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Autonomic Dysfunction in Asian Indian T2DM Patients is Related
to Body Fat Content Instead of Insulin Resistance: A DEXA Study

Poonam Punjabi', Prashant Mathur?, R.C. Gupta® Itisha Mathur®, Jyoti Thanvi’,

Deepak Gupta® and Sandeep Mathur’”

"Department of Physiology, S.M.S. Medical College, Jaipur, Rajasthan, 302004, India
’Department of Pharmacology, S.M.S. Medical College, Jaipur, Rajasthan, 302004, India

Department of Physiology, Mahatma Gandhi National Institute of Medical Sciences, Jaipur, Rajasthan,

302022, India

*S.S. Institute of Medical Sciences, Davengere, Karnataka, 577005, India

®Department of Statistics, Central University of Rajasthan, Kishangarh, Rajasthan, 303, India

®Department of Pharmaceutical Sciences, Jaipur College of Pharmacy, Jaipur, Rajasthan, 302026, India

"Department of Endocrinology, S.M.S. Medical College, Jaipur, Rajasthan, 302004, India

Abstract: Aim: To study autonomic dysfunction in Asian Indian T2DM patients by heart rate variability and it's relation
with body fat content, distribution and insulin resistance.

Subjects and Methods: Subjects: 33 T2DM patients aged (46.96 + 8.90 yrs), and 33 healthy controls aged (44.08 + 9.15
yrs).

Methods: Short-term heart rate variability (HRV) was measured by impedance plethysmograph recording of pulse wave
in distal superficial arteries. Time domain and Frequency domain analysis of HRV was carried out. Time domain
parameters (SDNN, rMSSD, pNN50) and frequency domain parameters (Total Power, LF power, HF Power, LF (nu), HF
(nu), LF/HF Ratio) were determined. Body fat content and distribution was estimated by (DEXA). Insulin Resistance was
assessed by HOMA-R. Student t test was used for comparison of parameters in two groups. Multiple regression was
used to find out relation between parameters of adiposity and HRV.

Results: Parameters rMSSD, pNN50, Total power, LF Power, HF Power were significantly lower in diabetics. Total power
showed negative correlation with BMI and truncal fat (r=-.43; p<. 05) and (r=-.41; p<. 05) respectively. Frequency domain
parameter HF (ms2) showed negative correlation with BMI and trunk fat (gm %) (r=-.47; p<. 05) and (r=-.40; p<. 05)
respectively. HF (nu) was negatively correlated with BMI (r=-.43; p<. 05) whereas positive correlation was observed
between LF (nu) and BMI (r=. 40; p<. 05).

Conclusion: T2DM is associated with overall reduction in autonomic activity however, body fat content influences relative
modulation of sympathetic and parasympathetic activity among diabetics but not among controls. Contrary to most

previous reports, insulin resistance as well as W: H ratio had no influences on autonomic activity.
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BACKGROUND

Autonomic nervous system regulates body energy
homeostasis [1, 2]. Obesity and insulin resistance are
disorders of body energy balance and several previous
studies find both are associated with autonomic
dysfunction measured as various parameters of heart
rate variability [3-6]. The inter-relationship between
them and clustering diseases like diabetes,
hypertension, and dyslipidemia is complex and
mechanism of their effect on autonomic nervous
system is not precisely known [14-17]. Moreover, it is
also not certain whether autonomic dysfunction is
primarily related to adiposity (the quality, quantity and
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location of body fat) or insulin resistant state per se [14,
15, 17]. Answering this question is important because it
will direct further investigation into pathogenesis of
autonomic dysfunction in these disorders. Some of the
studies find that the autonomic dysfunction is related to
obesity [4-8], while others reported it to be related to
insulin resistance [9-13]. The clinical situations where
insulin resistance and obesity are discordant like post
bariatric surgery, the changes in autonomic parameters
were found to be correlated with change in weight
rather than insulin resistance in some, [8, 17, 18] but
not in all the studies [9].

Asian Indians have typical lean fat phenotype, i.e.
when compared with other racial groups, they show
relatively lower BMI but higher percentage body fat and
insulin resistance. Even diabetics belonging to this race
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when compared to non-diabetics, they show
comparable BMI but higher insulin resistance [19-21].
However it remains unknown whether they have
excess percentage body fat or not.

Several previous studies have reported autonomic
dysfunction in Asian Indian diabetic patients [22-25].
However, it remains unexplored whether the autonomic
dysfunction in them is related to adiposity or insulin
resistance. Therefore the aim of present study was to
find whether autonomic dysfunction in them is related
to insulin resistance or body fat content and
distribution.

