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The prevalence of diabetes continues to increase worldwide, and the problem is also important in Korea, and about
14% of Korean adults have diabetes. Alcohol consumptions are increasing rapidly around the world and are recognized

as one of the major problems in the country. Alcohol consumption is an environmental factor previously known to be
associated with the risk of developing diabetes. Alcohol consumption can cause problems in the endocrine system and
gastrointestinal function, and oxidative stress of acetaldehyde, an ethanol metabolite, can damage beta cells in the pancreas.
In the present study, we found the effect of alcohol intake on fasting blood sugar and the difference between men and
women in the risk of diabetes according to alcohol intake. In men, the high-drinking group had a higher risk of diabetes
than the non-drinking group (OR, 1.41; P=0.058). In women, the Moderate-drinking group had a lower risk of diabetes
compared to the non-drinking group (OR, 0.42; P=0.039). The high-drinking group had a higher risk of diabetes than
the non-drinking group (OR, 2.97; P=0.034). The group that consumed more than the WHO's daily alcohol intake risk
standard tended to have a higher risk of diabetes than the group that did not (OR, 5.48; P=0.001). This study suggest
that moderate alcohol consumption reduce the risk of developing diabetes, and high alcohol consumption increase the

risk of developing diabetes.
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Ohlson et al., 1985; Yoon et al., 2023).
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et al., 2003; Rehm and Monteiro, 2005). 20181 =<1 3F
o7 dad AF Jdol 2394 g o14de] 579 gold
UHKim and Kim, 2021).

dAE AF e olXFEH B A
Azl g2 glolnt Yhalg
of# gets] YrEAA A, o]
AF et Gl AL o A
AFeE D A 9fF Afelell= T
o] 2}01% 9] th(Pietraszek et al., 2010).
ol G A Qded WA 2%
= R Fadk ges
(Mayer et al., 2009; Abel and Fehér, 2009). &=
Wi Al=]3 917 7]sol EAE TAAA
], ek At AHEQl opA|Ed st = 9] 4hs}
2z #J7de] HENES 4412 4 ATHCox et al,,
1996; Xu et al,, 2016). FxH o] ¥HEL AT L &
o] & AMEC] H|EFAIETE ¥ #& F o0& e
TH(Wadland and Ferenchick, 2004). 12|31l <52 3%
o] B2 w, I T Y STk ol AT
(Holbrook et al., 1990; Tsumura et al., 1999). 3}, =38k
g3 AAE 2= A S B oAles
Aoz defx] QlthLicber, 1984). TFE AF-SollA 2
das AHE S T A ek Bo] =
© 2 YESTHHoward et al., 2004; Koppes et al., 2005).
GE AF ] wE g A 9ES g,
Ap, FA Al wet sy Sokeks At
o|& X3 tK(Stampfer et al., 1988; Seike et al., 2008; Hodge et
al., 2006; Li et al., 2016).

9

2
A

o L
m{n o
o
)

2

¢

2

:fL

o
2 0
il

o 1o T xo
R &
M jo rr &£ 2 o\ lo -

o X & H
0T
o

i o g
o2

o

{

i
-

2 T oox fo g rlo K
tho
o

A

il
30, AN 0 I g

[>

Mol ok

o K

A

dFe AFH WL g3 AHFY e &5 HE

I F 7ke] BAIS el dh=olol] thdl whe AT

7F A9k od Aol thEk A= A9 Qv B A= 3

20 HUE gitow g3 A i 7he]

A Felstuxl st 43 JFo] T8 A 9

of mx|= Jg} dIE FFH o mE dn T
o] g zlo]E ZARSFaLA} gt
Az L g

A ozt

ARG Falah Bl gAY
(Korean Genome and Epidemiology Study; KoGES)> THd 2
#ol FAH, BAH 2902 H37] fa AVATES

717} F435E ZSE ARJo]tHPark et al., 2014). ¥ A

= EA AR Qb EE ARl Ml ATk
40~694] F112] 2001~2002\3 dlo|EIE ARE-EISILE S
A3E AFF AR rEhE 2808 AW A AR
7F rete 1,890782 ALl Tk TS 3,410, o442
37539 0% F 7,163% 2 A7 A el 23
= ATk

2tz £

AEIR 7]9ke] AEAE o]g3le] FoAREAl v
s 17e] 43S AFHE Ho] YRS AiEste] &
& AF gt ARE 3o, dA 57419
A At 30 St S5 Wik gk s S
2 S 3 43 AFFE T SE 11y
Aot N, 13]G &, 458 F5F8 AHE5t] AXEATh
‘Hotst AL

