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ABSTRACT 
Aims: Prediabetes affects an estimated 136 million Indian adults, with central India identified as a 
region of disproportionate burden. We assessed and compared heart rate variability (HRV) and 
Ewing's-battery-derived cardiac autonomic neuropathy (CAN) between prediabetic and healthy 
adults, and correlated autonomic indices with clinical and biochemical parameters. 
Methods: In this age- and sex-matched case-control study, 100 prediabetic adults (ADA 2024 criteria) 
and 100 healthy controls underwent anthropometric and biochemical assessment, 5-minute resting 
HRV recording, and the five-test Ewing battery. Between-group comparisons used the independent t-
test/Mann-Whitney U test, Chi-square/Fisher's exact test, Pearson/Spearman correlation, and 
multiple linear regression (α=0.05). 
Results: All time- and frequency-domain HRV parameters and all five Ewing-battery components were 
significantly impaired in prediabetic participants (p<0.001). CAN, graded by composite Ewing score, 
was present in 100% of prediabetic participants (63% Early, 21% Definite, 16% Severe) versus 3% of 
controls (p<0.001). Within the prediabetic group, waist circumference, not BMI or glycaemic indices, 
was the only significant independent predictor of SDNN (β=−0.68 ms/cm, p=0.019; model R²=0.114). 
Conclusions: Cardiac autonomic dysfunction is already measurable, and in this cohort near-universal, 
in prediabetic adults, and correlates more consistently with central adiposity than with glycaemia. 
These findings support incorporating brief, non-invasive autonomic screening into the routine 
evaluation of prediabetic individuals in high-burden Indian populations. 
 
Keywords: Prediabetes, Heart Rate Variability, Cardiac Autonomic Neuropathy, Ewing's Battery, 
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INTRODUCTION 

Prediabetes affects an estimated 636 million 

adults worldwide and 136 million adults in 

India, with the ICMR-INDIAB national survey 
specifically identifying Madhya Pradesh and 

Rajasthan as states in which the prediabetic 
pool is disproportionately large relative to overt 

diabetes1,2. Cardiac autonomic neuropathy 
(CAN), a complication of dysglycaemia 

mediated by oxidative stress, polyol-pathway 

flux, and advanced-glycation-end-product 
accumulation in autonomic nerve fibres, carries 

independent prognostic significance for 
cardiovascular mortality that is well established 

in post-infarction and general populations3,4,5. 

Increasing evidence indicates that autonomic 
dysfunction is measurable well before the 

diagnostic threshold for diabetes is crossed6,7, 
most authoritatively in the Maastricht Study, a 

large population-based cohort in which both 
prediabetes and type 2 diabetes were 

independently associated with lower heart rate 
variability (HRV) after multivariable 

adjustment6, a finding subsequently confirmed 
by systematic review7. 

Despite this international evidence, India-
specific data remain limited to a single small 

case-control study8, and no published study 

from central India, the region the national data 
specifically flag as being of concern2, was 

identified. Furthermore, most studies employ 
either spectral HRV analysis or Ewing's battery 

of cardiovascular reflex tests in isolation, 

despite evidence that the two methods are 
physiologically complementary9,10, and few 

examine the relative contribution of adiposity 
versus glycaemia to autonomic impairment 

specifically within the narrow prediabetic 
glycaemic band. We therefore conducted an 

age- and sex-matched case-control study 

combining spectral HRV analysis and the full 
Ewing battery in prediabetic and healthy adults 
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from a central Indian tertiary-care population, 

to (i) compare HRV and Ewing-battery 
performance between groups, (ii) determine 

CAN prevalence, and (iii) identify independent 
clinical/biochemical correlates of autonomic 

impairment. 

 
SUBJECTS AND METHODS 
Study Design and Population 

This comparative, cross-sectional case-control 
study was conducted in the Department of 

Medical Physiology, Malwanchal University, 

Indore, Madhya Pradesh, over approximately 
18 months. Group I comprised 100 adults newly 

identified with prediabetes per American 
Diabetes Association 2024 criteria (fasting 

plasma glucose 100-125 mg/dL, and/or 2-hour 
post-load glucose 140-199 mg/dL on a 75-g 

OGTT, and/or HbA1c 5.7-6.4%)11, confirmed 

on two occasions. Group II comprised 100 age- 
(±3 years) and sex-matched, apparently 

healthy adults with normal glucose tolerance 
(fasting plasma glucose <100 mg/dL, HbA1c 

<5.7%). Exclusion criteria were established 

diabetes, cardiac arrhythmia or structural heart 
disease, medications affecting autonomic 

function, non-diabetic peripheral/autonomic 
neuropathy, and current smoking or regular 

alcohol use. Sample size (n=96/group 
minimum) was calculated using Cochran's 

formula (Z=1.96, p=0.50, d=0.10, +10% non-

response), based on published precedent8. The 
study was approved by the Institutional Ethics 

Committee and conducted per the Declaration 
of Helsinki12 and ICMR National Ethical 

Guidelines13; written informed consent was 

obtained from all participants. 
 
