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Correlation Analysis between Gastric Emptying Measurement
by Ultrasonography and Korean Medical Questionnaires
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ABSTRACT

Objective: This study was designed to investigate the correlation between gastric emptying measurement by ultrasonography
and the findings of various questionnaires of functional dyspepsia (FD) or in Korean medicine to explore the possibility of
quantification of questionnaires.

Methods: Eighty-eight patients (44 patients with FD and 44 healthy controls) were recruited from October 2016 to November
2017. Gastric emptying half-time (T1/2) was measured by ultrasonography at fasting, and at 0, 15, 30, 45, 60, 90, and 120 min
after meals (apple juice. 500 ml, 224 kcal). The average half-time (average T1/2) was calculated by averaging all measured
half-times. A visual analogue scale (VAS), food retention questionnaire (FRQ), damum questionnaire (DQ), cold and heat
questionnaire (CHQ), deficiency and excess questionnaire (DEQ). spleen-ai deficiency questionnaire (SQDQ), Nepean dyspepsia
index-Korean version (NDI-K), and quality of life of NDI (NDI-QoL) were filled out by all participants. Correlation between
the average T1/2 and questionnaires were analyzed for 79 patients (37 patients with FD and 42 healthy controls) after excluding
missing and erroneous data.

Results: The FRQ, DEQ. SQDQ, NDI-K, and NDI-QoL scores, especially for some gastrointestinal symptoms and general
weakness-related symptoms, showed statistically significant correlations with average T1/2.

Conclusions: Our results suggest that gastric emptying measurement by ultrasonography may be a quantitative substitute
method for some Korean medical questionnaires or for some dyspepsia-related and deficiency-related items among them. However,
further studies using various measurements of gastric emptying will be needed.

Key words: abdominal examination, gastric emptying, ultrasonography. functional dyspepsia, questionnaire
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1) 20-65 years

{Diagnostic Criteria for Functional Dyspepsia (Rome 1))
b. Early satiation: unable to finish regular sized meal, more than 1 day/wk
c. Epigastric pain: pain or burning in middle of abdomen at least 1 day/wk

) One or more of
* (Criteria must be fulfilled for the past three months, with symptom onset at least six months before diagnosis

ZST SIS SHT} SIOME ZHo| AR 2N
SefEeAA 9 ICHA A% WANZRNE  wHEo
GCP)°1 F3}o] A= KRB file no. 2016-05-002). Feisld o)
79 374 9 93 5 F¥e 49 £ A4
Table 1. Inclusion and Exclusion Criteria for FD
Inclusion criteria
2) Based on the definition of functional dyspepsia in Rome Il criteria, as a main symptom, dyspepsia occurs
6 months before and persistent, recurrent for 3 months or longer
a. Bothersome postprandial fullness: uncomfortably full after regular sized meal more than 1 day/wk

d. Epigastric burning

Exclusion criteria
1. At recent esophagogastroduodenoscopy and blood test, radiological examination etc., there is no evidence

of structural diseases (e.g. erosive esophagitis, peptic ulcer, dysplasia, mucosa-associated, lymphoid tissue

AND
2) No evidence of structural disease(including at upper endoscopy) that is likely to explain the symptoms

Patients complaining early satiation or bothersome postprandial fullness were included in this study as PDS

(post-prandial distress syndrome) subtype of functional dyspepsia

lymphoma, esophageal cancer, gastric cancer)

2. Distinct clinical symptoms of irritable bowel syndrome

3. Existence of alarm symptoms (e.g. weight loss, black or tar stool or dysphagia)
4. Severe structural diseases (e.g. heart, lung, liver or kidney disease) or psychiatric disorders

B. Surgery for gastrointestinal diseases
6. Pregnant of lactating women
Inclusion criteria for healthy controls

Basically, exclusion criteria is the same as for FD group, and those who meet the following additional criteria

Table 2. Inclusion Criteria for Healthy Controls
1. Visual analog scale (VAS, 0-100) of dyspepsia is 20 or less
2. Any symptoms or diseases related to the gastrointestinal tract do not exist
3. There is no disease in the liver, heart, lungs, kidney, etc and no diagnosis about non-specific diseases on

general examinations (e.g. blood test, radiological test, etc)
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Fig. 1. Subject’s position to obtain the cross-
sectional area of gastric antrum.

Fig. 2. Ultrasonographic image of cross-sectional
area of gastric antrum in sagittal view
(measured after ingestion apple juice).

