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Abstract:

Obesity is recognized as a key contributor to insulin resistance and further lead to other non-communicable
disease. This study is designed to test the relation of insulin resistance with deranged autonomic functions in
obese males.

The present study is cross-sectional observational study on 70 obese males. Obese males are divided into two
groups non-insulin resistant (HOMA-IR<2.5) and insulin resistant group (HOMA-IR> 2.5). Anthropometric
parameters, Cardiovascular parameters, HRV (heart rate variability) and BRS (baroreflex sensitivity) were
measured in these 70 males. Insulin resistant subjects showed increased resting HR (rate (78 + 6 BPM vs. 72 + 5
BPM; p<0.001) and elevated resting systolic and diastolic blood pressure suggesting increased sympathetic
activity and reduced vagal tone. Spectral analysis of HRV showed significantly reduced low-frequency (LF)
power (400.1 + 130.2 ms? vs. 550.1 £+ 150.1 ms?; p<0.001) and high-frequency (HF) power (300.2 + 100.1 ms?
vs. 400.1 £ 120.3 ms? p=0.0003) in the IR group, indicating impaired autonomic modulation. Moreover,
normalized LF (LFnu) was higher in the IR group (65.1 £ 7.2%) compared to the NIR group (60.2 £ 5.1%;
p=0.0016), while HFnu was significantly lower (35.1 £ 7.3% vs. 40.2 = 5.1%; p=0.0012. Time-domain indices
such as SDNN and RMSSD were also significantly lower in the IR group (SDNN: 40.2 + 8.2 ms vs. 50.1 + 10.2
ms; RMSSD: 35.3 = 7.1 ms vs. 45.2 + 9.1 ms; both p<0.001), indicating reduced parasympathetic activity and
overall variability All BRS indices—namely BRS(+) slope (7.1 £ 1.5 vs. 10.1£2.2;) BRS (-) slope (6.1 = 1.4 vs
9.2 +£2.1) BRS Sequence All (6.5=+ 1.6 vs. 9.5 +2.0)were significantly reduced in the IR group.

Thus, significant inverse associations between HOMA-IR and autonomic indices highlight insulin resistance as
a key contributor to autonomic dysfunction in obesity.
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Introduction

Obesity is now recognized as a key contributor to
the increasing burden of noncommunicable
diseases including type 2 diabetes mellitus,
hypertension, and cardiovascular diseases [1,2].
Abdominal obesity, is a core component of
metabolic syndrome and significantly elevates the
risk of insulin resistance (IR), type 2 diabetes,
dyslipidemia, hypertension, and NAFLD [3]. IR is
characterized by the reduced ability of peripheral
tissues, such as muscle, liver, and adipose tissue, to
respond effectively to insulin, resulting in
compensatory  hyperinsulinemia to  maintain
glucose homeostasis [4]. Insulin resistance serves
as an early biomarker of increased cardiovascular
risk. It is linked with accelerated atherosclerosis,
hypertension, myocardial dysfunction, and heart
failure. Based on metabolic profiles, obese
populations are broadly classified into two

