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ABSTRACT
Objective: Inflammatory bowel disease (IBD) has effects on neural cardiovascular control mechanisms.
The aim of this study was to evaluate the effect of IBD status on cardiovascular autonomic functions by
measuring heart rate variability (HRV) parameters with 24-hour holter electrocardiogram (ECG) recording.
Design: A prospective analytical case control study
Setting: Yıldırım Beyazıt University Medical Faculty and Ataturk Education and Research Hospital Ankara,
Turkey
Subjects: Sixty-seven patients with IBD and 51 matched control subjects were included in the study
Intervention: All participants underwent a 24-hour Holter recording to assess HRV parameters.
Main Outcome Measure: The study population was separated into 3 groups of active disease, remission
and control group to analyse the effect of disease activity status on the HRV parameters.
Results: No difference was determined between the IBD and control groups in respect of any HRV
parameters. Significant differences were determined between the active IBD patients and the remission
group in terms of the HRV measurements of SDNN5, Triangular index, AVG, SDVLF and SDdef. The
measurements of SDNN and PNN50 were found to be significantly different between the active IBD
patients and the control group.
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Conclusions: The results of this study demonstrated for the first time that the active phase of IBD is
associated with cardiac autonomic abnormalities compared to both a control group and IBD patients in
remission. Patients with IBD should be followed up closely for cardiovascular events as they appear to be
at risk for cardiovascular diseases and arrhythmia, particularly during the active phase of the disease.

KEYWORDS: Heart rate variability, inflammatory bowel diseases, autonomic nervous system,
Chronic inflammation

INTRODUCTION
Inflammatory bowel disease (IBD), with the two main forms of Crohn’s disease (CD) and ulcerative
colitis (UC), is an autoimmune disease characterized by exacerbation and remission periods of
inflammation in the gastrointestinal tract. Currently, the etiology of IBD remains unknown. Previous studies
have shown that IBD patients are at increased risk of myocardial infarction (MI), atrial fibrillation (AF),
stroke, heart failure, hospitalization, and cardiovascular death [1-5].
Heart rate variability (HRV) is the fluctuation in the time intervals between adjacent heartbeats.
Assessment of HRV is based on analysis of consecutive normal R-R (NN) intervals and may provide
quantitative information on the modulation of cardiac vagal and sympathetic nerve input. This is a noninvasive, practical and reproducible test which can be used to assess the autonomic nervous system (ANS)
modulation functions under physiological and pathological conditions[6-9]. Changes in HRV patterns provide
a sensible and advanced indicator of health involvement. A higher HRV is a signal of good adaptation and
characterizes a healthy person with efficient autonomic mechanisms. Conversely, a decrease in HRV is
thought to reflect inability or attenuation of the ANS and changes in the sinoatrial node response, which
may indicate the presence of physiological malfunction in the patient, require further investigations to
establish a specific diagnosis. Moreover, severe cardiovascular disease may also be related to a reduced
HRV[10].
The aim of this study was to examine cardiac autonomic functions in a large patient cohort of IBD,
including both those in active and remission periods of the disease, using HRV measurements. To date, the
association of HRV and IBD activity status has not been evaluated using 24-hour Holter electrocardiogram
(ECG) recording. Thus, it was planned to investigate whether HRV parameters are impaired in IBD patients
compared to a control group and to evaluate the relationship between IBD disease activity status and HRV
parameters.

SUBJECTS AND METHODS
Patients
This prospective study included a total of 67 consecutive patients with IBD (53 patients with UC, 14
patients with CD, aged 18-50 years) and a healthy control group of 51 subjects. Patients were recruited
from the Department of Gastroenterology, Ataturk Education and Research Hospital, Ankara, between
December 2013 and October 2015. The IBD diagnosis was confirmed with established criteria of clinical,
radiological, endoscopic and histological findings. A detailed medical history was taken, including disease
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duration and medications, and all patients underwent a routine physical and echocardiographic
examination. Surrogate markers of disease activity were defined as hospitalizations with IBD as the primary
diagnosis, initiation of biological anti–tumor necrosis factor treatment, and claimed prescription of
glucocorticoids. With the combined use of these markers and disease activity scores using the Crohn’s
Disease activity index (CDAI) and the Mayo index

[11-13]

, the disease stages of remission and flare-up were

defined.
Exclusion criteria were age <18 years, structural heart disease, overt cardiovascular disease on the
basis of abnormal echocardiographic findings, diabetes mellitus, hypo- or hyperthyroidism, pulmonary
disease and neoplastic or chronic systemic diseases, previous gastrointestinal surgery, or the use of
medications such as beta-blockers that could interfere with HRV, anti-arrythmic drugs, digitalis or central
sympatholytic agents, antihistaminic agents, benzodiazepines, or antidepressants. The control group was
formed of healthy individuals with no complaints of organic or functional disease and who were not taking
any medications at the time of evaluation.

Echocardiography
All the echocardiographic evaluations were made by a single, experienced cardiologist, blinded to
patient’s data. The echocardiographic examinations were applied using a Vingmed System 7 (Vivid 7, GE,
Horten, Norway) with a 2.5- to 3.5-MHz transducer. The left ventricular (LV) systolic and diastolic functions
were analyzed using standard two-dimensional (2D) echocardiography, M-mode echocardiography, and
pulsed-wave (PW) echocardiography according to the latest guidelines[14]. The LV ejection fraction (LVEF)
was calculated with the biplane modified Simpson method.

