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vs. 65 ± 8, p < 0.001), and HRR 5  (55 ± 13 vs. 71 ± 15, p < 0.001). 
Mean duration of IBD was 7.8 ± 3.6 years. In addition, there 
was a significant negative correlation between disease dura-
tion and HRR at the first minute (r = –0.704, p < 0.001). Mul-
tivariate logistic regression analysis showed that symptom 
duration (OR: 1.742, 95% CI: 1.148–2.636, p = 0.009) was an 
independent predictor of impaired HRR in patients with IBD. 
 Conclusion:  In this study, the data showed that the HRR was 
impaired in patients with IBDs. Hence, given the prognostic 
value of the test, patients with IBD should be monitored for 
future cardiovascular events.  © 2016 S. Karger AG, Basel 

 Introduction 

 Inflammatory bowel diseases (IBDs) are chronic in-
flammatory disorders that can involve several regions 
and layers of the gastrointestinal tract and can be charac-
terized by remissions and exacerbations  [1] . Although the 
etiology of IBDs has not been fully elucidated, genetic and 
environmental factors, host immune response, and auto-
nomic nervous system dysfunction have been implicated 
 [2] . 
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 Abstract 

  Objective:  In this study we aimed to investigate heart rate 
recovery (HRR) in patients with inflammatory bowel disease 
(IBD).  Subjects and Methods:  A total of 40 patients with
IBD and 30 healthy controls were included in this study. A 
treadmill stress test was performed in all the patients to
calculate the HRR index based on the age-specific maxi-
mum heart rate. The HRR indices were calculated as follows: 
HRR 1, 2, 3, 4, 5  = heart rate at peak exercise – heart rate at 1, 2, 
3, 4, and 5 min. The independent samples t test was used to 
compare HRR indices between the patient and control 
groups. The Pearson correlation coefficient was used to ex-
amine the association between the duration of IBD and the 
HRR indices. Multivariate regression analysis was carried out 
to identify predictors of impaired HRR in patients with IBD. 
 Results:  HRR indices at various time intervals were signifi-
cantly lower in the patients with IBD than in the controls: 
HRR 1  (1.18 ± 8 vs. 31 ± 7, p < 0.001), HRR 2  (36 ± 12 vs. 51 ± 8, 
p < 0.001), HRR 3  (46 ± 12 vs. 62 ± 11, p < 0.001), HRR 4  (54 ± 7 
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  There have been several reports  [3, 4]  of the risk of car-
diovascular disease in IBD, a chronic inflammatory dis-
ease of the gut. It has been shown that IBD is associated 
with an increased risk of cardiovascular death, particu-
larly in the active period of the disease  [4] . There is an 
increasing body of evidence suggesting a complex inter-
play between inflammatory cells, the immune system, 
and the enteric autonomic nervous system  [5] . It was 
thought that autonomic nerve system dysfunction might 
have a role in pathogenesis of IBD  [6] . An abnormal hy-
pothalamic-pituitary-adrenal axis and cholinergic anti-
inflammatory pathway, a deleterious effect of stress and 
depression as well as an abnormal coupling of the pre-
frontal cortex-amygdala complex could play a role in the 
pathogenesis of IBD  [7] .

  Heart rate recovery (HRR) is defined as the decrease 
in heart rate after exercise. HRR is estimated by obtaining 
heart rates at minutes 1, 2, 3, and 5 during the recovery 
period at maximal heart rate in a patient undergoing a 
maximal stress test. Impaired HRR had been reported as 
an independent predictor of mortality in both men and 
women  [8] . A correlation had been shown between the 
amount of reduction in heart rate at the first minute of 
recovery and mortality, where mortality decreases as the 
amount of reduction increases  [9] . Therefore, in the pres-
ent study, we aimed to investigate the HRR indices in pa-
tients with IBD.

  Subjects and Methods 

 Patient Selection 
 A total of 44 consecutive patients who had a diagnosis of IBD at 

the Gastroenterology Outpatient Clinic, Kayseri Education and Re-
search Hospital between December 2014 and June 2015 were in-
cluded in this cross-sectional study. A group of 30 healthy controls 
attending the Cardiology Outpatient Clinic and free from cardiovas-
cular diseases were selected as the control group. Exclusion criteria 
were age <15 and >70 years, a history of previous myocardial infarc-
tion, ischemic heart disease, left ventricular ejection fraction <50%, 
severe valvular failure or stenosis, cardiomyopathy, cardiac arrhyth-
mia including atrial fibrillation, comorbid diseases such as hyper-
tension, diabetes mellitus, chronic renal failure, Hb <10 g/dl, auto-
nomic system disorder, and rheumatoid diseases. Based on the ex-
clusion criteria, 4 patients were not included in the study: 2 had renal 
failure, 1 had a previous myocardial infarction, and another one had 
diabetes). Thus, 40 patients (ulcerative colitis: 22 and Crohn’s dis-
ease: 18) with IBD and 30 healthy controls were enrolled.

  Patients’ total cholesterol, high-density lipoprotein cholesterol, 
low-density lipoprotein cholesterol, fasting glucose, and creatinine 
levels were retrieved from medical records. The study was ap-
proved by the Institutional Ethics Committee. All enrolled patients 
had given written informed consent.

