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Abstract
Background: Chronic kidney disease (CKD) is a major global public health burden, but there is limited
understanding of the relationship of alcohol consumption with CKD.
Methods: In this cross-sectional multivariable study, all participants of a health check-up program in Ditmanson
Medical Foundation Chia-Yi Christian Hospital in Taiwan from 2003 to 2009 (15 353 women and 11 900 men) were
included for analysis. Estimated glomerular filtration rate was used to define CKD stage and history of alcohol
consumption was obtained by self-reporting. Multivariable logistic regression analyses of gender-specific
association of alcohol drinking with stage 3 CKD were conducted. A trend tests was conducted to check the
dose–response relationship of alcohol consumption with renal disease. A sensitivity test was conducted to rule
out the likelihood of reverse causality.
Results: The prevalence of stage 3 CKD was lower in drinkers than non-drinkers (p < 0.001) and the percentage of
drinkers with stage 3 CKD was less than that of non-drinkers. Multivariable analysis indicated that alcohol
consumption was negatively associated with the presence of stage 3 CKD in men (adjusted odds ratio [aOR] for
occasional drinking: 0.68, 95% CI: 0.59 ~ 0.78, p < 0.001; aOR for frequent drinking: 0.47, 95% CI: 0.35 ~ 0.63,
p < 0.001). Advanced age, hypertension, anemia, BMI of at least 24, hyperuricemia, and proteinuria were also
associated with stage 3 CKD in men. Trend tests indicated lower odds of having stage 3 CKD with increased
alcohol consumption in both genders. Subgroup analyses and sensitivity tests also indicated the reverse
association between alcohol consumption and stage 3 CKD in men regardless of age, diabetes status, and other
risky behaviors.
Conclusions: Alcohol consumption was inversely associated with stage 3 CKD in Taiwanese men. However,
considering the potential of other health damage with alcohol consumption, the current results should be
interpreted cautiously.
Keywords: Alcohol consumption, Chronic kidney disease, Gender, Proteinuria, Taiwan

Background
Chronic kidney disease (CKD) and end-stage renal disease
(ESRD) are among the most significant non-communicable
diseases [1-3]. Taiwan has the highest prevalence of ESRD
world-wide [4], bringing a significant disease burden in the
society. Early detection of factors that increase or decrease
the risk of CKD may help to reduce this disease burden.
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Many recent studies have focused on patients with stage
3 CKD because such patients have increased risk of renal
failure and cardiovascular events [5-7]. A longitudinal
follow-up study indicated that death was more common
than initiation of dialysis in patients diagnosed with stage
2 to 4 CKD [8]. In addition, modest reductions in the renal
function of patients with stage 3 CKD are associated with
reduced survival [9]. Among Taiwanese patients with stage
3 to 5 CKD (6.9% of the Taiwanese adult population), 6.5%
of patients had stage 3 disease and 0.4% of patients had
stage 4 to 5 disease, but patients with stage 3 disease had
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much lower awareness of their condition (8% vs. 25 ~
71.4%) [3].
Alcohol is one of most frequently used psychotropic substances in the world. Long-term excessive alcohol drinking
is widely accepted as a risk factor for cardiovascular diseases including hypertension and cerebro-vascular events
[10]. However, the results of previous research on the association of alcohol drinking with CKD and ESRD have been
conflicting. Consumption of more than two drinks per day
was associated with increased risk of ESRD in an American
population [11]. Daily drinking of 4 or more servings, especially when combined with smoking, was independently
associated with increased CKD risk in another American
population (defined as estimated glomerular filtration rate
[eGFR] < 60 mL/min/1.73 m2) [12]. Further, alcohol consumption of 30 g or more daily was associated with an
increased risk of albuminuria in an Australian population
[13]. However, Savdie et al. reported that consumption of
three or more drinks per day was associated with a
decreased level of serum creatinine (SCr), but that consumption of two or fewer drinks daily was associated with
a higher level of SCr [14]. Several recent large prospective
series also reported an inverse association of alcohol
consumption and CKD (defined similarly), but this association was only present in those who drank moderately
[13,15,16].
A recent study of a Chinese population indicated a significant inverse relationship between alcohol consumption
and risk of ESRD, and that this risk was much lower for
heavy drinkers (more than 21 drinks per week) [17]. However, to our best knowledge, there is limited research on
the relationship of alcohol drinking with stage 3 CKD. Furthermore, most studies of the relationship of drinking with
renal disease have not fully controlled for potential confounding covariates, such as anemia and hyperuricemia,
raising a concern about the validity of this relationship.
Betel nut (BN) chewing is a common practice in Taiwan
[18]. The prevalence of BN chewing in Taiwanese men
was reported to be over 28% [19]. Most Taiwanese people
who chew BN also consume alcohol and cigarettes [20].
BN chewing was reported to be associated with CKD and
proteinuria in Taiwanese population [20,21].
The aim of the present research was to investigate the association between alcohol consumption and stage 3 CKD
in males and females from Taiwan by using a large dataset
(n = 27 253) with statistical adjustment for factors including
anemia, hyperuricemia, smoking, and BN chewing.