Heart rate variability measurement
A 24-hour Holter recording was applied to all study participants to evaluate the HRV parameters. Holter
ECG was performed using a 3-channel digitized recorder (Custo flash 500, Custo Med, Ottobrunn,
Germany). Reviewing and editing of the data was performed by an experienced physician blinded to the
study population. To be acceptable for the study evaluation data suitable for analysis were required from a
period of 23 hours. Recordings were repeated in cases where these criteria were not met. HRV analysis
was performed on measurements, which were standardised and had been validated for the evaluation of
autonomic control of the heart[15].
There are three methods for quantifying HRV. These are time domain analysis, frequency domain
analysis and the geometric method. In time domain analysis, the intervals between adjacent normal R
waves (normal to normal, NN intervals) are measured over the period of recording. In the time domain
method, SDNN (the standard deviation of all NN intervals during a 24-hour period) is the most commonly
used time domain measurement of HRV. SDANN5 (the standard deviation of the 5-minute average of NN
intervals) measures long-term fluctuations. The most common variables calculated as differences between
normal R-R intervals are rMSSD (the square root of the mean squared differences of successive NN
intervals).and pNN50 (proportion of differences between successive intervals >50 ms). RMSSD is an
estimate of high-frequency variations in short-term RR recordings and, therefore, reflects parasympathetic
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regulation of the heart. The time domain HRV indices measured in this study were SDNN, SDNN5 (the
mean of the deviation of 5 min NN intervals over the entire recording) SDANN5, rMSSD, pNN50 and the
HRV Triangular index.
Frequency-domain measurements estimate the distribution of absolute or relative power into four
frequency bands. Frequency domain parameters include total power (TP), very low frequency (VLF), low
frequency (LF), and high frequency (HF). HF reflects the parasympathetic outflow, and TP reflects overall
autonomic activity, although the physiological explanation of the VLF component is less defined. The LF
power is modulated by both sympathetic and parasympathetic outflows as well as by other factors,
including baroreceptor activity. In the frequency domain analysis of this study, examination was made of
AVG (Average value of all RR intervals), SDTF(Standard deviation of TF over 24 hours), SDVLF(Standard
deviation of VLF over 24 hours), SDHF (Standard deviation of HF over 24 hours), and SDdef (Standard
deviation in the predefined frequency range).
The descriptions and clinical meanings of the HRV parameters calculated in this study are
presented in Table 1 and Table 2.

Clinical and Laboratory Assessments
Venous blood samples were taken from all participants after a 12-hour fast. High-sensitive Creactive protein (Hs-CRP) was calculated using a nephelometric method. All laboratory analyses were
performed using autoanalyzers. Blood pressure measurements were taken 3 times with the patient seated
and following a 5-min rest period and the average measurement was used in the analyses. Hypertension
(HT) was defined as blood pressure >140/90 mm Hg or the use of antihypertensive agents. Diabetes
mellitus (DM) was defined as a fasting plasma glucose level >126 mg/dL or glucose level >200 mg/dL at
any time of measurement, or the use of antidiabetic drugs. Dyslipidemia was defined as total cholesterol
level of 260 mg/dL or LDL level 160 mg/dL or the use of lipid-lowering agents.

Statistical analysis and ethics
All statistical analyses were made using SPSS statistical software (IBM SPSS Statistics for
Windows, Version 20.0, IBM Corp., Armonk, NY, USA). Continuous variables were stated as mean ±
standard deviation (SD) and categorical variables as number (n) and percentage (%). The normality of the
distribution of continuous variables was analyzed using the Shapiro-Wilk test. The significance of the
differences in the measurements obtained for the control and patient groups was analyzed using the
Student’s t-test or the Mann-Whitney U test. ANOVA was applied for multiple comparisons between groups.
For quantitative values, the Kruskal Wallis test was used for the comparison of patients with active disease,
remission and the healthy control group. To identify pairs of groups with significant differences in
quantitative parameters, Bonferroni adjustment for multiple comparisons was used. The Pearson´s
correlation analysis was performed for variables with normal distribution and Spearman´s rank correlation
was used for variables with non-normal distribution. Tests of significance were two-tailed and a value of
p<0.05 was accepted as statistically significant.
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The study was conducted in compliance with the latest version of the Declaration of Helsinki. Written
informed consent was obtained from each study participant. Approval for the study protocol was granted by
the local Ethics Board of Ankara Ataturk Education and Research hospital.

RESULTS
Demographic characteristics
The study included a total of 118 participants, comprising 67 patients with IBD and 51 healthy
control subjects. The baseline characteristics of the study population are presented in Table 3.

No

significant differences were found between the patients and the control group regarding demographic
features (p>0.05). There were 43 male (51.7%) and 24 female patients in the IBD group. The mean age
was 42.67 ± 12.8 years in the patient group, and 43.2 ± 15.3 years in the control group. No statistically
significant difference was determined between the groups in respect of age, gender, body mass index
(BMI), fasting blood glucose, alanine aminotransferase (ALT), aspartate aminotransferase (AST),
creatinine, hemoglobin (Hgb), white blood cell (WBC) or platelets (PLT). There were 6 hypertensive
patients and 6 smokers in both groups. Triglyceride levels were significantly higher in the patient group, but
no difference was seen between the groups in terms of LDL cholesterol or HDL cholesterol. In the
evaluation of inflammatory markers, erythrocyte sedimentation rate (ESR) was higher in the IBD group, but
did not reach a statistically significant level. The Hs-CRP level was determined to be significantly higher in
the IBD group than in the control group (p = 0.01).
Disease duration was 4.57 ± 3.43 years. Active disease was determined in 42.1% of the patient
group. Of the patients with IBD, 20.9% had CD, 9% had proctitis, 37.3% had left-side colitis, and 31.3% had
pancolitis. All patients used medications for IBD. The majority (94%) of the patients were using 5aminosalicylic acid (5-ASA), and a few patients were taking immunosuppressive drugs such as
azathiopurine (11.9%) and steroids (10.4%)

