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Effects of Age on Esophageal Motility:  
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Young Kwang Shim,1 Nayoung Kim,1,2* Yo Han Park,1 Jong-Chan Lee,1 Jihee Sung,1 Yoon Jin Choi,1 Hyuk Yoon,1 Cheol Min Shin,1 
Young Soo Park,1 and Dong Ho Lee1,2

1Department of Internal Medicine, Seoul National University Bundang Hospital, Seongnam, Gyeonggi-do, Korea; and 2Department of Internal 
Medicine and Liver Research Institute, Seoul National University College of Medicine and Liver Research Institute, Seoul, Korea

Background/Aims
Disturbances of esophageal motility have been reported to be more frequent the aged population. However, the physiology of 
disturbances in esophageal motility during aging is unclear. The aim of this study was to evaluate the effects of age on esophageal 
motility using high-resolution esophageal impedance manometry (HRIM).

Methods
Esophageal motor function of 268 subjects were measured using HRIM in 3 age groups, < 40 years (Group A, n = 32), 40-65 years 
(Group B, n = 185), and > 65 years (Group C, n = 62). Lower esophageal sphincter (LES) and upper esophageal sphincter (UES) 
pressures, integrated relaxation pressure, distal contractile integral, contractile front velocity, distal latency, and pressures and duration 
of contraction on 4 positions along the esophagus, and complete bolus transit were measured.

Results
Basal UES pressure was lower in Group C (P < 0.001) but there was no significant difference in the LES pressure among groups. 
Contractile duration on position 3 (10 cm from proximal LES high pressure zone) was longer in Group C (P = 0.001), and the 
contractile amplitude on position 4 (5 cm from proximal LES high pressure zone) was lower in Group C (P = 0.005). Distal contractile 
integral was lower in Group C (P = 0.037). Contractile front velocity (P = 0.015) and the onset velocity (P = 0.040) was lower in 
Group C. There was no significant difference in impedance values.

Conclusions
The decrease of UES pressure, distal esophageal motility, and peristaltic velocity might be related with esophageal symptoms in the 
aged population. 
(J Neurogastroenterol Motil 2017;23:229-236)
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Introduction  

Advances in medical therapy have continuously increased the 
life expectancy and the effects of age on health are important issues 
today. Several studies have shown that gastroenterological dysfunc-
tion is associated with aging. It was reported that 87% of residential 
care clients who are predominantly elderly had a symptom of dys-
phagia with mealtime difficulties which is associated with gastro-
enterological dysfunction.1 The rate of disordered swallowing was 
higher in the aged population.2,3 Several studies showed decreased 
sphincter relaxations and decreased esophageal contraction and 
dilatation in the aged people.4-6 The neural control of gastrointes-
tinal function, including esophageal motility is related to enteric 
neurons.7,8 It has been shown that changes in esophageal physiol-
ogy is associated with loss of esophageal myenteric plexus neurons, 
which are part of the enteric nervous system (ENS) and lie within 
the smooth muscle layers of the esophageal wall in the aged popula-
tion.9-11 In addition, underlying disease (such as diabetes mellitus) 
conditions which is more prevalent in aged people could cause 
decrease of esophageal motility.12 These conditions could be further 
aggravated by anxiety, depression, malnutrition, and aspiration 
pneumonia which are frequently found in the aged population.13

In the esophagus the anatomy is different from the other hollow 
viscus. The neural controls and muscles of the proximal part of the 
esophageal body differ from the distal part of the esophageal body.14 
That is, the proximal half of the esophagus was built up of both 
muscle types with predominance of striated muscle, whereas the 
distal part consists of smooth muscle only.14 Thus the effect of aging 
could be different from other hollow viscus. High-resolution im-
pedance esophageal manometry (HRIM) is a test to assess esopha-
geal motility. HRIM allows visualization of esophageal contractility 
as a continuum of pressure and time, and has the ability to perform 
simultaneous impedance testing during manometry examination. 
Impedance testing is a catheter-based method of assessing bolus 
movement within the esophagus. When combined with manometry, 
it provides simultaneous data on bolus transit and contractions to 
identify whether a functional defect is present.15 Compared to con-
ventional manometry, HRIM has greater efficiency, higher quality 
recordings, and more objective interpretation,15 which might help to 
evaluate change of the proximal and distal part of esophagus during 
aging.

