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1 Introduction
Crohn’s disease (CD) is a chronic inflammatory granuloma 

disease of the digestive tract, which can be affected through the 
whole digestive tract from mouth to anus. The intestinal abnormal 
immune response is considered to be an important factor in CD 
pathogenesis and chronicization. The autonomic nervous system 
(ANS) has the function of regulating gastrointestinal movement 
and secretion. There is increasing evidence on the association 
between ANS and inflammation in CD patients. And evidence 
indicates that neurotransmitters can regulate the production of 
inflammatory cytokines (Boissé et al., 2009).

Heart rate variability (HRV), a quantitative measurement of 
independent neural activity, can not only provide information 
about the autonomic nervous system and stress state, but also be 
measured noninvasively and repeatedly. It has been widely used 
for clinical evaluation of autonomic neurofunctional disorders in 
inflammatory diseases and functional gastrointestinal diseases 
(Malik, 1996; Kleiger et al., 2005; Hill & Siebenbrock, 2009).

However, the results of studies on autonomic neural 
function in CD patients lack consistency (Pellissier et al., 2010; 
Mouzas et al., 2002; Ganguli et al., 2007). No study has been 
conducted in Chinese population. Furthermore, there is no 
prospective study linking the association between the abnormality 
of autonomic neural function and the severity of inflammation 
or other inflammatory indicators that reflect CD disease activity. 
Therefore, through comparing with the healthy control group, 

the study observed the changes of HRV parameters, explored 
the possible autonomic neural disorders, and further analyzed 
the correlation between their changes and inflammatory activity 
in CD patients.

2 Materials and methods
2.1 Patients

The study subjects were recruited CD patients who were 
admitted to our hospital from January 1, 2018 to December 
31, 2018. The inclusion criteria was as followings: (1) patients 
diagnosed with CD according to 2012 Consensus Opinion on 
the Diagnosis and Treatment of Inflammatory Bowel Disease 
(Group CMADMIBD, 2012); (2) over 18 years of age. Exclusion 
criteria included: (1) combined with endocrine dysfunction 
(including thyroid dysfunction and diabetes) and systemic 
inflammatory diseases other than CD; (2) current use of drugs 
affecting cardiovascular system and conduction, including all 
anti-arrhythmia drugs, receptor blockers, calcium channel 
blockers, and sympathetic neurodrugs; (3) known to have 
neuropathy or other associated diseases; (4) known to have 
heart diseases such as congenital diseases, valve dysfunction, 
conduction dysfunction, ischemic heart disease or any degree of 
congestive heart failure. This study was approved by our ethics 
committee, and all participants signed an informed consent 
form before joining the group.
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2.2 Data collection

Demographic information, medical history and drug history 
of all subjects were collected. Blood samples from the CD group 
were completed to assess inflammatory activity by laboratory 
examinations such as C reactive protein (CRP), routine blood test, 
IL-6, etc. to assess inflammatory status; albumin (ALB) and body 
mass index (BMI) to assess the nutritional status of CD patients; 
CDAI score (Crohn’s Disease Activity Index) graded according 
to the number of bowel movements, abdominal pain and body 
conditions in the past 1 week to evaluate CD clinical activity. 
Zung’s Anxiety Scale (SAS) and Depression Scale (SDS) were 
used to assess the patient’s anxiety and depression. The Patients 
completed the evaluation according to their own situation in the 
past week. The total score multiplied by 1.25 were used as the 
standard score. According to the common results in Chinese 
population, the standard score is classified with 50 points.

2.3 HRV measurement

All subjects were fasting and deprived of water before 
detection. Heart rate variation analyzer (General Meditech, 
Inc. (GMI), model DLP6000) was used for electrocardiogram 
acquisition, collecting 5 min RR period continuously. During 
the recording process, the subject was required to completely 
relax, keep awake, regular breathing, do not speak and move, 
technician carefully observed the situation of each participant to 
ensure that there was no subjective discomfort and false motion. 
In-machine software automatically collected and analyzed 
data, based on the number of time and frequency domain. The 
following measurements would be obtained: low-frequency 
power (LF), high-frequency power (HF), equilibrium, and 
autonomic nerve function score. LF reflected the dual effects 
of sympathetic nerve and vagus nerves. While, HF mainly 
reflected the extent to which the vagus nerve had a leading role. 
The equilibrium was calculated mainly by LF/HF ratio, which 
reflects the degree of balance between sympathetic and vagus 
nerves. Autonomic nerve function score, representing the overall 
activity of autonomic nervous system, was used to evaluate the 
regulatory ability of autonomic nervous system. The reference 
range for equilibrium was > 0.6, and autonomic nerve function 
score ranged from 0 to 100.

