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Abstract

Objective

The eating habits of Jeju island natives (JNs) are quite different from those of
the mainland people due to geographic isolation. Diet is one of the main factors
affecting the gallstone disease (GD). We investigated the prevalence of GD in
both JNs and Jeju island migrants (JMs) and studied the risk factors affecting
GD among Jeju island people.
Methods

After the IRB approval was obtained by our institution, this study enrolled
a total of 20,763 subjects who underwent medical check-ups at the Health
Promotion Center of Jeju National University Hospital in Korea from January
2003 to December 2015. They were examined by the ultrasonography if they
had gallbladder stones or not. The body mass index, biochemical parameters,
including liver function test results, lipid profile, and fasting blood glucose
levels were checked, Age, birthplace (JNs vs. JMs), and sex variables were
collected based on their medical records. Univariate and multivariate analyses
were performed to identify the risk factors affecting GD.
Results

The prevalence of GD in the Jeju island people was 4.0%; Jeju island natives,
38% and migrants, 4.4% (P= 0.047). In the multivariate logistic regression analysis,
the independent risk factors were older age, JMs, higher fasting blood glucose,
alanine aminotransferase (ALT), and lower high density lipoprotein (HDL)-cholesterol.
Conclusions

The prevalence of GD was significantly lower in JNs than in JMs on the Jeju island.
Older age, JMs, higher fasting blood glucose and ALT, and lower HDL-cholesterol
contributed to the prevalence of GD among Jeju island people.
Key words: Dietary Carbohydrate; Alcohol Drinking; Risk Factors; Gallstones
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(Fig 1).

Fig. 1 Abdominal Sonography shows a large stone with posterior shadowings

(arrows) in gallbladder
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A3AR WA dolHE 3387 913 2ZE ol #AY dolgHo] A
#e] Al2=" ORACLE RDBMS 12c Release 1 (Oracle Corporation, State of
California, United States)<, 7199= AAMES 98 dlo]Huleo] 2~ g &2 Golden
32 version: 5.7 Build: 456 (Benthic Software, Massachusetts, United States)<

= =
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Asterd HAbdl = FE 39, AST (aspartate aminotransferase), ALT (alani
ne aminotransferase), ALP (alkaline phosphatase), y~-GTP (gamma-glutamyl tr
ansferase), T=d ~HE, TAAYW, HDL-Z# 2~ HE (high density lipoprotein-
cholesterol), LDL-Z#2~H & (low density lipoprotein-cholesterol) & °] 3%
Atk HAFY FHES AE, A, AFol wel ALEAN e A A9
= 50 Al ©]a}, 50-59 All, 60-69 All, 70 Al o]Fe] ¥l ZFow Rkttt AAE T
A1 4= (body mass index)i= #| % (kilogram)= A% (meter)e] AlF oz Y-ro]A Ak
=3F A, ofAlo} el ek A+ HF(Asian populations classification)el] wz} #
A% 185 kg/m® M v, AAAZF 185-229 kg/m® ©|3l, ¥HvhA|lF 23-24.9 kg/m®
o] &}, Bt 25 kg/m* °o]Ae] Ul aFow EHFIIeP

FTH d9d2 201569 "= T F 3 (American Diabetes Association)ol Al A
Al 7S Agstd didAES 100 mg/dL w®E, 100-125 mg/dL ©]s}, 126
mg/dL o]’de] Al 1Feg st

FZd 2" E2 200 mg/dL 7R, 200-239 mg/dL ©] &}, 240 mg/dL ©]’de] Al
dFo g 7ot HDL-ZF# 28 E <A 40 mg/dL "%, 40-59 mg/dL ©]3},
60 mg/dL ©]e] Al ZF o2 EF3T LDL-ZFd ~H =S 100 mg/dL v v
100-129 mg/dL ©°]3}, 130-159 mg/dL ©]3}, 160-189 mg/dL ©ls}, 190 mg/dL
oo Al aFeE FiFatAtt TAA W2 150 mg/dL W R, 150-199 mg/dL
o] 3}, 200-499 mg/dL °]3}, 500 mg/dL °o]/¢] ¥l IFo =2 RStk 2 A

