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The heart rate is regulated by the various
autonomic nerve fibers that innervate the heart.
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Abstract

Background and Aims: Autonomic dysfunction in type 2 diabetes mellitus (DM) patients
may translate into an increased cardiovascular morbidity and mortality. Autonomic
system regulates ‘heart rate recovery’ (HRR), an important predictor of cardiovascular
mortality, which can be assessed using the exercise electrocardiogram (ECG). Hence,
utilizing HRR, this study assessed the autonomic function of the cardiovascular system
after one minute of exercise stress test in both, patients with and without type 2 DM.
Materials and Methods: A prospective case control study involving 50 patients with type
2 DM and 50 without type 2 DM, matched for age and sex, was carried out. Each subject
underwent an exercise stress test by treadmill using the Bruce protocol. Cardiovascular
parameters like heart rate was recorded using a 12 lead ECG along with blood pressure.
Results: Patients with T2DM had lesser HRR after exercise (p < 0.001). Exercise
capacity was significantly reduced among patients with T2DM when compared to
controls (p = 0.01). A multiple linear regression analysis (R?=0.26) revealed that
duration of diabetes (=-0.02, p=0.048) and resting systolic blood pressure (SBP) (p=-
010, p=0.048) are independent predictors of HRR. Conclusion: The study revealed HRR
to be significantly reduced among patients with type 2 DM. HRR may hint at the presence
of cardiac autonomic dysfunction and predict the cardiovascular mortality.
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the heart rate decreases - heart rate recovery
(HRR), which is a protective mechanism and



Autonomic dysfunction impairs exercise
tolerance, HRR and causes orthostatic changes
which are associated with sudden cardiac deaths
[3]. HRR also independently predicts the acute
cerebrovascular accidents and the all-cause
mortality [4,5]. Various studies have also
revealed a low HRR after exercise as a strong
predictor of mortality in patients, independent of
ischemia [6-8].

Type 2 diabetes mellitus (T2DM) also
predisposes patients towards development of
cardiovascular autonomic neuropathy (CAN), a
chronic  microvascular  complication  [9].
Autonomic dysfunction is one of the principal
mechanisms responsible for increased morbidity
and mortality in cardiovascular disease (CAD)
patients with T2DM than CAD patients without
T2DM [10-12].

The assessment of autonomic dysfunction
requires the patients to undergo a battery of non-
standardized maneuvers to measure changes in
heart rate, blood pressure and the skin galvanic
response. The exercise electrocardiogram (ECG)
is available in various institutes which can serve
as an easily accessible, inexpensive and a non-
invasive test for assessing cardiovascular
autonomic neuropathy.

The study evaluated the cardiac autonomic
function by measuring the HRR after one minute
of exercise stress test in patients with T2DM and
compare it subjects without T2DM.

Material and methods

Subsequent to approval by the local
institutional ethics committee, 50 patients with
T2DM matched for age and sex with 50 patients
without T2DM (Controls), were recruited in the
present case-control study. Before enrollment, a
written informed consent was obtained from the
patients. The patients with age >60 years, a
history of cardiovascular disease and those
receiving beta-blockers were excluded from the
study. Patients having dementia and any other
condition that could have caused an inability to
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perform the exercise like diabetic neuropathy,
ulcers were also excluded.

The treadmill exercise stress testing via
Bruce protocol [13] by treadmill was carried out
in all study subjects. The subjects were evaluated
until they achieved their maximal exercise
capacity.  The  subject’s  cardiovascular
parameters were recorded and monitored during
the test. Immediately following exercise, patients
were asked to lie down in a supine position.
HRR was defined as the difference between the
maximal heart rate and 1-minute heart rate
following peak exercise. HRR<I8 beats per
minute was considered to be abnormal [14].

Statistical analysis

Normally  distributed  values  were
represented using mean + SD. A ‘p’ value < 0.05
was defined as statistically significant. For inter-
group comparisons, student’s independent-
sample t test and y° (Chi-square) test were used
for continuous and categorical variables
respectively. To examine correlations between
HRR and potential predictors, univariate and
multivariate analyses were used. SPSS software
version 22.0 was utilized for the data analysis.

Results

The two groups were similar in their
baseline characteristics with the exception of
dyslipidemia (Table 1).

The cases with T2DM had a significantly
lesser HRR 1 minute after exercise than the
controls (p<0.001) (Table 2). Even patients with
HRR<I18 were significantly more among cases
(n=10, 20%) than the control group (n=1, 2%,
p=0.004). The cases also had a significantly
higher resting systolic blood pressure (SBP) (p =
0.04) and resting heart rate (p < 0.001). The
exercise capacity, metabolic equivalent of task
(METS) of cases was also significantly
decreased as compared to the control group (p =
0.005).
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Table 1. Baseline characteristics of cases and controls.