phenotypes: metabolically healthy obese (MHO),
who maintain insulin sensitivity and a relatively
lower cardiovascular risk, and metabolically
unhealthy obese (MUO), characterized by
pronounced insulin resistance and higher risk of
cardiometabolic ~ complications  [5,6].  This
dichotomy suggests that insulin resistance, rather
than obesity per se, may be a superior indicator of
cardiovascular risk. South Asians, including
Indians, display a higher predisposition to insulin
resistance even at lower BMI thresholds compared
to Western populations, emphasizing the
limitations of BMI as a sole risk assessment tool in
this demographic [7,8] The autonomic nervous
system (ANS) plays a vital role in maintaining
homeostasis by regulating involuntary
physiological functions. Obesity contributes to
significant alterations in ANS function, particularly
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through enhanced sympathetic activity and reduced
parasympathetic tone, leading to what is termed
—sympathovagal imbalancel (SVI) [9]. Heart rate
variability (HRV) is a widely used non-invasive
metric to assess cardiac autonomic regulation by
measuring the variability in time intervals between
successive heartbeats [10]. High HRV indicates a
healthy balance between sympathetic and
parasympathetic activity, while reduced HRV
reflects impaired parasympathetic tone and/or
excessive sympathetic dominance—a hallmark of
autonomic dysfunction. Obese individual exhibit
significantly lower HRV compared to lean controls,
even in the absence of overt cardiovascular disease
[11,12]. Importantly, insulin resistance has been
independently associated with reduced HRYV,
suggesting that metabolic disturbances intrinsic to
obesity, rather than increased adiposity per se,
drive autonomic imbalance [13]. This reduction in
HRYV is linked to increased cardiovascular risk,
including arrhythmias, sudden cardiac death, and
overall mortality [14]. In diabetes, baroreflex
sensitivity (BRS) is markedly diminished due to
autonomic nerve damage, endothelial dysfunction,
and impaired central processing of baroreceptor
signals [15]. Reduced BRS leads to an inability to
rapidly adjust heart rate and vascular tone in
response to  blood pressure fluctuations,
predisposing patients to orthostatic hypotension,
syncope, and greater blood pressure variability
[16]. Assessment of HRV and BRS provides
important diagnostic and prognostic information in
diabetic patients [17]. Given these considerations,
our study aims to explore the impact of insulin
resistance on autonomic function—specifically
HRV and BRS—in young Indian adults who are
overweight or obese. By comparing individuals
with similar BMI but differing insulin sensitivity,
we seek to delineate the cardiovascular risk posed
by insulin resistance independent of obesity
severity. Understanding these relationships could
facilitate early identification of high-risk
individuals and guide preventive strategies to
reduce the burden of cardiovascular diseases in this
vulnerable population.

Material and Methods

This is a hospital based single centre cross sectional
observational study which was conducted in the
Upgraded  Department of Physiology in
collaboration with the Endocrinology Department,
S.M.S Medical College and Attached Hospital,
Jaipur, Rajasthan in obese males from August 2023
to October 2024. The study protocol was approved
by the Research and Ethic committee of SMS
Medical College, Jaipur, Rajasthan, India.

Sample size calculation: Sample size was
calculated at 80% study power and 0.05% a error,
assuming minimum detectable mean difference
4.74 ms/mm Hg among insulin resistance in obese
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and non-insulin resistant obese individuals as per
results of seed article. [18] At standard deviation of
6.88 ms/mm Hg BRS, minimum sample size was
33 patients in each group was calculated which was
round off to 35 patients in each group.

Inclusion Criteria:

e Male individuals aged between 20 to 40 with
BMI>25kg/m2 and given informed written
consent.

e For non-insulin resistance group - HOMA-IR
<2.5

e  For Insulin resistance group -HOMA-IR >2.5

Exclusion Criteria

e Subjects on any medication.

e History of smoking and/or alcoholism,

e Subjects suffering from any acute and chronic
illness.

e Those performing regular athletic activities,
body building exercise and yoga were also
excluded

A convenient sampling technique was employed
for the selection of the study sample. This method
ensures that every eligible subject meeting the
predefined inclusion and exclusion criteria is
recruited for participation.

Digital weighing machine was used to measure the
body weight of participants with precision. Along
with weight measurement, a wall-mounted
stadiometer was used to measure the height of each
participant in a standardized manner, For the
assessment of blood pressure variability and
baroreflex sensitivity (BRS), Human Non-Invasive
Blood Pressure (NIBP) System, Model ML 283,
manufactured by AD Instruments, Australia was
used. For analysis of heart rate variability (HRV)
and baroreflex sensitivity (BRS), LabChart 8§
software, developed by AD Instruments, Australia
was used. Additionally, Nevrokard software
analysis (version 6.2.0) was employed for a
detailed and sophisticated analysis of BRS
parameters. BMI was calculated by the data of
weight and height. Fasting blood glucose (FBG)
and serum insulin were measured from fasting
blood samples to calculate IR. The HOMA-IR
index was derived using the following formula:

(HOMA-IR = FBG (mMol) x Insulin (uIU/1)/22.5)
[,19,20]

The 70 participants, based on the BMI
classification of the WHO for Asian population and
HOMA-IR values, were divided into following two
groups:

1. Obese NIR group: Participants having BMI 25
kg/m2 or above and HOMA-IR <2.5 (n=35);

2. Obese IR group: Participants having BMI 25
kg/m2 or above and HOMA-IR >2.5 (n=35).
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Study Procedure: Before conducting the test, the
procedure was explained in detail to all participants
to ensure their understanding and cooperation. The
Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR) was calculated for each
participant to classify them based on their insulin
resistance status. To minimize variability and
ensure standardized conditions, all participants
were instructed to follow specific pre-assessment
guidelines. They were advised to:

e Refrain from consuming caffeine, alcohol, or
smoking at least 12 hours prior to the Test and
have adequate sleep.

e Report to the Neurophysiology Laboratory
between 08:00 AM and 11:00 AM for the
physiological recordings.

Before the actual testing, each participant was
given a 10-minute resting period in a quiet,
temperature-controlled environment to allow for
acclimatization to the experimental conditions.
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Assessment of Baroreceptor Sensitivity (BRS)
and Heart Rate Variability (HRV): The
spontaneous baroreflex sensitivity and heart rate
variability (HRV) test was conducted using
continuous plethysmographic arterial
measurements. The test was performed using a
Finometer, which records spontaneous changes in
systolic blood pressure (SBP) and R-R intervals
through a sensor placed on the middle finger.
Participants were in a supine position, and the
measurements were recorded for 10 minutes during
spontaneous breathing.

The recorded signals were processed using
Beatscope Easy software (NEVROKARD) to
calculate baroreceptor sensitivity (BRS) and HRV
indices.

Observations and Result

Table 1: Comparison of Anthropometric Parameters Between Obese NIR and Obese IR Groups

Arthrometric Parameters Obese NIR Obese IR P-value
(HOMA-IR<2.5, n=35) (HOMA-IR >2.5, n=35)

Weight (kg) 85.1+10.1 88.1+11.3 0.2457

Height (cm) 170.3+£5.2 171.2 £6.1 0.5088

Waist Circumference (cm) 98.1+8.2 102.1+9.2 0.0590

BMI (kg/m?) 27.5+3.9 202+4.1 0.08

Table 2: Comparison of cardiovascular parameters between Obese NIR and Obese IR Groups

Cardiovascular Parameter | Obese NIR Obese IR P value
(HOMA IR <2.5), N=35 (HOMA IR >2.5), N=35

Resting heart rate (BPM) 72+5.1 78 £6 <0.001

Resting SBP (mmHg) 120+ 10 130£12 0.0004

Resting DBP (mm Hg) 80.1+£8.2 85.14£9.1 0.0184

Table 3: Comparison of HRV parameters between Obese NIR and Obese IR Groups

HRYV Parameter | Obese NIR (HOMA IR <2.5), N=35 Obese IR (HOMA IR >2.5), N=35 | P value
LF Power (ms?) 550.1+150.1 400.1£130.2 <0.001
HF Power (ms?) 400.1+120.3 300.2+100.1 0.0003
LFnu (%) 60.2+5.1 65.1+7.2 0.0016
HFnu (%) 40.2+5.1 35.1+7.3 0.0012
SDNN (ms) 50.1£10.2 40.248.2 <0.001
RMSSD (ms) 45.249.1 35.3£7.1 <0.001

Table 4: Comparison of Baroreflex Sensitivity (BRS) Parameters between Obese NIR and Obese IR

BRS Parameter Obese NIR (HOMA IR <2.5), N=35 | Obese IR (HOMA IR >2.5), N=35 P value
BRS (+) Slope 10.1+£2.2 7.1+£1.5 <0.001
BRS (-) Slope 9.2+2.1 6.1+14 <0.001
BRS Sequence All | 9.5+2.0 6.5+1.6 <0.001

Discussion

This cross-sectional study was conducted from
August 2023 to October 2024 in the Upgraded
Department of Physiology in collaboration with the
Endocrinology  Department, S.M.S. Medical