2.4 Statistical analysis

The normal distributed measurements were represented 
by the mean value and standard deviation. The comparison 
between the two groups was independent sample t-test, and the 

correlation analysis was made using Person analysis. For skewness 
distributed data, non-paranormal analysis was used to compare 
the difference between the two groups, and Spearman analysis 
was used to assess the correlation. The count data was expressed 
in number and the ratio (%), and compared with chi-square test. 
Statistical analysis was made by SPSS 22.0. P value < 0.05 was 
considered statistically significant.

3 Results
3.1 Baseline characteristics

A total of 37 CD patients who met the above inclusion/exclusion 
criteria were recruited. And 39 healthy populations, who were 
age and sex-matched with CD groups were included as control 
group. There were no statistical differences in age and gender 
distribution between the comparative CD group of general data 
and the normal control group (mean age of 31, and 31 for each 
group, female ratio of 30% and 33% for CD and control group, 
respectively: P < 0.05) (Table 1).

3.2 Comparison of HRV parameters

Although with no statistical difference, HRV parameters 
in CD group was faster, compared to control group (Table 1, 
P > 0.05). The mean autonomic nerve function score was 72, 
(58 to 79) in CD group, significantly lower than that in control 
group (75, ranging from 64 to 82, P < 0.05). The equilibrium in 
CD group was strongly lower than that in control group, with 
equilibrium of 0.5062 to 0.2447, and 0.7203 to 0.1603, respectively 
(P = 0.001) (Table 1).

3.3 Correlation analysis of HRV parameters

The correlation between HRV parameters with inflammation, 
nutrition indicators and psycho-psychological assessment 
(anxiety and depression score) were shown in Table  2. The 
results suggested that the autonomic neural function score 
and BMI in CD patients were positively correlated (P < 0.05); 
and equilibrium was negatively correlated with CRP and PLT 
(P < 0.05) (Figure 1).

4 Discussion
In our study, the autonomic neural function in CD group 

was lower than that in control group, suggesting decreased 
ability of autonomic nerve to regulate the body function in 
CD patients. This is consistent with previous literature reports 

Table 1. Baseline characteristic in CD and control groups.

Total(n=76)
t/x2/z p

CD Control
Age 31.1351 ± 12.1659 31.4615 ± 11.4222 0.1206 0.9043

Sex (M/F) 26/11 26/13 0.1141 0.7355
HR 83.8108 ± 15.9545 78.5385 ± 8.2233 1.8244 0.0721

ANS 72(58.25~79) 75(64~82) -1.975 0.048
LF 55.1622 ± 20.8133 52.1282 ± 10.2577 0.8125 0.4191
HF 44.8378 ± 20.8133 47.8718 ± 10.2577 0.8125 0.4191

Equilibrium 0.5062 ± 0.2447 0.7203 ± 0.1603 4.5346 p<0.001
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(Sharma et al., 2009; Engel et al., 2015). It is widely accepted 
that the regulatory ability of autonomic nervous system declined 
under the condition of chronic stress or diseases.

Compared with control group, the equilibrium degree of 
CD group decreased significantly. The equilibrium degree reflected 
the balance between the sympathetic and vagus nerves, and the 
significantly decreased ratio reflected the dysfunction of autonomic 
nerve. In addition, although the difference between the groups 
was not statistically significant, the higher HR value indicated 
decreased vagus nerve tension and elevated sympathetic nerve 
excitability in CD group. HRV mainly reflected the equilibrium 
relationship between the vagus nervous system and sympathetic 
nervous system, and the reduction of vagus nerve tension was 
often used as a marker of autonomic neurofunctional disorders.

Through correlation analysis, we found that inflammatory 
markers such as CRP and PLT were negatively correlated with 
equilibrium, but had no significant association with CDAI. CRP, a 
common inflammatory factor, together with PLT, a factor showed 
high sensitivity and specificity to reflect body inflammatory state, 
were used to evaluate the activity level of intestinal inflammation 
in CD patients (Wang et al., 2008; Li et al., 2019). The negative 
correlation indicated that autonomic nerve equilibrium were 
regulated by inflammatory activities in CD patients. However, 
as an indicator of clinical inflammatory activity, CDAI was not 

fully responsive to the relationship with equilibrium, which was 
probably due to the influence of subjective judgment of patients.

