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1.	 Introduction

Chronic kidney disease (CKD) is associated with 
the abnormality of kidney function, marked by 
the decline of glomerular filtration rate (GFR) and 
albuminuria. The pathophysiology of CKD involves 
several mechanisms, including inflammation, toxin 
exposure, hyperfiltration, and hypertrophy of the 
nephrons. Some identifiable risk factors of CKD 
are hypertension, diabetes mellitus, autoimmune 
disease, advanced age, and genetic.1 Lifestyle factors, 

such as alcohol drinking and cigarette smoking habits, 
are also related to several chronic diseases. However, 
previous studies investigating the relationship 
between these lifestyle factors and CKD showing 
inconsistent results.2,3,4 In 2019, National Health 
Insurance recorded more than 1.7 million cases of 
CKD in Indonesia, which cost more than 2.3 trillion 
rupiahs. CKD became the fourth catastrophic disease 
after heart disease, cancer, and stroke.5

As a Muslim-majority country, alcohol 
consumption in Indonesia is relatively low. 
Nonetheless, some provinces have relatively higher 
alcohol consumption. The province with the highest 
rate of alcohol consumption is North Sulawesi (16%), 
followed by East Nusa Tenggara (15.6%) and Bali 
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(14%). However, East Nusa Tenggara has the largest 
proportion of heavy alcohol drinking, of 3.2%, while 
the proportion in North Sulawesi is 2.4%.6

Acetaldehyde, a by-product of ethanol 
metabolism, is responsible for the unpleasant 
symptoms after alcohol consumption, such as facial 
flushing, nausea, and tachycardia. Subsequently, 
acetaldehyde will be oxidized by the aldehyde 
dehydrogenase (ALDH) enzyme, mainly the class II 
isozyme (ALDH2), which is coded by the ALDH2 gene. 
Genetic polymorphism of ALDH2 is related to alcohol 
drinking behavior through the inactivity of the 
ALDH2 enzyme, which leads to toxic acetaldehyde 
accumulation. Hypothetically, the unpleasant 
sensations of acetaldehyde accumulation will 
prevent further alcohol consumption.7

The prevalence of genetic polymorphism 
depends on race or ethnicity. Genetic polymorphism 
of ALDH2 in the East Asian population has a 
larger proportion than in the European or African 
population, approximately 28-45%.8 Previous studies 
in different ethnicities in Indonesia showed that 
72.9% of subjects of Javanese and 35.9% of subjects 
of Papua ethnicity have at least one polymorphic 
ALDH2 allele.9,10 While Java is located in the western 
part of Indonesia and Papua in the eastern part of 
Indonesia, there are differences in genetic profile 
and culture. Despite being in the eastern part of 
Indonesia, East Nusa Tenggara is known as the 
melting pot, showing high cultural diversity and 
evidence of genetic admixture.11,12

This study aims to recognize the linkage of 
ALDH2 genotypes to kidney function among alcohol 
drinkers and cigarette smokers in East Nusa Tenggara. 
Considering the difference ALDH2 gene profile 
among the populations, the susceptibility to develop 
diseases may be different. By identifying the ALDH2 
gene profile of East Nusa Tenggara, specific advice 
related to lifestyle risk factors to kidney impairment 
can be delivered to the population.

2. Method

The study design was cross-sectional. Samples 
were selected by consecutive sampling techniques. 
Inclusion criteria of the subjects were people of East 
Nusa Tenggara ethnicity, aged 18-60 years old, not 

pregnant, and consented to be part of the study. 
The exclusion criteria were people with underlying 
kidney disease. Demographic and lifestyle data, 
including alcohol drinking and cigarette smoking 
habits, were obtained via a questionnaire. Five ml 
of venous blood were collected in two vacutainers 
containing EDTA for DNA analysis and gel separator 
for chemistry analysis. 

Data and samples were collected in October 
2019 in Kupang, East Nusa Tenggara. We arranged 
with heads of local neighborhoods and Bakunase 
Public Health Center (PHC) to invite the accessible 
population. It was located in the Bakunase subdistrict, 
which was approachable and had capacious PHC. 
Interviews were conducted to select the subjects that 
met all eligibility criteria and having informed about 
the study. Questionnaires and blood samples were 
taken after the subjects consented to participate.

