duration, but also daily regularity, appropriate timing, good 

sleep quality and the absence of sleep disorders.  

Sleep deprivation is the loss of sleep either due to inadequate sleep time, 

interrupted or fragmented sleep, or a combination of both (5). Sleep 
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deprivation causes a buildup of sleep debt which causes an increased 

tendency to sleep and requires more intense/deep and prolonged recovery 

sleep for complete restoration. Sleeping less than the recommended hours is 

associated with adverse health outcomes, including weight gain and obesity, 

diabetes, hypertension, heart disease and stroke, depression, and increased 

risk of death (2) (6). 

In the modern society both acute and chronic sleep loss can be attributed to 

various lifestyle related factors, work pressures and prolonged use of 

electronic gadgets. This sleep deprivation alters several mechanisms which 

play an important role in the modulation of the cardiac autonomic activity, 

the stress mechanisms, the inflammatory process and the hypothalamo-

pituitary- adrenal axis. Chronic sleep deprivation is well known to increase 

stress hormones, insulin resistance and sympathetic activation, and lead to 

impairment of cognition, memory and vigilance. (5) Sleep deprivation is 

reported to increase the risk for developing cardiovascular diseases and 

metabolic disorders such as obesity, diabetes, coronary artery disease and 

hypertension. (7) (8) 

Studies have suggested that short duration of sleep maybe linked to a certain 

degree of central autonomic dysfunction which may be the cause of 

increased risk of mortality in known hypertension patients in a dose 

dependent manner (9) and in individuals with Metabolic syndrome.(10) 

Furthermore, sleep debts have also been associated with deranged 
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carbohydrate metabolism and endocrine function as evidenced by increased 

levels of cortisol , thyrotropin and impaired glucose tolerance. (11) 

The use of light-emitting electronic devices like mobile phones, tablets and 

laptop before bedtime for reading, communication or entertainment prolongs 

the time to fall asleep, delays the onset of sleep, reduces the levels of 

melatonin, disrupts the circadian rhythm and reduces alertness the following 

morning (12). Irregular sleep habits as commonly seen amongst the young 

population these days and has an adverse impact on the heath and academic 

performance of the individual (13). 

Studies have shown that sleep deprivation and fatigue amongst medical 

professionals is common and mostly seen amongst resident doctors. Chronic 

sleep deprivation is shown to reduce the cognitive performance in physicians 

although it may not quite affect their performance at clinical tasks (14) while 

some studies report that sleep deprivation has adverse effects on mood and 

performance (15), poorer motor skills, decreased motivation, and lack of 

initiative. Those who are chronically sleep deprived tend to underestimate 

their impairment (16). It was also identified that the emotional effects such 

as family and marital discord, cynicism, lack of empathy for patients, 

depression and suicide were common amongst physicians with sleep loss 

(16). The sleep loss and fatigue that results from long working hours is a 

threat to both physician and patient safety and needs to be understood well 

in order to prevent any medical error and improve performance of the 

doctors (17) (18). 



8 

 

In a developing country like India where there is an increasing demand for 

doctors, the working hours are also intense. The amount of work is very 

much comparable to the Western society though not much has been said 

about sleep deprivation and its effects on the Indian physicians and Indian 

doctors working in the non-clinical departments. There is a growing pressure 

on doctors in the non-clinical specialty to write up research grants, generate 

research data and research activities, and publish research work, all of which 

may require them to work late into the night. Thus, demands of work result 

in sleep deprivation not only in doctors of clinical departments but also in 

doctors of non-clinical departments. However, the nature of work and the 

extend of work pressure will be different in the 2 groups of doctors. 

 

Inflammatory marker highly sensitive C-reactive protein:  

The inflammatory processes are characterized by changes in acute phase 

reactants, the most common one being C-reactive protein (CRP) which is a 

positive acute phase reactant as the levels increase with any inflammatory 

process. Minor changes in CRP levels as detected with highly-sensitive 

assays called the highly sensitive CRP (hsCRP)  and may also occur in 

association with metabolic stresses in the absence of acute or chronic 

infection or injury (19) (20). Concentrations of serum CRP between 3 and 

10 mg/L has been generally regarded as a marker of low grade inflammation 

or subclinical inflammation in metabolic dysfunction (20).  
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Sleep deprivation and hsCRP: 

Several studies have been done to study the effect of acute sleep deprivation 

on inflammatory markers, however the results have not been consistent. 

While most studies show increase in the CRP levels with acute sleep 

deprivation (19) and sleep restriction (21) there are other studies which 

either report no relationship between CRP levels and sleep duration (22) or 

have reported that hsCRP increases with both shorter (<5 hours) and longer 

duration (>9 hours) of sleep. (23) (24) Further, the setting and the duration 

of sleep deprivation is different in different studies. This indicates the need 

to further investigate the effects of sleep deprivation on hsCRP levels in 

blood and to explore the cellular mechanisms that may lead to the pro-

inflammatory states produced by sleep deprivation. Further, it is suggested 

that the low grade inflammation that may be produced by prolonged sleep 

loss may explain the pathogenesis of metabolic and cardiovascular diseases. 

 

Oxidative stress markers:  

Oxidative stress occurs in a cell or tissue when the concentration of reactive 

oxygen species (ROS) or free radicals generated exceeds the antioxidant 

capability of that cell. These ROS are capable of interacting and modifying 

the cell composition and structure thus being involved in the pathogenesis of 

various diseases (25) (26). Commonly used biomarkers to study the oxidant 

status involve estimation of serum Malondialdehyde (MDA) and blood 

Superoxide dismutase (SOD).  
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Malondialdehyde- product of Lipid Peroxidation: 

Lipid peroxidation is well recognized mechanism of cellular injury in 

biological system of plants and animals. The mechanism involves a process 

whereby unsaturated lipids are oxidized to form radical species as well as 

toxic byproducts. Poly unsaturated lipids are more susceptible for oxidative 

cellular damage and react to form lipid peroxides. Lipid peroxides are 

unstable themselves and undergo decomposition to form sequel of carbonyl 

compounds, which further react to form malondialdehyde (MDA). These 

aldehydic secondary products of lipid peroxidation are generally accepted 

markers of oxidative stress (27) (28). A thiobarbituric acid reactive 

substance (TBARS) is a well-established assay for screening and monitoring 

lipid peroxidation and other 

forms of lipid peroxides. The assay is based on the reaction of 

malondialdehyde (MDA) with thiobarbituric acid (TBA) at 950C in the 

presence of acetic acid, which forms a MDA-TBA2 adduct which shows 

absorption maximum at 532 nm. An increase in free radical concentration 

causes overproduction of MDA (29) (30). Thus, lipid peroxidation is one of 

the most widely reported analysis for the purpose of estimating oxidative 

stress effects on lipids. 

Superoxide dismutase: 

Superoxide dismutase (SOD) is an enzyme that catalyzes the dismutation or 

partitioning of the superoxide (O2
−) radical into either harmless molecular 

oxygen (O2) or hydrogen peroxide (H2O2) which is harmful but is degraded 



11 

 

by other enzymes such as catalase (31). The superoxide is produced as a by-

product of oxygen metabolism and, if not regulated can cause cell damage. 

Thus,  SOD is an antioxidant enzyme which acts by blocking the initiation 

of free radical chain reactions (32).  

Sleep deprivation and oxidative stress markers: 

Studies have shown that sleep has an anti-oxidative function and decreases 

oxidative stress. Prolonged hours of wakefulness lead to increased 

production of ROS which has been implicated in producing oxidative stress 

which may prove harmful in the long run (29). Studies done in sleep 

deprived animals show decrease in brain antioxidant capacity as evidenced 

by decreased glutathione levels and reduced activity of superoxide 

dismutase (SOD) (33). Changes in antioxidant enzymes can vary depending 

upon the study model and the duration of sleep deprivation in animals (34). 

Animal studies show an increase in oxidative stress in brain tissue and liver 

with sleep deprivation, while some studies report an increase in antioxidant 

activity following short term sleep deprivation in Sprague and Wistar rats, 

suggesting compensatory mechanisms to protect brain from oxidative stress 

(34) (29). At the same time, some published literature reports no change in 

antioxidant levels with sleep deprivation (33). Further there have been few 

studies as to our knowledge, on human subjects, relating oxidative stress 

with sleep disturbances (35) (36)  but none on acute sleep deprivation and 

oxidative stress. Hence in the current proposal, we plan to study the changes 

produced by acute sleep deprivation on the biomarkers of oxidative stress. 
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Acute changes in oxidative markers is possible, as reported following acute 

bouts of exercise (37). 

 

Cardiac Autonomic activity and Heart Rate Variability: 

The Sino atrial node which is the pacemaker of the heart receives both 

sympathetic and parasympathetic supply. The normal physiological beat- to- 

beat variation of heart rate is largely modulated by efferent vagal and the 

sympathetic outflow. There are continuous fluctuations seen in the vagal and 

the sympathetic activity throughout the day which are mainly due to inputs 

from the respiratory centers and the baroreceptor mechanisms. These 

variations of cycle length in millisecond between adjacent cardiac cycle or 

RR interval is known as Heart Rate Variability (HRV). An analysis of this 

variability is known as heart rate variability analysis. HRV analysis is an 

important tool to assess the functioning of the cardiac autonomic activity as 

it assesses the pliability of the cardiovascular regulatory mechanisms.  

The intrinsic firing rate of the sino atrial node is 100-110 beats per minute 

but the normal adult heart rate at rest is only 60-80 beats per minute. This 

indicates that the cardiovagal inputs exert a global inhibitory control on the 

automaticity, excitability and contractility of the heart. The vagal inhibitory 

effects occur both directly and through inhibition of the adrenergic 

activation. Thus, under normal resting conditions, heart rate is 

predominantly due to the vagal tone and this tone is higher in fit adults(38). 

The sympathetic system on the other hand exerts positive chronotropic, 
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dromotropic and ionotropic effect on the heart in response to internal and 

external stimuli such as postural changes, exercise, hypoglycemia, 

dehydration temperature and stress. But the sympatho-vagal interaction in 

the heart is not always antagonistic. Simultaneous co-activation of both the 

sympathetic and parasympathetic may sometime occur in certain conditions 

like diving. This synergistic effect may lead to a greater cardiac output than 

just activation of the sympathetic system. During sleep or in highly trained 

athletes, when the basal heart rate is very slow, vagal stimulation may 

produce an increase in heart rate which may be mediated by the vasoactive 

intestinal neuropeptide which has an excitatory effect on the heart. (38)  

The heart rate increases during inspiration and decreases during expiration. 

There are a number of determinants of this heart rate fluctuation due to 

normal respiratory events.  These changes are termed as respiratory sinus 

arrhythmia and it forms an important component of the normal HRV. A 

linear relationship exists between “parasympathetic control” and the 

“variation in heart period,” thus supporting the view that the magnitude of 

respiratory sinus arrhythmia can act as a noninvasive measure of 

parasympathetic cardiac control. (38) 

The influence of changes in parasympathetic activation is quick and 

transient due to the fast degradation of its neurotransmitter which is acetyl 

choline by acetyl choline esterase enzyme, shortness of the unmyelinated 

post ganglionic axon and less number of synapses in the parasympathetic 

pathway compared to the sympathetic pathway. Hence, the changes due to 
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the parasympathetic activity are reflected immediately in the next cycle and 

contribute entirely to the faster oscillations in the RR interval. The effects of 

variations in sympathetic activation develop more slowly and the effects are 

visible only after 2-3 seconds. Thus, sympathetic activity contributes to the 

slower oscillations in the RR interval. 

Heart rate variability can be analyzed by computing the RR interval from a 

recorded electrocardiograph (ECG). Short term HRV is assessed from 5 

minutes of ECG recordings while long term HRV is assessed from 24 hours 

of Holter ECG recording. Resting HRV is always analyzed from ECG 

obtained in supine position as the heart rate fluctuations are more 

pronounced in this position. Various softwares and algorithms use the RR 

interval tachogram (Figure 1) to derive the time and frequency domains 

indices as per established guidelines. (39) 

Time Domain Analysis: 

This uses the RR intervals also called as Normal to normal interval (NN) 

i.e., without ectopics and analyzing their relationship using statistical tests. 

Parameters include: 

 

Figure 1: RR interval Tachogram for about 300 seconds. 
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1) SDNN- It is the standard deviation of all normal to normal RR intervals and 

is a measure of the total variability. 

2) RMSDD- It is the square root of mean squared difference of successive 

normal to normal RR intervals. If the difference between RR intervals is 

more, the parasympathetic modulation is more. 

