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Abstract

Background and Aim: It has been documented that obesity is associated with diabetes, hypertension and dyslipidemia
that are known cardiovascular (CV) risks. However, there are few obese individuals, who do not develop diabetes early. In
the present study, we have assessed the association of inflammatory markers in non-diabetic dyslipidemic obese subjects, as
metabolic biomarkers have not been adequately studied in obesity without diabetes, especially in the assessment of CV risks.

Methods: Twenty non-diabetic obese dyslipidemic subjects (study group) and 20 healthy non-obese subjects (control group)
were included in this study. They were assessed for their body mass index (BMI) and heart rate variability (HRV) indices.
Glucose, insulin, lipid profile and inflammatory markers were estimated from the fasting serum sample. Association of HRV
with various parameters was determined by Pearson’s correlation analysis.

Results: The basal CV parameters, HRYV, lipid profile, glucose, insulin and the inflammatory markers were significantly altered
and correlated with ratio of low frequency to high frequency (LF: HF ratio), a marker of sympathovagal imbalance (SVI) in the
study group when compared with the control group.

Conclusion: SVIin the form of increased sympathetic and decreased parasymapathetic activity occurs in non-diabetic obese
dyslipidemic subjects. Association of BMI, metabolic parameters and chronic low grade inflammation with LF: HF ratio may
partly explain their augmented risks to future cardiac morbidities.
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INTRODUCTION

Obesity along with dyslipidemia, pro-inflammatory state
and impaired glucose metabolism is considered as a
group of atherosclerotic risk factors that tend to gather
and increase the development of diabetes and the risk of
cardiovascular (CV) disease,!" like atrial fibrillation, acute
coronary syndrome, cardiac death and overall mortality.?
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Studies have reported autonomic dysregulation as an
important mediator in the development of obesity and
its co-existing morbidities.?4 Because of the increasing
obesity prevalence, understanding the mechanism
connecting obesity and autonomic nervous system (ANS)
function is of importance.® Heart rate variability (HRV) is
a non-invasive technique that can be used to measure
sympathovagal balance and its influence on CV functions
in a variety of clinical conditions.®® Obesity and its risk
factors are independently reported to be linked with
lower HRV.[10-13.14]

Although there are many studies reporting decreased
HRYV, increased inflammatory mediators and the
correlation between HRV and inflammatory markers in
obesity, to the best of our knowledge, there are scarcity
of reports about HRV and inflammatory mediators in
non-diabetic obese hyperlipidemic subjects. Therefore,
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the present study was designed to assess the relationship
of HRV indices with inflammatory markers in obese
subjects with dyslipidemia and without diabetes mellitus.

MATERIALS AND METHODS

Subjects
Group I: Control group

Twenty (15 healthy male and 5 female) volunteers in
the age group of mean + SD (52.15 = 5.87 years) were
recruited as controls for this study.

Group II: non-diabetic obese dyslipidemic group

The subjects were recruited from patients attending the
Internal Medicine Clinics for medical investigations in
different hospitals in Taif, KSA as King Adulaziz and King
Faisal hospitals. This group included 20 non-diabetic
patients, 10 males and 10 females with mean = SD
age (51.20 = 4.40 years). The criteria for non-diabetic
obese dyslipidemic subjects were based on the National
Cholesterol Education Program Adult Treatment Panel
Il (2002) (NCEP ATP Ill) guidelines.!"

o Abdominal obesity was defined as waist circumference
(WC) exceeding 102 cm and 88 cm in men and women,
respectively

e Fasting serum triglycerides (TG) more than
150 mg/dL (1.7 mmol/L)

e Fasting serum high density lipoprotein cholesterol
(HDL) less than 40 mg/dL (1.0 mmol/L) and
50 mg/dL (1.3 mmol/L) in men and women, respectively

e Fasting blood sugar (FBS) <110 mg/dL (6.1 mmol/L)

Exclusion criteria

A medical history of any diseases known to affect the
autonomic cardiac function such CV dysfunctions,
neurological diseases, endocrine disorders and taking
medication were excluded from the study.

All individuals included in this study were subjected to
full history taking, focusing on family history of type 2
diabetes mellitus, hypertension, smoking and physical
activity. Thorough clinical examination was done for all
participants who gave informed consent and the study
followed the rules of the Medical National Committee
for Medical and Bio-ethics. Body weight and height were
measured in subjects clothed in a light gown without
shoes; these measurements were used to calculate
the body mass index (BMI; kg/m?). WC and blood
pressure (BP) measurements were done for the subjects
in both the groups. BP measurements were performed
with a standard manual sphygmomanometer while the
participants were in sitting position. Mean arterial pressure
(MAP) was calculated.!"® Laboratory investigations
included FBS, post-prandial blood sugar (PPBS), fasting
serum insulin (FSI) and lipid profile. Homeostasis
Model Assessment-Insulin Resistance Index (HOMA-IR)
and the atherogenic index (Al) were calculated. The
inflammatory markers such as high-sensitive C reactive

protein (HsCRP), interleukin-6 (IL-6) and tumor necrosis
factor alpha (TNF- o) were also estimated.