= 20159% F=AA - FHAEEeE] Aol YA AL T A RAF

AST = w4 321U/ o4, oA 26IU/L o4 ALT & YA 341U/ o], oA
2IU/L oS AANRTE ZF71e oz BEFen® md ALP 9 y-GTP

-
1

130IU/L o3 71IU/L o]+ AZRY S7k3 Aew FE3sto] 47 F+ 1
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1. 42

L thdatel e, o4, dx=d fRE

20,7639 &) ZAF AR F FAALS 11,066H o2 AA AR 53%E xHA] 8
AL, AL 9697TH 2 47%E A EATE A= FHES AT T 2003

dol 31%% 7Fd wgkar, 201230+ 5.0% = 7FE =th (Fig 2). A 71709
Arw GAZFe] FH o= AT AAZE AAT (P = 0475).

4 »

Gallstone disease (%)
N

40 414141 393939 | 38 3. 94 2

3.1|“‘I“32 I“

2003 2008 2013
Years

Fig. 2 The annual prevalence of gallstone disease according to study years in

the Jeju island people who underwent medical check—ups

GASE R1HEAA AEom A FHES 40%91, °] T B 4519 (41%),
AL 3707 (38%) o= AW b foldt 2ol HolA| &gt (P = 0.178) (Table 1).



HOEEE 20-400 2.6%, 50t 3.7%, 60thel 70t o]/do] Zhzt
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Fig. 3 The prevalence of gallstone disease according to age groups in the

Jeju island people who underwent medical check—ups
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Table 1. Comparison of the prevalence of GD according to the presence or absence of

gallstones in Jeju island people who underwent medical check—ups

Subjects with GD Subjects without GD

Variables P-value
(n = 821) (n = 19,942)
Sex 0.178
Male 451 (4.1) 10,615 (95.9)
Female 370 (3.8) 9,327 (96.2)
Birthplace 0.047
Jeju island natives 617 (3.8) 15,494 (96.2)
Jeju island migrants 204 (4.4) 4,448 (95.6)
Age 59.2 + 13.0 545 + 135 <0.001
BMI (kg/m2) 253 + 3.7 245 £ 3.3 <0.001
Fasting blood glucose
102.7 = 29.3 976 £ 29.3 <0.001
(mg/dL)
Total cholesterol (mg/dL) 1939 + 36.7 196.3 + 37.2 0.069
LDL-cholesterol (mg/dL) 1187 + 334 1187 + 33.7 0.998
HDL-cholesterol (mg/dL) 522 + 13.3 545 + 136 <0.001
Triglyceride (mg/dL) 1182 + 75.7 1174 + 85.0 0.795
AST (IU/L) 34.1 + 63.7 279 + 294 <0.001
ALT (IU/L) 380 £ 595 30.6 £ 40.7 <0.001
¥y-GTP (IU/L) 55.7 £+ 80.4 444 £ 67.0 <0.001
ALP (IU/L) 151.6 = 70.0 1425 + 58.6 0.002

_Abbreviationsi GD; gallstone disease, BMI; body mass index, LDL; lower density lipoprotein, HDL; high
density lipoprotein, AST; aspartate aminotransferase, ALT; alanine aminotransferase, y-GTP;

gamma-glutamyl transferase, ALP; alkaline phosphatase
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Fotol dE BAE A

3t (Table 2). 948 FHES Fard 20-40t)7F 2.6%, 50th7F 3.7%,
60t olde] 56%= Yo7t Be&FE FHERE FYsA FTrEtAT (P <
= 3.8%, o]FWlo] 44%Z Kol o]F