Methods
Study subjects

Detailed description and definitions of variables in the
dataset were described previously [20]. Briefly, from
2003 to 2009, 34 372 people who attended a national
health insurance sponsored health check-up program
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in Ditmanson Medical Foundation Chia-Yi Christian
Hospital, were selected as study subjects. Among the 1481
participants who attended the program more than one
time, only the first check-up records were included. Participants were excluded if their records were incomplete (n =
5409) or if they had advanced renal dysfunction (eGFR <
30 mL/min/1.73 m2, n = 246) because such patients may
rapidly progress to ESRD. The project was approved by the
Institutional Review Board of Ditmanson Medical Foundation Chia-Yi Christian Hospital.
Clinical and demographic variables

All participants received lab tests and completed questionnaires on past personal medical history and healthrelated behaviors with the assistance of trained volunteers. The questions asking about drinking status read
“in the past 6 months, how often did you drink: did not
drink, drank occasionally, or drank frequently?” Based
on this question, the participants were classified into
non-drinkers, occasional drinkers, or frequent drinkers,
accordingly. Questions and criteria to define cigarette
smokers and BN chewers were similar. The demographic and clinical survey (measured with standard automated technology after 8 hours of overnight fasting,
see below) recorded age, sex, cigarette smoking, alcohol
consumption, BN chewing, personal medical history
(CKD, diabetes mellitus [DM], hypertension [HTN],
hyperlipidemia, hyperuricemia, liver dysfunction, and
anemia), systolic blood pressure (SBP), diastolic blood
pressure (DBP), SCr, total cholesterol (TC), triglycerides
(TG), uric acid (UA), fasting blood glucose (FBG), alanine aminotransferase (ALT), hemoglobin (Hb), white
blood cell (WBC) count, and urinalysis (including biochemical and microscopic examination of sediment).
Height and weight were used to calculate body mass
index (BMI) and the Modification of Diet in Renal Disease (MDRD) formula was used to calculate eGFR [22].
Definitions

CKD was defined by the presence of an eGFR less than 60
but at least 30 mL/min/1.73 m2. Proteinuria was defined as
a grade of 1+ to 4+ in a morning dipstick test. HTN was
defined as a history of HTN as determined by a healthcare
professional or a blood pressure higher than 140/90 mmHg,
regardless of medication usage. DM was defined as fasting
plasma glucose level of at least 126 mg/dL or a history of
DM as determined by a healthcare professional, regardless
of medication usage. Hyperlipidemia was defined as a
serum TC level above 200 mg/dL, a TG level of at least
200/dL, or history of this condition as determined by a
healthcare professional, with or without medication. Participants were defined as non-drinkers if they did not consume alcohol in the previous 6 months, as occasional
drinkers if they consumed alcohol occasionally or socially,
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ALT, TC, TG, UA, FBG and SCr were measured by an automated analyzer (Hitachi 7170, Hitachi High Technologies
Co, Tokyo, Japan). The test agent for ALT was manufactured by Roche Diagnostics GmbH (Germany) and test
agents for all other lab tests were manufactured by Wako
Pure Chemical Industries, Ltd. (Japan). Hb and WBC
counts were measured by an automated analyzer (Sysmex
XE-2100/5000, Sysmex Co., Japan). Dipstick urinalysis was
performed by an automated chemical analyzer (URISYS
2400, Roche Diagnostics, Germany).