3) pNN50- It is the proportion of the differences in consecutive normal -to- 

normal RR intervals that are longer than 50 milliseconds. Similar to 

RMSSD, it estimates high frequency variations and reflects parasympathetic 

activity. 

 

Frequency Domain Analysis: 

This expresses the varying heart rate as a function of frequency. It is done 

using mathematical algorithms like Fast Fourier Transformation (FFT). The 

RR interval tachogram is composed of many different frequencies and using 

the fast fourier transform it is split into its component frequencies and the 

power of each frequency band is estimated. The frequencies are displayed on 

the X-axis and its power on the Y-axis (Figure 2). Power of the specific 

frequency band depends on the extent of modulation of sympathetic and 

parasympathetic supply on the heart. Parameters obtained include: 
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Figure 2: Wave distribution after a power spectral analysis of a tachogram using fast 

fourier transform. 

 

1) HF (High frequency) power: It is the power in ms2 in the range of 0.15-0.4 

Hz produced by parasympathetic modulation. The modulations due to 

respiratory sinus arrhythmia also fall into this band of frequency. 

2) LF (Low frequency) power: It is the power in ms2 in the range of 0.04-0.15 

Hz produced by both sympathetic and parasympathetic modulations. 

3) VLF (Very Low frequency) power: It is the power in ms2 in the range of 

<0.04 Hz, which may be due to body temperature fluctuations and effect of 

hormonal action like the renin-angiotensin-aldosterone axis. 
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4)  Total power (LF + HF): It is the sum of the LF and HF powers in Short 

term HRV analysis. It indicates the total variability due to the sum of 

sympathetic and parasympathetic modulations.  

5) LF/HF:   It is the ratio of the sympathetic modulation to the vagal 

modulation and reflects the sympathovagal balance. 

6) LF nu and HF nu: LF nu (normalized unit) is the ratio of LF power to the 

total (LF+HF) power while HF nu (normalized unit) is the ratio of HF power 

to the total (LF+HF) power.   

 

Sleep deprivation and HRV: 

Sleep is known to increase vagal tone and depress the sympathetic activity 

under normal conditions associated with a rapid decline in circulating 

catecholamines compared to wakefulness (40). Cardiovascular physiological 

parameters such as the heart rate and arterial blood pressure depend on the 

cardiac activity, which in turn is dependent on the activity of its sympathetic 

and parasympathetic innervation and can be studied by Heart Rate 

Variability (HRV) analysis (41). During sleep the autonomic balance of 

cardiovascular regulation shifts to a parasympathetic dominance. Thus sleep 

deprivation can be associated with increased sympathetic activity, increase 

in heart rate and blood pressure (40). The effects of acute sleep deprivation 

on the HRV indices have been studied before, some showing increase in the 

normalized LF component and decrease in the normalized HF component, 
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indicating sympatho-excitation (42) (43) while others show no change in the 

Total HRV (44). 

 

Method for Acute Sleep Deprivation:  

Sleep deprivation studies help to study the consequence of sleep loss. Most 

studies require subjects to remain in the sleep lab throughout the period of 

sleep deprivation being continuously monitored by polysomnography, video 

camera and surveillance by a sleep technician (45) (42) (46). Some sleep 

deprivation protocols deprive the subject of all circadian cues - light dark 

cycle, food intake, temperature - throughout the sleep deprivation period. 

These sleep deprivation protocols report providing a strict constant 

environment to the subjects, such as same low illumination throughout the 

study period and constant calorie and fluid volume feeds at regular intervals 

during the entire study period (44). Some studies give an adaptation time of 

one night to the subjects to make them familiar with the strange 

surroundings of the sleep lab before the onset of sleep deprivation (47). 

There is one study that reports the effects of sleep deprivation of subjects on 

night duty, where the subjects were continuously monitored while in the 

constant environment of the work place, by technicians or other staff at the 

work place (43). Thus most of the sleep deprivation studies, require the 

subjects to be housed in sleep laboratories under artificial settings and in 

environments strange to them. 
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Rationale for current study: 

Thus, based upon the above literature, in our study we induced acute sleep 

deprivation for a period of thirty-six hours and under natural settings and in 

an environment familiar to the subject, in medical doctors of both clinical 

and non-clinical departments of our institution.  We recruited the doctors 

based on certain inclusion and exclusion criteria and compared their serum 

hsCRP levels, plasma MDA levels, plasma SOD levels and their short-term 

HRV indices before and after acute sleep deprivation. 

The baseline resting cardiac autonomic sympatho-vagal balance will be 

different in different individuals and hence the effect of sympatho-excitation 

produced by sleep deprivation will vary. Those with greater baseline vagal 

activity may show lesser response. Thus we proposed that those who 

respond with greater sleep deprivation induced sympatho-excitation, may 

generate more ROS and exhibit greater low grade inflammation as has been 

suggested by a study (8). Individuals with greater resting vagal tone may 

have greater capacity to withstand the effects of acute sleep deprivation on 

oxidative stress and inflammation. We hypothesized that in the sleep 

deprived, increased low grade inflammation and oxidative stress is produced 

in those with greater reductions in sympathetic and parasympathetic activity. 

To test our hypothesis, we correlated the changes produced by sleep 

deprivation in the inflammatory marker (hsCRP) with the changes in the 

markers of oxidative stress (MDA and SOD) and with the changes in HRV 

indices. 
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The results of our study revealed the relationship between sleep deprivation 

induced changes of biomarkers of inflammation and oxidative stress and 

markers of autonomic activation. The results of our study identified sub-

groups of doctors who are at risk of increased oxidative stress arising from 

sleep deprivation and who thereby require special measures to ward off the 

ill effects of sleep deprivation. The findings of our study is significant as 

sleep deprivation is unavoidable in the current modern society. 
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AIM 

To study the effects of acute sleep deprivation on biomarkers of oxidative 

stress, inflammatory markers and autonomic activity and to investigate the 

relationship between the changes produced in them. 

 

OBJECTIVES 

I. To compare the following parameters before and after sleep deprivation: 

1. Short-term Heart Rate Variability indices (Cardiac autonomic 

activity). 

2. Arterial Blood pressure 

3. Plasma Malondialdehyde level (MDA) 

4. Plasma Superoxide dismutase level (SOD) 

5. Serum Highly sensitive CRP (hsCRP) 

 

II. To study correlation/association between the changes in above parameters 

III. To perform a sub-group analysis of the changes in the parameters  

IV. To study the efficacy of a new technique to monitor, record and 

document acute sleep deprivation under natural settings. 

 

Hypothesis: In the sleep deprived, increased low grade inflammation and 

greater oxidative stress are produced in those who respond with greater 

reduction in sympathetic and parasympathetic activity. 
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MATERIALS AND METHODS 

To investigate the acute effects of sleep deprivation on biomarkers of 

oxidative stress, inflammatory markers and autonomic activity, a quasi-

interventional study was designed, recruiting medical doctors from the 

clinical and non-clinical departments of the institution. 

The study was approved by the Institutional Review Board and Ethics 

Committee. 

Design: Quasi Interventional Study  

Sample size calculation: 

Using the means and standard deviation values of the pre and post 

Malondialdehyde blood levels from a previous study (37), to obtain a mean 

difference of 0.51 in the Malondialdehyde value, with a standard deviation 

of 0.8, power of 80% and a significance level of 5%, a sample of 35 subjects 

was calculated. 

 

Where, 

μ1 = Mean of pre MDA 

μ2 = Mean with post MDA 
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σ1 = Standard deviation of pre MDA 

σ2 = Standard deviation of post MDA 

An interim analysis was done with the data from 20 subjects and the results 

are being presented in this thesis. 

Inclusion criteria:  

- Age 20-40years  

- Those with average night time sleep duration of >=6hrs  

- Epworth sleepiness scale score <=10  

 

Exclusion Criteria:  

- Night Shift workers in the past 3 months  

- Crossing Time zones of 2 hours or more in past 1 month  

- Any chronic diseases like Diabetes Mellitus, Hypertension, Asthma, 

Bronchitis, Thyroid disorders  

- Any heart diseases  

- Any diseases involving autonomic nervous system  

- Any use of chronic medications (affecting ANS)  

- Any acute and chronic infections and inflammation  

- Known sleep disorders and psychiatric illness  

- Known Seizure disorders  
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- Any Vitamin supplementation in past 3 weeks  

- Substance abuse  

 

Setting: Flyer advertising for volunteers aged 20-40 years, from amongst 

the staff and postgraduate students of the clinical and non-clinical 

departments were put up in prominent places in the Medical College and 

hospital. After informed consent, volunteers who were willing to participate 

in the study were asked to answer the Pre Sleep deprivation questionnaire 

(Annexure 1) as a self-reported health questionnaire, maintain a sleep log for 

2 weeks in a given format (Annexure 5) for quality and quantity of sleep and 

answer the Epworth sleepiness scale questionnaire (Annexure 6) for daytime 

sleep propensity.  

After ensuring an average sleep duration of >=6 hours per day and Epworth 

score of <=10, the subjects were enrolled into study and were given 

instructions and appointment for the collection of data (Annexure 2). 

 

Pre-Sleep Deprivation questionnaire: 

The Pre-Sleep deprivation questionnaire was designed to collect information 

about the general health of our subjects and to rule out any chronic diseases 

like diabetes mellitus, hypertension, asthma, bronchitis, thyroid disorders, 

heart diseases, sleep and psychiatric disorders and any disease related to 

autonomic function which might be a confounding factor in the study. Also 

any acute infection or inflammatory conditions would alter the inflammatory 
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marker, hsCRP levels. Vitamin supplements, certain drugs and also any 

form of substance abuse might also alter the actual baseline oxidant status.  

 

Sleep log: 

A sleep log (sleep diary) for at least 2 weeks is usually recommended for 

patients who complain of insomnia and other sleep related disorders. Sleep 

logs are very helpful in revealing general patterns of the sleep-wake cycle 

such as irregular bedtimes and wake times and the amount and frequency of 

napping. It is a good tool to assess more accurately the sleep patterns rather 

than relying on subject’s recall. The essential elements include: time in bed 

(TIB) which is the time period from when the subject gets in bed until the 

final time the subject leaves the bed in the morning, sleep-onset latency 

which is time taken to fall asleep once in bed (SOL), total sleep time (TST), 

and the amount of wake after sleep onset (WASO) which includes all 

waking up from sleep until morning. It also provides space to record 

caffeine consumption, bedtime activities, or medications taken for sleep as 

well as estimates sleep quality. 

 

Epworth sleepiness scale questionnaire: 

It is a self-administered questionnaire with eight common situations that 

almost everyone encounters. It provides a measurement of the subject's 

general level of daytime sleepiness or sleep propensity.(48) (49) It was used 

as a tool for inclusion criteria for the subjects. The maximum score is 24 and 

normal is assumed to be 10 or less. ESS scores of 16 or greater are 
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associated with severe sleepiness. The subjects who did not have any sleep 

related issues would have lower ESS scores and it would not be a 

confounding factor for the study. 

 

Participants:  

Staff and post graduate students between 20-40 years of age, of both the 

clinical and non-clinical specialty were voluntarily recruited into the study 

after an informed consent was taken. Post graduate students of the 

Physiology department of the institution were not recruited as there was 

more chances of bias and vulnerability amongst them. 

 

Experimental protocol: 

Subjects had to remain awake for 36 hours starting from 6:00 AM of Day 1 

to 6:00 PM of Day 2, not having slept in the intervening night. The subject 

was asked to continue with the normal daily activities and daytime work 

routine during the entire duration ensuring that there was no period of even a 

small nap.  The subject was encouraged to consciously remain awake in the 

subject’s room during the night. In discussion with the subjects, the night of 

sleep deprivation was fixed at the subject’s convenience, such that it 

preceded the weekend, or a holiday, or a day when the subject would not 

have to make any critical decisions at work. 

Baseline anthropometric data, resting heart rate and blood pressure, ECG 

data (for HRV analysis) and 10 ml of venous blood (to estimate levels of 
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MDA, SOD and hsCRP) were collected from the volunteers the evening 

before the start of sleep deprivation (1st data collection). The same data, 

except for anthropometry, were collected again (2nd data collection) from the 

subjects at the end of the sleep deprivation duration, at the same time in the 

evening. 

Pre-test instructions: (which were followed by the subjects before every 

data collection point): (Annexure 2) 

1. Abstaining from caffeinated beverages/tea/tobacco/alcohol/chocolates 

from 1800hours of the previous day of 1st data collection till the end of the 

study period. 

2. Abstaining from any strenuous physical activity (lifting very heavy 

weights, running, playing games like football/basketball/cricket etc.) from 

24 hours prior to the date and time of 1st appointment for data collection till 

the end of the study period. 