Sampling

Total of 5 ml of ante-cubital venous blood was collected
after 12-14 h fasting under complete aseptic precautions in
plain test tubes without anticoagulant. After coagulation,
samples were centrifuged (at 1500 X g for 15 min). The
separated serum was divided into three aliquots. One
was selected for the immediate assay of fasting glucose
and lipid profile. The other two aliquots were stored
at —20 °C for subsequent assay of insulin. Repeated
freezing and thawing were avoided. Hemolyzed samples
were discarded.

Analytical methods

Serum glucose level, total cholesterol, TG and HDL were
analyzed using Synchron CX-9 (Instruments Inc.; Scienfitic
Instruments Division, Fillertron, CA 92634, 3100, USA)
system autoanalyzer applying enzymatic colorimetric
method."? Low density lipoprotein cholesterol (LDL)
was calculated according to “Friedewald equation”
provided that the serum TG level is <400 mg/dL.1?"

LDL = Total cholesterol —(HDL +TG/5)

FSlwas assayed by Micro-particle Enzyme Immunoassay
(MEIA) on the AXSYM (Abbott Ireland, Diagnostic
Division-Lisnamuck, Longford Co. Longford, Ireland)
for the quantitative determination of insulin in human
serum or plasma. The Al considered as log (TG/HDL)
has been reported as an significant predictor of
atherosclerosis.?? HOMA-IR was calculated using the
equation:

HOMA-IR = Fasting glucose(m/dl) x fasting insulin
(uU/ml)/405

The cutoff point to define insulin resistance was HOMA-IR
> 3.8.

Inflammatory markers

Tumor necrosis factor alpha (TNF-a) and interleukin-6
(IL-6) were measured using a sandwich ELISA (Human
TNF-o.and IL-6, Quantikine, R&D Systems, Instrumentation
Laboratory, Milano, Italy). hs-CRP was measured in a
central laboratory on plasma frozen at —80°C with an
immunonephelometric assay on a BNIl analyzer (Siemens
Healthcare Diagnostics, Deerfield, lllinois) according to
the manufacturer's protocol.

Heart rate variability

All subjects fasted and finished their health check-up
prior to the assessment of their HRV. Routine
electrocardiogram (ECG) was performed between 9
and 11 AM in the Physiology Laboratory, College of
Applied Medical Sciences Taif, KSA under standardized
conditions.?*? Fifteen minutes resting Lead Il ECG was
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obtained (AD Instruments). An artifact-free 5-min segment
of the ECG was analyzed offline using LabChart software
that permits visual inspection of the raw ECG, so as to obtain
the HRV parameters in time-domain and frequency-domain.
The recorded ECG signals were conveyed through analog
digital converter FE132 Bio Amp (using Power Lab, 8/35
model PL3508 8 channel data acquisition system, AD
Instruments, Australia) with a sampling rate of 20 Hz.

Time-domain analysis

This involves comparing 2 different signals and data were
analyzed using descriptive statistical measures. The heart
rate fluctuations were measured using various variables
including, (a) standard deviation of RR intervals sensitive
to all sources of variation (SDNN); (b) Standard deviation
of the averages of NN intervals in all 5 min segments
of the entire recording (SDANN); (c) root mean square
successive difference of RR intervals (RMSSD).[24.25