Statistical analysis

Men and women had different drinking behaviors, so data
of the two genders were analyzed separately. Baseline
characteristics are expressed as means ± SD for continuous variables, and as counts and proportions for categorical variables. Student’s t-test and the chi-square test were
used to compare continuous and categorical variables, respectively. Analysis of covariance was conducted to compare the age-standardised trends of serum creatinine and
eGFR in both genders with regards to the levels of alcohol
drinking. Traditional risk factors and potential confounding factors for CKD were included as covariates in a threestep multivariable logistic regression analysis to assess the
independent association of alcohol drinking with CKD.
The adjusted covariates in this study were age, smoking,
BN chewing, BMI, HTN, DM, hyperlipidemia, hyperuricemia, liver dysfunction, anemia, and proteinuria. Results
are expressed as odds ratio (OR) and 95% confidence intervals (CIs). The Cochran-Armitage test was used to assess the trend of alcohol consumption and CKD by
treating the 3 different drinking classes (none, occasional,
frequent) as continuous variables. Individuals were further
stratified by age, diabetes status, and lifestyle status for
subgroup multivariable analyses and sensitivity tests to
control for confounding effects and likelihood of reverse
causality. A two-sided p-value less than 0.05 was considered statistically significant. All calculations were performed with SPSS for Windows version 18 (SPSS Inc.,
Chicago, IL, USA).
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Results
We included 27 253 participants (15 353 women and 11
900 men, mean age: 57.90 ± 11.82 years) in the analysis. A
total of 4 273 participants had stage 3 CKD, and 4 585 participants (16.8%) were self-reported drinkers of alcohol. A
total of 84.7% of all drinkers were male, 32.6% of males
were drinkers, and 4.6% of females were drinkers. Univariate analysis indicated that the prevalence of CKD was significantly lower in drinkers than in non-drinkers (10.6% vs.
16.7%, p < 0.001) and that this relationship held for females
alone (8.7% vs. 14.7%, p < 0.001) and males alone (10.9% vs.
20.5%, p < 0.001). After age standardization, males who
were frequent drinkers had better renal function than those
who were occasional drinkers and non-drinkers. The trends
in females were not present, which we believe might be related with small numbers of female drinkers (Figure 1).
Analysis of the clinical and demographic characteristics
for enrolled participants (Tables 1 and 2) indicated that
both male and female drinkers tended to be younger, have
lower prevalence of CKD, HTN, and DM, lower levels
of SCr, FBG, and SBP, higher levels of eGFR, and higher
prevalence of smoking and BN chewing. The male
drinkers tended to have lower prevalence of anemia and
proteinuria, higher prevalence of hyperuricemia and liver
dysfunction, and higher levels of BMI, UA, ALT, Hb, and
WBC count.
Next, we performed multivariate logistic regression
analysis of the association of alcohol drinking with CKD
in men and women (Tables 3 and 4). In both genders,
the odds of having stage 3 CKD was positively associated
with age, HTN, anemia, hyperuricemia, and proteinuria.
High BMI (≥ 24 kg/m2) in men and smoking and hyperlipidemia in women were also associated with increased
odds for stage 3 CKD. The inverse association of alcohol
drinking and CKD was significant for men only. Further
analysis of alcohol consumption indicated that the pvalues for trend were significant for men and women.

Creatinine (mg/dl)

and as frequent drinkers if they drank frequently or regularly, regardless of the amount they drank. Similar criteria
were used to define smokers and BN chewers. The questionnaire inquiring health behaviors was filled out by
the participants with the assistance of trained volunteers. Liver dysfunction was defined as an ALT level
greater than 44 IU/L. Anemia was defined as an Hb
level less than 13 g/dL in men and less than 12 g/dL in
women who were not pregnant. Hyperuricemia was defined as a serum UA level greater than 7.0 mg/dL [23].
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Figure 1 Age-adjusted means of serum creatinine (Cr) and
estimated glomerular filtration rate (eGFR) in men and women
in different alcohol drinking status.

Hsu et al. BMC Nephrology 2013, 14:254
http://www.biomedcentral.com/1471-2369/14/254

Page 4 of 9

Table 1 Demographic and clinical characteristics of men with different self-reported drinking histories
Overall

Non-drinkers

Occasional drinkers

Frequent drinkers

Variable†

(n = 11900)

(n = 8015)

(n = 3246)

(n = 639)

Age (years)

58.82 ± 12.04

60.87 ± 12.14

54.55 ± 10.66

54.85 ± 10.54

p
<0.001

Stage 3 CKD, n (%)

2064(17.3)

1640(20.5)

361(11.1)

63(9.9)

<0.001

eGFR (mL/min/1.73 m2)