3. Following the usual pattern of sleep till the 1st appointment and till the 

morning of Day 1 when Sleep deprivation protocol starts. 

4. No consumption of any meals for 2 hours before the time of each 

appointment for data collection. 

 

Sleep Deprivation protocol: A total of 36 hours of total sleep deprivation 

was ensured, under natural settings, without the subject having to remain 

under observation in the sleep laboratory. The subject was requested to 

continue with normal routine daytime activities, including attending work at 



28 

 

clinics and in the department. However, at night the subject was required to 

make a conscious effort to keep awake. 

Starting at 0600hours on Day 1 (following a complete night of usual sleep) 

to 1800hours on Day 2 after the day’s routine work, the subject had to 

remain awake. The subject had to document wakefulness during the entire 

period, through recall every hour by the subjects themselves in a Sleep 

deprivation log-sheet (Annexure 4). In addition, at night and whenever the 

subjects were in their room/home, they had to subject themselves to a 

continuous self-video recording, with the audio muted, as evidence of 

having remained awake the whole night. A portable Network camera (CP 

Plus, IP cube camera, model no: CP_UNC_CS13L1_VMW, 1.3MP with a 

128GB removable memory card) was used for this purpose. The camera had 

the capacity to record videos for up to 28 hours. The video camera was 

portable in nature and was programed to record mute videos. One day prior 

to the night of sleep deprivation, the video camera would be installed in a 

place where the subject would be spending most of their time undergoing 

sleep deprivation. The view of the camera would be adjusted instantaneously 

with the help of an android application (CMOB CP Plus mobile app) 

connected to the video camera. The mechanism of switching on and off the 

camera was explained to each subject and they were instructed not to disturb 

the position of the camera. The subjects were asked to record the time of 

video camera ‘On’ and ‘Off’ in their sleep deprivation logs. They were 

instructed to keep the camera on throughout the time spent awake at night 
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and also when in the room during the day. They could switch off the camera 

once leaving the room for work. The videos were then retrieved and saved 

separately in the hard disk (Sony HD E2 2.0TB). The videos were recorded 

into folders for each hour with 12 files of 5-minute video within each folder. 

The video had a self-running timer specifying the date and time of the day. 

The time of the video could thus be matched with the actual time of any 

event. 

 The video-recording was collected from each subject at the end of the total 

sleep deprivation protocol and reviewed at 4x speed. The video was 

reviewed more cautiously at the time points where the subject recalled some 

inactivity or urge to sleep on the log sheet. In case a subject reported sleep or 

was seen sleeping on the video during the night of deprivation, they were 

withdrawn from the study.  

The following instructions were given to the subject on the first appointment 

day: 

Instructions for sleep deprivation: 

1. Wake up at 0600hrs on Day 1 of the Sleep deprivation period. 

2. Required to strictly remain awake for the next 36 hours, avoiding even 

small naps or dozes. 

3. Continue to abstain from consuming alcohol and caffeinated beverages 

for this entire duration. 

4. Continue to not involve in heavy physical activity for the entire duration. 
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5. Continue with the same food habits and meal intake routine which have 

been followed for the past few weeks before the study. 

6. Enter information every hour, about awake time, in the Log table 

provided. Mention if even a small nap is taken. 

7. Consciously and pro-actively stay awake. Otherwise, data cannot be used 

for analysis in the study. 

8. Switch on the video recorder when at room/home after work on Day 1 to 

record the view of that part of the room/home, where the subject will be 

spending most part of the night awake and doing some activity. Watching 

television, watching movies, playing computer games, working on the 

PC/laptop, reading books, talking on mobile phones, talking with friends, 

cooking, sewing, doodling, painting and any indoor activity which will 

prevent falling asleep is allowed. 

9. Unbearable sleep pressure can be avoided by getting up, washing face and 

doing some activity to stay awake. 

10. Drinking coffee, tea or any other caffeinated beverages to keep away 

sleep, is not allowed throughout the study period. 

11. Ensure that activities are being recorded by the video camera throughout 

the night, till the next day morning before leaving for work. 

12. Short absences from the video recording is allowed for use of the wash 

room, changing clothes and other personal activities. 

13. On Day 2, while at work, avoid napping and continue to log activity, 

every hour, in the Log book 
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14. Switch on the video recorder again after returning to room/home on Day 

2 and continue to record, keeping awake till it is time to leave for 2nd 

appointment. 

15. Abstain from driving any motorized/ non-motorized vehicle on Day 2 of 

the sleep deprivation period.  

16. Abstain from making any critical decisions related to work on Day 2 of 

the sleep deprivation protocol. 

 

Novel method of sleep deprivation protocol: 

The method used to induce 36 hours of sleep deprivation was unique in a 

way that it was done in an environment familiar to the subject, while the 

subject is in his/her room or home, and with the subject taking part in all 

routine activities except sleep. The usual method of sleep deprivation 

described by most studies are mostly an artificial setting involving a sleep 

lab.(24) Some studies give an adaptation time of 1 night to the subjects to 

make them familiar with the strange surroundings of the sleep lab before the 

onset of sleep deprivation.(47) Some studies also include a continuous 

polysomnography to ensure sleep deprivation.(42) The advantage of the 

polysomnography is that specific sleep stage analysis can be done and the 

subject can have sleep restriction of a particular stage of sleep like REM 

restricted sleep.(46) (50) However the disadvantage is that the subject is 

confined to a single room with restricted locomotion and the discomfort of 

the multiple leads attached to the head. Further it also requires continuous 
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vigilance by a sleep technician or an observer. Our technique on the other 

hand studies the effects of sleep deprivation in the normal, natural settings of 

the subject, which may be more comparable to a real life situation and thus 

reduces the confounding effects of being confined to a strange place. 

 

Data collection: It was done at two points after obtaining written consent, at 

the Clinical Physiology laboratory of Physiology department. 

(i) Pre-sleep deprivation: First set of data was obtained on the evening prior 

to Day 1 of sleep deprivation at 1800hours. 

(ii) Post-sleep deprivation: Second set of data was obtained on Day 2 at 

1800hours after completion of 36 hours of sleep deprivation. 

 

Variables: The variables recorded were 

- Age  

- Gender  

Laboratory measured variables:  

1. Height: Measured using a calibrated scale on the wall to the nearest 1 cm. 

2. Weight: Measured using a digital weighing machine to the nearest 0.1 Kg. 

3. Supine resting Heart rate: Was computed from the 5-minute supine ECG. 

4. Time domain and Frequency domain indices of Short-term HRV analysis: 

It was obtained by analysis of the 5-minute supine ECG, using specialised 

software. 
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5. Supine resting blood pressure: It was recorded by manual 

sphygmomanometry. 

6. Serum highly sensitive CRP: It was done by standardised nephelometric 

assay in Microbiology lab. 

7. Plasma MDA levels: It was estimated by using Thiobarbituric Acid 

Reaction, colorimetric assay technique as described by Ohkawa et al. in 

1979 (51). 

8. Plasma SOD levels: It was estimated using 96 well colorimetric 

Superoxide Dismutase assay kit (Cayman chemical). 

 

Short term Heart Rate Variability analysis: 

Short term HRV analysis was done from a 5-minute recording of Lead II 

ECG, following the guidelines of the Task Force of the European Society of 

Cardiology and the North American Society of Pacing and 

Electrophysiology (1996) (41) at the 2 time points of data collection. The 

subjects were requested to take the last meal at least 2 hours before data 

collection, abstaining from caffeinated beverages/ tea/ tobacco/ alcohol/ 

chocolates from 1800hours of the previous night of 1st data collection till 

the entire study period is over and avoiding strenuous activity from 24 hours 

prior to 1st data collection till the entire study period was over.  

After 15 to 20 minutes of supine rest, in a quiet room, a 5-minute digital 

recording of Lead II ECG and respiratory chest movements was done using 

a data acquisition system (MP150 BIOPAC Systems, Inc., CA 93117, USA) 
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and was stored in the PC for subsequent analysis. It was accessed using 

AcqKnowledge software version 3.9.1. (Figure 3). The supine blood 

pressure was recorded by manual sphygmomanometer every 5 minutes, at 

three time points during the rest phase and the last measurement taken as the 

resting systolic and the diastolic blood pressure. Mean arterial pressure was 

calculated from this measurement. 

 

Figure 3: A segment of the digital recording of 5- minute Lead II ECG in top row, 

respiratory movements in middle row and instantaneous heart rate calculated from the 

ECG in the bottom row,  accessed through AcqKnowledge software. 

A time series of inter-pulse intervals or RR intervals was computed from the 

ECG and subjected to Heart Rate Variability (HRV) analysis through the 

Nevrokard aHRV ver.12.0.0 (Medistar, Slovenia). The RR interval 

tachogram was obtained which is a plot of the RR intervals on the y-axis and 

the time of occurrence of R waves on the x-axis (Figure 4). Further the 
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software computed the Time domain and the frequency domain parameters 

from the tachogram. The mean resting supine heart rate was also computed 

using the mean RR interval. 

 

 

Figure 4: (i) RR interval tachogram plotted against time. (ii) A segment of peak detection 

of successive R waves to calculate RR intervals. 

 

The time domain parameters computed were SDNN, RMSSD and pNN50. 

The frequency domain parameters computed were LF power, HF power, 

LF/HF ratio, total power (LF+HF), LF power in normalized units and HF 

power in normalized units. For computing the frequency domain parameters, 

the software took 256 seconds of data points and applied the Hanning 

window to prevent any spectral leakage. Power spectral analysis was done 
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using Fast Fourier Transformation (FFT). The power spectral density was 

obtained through the Welch’s periodogram using the window width of 512 

data points with an overlap of 256 points (Figure 5). The frequency ranges 

for LF (low frequency) component was defined as 0.04-0.15Hz and the HF 

(high frequency) component as 0.15-0.4Hz. 

 

 

Figure 5: Total wave distribution after power spectral analysis giving the power of each 

frequency range. VLF from 0.004-0.04 Hz, LF from 0.04-0.15 Hz, HF from 0.15-0.40 Hz. 

Collection of Blood samples: 

After recording the 5-min ECG, about 10 ml of venous blood was carefully 

withdrawn from the subject and divided as 6-7 ml (in heparinized centrifuge 

tube) and 3-4 ml (in Red colored Clotting Vacutainer containing Clot 

activator in fixed amounts). The Clotting tube was allowed to stand for 

about 20-30 min to facilitate formation of blood clot. Both the tubes were 
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then centrifuged at 2500- 3000 rpm at 4 degrees Celsius (Remi Cooling 

centrifuge) for separation of plasma and serum respectively. Both the plasma 

and the serum was collected in 1ml eppendorf tube and stored at -20 degrees 

Celsius for subsequent analysis. 

 

Estimation of Malondialdehyde (MDA):  

The secondary product of lipid peroxidation which is Malondialdehyde was 

estimated by the method described by Okhawa et al. 1979 using 

thiobarbituric acid. (51) The plasma samples were thawed at room 

temperature. The MDA standard curves were generated using 97% Tetra-

ethoxy-propane (TEP) which is a commercially available polyunsaturated 

lipid, in graded known concentrations. The lipid peroxidation reaction was 

carried out in the following manner: 

● Stock solution of 1,1,3,3-tetraethoxypropane (TEP) was prepared by taking 

1.2 µl of 0.1M solution and was made up to 1ml with distilled water to 

obtain a 100 µM solution. 

● From this working standard solution 20 µl, 40 µl, 60 µl, 80 µl quantities 

representing 2 µM, 4 µM, 6 µM, and 8 µM concentrations of TEP, 

respectively were transferred into centrifuge tubes.  

● 25 µl each of the 40 plasma samples (20 pre +20 post) from the 20 

volunteers who completed the study, were also taken in duplicates in 

separate centrifuge tubes and labelled accordingly. 
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● Then 50 µl of 8.1% sodium dodecyl sulphate (SDS), 375 µl of 20% acetic 

acid solution and 375 µl of 0.8% freshly prepared aqueous solution of 

thiobarbituric acid (TBA) were added and mixed thoroughly. 

● The final volume in all tubes was made up to 1 ml or 1000 µl with distilled 

water. 

● Then the reactants were heated in water bath at 95 degrees Celsius for about 

60 min. 

● The tubes were cooled to room temperature and then centrifuged at 1000 g 

for 10 minutes. 

● The absorbance in the form of optical density (OD) was then measured at 

532 nm using a spectrophotometer (Thermoscientific, Multiskan Go). 

