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Abstract
AIM: To study non-cardiac chest pain (NCCP) in relation to ineffective esophageal motility (IEM) and rapid food intake. 

METHODS: NCCP patients with a self-reported habit of fast eating underwent esophageal manometry for the diagnosis of IEM. Telephone interviews identified eating habits of additional IEM patients. Comparison of manometric features was done among IEM patients with and without the habit of rapid food intake and healthy controls. A case study investigated the effect of 6-month gum chewing on restoration of esophageal motility in an IEM patient. The Valsalva maneuver was performed in IEM patients and healthy controls to assess the compliance of the esophagus in response to abdominal pressure increase. 

RESULTS: Although most patients diagnosed with NCCP do not exhibit IEM, remarkably, all twelve NCCP patients who were self-reporting fast eaters with as main complaint chest pain (75.0%) had contraction amplitudes in the mid and distal esophagus that were significantly lower compared to healthy controls (23.45 (95% CI 14.06-32.85) vs 58.80 (95% CI 42.56-75.04) mmHg, P < 0.01 and 28.29 (95% CI 21.77-34.81) vs 50.75 (95% CI 38.44-63.05) mmHg, P < 0.01, respectively). In 7 normal-eating IEM patients with as main complaint sensation of obstruction (42.9%), the mid amplitude was smaller than controls (30.09 (95% CI 19.48-40.70) vs 58.80 (95% CI 42.56-75.04) mmHg, P < 0.05). There was no statistically significant difference in manometric features between the fast-eating and normal-eating groups. One NCCP patient who self-reported fast eating and was subsequently diagnosed with IEM did not improve with proton-pump inhibition but restored swallow-induced contractions upon 6-month gum-chewing. The Valsalva maneuver caused a markedly reduced pressure rise in the mid and proximal esophagus in the IEM patients. 

CONCLUSION: Habitual rapid food intake may lead to IEM. A prospective study is now needed to study this hypothesis. Gum-chewing might strengthen weakened esophageal muscles. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Non-cardiac chest pain (NCCP) and ineffective esophageal motility (IEM) are often associated with gastroesophageal reflux disease (GERD). Although esophageal dysmotility is considered an uncommon cause of non-GERD-related NCCP[1, 2], in our practice it is not infrequent. In recent years, we noted that some patients with a primary complaint of chest pain or discomfort revealed to us that they had a life long habit of rapid food intake. Their esophageal manometry exhibited low esophageal contraction amplitudes during wet swallows. This initiated the current investigation into a possible relationship between habitual rapid food intake, symptoms and motility dysfunction.

In a recent study a possible association was investigated between self-reported eating behavior and metabolic risk factors (overweight, hypertension, hyperglycemia, hypertriacylglycerolemia, low HDL cholesterol, hyperuricemia and fatty liver)[3]. The conclusion was that rapid eating increases metabolic risk factors although the mechanism was not investigated. In the present study, we analyzed the clinical and manometric characteristics of IEM patients with and without a habit of rapid eating. Our main objective was to investigate a possible correlation between rapid food intake and IEM. Our hypothesis was that rapid eating is associated with less swallow-induced contractions, contributing to IEM through disuse of the esophageal musculature; hence we predicted that patients with IEM and rapid eating should have more severe ineffective esophageal motility compared to IEM patients without the habit of rapid eating. We also report a case-study of an IEM patient whose symptoms were improved by 6 months of gum-chewing exercise. 

MATERIALS AND METHODS

Subjects
Data were collected from patients in our department with various symptoms including chest pain or discomfort, dysphagia, heartburn that lasted from 1 month to 30 years who underwent esophageal manometry. Some patients volunteered information about their fast eating habits as a cause of their symptoms. We collected information about the manometry tests of all patients whose eating habits were recorded at the first visit and in addition, we obtained information about eating habits by telephone interview of 9 additional patients. 

Two groups of volunteers participated in the study: Group V1 as healthy controls in the manometric analysis; Group V2 recruited to record healthy Chinese people’s daily meal duration. Group V1 were without any digestive or systemic symptoms and the volunteers underwent the same manometric procedures as the patients. Group V2 were sent out to canteens, fast-food restaurants, Chinese restaurants and local families to time the duration of the meal intake. 

