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Abstract 

Background: Recent studies in human have indicated possible pathophysiologic mechanisms to support the biologic 

plausibility of an association between sleep deprivation and future cardiovascular risk. In addition, emerging evidence 

suggests that inflammatory markers are elevated in sleep-deprived individuals. However, the relationship between sleep 

duration and inflammatory markers is still unclear. The aim of this study was to investigate associations between self-

reported sleep duration, sleep quality, and high sensitivity C-reactive protein (hs-CRP) levels among medical students of 

a medical college in Chhattisgarh, India. Materials and Methods: A total of 150 Students (94 male, 56 female) of 

Government Medical College, Rajnandgaon, Chhattisgarh in the age group of 20 to 30 years were randomly enrolled in 

the present study. Blood samples were analyzed for fasting blood glucose and hs-CRP. Sleep duration and sleep quality 

was assessed using the Pittsburgh Sleep Quality Index (PSQI). Results: In the present study, a significant variation in 

serum hs-CRP levels with different sleep categories was observed (P<0.0001), with the hs-CRP levels being highest 

(Mean ± SD; 1.13±0.85 mg/L) in short duration (<6 hours) followed by long duration (>8hours) sleepers (Mean± SD; 

0.79±0.41mg/L). In both linear and logistic regression analysis model adjusted for various risk factors for cardiovascular 

disease, short sleep duration was significantly associated with elevated serum hs-CRP levels. Conclusion: Our findings 

suggest that inflammatory mechanisms may play a role in the cardiovascular risk associated with sleep deprivation. 

 

Keywords: Inflammatory markers, Sleep duration, High sensitivity C-reactive protein, Pittsburgh Sleep Quality Index, 

Cardiovascular disease 

................................................................................................................................................................................................... 

Introduction 

Sleep is increasingly recognized as an important 

lifestyle contributor to health.The recommended hours 

of sleep for adults is 7 or more per night on a regular 

basis in order to maintain and improve health [1]. 

Chronic sleep debt, which is increasingly common in 

developed and developing countries, is associated with 

metabolic and endocrine alterations that may have 

pathological consequences in the long term [2].  

 

Chronically insufficient sleep is endemic and has been 

declared as a public health problem by the Centres for 

Disease Control[3]. Medical students are one subgroup 

of the general population who appear to be especially  
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vulnerable to poor sleep, may be attributed to the long 

duration and high intensity of study, lack of proper 

knowledge of sleep, and high academic demands [4]. A 

number of studies in humans have indicated possible 

pathophysiologic mechanisms to support the biologic 

plausibility of an association between sleep deprivation 

and future cardiovascular risk [5,6].  

 

Serum high-sensitivity C-reactive protein (hs-CRP), a 

member of the pentraxin family of proteins and a 

nonspecific marker of low-grade inflammation [7], has 

been shown to independently predict cardiovascular 

disease [8]. CRP has been shown to enhance secretion 

of inflammatory mediators by vascular endothelium [9] 

and promote uptake of low-density lipoproteins through 

the induction and enhanced expression of macrophages 
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in atherosclerotic lesions [10]. The fact that inflamma-

tory markers are elevated in sleep-deprived individuals 

[5,11-14], and treatment of sleep disorders reduces 

levels of inflammatory markers [15], suggesting that in-

flammatory mechanisms may play a role in the 

cardiovascular risk associated with sleep deprivation.  

 

However, it is not clear whether this pro-inflammatory 

effect is observed with short-term sleep deprivation or 

persists chronically. To our knowledge, previous studies 

examining the associations between sleep duration, 

sleep quality and inflammatory markers were done 

either in general population or in non-medical students 

group and none of these studies were from Indian 

population.  

 

Therefore, we performed a cross sectional study to 

investigate the associations between self-reported sleep 

duration, sleep quality, and serum level of hs-CRP 

among medical students of a medical college in 

Chhattisgarh, India. We also investigated whether the 

associations of sleep duration and sleep quality with hs-

CRP was independent of other risk factor for 

cardiovascular disease among these students. 