Cases Controls P value
Age (mean £+ S.D.) 48.9+6.36 46.26+7.71 0.067
Gender (M / F) 30/20 37/13 0.137
Smoking 8(16) 6(12) 0.564
Alcohol 8(16) 14(28) 0.148
Hypertension 20(40) 11(22) 0.052
Dyslipidemia 43(86) 25(50) <0.001*

*- Statistically significant result; S.D. — Standard deviation; Values are expressed in frequency with percentages in

brackets

Table 2. A comparison of different parameters during exercise stress test.

Cases Controls P value
Rest SBP (mmHg) (mean | 130+7.28 125+6.56 0.04*
+S.D.)
Rest DBP (mmHg) (mean | 80+7.67 80+5.37 0.471
+S.D.)
METS 10+2.12 10.1+2.86 0.005*
(mean + S.D.)
Rest HR 103.8+14.48 92.5+15.35 <0.001*
(mean + S.D.)
HRR (mean + S.D.) 28.62+12.37 39.92+9.92 <0.001*
Max HR 153.98+12.36 155.40+18.32 0.651
(mean + S.D.)
%PHR 91.6+6.25 90.948.27 0.634
(mean +S.D.)
Peak SBP 179+20.92 177.6+£23.41 0.099
(mean +S.D.)
Peak DBP' 90+5.69 90+6.67 0.830
(mean +S.D.)

SBP - systolic blood pressure; DBP - diastolic blood pressure; HR - heart rate; S.D. — Standard deviation; HRR —
Heart Rate Recovery; METS - metabolic equivalent of task ; PHR — Peak Heart Rate; *- statistically significant result

The reduced HRR was negatively associated
with increasing age (r=-.453, p=0.001), duration
of diabetes (r=-.354, p=0.012), resting SBP (r=-
434, p=0.002) and peak SBP (r=-.386, p=0.006).
Preserved HRR was associated with exercise
capacity (METS) (r=.345, p=0.14). There was no
correlation between HRR and dyslipidemia. A
multiple linear regression model (R?=0.26)
revealed the duration of diabetes (=-0.02,
p=0.048) and resting SBP (p=-010, p=0.048) to
be the independent predictors of HRR.

Discussion

Our study showed that HRR, which is a
measure of CAN, was significantly lower in
T2DM patients. Banthia et al also showed that
the subjects with DM had a lower HRR at 1
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minute [15]. Even Fang et al showed that HRR
after 1 minute of exercise was significantly less
in DM patients [16].

Many asymptomatic T2DM patients in our
study with no history of coronary artery disease
had HRR<18 which could again increase the
propensity of developing an increased
cardiovascular mortality in studies [14]. This can
explain more mortality in T2DM patients with
ischemic heart disease as compared to those
without T2DM, but with coronary heart disease
[10-12].

The cases in this present study also had
significantly higher resting heart rate and SBP.
Resting tachycardia is again one of the indicators
of diabetic autonomic neuropathy [17,18].

291




With advancing age, the cardiac autonomic
nervous system becomes sluggish [19]. Among
the cases within the present study, there was a
reduction noted in HRR with advancing age,
increased duration of diabetes and high SBP.
Fang et al had observed similar results in their
study as well [16]. Ko et al also showed that the
elderly patients and those with longer duration of
diabetes stood a greater chance of developing of
cardiovascular autonomic dysfunction [20]. The
duration of DM and resting SBP were also
revealed to be independent predictors of HRR.
Patients with a lesser exercise capacity (METS)
had less HRR as well, thereby implying that
autonomic dysfunction causes reduced exercise
capacity [21]. Fang et al also observed a reduced
exercise capacity in patients with an impaired
HRR [16].

Conclusion

HRR may not decisively diagnose a patient
but can definitely hint at the presence of the

REFERENCES

cardiac autonomic dysfunction and thus predict
the cardiovascular mortality. As elementary
measures like regular exercise trainings have
been observed to improve HRR and CAN,
therefore early detection and interventions using
simple indicators like HRR may help reduce the
cardiovascular ~ morbidity and  mortality.
However more work remains to be done, in light
of the ambiguity over the HRR cut-offs for
labeling diabetic cardiac autonomic neuropathy.

Acknowledgements. The authors
acknowledge the role of Manipal University by
allowing the utilization of its premises and
resources for the conduct of this study.

Conflicts of Interests. None declared.

Source of Funding. The authors declare that
no funding has been received or sought either for
carrying out this study or for the development of
this manuscript.