Heart Rate Variability parameters
The comparisons of HRV parameters between the IBD patients and the healthy control group are
shown in Table 4. No differences were determined between the groups in respect of time domain measures
and frequency domain measures. No differences were determined between the groups in respect of the
basic parameters of minimum/maximum/mean heart rate, supraventricular extrasystole (SVES) and
ventricular extrasystole (VES) count.
To analyse the effects of disease activity on the HRV parameters, the study population was
separated into 3 groups of active disease, remission and control. The baseline characteristics of the 3
groups are presented in Table 5. No significant difference was determined between the groups in terms of
age, gender, BMI, smoking status, and HT. The LDL, HDL, total cholesterol, and creatinine levels were
observed to be similar in all the groups. The hs-CRP, ESR, and PLT values were significantly higher in the
active disease group compared to the other two groups (Table 5). WBC was significantly higher and the
hemoglobin level was lower in patients with active disease compared with the control group and patients
with remission, respectively. Triglyceride and ESR levels were higher in IBD patients in remission than in
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the control group. No significant difference was observed in respect of hs-CRP, WBC, PLT, and Hgb
between IBD patients in remission and the control group.
Comparison of HRV measures according to disease activity status are shown in Table 6. SDANN5,
RMSSD, SDTF, SDHF and LF values were lower in the active disease group than in the control and
remission groups, with no statistically significant difference observed. No significant differences were
determined between the groups in terms of maximum/minimum/mean heart rate (HR), SVES and VES
count. The active IBD patients differed significantly from both the control and remission groups in terms of
SDNN5, triangular index, AVG, SDVLF, and SDdef. Significant differences were determined between active
patients and the control group in respect of SDNN and PNN50. No significant differences were found
between IBD patients in remission and the control group in respect of any HRV parameters.
Correlation analyses between inflammatory markers and HRV parameters are shown in Table 7. In
all the study groups, CRP was positively correlated with mean HR and minimum HR, and negatively
correlated with SDTF, SDANN5, AVG, SDNN and SDVLF. There was a significantly negative correlation of
ESR levels with SDVLF, SD, AVG and a positive correlation with minimum/mean HR. Age was determined
to be negatively correlated with maximum HR, SDNN and SDANN5. There was a positive correlation
between SDNN, SDANN5, SDNN5, AVG, SDVLF and albumin levels. Hemoglobin levels were negatively
correlated with HR, and positively correlated with SDANN5, AVG, SDTF, and SDVLF.
In the evaluation of the effects of disease activity scores, such as the Mayo score, on HRV
parameters, minimum HR and mean HR were positively correlated and SDNN5, AVG were negatively
correlated. Correlation analysis with CDAI could not be performed since the number of patients in the
Crohn's disease group was insufficient for analysis. When the Crohn's and UC active status patients were
analysed together in the active group, CRP was determined to be positively correlated with
minimum/mean/maximum HR and negatively correlated with SDVLF, AVG and SDTF. In the active disease
group, the same interaction was observed with ESR level. In the remission and control groups, CRP and
ESR levels were not significantly correlated with most of the HRV parameters (Table 8).

DISCUSSION
IBD, including UC and CD is estimated to affect 2.2 million individuals in Europe. Although the
etiology of IBD is not fully known, the process is thought to be triggered by a combination of environmental,
genetic, and immunological factors in genetically predisposed individuals, leading to a normal endothelial
cell immune response causing intestinal microvascular damage resulting in chronic intestinal inflammation
[16]

.
In some studies, it has been suggested that patients with IBD are at increased risk of cardiovascular

events and atherosclerosis

[17]

, but the cause of increased cardiovascular risk has not yet been fully

explained. A chronic inflammatory process may lead to atherosclerosis. During the course of IBD, the
typical elevation of proinflammatory cytokines, such as CRP, tumor necrosis factor alpha, and interleukin,
has been shown to be associated with subclinical atherosclerosis

[18]

. Inflammation is known to have a role

in all stages of atherosclerosis, from initiation to eventual plaque rupture and thrombosis.
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IBD is typically seen with periods of exacerbations in which the disease is active and asymptomatic
remission periods. Inflammation plays a critical role in the pathogenesis of IBD and proinflammatory
cytokines have been shown to contribute to the process of the disease

[19]

. However, there is conflicting

evidence in respect of a significantly increased risk of MI, stroke, and cardiovascular mortality for IBD
patients. Two registry-based studies of approximately 40,000 IBD patients, and a meta-analysis of 11
studies with a total of almost 14,000 patients have reported increased risk of MI and cardiovascular
mortality in IBD compared to matched control subjects without IBD[20,21].
In the last decade new evidence has emerged that the risk of MI, stroke, and cardiovascular
mortality is significantly increased in IBD patients, especially during periods of IBD activity. Kristensen et
al. recently published very important data of a Danish registry study of approximately 20,000 patients. A
statistically significant increased risk of MI, stroke, and cardiovascular death was reported for patients with
active IBD periods when the relative risk of MI increased nearly two-fold (1.49 (CI: 1.16 -1.93) for flare and
2.05-fold (CI: 1.58 - 2.65) for persistent IBD activity[2]. The same study group also demonstrated that IBD
was associated with a greater risk of hospitalization for heart failure and that this risk was strongly related
to periods of active disease[3]. In a study of 86,790 Danish patients with first-time MI between 2002 and
2011, the effect of active IBD was evaluated on major adverse cardiovascular outcomes after MI. It was
determined that IBD was associated with hazard ratios of 1.21 (95%CI: 0.99-1.49) for recurrent MI, 1.14
(95%CI: 1.01-1.28) for all-cause mortality, and 1.17 (95%CI: 1.03-1.34) for the composite end point. In
comparison with the non-IBD group, IBD flare-ups were strongly associated with an increased risk of
recurrent MI and all-cause mortality, whereas during remission, no increased risk was detected