AT UI’dA=E2] Fasting blood sugar, aspartate amino-
transferase (AST), alanine aminotransferase (ALT), gamma-
glutamyl transferase (GGT), Triglycerides, Total cholesterol,
HDL (high density lipoprotein) cholesterol 5=*]%= ADVIA
1650 (Siemens, Tarrytown, NY, USA)= ©]-2-3 =7 gith

:

o

4 =4

FA 2132 IBM SPSS statistics 24.0 (Armonk, NY,
USA)S AREaISlaL At thidate] dybal 5ol gt
X 5 A5E AR RE 4S8 Faste] it (Mean)
3} EFHAK(Standard deviation; SD). =¥} AHS FAH
T2 st A3 AR S Aldsalth Gl B
Aol g A =E 3L sk daE AF
TS o]g3te] WIHAES vl5-FAL, low-drinking (<5 g/
day), moderate-drinking (5~30 g/day), high-drinking (=30 g/
day) 47119] 1F o2 oA a8l thLee et al, 2022).
Z12]31 world health organization (WHO) 35 &Z-& 4]
AF A9 712 7rel=Elel wEh P2 <60 g/day,
>60 g/dayZ o142 <40 giday, >40 g/day® 1FS Lo
Al F=8EFITHWHO, 2000). T2 35 Al "o
=126 mg/dLo| A, = A8 of=S 583 Zo
AL, ol el Wik Ao 9l Al o R Aok
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AT e HA 7,163 T T 341078(47.61%),
oA 3,75378(52.39%)% 3L AHL H S147TAZ A
50.8241, o1/ 52.064|%Ict. 4t AAF A= 24.60 kg
m’, H¢ HDL ZE A2 4.72 mgdLz 949 1+ 2 A
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Fig. 1. Amount of alcohol (g/day) of the study population.

o7k Atk 18]al Bt FE Al @2 8791 mgdL,
At F FY2EES 19260 mg/dL, Bt EZA
E1= 161.64 mg/dLolRl o, HAdo] 5 Edth 3,
AR SFALL) WES PAo] 7555%2 44 AA &5
2} HE 24.57%HT} =3k } g AHAYE @
Ho] 26.83 g/day= ]/ 9] o}~r -2 A% 5.84 gday
=9 tK(Table 1) (Fig. 1).

T%.wﬂ upe} HlEFAkel Ak HE S

, A1F Wzl wel Lo} H)awEk3l tTable 2, Table 3).
»LH_J o‘?‘ _}J\_Z]: _14'_2,_ oO]:z U1—7—Ig] q_o] ZJZ —/FOE
STAE Bokem, oA de] A A W, o]l v
g, A5, 5 som A gtk A 7
B a5 AF Wkss FAe] A dFYel 2~39
AFH R Algto) 3280%= 71 Watow, oo A4
gk ol 19 A F 8k Abe] 37.05%% 7 Wkt

obF dad ATl o5 Al @9 ol St
A71E A& SRIFITKB, 0.1; P<0.001). B3 Adek 2|4
o} T zEE, EYEFEAYEs 35 A 89S &
A F77)E S RATKBMI; B, 0.13; P<0.001),
(Total cholesterol; B, 0.17; P<0.001), (Triglycerides; 3, 0.16; P<

sholetgo

|
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Table 1. General characteristics of the study population

Subjects All Men Women
Variable 7,163 3,410 3,753
Mean £ SD Mean £ SD Mean £ SD
Age, year 51.47+8.78 50.82+8.57 52.06+8.93
Body mass index, kg/m’ 24.6013.08 2431%£2.87 24.86+3.24
GGT, IU/L 35.11+62.88 52.60+84.52 19.22+22.96
AST, IU/L 29.61£17.80 32.26+22.29 27.20%11.89
ALT, TU/L 28.21+27.12 33.75£35.12 23.17£15.17
Triglycerides, mg/dL 161.54+103.75 176.89£117.27 147.59187.43
Total cholesterol, mg/dL 192.60+36.17 193.62+36.23 191.67136.10
HDL-cholesterol, mg/dL 44.72+10.04 43.45+9.76 45.88110.15
Fasting blood sugar, mg/dL 879112241 90.99+24.60 85.08+19.76
Diabetes, % 8.60% 9.80% 7.51%
Drinking status, %
Non-drinking 46.82% 18.89% 72.21%
Ex-drinking 6.24% 9.56% 3.22%
Current-drinking 46.94% 71.55% 24.57%
Amount of alcohol, g/day 21.07£28.56 26.83130.85 5.84+11.67