74.41 ± 16.17

72.85 ± 16.24

77.38 ± 15.41

78.90 ± 16.07

<0.001

Creatinine (mg/dL)

1.13 ± 0.22

1.14 ± 0.23

1.10 ± 0.19

1.08 ± 0.19

<0.001

Hypertension, n (%)

5372(45.1)

3703(46.2)

1355(41.7)

314(49.1)

<0.001

Systolic BP (mmHg)

133.01 ± 19.56

133.19 ± 19.78

132.08 ± 19.02

135.52 ± 19.25

<0.001

Diastolic BP (mmHg)

79.26 ± 12.25

78.55 ± 12.13

80.25 ± 12.34

83.09 ± 12.37

<0.001

Hyperlipidemia, n (%)

432(3.6)

287(3.6)

124(3.8)

21(3.3)

0.739

Cholesterol (mg/dL)

206.68 ± 41.30

205.62 ± 40.15

209.54 ± 43.17

205.49 ± 45.06

<0.001

Triglyceride (mg/dL)

156.70 ± 166.51

143.66 ± 115.73

173.54 ± 228.20

234.76 ± 272.61

<0.001

Hyperuricemia, n (%)

4629(38.9)

2997(37.4)

1334(41.1)

298(46.6)

<0.001

Uric acid (mg/dL)

6.75 ± 1.62

6.69 ± 1.64

6.83 ± 1.52

7.02 ± 1.72

<0.001

Diabetes, n (%)

1767(14.8)

1233(15.4)

415(12.8)

119(18.6)

<0.001

Fasting blood glucose (mg/dL)

107.03 ± 40.24

106.86 ± 39.70

106.60 ± 40.65

111.37 ± 44.42

0.019

Liver dysfunction, n (%)

2480(20.8)

1581(19.7)

732(22.6)

167(26.1)

<0.001

ALT (IU/L)

37.14 ± 42.86

36.28 ± 44.58

38.32 ± 37.89

41.97 ± 44.22

0.001

Anemia, n (%)

719(6.0)

582(7.3)

109(3.4)

28(4.4)

<0.001

Hemoglobin (g/dL)

15.19 ± 1.44

15.06 ± 1.45

15.43 ± 1.32

15.55 ± 1.54

<0.001

WBC count (103/μL)

6.51 ± 1.99

6.47 ± 1.95

6.57 ± 1.82

6.79 ± 3.01

<0.001

Proteinuria, n (%)

1310(11.0)

910(11.4)

308(9.5)

92(14.4)

<0.001

BMI (kg/m2)

25.11 ± 3.47

24.94 ± 3.48

25.50 ± 3.34

25.29 ± 3.76

<0.001

Smoking, n (%)

3024(25.4)

1425(17.8)

1192(36.7)

407(63.7)

<0.001

Betel nut chewing, n (%)

1538(12.9)

484(6.0)

760(23.4)

294(46.0)

<0.001

†In this table and Table 2, results are expressed as n (%) or mean ± SD.

Finally, we further analyzed the data for men who were
self-classified as non-drinkers, occasional drinkers, and
frequent drinkers (Figure 2) with adjustment of age, smoking, betel nut chewing, hypertension, diabetes, anemia,
hyperlipidemia, body mass index, hyperuricemia, and proteinuria. This sub-group analysis indicated a significantly
inverse association of drinking and CKD in three groups
of men: those younger than 65 years and 65 years and
older; those with and without DM; and those who did not
smoke and did not chew BN and those who smoked or
chewed BN. Further sensitivity tests by treating occasional
drinker as the reference group revealed similar relationships among alcohol consumption and CKD (Table 3 and
Figure 3).

Discussion
Alcohol drinking is an important part of the lives of many
people, and is related to the culture, religion, anthropology, and economic development of diverse populations
throughout the world. Thus, it is important to assess the
effect of alcohol consumption on human health. The
present results indicate that alcohol drinking was inversely

and significantly associated with stage 3 CKD in Taiwanese
men after controlling for potential confounding covariates.
In addition, trend analysis indicated that alcohol consumption seemed to be associated with lower odds of CKD in
both men and women; also in men regardless of age,
diabetes status, tobacco smoking, and BN chewing. These
results imply a dose–response relationship of alcohol
drinking and reduced odds of having stage 3 CKD.
Our finding of an inverse association between alcohol
drinking and CKD is consistent with the findings of previous studies, although these other studies have used different criteria for classification of renal disease. For example,
Savdie et al. reported that women and men who consumed
three or more drinks daily had lower SCr than those who
had two or fewer drinks daily [14]. Schaeffner et al. performed a prospective study of healthy men and reported a
significantly lower risk of renal dysfunction (defined as
SCr ≥ 1.5 mg/dL and eGFR ≤ 55 mL/min) in those who
consumed at least 7 drinks weekly [16]. Reynolds et al. performed a prospective cohort study in China and reported a
significant inverse relationship between alcohol consumption and risk of ESRD in men, and a stronger relationship
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Table 2 Demographic and clinical characteristics of women with different self-reported drinking histories
Over all