Frequency-domain analysis

The non-parametric Fast Fourier Technique (FFT)
was performed for frequency-domain parameters.
Different components of FFT with their specific
frequency ranges were: (a) Total power (TP) (0-0.4 Hz)
which reflects sympathetic and parasympathetic
tone; (b) high frequency (HF) (0.15-0.4 Hz) which is
indicative of parasympathetic tone and respiration;
(c) low frequency (LF) (0.04-0.15 Hz) which indicates
sympathetic as well as parasympathetic tone, (d) very
low frequency (VLF) (0.003-0.04 Hz) which indicates
thermoregulation, and can be used to calculate LF
normalized unit (LFnu) and HF normalized unit (HFnu)
that represent the relative value of each component in
proportion to the TP minus the VLF component; and (e)
LF/HF which reflects sympathovagal balance and the
sympathetic modulation.’?*?® To limit the influence
of diurnal and environmental variations, the HRV
measurements were taken in the subjects in a sitting
position after resting for 20 minutes. The measurements
were taken in the morning and at the same room by one
trained research assistant according to a standardized
method. The HRV measurement was taken twice for each
subject with a short-term interval in-between. Premature
beats (i.e. >20 % shortening) were excluded manually
and replaced with interpolated values and accounted
for <1 % of each participants’ dataset. RR intervals were
interpolated at 4 Hz and detrending was performed using
the smoothness priors method described by Tarvainen
et al.?® The same duration (5 min) of data were analyzed
as established by the Task force system.® Recordings
with non-sinus beats that were more than 1% of the total
number of beats were also excluded. Premature beats
and artifacts were carefully eliminated automatically and
manually by visual inspection of all RR intervals.

Statistical analysis of data

The data was analyzed using Statistical Package for
the Social Sciences software (SPSS version 22, SPSS

Software Inc., Chicago, IL, USA). After log transformation
independent sample ‘' test was used to look for significant
differences in the study parameters between patients and
controls. Significance was assessed at the 5% level. Results
of continuous measurements of HRV and clinical features
were presented as mean = standard deviation (SD).
Pearson’s correlation test was performed to determine the
association between HRV indices and the study variables.

RESULTS

Using independentt test the mean values of the biochemical
parameters, anthropometric and HRV indices between the
2 study groups were compared. The study group was
associated with significantly higher (P < 0.001) weight,
BMI, WC, SBP, DBP, FBS, PPBS, all lipid profile (except
HDL), fasting serum insulin HOMA-IR, Al, hs-CRP, IL6 and
TNF-a. when compared to controls [Table 1].

Among the HRV indices LFnu and LF/HF ratio were
significantly higher (P < 0.001, P < 0.05, respectively) in
obese group than in the control group. Moreover, HFnu,
mean NN interval and RMSSD were significantly lower
(P < 0.001, P < 0.05, respectively) in obese group than
in the control group. SDANN and SDNN was also found
to be lower in obese subjects but the differences was not
significant (P > 0.05) [Table 2].

Bivariate correlation analysis revealed a significant
positive correlation (P < 0.05) between LF/HF ratio and
WOC [Table 3]. Moreover, in study group [Table 4], LF/HF

Table 1: The physical characteristics of the control and
study groups

Parameters Control group Study group P value
(n=20) (n=20)

Age (year) 52.15+5.87 49.25+3.99 NS

Weight (kg) 66.25+2.22 78.00+4.17 <0.001
BMI (kg/m?) 25.41+1.22 29.53+2.04 <0.001
WC (cm) 81.25+6.21 118.1£3.99 <0.001
SBP (mm Hg) 120.80+5.82 137.40+£2.93 <0.001
DBP (mm Hg) 72.00+4.78 90.20+2.42 <0.001
FBS (mg/dL) 76.30+4.22 117.00+4.69 <0.001
PPBS (mg/dL) 112.80+6.78 126.40+3.95 <0.001
FSI (uU/mL) 4.70£0.74 11.60+1.31 <0.001
HOMA -IR 2.23+0.43 3.74+0.68 <0.001
CHOL (mg/dL) 181.65+11.20 229.55+15.14 <0.001
LDL (mg/dL) 106.82+12.17 161.85+£15.52 <0.001
HDL (mg/dL) 52.75+3.88 30.50+2.06 <0.001
TG (mg/dL) 110.30+5.16 186.00+4.83 <0.001
Al 7.46+2.98 13.25+1.21 <0.001
hs-CRP (ng/ml) 0.06+0.02 0.22+0.06 <0.001
IL6 (ng/ml) 1.26+0.25 1.9940.41 <0.001
TNF-a (pg/L) 2.77+0.41 4.45+1.07 <0.001

Data expressed as mean + SD. P value, 0.05 was considered significant.
NS: Not-significant, BMI: Body mass index, WC: Waist circumference,
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, FBS: Fasting blood sugar,
PPBS: Post prandial blood sugar, FSI: Fasting serum insulin, HOMA —IR: Homeostasis
model assessment-insulin resistance index, CHOL: Total cholesterol, LDL: Low
density lipoprotein, HDL: High density lipoprotein, TG: Triglycerides, Al: Atherogenic
index, hs-CRP: Highly specific-c-reactive protein, IL6: Interleukin- 6, TNF-a: Tumor
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ratio positively correlated with BMI, WC, SBP, FBS,
HOMA-IR and Al. As well, HFnhu negatively correlated
with BMI and HOMA-IR. Higher SBP, WC, FBS and AIP
were associated with lower LFnu and HFnu. Table 5
depicts that LF/HF ratio was correlated to inflammatory
markers, hs-CRP and IL6 in obese group when compared
to control group.