Materials & Methods 

This study was conducted in the Department of 

Biochemistry, Government Medical College, 

Rajnandgaon, Chhattisgarh and approved by the 

Institutional Ethics Committee. 150 Students (94 male, 

56 female) of Government Medical College, 

Rajnandgaon, Chhattisgarh in the age group of 20 to 30 

years were recruited randomly for this study. Brief 

clinical history of present and past illness and medical 

therapy were recorded from all participants. Written 

informed consent was obtained from all the participants 

before entry into the study. The exclusion criteria were: 

 

1. Those students were not willing to participate, 

2. Self-reported depression, anxiety, or other 

psychiatric disorders or taking any medication 

related to these disorders, 

3. History of obstructive sleep apnoea, 

4. History of or suffering from any systemic illness or 

any infectious disease. 

 

All the subjects were given a structured questionnaire, 

which included demographic information, diet, medical 

history, medication history, sleep assessment, and 

exercise habits. Sleep duration and sleep quality was 

assessed using the Pittsburgh Sleep Quality Index 

(PSQI) [16]. A higher global PSQI score indicates 

poorer sleep quality, and a global PSQI score greater 

than five differentiates poor from good sleepers. Body 

mass index (BMI) was calculated for all subjects by 

using the formula weight in kilograms divided by the 

square of heights in metres.  

 

Waist circumference (WC) and hip circumference were 

measured in the standing position using standard 

techniques and waist to hip ratio (WHR) was calculated 

as waist circumference divided by hip circumference. 

Systolic (SBP) and diastolic blood pressure (DBP) and 

heart rate were measured using an arm type fully 

automatic blood pressure monitoring system (Easy 

Care, Ravechi GmbH, Germany). Blood pressure was 

recorded in the sitting position in the right arm. 

 

Venous blood samples were collected after an overnight 

fasting in the morning in an aseptic condition from ante-

cubital vein. Blood samples were centrifuged at −4° 

centigrade and stored immediately at −80° centigrade 

until they were analysed. Fasting blood glucose (FBG) 

was estimated by the standard laboratory kit method 

(GOD-POD) using a fully automated biochemistry 

analyser (Beckman Coulter fully automated 

biochemistry analyzer AU680). Serum hs-CRP was 

measured by commercially available kit 

(Immunoturbidimetric method) using semi-automated 

analyzer (RMS analytica). 

 

Statistical analysis: The Kolmogorov–Smirnov test 

was used to test the normality of the distribution. 

Variables with a skewed distribution were log-

transformed before performing statistical analyses. Data 

were expressed as the mean ± standard deviation. 

Comparison of baseline anthropometric and 

biochemical parameters across sleep duration sub-

groups were done using one-way ANOVA.Linear 

regression analysis was done to study association 

between self-reported sleep duration, sleep quality 

assessed by Pittsburgh sleep quality index (PSQI) and 

serum hs-CRP levels.  

 

Multivariate logistic regression analysis was performed 

to evaluate association of both the sleep duration and 

sleep quality with hs-CRP risk groups. Additional 

regression models were adjusted for relevant covariates 

such as age, gender, BMI, waist circumference, waist to 

hip ratio, heart rate, SBP, DBP, and fasting blood 

glucose. All tests were two-tailed and p value less than 

0.05 were considered to be statistically significant. All 

data were analyzed using statistical software SPSS 

version 19 (SPSS Inc., Chicago, IL, USA). 
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Results 

The baseline anthropometric and biochemical characteristics of study participants among different sleep duration sub-

groups are presented in Table-1. In all the study participants, a significant variation in hs-CRP with sleep categories was 

observed (p <0.0001), with the hs-CRP levels being highest (Mean± SD; 1.13±0.85 mg/L) in short duration (<6 hours) 

followed by long duration (>8hours) sleepers (Mean± SD; 0.79±0.41mg/L) (Table-1). No differences in BMI,waist 

circumference, waist to hip ratio, systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate, and fasting 

blood glucose (FBG) were observed.A total of 62 students, which represented 41.4 percent of total study participants, 

