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Background: This research investigated the association between facial flushing after drinking and alcohol-induced 
biomarker abnormalities.

Methods: This retrospective study included 374 male drinkers who visited the department of Family Medicine of 
Chungnam National University Hospital between January and December of 2010. The participants were classified 
into two groups: the flushing group (n = 107) and the non-flushing group (n = 267). The biomarkers assessed were % 
carbohydrate-deficient transferrin (CDT) and gamma glutamyl transferase (rGTP). The upper limits of %CDT and rGTP 
were set as 2.47 and 50, respectively. The receiver operating characteristic (ROC) curve was used to obtain the cut-off 
value for the amount of drinking that caused abnormal %CDT and rGTP levels in the two groups. The sensitivity and 
specificity of the cut-off drinking amount for %CDT and rGTP abnormalities were analyzed in each group.

Results: In the flushing group, the cut-off value for alcohol-induced %CDT abnormality was 3.38 drinks (1 drink: 14 g of 
alcohol) per week, with sensitivity of 77.8% and specificity of 70.4%. In the non-flushing group, the cut-off value was 
11.25 drinks per week, with sensitivity of 62.2% and specificity of 69.6%. The cut-off value for the amount of alcohol that 
induced rGTP abnormality was 3.38 drinks per week in the flushing group, with sensitivity of 68.0% and specificity of 
76.8%, whereas it was 8.75 drinks in the non-flushing group, with sensitivity of 71.1% and specificity of 66.7%. The area 
under the ROC of the drinking level was 0.726 in the flushing group and 0.684 in the non-flushing group for %CDT. For 
rGTP, the value was 0.738 in the flushing group and 0.718 in the non-flushing group.

Conclusion: The weekly drinking amount required to induce biomarker abnormalities was lower in the flushers than in the 
non-flushers.
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INTRODUCTION

Reactions to the same amount of alcohol may differ 

between individuals and among ethnic groups. One of the main 

symptoms of drinking is flushing, which is caused mainly by 

an accumulation of acetaldehyde. Genetic polymorphisms of 

alcohol dehydrogenase and aldehyde dehydrogenase (ALDH), 

the enzymes that metabolize alcohol, affect the process.1)

The expression of inactive ALDH2 isoenzyme, which is 
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also called the Asian variation, is associated with decreased 

acetaldehyde metabolism. The difference in acetaldehyde 

metabolism between the allele enzymes can cause variations in 

alcohol metabolism among individuals.2-4) As a result, patients 

with the inactive ALDH can experience flushing, palpitations, 

nausea, and vomiting after drinking alcohol due to the 

accumulation of acetaldehyde.5) In contrast to the 2.9% to 21.4% 

of Westerners who exhibit flushing after drinking, the proportion 

in Asians is much greater at 60% to 80%,6-8) due to the fact that 

many Asians have significantly low ALDH2 gene activity.9)

The biological markers related to excessive drinking help 

clinicians to treat patients who drink excessively by serving as 

diagnostic and feedback data for patients. Among the biological 

markers, the liver enzyme gamma glutamyl transferase (rGTP) 

and carbohydrate-deficient transferrin (CDT) have been 

commonly used in the clinical field due to their high sensitivity in 

identifying patients who drink excessively.10) rGTP is an alcohol 

marker that directly reflects the level of damage in the liver. CDT 

can be presented as a quantitative value or as %CDT, which is 

a comparable quantification to the total amount of transferrin. 

The quantitative value may be affected by pregnancy, anemia, or 

liver disease, whereas the sensitivity and specificity of %CDT is 

unaffected by these conditions. Therefore, %CDT is considered 

an excellent biological marker.11)

Considering the fact that rGTP and %CDT are effective 

biological markers, and given that many Asian people show 

flushing after drinking, it is relevant to investigate the relationship 

between the volume of alcohol consumed and these alcohol 

biomarkers with post-alcohol flushing, as individuals who 

show facial flushing may be more sensitive to alcohol. However, 

few studies have addressed this topic. The present study was 

conducted to investigate the differences between flushers and 

non-flushers in weekly level of alcohol consumption required to 

induce abnormal increases in rGTP and %CDT levels.