Wol Yt 9T fFHEe ¥ A (P = 0041)S B, A FAF
(P <000 38 I3 (P < 000)H= BAAcZ Fost Axdidel it
A AT S s HDL-FH 2HEo] YS-5E HAT FHE] %o
U FZd2HE, LDL-Zd 28 E, 449 fode ddstd Xk
AST+= @A 32IU/L o, o34 26IU/L o (P < 0.00D)°lA, ALT+= w4
34IU/L o], o4 24IU/L °]4 (P < 0.001), y-GTP (P = 0.026)= A wt}

Z7he agol A B FolaA Etord ALPE fe4e] 9tk
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Table 2. Univariate analysis of the risk factors affecting gallstone disease in Jeju

island people who underwent medical check—ups

Number

Number of

Factors of gallstone Od('is 95% CI P . P 1
subjects  disease (%) ratio value® value
Age <0.001  <0.001
20-49 7,303 206 (2.6) 1.000
50-59 5,245 204 (3.7) 1.473 <0.001
60-69 3,813 228 (5.6) 2.265 <0.001
>70 3,081 183 (5.6) 2.250 <0.001
Sex 0.338 0.178
Male 11,066 451 (4.1) 1.000
Female 9,697 370 (3.8) 0.842 0.711-1.074
Birthplace 0.048 0.047
Jeju island natives 16,111 617 (3.8) 1.000
Jeju island migrants 4,652 204 (4.4) 1.152  0.980-1.354
BMI (kg/m?) <0.001  <0.001
<185 393 10 (25) 1.000
185-22.9 5,293 163 (3.1) 1217  0.637-2.324  0.552
23-249 4,317 168 (3.9) 1551  0.812-2.960  0.183
>25 10,308 468 (4.5) 1.822  0966-3.436  0.064
Fasting blood glucose
<0.001  <0.001
(mg/dL)
<100 14,645 508 (3.5) 1.000
100-125 4,459 208 (4.7) 1.362 1.155-1.606 <0.001
>126 1,659 105 (6.3) 1.880 1.514-2.335 <0.001
Total cholesterol (mg/dL) 0.325 0.171
<200 11,407 472 (4.1) 1.000
200-239 6,586 246 (3.7) 0.889 0.768-1.052
>240 2,770 103 (3.7) 0.89%5  0.720-1.112
LDL-cholesterol (mg/dL) 0.912 0.849
<100 5679 218 (3.8) 1.000
100-129 7,016 287 (4.1) 1.068  0.893-1.279  0.470
130-159 4,654 178 (3.8) 09% 0.814-1.219 0971
160-189 1,600 67 (4.2) 1.095  0.828-1.448  0.525
>190 1,356 53 (3.9) 1.019 0.750-1.384  0.904
HDL-cholesterol (mg/dL) <0.001  <0.001

_14_



<40 2,843 154 (5.4) 1.000 0.001

40-60 10,676 426 (4.0) 0.726  0.601-0.877 <0.001
>60 7,236 241 (3.3) 0.602  0.489-0.740 <0.001
Triglyceride (mg/dL) 0.990 0.753
<150 15,423 606 (3.9) 1.000
150-199 2,234 90 (4.0) 1.026  0.819-1.287  0.821
200-499 2,187 88 (4.0) 1.025  0.816-1.288  0.832
>500 911 37 (4.0) 1.035  0.738-1.453  0.842
AST (IU/L) <0.001  <0.001
<32 for men or
17,127 638 (3.7) 1.000
<26 for women
>32 for men or
3,628 183 (5.0) 1.373  1.160-1.625

>26 for women
ALT (IU/L) <0.001  <0.001

<34 for men or

12,264 420 (3.4) 1.000
<24 for women
>34 for men or
8,491 401 (4.7) 1.398  1.216-1.607
>24 for women
y-GTP (IU/L) 0.047 0.026
<71 17,080 654 (3.8) 1.000
>71 3,683 167 (4.5) 1.193  1.003-1.419
ALP (IU/L) 0.146 0.079
<130 4,809 173 (3.6) 1.000
>130 15,946 648 (4.1) 1135 0.957-1.347
Medication for dyslipidemia 0.210 0.253
Yes 201 12 (6.0) 0.764 0.501-1.164
No 20,562 809 (3.9) 1.000
Medication for diabetes 0.144 0.253
Yes 748 23 (3.1) 1.550  0.861-2.790
No 19,217 798 (4.0) 1.000

“This value was obtained by the binary regression test.