reported to have different levels of poor sleep quality as assessed by Pittsburgh sleep quality index (Table-2). In linear 

regression analysis model, short sleep duration was significantly associated with elevated serum hs-CRP levels which 

were true even after additional adjustment for other risk factors for cardiovascular disease (Table-3). Multivariate logistic 

regression analyses showed an significant inverse association of sleep duration with presence of elevated serum hs-CRP 

levels (more than 1 mg/L) in age, gender and BMI-adjusted as well as age, gender BMI, WC, WHR, blood pressure, heart 

rate, fasting blood glucose adjusted model (odds ratio, adjusted for age, genderand BMI = 0.427 (95% confidence 

interval (CI), 0.261-0.699; p =0.0007; odds ratio, adjusted for age, BMI, WC, and WHR blood pressure, heart rate, 

fasting blood glucose, = 0.435 (95% CI, 0.263-0.718); p = 0.0011(Table-4). On the other hand, in both linear and logistic 

regression models, adjusted for all cardiovascular risk factors, poor sleep quality assessed by PSQI score was associated 

with elevated serum hs-CRP levels but associations were insignificant (Table-3 and Table-4). 

 

        Table-1: Baseline anthropometric and biochemical characteristics of study participants among different sleep 

duration sub-groups. 

Sleep duration group 

 <6 hours 7hours >8hours P 

No. of participant(Male/Female) 57(41/16) 42(22/20) 51(31/20)  

Age (Years) 21.32 ±1.97 20.88 ±2.06 20.80±1.81 NS 

BMI(Kg/m
2
) 22.01±3.91 21.65±3.08 21.95±3.91 NS 

Waist Circumference(cm) 82.32±9.42 81.42±7.07 82.45±10.01 NS 

Waist:hip ratio 0.87±0.05 0.87±0.05 0.88±0.05 NS 

SBP (mmHg) 123.16±13.77 121.43±16.32 118.63±13.27 NS 

DBP (mmHg) 82.11±8.61 78.10±11.31 79.02±9.0 NS 

Heart rate(bpm) 77.49±7.18 78.57±5.92 77.02±7.62 NS 

FBG (mg/dl) 81.12±9.41 81.77±11.01 80.35±10.70 NS 

hs-CRP (mg/L) 1.13±0.85 0.74±0.29 0.79±0.41 <0.0001 

Data are presented as the mean ± SD (standard deviation). p < 0.05 is significant; NS, not significant; SBP, systolic blood 

pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; hs-CRP, high sensitivity C-reactive protein. 

 

        Table-2: Frequency of sleep disturbance assessed by Pittsburgh sleep quality index score among study 

participant. 

PSQI score n Percent (%) 

5 32 21.3 

6 11 7.3 

7 5 3.3 

8 7 4.7 

9 4 2.7 

10 1 0.7 

11 1 0.7 

13 1 0.7 

         PSQI, Pittsburgh sleep quality index; n, number of participants 

       *A total score of 5 or greater is indicative of poor sleep quality. 
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        Table-3: Linear regression analysis for association of self reported sleep duration and sleep quality (PSQI 

score) with serum hs-CRP levels among study participants. 

 Un-standardized coefficients Standardized coefficients  

Model* Β Std. error β p 

Sleep duration (hours) -0.176 0.058 -.242 0.0030 

Sleep quality 

(assesses by PSQI score) 

 

0.023 

 

0.015 

 

0.130 

 

NS 

*Adjusted for age, gender, BMI, waist circumference, waist to hip ratio, heart rate, SBP, DBP, and fasting blood glucose; 

PSQI, Pittsburgh sleep quality index. 

 

        Table-4: Multivariate logistic regression analysis for association of self-reported sleep duration and sleep  

quality (PSQI score) with serum hs-CRP risk group as dependent variable. 