Written informed consent was provided by all participants. The Ethics Committee of Renmin Hospital of Wuhan University gave its approval to this study. 

Study protocol
The patients’ current symptoms, medical history and basic information including age, gender, body mass index (BMI) was obtained and standard esophageal manometry was performed. During the manometry testing, the patients were instructed to perform the Valsalva maneuver.

  Volunteers in Group V1 underwent the same manometric procedure after their basic information was obtained. Each of them performed the Valsalva maneuver. Group V2 was assigned to the above-mentioned dining locations to record the meal duration.   

Esophageal manometry
Following an overnight fast and 48-h discontinuation of any medication that may interfere with esophageal motility, conventional stationary esophageal manometry was performed using a 3.5 mm diameter, eight-lumen, sleeve sensor catheter assembly (Mui Scientific, Mississauga, Ontario, Canada) with eight side-holes arranged in radial form and located 2-7 cm apart. Manometric data were recorded and analyzed by means of the Polygram 98 and the Polygram Net Esophageal Manometry Testing Application Software (Medtronic A/S, Tonsbakken, Skovlunde, Denmark). The catheter was inserted transnasally into the stomach and intragastric pressure (GP) was obtained in a supine position. The LES resting pressure was defined as the mid-respiratory LES pressure compared with GP. Patients or healthy volunteers were then instructed to perform ten wet swallows (10 mL water each, separated by an interval of 30 s) to measure and calculate the contraction amplitude, duration and velocity in the proximal, mid and distal esophagus. When calculating the velocity, we did not incorporate data indicative of simultaneous (i.e. velocity >8 cm/s) contractions. The existence of double-peaked or multi (≥3) -peaked waves was also noted. 

The manometric criteria for the diagnosis of IEM was no fewer than 30% of the wet swallows featuring one or more of the following characteristics: (1) contraction amplitude <30 mmHg at either or both of the distal points 5 and 10 cm above the LES; (2) simultaneous contraction (distal velocity between 5 and 10 cm above the LES >8 cm/s) with amplitude <30 mmHg; and (3) absent or non-transmitted peristalsis[4,5].
The Valsalva maneuver
After wet swallows, twelve patients and all the volunteers in Group V1 were instructed to perform the Valsalva maneuvers in the supine position, exhaling forcibly with the mouth closed and the nose pinched shut[6,7]. Data on the pressure changes in the esophageal body and the LES were collected. 

Rapid food intake measurement
We used the length of time it took for a patient to finish an average meal as the indicator of the speed of eating. Meal lengths of the healthy population were recorded when they had regular Chinese meals with or without water. None of them took alcohol or had chat time included.

Statistical analysis
Except for age which was presented as median and range, the other data were expressed as means and 95% confidence intervals (CI). Kolmogorov-Smirnov analysis was applied to determine data distribution. Student’s t test was employed for the comparison of data. Statistical significance was acknowledged if P <0.05.

RESULTS
Meal lengths in IEM patients with or without the habit of rapid food intake
Ten NCCP patients mentioned their eating habits specifically during initial evaluation, six of whom reported a habit of rapid eating and were all diagnosed with IEM according the manometric criteria. We managed to obtain information from 9 other IEM patients by telephone. Among these 19 patients, twelve (63.2%) (7 males and 5 females, median age 44.5, range 18-57, mean BMI 22.52 (95% CI 20.45-24.59)) volunteered the fact that they had been eating much faster than normal speed for a long time from 5 to 31 years. The other seven (36.8%) patients (2 males and 5 females, median age 52, range 45-74, mean BMI 22.48 (95% CI 20.56-24.39)) reported that they did not have a habit of rapid eating. 