DNA analysis was conducted with the 
polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) technique. DNA was 
extracted from leucocytes using Wizard® Genomic 
DNA Purification Kit (Promega; Madison, USA). ALDH2 
gene was amplified with the PCR method, using a 
forward primer of 5'-CAA ATT ACA GGG TCA AGG 
GCT-3' and a reverse primer of 5'-CCA CAC TCA CAG 
TTT TCT CTT-3'. The PCR products were subsequently 
digested by MboII restriction enzyme and visualized in 
FloroSafe® (First Base; Selangor, Malaysia) stained 3% 
agarose with a gel documentation system. The uncut 
ALDH2 gene was 135 bp long. MboII recognition sites 
were 5'...GAAGA(N)8*...3' in forward primer and 3'...
CTTCT(N)7*...5' in reverse primer, resulting in two 
bands of 125 bp and 10 bp. MboII cut the ALDH2*1 
allele, or wild-type allele, while the ALDH2*2 or 
polymorphic allele remained uncut.13

Creatinine and blood urea nitrogen (BUN) levels 
were measured with a chemistry analyzer from blood 
serum. Creatinine was examined using Creatinine 
FS reagent (DiaSys; Holzheim, Germany), then 
measured with photometry method. While BUN was 
examined using Urea FS reagent (DiaSys; Holzheim, 
Germany), then measured with colorimetry method. 
The reference values for creatinine were 0.7-1.2 
mg/dl for male and 0.5-0.9 mg/dl for female. The 
reference value for BUN was 20-35 mg/dl. Afterward, 
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estimated GFR (eGFR) was calculated from creatinine 
value using the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation.

Kidney function status was defined by elevated 
creatinine & BUN level and the decline of eGFR (<90 
ml/min/1.73m2). The association between kidney 
function status and alcohol drinking and cigarette 
smoking habits were analyzed using the chi-square 
test, then stratified based on genotype groups. The 
differences were defined as significant if the p-value 
was <0.05 (95% confidence interval).

This study has been approved by The Medical 
and Health Research Ethics Committee, Faculty of 
Medicine, Public Health, and Nursing, Universitas 
Gadjah Mada (letter-number KE/FK/0830/EC/2019).

3. Result

3.1 Subjects’ characteristics

Fifty-one subjects met inclusion and exclusion 
criteria, consists of 40 male and 11 female subjects. 
The mean age of the subjects was 26.33±1.33 years 
and the median age 22 years. There were 37 (72.5%) 
alcohol drinkers and 14 (27.5%) non-drinkers; 28 
(54,9%) cigarette smokers and 23 (45.1%) non-
smokers. Most of the drinkers and smokers were 
male. Only one female subject drinks alcohol, and 
none of them were cigarette smokers. Of 28 cigarette 
smokers, 27 of them were alcohol drinkers.

From DNA analysis, we found 27 (52.9%) 
subjects with ALDH2*1 or wild-type ALDH2 gene. 
Genetic polymorphism of ALDH2 was found in 24 

Table 1. Subjects' characteristics based on ALDH2 genotypes

Variables
ALDH2 Genotypes
1-1
n (%)

1-2
n (%)

2-2
n (%)

Total
n (%)

Male
Female

22 (43,1)
5 (9,8)

6 (11,8)
1 (2,0)

12 (23,5)
5 (9,8)

40 (78,4)
11 (21,6)

Drinkers
Non-drinkers

22 (43,1)
5 (9,8)

5 (9,8)
2 (3,9)

10 (19,6)
7 (13,7)

37 (72,5)
14 (27,5)

Smokers
Non-smokers

16 (31,4)
11 (21,6)

5 (9,8)
2 (3,9)

7 (13,7)
10 (19,6)

28 (54,9)
23 (45,1)

1-1: wild-type; 1-2: heterozygous atypical; 2-2: homozygous atypical

Table 2. Kidney function status associated with the alcohol drinking habit

Variables
eGFR

Total
n (%) p-value OR

(95% CI)<90
n (%)

≥90
n (%)

Drinkers
Non-drinkers

13 (25.5) 24 (47.1) 37 (72.5)
>0.05 0.542

(0.156-1.884)7 (13.7) 7 (13.7) 14 (27.5)
Total 20 (39.2) 31 (60.8) 51 (100)

Cr
Increased
n (%)

Normal
n (%)

Drinkers
Non-drinkers

9 (17.6) 28 (54.9) 37 (72.5)
>0.05 0.321

(0.089-1.167)7 (13.7) 7 (13.7) 14 (27.5)
Total 16 (31.4) 35 (68.6) 51 (100)

BUN
Increased
n (%)

Normal
n (%)

Drinkers
Non-drinkers

14 (27.5) 23 (45.1) 37 (72.5)
>0.05 0.812

(0.233-2.832)6 (11.8) 8 (15.7) 14 (27.5)
Total 20 (39.2) 31 (60.8) 51 (100)

eGFR: estimated glomerular filtration rate; Cr: creatinine; BUN: blood urea nitrogen; OR: odds ratio; 95% CI: 95% confidence interval
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(47.1%) subjects, comprised 7 (13.7%) heterozygous 
atypical (ALDH2*1/2*2) and 17 (33.3%) homozygous 
atypical (ALDH2*2). The distribution of sex, alcohol 
drinking, and cigarette smoking habits among these 
ALDH2 genotype groups was presented in Table 1.