METHODS

1. Subjects
Participants were 374 adult male drinkers who visited 

the department of Family Medicine of Chungnam National 

University Hospital for health visits between January and 

December 2010. The subjects were limited to those who had 

negative hepatitis B surface antigen and anti-hepatitis C virus tests 

and had no abnormalities on radiographic studies, such as hepatic 

masses, biliary tract disease, or evidence of hepatic cirrhosis. The 

patients must not have been taking any medications during the 

previous month. The institutional review board of Chungnam 

National University Hospital approved this study (IRB number: 

2012-004-04).

2. Data Collection
Basic data, including history of alcohol intake and alcohol 

markers (rGTP and %CDT), were obtained from medical 

records. The level of CDT was measured through %CDT 

immunonephelometry using N Latex CDT Kit (Siemens, 

Marburg, Germany).12) The reference values of %CDT were 

recommended as 1.19 to 2.47 by a study that targeted 561 healthy 

adults in whom an elevated level of alcohol consumption had 

been excluded.13) The usefulness of %CDT among Korean males 

has already been studied.14) The level of rGTP was measured 

through TBA-200FR NEO (Toshiba, Tokyo, Japan), with the 

reference values of 0 to 50 U/L in males recommended by the 

department of laboratory medicine of Chungnam National 

University Hospital.

Age, weight, body mass index (BMI), and cigarette use were 

assessed. Patients were classified as smokers, past-smokers, and 

non-smokers. The alcohol consumption per week was calculated 

by drinks in a day and the number of drinking days per week. 

One drink was set as 14 g of alcohol, according to the guideline 

suggested by the National Institute on Alcohol Abuse and 

Alcoholism (NIAAA).15)

Subjects were asked to indicate the frequency with which 

they experienced facial flushing after drinking an alcoholic 

beverage (always, sometimes, or never). Subjects were divided 

into two groups based on their responses: those who checked 

‘always’ were classified as the flushing group, and those who 

checked ‘sometimes’ or ‘never’ were classified as the non-flushing 

group. This classification was based on research carried out by 

Higuchi et al.,16) which demonstrated that nearly all subjects 

(85.7%) who reported flushing after every drink had inactive 

ALDH2, whereas most of those (85.7% to 96.2%) who reported 

flushing sometimes or never had the active isozyme. These results 

suggest that facial flushing may be a good indicator to differentiate 
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between the active and inactive ALDH2 phenotype.

3. Statistical Analysis
The age, BMI, weight, number of drinking days per week, 

alcohol consumed per drinking day, and alcohol consumed 

in a week among the flushing and non-flushing groups were 

compared by independent t-tests. The smoking status of the two 

groups was compared using the chi-square test. The relationship 

between alcohol consumption per week and rGTP and %CDT 

was investigated in the two groups using the Pearson correlation 

coefficient. The cut-off value for alcohol consumption per week 

required to induce abnormalities in rGTP (> 50 U/L) and 

%CDT (> 2.47) was obtained by using the receiver operating 

characteristic (ROC) curve. The sensitivity, specificity, positive 

predictive value, and negative predictive value of the drinking 

level per week for predicting abnormal levels of %CDT and rGTP 

were investigated. The difference in area (difference between 

areas) between the two groups was assessed by comparing areas 

under independent ROC (AUROC) curves. Window SPSS 

ver. 13.0 (SPSS Inc., Chicago, IL, USA) and Windows MedCalc 

ver. 12.1.0.0 (MedCalc, Broekstraat, Belgium) were used for 

statistical analysis, with a value of P < 0.05 regarded as statistically 

significant.