College and Attached Hospital, Jaipur, Rajasthan,
to investigate metabolic parameters in obese males.
A total of 70 participants were categorized based
on insulin resistance status using the Homeostatic
Model Assessment of Insulin Resistance (HOMA-
IR) into two groups. The mean age of the obese
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non-insulin-resistant (NIR) group (HOMA-IR <2.5;
n=35) was 42.5 + 8.3 years, while that of the
insulin-resistant (IR) group (HOMA-IR 2>2.5;
n=35) was 43.2 + 7.1 years, with no statistically
significant difference (p=0.706). The mean BMI of
the insulin-resistant (IR) group (HOMA-IR > 2.5)
was 29.2 + 4.1 kg/m?, and of non-insulin-resistant
(NIR) group (HOMA-IR < 2.5), was 27.5 + 3.9
kg/m? (p=0.08), showing no statistically difference.
The finding of no significant statistically difference
of age and BMI between both groups shows that
both groups were age and BMI matched. This is
necessary as HRV and BRS parameters are affected
by age and BMI. [21]

In our study, the IR group demonstrated a
significantly higher resting heart rate (78 + 6 BPM
vs. 72 £ 5 BPM; p<0.001) significantly elevated
resting systolic blood pressure (130 + 12 mmHg vs.
120 + 10 mmHg; p=0.0004), and significantly
elevated resting diastolic blood pressure (85.1+9.1
mmHg vs 80.1+8.2mmHg; p value=0.018)
suggesting increased sympathetic activity and
reduced vagal tone. Spectral analysis of HRV
showed significantly reduced low-frequency (LF)
power (400.1 = 130.2 ms? vs. 550.1 + 150.1 ms?
p<0.001) and high-frequency (HF) power (300.2 +
100.1 ms? vs. 400.1 £ 120.3 ms? p=0.0003) in the
IR group, indicating impaired autonomic
modulation. Moreover, normalized LF (LFnu) was
higher in the IR group (65.1 + 7.2%) compared to
the NIR group (60.2 + 5.1%; p=0.0016), while
HFnu was significantly lower (35.1 + 7.3% vs. 40.2
+ 5.1%; p=0.0012) suggesting impaired autonomic
function with sympathovagal balance tilting
towards increased sympathetic activity. Time-
domain indices such as SDNN and RMSSD were
also significantly lower in the IR group (SDNN:
40.2 + 8.2 ms vs. 50.1 £ 10.2 ms; RMSSD: 35.3 +
7.1 ms vs. 45.2 + 9.1 ms; both p<0.001), indicating
reduced parasympathetic activity. These findings
are consistent with previous evidence that insulin
resistance is  associated with  sympathetic
overactivity and vagal withdrawal, contributing to
cardiovascular  dysregulation  [22]  Chronic
hyperinsulinemia has been shown to activate the
sympathetic nervous system via central and
peripheral mechanisms, leading to elevated heart
rate and blood pressure, while reducing baroreflex
sensitivity and parasympathetic tone [23] Reduced
HRYV parameters such as SDNN and RMSSD are
independent predictors of cardiovascular morbidity
and mortality and autonomic dysfunction, even in
the absence of overt diabetes or established
cardiovascular disease [24]. In the Indian context,
where metabolic syndrome and insulin resistance
are prevalent at lower BMI thresholds, the
evaluation of HRV can serve as an important, non-
invasive tool for early risk stratification.
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In the present study, baroreflex sensitivity (BRS)
was significantly impaired in obese individuals
with insulin resistance (IR) compared to those
without (NIR). All BRS indices—namely BRS (+)
slope (7.1 1.5 vs. 10.1 +£2.2) BRS (-) slope (6.1 £
1.4 vs9.2+2.1); BRS sequence all (6.5+1.6 vs.
9.5+2.0); p<0.001)—were significantly reduced in
the IR group. This reduction reflects blunted
autonomic modulation of heart rate in response to
blood pressure fluctuations. Baroreflex sensitivity
is a critical physiological mechanism for short-term
blood pressure regulation, mediated through the
autonomic nervous system. Lower BRS wvalues
indicate impaired reflex control, favouring
sympathetic predominance and reduced
parasympathetic tone [25] in obese individuals with
insulin resistance, chronic hyperinsulinemia has
been shown to alter baroreceptor function through
vascular stiffness, endothelial dysfunction, and
autonomic dysregulation [26]. Our findings are in
line with previous research showing a significant
inverse relationship between insulin resistance and
BRS [27]. Insulin resistance contributes to arterial
stiffness and endothelial damage, which reduce the
mechanical transduction of arterial wall stretch to
baroreceptor afferents, thus impairing reflex
sensitivity. Furthermore, sympathetic overdrive,
which accompanies IR, may lead to desensitization
of the baroreflex loop, creating a vicious cycle of
autonomic imbalance and metabolic derangement.
Lowered BRS has been identified as an early
marker of cardiovascular risk, even in
asymptomatic obese individuals, and has been
associated with increased incidence of arrhythmias,
sudden cardiac death, and progression to overt
hypertension [28]. Importantly, our study shows
that BRS reduction is evident even in relatively
young or normotensive obese individuals with IR,
underlining  the  subclinical  cardiovascular
dysregulation linked to metabolic status. This
supports the notion that assessing BRS along with
HRYV can provide a more comprehensive picture of
autonomic cardiovascular control and early risk in
insulin-resistant individuals. Interventions such as
aerobic exercise, weight loss, and insulin
sensitizers have shown promise in improving BRS
and HRV, thereby reducing long-term
cardiovascular risk [29]