Non-drinkers

Occasional drinkers

Frequent drinkers

Variable

(n = 15353)

(n = 14653)

(n = 654)

(n = 46)

Age (years)

57.18 ± 11.59

57.49 ± 11.62

50.80 ± 8.77

48.74 ± 8.84

p
<0.001

CKD, n (%)

2209(14.4)

2148(14.7)

58(8.9)

3(6.5)

<0.001

eGFR (mL/min/1.73 m2)

78.74 ± 17.45

78.58 ± 17.49

81.78 ± 16.28

84.78 ± 16.51

<0.001

Creatinine (mg/dL)

0.83 ± 0.17

0.83 ± 0.17

0.82 ± 0.14

0.80 ± 0.13

0.005

Hypertension, n (%)

6187(40.3)

5998(40.9)

171(26.1)

18(39.1)

<0.001

Systolic BP (mmHg)

130.40 ± 21.18

130.69 ± 21.23

124.05 ± 19.02

127.70 ± 19.28

<0.001

Diastolic BP (mmHg)

75.14 ± 11.83

75.14 ± 11.81

74.65 ± 12.11

80.39 ± 13.29

0.006

Hyperlipidemia, n (%)

544(3.5)

524(3.6)

19(2.9)

1(2.2)

0.584

Cholesterol (mg/dL)

213.88 ± 41.00

214.06 ± 41.06

210.06 ± 39.42

211.37 ± 43.25

0.046

Triglyceride (mg/dL)

125.78 ± 96.20

126.17 ± 96.86

114.20 ± 73.61

167.43 ± 141.03

<0.001

Hyperuricemia, n (%)

1912(12.5)

1829(12.5)

78(11.9)

5(10.9)

0.868

Uric acid (mg/dL)

5.44 ± 1.44

5.44 ± 1.45

5.44 ± 1.37

5.67 ± 1.13

0.538

Diabetes, n (%)

1801(11.7)

1758(12.0)

42(6.4)

1(2.2)

<0.001

Fasting blood glucose (mg/dL)

102.69 ± 35.94

102.94 ± 36.36

97.50 ± 25.49

96.15 ± 16.30

<0.001

Liver dysfunction, n (%)

1894(12.3)

1797(12.3)

88(13.5)

9(19.6)

0.217

ALT (IU/L)

28.92 ± 38.35

28.93 ± 38.77

28.50 ± 28.79

28.93 ± 18.77

0.960

Anemia, n (%)

1711(11.1)

1632(4.3)

73(11.2)

6(13.0)

0.919

Hemoglobin (g/dL)

13.36 ± 1.32

13.36 ± 1.32

13.36 ± 1.36

13.47 ± 1.41

0.847

WBC counts (103/μL)

6.00 ± 1.73

6.00 ± 1.73

5.96 ± 1.66

6.31 ± 1.92

0.390

Proteinuria, n (%)

1326(8.6)

1278(8.7)

43(6.6)

5(10.9)

0.139

BMI (kg/m2)

24.93 ± 4.60

24.95 ± 4.64

24.69 ± 3.69

24.37 ± 3.74

0.268

Smoking, n (%)

222(1.4)

150(1.0)

59(9.0)

13(28.3)

<0.001

Betel nut chewing, n (%)

63(0.4)

35(0.2)

24(3.7)

4(8.7)