From this background we hypothesized that esophageal motil-
ity would be decreased with ageing, which could be more clearly 
evaluated by HRIM, and aim to evaluate the effects of age on 

esophageal motility using HRIM.

Materials and Methods  

Subjects 
Subjects were tested with HRIM between October 2011 and 

July 2016 at Seoul National University Bundang Hospital were 
retrospectively enrolled and analyzed. Among the 608 subjects 
who were tested with HRIM, 340 subjects fulfilled the exclusion 
criteria, such as history of esophageal or gastric malignancy and sur-
gery or procedure which influences esophageal motility, including 
pneumatic dilatation or laparoscopic Heller’s myotomy, diagnosis 
of esophageal motility disorder including Nutcracker esophagus, 
Jackhammer esophagus, achalasia, diffuse esophageal spasm, and 
scleroderma. Any subjects with EGJ outflow obstruction and major 
disorders of peristalsis according to the 3.0 Chicago classification 
of esophageal motility were also excluded from this study. Finally, 
277 subjects were enrolled and analyzed. Subjects were divided 
into 3 groups according to age: 32 subjects (11.5%) in Group A 
(below 40 years old), 185 subjects (66.3%) in Group B (40-65 
years old), and 62 subjects (22.2%) in Group C (over 65 years 
old). The main symptom before HRIM was analyzed depend-
ing on the 3 age groups based on electrical medical recording and 
HRIM reports. Symptoms were categorized as globus, hoarseness, 
cough, voice change, heartburn, dysphagia, sore throat, dyspepsia, 
and respiratory difficulty. The premedication history which could 
be associated with esophageal motility was checked for all subjects 
within one week before the HRIM test. A study by Mittal et al16 
described that an opioid intravenous bolus significantly decreased 
low esophageal sphincter pressure which may have opiate receptors. 
Thus premedication history before manometry was checked includ-
ing opioid medication. This study was approved by the institutional 
review board of Seoul National University Bundang Hospital (IRB 
No. B-1506-304-104).

High-resolution Impedance Manometry
An HRIM with 32 solid state circumferential pressure sen-

sors that are spaced at 1 cm intervals and 16 impedance sensors 
(InSIGHT HRiM system, Sandhill Scientific, Highlands Ranch, 
CO, USA) were used. HRIM assembly was passed transnasally 
and positioned in order to record from the hypopharynx to the 
stomach. Studies were performed with the patient in the sitting posi-
tion after at least 6 hours of fasting. The values of the Chicago clas-
sification parameters can be affected by the position of the subjects 
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with esophageal hypomotility. All values of this study were evaluated 
in only the sitting position. The manometric protocol included a 
5-minute period to assess the basal sphincter pressure and 10 liquid 
(5 mL) and 10 viscous (5 mL) swallows. Manometric data were 
analyzed using the Bio View analysis software. Pressure readings 
were converted into topographic (color contour) plots to provide a 
continuous picture of the pressure throughout the segment consid-
ered, and impedance testing was performed simultaneously with 
manometry examination.

Data Analysis
Data were analyzed using the dedicated Bio View analysis soft-

ware and the isobaric contour tool was set on 30 mmHg to measure 
the contractile front velocity (CFV) at the proximal and the distal 
margins of the distal esophageal segment. Distal latency (DL) was 
defined as the interval between the upper esophageal sphincter 
(UES) relaxation and the contractile deceleration point (the inflec-
tion point along the 30 mmHg isobaric contour where propagation 
velocity slows demarcating the tubular esophagus from the phrenic 
ampulla). The distal contractile integral (DCI) was an integrated 
calculation, which includes the length, contractile vigor, and dura-
tion of contraction in the smooth muscle segment of the esophagus 
at the 20 mmHg isobaric contour.17-19 Integrated relaxation pres-
sures (IRP) were measured as the mean EGJ pressure measured 
with an electronic equivalent of a sleeve sensor for 4 contiguous or 
non-contiguous seconds of relaxation in the 10 second window fol-