RESULTS

1. General Characteristics of Research 

Participants
The mean ± SD age, BMI, and weight of the flushing group 

were 54.4 ± 10.5, 24.8 ± 2.7 kg/m2, and 70.0 ± 9.5 kg, respectively, 

and those of the non-flushing group were 52.5 ± 11.0, 25.3 ± 3.1 

kg/m2, and 72.3 ± 11.0 kg, respectively. There were no significant 

differences in age, BMI, and weight between the two groups. 

Regarding smoking status, the flushing group included 46 current 

smokers (43.0%), 36 past smokers (33.6%), and 25 non-smokers 

(23.4%). The non-flushing group included 100 current smokers 

(37.5%), 96 past smokers (36.0%), and 71 non-smokers (26.6%). 

There was no significant difference in cigarette use between the 

two groups. The drinking frequency (mean ± SD) per week was 

significantly (P < 0.001) higher in the non-flushing group (1.93 

± 1.58) than in the flushing group (1.03 ± 1.20 times), as were 

alcohol consumption per drinking day (mean ± SD) (4.42 ± 3.23 

vs. 3.07 ± 3.27 drinks) and number of drinks per week (10.68 ± 

12.16 vs. 5.43 ± 10.26 drinks, respectively) (Table 1).

2. The Correlation between Drinking Level per 

Week and Biological Markers (%CDT and rGTP)
In the flushing group, drinking level per week was significantly 

correlated with %CDT (P < 0.010, r = 0.608) and rGTP (P < 

0.010, r = 0.313) levels. These correlations were also significant in 

Table 1. General characteristics of subjects

Variable Flushing group (n = 107) Non-flushing group (n = 267) P-value*

Age (y) 54.4 ± 10.5 52.5 ± 11.0 0.131

Body mass index (kg/m2) 24.8 ± 2.7 25.3 ± 3.1 0.120

Body weight (kg) 70.0 ± 9.5 72.3 ± 11.0 0.055

Smoking 0.599

    Smoker 46 (43.0) 100 (37.5)

    Ex-smoker 36 (33.6) 96 (36.0)

    Non-smoker 25 (23.4) 71 (26.6)

Drinking frequency per week 1.0 ± 1.2 1.9 ± 1.6 <0.001

Drinks† per drinking day 3.1 ± 3.3 4.4 ± 3.2 <0.001

Drinks† per week 5.4 ± 10.3 10.7 ± 12.2 <0.001

Values are presented as mean ± SD or number (%).

*By independent-samples t-test or chi-square test. †One drink: ethanol 14 g.
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the non-flushing group (%CDT, P < 0.010, r = 0.274; rGTP, P < 

0.010, r = 0.340). Additionally, there was a significant correlation 

between %CDT and rGTP in both groups (P < 0.010, r = 0.213; 

P < 0.010, r = 0.226, respectively) (Table 2).

3. The Cut-off Values, Sensitivity, Specificity, 

Positive and Negative Predictive Values, 

and AUROC of Alcohol Consumption per 

Week Required to Induce Abnormal Level of 

Biological Markers
Based on the ROC curve, the appropriate cut-off value 

of drinking amount per week necessary to induce abnormal 

%CDT was 3.38 drinks in the flushing group and 11.25 drinks 

in the non-flushing group. After application of the cut-off value 

in the flushing group, the sensitivity, specificity, and positive 

and negative predictive values of drinking level per week to 

induce abnormal %CDT were 77.8%, 70.4%, 19.4%, and 97.2%, 

respectively. The values for the non-flushing group were 62.2%, 

69.6%, 24.7%, and 92.0%, respectively.

The appropriate cut-off value of alcohol consumption per 

week required to induce abnormal rGTP was 3.38 drinks in 

the flushing group and 8.75 drinks in the non-flushing group. 

After application of the cut-off value in the flushing group, the 

sensitivity, specificity, and the positive and negative predictive 

values of alcohol consumption required to induce abnormal 

rGTP were 68.0%, 76.8%, 47.2%, and 88.7%, respectively. The 

figures for the non-flushing group were 71.1%, 66.7%, 52.0%, and 

81.9% (Table 3).