SUBJECTS AND METHODS

Subjects

Thirty-three patients with T2DM (age 46.96 + 8.90
years, M: F ratio 24:9) and 33 healthy control subjects
(age 44.08 + 9.15 years M: F ratio 19:14) were studied.
Both the groups were matched for age and sex. The
exclusion criteria were: 1) diabetic microvascular
complications like retinopathy, nephropathy, neuro-
pathy, 2) macrovascular disease including coronary
artery disease, peripheral vascular disease, and stroke.

Institutional ethics committee approved the
experimental protocol and patients gave their informed
written consent before they participated.

Methods

The anthropometric measurements including body
weight, height, waist to hip (W: H) ratio and BMI were
obtained by standard methods [26]. Supine blood
pressure was measured using mercury sphygmomano-
meter after 10 minutes of rest.

Laboratory Measures

Blood samples were obtained at 8:00 am after an
overnight fast of at least 8 hours. Following biochemical
parameters were measured on Kopran AU/400 fully
automated analyzer: serum glucose, creatinine, lipid
profile, (Total cholesterol, Phospholipids Triglycerides,
LDL, HDL, and VLDL), SGOT, SGPT. Serum insulin
was measured by chemiluminescent immunometric
assay using Immulite 2000 machine [27]. HbA1c was
measured by turbidimetry method using BioSystems
kits. We revalidated glycated hemoglobin in another
subset of subjects with normal glucose tolerance and it
was found 6.48% + 1.56% therefore our data should be
interpreted in light of this finding.

Insulin Resistance was calculated by Homeostasis
Model Assessment (HOMA-R) and HOMA-B was used
to measure beta cell function [28]. Body fat content and
distribution was estimated by Dual Energy X-ray
Absorptiometry (DEXA) using Hologic Explorer model
(S/N91395).

Autonomic functions were evaluated by analysis of
heart rate variability (HRV). Short-term HRV was
measured by impedance plethysmographic recording
of pulse wave in distal superficial arteries by Non-
invasive Vascular Monitor, NIVOMON (Larsen and
Toubro) Medical Analyzer. Time domain and
Frequency domain analysis of HRV were carried out.
Subjects were instructed to avoid meal preceding two
hours of HRV recordings [29].

Time domain parameters included standard
deviation of Inter-beat intervals (SDNN), percentage of
normal consecutive RR intervals differing by >50ms
(PNN50) and root mean of squared successive
differences (RMSSD). SDNN is estimate of overall
heart rate variability. RMSSD and pNN50 reflect
alterations in autonomic tone that are predominantly
mediated by the vagus nerve. Frequency domain
analysis involves power spectral density (PSD)
technique that converts variance in R-R interval length
into frequency waveform. The PSD analysis was
estimated by Fast Fourier Transforms which provides
the basic information about how variance distributes as
a function of frequency. The power of low frequency
(LF) (.04 t.15 Hz) and high frequency (HF) (.15 to .40
Hz) bands were calculated. LF and HF components are
expressed in absolute values of power (ms?) and in
normalized units (nu). The HF component in
normalised unit (HFnu) reflects parasympathetic
modulation while LF component in normalised unit
(LFnu) is mediated by sympathetic modulation. The LF
to HF ratio reflects the balance between the
sympathetic and parasympathetic activity [29].

Statistical Analysis

All parameters are presented as mean = SD.
Differences between groups were analyzed using
independent two-sample t-test. Statistical significance
was set at p <. 05. Pearson correlation coefficient was
used to determine the relationship between
parameters.

Correlation coefficients were calculated between
parameters of HRV [Total Power, HF (msz), LF (nu) HF
(nu)] and HOMA-R, HOMA-B, BMI, W:H ratio and
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truncal fat for 33 diabetic patients and 33 control
subjects.

RESULTS

Table 1 shows the General Characteristics of the
participants. The diabetics and controls had
comparable BMI, waist circumference and W: H ratio.
But diabetics had significantly higher plasma glucose,
HbA1c, HOMA-R, triglyceride and VLDL levels and
significantly lower insulin, HOMA-B and HDL level.
These finding suggest that dysmetabolism among
diabetics is not related to obesity.

Table 2 shows the comparison of body composition
of diabetics and controls. Diabetics had less fat in right
lower limb. Apart from that there was no statistically
significant difference in total as well regional body
composition in both groups.