  Stress Test 
 Baseline ECG was evaluated in all patients with IBD and in 

healthy controls. In addition, all participants underwent transtho-
racic echocardiography. A stress test was performed to calculate 
the HRR index based on age-specific maximum heart rate. 

  The stress test was performed according to the Bruce protocol. 
Maximum heart rate was calculated as follows: maximum heart 
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  Fig. 1.  HRR indices of patients with IBDs 
and controls at 1, 2, 3 and 5 min of recov-
ery. 
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rate = 220 – age. Patients who achieved 85% of maximum heart 
rate were included in the study. The ECG was recorded continu-
ously during the exercise test. At the end of the exercise test, the 
heart rate was recorded for 5 min during the period of time after 
exercise with the subject at rest in the supine position. HRR indices 
were calculated by subtracting heart rates at the 1st (HRR 1 ), 2nd 
(HRR 2 ), 3rd (HRR 3 ), 4th (HRR 4 ), and 5th (HRR 5 ) minutes during 
the recovery period from the heart rate at peak exercise. HRR in-
dices were calculated as follows: HRR 1, 2, 3, 4, 5  = heart rate at peak 
exercise – heart rate at 1, 2, 3, 4, and 5 min.

  Statistical Analysis 
 All analyses were carried out using SPSS 21.0 for Windows 

(SPSS Inc., Armonk, N.Y., USA). Continuous variables were given 
as mean ± standard deviation; categorical variables were defined 
as percentages. The variables were investigated using the Kol-
mogorov-Smirnov test to determine whether or not they are nor-
mally distributed. The independent samples t test was used to 
compare continuous variables between the two groups. The χ 2  test 
was used to compare categorical data. The Pearson correlation 
coefficient was used to examine the association between the dura-
tion of IBD and the HRR indices. Multivariate logistic regression 
analyses were done to identify predictors of impaired HRR 1  in 
patients with IBD. A two-tailed p value <0.05 was considered as 
significant.

  Results 

 The baseline characteristics of the study population 
are shown in  table 1 . The IBD and control groups were 
similar with respect to age, BMI, total cholesterol, high-
density lipoprotein cholesterol, low-density lipoprotein 
cholesterol, and fasting glucose, potassium and creati-
nine levels. There were no significant differences in the 
left ventricular ejection fraction between patients and 
controls (64.1 ± 2 to 64.6 ± 3%, p = 0.357). In patients 
with IBD, the mean duration of the disease was 7.8 ± 3.6 
years.

  All patients included in the study achieved the target 
heart rate at the exercise test. Comparison of the maximal 
heart rate, maximal systolic and diastolic blood pressure, 
exercise duration, and metabolic equivalents (METs) 
achieved during the exercise stress test between patients 
with IBD and controls are summarized in  table 2 . Patients 
with IBD and controls were similar in terms of duration 
of exercise (12.1 ± 1 to 11.9 ± 1 min, p = 0.621), METs 
(12.5 ± 1 to 12.2 ± 1 METs, p = 0.245), and maximal heart 
rate (164 ± 10 to 168 ± 13, p = 0.179) achieved during the 
exercise stress test. 

  The HRR indices of the IBD group and the control 
group are shown in  table 2 . The HRR indices were sig-
nificantly lower in the IBD group compared to the 
healthy controls (fig. 1). Of 40 patients with IBD, 18 

(45%) had an HRR 1  under 12 beats/min. There was a 
significant negative correlation between the duration of 
symptoms and HRR 1  (r = –0.704, p < 0.001). Multivari-
ate logistic regression analysis showed that in the pa-
tients with IBD, symptom duration (OR: 1.742, 95% CI: 
1.148–2.636, p = 0.009) was an independent predictor 
of impaired HRR 1  (<12/min) among variables that in-
cluded age, male gender, presence of ulcerative colitis, 
potassium level, and left ventricular ejection fraction in 
patients with IBD.

 Table 1.  Demographic and clinical features of the patients with 
IBD and controls

IBD 
group 
(n = 40)

Control 
group 
(n = 30)

p value

Age, years 36.6 ± 6 35.9 ± 6 0.642
Gender (M/F) 24/16 17/13 0.779
BMI 23.9 ± 3 23.7 ± 3 0.744
Ejection fraction, % 64.1 ± 2 64.6 ± 3 0.357
Fasting glucose, mg/dl 93 ± 12 94 ± 8 0.636
Potassium level, mmol/l 4.1 4.2 0.211
Triglycerides, mg/dl 120 ± 51 131 ± 73 0.432
LDL cholesterol, mg/dl 88 ± 28 98 ± 39 0.242
HDL cholesterol, mg/dl 42 ± 8 40 ± 6 0.369
Creatinine, mg/dl 0.8 ± 0.2 0.8 ± 0.1 0.641
Duration of IBD, years 7.8 ± 3.6

 HDL = High-density lipoprotein; LDL = low-density lipopro-
tein.