Anthropometric and Biochemical 
Assessment 

Height, weight (BMI = weight/height²), and 

waist circumference (midpoint between lowest 

rib and iliac crest) were measured using 
standard techniques. Resting blood pressure 

was recorded seated, after 5 minutes' rest. 
Following an overnight fast, fasting plasma 

glucose (FPG), 2-hour post-load glucose (75-g 
OGTT), HbA1c (HPLC), and a fasting lipid 

profile were estimated in a single accredited 

laboratory. 
 
Heart Rate Variability and Ewing's Battery 

Short-term (5-minute), supine, resting HRV was 
recorded using a 12-lead digital ECG/HRV-

analysis system following the 1996 Task Force 
standards9, after 10 minutes' rest, overnight 

fast, and 12-hour caffeine/tobacco/exercise 

abstention. Time-domain (SDNN, RMSSD, 
pNN50) and frequency-domain (total power, 

LF, HF, LF/HF ratio) parameters were derived 
by Fast Fourier Transform after artefact 

removal. All five components of Ewing's battery 
(heart-rate response to deep breathing, 30:15 

ratio, Valsalva ratio, postural systolic-BP fall, 

and diastolic-BP rise with handgrip)10 were 
performed and graded 

(normal/borderline/abnormal) against standard 
cut-offs, combined into a composite score (0-5) 

and CAN grade (Normal/Early/Definite/Severe). 

 
Statistical Analysis 

Data were analysed in a validated statistical 

computing environment (Python, 
SciPy/statsmodels). Normality was assessed by 

Shapiro-Wilk test; normally distributed 
variables were compared by independent t-test 

(mean±SD) and non-normally distributed 
variables by Mann-Whitney U test (median 

[IQR]). Categorical variables were compared by 

Chi-square/Fisher's exact test. Correlations 
used Pearson's or Spearman's coefficient as 

appropriate; multiple linear regression 
identified independent predictors of SDNN after 

adjustment for age, sex, BMI, waist 

circumference, systolic BP, and HbA1c. Two-
tailed p<0.05 was considered significant. 

 
RESULTS 

Group I and Group II were well matched for age 

(median 46.0 vs 46.5 years, p=0.485), sex 
distribution (67M/33F vs 56M/44F, p=0.146), 

and BMI (p=0.759), but Group I showed 
significantly higher systolic and diastolic BP, 

and, as expected from the diagnostic criteria 
used, significantly higher FPG, 2-hour PG, and 

HbA1c (all p<0.001; Table 1).

 
Table 1. Baseline demographic, anthropometric, and biochemical characteristics 

Variable Group I (n=100) Group II (n=100) p-value 

Age (years)ᵃ 46.0 (40.0–52.3) 46.5 (38.0–55.0) 0.485 

BMI (kg/m²)ᵃ 25.2 (21.5–28.9) 25.4 (22.0–29.2) 0.759 

Waist circumference (cm)ᵇ 87.2 ± 8.1 87.0 ± 8.7 0.907 

Systolic BP (mmHg)ᵃ 134.0 (125.8–140.3) 126.0 (117.8–131.0) <0.001 

FPG (mg/dL)ᵃ 111.5 (106.0–118.0) 91.0 (86.0–95.0) <0.001 

HbA1c (%)ᵃ 6.00 (5.90–6.20) 5.20 (5.10–5.40) <0.001 
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ᵃMedian (IQR), Mann-Whitney U test. 

ᵇMean±SD, independent t-test. 
All time-domain and frequency-domain HRV 

parameters were significantly reduced in Group 
I, with a significantly higher LF/HF ratio, 

consistent with combined parasympathetic 

withdrawal and relative sympathetic 

predominance (Table 2). All five Ewing-battery 
components were significantly worse in Group 

I, with a markedly higher composite Ewing 
score (median 3.0 [2.5–3.0] vs 0.0 [0.0–0.5], 

p<0.001). 

 
Table 2. Heart rate variability and Ewing's battery parameters by group 

Parameter Group I (n=100) Group II (n=100) p-value 

SDNN (ms) 33.0 (28.0–39.0) 57.5 (49.8–64.0) <0.001 

RMSSD (ms) 23.0 (19.0–26.0) 37.0 (29.0–44.0) <0.001 

HF power (ms²) 324.0 (212.3–436.5) 916.5 (675.0–1169.5) <0.001 

LF/HF ratio 1.88 (1.24–2.49) 0.89 (0.72–1.22) <0.001 

E:I ratio 1.12 (1.08–1.15) 1.31 (1.24–1.36) <0.001 

Valsalva ratio 1.13 (1.11–1.16) 1.36 (1.29–1.43) <0.001 

Composite Ewing score (0–5) 3.0 (2.5–3.0) 0.0 (0.0–0.5) <0.001 

 

All values are median (IQR); Mann-Whitney U 
test (Shapiro-Wilk p<0.05 for all variables). 