[22]

. The

latest and most comprehensive study by Panhwar et al evaluated over 250,000 patients with IBD from a
database and compared these with well-matched patients without IBD. Both CD and UC were reported to
have an increased risk of MI, and highest risk was seen in younger patients. It was concluded that
aggressive risk factor modification for MI is essential for patients with IBD[23].
In the current study group, inflammatory markers such as HsCRP and ESR were higher, especially
in the active disease group, which were expected results. In accordance with recently published data, it
was demonstrated that HRV deteriorated only during active IBD compared to both the control group and
the remission group, which suggested a role of shared pathophysiological inflammatory mechanisms.
Clinical interpretation of these findings can be summarized as: HRV parameters, which are predominantly
modified by parasympathetic ANS, were decreased with higher levels of positive phase reactants, a higher
Mayo score and active disease status, and increased with higher levels of albumin and hemoglobin. The
opposite of this statement is also true.
There seems to be considerable potential for HRV in the assessment of the role of ANS fluctuations
in normal healthy individuals and in patients with various cardiovascular and non-cardiovascular disorders.
The HRV Taskforce guidelines recommend four measures for time domain HRV assessment (1) SDNN
(estimate of overall HRV), (2) HRV triangular index (estimate of overall HRV), (3) SDANN (estimate of longterm components of HRV), and (4) RMSSD (estimate of short-term components of HRV)[15].
In addition, the marked relationship between ANS, IBD and cardiovascular disease over
inflammatory pathways, was seen with similar but less elusive interaction between IBD and HRV through
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the enteric nervous system (ENS). There is an increasing body of evidence suggesting that the ANS and
the immune system have a complex relationship in the pathogenesis of IBD[24] . ANS have several roles in
the gastrointestinal tract, including the modulation of motility and secretion functions, and regulation of
mucosal immune and inﬂammatory responses

[25]

. In IBD patients, functional changes in colonic mucosa

result in abnormal colonic motility and transit functions. These motor disturbances are suggestive of
alterations in colonic neuromuscular components including enteric neurons

[26]

. Focal destruction of ANS

axons is also present in inﬂamed and non-inﬂamed CD patients' small bowel tissue. However, it is not very
clear if the inflammation of ENS triggers the etiopathogenetic cascade or if ENS plays a minor role, which
is only affected by the process.
It has been thought that ANS dysfunction might have a role in the pathogenesis of IBD[27]. Some
studies have suggested that increased sympathetic activity may be responsible for the augmentation of
bowel inﬂammation[28,29]. Both hypofunction (autonomic neuropathy) and hyperfunction (autonomic
hyperreﬂexia) have been described in IBD. In previous studies, autonomic neuropathy has been detected
at a high prevalence in IBD, ranging from 40% to 50%, although in further studies, cardiovascular
autonomic neuropathy has been found to be rare in IBD, with prevalence rates of approximately 5%[30].
The association of altered HRV and IBD has been examined in several studies. Although some
observational studies have focused on impaired HRV in patients with IBD, conflicting results have emerged
from studies of the autonomic functions in patients with both UC and CD. This could be attributed to the use
of different protocols in the recording of HRV, small sample sizes, and different disease activity status of
the patients. Using time domain and spectral HRV from a 24-h ambulatory ECG, Mouzas et al showed an
increase in vagal functions in IBD patients with no distinction between UC and CD subgroups

[31]

. With the

use of another technique (20-min HRV record), Coruzzi et al concluded that compared to both CD patients
and the control group, UC patients had decreased parasympathetic tone and increased sympathetic
tone[32]. Sharma et al[33] reported lower cardiovascular autonomic functions in patients with IBD in clinical
remission. It was also indicated that UC patients in particular, had significantly lower parasympathetic
function compared to those with CD and healthy control subjects. In a recent study by Sarli et al, it was
demonstrated that IBD was associated with an abnormal heart rate reduction following a treadmill exercise
test, but the parameters were not compared between patients with active disease and those in remission.
Unlike other studies, the heart rate recovery (HRR) index was used to investigate autonomic function rather
than HRV[34].
Although there are conflicting results from studies that have not taken disease activity into
consideration, there seems to be increasing evidence that active and persistent periods of disease are a
risk factor for cardiovascular disease and arrhythmia. In contrast to previous studies, the current study
shows that the HRV parameters were not affected in IBD patients with clinical remission. It was also shown
for the first time with the use of 24-h ambulatory ECG, that most of the HRV indices were impaired in active
IBD patients.
Several limitations need to be mentioned. This study was cross-sectional in nature and therefore,
the findings cannot be generalized. Another important limitation of the study was the low number of
patients, which may also prevent the generalization of these results to all IBD patients. Therefore, large
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scale studies are needed to confirm these results. As inflammation was successfully suppressed with antiinflammatory therapy in the patients, the majority of IBD patients in the study were in remission, and the
number of patients with active IBD was low. Another important limitation was the significant difference
between the patient group (active and remission) and the control group in respect of the triglyceride,
hematological and inflammatory marker levels. Moreover, that the patients could not be followed up
prospectively for future major adverse cardiac events is the most important limitation of the study.

CONCLUSION
The results of this study provided clear evidence that the active phase of IBD is associated with
ANS abnormalities, with significant impairment of cardiac vagal modulation compared to both the control
group and IBD patients in remission. It can be speculated that in active periods of disease, “an enhanced
inflammatory load” is likely to worsen HRV. These results indicate that a treatment strategy aiming to
reduce the duration and number of flare-ups in patients with IBD may be warranted to be able to decrease
the cardiovascular risk, especially for patients with prolonged or recurrent disease activity. Further studies
are needed to explore the predictive role of diminished HRV in the development of future cardiovascular
complications in patients with active IBD.