DISCUSSION

In agreement with previous reports,'?”?® we observed
a swing in sympathovagal balance in the direction of

Table 2: HRV indices of control and study groups

Parameters MeantSD P value
Control group Study group
(n=20) (n=20)
Frequency-domain indices
LFnu 38.78+19.50 56.56+20.00 0.004
HFnu 57.66+17.76 28.94+10.14* 0.014
LF/HF 1.44£1.16 2.83+0.50*  0.025
Time-domain indices (ms)
Mean RR 909.59+249.49696.72+66.60* 0.001
RMSSD 147.82+162.94 58.58+21.35* 0.020
SDANN 148.33+163.25 79.14168.94 0.089
SDNN 133.11+£116.32 81.94+39.47 0.070

Data expressed as mean+SD. *P<o.05 was considered significant. LFnu: Normalized
low-frequency power, HFnu: Normalized high-frequency power, LF-HF ratio: Ratio of
low-frequency to high frequency power, Mean RR: Mean heart rate, Mean RR: Mean
RR intervals, RMSSD: The square root of the mean of the sum of the squares of the
differences between adjacent NN intervals, SDNN: Standard deviation of normal to
normal interval, SDANN: Standard deviation of the averages of NN intervals

increased sympathetic activation expressed as increased
LF/HF ratio in non-diabetic obese dyslipidemic patients.
This increased LF:HF ratio represents prominence of
sympathetic activity and decrease in the vagal tone.®?®
Since there was decrease in HFnu in obese subjects with
dyslipidemia, sympathovagal imbalance (SVI) in these
subjects may be due to decreased parasympathetic
activity as decrease in HFnu represents decreased vagal
modulation of cardiac drive.&?%

SVI in study group subjects could be due to increase in
sympathetic activity as there was increased LFnu, which
reflects more sympathetic and less parasympathetic drive
to the heart.®?! However, our study does not support a
previous report®® that revealed significantly lower values
of overall HRV expressed as lower SDNN and SDANN.
This may be attributed to the small number of subjects
in the present study.

The FBS, FSI and HOMA-IR were significantly high in
study group, although the precise cause of SVI cannot
be ascertained from the present study; insulin resistance
could be a reasonable mechanism. The cause of
increased sympathetic activity in obese subjects could
be linked to the chronic hyperinsulinemia that may
lead to enhanced sympathetic tone and CV risks due to
increased adrenergic activity.®" Additionally, HOMA-IR
was significantly correlated with LF-HF ratio in study
group. As insulin resistance has been reported to cause
autonomic imbalance,®? insulin resistance could add
to SVI in obesity. For further explanation of our results,

Table 3: Correlation of the studied parameters in control group

Age BMI wC SBP FBS HOMA-IR Al
LFnu -0.113 -0.188 -0.155 0.071 0.313 0.282 -0.068
HFnu 0.155 -0.235 -0.160 -0.014 -0.044 -0.031 0.109
LF/HF -0.095 -0.254 0.722** -0.390 -0.028 0.241 -0.165
RMSSD -0.063 0.398 -0.110 0.163 0.033 -0.016 -0.030
SDANN -0.064 0.397 -0.110 0.163 0.032 -0.017 -0.031
SDNN -0.129 0.370 -0.101 0.103 0.064 0.027 -0.090
Mean NN interval -0.302 0.149 0.128 -0.121 -0.006 -0.006 -0.255

*Correlation is significant at the o.05 level (2-tailed) **Correlation is significant at the o.01 level (2-tailed). LFnu: normalized low-frequency power, HFnu: normalized high-
frequency power, LF-HF ratio: Ratio of low-frequency to high frequency power, Mean RR: Mean heart rate, Mean RR: Mean RR intervals, RMSSD: The square root of the mean
of the sum of the squares of the differences between adjacent NN intervals, SDNN: standard deviation of normal to normal interval, SDANN: Standard deviation of the averages
of NN intervals, BMI: Body mass index, WC: Waist circumference, SBP: Systolic blood pressure, FBS: Fasting blood sugar, HOMA —IR: Homeostasis model assessment-insulin

resistance index, Al: Atherogenic index

Table 4: Correlation of the studied parameters in study group

Age BMI wcC SBP FBS HOMA-IR Al

LFnu 0.291 -0.320 -0.504* -0.537* -0.519* -0.213 -0.512-*
HFnu 0.107 -0.811-** -0.960** -0.939** -0.911** -0.805-** -0.941-**
LF/HF 0.144 0.662** 0.675* 0.620* 0.606** 0.750** 0.645*
RMSSD 0.099 0.148 0.301 0.359 0.315 0.048 0.273
SDANN -0.316 0.015 -0.062 -0.080 0.002 0.060 -0.036
SDNN 0.085 0.224 0.089 0.021 0.093 0.366 0.077
Mean NN interval 0.081 0.258 0.288 0.331 0.225 0.231 0.272