A : antrum, L : liver, P : pancreas, Ao : aorta
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9) Nepean Dyspepsia Index-Korea version(NDI-K)

e 43y 24 A2z Talley S A
g Nepean A3}E-3F% A4 (Nepean dyspepsia
index. NDD& o] %&'7e] #ekst NDI-K(Nepean
Dyspepsia Index-Korean version)S AM&-3}9i+}
NDI-K&= 44 =9 49 A Hrt &3, 7k
2 oz FAH v S 2 190

ol}l
o
o
3
i
ol
bl
o
feu
ofN Mo
o,
bl

LS - OYE - DA - YT - P

3kt

10) 2353 A7 A H=(VAS)

AT RSl e AdEHY AEE &
Asl7] S8 Al4A AFF A = (Visual analog scale,
VAS)E AHEstiet. WA Aded S §57&
B FAel e A A 27 St o= AER
EHPEA N d&] 100 mme 7FEA $ldl 2A
AHdE To] ZAIBH 3lsiH 100 mme] 72 Al A
0 mm AAHL 23ty FA ¢ 22, 100 mm
AR Aol v Al o2 AASIH 0 mm
AN AL BAG AA7A Y A= E A
2 ZAse A4E Fepon, Aevt e

R L L e
)

A% W EEL
Az 7)Estdnh Qubd B4 w74 w4l
I ¥ = Mann-Whitney U testE ARg3te] £
A5 Z

qatod e, FDv3 A7t x+-e] 245 AEA A
= 9 3 24, 3] wiE W) vlxdde AHA
W& of¥o] wel Mann-Whitney U test =
Student t-testE AH§-3ted EAE At

9 wiEs e AEA e A wlae
7154 AasEsF WS AEAY A4S e Eetd
gt digo] o’ opw ‘o]l o]7] wjfe
F3H 2 Student t-test X Mann-Whitney
testE ARS8t At on, YA dEEL2 9]
& Al 718 A 244 &
p S 2% B 2d8AZoY 9 W)

5 ARE BMA 255 AARE A8 13t
A 28 F SAZk L7t e THE A 9l Eted

=

o &

|

=3

FD< 3774 (84.1%). A&+ 427 (95.5%) & 1998 <=
J

daoz BME APl A7 A8 A A
2] 2 M2 PASW Statistic 20(SPSS Inc., Chicago
M., USA) Z2I3& o]&3ter, p0.068 #¢

975



1. Baseline Characteristics
1) duid EA
% 8899 WA 5 FDTH Az %% 7
2 4ol FDZS) Aol ol 108, o
o] 347, AN EZE) Aot Aol 20, o

T

Apol 5 HolA| dgtoyt dAFE FAXCE £9
gt xfelE B (Table 3).

2) 7 A A3 v

VAS, AAH AE 4, 95 A¥ 4. 39 A
%.X—] 7 o= _7::2{ ‘]/\1 AR = 3=
4 2 AF 34 wEE A% 4 NDI-K

%4, NDI-QoL 4 EF F = Atolellx A4

Ko] 247 o] i), ° 7 fog fe]E HIh(Table 3).
F 2 Abolel AF, BMIE EAFow o3
Table 3. Baseline Characteristics
Baseline characteristics FD (n=44) Control (n=44) P
Male/female 10 (22.7%)/34 (77.3%) 20 (45.5%)/24 (54.5%)
Age (year) 37.18+11.33 30.41+8.89 0.001**
BMI (kg/cm?) 21.73£3.58 21.95+2.59 0.341
Body weight (kg) 58.30<11.07 61.67=10.09 0.086
VAS 66.00£12.14 6.57£6.10 <0.0005%*
FRQ score 8.48+2.60 2.02+1.93 <0.0005**
DQ score 10.80£2.85 5.37£3.03 <0.0005**
Cold score at CHQ 55.77+12.30 31.02+11.56 <0.0005**
Hot score at CHQ 48.05£13.86 33.64+12.90 <0.0005**
Deficiency score at DEQ 38.18+11.44 18.30+9.89 <0.0005%*
Excess score at DEQ 18.95%5.26 15.23£5.90 0.002%*
SQDQ score 53.68+13.17 23.73+12.59 <0.0005%**
NDI-K total score 70.18+26.06 10.07£9.88 <0.0005**
NDI-QoL total score 04.52+15.69 97.39+5.16 <0.0005**

N : number of Subjects, BMI : body mass index. PDS : post-prandial distress syndrome. VAS : visual analogue scale,
FRQ : food retention questionnaire, DQ : damum questionnaire, CHQ : cold and heat questionnaire, DEQ : deficiency
and excess questionnaire, SQDQ : spleen qi-deficiency questionnaire, NDI-K : nepean dyspepsia index-Korea version,