● The standard curve was prepared by taking concentration of MDA on X-axis 

and the corresponding absorbance on Y-axis. All data points were in same 

line showing a linear relationship between the absorbance of colored 

solution and MDA concentration ranging from 2µmol/L to 8 µmol/L or 2µM 

to 8µM concentration respectively. The curve was generated in Microsoft 

Excel. (Figure 6) 

● The plasma sample MDA levels were measured from the standard curve by 

calculation of ‘x’ from the slope of the graph by the formula y =mx +c. The 

sample MDA concentrations were expressed in µmol/L. 
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Figure 6: The Malondialdehyde standard curve used to calculate the concentrations of the 

marker in the test samples. 

 

Estimation of Superoxide dismutase enzyme activity (SOD):  

The superoxide dismutase enzyme activity was measured using the 96 well 

colorimetric Superoxide Dismutase assay kit (Cayman chemical) using the 

stored Plasma samples. The assay kit utilizes a tetrazolium salt for detection 

of superoxide radicals generated by xanthine oxidase and hypoxanthine. One 

unit of SOD is defined as the amount of enzyme need to exhibit 50% 

dismutation of the superoxide radical. The kit measures all the three types of 

SOD (Cu/Zn, Mn and Fe SOD). The test was done in the following manner. 

● The 40 plasma samples (20 pre +20 post) from the 20 volunteers who 

completed the study were thawed at room temperature. 1ml Eppendorf 

containing the plasma sample was centrifuged before taking for testing. 
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●  The reagents of the assay which were Assay Buffer, Sample Buffer, Radical 

Detector and SOD Standard were prepared individually according to the 

technique described in the kit and using the same volumes.  

● The wells on the plate were labelled as Standards and samples in duplicates. 

● The SOD standard and the test reagents were added following the protocol 

described in the kit in the order of 200 µL diluted Radicle Detector, 10 µL of 

diluted Standard or Sample depending on the labelled well and finally 20 µL 

of diluted Xanthine oxidase to initiate the reaction. The final volume of the 

assay in each well was 230 µL. 

● The 96-well plate was carefully shaken for a few seconds to mix the 

contents in each well, covered with the plate cover and incubated on the 

shaker for 30 minutes at room temperature. 

● The absorbance in the form of optical density (OD) was measured at 450nm 

wavelength using an ELISA reader (Tecan Infinite M200 Pro).  

● The standard curve was prepared by taking the SOD enzyme activity 

concentration per milliliter (U/ml) on X-axis in the following order, 

0, 0.005 U/ml, 0.010 U/ml, 0.020 U/ml, 0.030 U/ml, 0.040 U/ml, 

0.050 U/ml. The corresponding absorbance was measured at 450nm 

and plotted on the Y-axis. The curve was generated in Microsoft 

Excel. (Figure 7) 

● The plasma sample SOD levels were measured from the standard curve by 

calculation of ‘x’ from the slope of the graph by the formula y =mx +c. The 

sample SOD concentrations were expressed in U/mL. 
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Figure 7: The Superoxide Dismutase enzyme activity standard curve used to calculate the 

enzyme activity in test samples. 

 

Estimation of highly sensitive C-Reactive Protein (hsCRP): 

The stored serum samples were used to measure the hsCRP values in the 

NABL accredited Microbiology lab of the institution. The method used by 

the lab was nephelometric assay and the measured hsCRP values were 

reported in milligrams per litre. A value of <6 mg/L or <0.6mg/dL was 

considered normal according to the institutional lab standards. 

 

Statistical Analysis:  

● All study variables were summarized using descriptive statistical methods: 

continuous variables with mean and standard deviation or median with 
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interquartile range (IQR) and categorical variables with frequencies and 

percentages.  

● Depending on the data normality, Paired t test or Sign rank test were used to 

compare the Pre sleep deprivation values and Post sleep deprivation values 

of the parameters.  

● The changes in the various parameters produced by the intervention of sleep 

deprivation was computed by subtracting the value of the parameter before 

sleep deprivation from the value of the parameter after sleep deprivation 

(Post sleep deprivation value of parameter – Pre sleep deprivation value of 

parameter). The alteration to various parameters produced by sleep 

deprivation will thus be either a negative value or a positive value, 

depending on whether the parameter has decreased or increased respectively, 

after the intervention. 

● Subgroup analysis of the changes in the parameters based on gender and 

based on the specialty of the doctors (clinical / non-clinical) was done using 

Mann Whitney U test or Student’s t-test, depending on data normality. 

● Relationships between all study variables (resting heart rate, blood 

parameters, BMI and HRV indices) were assessed using Pearson’s or 

Spearman’s correlation coefficient, which gave r-value (degree of 

correlation) and p-value (determining the significance of the correlation). 
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RESULTS 

The results obtained from an interim analysis of the study are presented in 

this thesis. All results are expressed as mean ± standard deviation for 

normally distributed data and median ± interquartile range for non-normally 

distributed data. 

 

Subjects 

Sixty volunteers were explained about the study, and after obtaining 

informed consent were administered the Pre-sleep deprivation questionnaire, 

ESS score questionnaire and asked to maintain a sleep log for 2 weeks.  

 

 

Figure 8: Study Participants Flow chart 

 

 
60 Volunteers assessed 

for eligibility 

 
23 Volunteers did not meet 

the inclusion criteria 
 
22 eligible Volunteers started 

the study 

 
2 Subjects could not 

stay awake for 36 hours 
 
20 Subjects completed 

the study 

 
15 Volunteers dropped out as 

they were not interested 
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Twenty subjects (14 males and 6 females) within the age group 20-40 years 

who were recruited in to the study based on the health questionnaire, 

Epworth sleepiness scale (ESS) score of <=10 and their average total sleep 

duration (TSD) over 2 weeks of >=6 hours, completed the study. The 

demographic data and baseline sleep characteristics of the subjects is given 

in Table 1.   

 

Table 1: Demographics and baseline sleep data of subjects (N = 20) 

Parameter Mean ± SD or Number (%) 

Age in years 28 ± 3.21 

Weight in kgs 74. 9 ± 19.18 

Height in metres 1.70 ± 0.10 

BMI in kg/m
2
 25.89 ± 6.11 

ESS score 6.25 ± 2.95 

Avg. TSD hours 6.74 ± 0.63 

Gender  

Male  14 (70) 

Female 6 (30) 

Specialty  

Clinical 10 (50) 

Non Clinical 10 (50) 

BMI indicates Body Mass index; TSD-Total Sleep duration; ESS- Epworth Sleepiness score. 
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The participants after recruitment into the study underwent sleep deprivation 

for 36.10 ± 0.68 hours (mean ± SD).  

 

I. Comparison of the various parameters before and after sleep 

deprivation. 

i. The comparison of the resting parameters- the respiratory rate, 

mean arterial pressure (MAP) and the mean heart rate (HR), 

before and after sleep deprivation are shown in Table 2: 

Table 2: Comparison of resting parameters before and after sleep 

deprivation. 

Parameter Before Sleep 

Deprivation 
After Sleep 

Deprivation 
p value 

Respiratory 

Rate per minute 16.60 ± 4.31 15.70 ± 4.66 0.283 

MAP , mm Hg 87.15 ± 8.25 88.75 ± 8.23 0.076 

Mean HR per 

minute 
75.70 ± 12.14 75.85 ± 14.78 0.870 

MAP- Mean Arterial Pressure; HR- Mean Heart Rate; All values are expressed as Mean ± SD; 

Statistical test used was paired T-test. 

 

ii. The comparison of the blood parameters- plasma 

Malondialdehyde level (MDA) in µmol/L, plasma Superoxide 

dismutase level (SOD) in U/ml, serum highly sensitive C-reactive 

protein levels (hsCRP) in mg/L, before and after sleep deprivation 

are shown in Table 3: 
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Table 3: Comparison of blood parameters MDA, SOD and hsCRP levels 

before and after sleep deprivation. 

Parameter Before Sleep 

Deprivation 
After Sleep 

Deprivation 
p value 

MDA 
(μmol/L) 

0.459 (0.390, 

1.059) 
0.568 (0.276, 0.954) 0.502 

SOD (U/ml) 0.033 ± 0.005 0.032 ± 0.007 0.250 

hsCRP 

(mg/L) 
1.70 (0.555, 

3.073) 
1.175 (0.468, 3.235) 0.255 

MDA- Malondialdehyde, SOD-Superoxide dismutase, hsCRP- highly sensitive C-reactive protein. 

All values are expressed as Mean ± SD or Median (IQR 25th, IQR 75th); Statistical test used was 

paired T-test for SOD and Wilcoxon signed-rank test for MDA and hsCRP levels.  

 

iii. The comparison of the HRV time domain parameters- the mean 

R-R interval, SDNN, RMSSD in milliseconds and pNN50, before 

and after sleep deprivation are shown in Table 4: 

Table 4: Comparison of Mean RR interval, SDNN, RMSSD and pNN50, 

before and after sleep deprivation, all units in milliseconds (ms). 

Parameter Before Sleep 

Deprivation 
After Sleep 

Deprivation 
p value 

Mean R-R 

interval, ms 
810.551 ± 

117.653 
817.443 ± 148.117 0.642 

SDNN, ms 47.575 ± 23.60 52.316 ± 30.310 0.263 

RMSSD, ms 37.444 ± 21.896 42.626 ± 30.857 0.478 

pNN50 18.170 ± 16.785 19.328 ± 20.907 0.866 
SDNN- Standard deviation of all normal to normal RR intervals; RMSSD- Root mean square of 

successive difference; pNN50- proportion of number of pairs of successive NN(R-R) intervals that 

differ by more than 50ms. All values are expressed as Mean ± SD; Statistical test used was paired 

T-test for all the parameters. 
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iv. The comparison of the HRV frequency domain parameters, low 

Frequency (LF) power, high frequency (HF) power, the total 

power (LF+HF) in ms2, LF/HF ratio, LF nu (LF/LF+HF), HF nu 

(HF/LF+HF), before and after sleep deprivation are shown in 

Table 5: 

 

Table 5: Comparison of LF Power, HF Power, Total Power, LF/HF power, 

LF nu and HF nu before and after sleep deprivation. 

Parameter Before Sleep 

Deprivation 
After Sleep 

Deprivation 
p value 

LF power, ms2 738.336 

(322.115, 

1472.226) 

747.088 

(242.247, 

1399.027) 

0.709 

HF power, ms2 619.687 

(170.543, 

1054.423) 

547.413 

(167.733, 

1476.691) 

0.681 

Total power, 

ms2 
1308.791 

(501.363, 

2027.684) 

1313.121 

(384.526, 

2787.586) 

0.526 

LF/HF 2.104 ± 1.804 2.031 ± 1.656 0.576 

LF nu 0.586 ± 0.186 0.580 ± 0.196 0.918 

HF nu 0.414 ± 0.186 0.420 ± 0.196 0.918 
LF-Low frequency; HF-High frequency; LF nu- LF/Total power; HF nu- HF/Total power. All 

values are expressed as Median (IQR 25th, IQR 75th) or Mean ± SD; Statistical test used was 

Wilcoxon signed-rank test for LF, HF and Total power and by Paired T-test for all the other 

parameters.  

 

There were no significant changes seen in any of the parameters which were 

measured before and after sleep deprivation. 
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II. Correlation between baseline parameters and the changes in 

the parameters.  

The changes in the various parameters produced by the intervention of sleep 

deprivation was computed by subtracting the value of the parameter before 

sleep deprivation from the value of the parameter after sleep deprivation 

(Post sleep deprivation value of parameter – Pre sleep deprivation value of 

parameter). The alteration produced by sleep deprivation to the various 

parameters will thus be either a negative value or a positive value, 

depending on whether the parameter has decreased or increased respectively, 

after the intervention. 

The correlation between the changes (Post –Pre) in various parameters were 

analysed using Pearson correlation coefficient or Spearman’s Rank 

correlation coefficient which gave r-value (degree of correlation) and p-

value (determining the significance of the correlation). They are reported as 

follows: 

1. The correlation of BMI with the Changes (post-pre) in the various 

parameters are given in Table 6. 

Table 6: Correlation of BMI with the Changes (post-pre) in the various 

parameters 

 r value p value 

Change in MDA in µmol/L 0.1963 0.4069 

Change in SOD in U/ml 0.2524 0.2830 



49 

 

Change in hsCRP in mg/L -0.1835 0.4386 

Change in LF power in ms2 0.0952 0.6897 

Change in HF power in ms2 -0.0648 0.7861 

Change in Total power in ms2 0.0256 0.9148 

Change in LF/HF  -0.1549 0.5144 

MDA-Malondialdehyde; SOD- Superoxide Dismutase; hsCRP- highly sensitive C-reactive protein; 

LF- Low frequency; HF- High frequency; Correlation calculated by Spearman’s correlation 

coefficient ‘r’. 