AST aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; HDL, high density lipoprotein
"Diabetes was defined as fasting blood sugar > 126 mg/dL or medication or diagnosis
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Table 2. Frequency of consuming each type of alcoholic beverage (3,410 men)

Variables Makgeolli Beer Cheongju Wine Soju Strong spirits
N (%) N (%) N (%) N (%) N (%) N (%)
Men
Non-drinking 3,131 (91.82)  2,375(69.65) 3,300(96.77) 3,302 (96.83) 1,157(33.93) 3,086 (90.50)
Drinking 279(8.18)  1,035(3035)  110(3.23) 108(3.17) 2,253 (66.07)  324(9.50)
Frequency of alcohol consumption
Once a month 115(@121)  228(22.03) 54 (49.09) 54(50.00) 189 (8.39) 177 (54.63)
2~3 times a month 51 (18.28) 276 (26.66) 20 (18.18) 18 (16.67) 359 (15.93) 85(26.23)
Once a week 44 (15.77) 219 (21.16) 12 (10.91) 17 (15.74) 376 (16.69) 35 (10.80)
2~3 times a week 38 (13.62) 229 (22.13) 15 (13.64) 13 (12.04) 739 (32.80) 20 (6.17)
4~6 times a week 16 (5.74) 57(5.51) 4(3.64) 4 (3.70) 341 (15.14) 4(1.24)
More than 7 times a week 15 (5.38) 26 (2.51) 5(4.55) 2(1.85) 249 (11.05) 3(0.93)
Table 3. Frequency of consuming each type of alcoholic beverage (3,753 women)
Variables Makgeolli Beer Cheongju Wine Soju Strong spirits
N (%) N (%) N (%) N (%) N (%) N (%)
Women
Non-drinking 3,679 (98.03) 3,273(87.21) 3,718(99.07) 3,668 (97.74) 3,081 (82.09) 3,720 (99.12)
Drinking 74 (1.97) 480 (12.79) 35(0.93) 85(2.26) 672 (17.91) 33 (0.88)
Frequency of alcohol consumption
Once a month 53(71.62) 214 (44.58) 17 (48.57) 52(61.17)  249(37.05)  19(57.58)
2-3 times a month 7(9.46) 136 (28.33) 8(22.85) 13(1529) 205 (30.50) 8 (24.24)
Once a week 9(12.16) 68 (14.17) 4(11.43) 7(8.24) 87 (12.95) 2 (6.06)
2-3 times a week 3 (4.06) 48 (10.00) 4(11.43) 7(8.24) 95 (14.14) 2 (6.06)
4-6 times a week 1(1.35) 6(1.25) 1(2.86) 3(3.53) 24 (3.57) 1(3.03)
More than 7 times a week 1(1.35) 8(1.67) 1(2.86) 3(3.53) 12 (1.79) 1(3.03)
Table 4. Linear regression analysis between three phenotypes and fasting blood sugar
Phenotype Effect size (mg/dL) Standard error P-value
Body mass index, kg/m’ 0.13 0.09 <0.001"
GGT,IU/L 0.12 0.00 <0.001"
AST, UL 0.07 0.02 <0.001"
ALT, IU/L 0.12 0.01 <0.001"
Triglycerides, mg/dL 0.16 0.00 <0.001"
Total cholesterol, mg/dL 0.17 0.01 <0.001"
HDL-cholesterol, mg/dL -0.03 0.03 0.008"
Amount of alcohol, g/day 0.1 0.02 <0.001"

Estimated effect size () and P-values in the multiple linear regression model considered age and sex

“Significant of P<0.05
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Table 5. The risk of developing type 2 diabetes in relation to alcohol consumption

Variable N (%) OR' (95%CI) P-value

Men

Non-drinking 644 (20.88%) 1 (reference)

Low-drinking (<5 g/day) 485 (15.73%) 1.00 (0.66~1.52) 0.999

Moderate-drinking (5~30 g/day) 1,217 (39.46%) 0.96 (0.69~1.35) 0.832

High-drinking (>30 g/day) 738 (23.93%) 1.41 (0.99~2.02) 0.058

WHO guideline'"

<60 g/day 3,105 (91.06%) 1 (reference)

>60 g/day 305 (8.94%) 1.23 (0.84~1.80) 0.281
Women

Non-drinking 2,710 (74.61%) 1 (reference)

Low-drinking (<5 g/day) 671 (18.48%) 0.67 (0.45~0.99) 0.045"