Table 2. Correlation coefficients between drinking amount and 

biological markers

Drinks/wk %CDT

%CDT

    Flushers (n = 107) 0.608*

    Non-flushers (n = 267) 0.274*

rGTP

    Flushers (n = 107) 0.313* 0.213*

    Non-flushers (n = 267) 0.340* 0.226*

CDT: carbohydrate-deficient transferrin, rGTP: gamma glutamyl 

transferase.

*P < 0.01 by Pearson correlation. Ta
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The AUROC (95% confidence interval) for drinks per week 

necessary to induce abnormal %CDT was 0.726 (0.512–0.939) 

in the flushing group, and 0.684 (0.596–0.771) in the non-

flushing group. There was no statistically significant difference in 

the AUROC between the two groups (Figure 1). The AUROC 

of drinks per week necessary to induce abnormal rGTP was 0.738 

(0.610–0.867) in the flushing group and 0.718 (0.655–0.781) 

in the non-flushing. There was no significant difference in the 

AUROC between the two groups (Figure 2).

The level of rGTP has been known to be influenced not only 

by alcohol consumption but also other factors such as abdominal 

obesity, metabolic syndrome, etc. Therefore, we further 

analyzed the cut-off value of alcohol consumption inducing 

abnormal rGTP levels according to the presence of metabolic 

syndrome. Among the 374 subjects, 72 individuals met the 

National Cholesterol Education Program criteria17) for metabolic 

syndrome. The cut-off value of alcohol consumption was slightly 

higher in the subjects with metabolic syndrome (6.75 drinks) 

than the subjects without metabolic syndrome (5.5 drinks). The 

tendency of lower cut-off level of alcohol consumption in flushers 

was also observed in subjects without metabolic syndrome 

(2.75 drinks in flushers, 8.75 drinks in non-flushers) as well as in 

subjects with metabolic syndrome (4.0 drinks in flushers, 8.75 

drinks in non-flushers).

DISCUSSION

In the West, levels of moderate drinking and at-risk drinking 

have been suggested based on the results of numerous studies. 

However, such levels of drinking may not be appropriate when 

applied to Asians, who are physically smaller in size and more 

frequently have inactive ALDH2. Unfortunately, few studies have 

investigated a moderate level of drinking applicable to Korean 

people. In the current study, we attempted to investigate whether 

any differences exist in the alcohol consumption per week 

required to induce abnormalities in biological markers (%CDT 

and rGTP) in relation to the presence of alcohol-induced facial 

flushing.

To objectively evaluate excessive drinking, biological 

markers including liver enzyme levels have been used, but no 

ideal biological indicators that reflect excessive drinking exist.18) 

The traditional biological markers indicating excessive drinking 

are AST, ALT, rGTP, and %CDT, and the American Psychiatric 

Association19) recommends that %CDT and rGTP are the most 

pertinent biological indicators of drinking level. Hence, %CDT 

and rGTP were selected as the alcohol markers for the present 

study. In the results of our study, there was a difference in the 

cut-off value of amount of alcohol per week that induces alcohol 

marker abnormalities based on the presence or absence of the 

flushing response with alcohol intake. In non-flushers, the optimal 

cut-off level where the sum of sensitivity and specificity values 

is maximal was suggested as 11.25 drinks for %CDT and 8.75 

Figure 1. Receiver operating characteristic curves of weekly drinking 

amount required to induce % carbohydrate-deficient transferrin 

abnormality according to the flushing response.