ACKNOWLEDGMENT
Declaration of conflicting interests: The authors declared no potential conflict of interests in respect of
the research, authorship and/or publication of this article.
Funding: This research received no specific grant from any funding agency in the public, commercial or
not-for-profit sectors.
Informed consent: All subjects gave informed consent for participation.
Author contribution statement: C.S. and S.OS. conceived the presented idea. S.OS., S.S., C.S. and
O.TY. developed the theory and performed the computations. H.K. and C.S., S.OS. verified the analytical
methods. O.E. supervised the findings of this work. All authors discussed the results and contributed to the
final manuscript. All authors provided critical feedback and helped shape the research, analysis and
manuscript.

REFERENCES
1. Xiao Z, Pei Z, Yuan M, et al. Risk of stroke in patients with inflammatory bowel disease: A systematic
review and meta-analysis. J Stroke Cerebrovasc Dis 2015;24:2774– 2780.
2. Kristensen SL, Ahlehoff O, Lindhardsen J, et al. Disease activity in inflammatory bowel disease is
associated with increased risk of myocardial infarction, stroke and cardiovascular
death–a Danish nationwide cohort study. PLoS ONE 2013;8:e56944.
3. Kristensen SL, Ahlehoff O, Lindhardsen J, et al. Inflammatory bowel disease is associated with an
increased risk of hospitalization for heart failure: a Danish Nationwide
Cohort study. Circ Heart Fail 2014;7:717–722.

Accepted manuscript

Article in Press

4. Kristensen SL, Lindhardsen J, Ahlehoff O, et al. Increased risk of atrial fibrillation and stroke during
active stages of inflammatory bowel disease: a nationwide study. Europace
2014;16:477–484.
5. Pattanshetty DJ, Anna K, Gajulapalli RD, et al. Inflammatory bowel “Cardiac” disease: point prevalence
of atrial fibrillation in inflammatory bowel disease population.
Saudi J Gastroenterol 2015;21:325–329
6. Rajendra Acharya U, Paul Joseph K, Kannathal N, Lim CM, Suri JS. Heart rate variability: a review. Med
Biol Eng Comput 2006; 44:1031-51.
7. Dias de Carvalho T, Marcelo Pastre C, Claudino Rossi R, de AbreuLC, Valenti VE, Marques Vanderlei
LC. Geometric index of heart rate variability in chronic obstructive pulmonary disease. Rev Port Pneumol
2011; 17: 260-5.
8. Tonhajzerova I, Ondrejka I, Javorka M, et al. Respiratory sinus arrhythmia is reduced in adolescent
major depressive disorder. Eur J Med Res 2009; 14: 280-3.
9. Routledge FS, Campbell TS, McFetridge-Durdle JA, Bacon SL. Improvements in heart rate variability
with exercise therapy. Can J Cardiol 2010; 26: 303-12.
10. Huikuri HV, Stein PK. Clinical application of heart rate variability after acute myocardial infarction. Front
Physiol 2012; 3: 41
11. Best W. R., Becktel J. M., Singleton J. W., Kern F. Jr. Development of a Crohn’s disease activity index.
National Cooperative Crohn’s Disease Study. Gastroenterology 1976;70: 439–444.
12. Schroeder K. W., Tremaine W. J.,Ilstrup D. M. Coated oral 5-aminosalicylic acid therapy for mildly to
moderately active ulcerative colitis. A randomized study. N. Engl. J. Med. 1987; 317:1625–1629.
13. Sandborn W. J. , Sands BE, Wolf DC,et al. Repifermin (keratinocyte growth factor-2) for the treatment
of active ulcerative colitis: a randomized, double-blind, placebo-controlled, dose-escalation trial. Aliment.
Pharmacol. Ther. 2003;17:1355–1364.
14. Schiller NB, Shah PM, Crawford M, et al. Recommendations for quantitation of the leftventricle by twodimensional echocardiography. American Society of Echocardiography Committee on Standards,
Subcommittee on Quantitation of Two-Dimensional Echocardio-grams. J Am Soc Echocardiogr
1989;2:358-367.12.
15. Task Force of the European Society of Cardiology and the North American Society of Pacing and
Electrophysiology Heart rate variability: standards of measurement physiological interpretation and clinical
use. Circulation 1996;93:1043–1065
16. Hatoum OA, Binion DG. The vasculature and inflammatory bowel disease: contribution to pathogenesis
and clinical pathology. Inflamm Bowel Dis 2005;11:304–313.
17. Yarur AJ, Deshpande AR, Pechman DM, et al. Inflammatory bowel disease is associated with an
increased incidence of cardiovascular events. Am J Gastroenterol. 2011;106:741–747.
18. Cosnes J, Gower-Rousseau C, Seksik P, et al. Epidemiology and natural history of inflammatory bowel
disease. Gastroenterology. 2011;140:1785–1794.
19. Maloy KJ, Powrie F. Intestinal homeostasis and its breakdownin inflammatory bowel disease. Nature
2011;474:298–306.