"This value was obtained by the chi square test.

Abbreviations: BMI; body mass index, LDL; lower density lipoprotein, HDL; high density lipoprotein, AST;
aspartate aminotransferase, ALT; alanine aminotransferase, y-GTP; gamma-glutamyl transferase, ALP;

alkaline phosphatase
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S BACA gAY GudAEelda AAE A, FAA, ADEAS,
A

o

5 449, HDL-Zd ~H &, AST, ALT, y-GTP &9 W=
BHE Abgshel thaF 24S ANASAT (Table 3). A B Fel A B4

T8 49, HDL-=@2H &

228 3

L

, ALT,
Z2AGoltt. HAF fFHES ARl S/ wep FAAH R FUteA

T} (¢ =H][odds ratiol, 50tHel 1.426; 9 =], 60thell 2.191; © 2=H], 704 ©]XFel
Al 2188, ZH7ell A P < 0.001). & e Aoz Fdmuo] oAEE 126
mg/dL ©]7Ql Aol A F7FeF A Th (2.24], 1.405; P =0.003). HDL-Z & 2~ H|
Z FA7F 40-60 mg/dL (L=H], 1.502; P < 0.001), ALTolA @42 34IU/L
o]k, o] A2 24IU/L ol (£=H], 1294 P < 0.00D)3 FAAZE o]Fw (&
ZH], 1.248; P = 0.008)°] HHA <l A A= A ¥ AT

Table 3. Multivariate analysis of risk factors of gallstone disease in the Jejulsland

people who underwent medical check-ups

Factors Odds ratio 95% CI P-value®

Age <0.001

20-49 1

50-59 1.426 1.167-1.741 0.001

60-69 2.191 1.798-2.670 <0.001

=70 2.188 1.769-2.706 <0.001
Fasting blood glucose (mg/dL) 0.010

<100 1

100-125 1.130 0.953-1.340 0.160

>126 1.405 1.122-1.759 0.003
HDL-cholesterol (mg/dL) 0.001

<40 1

40-60 1.502 1.215-1.837 <0.001

>60 1.171 0.995-1.376 0.058
ALT (IU/L) <0.001

<34 for men or

<24 for women
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>34 for men or

1.294 1.097-1.465
>24 for women
Birthplace 0.008
Jeju island natives 1
Jeju island migrants 1.248 1.059-1.471
Sex 0.223
Male 1
Female 0.908 0.776-1.062
BMI (kg/m2) 0.096
<185 1
185-22.9 1.127 0.588-2.158 0.121
23.0-24.9 1.269 0.661-2.436 0.174
>25 1.428 0.751-2.714 0.074
ALP (IU/L) 0.500
<130 1
>130 1.066 0.838-1.233
AST (IU/L) 0.291
<32 for men or
<26 for women !
>32 for men or
1.110 0.908-1.357
>26 for women
¥y-GTP 0.993
<71 1
>T71 1.017 0.838-1.233
Medication for diabetes 0.795
Yes 1.104 0.605-2.014
No 1
Medication for dyslipidemia 0.211
Yes 0.764 0.500-1.167
No 1

“This value was analyzed by binary logistic regression.
Abbreviations: HDL; high density lipoprotein, ALT; alanine aminotransferase, BMI; body mass index, ALP;

alkaline phosphatase, AST; aspartate aminotransferase, y-GTP; gamma-glutamyl transferase
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5. AFE AFH} ol FRe] gH We

olF Wzt Ao Aol Y] fd A AES LEe A webA
o ® uro]l 4188t (Table 4). A2 vo]7t o] FRIHTE F A 4

o® FotA Bk ARFGEAF, 5 49, FEULHE, LDL-Zd2HE,

AST, ALT, y-GTP, ALP FA&5< 45| o|FHlHt} ou] A =gt T

MEAE SAAY FAE 5Nl ofFRInt ou IA skt (P < 0.001).