lowing deglutitive UES relaxation.17-19 CFV, DL, DCI, and IRP 
were expressed as the average of 10 liquid swallows. Measurement 
of LES relaxation pressure, resting pressure, and length, as well 
as UES pressures, were automatically performed using analysis 
software, after manual inspection and correction of placement of 
dedicated markers. Contractile amplitude and contractile duration 
was measured on position 1 (19 cm from proximal LES high pres-
sure zone), position 2 (15 cm from proximal LES high pressure 
zone), position 3 (10 cm from proximal LES high pressure zone), 
and position 4 (5 cm from proximal LES high pressure zone) 
(Fig. 1). The beginning of pharyngeal contraction to the beginning 
of UES relaxation, beginning of pharyngeal contraction to the na-
dir of UES relaxation, beginning of pharyngeal contraction to the 
end of UES relaxation, peak pressure of the pharynx to beginning 
of UES relaxation, peak pressure of the pharynx to nadir of UES 
relaxation, peak pressure of pharynx to the end of UES relaxation, 
end of pharyngeal contraction to the beginning of UES relaxation, 
end of pharyngeal contraction to the nadir of UES relaxation, and 
end of pharyngeal contraction to the end of UES relaxation were 
measured for evaluation of UES coordination.

Impedance flow analysis was done for liquid and viscous swal-
lows. Impedance characteristics included: (1) total bolus transit 
time, as the time interval between bolus entry in the proximal chan-
nel and bolus exit in the most distal channel; (2) complete bolus 
transit, as percentage of waves which had complete bolus transit. 

Statistical Methods
All data are presented as mean ± standard deviation. Categori-

cal variables are presented as numbers and percentages. ANOVA 
and post hoc Scheffé tests were used to compare the mean values of 
manometric parameters and clinical variables among the 3 groups. 
The chi-square test or Fisher’s exact test was used to compare cat-
egorical variables among the 3 groups. P-values of less than 0.05 
were considered statistically significant. All statistical analyses were 
performed using SPSS software (version 20.0; IBM Corp, Ar-
monk, NY, USA).

Result  

Subjects Characteristics Depending on Age
The baseline characteristics of the subjects are summarized in 

Table 1. The main symptom which was the main reason of under-
taking HRIM is also described in Table 1. There were no statistical 
differences in symptoms among the 3 groups (P = 0.677). The 

Figure 1. Contractile amplitude and duration at 5 cm (position 4), 10 
cm (position 3), 15 cm (position 2), and 19 cm (position 1) above the 
proximal lower esophageal sphincter (LES) high-pressure zone.
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proportion of males in Group A was significantly higher (P = 
0.039). In addition, the height of Group A (170 ± 10 cm) was 
higher than that of Group B (162 ± 9 cm), or that of Group C 
(160 ± 11 cm) (P = 0.005). Otherwise, there were no statistical 
differences in body weight and body mass index (BMI) among 
the 3 groups. There were opioid premedication histories within 1 
week before HRIM test in 6 subjects, and gastrointestinal motor 
modulators in 24 subjects, but there were no statistical differences in 
symptoms among the 3 groups (P = 0.593 and P = 0.618).

High-resolution Impedance Manometry
The HRIM results of 3 groups are summarized in Table 2. 

The basal UES pressure in the Group C was lower than those of 
the Group A and Group B (Fig. 2 and Table 2). There was no 
significant difference in values related with LES including hiatal 
hernia (P = 0.305) among the 3 groups. Group C (3.4 ± 0.9 sec-
onds) had a significantly longer duration distal contractile duration 
(on position 3) than those of the Group A (2.7 ± 0.3 seconds, P = 
0.001). Group C (85.8 ± 34.1 mmHg) had a significantly lower 
distal contractile amplitude (on position 4; Fig. 1) than those of the 