Ten (4 males and 6 females, median age 22, range 20-33, mean BMI 20.69 (95% CI 19.39-21.87) ) healthy volunteers were recruited into Group V1. Group V2 consisted of 91 (50 males and 41 females) healthy volunteers.
    For the self-reporting fast-eaters, meals all lasted no more than 8 min (3 min in one patient; 4 min in one; 5 min in five; 6 min in three; 7 min in one and 8 min in one). Their average meal duration was significantly shorter than that of the healthy volunteers (5.42 (95% CI 4.58-6.25) vs 16.58 (95% CI 14.21-18.94) min, P < 0.01). The meal lengths in the IEM patients with normal eating habits ranged from 10 to 30 minutes and their mean meal length was not statistically different from healthy volunteers (18.86 (95% CI 12.31-25.41) vs 16.58 (95% CI 14.21-18.94) min, P > 0.05). We found that the meal lengths of all IEM patients with normal eating habits were longer than those of the self-reporting rapidly eating patients. 

Some fast-eating patients reported that while eating fast they spent shorter time chewing. They also swallowed more rapidly and frequently though they did not quantify it.
Clinical characteristics 
The predominant clinical manifestation in the fast-eating group was chest pain or discomfort (9/12, 75.0%), followed by sensation of obstruction (5/12, 41.7%), heartburn (2/12, 16.7%), acid reflux (1/12, 8.3%), dysphagia (1/12, 8.3%), chest tightness (1/12, 8.3%), food regurgitation (1/12, 8.3%), abdominal discomfort (1/12, 8.3%), nausea (1/12, 8.3%) and eructation (1/12, 8.3%). In the normal-eating group, sensation of obstruction was the most common (3/7, 42.9%), followed by heartburn (2/7, 28.6%), acid reflux (2/7, 28.6%) and chest pain or discomfort (1/7, 14.3%).

Manometric features 

Table 1 shows the IEM patients’ manometric features. The contraction amplitudes in the distal and mid esophagus of the fast-eating IEM patients were significantly lower (P < 0.01) than in the control group. The amplitude in the mid esophagus of the normal-eating IEM patients was also significantly lower (P < 0.05) than control. There was no statistically significant difference in manometric features between the IEM patients with and without the habit of rapid food intake.

Simultaneous contractions were observed in 11 fast-eating and 6 normal-eating IEM patients (91.7% and 85.7% respectively vs 30% in healthy controls) and non-propulsive (but not simultaneous) contractions in 1 fast-eating patient (8.3% vs 0 in controls). 7 fast-eating and 6 normal-eating patients (58.3% and 85.7% vs 20% in controls) exhibited double-peaked waves and 3 fast-eating and 3 normal-eating patients (25.0% and 42.9% vs 20% in controls) had multi-peaked waves during certain wet swallows. A typical manometric tracing from one of the fast-eating IEM patients is shown in Figure 1.

Short swallowing interval caused prevention of peristalsis
According to our protocol, wet swallows should be separated by an interval of 30 s. However, in some patients and healthy controls the interval between certain swallows happened to be shorter than 10 s or even nearly zero. We observed that in pairs of short-interval swallows, only one peristalsis appeared in response to the first or the second swallow while the response to the other swallow was only contraction in the proximal esophagus and the contraction in the distal part was prevented, as shown in Figure 2.
Response of the esophageal musculature to the Valsalva maneuver
Pressure alterations in the LES and distal, mid and proximal esophagus during the Valsalva maneuver between IEM patients and healthy controls were compared (Table 2), and the manometry tracings are illustrated in Figure 3. IEM patients showed a much lower increase in esophageal pressure due to the Valsalva maneuver compared to controls. Mean changes in LES pressure of IEM patients were not statistically different from that of healthy volunteers.  