 

2. The correlation of changes in MDA with Changes in the other 

parameters are given in Table 7. 

Table 7: Correlation of changes in MDA with Changes in the other 

parameters 

 r value p value 

Change in SOD in U/ml -0.2713 0.2473 

Change in hsCRP in mg/L -0.0794 0.7394 

Change in LF power in ms2 0.0553 0.8169 

Change in HF power in ms2 -0.0751 0.7530 

Change in Total power in ms2 0.3534 0.1264 

Change in LF/HF 0.059 0.8048 

MDA-Malondialdehyde, SOD- Superoxide Dismutase, hsCRP- highly sensitive C-reactive protein, 

LF- Low frequency, HF- High frequency; Correlation calculated by Spearman’s correlation 

coefficient ‘r’. 

 

 

3. Correlation of changes in SOD with Changes in other parameters are 

given in Table 8. 
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Table 8: Correlation of changes in SOD with Changes in other parameters 

 r value p value 

Change in hsCRP in mg/L -0.1497 0.5288 

Change in LF power in ms2 0.0502 0.8334 

Change in HF power in ms2 -0.2721 0.2458 

Change in Total power in ms2 -0.0271 0.9098 

Change in LF/HF 0.2173 0.3575 

SOD- Superoxide Dismutase, hsCRP- highly sensitive C-reactive protein, Lf- Low frequency, HF- 

High frequency; Correlation calculated by Spearman’s correlation coefficient ‘r’. 

 

4. Correlation of changes in hsCRP with Changes in other parameters 

are given in Table 9 and Figure 9: 

Table 9: Correlation of changes in hsCRP with changes in other parameters 

 r value p value 

Change in LF power in ms2 0.0676 0.7769 

Change in HF power in ms2 0.2238 0.3429 

Change in Total power in ms2 -0.4496 0.0467* 

Change in LF/HF 0.1625 0.4936 

LF- Low frequency, HF- High frequency; Correlation calculated by Spearman’s correlation 

coefficient ‘r’; *p ≤ 0.05. 
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Figure 9: Correlation between changes in hsCRP in mg/L on x-axis and changes in Total 

power in ms2 on y-axis for all the subjects (n=20). 

 

The changes in hsCRP had a significant negative correlation with changes in 

total power indicating that those who responded to sleep deprivation with an 

increase in hsCRP levels also demonstrated a decrease in the total power 

(LF+HF) of short-term HRV. 

 

5. Correlation of changes in LF power with changes in other parameters 

are given in Table 10:  

Table 10: Correlation of changes in LF power with changes in other 

HRV parameters 

 r value p value 

Change in HF power, ms2 -0.6359 0.0026* 

Change in total power, ms2 0.603 0.0049* 
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Change in LF/HF 0.8045 <0.001* 

LF- Low frequency, HF- High frequency; Correlation calculated by Spearman’s correlation 

coefficient ‘r’; *p ≤ 0.05. 

 

 

6. Correlation of changes in HF power with changes in other parameters 

are given in Table 11. 

Table 11: Correlation of changes in HF power with changes in 

other HRV parameters 

 r value p value 

Change in Total power, 

ms2 -0.2872 0.2195 

Change in LF/HF -0.7541 <0.001* 

LF- Low frequency, HF- High frequency; Correlation calculated by Spearman’s correlation 

coefficient ‘r’; *p ≤ 0.05. 

 

 

 Changes in the LF power showed a significant positive correlation with the 

changes in the total power (r = 0.603, p=0.0049) while changes in the HF 

power did not show any significant correlation with changes in the total 

power (r = -0.2872, p=0.2195) (Figure 10). This indicates that changes in LF 

power contributed more to the changes in total power after sleep deprivation 

than changes in HF power.  
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Figure 10: Correlation between Changes in LF power in Hz on x-axis and changes in Total 

power in Hz on y-axis for all the subjects (n=20). 

 

The other correlations of changes in LF power with the changes in the 

LF/HF and the changes in HF power are expected normal response, which 

indicates that the change in LF/HF power will be in the same direction as the 

LF power and if the LF power will increase, the HF power may or may not 

decrease.  The changes in HF power similarly have an inverse correlation 

with changes in LF/HF power indicating that if the HF power increases the 

LF/HF power will automatically decrease.  
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III. Subgroup Analysis of the Changes in the parameters 

Of the total number of participants (n=20) who completed the study, the 

subgroup analysis was done comparing changes in the various parameters in 

two groups: 

1. Changes in parameters in Females (n=6) versus in Males (n=14) 

2. Changes in parameters in doctors of Clinical departments (n=10) 

versus doctors in Non-Clinical departments (n=10). 

The data was summarized using Mean ± SD or Median (IQR) and the 

comparison of the change in the various parameters between the subgroups 

was done using the Unpaired T-test or Mann Whitney U test depending upon 

the data normality.  

 

1. Comparison of changes in parameters between females and 

males: 

The baseline values or the values of the MDA before sleep deprivation and 

the Changes (Post-Pre) in the MDA levels produced by sleep deprivation are 

given in Table 12. 

Table 12: Blood MDA levels in µmol/L 

 
Baseline (Pre) values Changes (Post- Pre) 

 
Female Male Female Male 

Mean 0.756 0.809 -0.282 -0.017 

SD 0.461 0.705 0.545 0.652 
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Median 0.619 0.453 -0.166 -0.034 

IQR 25th 0.379 0.379 -0.684 -0.094 

IQR 75th 1.191 1.220 0.166 0.378 

 

The baseline or Pre values of the SOD and the Changes (Post-Pre) in the 

SOD levels are given in Table 13. 

Table 13: Blood SOD levels in U/ml 

 
Baseline (Pre) values Change (Post- Pre) 

 
Female Male Female Male 

Mean 0.032 0.034 -0.006 0.000 

SD 0.003 0.006 0.005 0.006 

Median 0.032 0.033 -0.007 -0.002 

IQR 25th 0.029 0.029 -0.011 -0.004 

IQR 75th 0.034 0.039 0.001 0.005 

 

The baseline or Pre values of the hsCRP and the Changes (Post-Pre) in the 

hsCRP levels are given in Table 14. 

Table 14: Blood hsCRP levels in mg/L 

 
Baseline (Pre) values Change (Post- Pre) 

 
Female Male Female Male 
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Mean 1.523 3.568 -0.290 0.125 

SD 1.707 5.216 0.356 1.080 

Median 0.824 2.190 -0.299 -0.115 

IQR 25th 0.450 0.560 -0.545 -0.478 

IQR 75th 2.718 3.290 0.039 0.417 

 

 

Comparison of the changes in the MDA, SOD and hsCRP levels between 

female and male doctors is given in Table 15: 

Table 15: Comparison of the Blood parameters 

 Female (n=6) Males (n=14) p value 

Changes in 

MDA, µmol/L 
-0.166 (-0.684, 

0.166) 
-0.034 (-0.094, 

0.378) 
0.2162 

Changes in 

SOD, U/ml 
-0.004 (-0.009; 

0) 
0.003 (-0.009, 

0.008) 
0.0478* 

Changes in 

hsCRP, mg/L 
-0.299 (-0.545, 

0.039) 
-0.115 (-0.478, 

0.417) 
0.5094 

MDA-Malondialdehyde, SOD- Superoxide Dismutase, hsCRP- highly sensitive C-reactive protein; 

All data was summarized using Median (IQR 25th, IQR 75th); Statistical test applied is Mann–

Whitney U test. *p ≤ 0.05. 
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Figure 11: Left- Comparison of Baseline levels of Superoxide dismutase; Right- 

Comparison of changes of Superoxide dismutase level. 

 

Sleep deprivation produced significant lowering effect of SOD levels 

(Median (IQR)) from baseline in females {-0.004(-0.009; 0)} compared to 

males {0.003(-0.009; 0.008)} (p= 0.0478) (Figure 11). 

 

The baseline or Pre values of the LF power and the Changes (Post-Pre) in 

the LF power levels are given in Table 16. 

Table 16: LF Power in ms2 

 
Baseline (Pre) values Change (Post- Pre) 

 
Female Male Female Male 
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Mean 1210.330 1263.401 -628.287 129.362 

SD 1454.594 1824.498 1396.829 1150.150 

Median 834.390 621.533 -214.165 -10.042 

IQR 25th 335.692 270.186 -1267.631 -383.800 

IQR 75th 1778.712 1687.494 233.667 819.262 

 

 

The baseline or Pre values of the HF power and the Changes (Post-Pre) in 

the HF power levels are given in Table 17. 

Table 17: HF Power in ms2 

 
Baseline (Pre) values Change (Post- Pre) 

 
Female Male Female Male 

Mean 550.825 857.634 456.363 141.549 

SD 373.088 888.567 1639.644 539.879 

Median 509.777 706.552 -136.623 17.210 

IQR 25th 167.849 165.761 -419.925 -202.642 

IQR 75th 942.394 1170.821 1023.367 491.544 

 

The baseline or Pre values of the Total (LF+HF) power and the Changes 

(Post-Pre) in the Total (LF+HF) power levels are given in Table 18. 
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Table 18: Total (LF+HF) Power in ms2 

 
Baseline (Pre) values Change (Post- Pre) 

 
Female Male Female Male 

Mean 1761.155 1783.544 -171.924 267.441 

SD 1590.887 2270.381 489.566 1111.160 

Median 1504.731 1200.088 -123.743 -55.520 

IQR 25th 492.971 440.042 -622.037 -536.418 

IQR 75th 2716.305 2185.582 299.269 610.950 

 

The baseline or Pre values of the LF/HF power and the Changes (Post-Pre) 

in the LF/HF Power levels are given in Table 19. 

Table 19: LF/HF Power 

 
Baseline (Pre) values Change (Post- Pre) 

 
Female Male Female Male 

Mean 2.314 2.014 -1.049 0.346 

SD 2.447 1.557 3.111 1.765 

Median 1.363 1.647 0.390 0.424 

IQR 25th 0.812 0.835 -3.429 -0.905 

IQR 75th 3.852 2.841 0.818 1.909 
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Comparison of the changes in the LF, HF, Total and LF/HF powers between 

female and male doctors is given in Table 20: 

LF-Low frequency, HF-High frequency; All data was summarized using Median (IQR 25th, IQR 

75th); Statistical test applied was Mann–Whitney U test. 

 

 

 

2. Comparison of changes in parameters between Clinical and Non- 

Clinical department doctors: 

The baseline or Pre values of the MDA and the Changes (Post-Pre) in the 

MDA levels are given in Table 21: 

Table 21: Blood MDA levels in µmol/L 

 
Baseline (Pre) values Change (Post- Pre) 

 
Clinical Non-Clinical Clinical Non-Clinical 

Mean 0.759 0.827 0.111 -0.304 

SD 0.569 0.714 0.649 0.544 

Table 20: Comparison of the Frequency domain indices of HRV 

 Female Male P value 

Changes in 

LF Power, 

ms2 

-214.165 (-

1267.631, 

233.667) 

-10.042 (-383.800, 

819.262) 
0.322 

Changes in 

HF Power,  

ms2 

-136.623 (-

419.925, 

1023.367) 

17.210 (-202.642, 

491.544) 
0.621 

Changes in 

Total Power, 

ms2 

-123.743 (-

622.037, 299.269) 
-55.520 (-536.418, 

610.950) 
0.742 

Changes in 

LF/HF 
0.390 (-3.429, 

0.818) 
0.424 (-0.905, 1.909) 0.564 
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Median 0.505 0.447 0.23 -0.14 

IQR 25th 0.427 0.310 -0.78 -1.08 

IQR 75th 1.014 1.614 0.50 0.25 

 

The baseline or Pre values of the SOD and the Changes (Post-Pre) in the 

SOD levels are given in Table 22 

 

  

  The baseline or Pre values of the hsCRP and the Changes (Post-Pre) in the 

hsCRP levels are given in Table 23 

Table 23: Blood hsCRP levels in mg/L 

 
Baseline (Pre) values Change (Post- Pre) 

Table 22: Blood SOD levels in U/ml 

 
Baseline (Pre) values Change (Post- Pre) 

 
Clinical Non-Clinical Clinical Non-Clinical 

Mean 0.034 0.032 -0.002 -0.001 

SD 0.005 0.005 0.007 0.006 

Median 0.034 0.032 -0.003 -0.001 

IQR 25th 0.029 0.029 -0.006 -0.007 

IQR 75th 0.039 0.034 0.002 0.004 
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Clinical Non-Clinical Clinical Non-Clinical 

Mean 2.606 3.304 -0.192 0.193 

SD 3.146 5.719 0.547 1.206 

Median 1.413 1.700 -0.050 -0.283 

IQR 25th 0.560 0.536 -0.838 -0.425 

IQR 75th 3.558 2.600 0.199 0.243 

 

Comparison of the changes in the MDA, SOD and hsCRP levels between 

clinical and non-clinical doctors is given in Table 24: 

 

Table 24: Comparison of the Blood parameters 

 Clinical Non-Clinical P value 

Changes in 

MDA levels, 

µmol/L 

0.23 (-0.78, 0.50) -0.14 (-1.08, 0.25) 0.0494* 

Changes in 

SOD levels, 

U/ml 

-0.003 (-0.006, 

0.002) 
-0.001 (-0.007, 

0.004) 
0.7624 

Changes in 

hsCRP 

levels, mg/L 

-0.050 (-0.838,  

0.199) 
-0.283 (-0.425, 

0.243) 
0.880 

MDA-Malondialdehyde, SOD- Superoxide Dismutase, hsCRP- highly sensitive C-reactive protein; 

All data was summarized using Median (IQR 25th, IQR 75th); Statistical test applied was Mann–

Whitney U test. *p ≤ 0.05. 
 