Figure 2. Receiver operating characteristic curves of weekly drinking 

amount required to induce gamma glutamyl transferase abnormality 

according to the flushing response.
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drinks for rGTP in the present study. These findings differ from 

the level of > 14 drinks of alcohol per week identified as indicating 

heavy drinking by the NIAAA15) for Westerners. In interpreting 

the results of the current study, it should be considered that the 

average Korean body size (mean weight 69.7 kg, height 169.7 cm 

in adult men aged ≥ 30 years)20) is smaller than that of Westerners 

(mean weight 86.1 kg, height 175.8 cm in adult men aged ≥ 

20 years).21) This result implies the need for further studies to 

determine lower levels indicative of heavy drinking in Koreans. In 

clinical practice, based on the cut-off point where consumption 

results in abnormal %CDT or rGTP in our study, ≥ 8 drinks 

may be considered heavy drinking for the non-flushing group of 

Korean ethnicity.

In contrast, the optimal cut-off level for drinking that 

provokes either %CDT or rGTP abnormality in the flushing 

group was suggested as 3.38 drinks, which was much lower than 

the level for the non-flushing group. That is, a lower volume of 

alcohol caused an increase in the biological markers of alcohol 

in the flushing group, likely due to an increase in alcohol and 

acetaldehyde. It has been well known that the accumulation of 

alcohol and acetaldehyde increases the activity of sialidase and 

decreases glycosyltransferase,22,23) resulting in inhibition of the 

bond between carbohydrate and transferrin. Furthermore, it has 

been documented that liver damage caused by acetaldehyde is 

more significant in the flushing group than in the non-flushing 

group.24) Thus, the drinking level per week for rGTP must be 

lower in the flushing group than in the non-flushing group as 

well. Based on the results of our study, i.e., the cut-off point for 

inducing abnormality in %CDT or rGTP, ≥ 3 drinks is thought 

to be equivalent to heavy drinking in Korean males with alcohol-

induced flushing in clinical practice. The results of the current 

study showing that %CDT has a higher specificity and lower 

sensitivity compared to rGTP in both flushers and non-flushers 

correspond well to those of earlier studies.25-27)

In conclusion, the results of the current study showing that 

subjects with alcohol-induced facial flushing are more vulnerable 

to alcohol coincides with the results of previous research, which 

indicated that the amount of alcohol that causes insulin resistance 

and metabolic syndrome is significantly lower in the flushing 

group.28,29) Furthermore, the results of our study support earlier 

studies showing that esophageal cancer is more likely to occur in 

the flushing group.30,31) People who have an ALDH polymorphism 

associated with the flushing syndrome are commonly seen in 

Asia, including Korea. Many flushers are drinkers in spite of 

potential hazards from drinking. From a physician’s point of view, 

this is an important issue in Korea. It may be partly attributable to 

Korea’s drinking culture, which emphasizes the importance of a 

sense of belonging and kinship that comes from social drinking. 

Therefore, focusing more on education regarding the dangers of 

heavy drinking and considering individual variety including facial 

flushing is recommended in Korean clinical practice.

The limitations of this study should be addressed. First, 

this was a retrospective study. Second, this study included only 

male patients. Further research is required to analyze female 

drinkers. In addition, as shown in the results of our study, rGTP 

is thought to be less sensitive to alcohol consumption in subjects 

with metabolic syndrome. Further studies, including prospective 

designs, are needed to investigate the relationship between rGTP 

and alcohol consumption among individuals with metabolic 

syndrome. Despite these limitations, our research is still 

meaningful because it highlights the need for further study on the 

appropriate level of drinking for Koreans.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was 

reported.

REFERENCES

  1. Crabb DW. Ethanol oxidizing enzymes: roles in alcohol 

metabolism and alcoholic liver disease. Prog Liver Dis 1995; 

13:151-72.

  2. Ehrig T, Bosron WF, Li TK. Alcohol and aldehyde dehydrogenase. 

Alcohol Alcohol 1990;25:105-16.

  3. Yin SJ, Liao CS, Chen CM, Fan FT, Lee SC. Genetic polymor-

phism and activities of human lung alcohol and aldehyde 

dehydrogenases: implications for ethanol metabolism and 

cytotoxicity. Biochem Genet 1992;30:203-15.