Group B (105.1 ± 40.5 mmHg, P = 0.005) (Fig. 2). There was 
no significant difference among the 3 groups in UES coordination 
results. Goup C had significantly slower CFV (3.6 ± 1.1 cm/sec) 
and onset velocity (3.7 ± 1.5 cm/sec) than those of the Group A 
(4.4 ± 1.3 cm/sec, P = 0.015 and 4.7 ± 2.0 cm/sec, P = 0.040). 
Group C (1248.8 ± 939.7 mmHg·sec·cm) had significantly lower 
DCI than those of Group B (1460.2 ± 968.9 mmHg·sec·cm, P 
= 0.020). There was no significant difference among the 3 groups 
in the impedance test. One hundred and eight subjects were diag-
nosed as ineffective esophageal motility according to the 3.0 Chica-
go classification of esophageal motility and there were no differences 
between the 3 groups (P = 0.554). 

Discussion  

In our analysis using HRIM, there were differences of esopha-
geal motility in aged people. However, it was not a kind of funda-
mental change that did not provoke esophageal symptoms in the 
aged population. Actually, many studies have shown that esophageal 
motility deteriorates with age. Nishimura et al20 reported that esoph-

Table 1. Baseline Characteristics Depending on Age

Age (yr)
P-value

< 40 40-65 > 65

Subjects (n [%]) 32 (11.5) 185 (66.3) 62 (22.2)
Age (mean ± SD, yr) 30.4 ± 7.0 55.6 ± 6.3 73.0 ± 4.5
Gender (n [%])
    Male 22 (68.8) 87 (47.0) 36 (58.1) 0.042
    Female 10 (31.3) 98 (53.0) 26 (41.9)
Body weight (mean ± SD, kg) 62.5 ± 18.7 62.8 ± 10.1 62.7 ± 9.8 0.993
Height (mean ± SD, cm) 168.0 ± 11.7 163.0 ± 8.5 160 ± 10.6 0.029
BMI (mean ± SD, kg/m2) 21.6 ± 4.1 24.1 ± 4.9 24.4 ± 3.3 0.111
Main symptoms (n [%]) 0.677
    Globus 15 (46.8) 82 (44.3) 22 (35.4)
    Hoarseness 0 (0.0) 6 (3.2) 4 (6.4)
    Cough 2 (6.2) 11 (5.9) 1 (1.6)
    Voice change 0 (0.0) 8 (4.3) 5 (8.1)
    Heartburn 6 (18.8) 35 (18.9) 10 (16.1)
    Dysphagia 1 (3.1) 11 (5.9) 5 (8.1)
    Sore throat  3 (9.4) 21 (11.6)  7 (11.2)
    Dyspepsia 2 (6.3) 8 (4.3) 5 (8.1)
    Respiratory difficulty 1 2 0
Hiatal hernia (n [%]) 2 (6.9) 33 (18.1)  9 (15.3) 0.305
Premedication
    Opioid 0 (0.0) 4 (2.2) 2 (3.2) 0.593
    GI motor modulator 4 (12.5) 14 (7.6) 6 (9.7) 0.618

BMI, body mass index; GI, gastrointestinal.
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ageal transmission sequence of peristalsis and contractility of the 
esophageal body are reduced in aged people. Resting LES pressure 
had the tendency to decrease, but not statistically significant, and 
peristaltic contraction amplitude was lower than that of the group 

aged under 49 years compared to the group aged over 70 years on 
analysis using conventional esophageal manometry.20 Ferriolli et al21 
reported that impaired clearance of refluxed materials associated 
with defective esophageal peristalsis was found more frequently in 

Table 2. High-resolution Esophageal Impedance Manometric Findings Depending on Age