Accepted manuscript

Article in Press

20. Osterman MT, Yang YX, Brensinger C, Forde KA, Lichtenstein GR, Lewis JD. No increased risk of
myocardial infarction among patients with ulcerative colitis or Crohn‘s disease. Clin Gastroenterol Hepatol
2011; 9: 875-880
21. Dorn SD, Sandler RS. Inflammatory bowel disease is not a risk factor for cardiovascular disease
mortality: results from a systematic review and meta-analysis. Am J Gastroenterol 2007; 102: 662-667
22. Kristensen SL, Ahlehoff O, Lindhardsen J, et al. Prognosis after first-time myocardial infarction in
patients with inflammatory bowel disease according to disease activity: nationwide cohort study. Circ
Cardiovasc Qual Outcomes 2014; 7:857-862
23.Panhwar MS, Mansoor E, Al-Kindi SG , et al. Risk of Myocardial Infarction in Inflammatory Bowel
Disease: A Population-based National Study. Inflamm Bowel Dis. 2018 Nov 30. doi: 10.1093/ibd/izy354.
[Epub ahead of print]
24. Buckley MM, O’Mahony SM, O’Malley D, et al: Convergence of neuro-endocrine-immune pathways in
the pathophysiology of irritable bowel syndrome. World J Gastroenterol 2014;20: 8846–8858
25.Maule S, Pierangeli G, Cevoli S, et al. Sympathetic hyperactivity in patients with ulcerative colitis.
Clinical autonomic research: official journal of the Clinical Autonomic Research Society 2007; 17(4): 217220.
26. Bernardini N, Segnani C, Ippolito C, et al. Immunohistochemical analysis of myenteric ganglia and
interstitial cells of Cajal in ulcerative colitis. Journal of cellular and molecular medicine 2012; 16(2): 318327.
27. Bonaz BL, Bernstein CN. Brain-gut interactionsin inflammatory bowel disease. Gastroenterology 2013;
144: 36–49.
28. Straub RH, Antoniou E, Zeuner M, Gross V, Scholmerich J, Andus T. Association of autonomic nervous
hyperreflexia and systemic inflammation in patients with Crohn's disease and ulcerative colitis. Journal of
neuroimmunology 1997; 80(1-2): 149-157.
29. Furlan R, Ardizzone S, Palazzolo L, et al. Sympathetic overactivity in active ulcerative colitis: effects of
clonidine. American journal of physiology Regulatory, integrative and comparative physiology 2006; 290(1):
R224-32.
30. Lindgren S, Stewenius J, Sjolund K, Lilja B, Sundkvist G. Autonomic vagal nerve dysfunction in patients
with ulcerative colitis. Scandinavian journal of gastroenterology 1993; 28(7): 638-642.
31.Mouzas IA, Pallis AG, Kochiadakis GE, et al. Autonomic imbalance during the day in patients with
inflammatory bowel disease in remission. Evidence from spectral analysis of heart rate variability over 24 h.
Dig Liver Dis 2002; 34:775–780.
32. Coruzzi P, Castiglioni P, Parati G, et al. Autonomic cardiovascular regulation in quiescent ulcerative
colitis and Crohn’s disease. Eur J Clin Invest 2007;37:964–970.
33.Sharma

P, Makharia

GK, Ahuja

V, Dwivedi

SN, Deepak

KK.

Autonomic dysfunctions in patients with inflammatory bowel disease in clinical remission. Dig Dis Sci. 2009
Apr;54(4):853-61
34. Sarli B, Dogan Y, Poyrazoglu O, et al. Heart rate recovery is impaired in patients with inflammatory
bowel diseases. Med Princ Pract. 2016;25:363–367

Accepted manuscript

Article in Press

Table 1: Selected Time Domain Measures of Heart rate variability for the study

Variable

Units

Description

ms

Standard deviation of all NN intervals

Statistical Measures
SDNN

Clinical importance: It consists of parts from the
sympathetic and parasympathetic nervous systems.
The SDNN can be described as an overall variability
or total power
SDANN5

ms

Standard deviation of the mean values of the NN
intervals in the 5-minute intervals within the defined
period
Clinical importance: Higher values indicate increased
parasympathetic activity

RMSSD (root mean of ms

The root of the average sum of squares of two

squared

differences of successive RR intervals within the

successive

differences)

defined period
Clinical importance: Higher values indicate increased
parasympathetic activity

SDNN5

ms

Mean of the standard deviations of all NN intervals for
all 5-minute segments of the entire recording

pNN50

%

Percentage of the NN intervals within the defined
period that differ from the previous NN interval by
more than 50 mS
Clinical importance: Higher values indicate increased
parasympathetic activity

HRV triangular index

Total number of all NN intervals divided by the height
of the histogram of all NN intervals measured on a
discrete scale with bins of 7.8125 ms (1/128 seconds)

NN: Interval between two heartbeats (emphasis on "normal" heartbeats)
RR: Interval between two heartbeats (R spikes in the QRS complex / ECG).
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Table 2: Selected Frequency Domain Measures of Heart rate variability for the study

Variable

Units

AVG

Description
Average value of all RR intervals

SDTF

ms2

Standard deviation of TF over 24 hours

SDVLF

ms2

Standard deviation of VLF over 24 hours.
Clinical importance:The energy in LF and VLF are due to
both sympathetic and parasympathetic systems

SDHF

ms2

Standard deviation of HF over 24 hours.
Clinical importance: The energy in HF is vagal mediated

SDdef

ms2

Standard deviation in the predefined frequency range

LF%

%

Percentage of LF in TF

TF:Total frequency 0.01-1.00 Hz
VLF-Very low frequency band 0.003 – 0.04 Hz
HF–High frequency band 0.15 – 0.4 Hz
LF -Low frequency band 0.04 – 0.15 Hz
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Table 3: Baseline Characteristics of the Study Population

Variables

IBD (n:67)

Controls (n:51)

Age, yrs

42.67 ± 12.8

43.2 ± 15.3

0.83

Male (%)

64.2

54.9

0.31

Smoking (%)

6

7.8

0.28

Hypertension (%)