Esophageal motility improved by gum-chewing exercise: a case report

A 57-year-old male with a habit of rapid food intake for more than 30 years with each meal less than 5 minutes presented to our outpatient department with 2 years of moderate retrosternal chest pain, sensation of obstruction and occasional dysphagia. The initial esophageal manometry revealed that his swallow-induced esophageal contraction amplitude was extremely low (distal amplitude 10.42 mmHg on average). He was advised to slow down his speed of eating and prescribed proton-pump inhibitor (PPI) which he took for 4 months but received no benefit. The drug was discontinued. Then a gum-chewing exercise (about 10 times a day, 15 min each time, for 6 months) was recommended. The patient returned to the hospital 6 months later, reporting that his symptoms had been relieved. The contraction amplitude of his repeat manometry was improved (distal amplitude 58.03 mmHg on average). His manometric tracings before and after the gum-chewing exercise are shown in Figure 4. A repeat manometry after another 6 months revealed continued normalized esophageal motility (distal amplitude 60.07 mmHg on average), though he had reduced the frequency of gum-chewing exercise since the previous manometry. During the manometry this time, the patient was also asked to perform 10 pairs of wet swallows at the interval of 2 s, eight of which failed to initiate any peristalsis and only two of which were observed with peristaltic contraction at the end of the second of a pair of wet swallows. 
DISCUSSION 

Of the 19 IEM patients whose eating habits were investigated, 12 were fast eaters. The main presenting symptom of the fast eaters was chest pain or discomfort; the main symptom of the normal-eating patients was sense of obstruction. Although the average values of all swallow-induced contraction amplitudes were lower in the fast-eating group, there was no statistically significant difference with the normal-eating IEM patients. There are two possible explanations for this result. One is that factors other than fast eating were the dominant cause of weakened esophageal muscle in both groups. The other is that the weakened esophageal muscle could be due to fast eating (disuse of musculature) in fast-eating patients while other causes contributing to the similar weakening in normal-eating patients. The other causes likely include acid reflux since 57% of the patients in this group reported heartburn or acid reflux, whereas only 25% of the fast eating group reported this. The present study cannot distinguish between these two possibilities although it is very striking that all fast eaters showed dramatic weakening of the esophageal muscle. When NCCP patients are evaluated for esophageal dysmotility, only a few are subsequently diagnosed with IEM. The fact that all NCCP patients who self-reported fast eating were diagnosed with IEM suggests but does not prove a causal relationship. The case study suggests, but does not yet prove, that gum-chewing strengthens the esophageal muscle and it is consistent with the hypothesis that the weakening of the musculature was due to non-use of the musculature because of reduced swallow-induced contractions, although the weakened musculature may have been caused by other factors. In summary, although it is possible that fast eating is associated with weakening of the musculature, the present study does not provide direct evidence for it.

Habitual fast eating associated with rapid swallowing may limit the number of swallow-induced contractions since only the first or the last bolus will be associated with a propulsive contraction. We have shown this phenomenon here, consistent with previous reports[8-11]. Over time, the contractions may become weaker. Another feature of rapid eating is insufficient mastication. Reduced duration of chewing prevents the optimization of the size, the softness and the lubrication of food boluses ready for swallowing[12]. Vagus nerve activity, which plays a vital role in the regulation of salivation[13] and esophageal peristalsis[14] and is enhanced by mastication[13], may also be less activated by inadequate chewing. To provide further evidence for or against the hypothesis that fast eating contributes to IEM, a prospective study is needed where the meal composition is standardized and the actual timing of swallows is measured. 

The case report suggests that gum-chewing may strengthen the esophageal musculature. It would be important to find out if this is true independent of the cause of IEM. In this patient, after PPI treatment did not relieve symptoms, regular daily gum-chewing restored muscle contractile activity. Chewing gum on a regular basis is a stimulus that induces mastication-associated vagal activation[15] and swallow-associated propulsive contractions. 