The brain-intestinal axis theory holds that there is a 
wealth of autonomic nerve-forming neural clumps between 
the intestinal nervous system (ENS) and the central nervous 
system. Anxiety and depression may trigger IBD activity through 
inducing movement, sensation, and secretion of changes in 
gastrointestinal function, increasing intestinal permeability, 
and inhibiting the secretion of pro-inflammatory cytokines. 
Mittermaier et al. found that depression and anxiety symptoms 
were associated with early clinical recurrence of IBD and severity 
of the disease (Mittermaier et al., 2004). However, some studies 
didn’t reveal the correlation between autonomic neural function 
and psychomental state in CD patients (Engel et al., 2015). In 
our study, there was no significant correlation between the HRV 
parameters with either anxiety or depression score in CD group, 
refuting the hypothesis that autonomic neurological disorders 
were only caused by anxiety and depression in patients with 
chronic or active diseases.

A number of clinical studies found the presence of autonomic 
nerves dysfunction in a variety of systemic autoimmune 
inflammatory diseases, and decreased vagus nerve tension might 
contribute to the pathogenesis of the disease (Evrengül et al., 
2004; Wranicz et al., 2001; Gunterberg et al., 2016) However, 
the mechanisms underlying the causal relationship between 
autonomic neural dysfunction and inflammatory activity still 
needs to be further explored. Vagus nerve (VN), the main 
component of the autonomic nervous system, played an 
important role in the communication of brain and intestines 
system. ANS parasympathetic nerves could activate the HPA axis 
through the afferent fiber of vagus nerve, and the choline energy 
anti-inflammatory pathway through efferent fiber, and then 
inhibit inflammatory function (Tracey, 2002). In inflammatory 
bowel disease, vagus nerve could inhibit a variety of immune 
cell to produce excessive pro-inflammatory factors and suppress 
the process of inflammation (Bonaz & Bernstein, 2013; Matteoli 
& Boeckxstaens, 2013; Pellissier et al., 2014). In various animal 
models, including endotoxinemia, intestinal inflammation, and 
sepsis, both of electrostimulation of vagus nerve and choline 
neurotransmitter acetylcholine administration could inhibit 
the production of pro-inflammatory factor TNF-alpha, and 
reduce the inflammatory response (Borovikova  et  al., 2000; 
Andersson & Tracey, 2012). In 2016, B. BONAZ first used Vagus 

Figure 1. (A) The association between equilibrium and CRP; (B) The association between equilibrium and PLT.

Table 2. The correlation between HRV parameters and inflammatory 
factors, nutritional status, anxiety and depression in CD group.

Inflammatory 
factors

Autonomic neural 
function Equilibrium

r P r P
WBC -0.215 0.208 -0.24 0.1525
CRP -0.263 0.121 -0.3351 0.0426
PLT -0.141 0.411 -0.3367 0.0416
IL-6 -0.207 0.248 -0.2963 0.0888

CDAI score -0.315 0.061 -0.1251 0.461
Nutritional status

ALB 0.210 0.218 -0.024 0.888
BMI 0.435 0.008 0.3137 0.0587

Anxiety and 
depression

SAS -0.341 0.056 -0.3220 0.0676
SDS -0.294 0.102 -0.2746 0.1220
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Nerve Stimulation (VNS) in the treatment of patients with mild 
moderate CD, and found that VNS improved autonomic nerve 
equilibrium and reduced inflammatory activity.(Bonaz et al., 
2016) And the author speculated that VNS could strengthen 
the physiological anti-inflammatory pathway mediated by vagus 
nerve. However, the efficacy of VNS, which might be a novel 
direction for future CD diagnosis and treatment, needed to be 
further confirmed.

This study has several limitations. First, the sample size 
was small, which might influence the reliability and validity 
of the results. We could conduct a more detailed analysis after 
recruiting more participants in future study. In addition, as a 
retrospective study, we couldn’t neglect the influence of selection 
bias and potential confounders. Further large-scale prospective 
studies were needed to confirm our findings.

Our study suggested that CD patients had decreased 
autonomic nerve function, mainly in equilibrium, and this 
change was associated with disease activity.
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