Sleep deprivation therefore produced a significant increasing effect in 

Median (IQR) MDA levels from baseline in doctors of clinical {0.23(-0.78; 
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0.50)} compared to non-clinical specialty {-0.14(-1.08; 0.25)} (p= 0.0494) 

(Figure 12). 

 

Figure 12: Left- Comparison of Baseline levels of Malondialdehyde; Right- Comparison 

of changes. 

 

The baseline or Pre values of the LF power and the Changes (Post-Pre) in 

the LF power levels are given in Table 25. 

Table 25: LF Power in ms2 

 
Baseline (Pre) values Change (Post- Pre) 

 
Clinical Non-Clinical Clinical Non-Clinical 

Mean 1937.485 557.473 -390.575 194.710 

SD 2191.639 351.769 1585.230 747.899 
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Median 1317.145 597.051 -96.527 -52.914 

IQR 25th 355.570 159.107 -1426.614 -191.281 

IQR 75th 2876.743 929.530 516.704 389.715 

 

The baseline or Pre values of the HF power and the Changes (Post-Pre) in 

the HF power levels are given in Table 26. 

Table 26: HF Power in ms2 

 
Baseline (Pre) values Change (Post- Pre) 

 
Clinical Non-Clinical Clinical Non-Clinical 

Mean 1019.863 511.319 535.935 -63.948 

SD 984.786 385.021 1279.682 351.181 

Median 855.732 451.161 127.726 -45.478 

IQR 25th 200.917 153.502 -232.788 -362.695 

IQR 75th 1437.930 924.320 800.904 98.164 

 

The baseline or Pre values of the Total (LF+HF) power and the Changes 

(Post-Pre) in the Total (LF+HF) power levels are given in Table 27. 

Table 27: Total (LF+HF) power in ms2 

 
Baseline (Pre) values Change (Post- Pre) 

 
Clinical Non-Clinical Clinical Non-Clinical 
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Mean 2539.828 1013.827 -150.946 422.209 

SD 2669.282 658.103 364.860 1300.398 

Median 1786.745 1069.939 -57.520 -121.743 

IQR 25th 528.438 282.574 -536.418 -545.151 

IQR 75th 3856.897 1576.189 145.718 1846.004 

 

The baseline or Pre values of the LF/HF power and the Changes (Post-Pre) 

in the LF/HF Power levels are given in Table 28. 

Table 28: LF/HF power 

 
Baseline (Pre) values Change (Post- Pre) 

 
Clinical Non-Clinical Clinical Non-Clinical 

Mean 2.617 1.590 -0.277 0.131 

SD 2.144 1.299 2.854 1.595 

Median 2.208 0.997 0.347 0.450 

IQR 25th 0.855 0.804 -1.751 -0.518 

IQR 75th 4.355 2.264 1.909 0.601 

 

Comparison of the changes in the LF, HF, Total and LF/HF powers between 

clinical and non-clinical doctors is given in Table 29: 

 

Table 29: Comparison of the Frequency domains of HRV 

 Clinical Non-Clinical p value 
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Changes in LF, 

ms2 
-96.527 (-1426.614, 

516.704) 
-52.914 (-191.281, 

389.715) 
0.597 

Changes in HF, 

ms2 
127.726 (-232.788, 

800.904) 
-45.478 (-362.695, 

98.164) 
0.406 

Changes in 

LF+HF, ms2 
-536.418 (-536.418, 

145.718) 
-545.151(-545.151, 

1846.004) 
0.706 

Changes in 

LF/HF 0.347(-1.751, 1.909) 0.450(-0.518, 

0.601) 
0.821 

LF- Low frequency, HF-High frequency; All data was summarized using Median (IQR 25th, IQR 

75th); Statistical test applied was by Mann–Whitney U test.  
 

 

IV. The efficacy of a new technique to monitor, record and document 

acute sleep deprivation under natural settings 

Of the total number of the subjects who met the inclusion criteria and 

voluntarily participated in the study (n=22), 20 successfully completed the 

study by remaining awake for 36 hours continuously. Two subjects who 

were unable to keep awake, switched off the video recording camera and 

discontinued the study. Offline review of the video recordings showed that 

all 20 subjects remained awake throughout the time that they were in their 

rooms, whether night or day. The recordings did show occasions when the 

subjects would momentarily doze off, but always became awake and alert 

again. Published studies report continuous surveillance of subjects through 

video recording during the period of sleep deprivation. (52) In these studies, 

when the subject demonstrates sleep onset, the investigator arouses the 

subject and thereafter subject continues the protocol of sleep deprivation.  

Thus, going by the standards of published methods, the periods when the 

subjects in our study exhibited sleep onset, but immediately recovered are 
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acceptable. No subject slept off for even a short duration of time. Further, 

the hourly logging of wakefulness by the subjects and the fact that the 

subject reported to work was continuing with routine work in the 

departments during the daytime, provides corroborative evidence of the 

subjects having fulfilled 36 hours of continuous sleep deprivation. Hence the 

new technique employed in our study to monitor, record and document acute 

sleep deprivation is 100% efficacious even without constant live monitoring 

of the subject by the investigator.  

The video recording through the night can be reviewed later at 4x speed and 

is thus more convenient than the standard technique used in a sleep 

laboratory, which compulsorily requires a sleep technician also to remain 

awake through the night. Only those subjects who are found to have 

remained awake the whole night, on review of the video recordings, need to 

be included in the study. Our method did not use EEG monitoring or 

polysomnographic monitoring of the subjects who underwent sleep 

deprivation, which is an expensive method. 
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DISCUSSION 

In our study we had proposed to induce 36 hours of sleep deprivation in 

medical doctors, under natural settings and in an environment familiar to the 

subject, while the subject is in his/her room or home, and with the subject 

taking part in all routine activities except sleep. The proposed objective was 

achieved in 100% of the subjects who completed the study.  This method of 

sleep deprivation allowed maximum participation among the doctors who 

would normally not find a convenient time amidst their busy schedules of 

work to participate in the study if it required them to be in the sleep 

laboratory for 36 hours. 

We compared the baseline pre-sleep deprivation serum hsCRP levels, 

plasma MDA levels, plasma SOD levels and the Short-term HRV indices 

with the post-deprivation values of these parameters but did not find any 

significant difference between the mean/median values of these parameters 

at the two data collection points.  

Two subjects with BMI 27.3 and 48.4 had levels of hsCRP which were 

elevated beyond the normal levels as per institutional standards, both before 

and after the sleep deprivation. The hsCRP levels for them were 10.5 and 

19.3 mg/L respectively before and 9.67 and 22.7 mg/L respectively after the 

sleep deprivation. This was in accordance to the elevated hsCRP described 

in people with high BMI. (53) But the overall mean change in hsCRP 

produced by sleep deprivation in the 20 subjects was insignificant. Further, 

there was no correlation between the BMI and the changes in the hsCRP 
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produced by sleep deprivation. We had postulated that sleep deprivation 

would produce an acute inflammatory response in the subjects resulting in 

an acute increase in the hsCRP. Previous studies have reported an increase 

in hsCRP produced by sleep deprivation. (19) (21) However, our findings 

were not in sync with these studies. 

We did not observe any significant change in the MDA levels in the blood as 

a result of sleep deprivation in the 20 subjects that we studied. Neither was 

there any significant correlation of changes in MDA levels with changes in 

any other parameters. Acute changes in MDA levels of blood caused by 

acute interventions such as exercise has been described before. A recent 

study reports the increase in MDA levels produced by exercise in men. (37) 

We had expected sleep deprivation of 36 hours to produce a similar acute 

increase in MDA levels, as a number of previous studies have described the 

antioxidant effect of sleep in humans (29) (3) as well as animals.(54) 

However, we did not observe any such increase in the MDA levels. One 

possibility is that the compensatory mechanisms for the scavenging of the 

ROS would have begun to act within the period of 36 hours hence causing 

no significant change in the lipid peroxidation end product at the termination 

of the sleep deprivation period. Another possibility as discussed further, 

could be due to a differential change in the MDA levels in the sub group of 

the doctors which resulted in no overall change.  
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We had postulated that sleep deprivation would produce oxidative stress in 

the subjects releasing excess oxygen free radicals in them, which could have 

resulted in the utilization of blood SOD and thus a lowering of the plasma 

SOD level. A decrease in plasma SOD level would thus imply the presence 

of excess oxidative stress. An increase in plasma SOD level could also 

indicate an upregulation of the protective mechanisms of the body to ward 

off oxidative stress. Nevertheless, we observed no significant change in the 

overall level of SOD in our subjects after sleep deprivation. 

 

The baseline resting cardiac autonomic sympatho-vagal balance is different 

in different individuals and hence the effect of sympatho-excitation 

produced by sleep deprivation also varies. The changes in the total power 

(LF+HF powers), produced by sleep deprivation, significantly and positively 

correlated with the changes in the LF power and not with changes in the HF 

power in the subjects of our study. Total power, a frequency domain index 

of short-term HRV, is an indicator of the total variability in heart rate due to 

modulations of both the parasympathetic and sympathetic systems. Whilst 

the LF power reflects mainly the variability due to modulation of the 

sympathetic system, the HF power purely mirrors the variability due to 

fluctuations of the parasympathetic system. The findings of our study thus 

indicate that any changes produced by sleep deprivation in the overall total 

short-term variability of the cardiac autonomic system was significantly 

more due to the contribution by the changes in the variability of the 
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sympathetic system than the variability of the parasympathetic system. The 

implication of this observation is that sleep deprivation predominantly 

affects the cardiac sympathetic system. Previous studies report an increase in 

sympathetic activity produced by sleep deprivation. (8) (55) Sleep is a vagal 

mediated phenomenon. The response of an increased sleep propensity is 

natural and normal after any period of sleep restriction or sleep 

fragmentation.  Those subjects who had to struggle to remain awake and 

who had to take a conscious effort to stay awake and remain alert would 

have responded with an increase in the sympathetic activity during the 

period of sleep deprivation. Others who just managed to remain awake 

without actually resisting sleep propensity may have responded with a 

lowering of the sympathetic activity, as they would have been ready to sleep 

off, given an opportunity. The findings of a previous study report such a 

differential response of the sympathetic system to sleep deprivation by 

different people (56). Thus, though the overall total variability and LF power 

did not change with sleep deprivation in our current study, the finding that 

changes in LF power positively and significantly correlated with changes in 

total power is noteworthy.  

Another important finding of our study is that changes in serum hsCRP 

levels significantly correlated negatively with the changes in total power. 

Thus, although there was overall no change in the mean levels of hsCRP 

after sleep deprivation, the doctors who responded to sleep deprivation by 

higher levels of hsCRP also responded by a lowering of total power. The 
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corollary is that those doctors whose hsCRP levels were not increased much 

by sleep deprivation were those whose total cardiac autonomic variability 

had increased in response to sleep deprivation. An increase in total power or 

total HRV after sleep deprivation is protecting the subjects from an increase 

in blood levels of hsCRP. Thus, increased total cardiac autonomic activity 

following sleep deprivation, correlated with decreased inflammatory 

response following sleep deprivation. This implies that increases in total 

power which is predominantly due to increases in modulation of sympathetic 

activity as discussed above, has a masking effect on the inflammatory 

marker, hsCRP after sleep deprivation, although no direct correlation was 

seen between changes in hsCRP and the changes in LF power alone. Thus, it 

may be postulated that a greater sympathetic activity may have activated the 

stress compensatory mechanisms, activating the hypothalamo-pituitary- 

adrenal axis and thereby reducing the level of inflammatory marker hsCRP 

and inhibiting the response for any pro-inflammatory condition, which might 

be induced due to an acute stress like acute sleep deprivation. This response 

may be comparable to the elevated levels of cortisol after sleep deprivation 

as reported in previous studies. (47) 

Sub group analysis of the changes in the markers of oxidative stress 

produced by sleep deprivation threw up some surprises. We found that the 

changes produced by sleep deprivation in the blood levels of SOD of female 

doctors was significantly different from the changes produced in the male 

doctors. The median change in the plasma SOD level of female doctors was 
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-0.004 U/ml, while it was +0.003 U/ml, indicating that while in more than 

50% of the female doctors the plasma SOD level decreased from the 

baseline value, in 50% of the male doctors the plasma SOD level increased 

from baseline level (Figure 11). Thus we find that female doctors are at 

higher risk of oxidative stress compared to male doctors for a given bout of 

acute sleep deprivation.  