In the distal and mid esophagus, the contraction amplitudes in the fast-eating IEM patients were significantly reduced. However, their proximal manometric features were not statistically different from controls. This was probably due to the special musculature of the human esophagus, whose upper one-third is composed of striated muscle whereas the lower one-third is made up of smooth muscle and in between both types exist. Peristalsis in the striated muscle portion is induced by the sequential activation of neurons in the nucleus ambiguous which is solely a central mechanism; while in the smooth muscle portion the peripheral intramural and central mechanisms cooperate to control peristalsis[14]. Considering the different manometric presentation of the distal and proximal esophagus in IEM, it is probable that a disorder in the peripheral neural control of esophageal smooth muscle contributes to the development of IEM in these patients.
Consensus on a causal relationship between NCCP and IEM has not hitherto been reached. Heartburn, dysphagia and regurgitation, reported by our patients, are possible risk factors for NCCP, in addition to psychological factors such as anxiety and depression[16] which often haunt our patients and aggravate their symptoms. Hence, NCCP in IEM is a result of many complex interactions and evidence is insufficient to assert that NCCP is caused by IEM. NCCP is often associated with GERD and IEM is the most common form of dysmotility in GERD and is correlated with more GERD episodes and prolonged acid clearance in a posture-dependent manner[17]. Although 24 h pH monitoring was not carried out, most of our patients did not suffer from GERD and the LES pressure was normal in our patients. Nevertheless, a contribution of gastroesophageal reflux to the symptoms of our IEM patients cannot be excluded.

The habit of rapid eating is a common phenomenon in China and may originate from periods in China when food supply was limited and collective dining was the main form of meal, so to ensure that sufficient food could be secured, many people developed the habit of rapid eating that eventually persisted for years. In addition, certain occupations in China, such as waiters/waitresses in restaurants and sales assistants in shops may not get sufficient free time to eat meals relaxed and hence quick eating may become a habit. In our practice we investigate eating habits now routinely in association with IEM and recommend changes in life style and exercise to alleviate their symptoms by strengthening their esophageal musculature.

The Valsalva maneuver increases the intrathoracic[18] and intra-abdominal pressure and leads to the activation of the diaphragm muscle[19]. Both the LES musculature and the crural diaphragm can contribute to the increase in LES pressure in response to an increased intra-abdominal pressure although evidence suggests that no active contraction of the smooth muscle is involved[20,21]. Most of our patients did not show decreased LES, but those who did might benefit from the Valsalva maneuver since it does increase the pressure of the esophageal junction. Previous studies in humans and animals showed that adjusted respiration could increase the pressure around the LES[22-25]. The effect of the Valsalva maneuver on esophageal muscle contraction is rarely mentioned. Our IEM patients showed a dramatic reduction in the proximal and mid esophageal response to the Valsalva, suggesting a weakened adaptive response of the esophageal musculature, at least the skeletal muscle. 

    In summary, inquiry into eating behavior is an important part of examination of patients with NCCP. Eating fast increases metabolic risk and should be discouraged. Eating fast may lead to ineffective esophageal motility but more studies are needed to prove a direct causal relationship.
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Background

Esophageal dysmotility is considered an uncommon cause of non-cardiac chest pain (NCCP), but in our practice it is not infrequent. Previous studies have reported the correlation between eating behaviors and development of diseases, but the role of rapid eating in ineffective esophageal motility (IEM) and related symptoms has not been investigated yet. 
Research frontiers

Both IEM and NCCP are often associated with gastroesophageal reflux disease, but the pathophysiological mechanisms underlying IEM and NCCP are still poorly understood. 

Innovations and breakthroughs

This study raises the possibility that rapid eating leads to IEM and attaches importance to inquiry into eating behavior as part of the examination of patients with NCCP. 

Applications 

Clinicians can take into account rapid eating as a potential cause of IEM. They can adopt methods to test esophageal function. Further studies are needed to prove a direct causal relationship between rapid food intake and IEM. 

Terminology

IEM: IEM is defined manometrically as esophageal body contractions with ≥ 30% of wet swallows at an amplitude < 30 mmHg in the distal esophagus.