Table 4. Comparison between Jeju island natives and Jeju island migrants according

to their birthplace in the Jeju island people who underwent medical check-ups

Variable Natives (n = 16,111) Migrants (n = 4,652) P-value
Sex (%) 0.827
Male 8,587 (53.3) 2,479 (53.3)
Female 7,524 (46.7) 2,173 (46.7)
Gallstone disease 0.047
Yes 617 (3.8) 204 (4.4)
No 15,494 (96.2) 4,448 (95.6)
Age 554 + 13.7 522 + 12.2 <0.001
BMI (kg/m2) 246 + 3.3 240 £ 34 <0.001
Fasting blood glucose (mg/dL) 981 = 25.1 96.8 + 23.2 0.002
Total cholesterol (mg/dL) 196.7 + 37.3 1944 + 36.7 <0.001
LDL-cholesterol (mg/dL) 1196 + 33.8 1157 + 33.0 <0.001
HDL-cholesterol (mg/dL) 544 + 136 54.7 + 137 0.222
Triglyceride (mg/dL) 116.3 + 83.2 121.3 + 89.3 <0.001
AST (IU/L) 287 + 324 265 + 215 <0.001
ALT (IU/L) 314 + 437 29.0 £ 33.3 0.001
¥y-GTP (IU/L) 457 £ 69.0 421 + 625 0.002
ALP (IU/L) 144.1 + 59.9 137.3 £ 55.3 <0.001

Abbreviations: BMI;, body mass index, LDL; lower density lipoprotein, HDL; high density lipoprotein, AST;

aspartate aminotransferase, ALT;

alkaline phosphatase

_18_
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6. 60-694] 13 AFIE UFWI o] FRel QA W Ha

60-69419 TIHAE EAA Wt F agow ARskste] o of AYryelA

gAaFe gl @A FEANE LA RATE (Table 5). 60N HE 2%

gle] tpol 7k o Fxlel wla) frolail etth AABA S, LDL-ZelAHE A
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Table 5. Comparison between Jeju island natives and Jeju island migrants according
to their birthplace among individuals from the Jeju island people in their 60s who

underwent medical check-ups

Variables Natives (n = 3,119) Migrants (n = 922) P-value
Sex (%) 0.072
Male 1,611 (51.7) 455 (48.3)
Female 1,508 (48.3) 477 (51.7)
Gallstone disease 0.028
Yes 162 (5.2) 66 (7.2)
No 2,957 (94.8) 856 (92.8)
Age 644 + 3.0 63.8 + 2.9 <0.001
BMI (kg/m2) 25.0 £ 3.0 247 + 3.0 0.023
Fasting blood glucose (mg/dL) 103.0 + 27.7 103.3 + 26.7 0.829
Total cholesterol (mg/dL) 2025 + 37.3 200.7 £+ 37.9 0.202
LDL-cholesterol (mg/dL) 1249 + 34.0 121.2 + 34.8 0.005
HDL -cholesterol (mg/dL) 545 + 13.6 549 + 14.0 0.375
Triglyceride (mg/dL) 117.1 = 72.8 1240 + 824 0.017
AST (IU/L) 30.7 £ 36.7 287 + 22.2 0.118
ALT (IU/L) 316 £ 41.1 29.7 £ 326 0.181
¥-GTP (IU/L) 46.0 £ 72.2 45.3 £ 70.2 0.803
ALP (IU/L) 1487 + 56.9 1469 + 52.1 0.526

Abbreviations: BMI;, body mass index, LDL; lower density lipoprotein, HDL; high density lipoprotein, AST;

aspartate aminotransferase, ALT;

alkaline phosphatase
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