*Correlation is significant at the o.05 level (2-tailed), **Correlation is significant at the o.01 level (2-tailed). LFnu: Normalized low-frequency powe, HFnu: Normalized high-
frequency power, LF-HF ratio: Ratio of low-frequency to high frequency power, Mean RR: Mean heart rate, Mean RR: Mean RR intervals, RMSSD: The square root of the mean of
the sum of the squares of the differences between adjacent NN intervals, SDNN: Standard deviation of normal to normal interval, SDANN: Standard deviation of the averages
of NN intervals, BMI: Body mass index, WC: Waist circumference, SBP: Systolic blood pressure, FBS: Fasting blood sugar, HOMA —IR: Homeostasis model assessment-insulin

resistance index, Al: Atherogenic index
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Table 5: Correlation of LF/HF ratio with inflammatory markers in control and study group

Normal group Study group
Pearson correlation (r) Sig. (2-tailed) P value Pearson correlation (r) Sig. (2-tailed) P value
hs-CRP 0.023 0.923 0.649** 0.002
IL6 0.339 0.143 0.890** 0.000
TNF-a -0.055 0.817 0.297 0.204

*Correlation is significant at the o.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed). hs-CRP: Highly specific-C- reactive protein, IL6: Interleukin- 6,
TNF-a: Tumor necrosis factor- alpha, LF:HF: Ratio of low-frequency to high-frequency power

we studied the interaction and possible link between
inflammatory markers and autonomic systems.?¥ The
LF-HF ratio was correlated with hsCRP and IL6, which is
in agreement with the other studies.?*3%!

Low-grade inflammation has been reported in obesity,
and inflammatory markers such as hs-CRP, IL-6 and
TNF-o have been reported to induce SVI in various
stress related disorders.® In the present study, not
only IL6, hs-CRP and TNF-o. were significantly high in
study group, but also were significantly correlated with
LF-HF ratio, especially IL6 and hs-CRP. It is proposed
that the activation of the vagus nerve may suppress
inflammatory cytokines and possibly even slow the
development of atherosclerosis.?”’ The mechanism for
this vagal inhibition involves the reaction of acetylcholine
with its acetylcholine-receptor (AChR) on macrophages.
The administration of nicotinic AchR (a7 subunit)
agonists, results in a reduced production of TNF-a,
interleukin-1 (IL-1), IL-6 and interleukin-8 (IL-8).I'¥ This
mechanism might, to a certain extent, explain higher CV
risk associated with the obesity. It has been suggested that
retrograde inflammation could be the pathophysiologic
link, as the increased sympathetic activity induces a
pro-inflammatory state by IL-6 production, which in turn
results in an acute phase response.®! In the present
study, all lipid profile parameters (except HDL) and lipid
risk factors were significantly high in study group. Al
was significantly correlated with LF-HF ratio indicating
its contribution to SVI in obesity. Predominance of
the sympathetic ANS favors an elevation in the serum
TG.B¥ Increased TG is reported to produce oxidative
stress,!*% and oxidative stress is known to induce SVI.4"
This pathway could be the possible link between the
dyslipidemia and SVI in obese patients.

Many studies have observed that obesity affects HRV.14243
However, others**%! have not detected any relationship
between HRV and BMI. Various clinical studies have
documented decreased parasympathetic activity in
obesity.?”4¢! Qur results appear to corroborate with
afore-mentioned studies as there were significantly
lower HFnu, SDNN and RMSSD in obese than in control
subjects. Additionally, we verified a negative correlation
between anthropometric measurements (especially
BMI and WC) and the HFnu parameter that reflects
parasympathetic activity.

Thus, increased BMl is likely to be a potential contributor
to SVI in these subjects. Salamin et al.,“”! have reported

that although BMI and subcutaneous adiposity are not
associated with cardiac parasympathetic indices of HRV,
visceral adiposity contributes to decreased HRV.“”! Also,
our results agree with report of Koskinen et al.,'*8 who
found that higher BP was associated with higher LF/HF
ratio in both sexes.