  4. Harada S, Misawa S, Agarwal DP, Goedde HW. Liver alcohol 

dehydrogenase and aldehyde dehydrogenase in the Japanese: 

isozyme variation and its possible role in alcohol intoxication. 



 Seong Gu Kim, et al: Alcohol Consumption and Biomarkers According to Flushing Reaction

Vol. 34, No. 2 Mar 2013  |  129Korean J Fam Med

Am J Hum Genet 1980;32:8-15.

  5. Crabb DW, Matsumoto M, Chang D, You M. Overview of the 

role of alcohol dehydrogenase and aldehyde dehydrogenase 

and their variants in the genesis of alcohol-related pathology. 

Proc Nutr Soc 2004;63:49-63.

  6. Ewing JA, Rouse BA, Pellizzari ED. Alcohol sensitivity and 

ethnic background. Am J Psychiatry 1974;131:206-10.

  7. Wilson JR, McClearn GE, Johnson RC. Ethnic variation in 

use and effects of alcohol. Drug Alcohol Depend 1978;3:147-

51.

  8. Wolff PH. Ethnic differences in alcohol sensitivity. Science 

1972;175:449-50.

  9. Shibuya A, Yasunami M, Yoshida A. Genotype of alcohol 

dehydrogenase and aldehyde dehydrogenase loci in Japanese 

alcohol flushers and nonflushers. Hum Genet 1989;82:14-6.

10. Litten RZ, Allen JP, Fertig JB. Gamma-glutamyltranspeptidase 

and carbohydrate deficient transferrin: alternative measures 

of excessive alcohol consumption. Alcohol Clin Exp Res 

1995;19:1541-6.

11. Anton RF, Dominick C, Bigelow M, Westby C; CDTect 

Research Group. Comparison of Bio-Rad %CDT TIA and 

CDTect as laboratory markers of heavy alcohol use and their 

relationships with gamma-glutamyltransferase. Clin Chem 

2001;47:1769-75.

12. Siemens Healthcare Diagnostics Products GmbH. N latex 

CDT kit. Marburg: Siemens; 2009.

13. Delanghe JR, Helander A, Wielders JP, Pekelharing JM, 

Roth HJ, Schellenberg F, et al. Development and multicenter 

evaluation of the N latex CDT direct immunonephelometric 

assay for serum carbohydrate-deficient transferrin. Clin 

Chem 2007;53:1115-21.

14. Kim SM, Kim JS, Kim KM, Pack HJ, Lee DH, Kim SS, et 

al. Carbohydrate-deficient transferrin as a marker of heavy 

drinking in Korean males. J Korean Med Sci 2007;22:652-5.

15. National Institute on Alcohol Abuse and Alcoholism. Helping 

patients who drink too much: a clinician’s guide: updated 

2005 edition [Internet]. Bethesda: National Institutes of 

Health Publication; 2007. Appendix, what’s a standard drink? 

[cited 2012 Aug 12]. Available from: http://pubs.niaaa.nih.

gov/publications/Practitioner/CliniciansGuide2005/guide.

pdf.

16. Higuchi S, Muramatsu T, Shigemori K, Saito M, Kono 

H, Dufour MC, et al. The relationship between low Km 

aldehyde dehydrogenase phenotype and drinking behavior in 

Japanese. J Stud Alcohol 1992;53:170-5.

17. National Institutes of Health. Third report of the National 

Cholesterol Education Program (NCEP) expert panel on 

detection, evaluation, and treatment of high blood cholesterol 

in adults (Adult Treatment Panel III): final report [Internet]. 

Bethesda: National Institutes of Health; 2002 [cited 2012 Dec 

4]. Available from: http://www.nhlbi.nih.gov/guidelines/

cholesterol/atp3full.pdf.

18. Peterson K. Biomarkers for alcohol use and abuse: a 

summary. Alcohol Res Health 2004-2005;28:30-7.