Independent variables OR 95% confidence Interval p 

Sleep duration    

Model-1 0.421 0.258-0.688 0.0006 

Model-2 0.427 0.261-0.699 0.0007 

Model-3 0.435 0.263-0.718 0.0011 

Sleep quality(assessed by PSQI score)    

Model-1 1.099 0.918-1.314 NS 

Model-2 1.112 0.927-1.334 NS 

Model-3 1.190 0.971-1.458 NS 

OR, Odd ratio; model-1,un-adjusted; model-2, adjusted for age, gender, BMI; model-3, adjusted for variables in model-2 

plus waist circumference, waist to hip ratio, heart rate, systolic blood pressure, diastolic blood pressure, fasting blood 

glucose; NS, not significant. 

Discussion 

Our analysis provides evidence for a significant inverse 

association between self reported sleep duration and 

levels of serum hs-CRP among medical college 

students. Our findings are in line with an experimental 

study which first suggested an increase in inflammatory 

C-reactive protein after sleep deprivation [17].  

 

However, previous studies investigating relationship 

between sleep duration and levels of hs-CRP in human 

have yielded conflicting results. While one previous 

study reported long sleep being a potential marker of 

underlying inflammatory illness [18], no significant 

association was observed between CRP levels and sleep 

duration in the Wisconsin Sleep Cohort Study [19]. 

Moreover, another study found significant variation in 

inflammatory markers with sleep duration only in 

women but not in men [20]. 

 

To the best of our knowledge, previous studies 

examining associations between sleep duration, sleep 

quality and inflammatory markers were done either in  

 

 

general population or in non-medical students group 

and none of these studies were from Indian population. 

Our study is the first to investigate association between 

self-reported sleep duration, sleep quality, and serum 

levels of hs-CRP among medical college students in 

Chhattisgarh, India.  

 

In the present study, serum hs-CRP levels were found to 

be significantly increased in both short duration and 

long duration sleeper groups than 7 hours sleeper group. 

Our findings are supported by previous report that 

indicated that both acute total and short-term partial 

sleep deprivation resulted in elevated high-sensitivity 

CRP concentrations. Sleep loss might be one of the 

ways that inflammatory processes were activated [17]. 

Furthermore, a recent cross sectional analysis confirmed 

both short sleep and reductions in sleep were associated 

with average levels of inflammation over a 5-year 

periods [12]. In a population-based cohort, persistent, 

and not intermittent, insomnia was associated with 

increased risk for all-cause and cardiopulmonary 
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mortality and was associated with a steeper increase in 

inflammation [21]. Animal experiment suggested that 

prolonged sleep deprivation in rats was associated with 

an evolving proinflammatory state [22].Sleep restriction 

might induce a proinflammatory state by elevating the 

levels of cytokines, such as interleukin (IL)-1, IL-6, IL-

17, and C-reactive protein (CRP) [23-25].  

 

Serum high-sensitivity C-reactive protein (hs-CRP), a 

member of the pentraxin family of proteins and a 

nonspecific marker of low grade inflammation [7], have 

been shown to independently predict cardiovascular 

disease [8].Taken together, our observation suggests 

that sleep deprivation may play a significant role in the 

pathophysiology of cardiovascular disease through 

inflammatory pathway. However, further prospective 

studies are needed to clarify whether sleep duration and 

sleep quality may play a causal role in the development 

of cardiovascular disease. 

 

Potential mechanisms mediating the relationship of long 

sleep duration with increased levels of hs-CRP are still 

under investigation; however, several mechanisms 

might involve in these associations. Firstly, compared 

with normal sleepers, long sleepers may have increased 

sleep fragmentation and more frequent awakenings, 

leading to changes in inflammatory markers such as 

elevated levels of blood interleukin-6 and C-reactive 

protein levels [18].On the other hand, sleep deprivation 

may up regulate catecholamine synthesis, and 

subsequently stimulate the release of inflammatory 

mediators [26]. Morning levels of nuclear-factor kappa 

beta (a protein complex linked to inflammatory 

response) activation, are higher after a night of sleep 

loss, potentially identifying nuclear-factor kappa beta 

transcription pathways as the molecular mechanism by 

which sleep influences the production of interleukin-6 

and other inflammatory cytokines[27]. 