Age (yr)
P-value

< 40 40-65 > 65

Upper esophageal sphincter (UES)
    Location, distal (cm) 22.2 ± 1.2 22.1 ± 1.2 22.0 ± 1.5 0.745 
    Location, proximal (cm) 20.1 ± 1.3 20.1 ± 1.2 20.2 ± 1.5 0.734 
    Length (cm) 2.1 ± 0.3 2.1 ± 0.4 2.0 ± 0.4 0.348 
    UES pressure (mild respiration) (mmHg) 92.7 ± 46.0 92.5 ± 49.0 63.8 ± 32.2 < 0.001
Lower esophageal sphincter (LES)
    Location, distal (cm) 46.8 ± 2.9 45.8 ± 2.6 45.6 ± 2.9 0.171 
    Location, proximal (cm) 44.4 ± 3.0 43.5 ± 2.5 43.5 ± 3.1 0.235 
    Length (cm) 2.3 ± 0.4 2.4 ± 1.3 2.3 ± 0.4 0.799 
    LES pressure (mild respiration) (mmHg) 21.5 ± 12.2 20.4 ± 11.2 20.6 ± 11.3 0.898 
IEM (The 3.0 Chicago classification) 15 (46.9) 71 (38.4) 22 (35.5) 0.554
IRP (mmHg) 8.6 ± 4.4 10.9 ± 6.3 10.4 ± 5.2 0.140 
DCI (mmHg · sec · cm) 1023.1 ± 787.3 1460.2 ± 968.9 1248.8 ± 939.7 0.037 
CFV (cm/sec) 4.4 ± 1.3 4.0 ± 1.3 3.6 ± 1.1 0.015 
Onset velocity (cm/sec) 4.7 ± 2.0 4.1 ± 1.9 3.7 ± 1.5 0.040 
Pharyngeal peak pressure (mmHg) 175.5 ± 77.0 187.3 ± 102.6 185.0 ± 88.3 0.831 
DL (sec) 6.7 ± 1.1 6.3 ± 1.2 6.1 ± 1.2 0.157 

IEM, ineffective esophageal motility; IRP, integrated relaxation pressure; DCI, distal contractile integral; CFV, contractile front velocity; DL, distal latency.

Figure 2. Comparison of high-resolution esophageal impedance manometry depending on age. The basal upper esophageal sphincter (UES) pres-
sure in the age group above 65 years old (C) was lower than those of age below 40 years old (A) and 40-65 years old group (B). In addition, the 
aged group above 65 years old (C) showed lower distal contractile amplitude than the 40-65 years old group (B). LES, lower esophageal sphincter.
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aged subjects on analysis using conventional esophageal manometry. 
Our results on analysis using HRIM were consistent with those of 
earlier studies on analysis using conventional manometry, suggest-
ing that there are the disturbances of esophageal peristalsis in aged 
people.

The peristalsis of the esophagus is performed by coordinated 
contraction of its muscular lining led by stimuli from the nerve 
plexus situated in its muscularis proper.22-24 In the muscularis proper 
striated muscle and smooth muscle, the cells are regionally distrib-
uted. Proximal part of esophagus is built from the striated muscle 
cells only, but along the length of the esophagus smooth muscle 
cells are gradually replacing them.25 In our analysis, the contractile 
amplitude of the distal esophagus was lower in the aged group (P 
= 0.005) and the contractile duration of the distal esophagus was 
longer in the aged group (P = 0.001), which might be a compensa-
tion change. Actually these results support different effects of aging 
on proximal and distal esophageal motility. Probably, these results 
might be related with the differences of muscle types between the 
proximal and distal parts of the esophagus. The changes of esopha-
geal motility in the aged population are more frequently seen in the 
distal part of esophageal body.26 In addition, a study showed that 
lower esophageal sphincter (LES) relaxation was reduced and distal 
contractile integral was higher with liquid swallows in asymptomatic 
older individuals.27

The UES is a high pressure zone comprising of functional 
activity of the inferior pharyngeal constrictor, cricopharyngeus, 
and cranial cervical esophagus, together with cartilage and con-
nective tissue. The cricopharyngeus is the most important muscle, 
and neural connections that have been identified are the recurrent 
laryngeal nerve from below and a pharyngeal plexus from above. 
The role of the UES is to prevent entry of air into the digestive 
tract, to prevent the reflux of material from the esophagus into 
the pharynx when swallowing, and to allow the release of intra-
esophageal material when belching or vomiting.28-32 Effects of aging 
on UES contraction are not certain so far. There was a report that a 
significant inverse relation was found between age and resting UES 
pressure, and time from peak of pharyngeal contraction to UES 
nadir in 10 healthy elderly was significantly shorter than those of 10 
younger adults using conventional manometry.33 However, another 
report suggested no difference between a healthy elderly group and 
a healthy younger group in amplitude or area under the curve of 
proximal esophageal contractions in the study using conventional 
manometry.34 Wilson et al35 reported that healthy older subjects 
were found to have only marginally lower UES tonic pressures in 
the study using conventional manometry. However, all of these re-