Moderate-drinking (5~30 g/day) 220 (6.06%) 0.42 (0.18~0.96) 0.039

High-drinking (>30 g/day) 31 (0.85%) 2.97 (1.08~8.14) 0.034

WHO guideline

<40 g/day 3,731 (99.41%) 1 (reference)

>40 g/day 22 (0.59%) 548 (1.92~15.62) 0.001"

CI, confidence interval; OR, odds ratios
Adjusted for age and body mass index
Slgmﬁcant of P<0.05

Dlabetes was defined as fasting blood sugar > 126 mg/dL or medication or diagnosis

fTRisky amount of alcohol according to WHO guideline

0001) HDL ZeHE] 4 35 Al S 1A
S 7HA L QAATHB, -0.03; P=0.008) (Table 4).
‘a“éﬂr A& s s A3 Fel et Non-drinking,
Low-drinking, Moderate-drinking, High-drinking ~15 2.2 1}
ol F A el e deRA=YI AR S
Alegstglom, A# 3} BMIE EA1¥
T das AT AF 7ol wet 2F
=5 = A 9P wE v EAE3]E
218 Alsskelet. W] -9 High-drinking 152 Non-
drinking “L5ol H]3l] FxW HA YPo] w2 A B
% THadjusted OR, 1.41; 95% CI, 0.99~2.02; P=0.058). 14
9] 7%, Low-drinking 153} Moderate-drinking ~135-©]
Non-drinking 25l H|3l G A 3o FHashs
74%S ¥ tHadjusted OR, 0.67; 95% CI, 0.45~0.99; P=
0.045; adjusted OR, 0.42; 95% CI, 0.18~0.96; P=0.039). L&
3l High-drinking ~13-& Non-drinking ~255-°l H|a) G4
WAl 99 o] =8 73S W THadjusted OR, 2.97; 95%
CIL, 1.08~8.14; P=0.034). B=3F, WHO 3+ &3 HHH
A 7R o] AFHE 2Fo] 18A &2 1%

A2 31 THTable 5).

o G 2y 9)dlo] & S H Y UHadjusted OR,
5.48;95% CI, 1.92~15.62; P=0.001).
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(Beulens et al,, 2007). oJ2] dTrol|lA] L4318 3= A A
A, A BE, FA, A 5 ohE ADHT 25

e W= Aoz FAR1E I THHu et al., 2001; Mozaffarian
et al., 2009; Joosten et al., 2010). &I L= g3
=3l s AAlste] G SAHERE ofye}t A
oA 25 tirbel] G WA 4= TH(Van de Wiel,
2004). FE R g dAFelAE oA EYH S =7}
G} =] FAS oAlshs daE BIITHARAbed et

al,, 1999). 12]al &45-& HFH7F G Aol =

a5 A dad , 1EY Aol dEks vA
ATH= A7 BarE I THDavies et al,, 2002). 3, Q14
d EHel 35 A A SR s, F oftxdd
E5, HbAle F%=9e #eo] Sl Zo® HauEtt

(Bonnet et al., 2012; Joosten et al., 2011).

B Ao AE A AN H|SFART & 27 9
= A}aL(<5 g/day)o] Bt WAl 9ldo] Padts AL

g ANoH, Ae] =& H= AFH(5~30 g/day)
oﬂﬂ ME B3t Feks 3elsk 4= 9t} 3 At A
T A3 438 HF7F B2 HbAle F=9) Ed
al,, 2008). T=3k 3k Wof 3037k o]y &
=5 ﬁig} = %Z}ﬂ' H]T:‘ X]'E’—E]' HbAlc lg—E
7} B S th(Mackenzie et al., 2006). Z2S 48 g AF
gk & el Ae] e o] 45% THAFTk(Siler et al,
1998). Stockholm Public Health Cohort (SPHC)E Hl’do.=
o Fol7l F AT HE AP £ vz ARKUFU
35~12200] W gFARTE G WA 9Iglo] sk
#1295 BATHOR, 047; 95% CI, 0.29~0.79) (Agardh et
al., 2019). Atherosclerosis Risk In Communities (ARIC) 17
WG deleg 4T & Aol mew g

AFFo] dFdell 73 o]l P A dais AF
A7 G tE A 918 Sokek wee] UATHHR,
1.12; 95% CL 1.02~123). 283 Y33} oA 25 A5
A7 A} Hlﬂ&t‘f} A7 DFelM AT s AT
o] HarE it WA f3o] Haste AEdE BAl
THHe et al., 2019).
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Aol Bs w, 5 A o] STl As R
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