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Abstract: Background-Elevated inflammatory markers such as high sensitivity C- reactive protein (hs-CRP), 

TNF-alpha, IL-6,serum amyloid A and leukocyte count are associated with future risk of development of type 2 

diabetes and cardiovascular disease. Similarly Cardiac Autonomic Neuropathy (CAN) is also an early indicator 

of cardiovagal dysfunction. 
Objective- Obesity is an inflammatory condition. A study was conducted to evaluate the role of inflammatory 

markers and autonomic function in development of cardiovascular disease and Diabetes Mellitus in an obese 

population. 

Methods and Results- The study was conducted on 30 obese male students and 30 non obese male in the age 

range of 18-24 years, from Dr D. Y. Patil University, Pune. Leukocyte count, C- reactive protein (CRP) and 

cardiac autonomic function tests were carried out in all subjects. Results showed significant decrease in heart 

rate variability (HRV) in obese subjects. However, no significant difference was seen in the levels of CRP and 

leukocyte count in between obese and non obese subjects. 

Conclusion-The study showed early signs of autonomic imbalance in the obese subjects, but inflammation does 

not seem to play a role in this age group in the present set up. 
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I.  Introduction  
 Recent evidence indicates that obesity is an inflammatory condition [1]. It has been proposed that 

inflammatory cytokines secreted by adipose tissue exert an endocrine effect conferring insulin resistance in 

liver, skeletal muscle and vascular endothelial tissue ultimately leading to the clinical expression of both type 2 

diabetes and cardiovascular disease(CVD)[2,3].Half of all myocardial infarctions occur in persons in whom 

plasma lipid levels are normal.[4] With the recognition that atherosclerosis is an inflammatory process[5] 

,several plasma markers of inflammation have been evaluated as potential tools for  prediction of the risk of 
coronary events .Among them are markers of systemic inflammation produced in the liver, such as high 

sensitivity C- reactive protein(hs-CRP) and serum amyloid A; cytokines such as interleukin-6;and adhesion 

molecules such as soluble intercellular adhesion molecule type 1.[6-13].The results of large prospective studies 

suggest that inflammation may be an underlying pathophysiological mechanism of several of the adverse 

clinical outcomes associated with obesity and insulin resistance. For example, increased levels of inflammatory 

markers, such as leukocyte count and CRP, are associated with the future development of type 2 diabetes, 

cardiovascular disease, and death [14–22]. Of the 12 plasma measures of inflammatory makers evaluated in the 

Womens Health Study,hs-CRP was found to be the most significant predictor of the risk of cardiovascular 

events[22].It has also been found that hs-CRP level remains stable over long periods provided there is no acute 

infection within two to three weeks[23,24]. 

 Cardiac autonomic neuropathy (CAN) is a major complication as it carries a five-fold risk of mortality 
in patients with diabetes and is usually related to myocardial infarction & cardiac arrhythmias. Typical findings 

referring to autonomic dysfunction may include exercise intolerance, orthostatic hypotension and cardiac 

dysfunction at  rest or exercise. Heart rate variability (HRV), defined as degree of fluctuation of the beat-to-beat 

differences in cardiac rhythm, is known to be a reliable, noninvasive marker of autonomic nervous system 

activity [25,26].Loss of heart rate variability is an indication of cardiovascular disease and can reliably predict 

poor outcome of such conditions [27-30] 

 We conducted this study to evaluate the role of inflammatory markers and autonomic functions in 

obese young individuals aged between 18-24 years. This would help us to ascertain the exact role of the 

Submitted Date 05 July 2013                                                            Accepted Date: 10 July 2013 



Study of inflammatory markers and autonomic functions in development of Cardiovascular disease  

www.iosrjournals.org                                                        77 | Page 

inflammatory process and autonomic dysfunction in the early onset of both cardiovascular disease & diabetes 

mellitus in young obese subjects. 