ports used conventional manometry, which might be a cause of di-
verse results. The utility of conventional manometry for evaluating 
pharyngeal swallowing is limited, because of asymmetry and deglu-
titive movements of the oropharyngeal structures.36 In our analysis 
using HRIM, which has a strong point in evaluating pharyngeal 
swallowing, the basal UES pressure was lower in the aged group 
above 65 years old (P < 0.001). However, there was no significant 
difference among the 3 groups in UES coordination including time 
duration from pharyngeal contraction to UES relaxation and UES 
opening duration. Several studies showed that the function of UES 
could be related to air swallowing, belching, vomiting, and aspira-
tion pneumonia in aged people.37-39

Some controversy has existed concerning the effect of age on 
LES function. In addition, differences in research topics might exist 
between the East and the West in the field of neurogastroenterology 
and motility.40 In our analysis, there was no significant difference in 
LES pressure depending on age. This finding is comparable to a 
previous report which showed no difference in the LES pressure 
between the group of healthy subjects aged under 45 years old and 
those aged over 65 years old in a study using esophageal manom-
etry carried out with a 21-channel manometric assembly.41 In con-
trast, in a study using high-resolution manometry, 19 patients aged 
over 80 years old (85 ± 0.7 years old) with dysphagia had higher 
basal lower esophageal sphincter pressures than 19 younger patients 
(32 ± 1.7 years old) with dysphagia using high-resolution manom-
etry.26 In a study of 95 healthy subjects, both the distal esophageal 
contractile amplitude and duration significantly increased with 
age.42 In another study, basal LES pressures were lower in younger 
patients (17-46 years old) than older patients (80-93 years old).43 
Several studies showed that esophageal distensibilities are decreased 
and LES pressures are higher in aged subjects.5,44-46 However, basal 
LES pressures of the older group was not higher than that of the 
younger group which needs explanation regarding age definition or 
characteristics of the aged group. In the present study the definition 
of the aged group were subjects over 65 years old, which is lower 
than that of previously published papers. That is, the definition 
of the elderly group were subjects over 70 years old45,46 or over 80 
years old.26,43 Another difference is that the present study enrolled 
heterogeneous numbers in each group. The enrolled number in 
Group C (over 65 years old, n = 62) was less than Group B (40-65 
years old, n = 185). 

In the present study, there were inverse correlations with 
height and IRP values (r = –0.297, P = 0.001), body weight 
and IRP values (r = –0.241, P = 0.008), height and DCI values 
(r = –0.215, P = 0.021), and body weight and CFV values (r = 
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–0.198, P = 0.033). Also, there was linear correlation with height 
and DL values (r = 0.314, P = 0.005). There was no correlation 
with BMI and parameters of the Chicago classification of esopha-
geal motility. Recently published studies showed the correlation 
with esophageal motility and body weight, height, BMI. Study 
by Tanaka et al47 described that there was inverse correlation with 
BMI and DCI, total cholesterol and DCI, BMI, and IRP. Also 
body weight, height, BMI could be predictive factors of esophageal 
motility.47 

The limitation of the present study is that almost all subjects 
were symptomatic although there was no major esophageal motility 
disorder according to the 3.0 Chicago classification of esophageal 
motility. Initially we planned to perform this study in age matched 
normal subjects. However, we found it was impossible to find an 
adequate number of subjects. Thus we chose subjects who received 
HRIM with mild symptoms, suggestive of normal people. 

In spite of these limitations our results suggest that the decrease 
of UES pressure, distal esophageal motility, and peristaltic velocity 
might be related with esophageal symptoms in the aged population. 
These suggestions using HRIM may be specific values for gastro-
enterologists and for esophageal surgeons specializing in benign pa-
thologies like esophageal motor disorders and for medical personnel 
working in geriatric medicine.
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