19. American Psychiatric Association. Diagnostic and statistical 

manual of mental disorders: DSM-IV. 4th ed. Washington 

(DC): American Psychiatric Association; 2000.

20. Ministry of Health and Welfare; Korea Centers for Disease 

Control and Prevention. Korea Health Statistics 2010: 

Korea National Health and Nutrition Examination Survey 

(KNHANES V-1) [Internet]. Seoul: Ministry of Health 

and Welfare; 2011 [cited 2012 Aug 12]. Available from: 

http://www.bokjiro.go.kr/data/statusView.do?board_

sid=297&data_sid=5771475.

21. McDowell MA, Fryar CD, Ogden CL, Flegal KM. Anthropo-

metric reference data for children and adults: United States, 

2003-2006. National Health Statistics Reports, number 

10 [Internet]. Atlanta: Centers for Disease Control and 

Prevention; 2008 [cited 2012 Aug 12]. Available from: 

http://www.cdc.gov/nchs/data/nhsr/nhsr010.pdf.

22. Anton RF. Carbohydrate-deficient transferrin for detection 

and monitoring of sustained heavy drinking. What have we 

learned? Where do we go from here? Alcohol 2001;25:185-8.

23. Xin Y, Lasker JM, Lieber CS. Serum carbohydrate-deficient 

transferrin: mechanism of increase after chronic alcohol 

intake. Hepatology 1995;22:1462-8.

24. Enomoto N, Takase S, Takada N, Takada A. Alcoholic liver 

disease in heterozygotes of mutant and normal aldehyde 

dehydrogenase-2 genes. Hepatology 1991;13:1071-5.

25. Zierau F, Hardt F, Henriksen JH, Holm SS, Jorring S, Melsen 

T, et al. Validation of a self-administered modified CAGE 

test (CAGE-C) in a somatic hospital ward: comparison with 

biochemical markers. Scand J Clin Lab Invest 2005;65:615-

22.



Seong Gu Kim, et al: Alcohol Consumption and Biomarkers According to Flushing Reaction

130  |  Vol. 34, No. 2 Mar 2013 Korean J Fam Med

26. Yersin B, Nicolet JF, Dercrey H, Burnier M, van Melle G, 

Pecoud A. Screening for excessive alcohol drinking: com-

parative value of carbohydrate-deficient transferrin, gamma-

glutamyltransferase, and mean corpuscular volume. Arch 

Intern Med 1995;155:1907-11.

27. Allen JP, Sillanaukee P, Strid N, Litten RZ. Assessing alcohol 

problems: a guide for clinicians and researchers [Internet]. 

2nd ed. Bethesda: National Institute on Alcohol Abuse and 

Alcoholism; 2007. Screening: biomarkers of heavy drinking 

[cited 2012 Aug 12]. Available from: http://pubs.niaaa.nih.

gov/publications/AssessingAlcohol/allen.pdf.

28. Jung JG, Kim JS, Oh MK. The role of the flushing response 

in the relationship between alcohol consumption and insulin 

resistance. Alcohol Clin Exp Res 2010;34:1699-704.

29. Jung JG, Kim JS, Yoon SJ, Oh MK. Relationships among 

alcohol consumption, facial flushing response, and metabolic 

syndrome in healthy men. Ann Epidemiol 2012;22:480-6.

30. Ishiguro S, Sasazuki S, Inoue M, Kurahashi N, Iwasaki M, 

Tsugane S, et al. Effect of alcohol consumption, cigarette 

smoking and flushing response on esophageal cancer risk: a 

population-based cohort study (JPHC study). Cancer Lett 

2009;275:240-6.

31. Yokoyama T, Yokoyama A, Kato H, Tsujinaka T, Muto 

M, Omori T, et al. Alcohol flushing, alcohol and aldehyde 

dehydrogenase genotypes, and risk for esophageal squamous 

cell carcinoma in Japanese men. Cancer Epidemiol 

Biomarkers Prev 2003;12(11 Pt 1):1227-33.