  

II. Methods 
  A total of 60 male students in the age range of 18-24 years, from Dr.D. Y.Patil University,Pune were 

selected for the present study. Their Anthropometric measurements (height and weight) were taken by using 

scales on bare foot and their Body mass index (BMI) and Waist Hip Ratio (WHR) were calculated. Thirty 

students who had BMI > 25 and WHR >0.9[31] were categorized as obese.30 students with BMI < 25 and WHR 

< 0.9 formed the controls. Blood chemistry of these sixty students was studied for glucose (glucose oxidase 

method) and lipid levels(enzymatic end point method) [32].Hematological investigations like Total Leukocyte 

Count (TLC) and Differential Leukocyte Count (DLC) were carried out (hemocytometry method).Qual ita t ive 

measure of CRP was carried out by using CRP Latex Reagent kit[33]. Resting heart rate, Systolic and 

Diastolic blood pressures were also measured.  

 Autonomic function tests [34] were performed as follows on each student in an environment with room 

temperature ranging from 23o C to 25o C using computerized polyrite-D 

(ModalDSMP0410,RMS,Chandigarh,India). 
 

Heart-rate response to Valsalva manoeuvre(Valsalva ratio) 

 The test was performed by the subject (student) blowing into a mouthpiece connected to a modified 

sphygmomanometer and holding it at a pressure of 40 mm Hg for 15 seconds while a continuous 

electrocardiogram was recorded. The manoeuvre was performed three times with one minute intervals between. 

The result was expressed as the Valsalva ratio, which is the ratio of the longest R-R interval after the manoeuvre 

(reflecting the overshoot bradycardia following release) to the shortest R-R interval during the manoeuvre 

(reflecting the tachycardia during strain) .The highest of the three Valsalva ratios(VR) was taken as the final 

value. Subjects with autonomic dysfunction may have decreased values of VR.   

 

Heart-rate variation during deep breathing(Deep Breath Difference) 
 The subject sits quietly and breathes deeply at six breaths a minute (five seconds in and five seconds 

out) for one minute. An electrocardiogram was recorded throughout the period of deep breathing, with a marker 

used to indicate the onset of each inspiration and expiration. The result is then expressed as the mean of the 

difference between maximum and minimum heart rates for the six measured cycles.Subjects with autonomic 

neuropathy may have a noticeable reduction in, and sometimes complete absence of, heart-rate variation. 

 

Immediate heart-rate response to standing(30:15 RR ratio) 

 The test is performed with the subject lying quietly on a couch while the heart rate is recorded 

continuously on an electrocardiograph. The patient is then asked to stand up unaided, and the point at starting to 

stand is marked on the electrocardiogram. The characteristic heart rate response is expressed by the 30:15 RR 

ratio. It is the ratio of shortest R-R interval at or around the 15th beat and the longest R-R interval at around the 

30th beat after starting to stand. Subjects with autonomic neuropathy may have a noticeable reduction in the 
ratio.   

 

Blood-pressure response to standing or Orthostatic tolerance test(OTT) 

 The test is performed by measuring the patient's blood pressure with a sphygmomanometer while he is 

lying down quietly and again when he stands up. The postural fall in blood pressure is taken as the difference 

between the systolic blood pressure lying and the systolic blood pressure standing. In subjects with autonomic 

damage or dysfunction the blood pressure falls on standing and remains lower than in the lying position. 

 The study was approved by institutional ethics committee. Computations were performed using Sigma-

Stat statistical package (Jandel Scientific, version 4 for Windows, SPSS Inc., Chicago, USA).Results were 

expressed as mean +/-SEM for normally distributed variables or as median and interquartile range when data 

was not normally distributed. Difference between groups was tested by Student’s t-test, Mann Whitney test or 
Chi-square as appropriate. 

 

III. Results 
 In the present study 30 obese subjects of age range between 18-24 years were compared with 30 non 

obese subjects of same age group and sex. The Parameters studied are shown in Table 1 & 2. 