 

In both linear and logistic regression analysis model, 

short sleep duration was significantly associated with 

elevated serum hs-CRP levels which were true even 

after adjustment for additional adjustment for other risk 

factors for cardiovascular disease. Similar observation 

was also made by Richardson MR et al [28].  

 

Although, we found positive associations between poor 

sleep quality and elevated levels of serum hs-CRP, but 

associations were not significant. These observations, 

combined with our results suggest that association of 

sleep duration and sleep quality with hs-CRP is 

independent of other risk factor for cardiovascular 

disease. Positive association between poor sleep quality 

assessed by PSQI score and elevated hs-CRP 

independent of other cardiovascular risk factors, in our 

study, were also reported by various studies in human 

[29]. Several plausible biological, behavioural, and 

psychological pathways may lead to increased systemic 

inflammation, including C-reactive protein, in response 

to insufficient sleep.  

 

Converging evidence suggests that sleep restriction 

leads to weight gain via alterations in systemic and 

cellular metabolism as well as behaviours associated 

with craving and food choices [30-32]. Release of IL-6 

from adipocytes, in turn, stimulates C-reactive protein 

release by the liver. Sleep restriction has also been 

associated with increased autonomic arousal which, 

similarly, increases circulating C-reactive protein levels 

[33-36]. 

 

Our observations of both shorter and longer sleep 

duration than recommended 7 hours of sleep and 

increased prevalence of poor sleep quality among 

medical college students are in parallel with previous 

studies [37,38]. Medical students are one subgroup of 

the general population who appear to be especially 

vulnerable to poor sleep, perhaps due to the long 

duration and high intensity of study, clinical duties that 

include overnight on-call duties, work that can be 

emotionally challenging, and lifestyle choices [4]. 

Research on sleep disturbances in undergraduate 

medical students is of particular interest because of the 

known relationship between sleep and mental health 

and the concern that the academic demands of medical 

training can cause significant stress. It seems that the 

pathway linking sleep mechanism and risk for 

cardiovascular diseases is complex. Further studies to 

confirm and extend these observations as well as to 

elucidate the underlying mechanisms are clearly 

needed. 

 

Limitations- The main limitations of our study are, 

firstly the relatively small sample size. Secondly, the 

present study estimated sleep duration and sleep quality 

only by a self-reported questionnaire in the PSQI. 

Although in many clinical studies, PSQI was found to 

be reliable and valid in the assessment of sleep 

problems [39,40], it suffers from the same problems as 

other self-report inventories in that scores can be easily 

exaggerated or minimized by the person completing 

them [41]. A more objective method, for example 

actigraphy and polysomnography, combined with a 

subjective method can provide better result. Fourth, we 

did not consider the influence of genetic variance and 

environmental factors and diet, smoking and alcohol 
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consumption, which might play an important role in 

regulating hs-CRP levels. Finally, we must emphasize 

the cross-sectional nature of our study and therefore, no 

inferences of causality can be made.  

Conclusion 

In conclusion, our findings demonstrate that sleep 

duration ≥ 8 hours or ≤ 6hours per day increases the 

serum levels of hs-CRP, thereby future risk of 

cardiovascular risk. Short sleep duration was 

significantly associated with elevated serum hs-CRP 

levels independent of other cardiovascular risk factors.  

 

Sleep duration may have direct role in the 

pathophysiology of cardiovascular disease by a complex 

mechanism which is not clearly understood till date. 

Although, we report a high prevalence of poor sleep 

pattern assessed by Pittsburg sleep quality index among 

medical college students, no significant association of 

inflammatory markers with sleep quality was observed.  

 

Long-term follow-up studies with large number of 

samples are needed to evaluate the impact of sleep 

restriction and sleep debt on chronic inflammation and 

to the pathogenesis and clinical course of cardiovascular 

disease. Sleep disturbances may serve as a marker of 

current or future cardiovascular problems in medical 

students and therefore, may serve as a screening tool to 

diagnose and treat students at an early stage prior to the 

onset of clinical or even subclinical disease.  
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