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Background: An inverse observational association between alcohol use and the risk of chronic kidney disease (CKD) or end-stage
kidney disease (ESKD) has been reported. The causal effect of alcohol use on the risk of ESKD warrants additional investigation.
Methods: The study was an observational cohort study investigating the UK Biobank and performed Mendelian randomization (MR)
analysis. Amounts of alcohol use were collected using a touchscreen questionnaire. In the observational analysis, 212,133 partici-
pants without prevalent ESKD were studied, and the association between alcohol use and the risk of prevalent CKD or incident ESKD
was investigated. The genetic analysis included 337,138 participants of white British ancestry. For one-sample MR, an analysis based
on a polygenic risk score (PRS) was conducted with genetically predicted alcohol intake. The MR analysis investigated ESKD outcome
and related comorbidities.

Results: Lower alcohol use was observationally associated with a higher risk of prevalent CKD or incident ESKD. However, the genetic
risk of CKD was significantly associated with lower alcohol use, suggesting reverse causation. A higher PRS for alcohol use was signifi-
cantly associated with a higher risk of ESKD (per units of one phenotypical alcohol drink; adjusted odds ratio of 1.16 [95% confidence
interval, 1.02-1.31]) and related comorbidities, including hypertension, diabetes mellitus, obesity, and central obesity.

Conclusion: The inverse observational association between alcohol use and the risk of CKD or ESKD may have been affected by re-
verse causation. Our study supports a causal effect of alcohol use on a higher risk of ESKD and related predisposing comorbidities.
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Introduction

End-stage kidney disease (ESKD), the terminal state of
chronic kidney disease (CKD), is a major and global health
problem [1,2]. As the prevalence of ESKD is increasing rap-
idly as populations’ age, the socioeconomic burden of ESKD
is growing, with patients suffering from a heightened risk of
death and impaired quality of life.

Alcohol use is a leading modifiable lifestyle factor associated
with higher risks of mortality and various disabilities. Alcohol
use is also prevalent in individuals with CKD, and heavy al-
cohol consumption has been identified in a non-negligible
portion of individuals with impaired kidney function [3].
However, debate persists regarding the possible protective
associations of moderate alcohol consumption with respect
to some clinical conditions [4]. Similarly, moderate alco-
hol use was associated with a lower risk of CKD or ESKD
in several previous reports [5-8] and in a meta-analysis of
prospective cohorts [9]. In addition, light-to-moderate al-
cohol use is not discouraged by current guidelines for CKD
patients [10]. However, as this inverse association between
alcohol use and CKD or ESKD may mislead the public into
assuming that alcohol use is relatively safe for the kidney,
additional explanation of the clinical association is neces-
sary. Such observational findings can be affected by reverse
causation, particularly when studying a lifestyle factor that
is recognized to be harmful to health. Thus, additional in-
vestigations of the causal effects of alcohol use on the risk of
ESKD or related comorbidities are warranted.

Mendelian randomization (MR) is a useful tool to assess
the causal effects of a modifiable environmental factor on
complex diseases in observational cohorts [1]. Because the
genetic instrument implemented in MR is determined in-
born, the genetic exposure is minimally biased by reverse
causation or confounding. The method has been used to
suggest a causal linkage between alcohol use and the risk
of cardiovascular disease as part of efforts to correct misun-
derstanding of the purported benefits of light-to-moderate
alcohol use on cardiovascular health [11].

In this study, we assessed the causal effects of alcohol use
on the risk of ESKD or related comorbidities in a UK Biobank
prospective cohort. An inverse observational association
between alcohol use and prevalent CKD was present in the
studied cohort, but an MR analysis revealed that this may be
the result of reverse causation. We also used MR to demon-

strate that higher alcohol use may increase the risk of ESKD
or related comorbidities, including hypertension, diabetes
mellitus, or obesity.

Methods
Ethical considerations

The study was performed in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review
Boards of Seoul National University Hospital (No. E-2005-
182-1126) and the UK Biobank Consortium (application No.
53799). The requirement for informed consent was waived
because we used data from an anonymized public data-
base.