 The fasting and the post- prandial blood glucose levels were elevated in the obese group but were not 

statistically significant .Total cholesterol was statistically significantly (p=0.0001) higher in obese 

subjects.Triglyceride, LDL and blood sugar levels were also high in obese subjects but were not significant. 

Similarly, TLC and DLC were also high in obese subjects, but results were not statistically significant. CRP was 
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negative in both the groups. Resting pulse was higher in the obese group as compared to the non-

obese.(p=0.0054).Valsalva ratio(p=0.0047) and deep breath difference(p=0.01) were statistically significantly 

low in obese subjects , systolic blood pressure (p=0.0013) and OTT(p=0.0001) values were statistically 

significantly high in obese subjects.However 30:15 RR ratio & diastolic pressure showed no difference. 

 

IV.  Discuss ion 
 Obesity is a known inflammatory condition in which the inflammatory cytokines secreted by adipose 

tissue exert an endocrine effect conferring insulin resistance ultimately leading to type 2 Diabetes Mellitus and 

Cardiovascular Disease. Elevated levels of adipocyte cytokines ,such as tumor necrosis factor-alpha and 

interleukin-6, leads to an acute-phase response with increased production of high sensitive C-Reactive protein 

which is a sensitive marker for systemic inflammation. CRP has the strongest positive association with type 2 

Diabetes Mellitus and Cardiovascular Disease than any other inflammatory marker. In the Insulin Resistance 

Atherosclerosis Study and the MONICA Augsburg Cohort Study, the association of CRP with diabetes 

disappeared after adjustment for BMI[35].In the Mexico City Diabetes study,CRP was an independent predictor 

of metabolic syndrome and type 2 Diabetes Mellitus in women but not in men[36].When studied in a large 

sample size it has been found that CRP has a stronger and independent association with diabetes. Elevated CRP 
also releases E-selectin,ICAM-1, VCAM-1 and other mediators of impaired vascular reactivity.[37], thus high 

level of CRP also marks endothelial dysfunction and subclinical atherosclerosis.As suggested by Framingham 

Heart Study there was a direct correlation between CRP and CAC( Coronary artery calcification) in both men 

and women.Of all the inflammatory markers, hs-CRP was the most significant predictor of the risk of 

Cardiovascular Disease[6] . 

 In this study,Total Cholesterol (TC) level was found to be significantly higher in the obese group( p= 

0.0001). Triglyceride levels were higher in the obese group but were not significant. As urbanization occurs, 

increase in BMI, dietary changes and reduced physical activities result in an elevation of TC. Similar results 

were found in other studies[3]. There was however no significant difference in HDL-C, & LDL-C between the 

two groups.This study found only increased levels of total cholesterol.The artherogenic dyslipidaemia with 

increased LDL and decreased HDL levels which are frequently considered to be a coronary risk factor for the 
Indian population was absent in this study. This is at variance with the lipid profile seen in adult Indians. This 

may be due to the smaller sample size used in this study. Another possible reason could be that plasma lipids 

varies significantly in various population groups due to geographical, cultural, economical, social conditions, 

dietary habits and finally the genetic makeup. However this would require further evaluation. 

 The CRP was negative in both the obese and non obese groups.Total Leukocyte count was higher in 

the obese group but was non-significant.The differential count (DLC) showed no difference between the two 

groups. Thus the obese group shows no indication of a clinical or sub-clinical inflammatory process that may 

have set in. Whether this was due to the smaller sample size or whether the changes are not yet seen in this 

young age group requires further validation. Most of the studies on the inflammatory markers have been carried 

out in an age group above 40 years. To confirm these observations , would require a follow up study of this 

group with additional inflammatory markers, if required, to completely delineate the role of inflammatory 

markers in the etiology of cardiovascular disease & Diabetes Mellitus in this age group. 
 The pulse rate was significantly higher in the obese group (p=0.0054) as compared to the control group 

indicative of vagal dysfunction.The present study found a significant decrease in the Valsalva Ratio (0.0047) 

and Deep Breath Difference (0.01) but no significant change in 30:15 RR ratio. Systolic blood pressures were 

higher in the obese groups(p=0.0013) and with Orthostatic tolerance test (OTT),fall in systolic blood pressure 

was found to be significantly higher in the obese group(p=0.00013).This could be indicative of early autonomic 

dysfunction in these obese students. The Heart rate variability (HRV) analysis especially at respiratory 

frequencies provides information about cardiac vagal efferent activity of the autonomic nervous system. 