NDI-QoL : nepean dyspepsia index-quality of life

Data are presented by mean+SD. p-value is calculated by Mann-Whitney U test or student t-test. (* : p<0.05 and ** : p<0.01)

“7-! S Wit

9 (Gastric Volume, GV)

q] ‘_4 7t /\]ﬂgi zz%:a] 1,]
SAE vt A3 Al A 2 158§ 44
- Z3-o] FDFol vlgle] EAALZ 9
A ZA "]’E]"Xl'.‘lu%, A% 308, 458, 60, 90*1‘
9]

o?IL °b° 42
.LJ

Hgle] FA FA oY AR {93 3}
o] oA At (Table 4).

ol wel A& FA|9} 15%2] ¢ 44 W3}
G Z4 A ] LA FEAY $) 44 A
o], AGV) é AEE A AF FAY 9 44
Wl £ zhl SA-eR §o7 o)}
AR S -0, A5 152e] AP B



Moz fogt Aol7} A=A etk (p=0.056)
(Table 4).

(2) $1¥lZ& ¥b77] (Gastric emptying half-time,
Ti)

Sl & vzt7) & FD2o] 40.92+1851%, A
A 2ol 32.39£8.3880]90 2™, F & Alolol|A
EAR o2 Fost Ao]E HHAHp=0.013).

Table 4. Gastric Volume and Gastric Emptying Half-time

LS - OYE - DA - YT - P

Hl?‘sw SAHC=E %%Ml A »‘rE‘r&&gwh 15
B 45ReME AH o7 FDo] AN 2T
Hlslel 71 $uij & ubzbr)7h »FE}Wl SAA
2 Fo3 ajo]= Moz ttH(Table 4).

FD (n=37) Control (n=42) p
0m 289.85+90.98 345.19+88.64 0.008**
15 m 207.95+76.00 249.27+82.02 0.023*
30 m 167.09+67.72 182.49+60.43 0.289
Gastric volume 45 m 136.93+48.06 145.59+47.92 0.426
60 m 110.26+41.64 112.00+49.54 0.868
90 m 71.94+42.33 71.55+25.46 0.961
0 m (AGV) 258.68+86.28 305.85+89.56 0.020*
15 m (AGV) 176.78+68.80 209.92+81.30 0.056
15 m 29.49+46.30 20.68%68.07 0.499
30 m 49.30+50.91 31.32+13.98 0.044*
Ty 45 m 39.61+61.28 32.50+11.91 0.492
- 60 m 43.36+22.42 32.39+11.51 0.010*
90 m 40.39+16.81 34.22+8.41 0.048*
Average 40.92+18.51 32.39£8.38 0.013*

GV : gastric volume, Ty @ gastric emptying half-time, AGV :

variation of gastric volume

Data are presented by mean+SD. p-value is calculated by Mann-Whitney U test or student #-test. (* : p<0.05 and ** : p<0.01)

D AA RN 285 s AEg
o) Ay #4
(1 A4

g, A AR F 35 35 v8S AE 35
NDI-K & ul=(frequency), 7+ = (intensity), I =&
(suffering), 37 (total score) ZH= EAH o2 F-2J3t
oFo] Al A S ¥4l on NDI-QoL 3 interference,
eat & drink, total score = EAHOE Folst
=9 A#RAE B H(Table 5).
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Table 5. Correlation Analysis between Average
Gatric Emptying Half-time and Various
Questionnaires in All Subjects

Average T12 (n=79)

Questionnaire r p
VAS 0.220 0.052
FRQ score 0.296 0.008**
DQ score 0.201 0.075
Cold score at CHQ 0.182 0.108
Hot score at CHQ 0.126 0.267

Deficiency score at DEQ 0.229 0.043*

Excess score at DEQ 0.107 0.346

SQDQ score 0.307 0.006™*

Frequency 0.258 0.022*
Intensity 0.290 0.010**

NDI-K Suffering 0.275 0.014*
Total score 0.281 0.012*

Interference -0.231 0.041*

Knowl -0.212 0.061

NDI-QoL Eat & drink -0.306  0.006%*
Sleep -0.115 0.311

Total score -0.232 0.039*
VAS : visual analogue scale, FRQ : food retention
questionnaire, DQ : damum questionnaire, CHQ : cold
and heat questionnaire, DEQ: deficiency and excess
questionnaire, SQDQ: spleen qi-deficiency questionnaire,
NDI-K : nepean dyspepsia index-Korea version, NDI-QoL
. nepean dyspepsia index-quality of life
p-value is calculated by Spearman’s correlation test. (* :
p<0.05 and ** : p<0.01)
r . Spearman's correlation coefficient
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Table 6. Correlation Analysis between Average Gastric Emptying Half-time and NDI-K of All Subjects