In summary, the results of the present study indicate
the presence of SVI in the form increased sympathetic
and decreased parasympathetic activity in middle-aged
non-diabetic dyslipidemic obese subjects.

Limitations of the study

As diabetes was excluded in obese patients, the sample
size was less due to less availability of obesity without
prediabetes or diabetes in Saudi population. The sample
size was only 20, which is very small for such type of
highly variable data, especially for HRV indices. Also, due
to the less sample size regression analysis could not be
done to assess the cause-effect relationship between the
changes in HRV parameters and inflammatory markers.

CONCLUSION

Decreased HRV, atherogenic lipid profile, and low-grade
inflammation in these subjects make them vulnerable
to amplified CV risks, and SVI acts as the physiological
basis for progress of these CV risks. SVI in the form
of lower vagal modulation and increased sympathetic
predominance was observed in obese dyslipidemic
non-diabetic subjects when compared to controls.
This may partly explain the higher CV risks and the
development of other obesity related co-morbidities such
as diabetes and hypertension in future.

REFERENCES

1. Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK,
Kumpusalo E, Tuomilehto J, et al. The metabolic syndrome
and total and cardiovascular disease mortality in
middle-aged men. JAMA 2002;288:2709-16.

2. Aguilar D, Fisher MR, O’Connor CM, Dunne MW,
Mubhlestein JB, Yao L, et al. Metabolic syndrome, C-reactive
protein, and prognosis in patients with established coronary
artery disease. Am Heart ] 2006;152:298-304.

3. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence
and trends in obesity among us adults, 1999-2000. JAMA
2002;288:1723-7.

4. Kleiger RE, Miller JP, Bigger JT Jr, Moss AJ. Decreased
heart rate variability and its association with increased
mortality after acute myocardial infarction. Am ] Cardiol

LEH International Journal of Clinical and Experimental Physiology| Apr-Jun 2014 | Vol 1 | Issue 2

rb_l 139




10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

Ali and Askary: HRV in non-diabetic dyslipidemic obese subjects

1987;59:256-62.

Mioni C, Bazzani C, Giuliani D, AltavillaD, Leone S, Ferrari A,
et. al. Activation of an efferent cholinergic pathway produces
strong protection against myocardial ischemia/reperfusion
injury in rats. Crit Care Med 2005;33:2621-8.

Singh JP, Larson MG, O'Donnell CJ, Wilson PF, Tsuji H,
Lloyd-Jones DM, et al. Association of hyperglycemia with
reduced heart rate variability (The Framingham Heart
Study). Am ] Cardiol 2000;86:309-12.

Evrengul H, Tanriverdi H, Kose S, Amasyali B, Kilic A,
Celik T, et al. The relationship between heart rate recovery
and heart rate variability in coronary artery disease. Ann
Noninvasive Electrocardiol 2006;11:154-62.

Fagard RH, Pardaens K, Staessen JA. Influence of
demographic, anthropometric and lifestyle characteristics on
heart rate and its variability in the population. ] Hypertens
1999;17:1589-99.

Felber DD, Schindler C, Schwartz ], Barthélémy ]C,
Tschopp JM, Roche F, et al., SAPALDIA Team. Heart rate
variability in an ageing population and its association with
lifestyle and cardiovascular risk factors: Results of the
SAPALDIA study. Europace 2006;8:521-9.

Liao D, Cai ], Barnes RW, Tyroler HA, Rautaharju P,
Holme 1, et al., Association of cardiac autonomic function
and the development of hypertension. The ARIC study. Am
] Hypertens 1996;9:1147-56.

Kim JA, Park YG, Cho KH, Hong MH, Han HC, Choi YS,
et al. Heart rate variability and obesity indices: Emphasis on
the response to noise and standing. ] Am Board Fam Pract
2005;18:97-3.

Bigger JT Jr, Fleiss JL, Steinman RC, Rolnitzky LM, Kleiger
RE, Rottman JN. Frequency domain measures of heart
period variability and mortality after myocardial infarction.
Circulation 1992;85:164-71.

Heart rate variability: Standards of measurement,
physiological interpretation and clinical use. Task Force of
the European Society of Cardiology and the North American
Society of Pacing and Electrophysiology. Circulation
1996;93:1043-65.

Tracey KJ. The inflammatory reflex. Nature 2002;420:853-9.
Lin CC, Liu CS, Li CI, Lin WY, Lai MM, Lin T, et al. The
relation of metabolic syndrome according to five definitions
to cardiovascular risk factors a population-based study.
BMC Publ Health 2009;9:484.