Table 3 shows the comparison of Heart Rate
Variability parameters in T2DM and Controls. Time
domain parameters RMSSD, pNN50 which suggests
parasympathetic activity (vagal tone) were significantly
lower in diabetics. Diabetic also had lower total power
which indicates overall autonomic activity. LF and HF

powers when expressed in absolute values (msz) were
significantly low among diabetics. When values were
expressed in normalised units diabetics had high LFnu,
LF/HF ratio and lower HFnu, but the differences were
not statistically significant. As far as sympathovagal
imbalance is concern, a trend towards sympathetic
dominance over parasympathetic activity was observed
among diabetics.

Table 4 shows the Pearson correlation among heart
rate variability parameters and body fat content, its
distribution, insulin resistance and beta cell function in
Diabetic (n=33) and controls (n=33). Among diabetics
there was positive correlation between BMI and LF (nu)
(r= +0.43, p=. 01). Also there was negative correlation
between BMI and HF (nu) (r= -0.43, p=. 01) among
them.

DISCUSSION

The findings of the present study can be
summarized as follows (1) the overall autonomic
activity (measured as total power) as well as
parasympathetic activity were significantly reduced
among diabetics, but (2) there was only marginal but
statistically insignificant increase in sympathetic activity

Table 1: General Characteristics of Type 2 Diabetics and Controls

Parameters Diabetic (n=33) Control (n=33) P value
Age (years) 46.96 + 8.9 4415+9.2 0.213
BMI (kg/m2) 25.22 +3.7 25.79 + 4.56 0.575
Waist circumference 36.71 £4.14 36.12 £ 5.10 0.607
Waist: Hip Ratio 0.97 £ 0. 07 0.94 £ 0.08 0.221
Fasting Blood Glucose (mg/dl) 193.21+58.40 90.87+9.97 0.0001*
Hb A1c (%) 10.13+1.93 6.15+£0.92 0.0001*
Fasting Serum Insulin (ulU/dl) 4.83+2.7 6.18+3.7 0.095
HOMA-IR 2.31+1.59 1.38+0.82 0.004*
HOMA-B 16.77+13.96 96.27+86.1 0.0001*
Total Lipids (mg/dl) 646.48+£128.95 564.29+126.6 0.011*
Phospholipids (mg/dl) 213.71£36.70 182.31+28.99 0.0001*
Triglycerides (mg/dl) 168.34+74.95 122.91£79.76 0.02*
Total Cholesterol (mg/dl) 194.70+38.87 180.224+41.76 0.15
HDL (mg/dl) 44.7146.21 49.8446.9 0.002*
LDL (mg/dl) 115.23+35.44 104.43+30.76 0.191
VLDL (mg/dl) 33.96+14.96 24.56+15.94 0.016*

*Significant

Note: we revalidated glycated haemoglobin in another subset of subjects with normal glucose tolerance and it was found 6.48+1.56 therefore our data should be

interpreted in light of this finding.

HbA1c = Glycated Hemoglobin; HDL = High Density Lipoprotein; LDL = Low Density Lipoprotein; VLDL = Very Low Density Lipoprotein; HOMA-IR = Homeostasis
Model Assessment Insulin Resistance; HOMA-B = Homeostasis Model Assessment Beta cell function.
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Table 2: Comparison of Body Fat Content and its Distribution in T2DM and Controls

