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Abstract
Heart Rate Recovery (HRR) has been associated with car-
diovascular and all-cause mortality in both healthy indivi-
duals and those with diabetes. We examined the associa-
tion between Hemoglobin A1C (HbA1c) and post-exercise 
HRR in patients with diabetes. Participants who were free 
from known cardiac disease or severe orthopedic problems 
referred to an exercise specialist for a fitness assessment. 
All participants underwent a graded exercise test using a 
standard Balke-ware protocol. HRR defined as the decre-
ase in heart rate from peak exercise after one minute of a 
cool down walk at 2 mph and 0% incline. The most recent 
HbA1c (within three months) recorded for each patient. This 
study included 411 individuals with diabetes [age 45 ± 10, 
269 (65%) males, 375 (91%) with type 2 diabetes, BMI 31 
± 6, 49% with BMI > 30 kg/m2]. The mean HbA1c was 7.3% 
± 1.6 (56 mmol/mol). The participants divided into 4 equal 
cohorts based on the quartiles of HRR. Using multiple logi-
stic regression, adjusting for age, gender, BMI, metabolic 
equivalent, beta blocker usage, hypertension, and duration 
of diabetes, there was a significant association between 
HbA1c and odds of having a HRR in the lowest quartile, 
such that for every unit increase in HbA1c, there was 13% 
increase in odds of being in the lowest HRR quartile (adju-
sted odds ratio 1.125 [1.002, 1.264]). Among diabetic pa-
tients without known cardiac disease, poor glycemic control 
as measured by elevated HbA1c is significantly associated 
with decreased post-exercise HRR.

Keywords
Diabetes, Exercise capacity, Glucose control, Heart rate 
recovery, Hemoglobin A1C

Introduction

The prevalence and incidence of diabetes mellitus 
has been increasing all over the world. International 
Diabetes Federation (IDF) estimated in 2015 that there 
were 415 million adults aged 20-79 living with diabetes 
worldwide, including 193 million who were undiagno-
sed. These trends are not projected to decrease over 
the next several years. The prevalence of diabetes is 
very high throughout the Middle East region and esti-
mated around 14.6% in the United Arab Emirates [1]. 
Almost half of the adult patients attending primary he-
alth centers had undiagnosed diabetes or increased dia-
betes risk [2].

Autonomic neuropathy is a common complication of 
diabetes mellitus. Autonomic dysfunction has been as-
sociated with all-cause mortality, cardiac disease mor-
bidity, and mortality in diabetes [3,4]. Heart Rate Varia-
bility (HRV) and Heart Rate Recovery (HRR) both are the 
measures of autonomic nervous system function. Heart 
Rate Recovery (HRR) immediately after exercise is a me-
asure of sympathetic and parasympathetic function of 
the heart [5] whereas, HRV is a physiological variation 
in the interval between heartbeats and is regulated by 
the interaction of the sympathetic and parasympathetic 
tone [6].
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The association of HRV and Hemoglobin A1C (HbA1c) 
has been studied in individuals with diabetes in seve-
ral studies. A dose-response relationship was reported 
between HbA1c and the measures of overall reduced 
HRV. The studies concluded that chronic and worsening 
hyperglycemia causes a decrease in all parameters of 
HRV that determine early cardiac autonomic dysfun-
ction and parasympathetic loss [7-10]. It has been pre-
viously reported that abnormal HRR is associated with 
impaired glucose tolerance and increasing fasting blo-
od glucose [11-13]. However, the association between 
abnormal HRR and increased level of Hemoglobin A1C 
(HbA1c) among people with diabetes is not well-studied 
and needing further research. Therefore, the purpose 
of this study was to determine the association betwe-
en elevated HbA1c level and the post-exercise HRR as a 
measure of post-exercise parasympathetic reactivation.

Materials and Methods

Subjects

This study included 479 patients with diabetes refer-
red to an exercise specialist for a graded exercise test to 
assess their exercise capacity at Dubai Diabetes Center. 
Of the 479 patients, 68 (14%) were excluded because 
of the following reasons: They had a history of coro-
nary artery disease, pacemakers, arrhythmias, atrial fi-
brillation, cardiac failure, myocardial infarction, severe 
orthopedic problems, or failure to achieve at least 85 
percent of their age-determined maximum heart rate 
during the exercise test. Written consent was obtained 
from all participants and the institutional ethics com-
mittee approved this study with registration number 
DSREC-02/2016_04.