Grundy SM, Brewer HB Jr, Cleeman JI, Smith SC Jr,
Lenfant C; American Heart Association, et al. Definition of
metabolic syndrome: Report of the National Heart, Lung,
and Blood Institute/American Heart Association conference
on scientific issues related to definition. Arterioscler Thromb
Vasc Biol 2004;24:e13-8.

Carroll JJ, Smith N, Babson AL. A colorimetric serum glucose
determination using hexokinase and glucose-6-phosphate
dehydrogenase. Biochem Med 1970;4:171-80.

Dietschy JM, Weeks LE, Delente JJ. Enzymatic assessment
of free and esterified cholesterol levels using the oxygen
electrode in a modified glucose analyzer. Clin Chem Acta
1976,73:407-14.

McGowan MW, Artiss JD, Strandbergh DR, Zak B.
A peroxidase-coupled method for the colorimetric
determination of serum triglycerides. Clin Chem
1983;29:538-42.

Assman G, Schriewer H, Schmitz G, Hagele EO.
Quantification of high density lipoprotein cholesterol by
precipitation with phosphotungestic acid/MgC12. Clin
Chem 1983;29:2026-30.

Friedwald WT, Levy RI, Fridrickson DS. Estimation of the
concentration of low density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifugation.
Clin Chem 1972;18:449-502.

Dobiasova M, Frohlich ]J. The plasma parameter
log (TG/HDL-C) as an atherogenic index: Correlation
with lipoprotein particle size and esterification rate in

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

apoB- lipoprotein-depleted plasma. (FER (HDL)). Clin
Biochem 2001;34:583-8.

Wilson PW, D’Agostino RB, Levy D, Belanger AM,
Silbershatz H, Kannel WB. Prediction of coronary
heart disease using risk factor categories. Circulation
1998;97:1837-47.

Sathyaprabha TN, Satishchandra P, Netravathi K, Sinha S,
Thennarasu K, Raju TR. Cardiac autonomic dysfunctions in
chronic refractory epilepsy. Epilepsy Res 2006;72:49-56.
Udupa K, Sathyaprabha TN, Thirthalli ], Kishore KR,
Lavekar GS, Raju TR, et al. Alteration of cardiac autonomic
functions in patients with major depression: A study
using heart rate variability measures. ] Affect Disord
2007;100:137-41.

Tarvainen MP, Ranta-Aho PO, Karjalainen PA. An advanced
detrending method with application to HRV analysis. IEEE
Trans Biomed Eng 2002;49:172-5.

Muscelli E, Emdin M, Natali A, Pratali L, Camastra S,
Gastaldelli A, et al. Autonomic and hemodynamic responses
to insulin in lean and obese humans. ] Clin Endocrinol Metab
1998;83:2084-90.

Amador N, Perez-Luque E, Malacara JM, Guizar M,
Paniagua R, Lara S. Leptin and heart sympathetic activity
in normotensive obese and non-obese subjects. Ital Heart ]
2004;5:29-35.

Malliani A. Heart rate variability: From bench to bedside.
Eur J Int Med 2005;16:12-20.

Piestrzeniewicz K, fuczak K, Lelonek M, Wranicz JK,
Goch JH. Obesity and heart rate variability in men with
myocardial infarction. Cardiol ] 2008;15:43-9.

Emdin M, Gastaldelli A, Muscelli E, Macerata A, Natali A,
Camastra S, et al. Hyperinsulinemia and autonomic nervous
system dysfunction in obesity: Effects of weight loss.
Circulation 2001;103:513-9.

Lindmark S, Lonn L, Wiklund U, Tufvesson M, Olsson
T, Eriksson JW. Dysregulation of the autonomic nervous
system can be a link between visceral adiposity and insulin
resistance. Obes Res 2005;13:717-28.

Sajadieh A, Nielsen OW, Rasmussen V, Hein HO, Hansen JF.
C-reactive protein, heart rate variability and prognosis in
community subjects with no apparent heart disease. ] Intern
Med 2006;260:377-87.

Lanza GA, Sgueglia GA, Cianflone D, Rebuzzi AG,
Angeloni G, Sestito A, et al.; SPAI (Stratificazione Prognostica
dell’Angina Instabile) Investigators. Relation of heart rate
variability to serum levels of C-reactive protein in patients
with unstable angina pectoris. Am ] Cardiol 2006;97:1702-6.
Psychari SN, Apostolou TS, Iliodromitis EK, Kourakos P,
Liakos G, Kremastinos DT. Inverse relation of C-reactive
protein levels to heart rate variability in patients after acute
myocardial infarction. Hellenic ] Cardiol 2007;48:64-71.
Vinik Al The conductor of the autonomic orchestra. Front
Endocrinol (Lausanne) 2012;3:71.

de Jonge L, Moreira EA, Martin CK, Ravussin E; Pennington
CALERIE Team. Impact of 6-month caloric restriction on
autonomic nervous system activity in healthy, overweight,
individuals. Obesity (Silver Spring) 2010;18:414-6.
Tentolouris N, Liatis S, Katsilambros N. Sympathetic system
activity in obesity and metabolic syndrome. Ann N Y Acad
Sci 2006;1083:129-52.