Peer review

The concept is interesting, as the next step the authors should approach it prospectively, applying an objective definition of eating patterns rather than self-reporting.
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Figure 1 Manometric tracings of a fast-eating ineffective esophageal motility patient (A) and a healthy control (B). The numbers (in cm) on the left indicate the distances from the nose to each side-hole on the catheter. 
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Figure 2 Manometric tracings of swallowing at an interval <10 s (A, C, E) in comparison with swallowing at the interval of 30 s (B, D, F). The numbers (in cm) on the left indicate the distances from the nose to each side-hole on the catheter. In an ineffective esophageal motility patient who was habitually rapidly eating (A, B), only one peristaltic contraction appeared in response to the second of a pair of wet swallows at the interval of 5 s (A). A Similar finding was observed in one healthy control (E, F) whose two wet swallows were almost continuous (E). In another control (C, D), peristalsis was only seen in response to the first of a pair of wet swallows at the interval of 8 s (C). 
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Figure 3 Effects of the Valsalva maneuver on the esophageal manometric tracings in a patient with ineffective esophageal motility (A) and a healthy control (B). The numbers (in cm) on the left indicate the distances from the nose to each side-hole on the catheter.
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Figure 4 Manometric tracings of a fast-eating non-cardiac chest pain patient diagnosed with ineffective esophageal motility before (A) and after (B) his 6-mo gum-chewing exercise. The numbers (in cm) on the left indicate the distances from the nose to each side-hole on the catheter.
Table 1 Esophageal manometry results, mean (95% CI), in ineffective esophageal motility patients and healthy controls

	
	 IEM patients with the habit of fast eating

(n = 12)
	IEM patients without the habit of fast eating 

(n = 7)
	Healthy

control 

(n = 10)

	LES Pressure (mmHg)
	12.71 (6.80-18.62)
	11.08 (-0.59-22.76)
	14.94 (10.38-19.49)

	Distal 
	
	
	

	Amplitude (mmHg)
	28.29 (21.77-34.81)b
	33.78 (19.56-48.00)
	50.75 (38.44-63.05)

	Duration (s)
	3.04 (2.44-3.65)
	2.74 (1.32-4.15)
	3.09 (2.30-3.88)

	Velocity (cm/s)1
	1.42 (1.14-1.70)
	3.33 (0.79-5.86)
	1.57 (0.89-2.24)

	Mid 
	
	
	

	Amplitude (mmHg)
	23.45 (14.06-32.85)b
	30.09 (19.48-40.70)a
	58.80 (42.56-75.04)

	Duration (s)
	3.12 (2.32-3.91)
	3.18 (1.81-4.55)
	2.45 (2.13-2.79)

	Velocity (cm/s)2
	2.18 (1.23-3.12)
	3.76 
	2.35 (1.38-3.33) 

	Proximal
	
	
	

	Amplitude (mmHg)
	36.75 (22.93-50.57)
	41.47 (8.79-74.15)
	49.96 (36.28-63.64)

	Duration (s)
	2.42 (1.84-3.00)
	3.13 (1.48-4.77)
	2.25 (1.80-2.71)

	Velocity (cm/s)3
	3.66 (1.71-5.60)
	2.56
	2.42 (1.75-3.09) 


IEM: Ineffective esophageal motility; LES: Lower esophageal sphincter; Contraction data were in response to wet swallows. Data indicative of simultaneous (i.e. velocity > 8 cm/s) or other non-propulsive contraction were excluded when calculating the mean velocity. aP<0.05, bP <0.01 vs control. 1Velocity in the distal esophagus of 3 fast-eating and 3 normal-eating IEM patients could not be calculated owing to simultaneous contractions; 2,3Velocity in the mid (proximal) esophagus of 6 fast-eating and 5 normal-eating IEM patients and 2 healthy controls could not be calculated owing to simultaneous contractions.
Table 2 Effects of Valsalva maneuver on esophageal pressure, mean (95% CI), in ineffective esophageal motility patients and controls

	
	Increase in 

LES pressure (mmHg)
	Increase in distal pressure (mmHg)
	Increase in mid pressure (mmHg)
	Increase in proximal pressure (mmHg)

	IEM patients (n = 12)
	11.56 (0.57-22.54) 
	21.73 (15.46-27.99) 
	21.18 (12.28-30.08)a
	19.07

 (11.41-26.74)a

	Control 

(n = 10)
	7.81 (-0.86-16.48)
	39.43 (15.37-63.49)
	43.44 (22.85-64.03)
	34.18

 (23.41-44.95)


IEM: Ineffective esophageal motility; LES: Lower esophageal sphincter. aP <0.05 vs control.