A detailed medical history, family and drug history, 
exercise habits, and smoking habits were obtained from 
all participants. Systolic and diastolic blood pressure, 
height, weight, Body Mass Index (BMI), blood glucose, 
HbA1c, and lipid profile were measured. Participants 
underwent a graded exercise tolerance test on a tread-
mill and exercise capacity was calculated as total Meta-
bolic Equivalents (METs) achieved at peak exercise (one 
MET = 3.5 ml of oxygen uptake per kg of body weight 
per minute). Diabetes was confirmed if the measured 
fasting blood glucose was equal to or greater than 126 
mg/dl at least twice or if any anti-hyperglycemic agents 
have been used [14]. Body mass index was calculated 
as the ratio of weight (kg) to standing height (m) squa-
red (kg/m2). Normal, over weight and obese were ca-
tegorized according to the World Health Organization 
(WHO) criteria as BMI 18.5-24.99, ≥ 25, and ≥ 30 kg/m2, 
respectively.

Treadmill exercise test

All participants performed a graded treadmill exer-
cise test on an electronic treadmill (GE CASE Exercise 
Testing System) according to the Balke-ware protocol in 
which speed remains constant at 3.3 mph and inclina-

tion was increased by 1% each minute for 25 minutes. 
Electrocardiogram and heart rate were monitored con-
tinuously. Patients were encouraged to exercise until 
they reach at least 85% of their age-predicted maximum 
heart rate. The Borg 6-20 RPE scale was used to assess 
the perceived exertion [15]. On the Borg 6-20 RPE sca-
le, an estimation of RPE 15 (verbal anchor = hard) was 
considered as the optimal limit, an esteem proposed to 
demonstrate a higher probability of exceeding anaero-
bic threshold [16,17]. Blood pressure and RPE were as-
sessed at the end of each stage.

The following exercise test termination criteria was 
used: Failure to reach at least 85% of age-predicted 
maximum heart rate when patient request to stop or 
inability to keep up with the treadmill, systolic blood 
pressure > 250 mm of Hg, typical chest discomfort, 
severe arrhythmias, more than 1 mm of horizontal or 
down-sloping ST segment depression, and/or technical 
difficulties. If a patient had ST depression more than 1 
mm or exercise-induced angina/arrhythmias, they were 
not included in the data analysis. During each stage and 
recovery period, symptoms such as chest discomfort, 
shortness of breath, fatigue, dizziness, leg pain, heart 
palpitations, blood pressure, heart rate, cardiac rhythm, 
and exercise workload in METs was recorded. Predicted 
peak heart rate was calculated as 220 minus the pa-
tient’s age.

HbA1c test

Hemoglobin A1C was measured using the DCA 2000 
+ system (Bayer, Germany). The most recent HbA1c va-
lue (within three-month time) was recorded for each 
patient.

Heart rate recovery

HRR is defined as reduction in the heart rate at peak 
exercise to that measured after one minute of recovery. 
After achieving at least 85 percent of age-determined 
heart rate, all patients spent one minute walking in the 
cool-down or recovery period at the speed of 2 mph and 
0% incline and a cut-off value of less than or equal to 12 
bpm as abnormal based on the previous studies.

Medications

In this study, we did not require the participants to 
stop any medications including beta-blockers. A very 
small percentage of our group was on beta-blockers 
(5%).

Statistical analysis

The study population was divided into four near-e-
qual cohorts based on the quartiles of HRR. Continuo-
us variables were summarized as mean ± standard 
deviation and compared using ANOVA. Categorical va-
riables were summarized as percentages and compa-
red using the Chi square test. Logistic regression was 
used to estimate the association between HbA1c and 
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patients with BMI < 30 kg/m2 (adjusted odds ratio 1.197 
[1.010, 1.418]), but not among patients with BMI of 
30 kg/m2 or higher (adjusted odds ratio 1.049 [0.894, 
1.231]).

Baseline characteristics and summary results are 
shown in Table 1. Compared to the patients in the 
lowest quartile of HRR, those in the highest quartile 
tended to be younger, with lower HbA1c and BMI, have 
lower prevalence of hypertension and beta-blocker use, 
and a higher exercise capacity.

Discussion

This study showed that HbA1c is strongly associa-
ted with delayed HRR and that the adjusted associa-
tion between HbA1c and HRR was particularly signifi-
cant among patients with BMI < 30 kg/m2 (non-obese) 
compared to patients with BMI of 30 kg/m2 or higher 
(obese). This somewhat deviates from a previous study 
that showed a negative correlation between slow HRR 
and HbA1c in obese patients with Type 2 diabetes [18]. 
However, in our study, we did not measure abdominal 
obesity or visceral fat, which might have influenced HRR 
among those with normal BMI if they had abdominal 
obesity despite a normal BMI [19]. Studies showed that 
the central fat in particular, abdominal visceral obesity 
was associated with impaired sympathetic nervous sy-
stem function more than peripheral fat [20].