Brook RD, Julius S. Autonomic imbalance, hypertension,
and cardiovascular risk. Am ] Hypertens 2000;13:112-22S.
Lupachyk S, Watcho P, Hasanova N, Julius U,
Obrosova IG. Triglyceride, nonesterified fatty acids, and
prediabetic neuropathy: Role for oxidative-nitrosative stress.
Free Radic Biol Med 2012;52:1255-63.

Danson EJ, Paterson DJ. Reactive oxygen species and
autonomic regulation of cardiac excitability. ] Cardiovasc
Electrophysiol 2006;17 Suppl 1:104-512.

Rabbia F, Silke B, Conterno A, Grosso T, De Vito B, Rabbone I,
et al. Assessment of cardiac autonomic modulation during

&

International Journal of Clinical and Experimental Physiology| Apr-Jun 2014 | Vol 1 | Issue 2

adolescent obesity. Obes Res 2003;11:541-8.
rb_l 140




43.

44.

45.

46.

47.

Ali and Askary: HRV in non-diabetic dyslipidemic obese subjects

Ito H, Ohshima A, Tsuzuki M, Ohto N, Yanagawa M,
Maruyama T, et al. Effects of increased physical activity and
mild calorie restriction on heart rate variability in obese
women. Jpn Heart ] 2001;42:459-9.

Antelmi I, de Paula RS, Shinzato AR, Peres CA, Mansur A]J,
Grupi CJ. Influence of age, gender, body mass index and
functional capacity on heart rate variability in a cohort of
subjects without heart disease. Am ] Cardiol 2004;93:381-5.
Madsen T, Christensen JH, Toft E, Schmidt EB. C-reactive
protein is associated with heart rate variability. Ann
Noninvasive Electrocardiol 2007;12:216-22.

Peterson HR, Rothschild M, Weinberg CR, Fell RD,
McLeish KR, Pfeifer MA. Body fat and the activity of the
autonomic nervous system. N Engl ] Med 1988;318:1077-83.
Salamin G, Pelletier C, Poirier P, Després JP, Bertrand O,
Alméras N, et al. Impact of visceral obesity on cardiac

48.

parasympathetic activity in type 2 diabetics after coronary
artery bypass graft surgery. Obesity (Silver Spring)
2013;21:1578-85.

Koskinen T, Kédhonen M, Jula A, Mattsson N, Laitinen T,
Keltikangas-Jarvinen L, et al. Metabolic syndrome and
short-term heart rate variability in young adults: The
cardiovascular risk in young Finns study. Diabet Med
2009;26:354-61.

How to cite this article: Ali TM, El-Askary AA. Association of heart
rate variability indices with inflammatory markers in non-diabetic
obese dyslipidemic middle aged Saudi population. Int J Clin Exp

Physiol 2014;1:135-41.
Source of Support: Nil, Conflict of Interest: Nil.

Author Help: Reference checking facility

*  Example of a correct style

Sheahan P, O’leary G, Lee G, Fitzgibbon J. Cystic cervical metastases: Incidence and diagnosis using fine needle aspiration biopsy.

Otolaryngol Head Neck Surg 2002;127:294-8.

*  Only the references from journals indexed in PubMed will be checked.

*  Enter each reference in new line, without a serial number.
*  Add up to a maximum of 15 references at a time.

e [ the reference is correct for its bibliographic elements and punctuations, it will be shown as CORRECT and a link to the correct

article in PubMed will be given.

* [f any of the bibliographic elements are missing, incorrect or extra (such as issue number), it will be shown as INCORRECT and link to

possible articles in PubMed will be given.

The manuscript system (www.journalonweb.com) allows the authors to check and verify the accuracy and style of references. The tool checks

the references with PubMed as per a predefined style. Authors are encouraged to use this facility, before submitting articles to the journal.

¢ The style as well as bibliographic elements should be 100% accurate, to help get the references verified from the system. Even a
single spelling error or addition of issue number/month of publication will lead to an error when verifying the reference.

&

International Journal of Clinical and Experimental Physiology| Apr-Jun 2014 | Vol 1 | Issue 2

141

n