CAN, graded by composite Ewing score, was 
present in 100% of Group I (63% Early, 21% 

Definite, 16% Severe) versus 3% of Group II 

(all Early; χ2=188.5, df=3, p<0.001; Table 3, 
Fig. 1). Within Group I, correlations between 

autonomic parameters and clinical/biochemical 
variables were largely weak; the strongest were 

BMI with LF/HF ratio (r=0.26, p=0.009) and 

BMI with HF power (r=−0.21, p=0.038). No 
glycaemic index correlated significantly with 

any HRV or Ewing parameter. On multiple 
regression, waist circumference was the only 

significant independent predictor of SDNN 

(β=−0.68 ms/cm, 95% CI −1.25 to −0.12, 
p=0.019); BMI, HbA1c, age, sex, and systolic 

BP were not significant (model R²=0.114, 
F=2.00, p=0.073). 

 
Table 3. CAN grade distribution by group 

CAN Grade Group I, n (%) Group II, n (%) 

Normal 0 (0) 97 (97) 

Early 63 (63) 3 (3) 

Definite 21 (21) 0 (0) 

Severe 16 (16) 0 (0) 

χ2=188.5, df=3, p<0.001. 
 

 
Fig. 1. Cardiac autonomic neuropathy (CAN) grade distribution by group. 
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DISCUSSION 

Every HRV and Ewing-battery parameter was 
significantly impaired in prediabetic adults 

relative to matched controls, and CAN was 

present in the great majority of prediabetic 
participants, in a pattern and direction 

consistent with the Maastricht Study6 and the 
Eleftheriadou systematic review7, and closely 

mirroring the only comparable Indian 

precedent8. The magnitude of separation 
observed here, however, exceeds that typically 

reported in larger, multi-centre cohorts6,7, and 
should be interpreted with appropriate caution 

pending independent, multi-centre replication; 
plausible contributors include the single-centre, 

single-observer design, which removes inter-

site variability, and the narrow 30-60-year age 
band with strict exclusion criteria, both of which 

would be expected to sharpen rather than blur 
the case-control distinction. 

The pattern of more uniformly affected heart-

rate-based tests relative to blood-pressure-
based tests is consistent with the length-

dependent model of autonomic injury first 
described by Ewing10, under which the vagus, 

as the longest autonomic nerve, is affected 
earliest3,14. Within Group I, waist 

circumference, rather than BMI or any 

glycaemic index, was the only significant 
independent predictor of SDNN, corroborating 

an earlier report that waist-hip ratio, but not 
BMI, correlates with reduced HRV15, and 

consistent with the Landsberg hypothesis, 

under which hyperinsulinaemia associated with 
central obesity chronically stimulates 

sympathetic activity independently of the 
degree of hyperglycaemia16. The absence of a 

significant glycaemia-HRV correlation within 

our narrow prediabetic band, in apparent 
contrast to the full-spectrum Maastricht 

analysis6, is most plausibly a range-restriction 
artefact rather than a genuine discrepancy. 

The clinical significance of these findings rests 
on the well-established prognostic weight of 

autonomic markers in other populations: in the 

ATRAMI study, reduced HRV and baroreflex 
sensitivity independently predicted post-

infarction cardiac mortality4, and reduced HRV 
independently predicted incident cardiac events 

even in an asymptomatic Framingham cohort5. 

Given the disproportionately large prediabetic 
pool identified in this region by national survey 

data2, our findings support incorporating brief, 
non-invasive autonomic screening, at minimum 

the heart-rate response to deep breathing, into 
the routine evaluation of newly identified 

prediabetic individuals. 

Limitations include the cross-sectional design, 

which precludes causal inference; short-term 
rather than 24-hour HRV recording, in keeping 

with feasibility for outpatient screening; single-
centre sampling; and the absence of fasting 

insulin/HOMA-IR measurement, which would 

have permitted more direct mechanistic testing 
of the adiposity-autonomic relationship 

observed. 
 
CONCLUSIONS 

Cardiac autonomic dysfunction, assessed by 
both spectral HRV analysis and Ewing's battery, 

is already measurable, and in this cohort near-
universal, in prediabetic adults from central 

India, and correlates more consistently with 

central adiposity than with glycaemic status. 
These findings support incorporating brief, non-

invasive autonomic screening, and closer 
anthropometric surveillance, into the routine 

evaluation of prediabetic individuals in high-

burden Indian populations, and warrant 
confirmation in larger, multi-centre cohorts. 
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