6

7.8

0.28

BMI, kg/m2

23.8 ± 2.1

24.5 ± 3.0

0.10

95.4 ± 11.1

0.26

Cholesterol 46.8 ± 19.1

52.08 ± 13.1

0.31

Cholesterol 100.6 ± 34.8

89.8 ± 32.2

0.13

125 ± 73.6

83.1 ± 41.2

0.02

102 (71.25 - 163.75)

75( 58 - 102)

AST

19.5 ± 8.1

20.1 ± 5.7

0.77

ALT

18.9 ± 10.6

17.4 ± 7.1

0.54

ESR (mm/h)

20.8 ± 24.3 11

12.9 ± 5.06

0.61

(5 - 26)

12 (10 - 15.75)

Fasting

blood 93.2 ± 9.9

P

glucose (mg/dL)
HDL
(mg/dL)
LDL
(mg/dL)
Triglyceride (mg/dL)

C-reactive

protein 1.35 ± 2.49

0.6 ± 1.14

0.01

(mg/L)

0.42 (0.29 - 1.12)

0.3 (0.06 - 0.47)

Hgb, g/dL

13.4 ± 1.7

13.1 ± 1.6

0.37

PLT, mL/mm3

299.4 ± 93.5

258.04 ± 58.05

0.59

WBC, mL/mm3

7.53 ± 2.01

6.51 ± 1.36

0.38

Creatinine, mg/dL

0.73 ± 0.16

0.81 ± 0.15

0.53

Medications, %
Steroid

10.4

Azathiopurine

11.9

5 ASA

94

Active disease, %

42.1

Disease duration, yr

4.57 ± 3.43

ALT: Alanine aminotransferase AST: Aspartate aminotransferase, 5-ASA:5 aminosalicylic
acid, BMI: body mass index, ESR: erythrocyte sedimentation rate, Hgb: hemoglobin, PLT :
platelets, WBC; white blood cells.
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Table 4: Differences in heart rate variability measures between the study population
Variables

IBD(n:67)

Controls(n:51)

P

Time Domain Measures
SDNN (ms)

137 ± 43.1

156.8 ± 58

0.06

SDANN5 (ms)

125.2 ± 39.7

125.6 ± 45.6

0.99

RMSSD (ms)

47.7 (30.7 - 68.9)

56.2 (36.3 - 89.7)

0.21

SDNN5 (ms)

63.8 (51.3 - 77.5)

71.4 (53 - 93.4)

0.09

pNN50 (%)

9.55 (5.07 - 15.8)

13.2 (5.2 - 25.3)

0.06

HRV triangular index

35.1 (27.8 - 43.9)

38 (30.6 - 52.1)

0.24

Frequency Domain Measures
AVG

1599.2 ± 275

1686 ± 266

0.27

SDTF

45.3 (40.6 - 49.02)

45.7 (42.2 - 48.7)

0.78

SDVLF

212.9 ± 38.4

220.5 ± 33.7

0.43

SDHF

0.76 (0.4 - 1.33)

0.78 (0.48 - 1.32)

0.74

SDdef LF%

0.39 (0.2 - 0.76)

0.45 (0.29 - 0.74)

0.052

LF%

75.6 (65.2 - 84.4)

72.7 (61.6 - 81.3)

0.4

Mean HR

75.8 ± 9.3

73.7 ± 11.2

0.3

Max HR

126.6 ± 16.9

129.6 ± 18.1

0.36

Min HR

55.7 ± 9.1

54.6 ± 11.1

0.56

SVES (n)

4.5 (2 - 14)

5 (1 - 11)

0.95

VES (n)

1 (0 - 10)

2 (0 - 8)

0.66

Basic parameters

The values are presented as median (interquartile range), SVES: Supraventricular
extrasystole, VES: Ventricular extrasystole, HR: Heart rate,
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Table 5: Comparison of the baseline characteristics according to disease activity status

Variables

Active

disease Remission

Controls(n:51)

P

(n:24)

(n:43)

Age, yrs

45.08 ± 13.5

41.3 ± 12.4

43.2 ±15.3

0.55

Male (%)

70.8

60.5

54.9

0.42

Smoking (%)

4.2

7

7.8

0.78

Hypertension (%)

12.5

9.3

7.8

0.22

BMI, kg/m2

24.9 ± 5.46

25.3 ± 3.6

24.5 ± 3.0

0.84

Fasting

blood

95.4 ± 11.1

glucose (mg/dL)
HDL

Cholesterol 44.7 ± 18.4

48.02 ± 19.6

52.08 ± 13.1

0.27

105.7 ± 32.7

89.8 ± 32.2

0.09

109 (70.5 - 170) c

83.1 ± 41.2

0.005

(mg/dL)
LDL

Cholesterol 91.6 ± 37.2

(mg/dL)
Triglyceride

87 (72 - 135)

(mg/dL)

75 (58 - 102)

AST

17.1 ± 7.5

20.9 ± 8.2

20.1 ± 5.7

0.14

ALT

16.7 ± 12.4

20.2 ± 9.4

17.4 ± 7.1

0.31

12.9 ± 5.06

0.0001

ESR (mm/h)

33

9 (3 - 14)

c

(10.2 - 76.2)a,b
C-reactive protein 1.44

12 (10 - 15.75)
0.35

0.6 ±1.14

0.0001

(mg/L)

(0.37 - 3.2)a,b

(0.2 - 0.65)

0.3 (0.06 - 0.47)

Hgb, g/dL

12.6 ± 1.76 b

13.9 ± 1.6

13.1 ± 1.6

0.008

PLT, mL/mm3

342.4 ± 98.5 a,b

275.3 ± 82.3

258.04 ± 58.05

0.001

WBC, mL/mm3

8.15 ± 2.59 a

7.18 ± 1.52

6.51 ± 1.36

0.015

Creatinine, mg/dL

0.74 ± 0.2

0.72 ± 0.1

0.81 ± 0.15

0.14

a was significant between active disease and control groups
b was significant between active disease and remission groups
c was significant between remission and control groups
significance p<0.05
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Table 6: Comparison of heart rate variability measures according to disease activity status