3.2 Chi-square analysis of kidney function status

Chi-square tests for kidney function showed no 
differences in eGFR decline, nor creatinine (Cr) and 
BUN elevation between alcohol drinkers and non-

alcohol drinkers, with p-value of 0.355, 0.099, and 
0.758, respectively, as presented in Table 2.

The chi-square tests presented in Table 3 
indicated that eGFR decline and creatinine elevation 
were statistically different between cigarette 
smokers and non-smokers, with p-value of 0.042 
and 0.034, respectively. The odds for eGFR decline 
and creatinine elevation were lower in the cigarette 
smoker group. However, there was no difference in 
BUN elevation between smoker and non-smoker 
groups, with a p-value of 0.388.

Table 3. Kidney function status associated with the cigarette smoking habit

Variables
eGFR

Total
n (%) p-value OR

(95% CI)<90
n (%)

≥90
n (%)

Smokers
Non-smokers

7 (13.7) 21 (41.2) 28 (54.9)
<0.05 0.256

(0.078-0.841)13 (25.5) 10 (19.6) 23 (45.1)
Total 20 (39.2) 31 (60.8) 51 (100)

Cr
Increased
n (%)

Normal
n (%)

Smokers
Non-smokers

5 (9.8) 23 (45.1) 28 (54.9)
<0.05 0.237

(0.067-0.842)11 (21.6) 12 (23.5) 23 (45.1)
Total 16 (31.4) 35 (68.6) 51 (100)

BUN
Increased
n (%)

Normal
n (%)

Smokers
Non-smokers

9 (17.6) 19 (37.3) 28 (54.9)
>0.05 0.517

(0.165-1.615)11 (21.6) 12 (23.5) 23 (45.1)
Total 20 (39.2) 31 (60.8) 51 (100)

eGFR: estimated glomerular filtration rate; Cr: creatinine; BUN: blood urea nitrogen; OR: odds ratio; 95% CI: 95% confidence interval

Table 4. Stratification analysis of eGFR associated with cigarette smoking habit based on ALDH2 genotypes

Variables
eGFR

Total
n (%) p-value OR

(95% CI)<90
n (%)

≥90
n (%)

ALDH2*1
Smokers
Non-smokers

3 (11.1) 13 (48.1) 16 (59.3)
<0.05 0.132

(0.023-0.764)7 (25.9) 4 (14.8) 11 (40.7)
Total 10 (37.0) 17 (63.0) 27 (100)

ALDH2*1/2*2
Smokers
Non-smokers

1 (14.3) 4 (57.1) 5 (71.4)
>0.05 -0 (0.0) 2 (28.6) 2 (28.6)

Total 1 (14.3) 6 (85.7) 7 (100)

ALDH2*2
Smokers
Non-smokers

3 (17.6) 4 (23.5) 7 (41.2)
>0.05 0.500

(0.070-3.550)6 (35.3) 4 (23.5) 10 (58.8)
Total 9 (52.9) 8 (47.1) 17 (100)

Total
Smokers 7 (13.7) 21 (41.2) 28 (54.9)

<0.05 0.256
(0.078-0.841)Non-smokers 13 (25.5) 10 (19.6) 23 (45.1)

Total 20 (39.2) 31 (60.8) 51 (100)
eGFR: estimated glomerular filtration rate; Cr: creatinine; BUN: blood urea nitrogen; OR: odds ratio; 95% CI: 95% confidence interval
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3.3	 Stratification	 analysis	 based	 on	 ALDH2 
genotypes
Stratification analysis based on ALDH2 genotype 
groups was performed to determine whether 
genetic polymorphism being a modifier or a 
confounding factor to the kidney function status. 
The analysis was conducted on statistically 
significant variables. The association between 
cigarette smoking habit and eGFR decline can 
be seen in Table 4. Meanwhile, the association 
between cigarette smoking habit and creatinine 
elevation can be seen in Table 5. Stratification 
analysis revealed a significant association 
between variables that appeared only in the 
ALDH2*1 group, which was the wild-type ALDH2 
groups.