Parameters Diabetics Control P value
LEFT ARM
Bone mineral content (BMC gm) 149.4+49.4 132.56+33.18 0.11
Fat (gm) 1168.57+665.28 1206+568.24 0.805
Lean (gm) 2342.05+557.98 2237.845+705.62 0.508
Lean +BMC 2491.45+585.25 2370.41+734 .47 0.462
Total Mass 3660.14+852.42 3574.81+1001.09 0.711
% Fat 31.03+12.42 33.66+11.43 0.373
RIGHT ARM
Bone mineral content (BMC gm) 200.287+290.64 142.68+36.86 0.263
Fat (gm) 1230.8+748.5 1210.61+574.28 0.86
Lean (gm) 2489.56+559.74 2369.541662.31 0.43
Lean +BMC 2689.841674.11 2503.97+691.17 0.273
Total Mass 3880.43+964.0 3768.04+919.72 0.63
% Fat 30.73+11.96 33.091+£11.05 0.408
TRUNK
Bone mineral content (BMC gm) 445.48+100.69 405.21+83.13 0.081
Fat (gm) 9802.08+3171.26 9871.83+4120.47 0.939
Lean (gm) 22261.39+3610.77 22185.85+4464.45 0.938
Lean +BMC 22036.27+5342.51 22591.14+4517.55 0.65
Total Mass 32496.62+5385.54 44684.73+7367.67 0.345
% Fat 29.66+7.38 29.91+8.02 0.899
LEFT LEG
Bone mineral content (BMC gm) 351.214+65.25 328.64+67.75 0.173
Fat (gm) 3223.84+1576.61 3643.65+1457.36 0.266
Lean (gm) 7194.71+1945.86 6789.95+1993.24 0.406
Lean +BMC 7545.9561+1975.06 7079.41+2072.41 0.353
Total Mass 10770.03+2998.76 10888.51+2438.53 0.861
% Fat 29.3319.5 33.26+£10.06 0.108
RIGHT LEG
Bone mineral content (BMC gm) 359.4+70.57 335.62+69.09 0.171
Fat (gm) 3064.75+1146.79 3736.62+1478.59 0.043
Lean (gm) 8565.3+8942.04 7037.85+1686.97 0.339
Lean +BMC 8924.7+8938.99 7373.46+1686.97 0.332
Total Mass 14263.08+17362.8 11110.215+£2494.89 0.306
% Fat 29.25+9.72 33.26+9.72 0.099
Head
Bone mineral content (BMC gm) 639.62+264.81 508.58+102.83 0.308
Fat (gm) 1790.5+3424 .42 1025.80+241.93 0.205
Lean (gm) 4682.56+7424.3 3467.22+783.16 0.303
Lean +BMC 5322.2+7672.61 4055.82+836.14 0.349
Total Mass 6842.66+10829.14 6354.43+7316.48 0.83
% Fat 20.19%1.5 20.08+0.73 0.707
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(Table 2). Continued.

Parameters Diabetics Control P value
Total
Bone mineral content (BMC gm) 2055.224511.81 1933.39+332.51 0.256
Fat (gm) 19322.97+6597.63 20740.46+7846.09 0.43
Lean (gm) 44510+12590.84 44121.73+9266.83 0.887
Lean +BMC 46565.35£12900.12 46055.16+9519.05 0.856
Total Mass 69048.27+22256.89 83051.68+93211.82 0.404
% Fat 29+7.86 29.89+7.66 0.644
Table 3: Comparison of Short term Heart Rate Variability in T2DM and Controls
Parameters Diabetic (n =33) Control (n=33) P Value
A C,
SDNN (ms) 33.21+71.87 37.38+17.53 0.747
RMSSD (ms) 19.93+12.66 35.36+26.07 .003*
pNN50 (ms) 1.82+3.10 10.82+£13.22 .0001*
Total Power (ms2) 182.86+153.03 665.22+765.85 .001*
LF (ms?) 34.24+32.52 109.92+95.34 .0001*
HF (ms?) 46.72456.02 228.24+334.77 .003*
LF (nu) 47.47+20.15 42.39+19.37 0.305
HF (nu) 52.52+20.15 57.6+19.37 0.305
LF/HF Ratio 1.37+£1.37 1.07£1.17 0.341

*Significant

SDNN: Standard deviation of normal-to-normal R-R interval; RMSSD: Root of the mean squared differences of successive NN interval; pNN50: Percentage of
number of N-N intervals with differences >50 ms; Total Power (ms,): Variance of N-N intervals (0.04 - 0.4 Hz); LF (ms;): Power in low frequency range (0-.04-0-.15
Hz); HF (msy): Power in high frequency range (0-.15-0-.4 Hz); LF (nu): LF Power in normalized unit; HF (nu): HF Power in normalized unit; LF/HF ratio: Ratio of LF

Power to HF Power.

Table 4: Relationship between Heart Rate Variability and Body Fat Content, Distribution Insulin Resistance and Beta
Cell Function in Diabetic (n=33) and Controls (n=33)