Variables

Active disease

Remission

Control

(n: 24)

(n: 43)

(n: 51)

p

Time Domain Measures
SDNN (ms)

127.5 ± 9.3 a

146.03 ± 6.7

156.8 ± 58

0.02

SDANN5 (ms)

115.5 ± 8.94

131.5 ± 6.03

125.6 ± 45.6

0.36

RMSSD (ms)

45 (27.2 - 58.5)

51.7 (34.5 - 77.7)

56.2 (36.3 - 89.7)

0.11

SDNN5 (ms)

55 (33.8 - 75.7) a,b

64.8 (53.3 - 80.7)

71.4 (53 - 93.4)

0.013

pNN50 (%)

9.1 (1.2 - 18) a

10.2 (6.2 - 18.3)

13.2 (5.2 - 25.3)

0.027

39.9 (32.3 - 47)

38 (30.6 - 52.1)

0.009

1545.4 ± 39.1 a,b

1684.7 ± 41.2

1686 ± 37

0.001

42.9 (37.2 - 47.6)

45.6 (41.4 - 51)

45.7 (42.2 - 48.7)

0.12

SDVLF (ms2)

202.7 ± 5 a,b

222.6 ± 6.4

220.5 ± 33.7

0.01

SDHF (ms2)

0.47 (0.26 - 1.36)

0.8 (0.51 - 1.33)

0.78 (0.48 - 1.32)

0.23

SDdef (ms2)

0.24 (0.07 - 0.76)a,b

0.47 (0.23 - 0.81)

0.45 (0.29 - 0.74)

0.02

LF (%)

76.1 (64.5 - 87.2)

75.6

- 72.7 (61.6 - 81.3)

0.39

HRV triangular 32.3 (21.7 - 40.8)a,b
index
Frequency Domain Measures
AVG (ms2)
SDTF (ms

2)

(65.9

82.08)
Mean HR

78.6 ± 2.16

74.1 ± 1.33

73.7 ± 11.2

0.13

Max HR

126.9 ± 3.03

126.4 ± 2.9

129.6 ± 18.1

0.65

Min HR

58.9 ± 2.2

53.8 ± 1.18

54.6 ± 11.1

0.14

SVES(n)

4 (2 - 14)

5 (1 - 15)

5 (1 - 11)

0.9

VES(n)

2 (0 - 13)

1 (0 - 10)

2 (0 - 8)

0.25

The

values

are

presented

as

median

(interquartile

range),

SVES:

Supraventricular extrasystole, VES: Ventricular extrasystole, HR: Heart rate,
a was significant between active disease and control groups
b was significant between active disease and remission groups
c was significant between remission and control groups
significance p<0.05
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Table 7: Correlation between HRV parameters and laboratory and clinical parameters in all study group
(Pearson’s test r values and their significance).

Age

Mayo

Albumin

score
Max

-

HR

0.456p<0.00

Leukocy

Hemoglob

te

in

ESR

CRP

NS

NS

NS

-0.231p:0.024

NS

NS

0.362p:0.01

-

NS

-0.264p:0.009

0.268p:0.00

0.387p<0.00

1

0.283P:0.02

6

1

0.269p:0.00

0.353p<0.00

6

1

1

MinHR

NS

6

Mean

NS

HR

0.374p:0.00

-

8

0.312P:0.01

NS

-0.319p:0.002

4

SDNN

NS

p:0.04

0.312p:0.01

NS

NS

4

0.193

5

NS

0.369P<0.0

0.272P:0.03

p:0.03

7

SDANN -

-

NS

0.287p:0.005

0.213

0.263p:0.01

1

9

NS

-

2

0.302p:0.00

01

SDNN5

NS

7

-

0.314P:0.01

0.369P:0.00

3

NS

NS

NS

NS

NS

0.313p:0.002

-

-

0.229p:0.02

0.291p:0.00

1

9

NS

-

9

AVG

NS

-

0.283p:0.02

0.291P:0.04

6

2

SDTF

NS

NS

NS

NS

0.296p:0.003

0.242p:0.03
1

SDVLF

NS

NS

0.259p:0.04
2

NS

0.310p:0.002

-

-

0.213p:0.03

0.267p:0.01

2

6

r: correlation coefficient, NS: Non-significant p>0.05, CRP: C-reactive protein, ESR: erythrocyte
sedimentation rate
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Table 8: Correlation analysis of inflammatory parameters and heart rate variability measures in Active,
Remission and control groups
Group

Lab.

MinH

Mean

MaxH

SDN

SD

SDVL

paramet

R

HR

R

N

AN

F

ers

SDTF

AVG

Trian
gular

N5

inde
x

Active

CRP

0.440.0

0.470.02

3

0.580.0

NS

NS

03

-

-

0.470.02

0.470.

-0.460.02

NS

-0.450.02

NS

02

ESR

NS

0.440.03

0.480.0

2

19

NS

NS

-

0.03

0.45

0.

0.53
01

Remissi

CRP

0.370.02

NS

NS

NS

NS

NS

-0.320.04

NS

NS

NS

NS

NS

NS

NS

-

NS

NS

NS

NS

3

on

Control

0.340.0

ESR

NS

NS

NS

NS

CRP

0.540.0

NS

NS

-

2

0.57

0.

0.47

01

ESR

NS

NS

NS

NS

0.04

0.

0.49
03

NS

NS

NS

r: correlation coefficient, NS: Non-significant p>0.05, CRP: C-reactive protein, ESR: erythrocyte
sedimentation rate