4. Discussion

The plausible explanation of alcohol consumption's 
effects on kidney function can be via oxidative stress. 
As one of the ethanol metabolism by-products is 
reactive oxygen species, cellular damage can occur 
in many organs. Diabetes mellitus and cardiovascular 
disease are well established as the major risk factors 
to CKD, while both diseases are also evidently induced 
by chronic and heavy alcohol consumption.14,15 
However, some observational studies indicated no 
association or inverse association between alcohol 
drinking and kidney function status. Some studies 

suggested that heavy alcohol drinking can be related 
to kidney function impairment.2,3,16,17 Our study 
showed no significant association between alcohol 
drinking habit and kidney function status. It must 
be considered that the subjects of our study were 
dominated by young aged. Besides kidney function 
decline may not have appeared, the duration of 
alcohol consumption was relatively short.

The inverse association between cigarette 
smoking and eGFR decline and creatinine elevation 
was inconsistent with studies that found no 
relationship between cigarette smoking and CKD.4,18 
Another study stated that smokers had a higher 
risk of developing CKD. This risk might be through 
the mechanism that smoking may cause insulin 
resistance and endothelial cell dysfunction, which 
lead to diabetes mellitus and cardiovascular disease.3

We conducted the stratification analysis based on 
the ALDH2 gene, then found that cigarette smoking is 
inversely associated with eGFR decline and creatinine 
elevation only in wild-type ALDH2 groups. Therefore, 
the ALDH2 genotype should be considered to the 
decreased risk of kidney function impairment. This 
finding was similar to a study in Japan that indicated 
the significant association between homozygous 
atypical ALDH2 and the decreased eGFR.19

Since the proportion of wild-type ALDH2 
genotype in East Nusa Tenggara was only 52.9%, 
the decreased risk of kidney function impairment 

Table 5. Stratification analysis of creatinine associated with cigarette smoking habit based on ALDH2 genotypes

Variables
Cr

Total
n (%) p-value OR

(95% CI)Increased
n (%)

Normal
n (%)

ALDH2*1
Smokers
Non-smokers

1 (3.7) 15 (55.6) 16 (59,3)
<0.05 0.056

(0.005-0.580)6 (22.2) 5 (18.5) 11 (40,7)
Total 7 (25.9) 20 (74.1) 27 (100)

ALDH2*1/2*2
Smokers
Non-smokers

1 (14.3) 4 (57.1) 5 (71,4)
>0.05 -0 (0.0) 2 (28.6) 2 (28,6)

Total 1 (14.3) 6 (85.7) 7 (100)

ALDH2*2
Smokers
Non-smokers

3 (17.6) 4 (23.5) 7 (41,2)
>0.05 0.750

(0.107-5.238)5 (29.4) 5 (29.4) 10 (58,8)
Total 8 (47.1) 9 (52.9) 17 (100)

Total
Smokers 5 (9.8) 23 (45.1) 28 (54,9)

<0.05 0.237
(0.067-0.842)Non-smokers 11 (21.6) 12 (23.5) 23 (45,1)

Total 16 (31.4) 35 (68.6) 51 (100)
eGFR: estimated glomerular filtration rate; Cr: creatinine; BUN: blood urea nitrogen; OR: odds ratio; 95% CI: 95% confidence interval
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could not be guaranteed in every individual. Besides, 
we should also consider other adverse effects of 
cigarette smoking on the body and other risk factors 
beyond the scope of this study. There should be 
other considerations related to the established risk 
factors of CKD.

Genetic polymorphism of ALDH2 may be 
protective against heavy alcohol drinking behavior 
due to the accumulation of toxic acetaldehyde. 
Nevertheless, studies suggest that the environmental 
factor has a bigger impact than the genetic factor 
in influencing alcohol drinking habits.20,21 If the 
individuals were carrying polymorphic ALDH2 allele 
drink alcohol, the risk of acetaldehyde accumulation 
increasing. It may lead to various chronic diseases.22

Alcohol consumption has been a part of the 
culture in East Nusa Tenggara. Alcoholic beverages 
always appear in traditional ceremonies. Alcohol is 
also a medium to mingle and socialize.23 Therefore, 
intervening in alcohol drinking habits in the East 
Nusa Tenggara population would not be easy. It 
should be regulated by the government or tribe 
leader to restrict underage drinkers, as well as to 
limit the amount and the ethanol content of alcoholic 
beverages consumed.

5. Conclusion

This study revealed no significant association between 
kidney function status and alcohol drinking habits. 
Cigarette smoking habits were inversely associated 
with eGFR decline and creatinine elevation in wild-
type ALDH2 groups.

Despite the findings in this study, cigarette 
smoking should not be encouraged because of its 
damage to other organs and systems. Moreover, the 
proportion of genetic polymorphism of ALDH2 in 
East Nusa Tenggara was relatively high. However, the 
benefits or harms of chronic alcohol consumption 
should be explored more due to the absence of 
a relationship between alcohol consumption and 
kidney function status. Further study might be 
needed, with broader characteristics of subjects in 
East Nusa Tenggara, especially age and sex.
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