1. Tulppo MP, Makikallio TH, Takala TE,
Seppanen T, Huikuri HV. Quantitative beat-to-beat
analysis of heart rate dynamics during exercise. Am J
Physiol 271: H244-H252, 1996.

2. Tulppo MP, Makikallio TH, Seppanen T,
Laukkanen RT, Huikuri HV. Vagal modulation of heart
rate during exercise: effects of age and physical
fitness. Am J Physiol 274: H424-H429, 1998.

3. Pecanha T, Silva-Junior ND, Forjaz CL. Heart
rate recovery: autonomic determinants, methods of
assessment and  association with mortality and
cardiovascular diseases. Clin Physiol Funct Imaging 34:
327-339, 2014.

4. Freeman R. Cardiovascular  autonomic
neuropathy. In: Diabetic Neuropathy. Dyck PJ, Thomas
PK (eds). W.B. Saunders, Philadelphia, pp 541-554, 1999.

5. Gerritsen J, Dekker JM, TenVoorde BJ et al.
Impaired autonomic function is associated with increased
mortality, especially in subjects with diabetes,

292

hypertension, or a history of cardiovascular disease.
Diabetes Care 24: 1793-1798, 2001.

6. Cole C, Blackstone E, Pashkow F, Snader CE,
Lauer MS. Heart rate recovery immediately after exercise
as a predictor of mortality. New Engl J Med 341: 1351-
1357, 1999.

7. Cole C, Foody J, Blackstone E, Lauer M. Heart
rate recovery after submaximal exercise testing as a
predictor of mortality in a cardiovascularly healthy cohort.
Ann Intern Med 132: 552-555, 2000.

8. Shetler K, Marcus R, Froelicher VF et al. Heart
rate recovery: validation and methodologic issues. J Am
Coll Cardiol 38: 1980-1987, 2000.

9. Maser RE, Lenhard MJ, DeCherney GS.
Cardiovascular autonomic neuropathy: the clinical
significance of its determination. Endocrinologist 10: 27—
33, 2000.

10. Okada N, Takahashi N, Yufu K et al.
Baroreflex sensitivity predicts cardiovascular events in

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 24 / no. 4 / 2017




patients with type 2 diabetes mellitus without structural
heart disease. Circulation Journal 74: 1379-1383, 2010.

11. Pop-Busui R, Evans GW, Gerstein HC et al.
ACCORD Study Group. Effects of cardiac autonomic
dysfunction on mortality risk in the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial.
Diabetes care 33: 1578-1584, 2010.

12. Lanza GA, Barone L, Scalone G et al.
Inflammation - related effects of adjuvant influenza A
vaccination on platelet activation and cardiac autonomic
function. J Intern Med 269: 118-125, 2011.

13. Bruce RA, Pearson R, Lovejoy Jr. FW, Yu
PNG, Brothers GB. Variability of respiratory and
circulatory performance during standardized exercise. J
Clin Invest 28: 1431-1438, 1949.

14. Watanabe J, Thamilarasan M, Blackstone EH,
Thomas JD, Lauer MS. Heart rate recovery immediately
after treadmill exercise and left ventricular systolic
dysfunction as predictors of mortality: the case of stress
echocardiography. Circulation 104: 1911-1916, 2001.

15. Banthia S, Bergner DW, Chicos AB et al.
Detection of cardiovascular autonomic neuropathy using

exercise testing in patients with type 2 diabetes mellitus. J
Diabetes Complications 27: 64-69, 2013.

16. Fang ZY, Sharman J, Prins JB, Marwick TH.
Determinants of exercise capacity in patients with type 2
diabetes. Diabetes Care 28: 1643-1648, 2005.

17. Vinik Al, Maser RE, Mitchell BD, Freeman R.
Diabetic autonomic neuropathy. Diabetes care 26: 1553-
1579, 2003.

18. Vinik Al, Ziegler D. Contemporary reviews in
cardiovascular ~ medicine:  diabetic  cardiovascular
autonomic neuropathy. Circulation 115: 387-397, 2007.

19. Ferrari AU. Modifications of the cardiovascular
system with aging. Am J Geriatr Cardiol 11: 30-34, 2002

20. Ko SH, Park SA, Cho JH et al. Progression of
Cardiovascular Autonomic Dysfunction in Patients With
Type 2 Diabetes A 7-year follow-up study. Diabetes Care
31: 1832-1836, 2008.

21. Estacio RO, Regensteiner JG, Wolfel EE,
Jeffers B, Dickenson M, Schrier RW. The association
between diabetic complications and exercise capacity in
NIDDM patients. Diabetes Care 21: 291-295, 1998.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 24 / no. 4 / 2017 293