HRR is a measure of autonomic nervous system fun-
ction [4,5]. During exercise, heart rate increases becau-
se of the sympathetic activation and vagal withdrawal. 
During recovery from exercise, vagal reactivation is 
responsible for quickly reducing the heart rate [4,21]. 
HRR is an independent predictor of death among heal-
thy adults as well as among patients with diabetes. A 
delay in the reduction of heart rate after exercise is an 
indicator of impaired autonomic nervous system fun-
ctioning, specifically reduced parasympathetic activity 
[22,23]. Decreased HRR is the preliminary sign of Car-
diac Autonomic Neuropathy and subclinical diabetic au-

HRR adjusting for age, gender, BMI, metabolic equiva-
lent, beta-blocker usage, hypertension, and duration of 
diabetes. Odds ratio with 95% confidence interval was 
calculated for the adjusted association. An interaction 
term was introduced in the logistic model to assess if 
the association between HbA1c and HRR was modified 
by BMI. A P-value of < 0.05 was considered statistically 
significant.

Results

The mean HbA1c was 7.3 ± 1.6 and, 49% of the pa-
tients had a value > 7 percent (56 mmol/mol). Adjusting 
for age, gender, BMI, beta blocker usage, metabolic 
equivalent, hypertension, and duration of diabetes, 
there was a significant association between HbA1c and 
odds of having a HRR in the lowest quartile, such that 
for every unit increase in HbA1c, there was 13% increa-
se in the odds of being in the lowest HRR quartile (adju-
sted odds ratio 1.125 [1.002, 1.264]). Notably, the asso-
ciation between HbA1c and HRR was modified by BMI (p 
for interaction = 0.0043), with a trend across the quar-
tiles (Ptrend = 0.0147). In univariate analysis, as HbA1c in-
creased, HRR decreased (Figure 1). The adjusted asso-
ciation between HbA1c and HRR was significant among 
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Figure 1: Relationship between hemoglobin A1C and heart 
rate recovery (HRR = bmp) one minute after exercise. 
Quartiles of heart rate recovery: Q1 = HbA1c < 6.2; Q2 = 
6.2 ≤ HbA1c < 7.0; Q3 = 7.0 ≤ HbA1c < 7.9; Q4 = HbA1c ≥ 
7.9. Ptrend = 0.0147 across the quartiles.

Table 1: Baseline characteristics by quartiles of heart rate recovery.

Variable All Subjects

(N = 411)

HRR First 
Quartile

(n = 96)

HRR Second 
Quartile

(n = 93)

HRR Third 
Quartile

(n = 108)

HRR Fourth 
Quartile

(n = 114)

P

Age 45 ± 10 47 ± 10 45 ± 10 46 ± 10 43 ± 11 0.0923
Male Gender (%) 65 62 71 69 61 0.2710
Heart Rate Recovery (bpm) 22 ± 8 13 ± 3 18 ± 1 23 ± 1 31 ± 5 < 0.0001
Diabetes Duration (years) 8 ± 7 9 ± 7 9 ± 7 8 ± 6 8 ± 7 0.4299
Diabetes Type (Type 2%) 91 90 92 93 86 0.2996
HbA1c % (mmol/mol) 7.3 ± 1.6

(56)

7.7 ± 1.8

(61)

7.4 ± 1.5

(57)

7.2 ± 1.5

(55)

7.2 ± 1.8

(55)

0.0082

METS 7.9 ± 2 6.5 ± 2 7.7 ± 2 8.6 ± 2 8.6 ± 2 < 0.0001
BMI 31 ± 6 33 ± 6 32 ± 5 30 ± 5 29 ± 5 < 0.0001
Hypertension (%) 44 64 45 39 32 < 0.0001
Beta Blocker Use (%) 5 13 2 3 4 0.0026
Dyslipidemia (%) 84 83 86 87 79 0.2921

Heart Rate Recovery first quartile < 17 bpm, second quartile ≥ 17 and < 21 bpm, third quartile ≥ 21 and < 26 and fourth quartile ≥ 26.
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associated with delayed HRR, which is a powerful indi-
cator of all-cause and cardiovascular mortality in heal-
thy people as well as in people with diabetes. We found 
that among patients with diabetes without known car-
diac disease, poor glycemic control as measured by ele-
vated HbA1c was significantly associated with decrea-
sed post-exercise HRR, especially among non-obese 
individuals. Previous studies showed a strong associa-
tion between HRV and HbA1c in patients with diabetes. 
Our study showed a similar dose response relationship 
between HRR and HbA1c. This study added an impor-
tant finding to identify the patients with high risk of 
autonomic dysfunction and might help the patients in 
long-term autonomic function by improving their glyce-
mic control and HRR.
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