Total Power HF (ms?) LF (ms2) HF (nu) LF (nu)
Diabetics Control Diabetics Control Diabetics Control Diabetics Control | Diabetics | Control
Parameters r value r value r value r value r value r value r value r value r value r value
(p value) | (p value) (p value) | (p value) (p value) | (p value) (p value) |(p value) | (p value) | (p value)
BMI -0.439 0.024 -0.471 0.112 -0.123 -0.540 -0.437 0.062 0.437 -0.062
(0.011) (0.894) (0.006) (0.536) (0.494) (0.765) (0.011) (0.73) (0.011) (0.73)
W: H ratio -0.311 -0.052 -0.329 -0.034 -0.179 -0.160 -0.006 -0.001 0.006 0.001
(0.078) (0.774) (0.061) (0.582) (0.318) (0.373) (0.974) (0.995) (0.974) (0.995)
HOMA R 0.038 -0.142 -0.099 -0.120 -0.114 -0.117 0.133 0.116 -0.133 -0.116
(0.833) (0.421) (0.585) (0.506) (0.529) (0.516) (0.462) (0.522) (0.462) (0.522)
HOMA B -0.159 0.238 -0.180 0.194 -0.218 0.152 0.000 0.244 0.000 -0.244
(0.376) (0.183) (0.317) (0.279) (0.221) (0.397) (0.998) (0.171) (0.998) (0.171)
Truncal fat -0.416 0.166 -0.401 0.252 -0.176 0.208 -0.167 0.066 0.167 -0.066
(gm) (0.016) (0.357) (0.021) (0.157) (0.326) (0.642) (0.354) (0.715) (0.354) (0.715)
Total fat -0.353 0.212 -0.366 0.302 -0.154 0.136 0.148 -0.108 -0.148 0.108
(gm) (0.044) (0.237) (0.036) (0.087) (0.392) (0.450) (0.412) (0.550) (0.412) (0.550)
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(LF  nu) therefore suggesting sympatho-vagal
imbalance among the diabetics. (3) Though diabetics
had higher insulin resistance, but comparable adiposity
measured as BMI, W: H ratio and body fat measured
by DEXA. (4) Some of the parameters of autonomic
function showed significant association with adiposity
parameters like truncal fat measured by DEXA and
BMI, but none of them had any association with insulin
resistance. (5) There was significant positive
association between BMI and sympathetic activity and
inverse relation between BMI and parasympathetic
activity in diabetics, but not in the controls.

Findings of the present study are consistent with
those of the previous studies done on Asian Indian
diabetic [30-32]. Most of these studies also find
decrease in overall autonomic activity and
parasympathetic activity in diabetics. Our findings are
also consistent with those of done on diabetics
belonging to other races where T2DM was associated
with decreased overall activity and sympatho-vagal
imbalance [13, 23, 24]. This autonomic dysfunction
could contribute to heightened risk of sudden death in
diabetics [22]. Therefore there is need to address this
issue in all diabetics, but currently HRV estimation is
not part of routine clinical assessment in diabetics.

The ADA (American Diabetes Association) has
recommended (since 2006) in its standards of Medical
Care that Heart Rate Variability testing (which detects
autonomic neuropathy) be performed on Type 2
Diabetic patients immediately upon detection of
diabetes.

It was observed in this study that diabetics when
compared with controls, they not only had comparable
BMI but also had comparable total body fat content as
well as regional body fat distribution excepting they had
significantly low fat mass in right lower limb. Though
diabetics had much higher insulin resistance than
controls, therefore dysmetabolism among them is not
related to excess body fat content. However it is worth
mentioning here that we did not measure visceral fat
content specifically (CT Scan, and other Imaging
techniques). Though diabetics had marginally higher
W:H ratio (Diabetics -0.97 + 0. 07, controls -0.94 +
0.08), which is surrogate marker of visceral fat.
Therefore, dysmetabolism in them might be related to
qualitative factor rather than quantity and distribution of
fat. In a recent study of genome wide gene expression

profiling of visceral adipose tissue of obese diabetic
women, it was observed that diabetes is associated
with qualitative adipose tissue change, decreased
unsaturated fatty acid pathway and NK cell mediated
heightened inflammation [34-35].

Though diabetics had comparable body fat content
but higher insulin resistance, therefore it suggests
autonomic dysfunction among them is related to insulin
resistance. However we observed an association
between body fat content and autonomic parameters
rather than insulin resistance among the diabetics. One
explanation of this paradoxic finding is that autonomic
dysfunction among diabetics might be related to some
qualitative change in adipose tissue.

However there are certain limitations of our study.
First our sample size is relatively small and second we
did not measure cytokines, adipose tissue hormones
and free fatty acids. Therefore there is need of further
studies using larger sample size using qualitative
adipose tissue pathology change, adipocytokine levels
and autonomic parameters.

CONCLUSION

T2DM is associated with overall reduction in
autonomic activity as well parasympathetic activity as
measured by HRV parameters. The diabetics had high
insulin resistance but comparable body fat content
thereby suggesting role of qualitative adipose tissue
factor in higher insulin resistance among them. The
autonomic dysfunction among them is related to body
fat content rather than insulin resistance. Therefore, we
suggest further investigations on role of qualitative
adipose tissue changes in autonomic dysfunction
among them.
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