 Table 2.  Comparison of exercise test results between the patients 
with IBD and the controls

IBD
group 
(n = 40)

Control 
group 
(n = 30)

p value

Duration of exercise, min 12.1 ± 1 11.9 ± 1 0.621
Maximum heart rate, beats/min 164 ± 10 168 ± 13 0.179
Maximum systolic BP, mm Hg 171 ± 14 167 ± 17 0.336
Maximum diastolic BP, mm Hg 90 ± 11 88 ± 18 0.491
Maximal MET 12.5 ± 1 12.2 ± 1 0.245
HRR1 18 ± 8 31 ± 7 <0.001
HRR2 36 ± 12 51 ± 8 <0.001
HRR3 46 ± 12 62 ± 11 <0.001
HRR5 55 ± 13 71 ± 15 <0.001

 BP = Blood pressure.
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  Discussion 

 In this study, the HRR indices were significantly lower 
in the patients with IBD than in the healthy controls. In 
addition, there was a significant negative correlation be-
tween the duration of IBD and the HRR indices. The rela-
tion between IBD and HRR has not been studied before. 
Our study is the first one which shows the lower HRR 
indices in patients with IBD.

  Crohn’s disease and ulcerative colitis are chronic in-
flammatory diseases of the bowel. Some reports had 
shown that the risk of atrial fibrillation, myocardial in-
farction, and cardiovascular death is increased in these 
patients particularly in the active period of the disease 
 [10] . However, the pathophysiological mechanisms lead-
ing to increased cardiovascular death in this patient pop-
ulation are not clear yet. Increased atherothrombosis and 
venous thromboembolic disease are the suspected clinical 
precursors of the increased cardiovascular death.

  HRR is a powerful measure of autonomic nervous sys-
tem function and parasympathetic activity. The auto-
nomic nervous system is the main modulator of the heart 
rate and HRR after exercise. At the end of exercise, para-
sympathetic reactivation plays a dominant role in modu-
lating heart rate especially at the first minute after exer-
cise. Pierpont et al.  [11]  showed that HRR during the 1st 
minute of recovery was independently associated with 
cardiovascular death and all-cause mortality. Many stud-
ies showed that HRR was impaired in patients with chron-
ic inflammatory diseases. Dogdu et al.  [12]  showed that 
the HRR index had deteriorated in patients with system-
ic lupus erythematosus compared to healthy controls. 
The authors concluded that the multisystemic inflamma-
tory damage existing in patients with systemic lupus ery-
thematosus might lead to malfunction of the autonomic 
nervous system. In another study, Ardic et al.  [13]  showed 
that the HRR index was impaired in patients with sar-
coidosis compared to healthy controls. In addition, im-
paired HRR indices were also reported in patients with 
Behçet’s disease and psoriasis  [14, 15] . The chronic in-
flammatory process is the common point of all these 
chronic diseases. Vagal tonus is crucial for the proper 
functioning of the gastrointestinal system. A decline in 
vagal tonus might lead to a dysfunction of the gastroin-
testinal tract  [16] . Data demonstrating the simultaneous 
appearance of both autonomic dysfunction and IBD cor-
roborate the suggestions that autonomic dysfunction 
plays a role in the development of IBD. Jelenova et al.  [17]  
had previously shown that heart rate variability which is 
a marker of autonomic dysfunction was blunted in ado-

lescents with IBD suggestive of autonomic nervous sys-
tem dysfunction in these patient populations. A lower va-
gal tonus was observed in patients with in functional di-
gestive disorders and IBDs. In a previous study, Sharma 
et al.  [18]  had shown that patients with IBD, particularly 
those with ulcerative colitis, had significantly lower para-
sympathetic activity. Similarly, Ganguli et al.  [19]  report-
ed that sympathetic activity was increased in patients with 
ulcerative colitis independent of symptom severity. 

  Similar to previous studies, our data show that the 
HRR index was impaired in patients with IBD. We also 
showed that impairment in HRR indices was correlated 
with the duration of the IBD. Different from previous 
studies, we used the HRR index to investigate the auto-
nomic function instead of heart rate variability. HRR is a 
unique indicator of autonomic nervous function and is 
well correlated with parasympathetic activity. In addi-
tion, HRR may independently predict cardiovascular and 
all-cause mortality. Besides atherothrombosis and ve-
nous thromboembolic disease, another cause of increased 
cardiovascular mortality observed in IBD patients might 
be the deteriorated autonomic dysfunction which has 
been shown by impaired HRR indices. As previously 
shown in patients with rheumatoid arthritis, chronic in-
flammation in patients with chronic IBDs might have a 
role in the deterioration of the autonomic function  [20] .

  This study has several limitations: it is a single-center, 
cross-sectional, nonrandomized trial, it has a small sam-
ple size, the controls were selected from individuals at-
tending the Cardiology Outpatient Clinic, the physical 
conditioning of the patients and controls was not evalu-
ated, and the medical history including previous β-blocker 
treatment and specific treatment targeting IBD was not 
recorded in detail. 

  Conclusion 

 In this study, HRR, an indicator of autonomic dys-
function, was impaired in patients with IBDs. Given the 
prognostic value of the test, HRR indices might be benefi-
cial to establish the high-risk subsets for cardiovascular 
events.
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