<0.001

in those who had more than 21 drinks weekly [17]. White
et al. reported significantly reduced risk of CKD (defined
as eGFR < 60 mL/min/1.73 m2) in Australian men who
consumed at least 30 grams of alcohol daily [13]. Yamagata
et al. reported ethanol consumption less than 20 g daily reduced the risk of developing renal dysfunction (defined as
CKD stage 1 to 5) in both genders, and that this favorable
effect was diminished with ethanol intake of more than
20 g daily [24]. However, there are also some contrary results. For example, consumption of more than two drinks
daily was associated with increased risk of ESRD in an
American population [11] and drinking 4 or more servings
daily, especially when combined with smoking, was independently associated with increased CKD risk (defined as
eGFR ≤ 60 mL/min/1.73 m2) in a different American
population [12].
There are several potential explanations for the inverse
association of alcohol consumption and CKD. The polyphenols in many alcoholic beverages are widely believed to
have beneficial health effects due to their anti-oxidant properties. For example, long-term exposure to polyphenol-rich
red wine led to enhancement of antioxidant defenses in rat
plasma and kidney [25]. Long-term alcohol consumption

may reduce kidney injury by induction of catalase [26],
superoxide dismutase [27], or glutathione peroxidase [25].
Other animal studies have documented that alcohol can
protect from development of renal ischemia/reperfusion injury [28,29], reduce renal arteriolar hyalinization independently of its effect on other cardiovascular disease risk
factors [30], and prevent leukocyte recruitment and endothelial barrier damage [31].
Alcohol consumption also affects metabolism, and
previous clinical studies indicated that moderate consumption is associated with increased high density lipoprotein (HDL) and plasma concentration of endogenous
tissue-type plasminogen activator [32,33], thereby protecting against atherosclerosis. Moderate alcohol consumption also prevents development of atherosclerosis
in subjects with type 2 DM [34]. Our data indicate that
the inverse association of alcohol drinking with CKD appears to be independent of its effect on metabolism.
There are several limitations to this study. First, this
study had a cross-sectional design, so we cannot definitively establish causality. Second, alcohol consumption
data was self-reported according to a fixed questionnaire
lacking in quantitative measurement, and is therefore
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Table 3 Multivariate logistic regression analysis of the association of alcohol consumption with chronic kidney disease
in men based on three models*
N = 11,900

Model 1

Model 2
p

Multivariable OR
(95% CI)
Age ≥ 65 years

Model 3
p

Multivariable OR
(95% CI)

5.53(4.97-6.15)

<0.001

Multivariable OR

p

(95% CI)

5.54(4.97-6.17)

<0.001

5.07(4.52-5.70)

<0.001

Smoking

0.95(0.83-1.09)

0.460

1.02(0.89-1.18)

0.766

Betel nut chewing

1.09(0.91-1.32)

0.347

1.12(0.92-1.36)

0.270

Hypertension

1.63(1.46-1.83)

<0.001

Diabetes

1.05(0.90-1.21)

0.549

Anemia

2.14(1.78-2.57)

<0.001

Hyperlipidemia

1.15(0.89-1.50)

0.293

BMI 18.5-24/ BMI < 18.5

1.39(0.96-2.01)

0.083

BMI ≥ 24/ BMI <18.5

1.55(1.07-2.24)

0.021

Hyperuricemia

3.19(2.86-3.56)

<0.001

2.27(1.96-2.62)

<0.001

0.68(0.59-0.78)

<0.001

Proteinuria
Occasional drinking/Non-drinking
Frequent drinking/Non-drinking

0.73(0.64-0.83)

<0.001

0.72(0.63-0.83)

<0.001

0.61(0.46-0.81)

0.001

0.61(0.46-0.81)

0.001

0.47(0.35-0.63)

<0.001

P for trend

<0.001

P for trend

<0.001

P for trend

<0.001

Non-drinking/Occasional drinking

1.37(1.21-1.56)

<0.001

1.38(1.21-1.58)

<0.001

1.48(1.29-1.70)

<0.001

Frequent drinking/Occasional drinking

0.84(0.63-1.13)

0.242

0.84(0.62-1.12)

0.236

0.69(0.51-0.94)

0.020

P for trend

<0.001

P for trend

<0.001

P for trend

<0.001

*In this table and Table 4: Model 1 was adjusted for age alone; Model 2 was adjusted for age plus smoking and betel nut chewing; Model 3 was adjusted for all
variables in Model 2 plus hypertension, diabetes, anemia, hyperlipidemia, body mass index, hyperuricemia, and proteinuria.