The subgroup analysis of changes of blood MDA levels revealed that 

median (IQR) changes in clinical specialty doctors was significantly 

different from the median (IQR) changes in the non-clinical specialty 

doctors. Thus, while in 50% of the doctors working in the clinical 

departments the plasma MDA level increased from baseline following sleep 

deprivation, in 50% of the doctors working in the non-clinical departments 

the plasma MDA level decreased after sleep deprivation (Figure 12). Clearly 

the clinical specialty doctors responded with an elevation of the MDA 

levels, which was significantly different from the response of the non-

clinical specialty doctors, revealing that the clinical specialty doctors are 

more susceptible to oxidative stress induced by sleep deprivation than the 

non-clinical specialty doctors. 

Our study design did not allow us to find out why there was such a 

differential response to the same stressor of acute sleep deprivation. Further 

studies have to be designed to explore the causes. However, this difference 

in response by different groups of the subjects accounts for the fact that 

there was no overall change in the 20 subjects in the plasma levels of SOD 
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and MDA after sleep deprivation. If the study had been done only in female 

doctors or only in clinical doctors the findings post sleep deprivation may 

have been altogether different.  

One may ask why the plasma MDA level did not increase in female doctors 

compared to males or why the plasma SOD level did not decrease in the 

non-clinical doctors compared to the clinical doctors. The explanation is that 

our study did not estimate all the anti-oxidant mechanisms of the body. 

Thus, other enzymatic mechanisms – such as the catalase and glutathione 

peroxidase which scavenge oxygen free radicals were not taken into 

account. Similarly, molecules such as vitamins A, C and E protect the body 

from increases in ROS. (57) We postulate that such other parallel 

antioxidant defense mechanisms may account for containing changes in 

MDA levels in female doctors. However, overt changes in MDA levels may 

become evident if the stress is applied for longer periods or is repeated, as 

the SOD levels have been compromised in them by sleep deprivation. On 

the same lines, we postulate that the total antioxidant defense mechanism in 

clinical specialty doctors may have been insufficient to prevent the increase 

in MDA levels in them, though the plasma SOD level was same as in non-

clinical doctors. Thus the results of our study is evidence of the 

susceptibility to oxidative stress of female doctors and clinical department 

doctors. There is a need to improve the overall antioxidant mechanisms in 

this vulnerable group by adequate remedial measures such as regular 

exercises and nutritional supplements.  
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The sub group analyses which showed that female doctors had responded 

with a lowering effect of the antioxidant enzyme SOD levels after sleep 

deprivation was quite contrary to the findings of a previous study which 

showed that the gene expression for SOD enzyme increased in females after 

an acute stress of incremental exercise. (37) The stress of sleep deprivation 

is of course different from the stress of an acute bout of exercise. It is 

possible that sleep deprivation has a detrimental effect on gene expression of 

antioxidant compensatory mechanisms, although there was no incremental 

effect seen in the oxidative stress marker MDA levels. Further studies need 

to be done to confirm the response of females to stress in terms of oxidant 

and antioxidant levels.  

Another important finding was the burden of oxidative stress on the Clinical 

department doctors who had demonstrated an increase in MDA levels which 

was significantly different from that of the non-clinical doctors. It may be 

postulated that clinicians although are accustomed to sleep deprivation at 

their work place and should already have adequate compensatory 

mechanisms to combat the oxidative stress, yet there may be additional 

factors present at their work place which might have built up the markers of 

oxidative stress and they do not respond adequately to this stress by 

compensatory antioxidant mechanisms because there was no increase in the 

SOD levels post sleep deprivation. Thus, again sleep deprivation may have a 

detrimental effect on the antioxidant response mechanisms. 
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Thus, our hypothesis that acute sleep deprivation causes increased low grade 

inflammation and oxidative stress stands partially true and the effect is more 

gender specific and specialty specific among the doctors. Although further 

studies are needed to confirm and back this hypothesis. If the subjects had 

all been female clinical doctors, then we would have obtained a different 

overall finding in the changes of blood levels of oxidative markers. As our 

study included both male and female doctors and doctors from both clinical 

and nonclinical departments, the gender-wise and specialty-wise difference 

in response to oxidative stress produced by acute sleep deprivation in 

doctors manifested. One may think that occupation related sleep deprivation 

occurs only in clinical doctors, however even non-clinical doctors may work 

late into the night at the expense of sleep, catching up with paper work. The 

work culture of the modern era does not exempt anyone from sleep 

deprivation, as work pressures and pressures to meet deadlines are rampant 

across many occupations and in both clinical and non-clinical doctors.     
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LIMITATIONS 

The sample size was inadequate to conclusively comment on a lot of 

parameters. Recruitment of subjects was difficult since most doctors had to 

perform their regular duties at work, however, the method of sleep 

deprivation in natural settings allowed more participation. 

The inflammatory markers have a lot of confounding factors like BMI, diet, 

lifestyle etc. and hence minor changes after sleep deprivation could not be 

quantified very well. Perhaps serum cortisol levels along with hsCRP would 

have been a better indicator of the stress response due to sleep deprivation 

and the inflammatory markers. 

The oxidative stress markers that were taken into account were only MDA 

and SOD levels. Estimating other parameters like the total antioxidant 

capacity, catalase activity and glutathione levels might have further 

elucidated the oxidative stress mechanisms and its effects on various 

subgroups. 
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CONCLUSION 

Although we found that sleep deprivation did not produce significant 

changes in the various measured parameters in the overall study sample, yet 

the difference in the changes in the oxidative stress markers between the 

various sub groups have revealed important results. We have thus been able 

to identify doctors or groups of doctors who may be at risk from sleep 

deprivation in terms of buildup of oxidative stress. The female clinicians 

being at the greatest risk of developing oxidative stress. The findings though 

should be confirmed in a larger study sample.   

Our study has also found that those doctors who had responded with an 

increase in the inflammatory marker hsCRP after sleep deprivation had a 

reduction in their frequency-domain total HRV after sleep deprivation. This 

means that those who had a reduction in the hsCRP after sleep deprivation 

were those who had increased HRV (increased total power as revealed by 

frequency domain analysis) after sleep deprivation. Our study has also 

revealed that those who responded with increases in total power after sleep 

deprivation did so by an increase in the LF power rather than by an increase 

in the HF power. The implication is that an increased response of the 

sympathetic system may in fact be a protective response of the body to 

combat the state of stress produced by acute sleep deprivation.  Further 

studies need to be done to analyze the association between the inflammatory 

response and the cardiac autonomic activity. 
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The work culture of the modern era does not exempt anyone from sleep 

deprivation, as work pressures and pressures to meet deadlines are rampant 

across many occupations and in both clinical and non-clinical doctors. Thus, 

there is a need to improve the overall antioxidant mechanisms in the 

vulnerable groups by adequate remedial measures such as regular exercises, 

nutritional supplements and adopting a healthy and a routine lifestyle.    
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ANNEXURES 

ANNEXURE 1 

 
PRE-SLEEP DEPRIVATION STUDY QUESTIONNAIRE 

          

 Date: 

Name:  

 

Date of birth:                   Age:                             Gender: M / F 

 
Do you smoke, chew tobacco or sniff tobacco?  

If yes, for how long and how much per day? 

 

Are you in the habit of consuming alcohol?  

If so, for how long and how much do you consume? 

 

Are you in the habit of performing any regular physical exercise? 

If so, for how long and what is the exercise and what is the routine? 

 
Are you a diabetic?  

Do you have a family history of diabetes? 

     If yes, please specify: 

 
Are you a hypertensive? 

Do you have a family history of hypertension? 

   If yes, please specify: 

 
Do you have any chronic respiratory ailments like asthma or bronchitis? 

   If yes, please specify the type and duration: 

 
Do you have any heart problems or heart diseases? 

  If yes, please specify: 

 

Do you have any thyroid disorders? 

 

Do you have any acute and chronic infection and inflammatory conditions? 

 
Do you have any cough, breathlessness or palpitations? 

 
Do you get attacks of fainting? 

 

Do you suffer from any seizure disorders? 

 

Are you suffering from any sleep disorders/insomnia/sleep apnea etc.? 

 

Are you suffering from any psychiatric illness? 

 
Are you on any medications? 

If yes, please mention the name and duration of intake: 

 

Have you been on any vitamin supplements recently? 

If yes, please mention the last time you have taken the supplements: 
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Did you have a considerable weight loss or weight gain in the past 3 months? 

If yes, please specify: 

 

 

For females alone :  

Menstrual Cycles – regular / irregular 

Cycle length –  

LMP -  

Signature 
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ANNEXURE 2 

 

Sleep Deprivation Study – Pre-test instructions 

 

To, 

Name of subject:  

 

Date and time of appointments:     

1st appointment (Pre-Sleep deprivation):   ____   / ____  / ______  at  __________   

hours 

2nd appointment (Post-Sleep deprivation):  ____   / ____  / ______  at  __________  

hours 

 

1. Do not smoke or drink alcohol or coffee/tea/coco cola or consume 

chocolates after 1800hours, on    _    / _    / _   (the day before 1st 

appointment) till the end of study period (end of sleep deprivation period). 

2. Do not involve in any strenuous physical activity (lifting very heavy 

weights, running, playing games like football/basketball/cricket etc.) from 

24 hours prior to the date and time of 1st appointment till the end of the 

study period. 

3. Follow the usual pattern of sleep till the 1st appointment and till the 

morning of Day 1 of Sleep deprivation. 

4. Do not consume any meals for 2 hours before the time of each 

appointment. 

 

       Important: These instructions have to be strictly followed to get correct test 

values. So please inform us in case you could not follow any of the above. If you 

have any doubts about the above instructions, at any point in time, please contact 

us. 

 

Thank you for your co-operation 

Name and Signature of Investigator: 

Mobile number:  
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ANNEXURE 3 

Sleep Deprivation Study – Instructions on Sleep Deprivation protocol 

 

1. Wake up at 0600hrs on Day 1 of the Sleep deprivation period. 

2. You will be required to strictly remain awake for the next 36 hours, avoiding 

even small naps or dozes. 

3. Continue to abstain from consuming alcohol and caffeinated beverages for this 

entire duration of sleep deprivation. 

4. Continue to not involve in heavy physical activity for the entire duration of 

sleep deprivation. 

5. Continue with the same food habits and meal intake routine which you have 

been following for the past few weeks before the study.  

6. Enter information every hour, about your awake time, in the Log table 

provided. Please be honest and mention if you have had even a small nap. 

7. You are expected to consciously and pro-actively keep yourself awake. 

Otherwise, we will not be able to use your data for analysis in the study. Thank 

you for your cooperation.   

8. As soon as you return to your room/home after work on Day 1, switch on the 

video recorder to record the view of that part of your room/home, where you 

are planning to spend the most part of your night, awake and doing some 

activity. You may watch television, watch movies, play computer games, work 

on the PC/laptop, read books, talk on mobile phones, talk with friends, cook, 

sew, doodle, paint and do any indoor activity which will prevent you from 

falling asleep. 

9. The moment you feel unbearable sleep pressure, please get up, wash your face 

and do some activity to waken yourself  

10. You are not allowed to drink coffee, tea or any other caffeinated beverages to 

keep away sleep, throughout the study period 

11. Ensure that you are being recorded by the video camera throughout the night, 

till you leave for work the next day morning 

12. Short absences from the video recording is allowed for you to use the wash 

room, change clothes and for other personal activities. 