Conclusion

This study demonstrates that obese individuals with
insulin resistance (IR) exhibit significantly
impaired autonomic function, as evidenced by
reduced heart rate variability (HRV) and baroreflex
sensitivity (BRS), compared to their non-insulin
resistant (NIR) counterparts. These changes are
accompanied by higher resting heart rate and blood
pressure, and early signs of cardiovascular
dysregulation. The significant inverse associations
between HOMA-IR and autonomic indices
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highlight insulin resistance as a key contributor to
autonomic dysfunction in obesity. These findings
underscore the need for early identification and
management of IR to prevent cardiovascular and
metabolic complications, with HRV and BRS
serving as valuable non-invasive markers for risk
assessment.

Bibliography

1.

10.

11.

12.

13.

D et al.

World Health Organization. Obesity and
overweight. [Internet]. Geneva: WHO; 2021.
Available from: https://www.who.int/news-
room/factsheets/detail/obesity-and-overweight
Hruby A, Hu FB. The epidemiology of
obesity: a big picture. Pharmacoeconomics.
2015;33(7):673-89.

Després JP. Body fat distribution and risk of
cardiovascular disease: an update. Circulation.
2012;126(10):1301-13

DeFronzo RA, Tripathy D. Skeletal muscle
insulin resistance is the primary defect in type
2 diabetes. Diabetes Care. 2009;32(suppl
2):S157-63. .

Wildman RP, Muntner P, Reynolds K, et al.
The obese without cardiometabolic risk factor
clustering and the normal weight with
cardiometabolic risk factor clustering. Arch
Intern Med. 2008;168(15):1617-24.

Karelis AD. Metabolically healthy but obese
individuals. Lancet. 2008;372(9646):1281-3.
Misra A, Vikram NK. Clinical and
pathophysiological consequences of abdominal
adiposity and abdominal adipose tissue depots.
Nutrition. 2003;19(5):457-66.

Joshi SR, Parikh RM. India—diabetes capital
of the world: now heading towards
hypertension. J Assoc Physicians India.
2007;55:323-4.

Hotamisligil GS. Inflammation and metabolic
disorders. Nature. 2006;444(7121):860-7.
Ouchi N, Parker JL, Lugus JJ, et al
Adipokines in inflammation and metabolic
disease. Nat Rev Immunol. 2011;11(2):85-97.
Wellen KE, Hotamisligil GS. Inflammation,
stress, and diabetes. J Clin Invest.
2005;115(5):1111-9.