Table 4 Multivariate logistic regression analysis of the association of alcohol drinking with chronic kidney disease in
women based on three models
N = 15,353

Model 1
Multivariable OR

Model 2
p

(95% CI)
Age ≥ 65 years

8.88(8.01-9.85)

Multivariable OR

Model 3
p

(95% CI)
<0.001

Multivariable OR

p

(95% CI)

8.90(8.02-9.87)

<0.001

6.65(5.95-7.43)

<0.001

Smoking

1.46(0.96-2.23)

0.081

1.62(1.05-2.50)

0.031

Betel nut chewing

1.19(0.58-2.45)

0.637

1.05(0.50-2.21)

0.908

Hypertension

1.45(1.30-1.62)

<0.001

Diabetes

1.11(0.96-1.28)

0.149

Anemia

1.81(1.56-2.11)

<0.001

Hyperlipidemia

1.36(1.08-1.71)

0.010

BMI 18.5-24/ BMI <18.5

0.81(0.58-1.12)

0.193

BMI ≥24/BMI <18.5

0.82(0.59-1.13)

0.214

Hyperuricemia

3.78(3.35-4.27)

<0.001

2.15(1.85-2.49)

<0.001

1.05(0.78-1.43)

0.734

Proteinuria
Occasional drinking/Non-drinking
Frequent drinking/Non-drinking

1.11(0.83-1.49)

0.474

1.07(0.80-1.43)

0.661

0.78(0.23-2.66)

0.695

0.69(0.20-2.37)

0.559

0.64(0.19-2.23)

0.487

P for trend

<0.001

P for trend

<0.001

P for trend

<0.001
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Figure 2 Analysis of CKD risk in men who were non-drinkers (I, as the reference group), occasional drinkers (II), and frequent drinkers
(III) with respect to age, presence of diabetes, and tobacco and betel nut usage. The analysis was adjusted for age, smoking, betel nut
chewing, hypertension, diabetes, anemia, hyperlipidemia, body mass index, hyperuricemia, and proteinuria.

susceptible to under-reporting. However, previous research has validated the use of self-reported alcohol drinking data [35,36] and this is considered acceptable in
epidemiological research. Some research of heavy drinkers
indicated under-reporting of consumption [37]. However,
our results of trend testing indicated a significant association of amount of alcohol drinking and CKD, and this
association would be stronger if there was under-reporting
by heavy drinkers. A major strength of our study is that
we used a large number of cases, allowing subgroup analysis. Second, we used gender-stratified analysis to document the different effects of alcohol drinking on CKD
in men and women. In addition, previous research indicated that anemia, hyperuricemia, and BN chewing were
associated with CKD [20,38-40], so we adjusted for these
confounders in our multivariable analysis. Besides, we

conducted a series of sensitivity tests to remove impacts of
reverse causality. Further, our research is the first to focus
on the association of alcohol consumption with patients
who have stage 3 CKD, a critical yet easily overlooked
group of patients. Further research should employ a
longitudinal cohort design and should consider detailed alcohol drinking history (type of alcohol, amount of consumption, duration of consumption, etc.) to further
establish causal relationships of alcohol consumption and
CKD in both genders.
Based on our finding of an inverse association of alcohol
consumption with CKD and the presence of many previous studies that documented the beneficial effects of moderate drinking on cardiovascular health, it is reasonable to
cautiously recommend moderate alcohol drinking. The recent Canadian guidelines recommend no more than 14

Figure 3 Sensitivity tests by using occasional drinkers (II) as the reference group. The adjustment variables were identical with the analysis
in Figure 2.

Hsu et al. BMC Nephrology 2013, 14:254
http://www.biomedcentral.com/1471-2369/14/254

and 9 drinks weekly for men and women, respectively
[41]. However, alcohol also has an adverse effect on traffic
safety, and can increase violent behavior, liver dysfunction,
and some cancers, so the results of our study should be
interpreted carefully.

Conclusions
The prevalence of stage 3 CKD in drinkers was lower than
non-drinkers (p < 0.001) and the percentage of drinkers
with stage 3 CKD was less than that of non-drinkers. Multivariable analysis indicated that alcohol consumption was
associated with a lower odd for stage 3 CKD in men only.
Advanced age, hypertension, anemia, BMI of at least 24,
hyperuricemia, and proteinuria were also associated with
stage 3 CKD in men. Trend tests indicated lower odds of
stage 3 CKD with increased alcohol consumption in both
genders. Subgroup analysis indicated that alcohol consumption was also inversely associated with CKD in men
regardless of age, diabetes status, and other risky behaviors. However, since alcohol has a well-known potential
for abuse, the results in the current research should be
interpreted cautiously.
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