13. On Day 2, while at work, avoid napping and continue to log in your activity, 

every hour, in the Log book 

14. After returning to your room/home on Day 2, please switch on the video 

recorder again and continue to record yourself keeping awake till it is time to 

leave for your 2nd appointment  

15. Please DO NOT DRIVE ANY MOTORISED/ NON-MOTORISED 

VEHICLE, on Day 2 of the sleep deprivation period 

 

Thank you for your co-operation 

 

Name and Signature of Investigator:  

Mobile number:  
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ANNEXURE 4 

Sleep Deprivation Log for 36 hours: 

 

 

 

  

Day Time Have you slept/napped in the given hour. COMMENTS if any 

Day 1 0600-0700hrs  

0700-0800hrs  

0800-0900hrs  

0900-1000hrs  

1000-1100hrs  

1100-1200hrs  

1200-1300hrs  

1300-1400hrs  

1400-1500hrs  

 1500-1600hrs  

1600-1700hrs  

1700-1800hrs  

1800-1900hrs  

1900-2000hrs  

2000-2100hrs  

2100-2200hrs  

2200-2300hrs  

2300-0000hrs  

Day 2  0000-0100hrs  

0100-0200hrs  

0200-0300hrs  

0300-0400hrs  

0400-0500hrs  

0500-0600hrs  

0600-0700hrs  

0700-0800hrs  

0800-0900hrs  

0900-1000hrs  

1000-1100hrs  

1100-1200hrs  

1200-1300hrs  

1300-1400hrs  

1400-1500hrs  

1500-1600hrs  

1600-1700hrs  

1700-1800hrs  
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ANNEXURE 5 

Sleep log for 2 weeks: 
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ANNEXURE 6 

0 = would NEVER doze 

1 = SLIGHT chance of dozing 

2 = MODERATE chance of dozing 

3 = HIGH 

chance 

of dozing 

 

  

                    Epworth Sleepiness Scale 

SITUATION:  
“USUAL WAY OF LIFE IN RECENT TIMES” 

CHANCE OF 
DOZING 
SCORE 0, 1, 2, 3 

Sitting and reading  

Watching TV  

Sitting, inactive in a public place (e.g., a theater 
or a meeting) 

 

As a passenger in a car for an hour without a 
break 

 

Lying down to rest in the afternoon when 
circumstances permit 

 

Sitting talking to someone  

Sitting quietly after a lunch without alcohol  

In a car, while stopped for a few minutes in 
traffic 

 

Total  
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TABLES 

Detailed Demographic Data Table 1: 

Serial No. Exp No. 

Age 

(years) Gender 

Height 

( m2) 

Weight 

(kg) BMI ESS score 

Avg.TSD 

(hours) 

1. SD01 24 M 1.75 83.5 27.27 9 6.00 

2. SD02 35 M 1.72 78 26.37 7 6.28 

3. SD03 25 F 1.60 61.7 24.10 4 7.71 

4. SD04 28 F 1.72 66 22.31 10 6.58 

5. SD06 25 F 1.51 51.8 22.72 7 6.66 

6. SD07 28 F 1.60 70.5 27.54 4 6.25 

7. SD08 27 M 1.70 78.8 27.27 9 6.00 

8. SD09 27 F 1.53 55.2 23.58 10 6.74 

9. SD10 28 M 1.83 97.1 28.99 10 6.50 

10. SD11 29 M 1.76 73 23.57 7 6.60 

11. SD12 28 M 1.80 89.2 27.53 7 7.56 

12. SD14 27 M 1.68 136.7 48.43 2 7.00 

13. SD15 31 M 1.74 75.6 24.97 3 6.93 

14. SD16 27 F 1.55 51.8 21.56 4 6.00 

15. SD17 28 M 1.76 67.9 21.92 7 6.14 

16. SD18 25 M 1.75 78 25.47 7 8.13 

17. SD19 37 M 1.73 86.2 28.80 1 6.50 

18. SD21 29 M 1.72 73.7 24.91 5 6.39 

19. SD22 26 M 1.85 54.4 15.89 10 7.71 

20. SD23 26 M 1.67 68.8 24.67 2 7.18 
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Resting Parameters Data Table 2: 

Serial No. Exp No. 

pre 

Respiratory 

Rate 

post 

Respiratory 

Rate 

pre 

MAP 

post 

MAP 

pre 

Mean HR 

post 

Mean HR 

1. SD01 18 21 90 96 83 80 

2. SD02 20 17 83 84 80 79 

3. SD03 18 9 90 93 92 98 

4. SD04 15 15 75 81 88 83 

5. SD06 23 18 73 77 69 79 

6. SD07 19 18 80 85 66 70 

7. SD08 18 12 97 95 106 108 

8. SD09 12 16 80 75 74 65 

9. SD10 12 11 83 87 72 71 

10. SD11 8 12 83 83 62 64 

11. SD12 19 18 102 103 76 76 

12. SD14 19 21 100 105 96 101 

13. SD15 12 13 89 88 70 67 

14. SD16 22 25 78 77 80 92 

15. SD17 22 24 95 95 74 81 

16. SD18 9 8 83 93 63 56 

17. SD19 14 12 93 94 62 57 

18. SD21 20 13 84 84 65 65 

19. SD22 17 16 89 89 69 63 

20. SD23 15 15 96 91 67 62 
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Blood Parameters Data Table 3: 

Serial 

No. Exp No. 

pre MDA 

(µM) 

post MDA 

(µM) 

pre SOD 

(U/ml) 

post SOD 

(U/ml) 

pre hsCRP 

(mg/L) 

post 

hsCRP 

(mg/L) 

1. SD01 2.078 2.055 0.034 0.032 2.190 3.160 

2. SD02 0.362 0.430 0.043 0.033 3.160 2.710 

3. SD03 0.590 0.842 0.032 0.025 0.549 0.284 

4. SD04 1.517 0.259 0.034 0.023 0.152 0.152 

5. SD06 0.407 0.224 0.036 0.029 1.030 0.698 

6. SD07 0.648 0.785 0.032 0.020 0.618 0.775 

7. SD08 2.215 1.094 0.028 0.025 10.500 9.670 

8. SD09 1.082 0.590 0.029 0.030 4.750 3.890 

9. SD10 0.991 0.991 0.035 0.032 2.810 3.500 

10. SD11 0.453 0.819 0.028 0.024 0.571 0.616 

11. SD12 0.316 0.270 0.027 0.031 1.360 1.060 

12. SD14 0.430 0.327 0.030 0.036 19.300 22.700 

13. SD15 0.270 0.178 0.044 0.039 3.680 3.260 

14. SD16 0.293 0.144 0.027 0.028 2.040 1.600 

15. SD17 0.384 0.293 0.039 0.035 0.635 0.961 

16. SD18 0.453 1.815 0.030 0.040 0.298 0.306 

17. SD19 0.465 0.384 0.032 0.036 2.240 1.680 

18. SD21 0.556 0.968 0.040 0.047 2.190 1.290 

19. SD22 1.906 0.545 0.029 0.032 0.497 0.375 

20. SD23 0.442 0.911 0.037 0.035 0.526 0.419 

 

 

 

 

 



99 

 

Time domain analysis Data Table 4: 

Serial 

No. Exp No. 

Pre 

Mean 

RR  

Post 

Mean 

RR 

Pre 

SDNN 

Post 

SDNN 

Pre 

RMSSD 

Post 

RMSSD 

Pre 

pNN50 

Post 

pNN50 

1. SD01 726.620 753.350 48.659 42.890 36.207 33.283 16.223 12.060 

2. SD02 752.800 760.730 24.770 42.301 16.618 19.878 0.752 1.777 

3. SD03 649.950 613.980 28.406 24.140 17.373 16.250 2.169 1.023 

4. SD04 678.640 727.060 16.873 25.404 13.664 20.167 0.000 1.211 

5. SD06 864.000 757.090 53.675 45.144 58.017 33.659 43.391 13.350 

6. SD07 915.260 851.420 68.179 46.034 49.275 34.766 29.268 14.205 

7. SD08 565.540 553.580 8.362 13.860 4.084 3.899 0.000 0.000 

8. SD09 809.230 924.260 67.398 78.528 34.792 99.509 14.286 72.531 

9. SD10 834.440 850.290 52.841 55.888 41.463 44.769 23.611 29.745 

10. SD11 966.480 944.420 65.119 57.613 51.581 50.739 30.547 31.132 

11. SD12 793.470 784.620 44.324 48.373 36.678 29.858 15.079 10.471 

12. SD14 625.660 591.310 21.959 19.496 11.100 13.150 0.208 0.197 

13. SD15 855.350 893.920 29.544 57.850 20.892 39.738 2.849 13.134 

14. SD16 749.010 653.280 53.150 22.276 30.995 14.382 11.000 0.000 

15. SD17 808.070 737.510 35.632 27.951 30.930 13.305 2.695 0.000 

16. SD18 955.400 1062.20 109.241 122.231 91.555 112.184 48.408 53.901 

17. SD19 968.090 1051.92 48.645 85.926 35.290 84.622 13.548 18.246 

18. SD21 928.800 919.390 44.318 70.514 41.007 55.271 23.220 30.982 

19. SD22 868.150 958.160 50.682 41.524 48.981 47.393 35.549 30.351 

20. SD23 896.070 960.370 79.716 118.387 78.373 85.700 50.599 52.244 
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Frequency Domain Analysis Data Table 5: 

Serial 

No. Exp No. 

Pre LF 

Power 

Post LF 

Power 

Pre HF 

Power 

Post HF 

Power 

Pre 

(LF+HF) 

Post 

(LF+HF) 

1. SD01 939.624 787.886 983.318 534.078 1922.942 1321.964 

2. SD02 372.297 614.793 169.679 148.211 541.976 763.004 

3. SD03 425.227 115.316 151.994 226.300 577.221 341.616 

4. SD04 67.088 230.828 173.134 282.428 240.222 513.256 

5. SD06 926.165 807.747 904.654 496.530 1830.819 1304.277 

6. SD07 1006.983 1450.432 1055.615 600.286 2062.598 2050.718 

7. SD08 31.582 71.034 6.309 13.351 37.891 84.385 

8. SD09 4093.900 706.289 583.525 4349.109 4677.425 5055.398 

9. SD10 1627.307 789.624 1346.195 1594.604 2973.502 2384.228 

10. SD11 2471.024 1244.812 1112.363 1677.227 3583.387 2922.039 

11. SD12 734.057 663.486 757.255 422.511 1491.312 1085.997 

12. SD14 164.581 129.324 35.664 63.041 200.245 192.365 

13. SD15 142.686 1210.325 154.005 867.083 296.691 2077.408 

14. SD16 742.614 181.643 436.028 88.476 1178.642 270.119 

15. SD17 509.008 276.503 211.330 52.722 720.338 329.225 

16. SD18 7089.310 5061.489 1713.135 3222.157 8802.445 8283.646 

17. SD19 972.645 2920.054 466.294 560.748 1438.939 3480.802 

18. SD21 305.387 2649.604 655.849 1122.953 487.825 608.440 

19. SD22 460.045 475.219 1050.846 932.513 961.236 3772.557 

20. SD23 1868.055 2604.524 3344.631 2777.358 1510.891 1407.732 
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Frequency Domain Analysis Data Table 6: 

Serial No. Exp No. 

Pre 

LF/HF 

Post 

LF/HF Pre LF nu 

Post LF 

nu Pre HF nu 

Post HF 

nu 

1. SD01 0.956 1.475 0.489 0.596 0.511 0.404 

2. SD02 2.194 4.148 0.687 0.806 0.313 0.194 

3. SD03 2.798 0.510 0.737 0.338 0.263 0.662 

4. SD04 0.388 0.817 0.279 0.450 0.721 0.550 

5. SD06 1.024 1.627 0.506 0.619 0.494 0.381 

6. SD07 0.954 2.416 0.488 0.707 0.512 0.293 

7. SD08 5.006 5.320 0.834 0.842 0.167 0.158 

8. SD09 7.016 0.162 0.875 0.140 0.125 0.860 

9. SD10 1.209 0.495 0.547 0.331 0.453 0.669 

10. SD11 2.221 0.742 0.690 0.426 0.310 0.574 

11. SD12 0.969 1.570 0.492 0.611 0.508 0.389 

12. SD14 4.615 2.051 0.822 0.672 0.178 0.328 

13. SD15 0.927 1.396 0.481 0.583 0.519 0.417 

14. SD16 1.703 2.053 0.630 0.673 0.370 0.328 

15. SD17 2.409 5.245 0.707 0.840 0.293 0.160 

16. SD18 4.138 1.571 0.805 0.611 0.195 0.389 

17. SD19 2.086 5.207 0.676 0.839 0.324 0.161 

18. SD21 0.466 2.360 0.318 0.702 0.682 0.298 

19. SD22 0.438 0.510 0.305 0.338 0.696 0.662 

20. SD23 0.559 0.938 0.358 0.484 0.642 0.516 

 