Unger RH, Orci L. Lipotoxic diseases of
nonadipose tissues in obesity. Int J Obes Relat
Metab Disord. 2000;24(S4):S28-32.

Houstis N, Rosen ED, Lander ES. Reactive
oxygen species have a causal role in multiple
forms of insulin resistance.  Nature.
2006;440(7086):944-8. 16. Anderson EJ,
Lustig ME, Boyle KE, et al. Mitochondrial
H202 emission and cellular redox state link
excess fat intake to insulin resistance in both
rodents and humans. J Clin Invest.
2009;119(3):573-81.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Reaven GM. Role of insulin resistance in
human disease. Diabetes. 1988;37(12):1595-
607.

Schmidt RE, Dorsey DA, Beaudet LN, et al.
Insulin-dependent diabetes mellitus causes
sympathetic and sensory neuropathy in the
C57BI1/6] mouse. J Neuropathol Exp Neurol.
2003;62(6):640-57.

Kempler P, Tesfaye S, Chaturvedi N, et al.
Autonomic neuropathy is associated with
increased cardiovascular risk factors: the
Eurodiab IDDM Complications Study. Diabet
Med. 2002;19(11):900-9.

Vinik AI, Maser RE, Mitchell BD, et al.
Diabetic autonomic neuropathy. Diabetes Care.
2003;26(5):1553-79.

Indumathy J, Pal GK, Pal P et al . Contribution
of insulin resistance to decreased baroreceptor
sensitivity & cardiometabolic risks in pre-
obesity and obesity. Indian J Med Res.2018
Aug;148(2):151-158

Mathews DR, Vosker JP et al. Homeostasis
model assessment: insulin resistance and beta
cell function from fasting plasma glucose and
insulin concentration in man Diabetologia
1985,28(7):412-419

Bomore E, Targher G etal. Homeostasis model
assessment closely mirrors the glucose clamp
technique in the assessment of insulin
sensitivity. Diabetes Care. 20000;23(1):57-63
Somboon P, Kulapatana S. Heart rate
variability and baroreflex sensitivity: factors
and reference ranges. Sriraj Med J 2023;
75(10):713-724

Poirier P, Giles TD etal. Expanded normal —
weight obesity and insulin resistance in US
adults; Dose-response relationship between
BMI and HOMA-IR. Obesity(Silver Spring).
2006;14(7)

Irsik DL, Otis JP et al . Hyperinsulinemia
instead of insulin resistance induces baroreflex
dysfunction in chronic insulin-infused rats .
Am J Hypertension 2007;20(4):451-457
Kuwara M et al. Heart rate variability, insulin
resistance and insulin sensitivity in japanrsr
adults : the Toon health study. J Epiidemiol.
2015:25(9):583-
591.doi:10.21802/acm.2021.2.5).

Indumathy J, Pal GK, Pal Pet al Contribution
of insulin resistance to decreased baroreceptor
sensitivity and cardiometabolic risks in
preobesity and obesity. Indian J Med Res,
2018;148(2):151-158.).

Grassi G, Seravalle G. Adrenergic and reflex
abnormalities in obesity- related hypertension.
Hypertension 2000(4);538-42).

Lindmark S Does the autonomic nervous
system plays a role in the development of
insulin resistance? Diabetologia. 2003; 46(6):
673-81).

International Journal of Current Pharmaceutical Review and Research

1119


https://www.who.int/news-room/factsheets/detail/obesity-and-overweight
https://www.who.int/news-room/factsheets/detail/obesity-and-overweight

International Journal of Current Pharmaceutical Review and Research e-ISSN: 0976-822X, p-ISSN: 2961-6042

28. La Rovere MT et al. Baroreflex sensitivity; 29. Tentolouris N . sympathetic system activity in
measurement and clinical implicaitons. Ann obesity and metabolic syndrome. Ann N Y
Noninvasive  Electrocardiol.2008:13(2):191- Acad Sci 2006;1083:129-52).

207).
D et al. International Journal of Current Pharmaceutical Review and Research

1120