Morbidly obese individuals have increased HR and low HRV, indicating an abnormal cardiac autonomic 

function . An analysis of HRV at respiratory frequencies is the most sensitive method for the diagnosis of 

cardiovagal dysfunction in obesity.Some studies have found lower respiratory sinus arrhythmia, that indicates a 

cardio-vagal dysfunction in obese adolescents and provides important diagnostic information about early 
subclinical autonomic dysfunction in obesity [38]. 

 The fasting and the post- prandial blood glucose levels were elevated in the obese group but were not 

statistically significant.A meta-analysis including 95,783 subjects followed on average for 12.4 years 

demonstrated an exponential relationship between the incidence of cardiovascular events and 2 hour post 

prandial plasma glucose. Several other studies including Hoorn Study, Honolulu Heart Study and the Chicago 

Heart Study have shown that the glucose level two hours after an oral glucose challenge is a powerful predictor 

of cardiovascular risk.[39].  
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 The present study has thus shown that the obese group probably shows early signs of autonomic 

imbalance, though the inflammatory process has not yet set in this group. This early detection of autonomic 

imbalance should help in planning for suitable remedial measures to minimize or possibly correct the imbalance 

at an early age. 

 

V. Conclusions. 
 It can be inferred that although inflammatory process has not yet set in,autonomic and cardio-vagal  

dysfunction can be seen in the obese group at an early age with no overt signs of diabetes & cardiovascular 

disease. 
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Table.1:Anthropometry & Biochemical Profile 
PARAMETERS NON- OBESE 

N=30 

OBESE 

N=30 

p-VALUES 

Waist Hip Ratio 0.82 0.90 0.0014* 

BSL-Fasting(Mg/dl) 79.5 82 0.0948 

BSL-Post Prandial(Mg/dl) 114.9 115.8 0.6767 

Total Cholesterol(Mg/dl) 119.4±2.44 154.2±3.58 0.0001* 

Triglyceride(Mg/dl) 102 107.5 0.0977 

HDL(Mg/dl) 45.6 45 0.6958 

LDL(Mg/dl) 68 69 0.4508 

TLC ( Per c.mm.) 7206.7±148.6 7656.7±191.8 0.0687 

Neutrophils (%) 63 62.5 0.9352 

Lymphocyte(%) 34.5 32 0.1241 

Monocytes(%) 2 2 0.8186 

Eosinophil(%) 1 1 0.3906 

CRP Negative Negative  

 

Table 2: Autonomic Function Tests 
PARAMETERS NON- OBESE 

N=30 

OBESE 

N=30 

p-VALUES 

Pulse(Beats/Min) 72.1±1.01 76.9±1.34 0.0054* 

Valsalva Ratio 1.44 1.37 0.0047* 

Deep Breath Difference 33.5 29.6 0.0100* 

30:15 RR Interval 1.03 1.03 0.5843 

Systolic pressure(mm Of Hg) 123.6±O.927 128.5±1.122 

 

0.0013* 

Diastolic pressure(mm Of Hg) 

 

81.8±1.11 80.1±1.06 0.6352 

OTT(mm Of Hg) 

 

1.3 1.8 0.0001* 

 

 Results are expressed as mean +/-SEM for normally distributed variables or as median and interquartile 

range when data was not normally distributed. Difference between groups was tested by Student’s t-test, Mann 

Whitney test or Chi-square as appropriate. 
*Indicates significance 
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