Average T

Items Frequency Intensity Suffering
r p r p I P

Pain in upper abdomen 0.150 0.186 0.227 0.044* 0.234 0.038*
Discomfort in upper abdomen 0.235 0.037* 0.317 0.004** 0.272 0.015*
Burning in upper abdomen 0.224 0.047* 0.287 0.010* 0.223 0.048*
Heartburn 0.155 0.173 0.257 0.022* 0.224 0.047*
Cramps in upper abdomen -0.059 0.607 0.126 0.269 -0.004 0.972
Chest pain 0.64 0.576 0.172 0.128 0.183 0.107
Early satiety 0.177 0.118 0.248 0.027* 0.249 0.027*
Acid reflux 0.252 0.025* 0.275 0.014* 0.232 0.039*
Fullness after eating 0.226 0.045* 0.298 0.008** 0.298 0.008**
Pressure in upper abdomen 0.253 0.025* 0.208 0.066 0.313 0.005**
Bloating in upper abdomen 0.328 0.003** 0.266 0.018* 0.247 0.028*
Nausea 0.140 0.219 0.080 0.483 0.091 0.426
Belching 0.190 0.093 0.195 0.084 0.179 0.114
Vomiting 0.030 0.792 0.110 0.335 0.072 0.530
Bad breath 0.302 0.007** 0.304 0.006** 0.269 0.017*

p value is calculated by Spearman’s correlatlon test.
. Spearman’s correlation coefficient (*: p<0.05 and **:

p<0.01)
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Table 7. Correlation Analysis between Average
Gastric Emptying Half-time and Various
Questionnaires in PDS Subtype of FD

Average T1, (n=37)

Questionnaire p .
VAS -0.245 0.144
FRQ score 0.196 0.246
DQ score -0.049 0.772

Cold score at CHQ 0.113 0.505

Hot score at CHQ 0.083 0.627

Deficiency score at DEQ 0.163 0.337

Excess score at DEQ 0.138 0.416

SQDQ score 0.311 0.061

Frequency 0.047 0.782
Intensity 0.112 0.508

NDI-K Suffering 0.052 0.758
Total score 0.078 0.647

Interference 0.014 0.933

Knowl 0.088 0.604

NDI-QoL Eat & drink  -0.113 0.504
Sleep 0.117 0.489

Total score 0.034 0.842

VAS : visual analogue scale, FRQ : food retention
questionnaire, DQ: damum questionnaire, CHQ : cold
and heat questionnaire, DEQ : deficiency and excess
questionnaire, SQDQ : spleen qi-deficiency questionnaire,
NDI-K : nepean dyspepsia index-Korea version, NDI-QoL :
nepean dyspepsia index-quality of life

p-value is calculated by Spearman’s correlation test.

r . Spearman's correlation coefficient
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Table 8. Correlation Analysis between Average
Gastric Emptying Half-time and Various
Questionnaires in Control Group

Average Tio (n=42)

Questionnaire . .
VAS -0.001 0.993
FRQ score -0.135 0.393
DQ score -0.135 0.393
Cold score at CHQ -0.342 0.027*
Hot score at CHQ -0.212 0.177

Deficiency score at DEQ  -0.222 0.158

Excess score at DEQ -0.223 0.156

SQDQ score -0.178 0.258

Frequency -0.025 0.874
Intensity -0.035 0.824

NDI-K Suffering 0.050 0.753
Total score -0.012 0.938

Interference -0.002 0.990

Knowl -0.033 0.837

NDI-QoL. Eat & drink  -0.241 0.125
Sleep 0.016 0.921

Total score -0.098 0.536

VAS : visual analogue scale, FRQ : food retention
questionnaire, DQ : damum questionnaire, CHQ : cold
and heat questionnaire, DEQ : deficiency and excess
questionnaire, SQDQ : spleen gi-deficiency questionnaire,
NDI-K : nepean dyspepsia index-Korea version, NDI-QoL :
nepean dyspepsia index-quality of life

pvalue is calculated by Spearman’s correlation test. (* : p<0.05)
r . Spearman's correlation coefficient
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