Study setting

The UK Biobank is a population-scale prospective cohort
that recruited >500,000 participants aged 40 to 69 years from
multiple centers in the UK from 2006 to 2010. The project as-
sessed various socioeconomic and lifestyle factors and labo-
ratory and anthropometric measurements. Details of the UK
Biobank database have been previously described [12].

Study population

For the observational analysis, we screened 502,505 UK Bio-
bank participants at the time of study approval (Fig. 1). We
excluded those for whom information on phenotypic alco-
hol amounts was missing (n = 162,223), those without infor-
mation on the studied covariates (n = 127,959), and those with
a previous ESKD history, based on baseline estimated glomer-
ular filtration rate (eGFR) of <15 mL/min/1.73 m® (n = 190), as
we were examining incident ESKD cases as an outcome. After
exclusion, 212,133 participants with complete information for
the studied variables remained.

For the genetic analysis, we applied sample filters using
information provided by the UK Biobank and included
individuals of European ancestry who were not outliers in
terms of heterozygosity or missing data and who had no sex
chromosome aneuploidy or excess kinship. After exclusion,
337,138 participants remained for the genetic analysis.
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Figure 1. Study population.
eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney
disease; QC, quality control.

Alcohol use

Self-reported amounts of alcohol use were collected using a
standardized touchscreen questionnaire. The participants
were asked to report their average weekly consumption of
specific types of alcoholic drinks. The touchscreen ques-
tionnaire was accompanied by pictures of an example of a
single unit of each drink type. We summed the self-reported
amounts of each drink type to derive the average total alco-
hol use in units per week. Those with missing data for any of
the alcohol types were excluded.

Clinical outcomes

In the clinical analysis, we first assessed the association be-
tween alcohol use exposure and the prevalence of CKD stage
> 3, determined by baseline eGFR, calculated by the Chronic
Kidney Disease Epidemiology Collaboration equation, <60
mL/min/1.73 m” [10,13]. Next, we studied the incident ESKD
outcomes during follow-ups. Incident ESKD information
was algorithmically defined by the UK Biobank, including
hospital electronic health records and death registries. The
follow-up was censored on February 29, 2016, as complete
hospital inpatient data were available only until that date in
all three regions (England, Scotland, and Wales).
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In the genetic analysis, we studied the total ESKD outcome,
both prevalent and incident, of the genotyped participants as
a binary variable, as there was no concern that disease oc-
currence would influence the genetic exposure, in contrast
to conventional observational studies [14]. In MR, a genetic
instrument can be used regardless of the timing of the out-
come and baseline assessment, as the genotype is deter-
mined inborn. Details of the collection of the other covari-
ates are described in the Supplementary Methods (available
online).

Statistical methods for observational analyses

Observational associations between the ordinal alcohol
use category and prevalent CKD were investigated by logistic
regression analysis. The risk of incident ESKD was analyzed
by Cox regression analysis. Details of the statistical methods
for observational analyses are presented in the Supplemen-
tary Methods.

Genetic analysis

We performed an allele-score MR as a one-sample MR
analysis [15]. Two-sample MR was not implemented was
because external genome-wide association study (GWAS)
summary statistics for ESKD covering sufficient single nu-
cleotide polymorphisms (SNPs) for the approach were ab-
sent. Details of the imputation process and genotyping have
been described previously [16]. For a GWAS to determine
the genetic instrument, we filtered out variants with allele
frequency of <0.1%, and a p-value of <5 x 10 was applied
to identify significant SNPs associated with the phenotype
and the continuous variable for amounts of total alcohol
intake, adjusting for age, sex, and the first 20 principal
components by linear regression. After removing SNPs in
linkage disequilibrium (R* < 0.1), the genetic instrument
for alcohol amounts was determined. Genes containing or
related to SNPs were searched using the Ensembl Variant
Effect Predictor [17]. We tested whether the SNPs included
in the genetic instrument were directly associated with the
CKD or ESKD phenotype by GWAS to determine whether
a disproportionate effect of an individual SNP would affect
the overall results (a single-SNP analysis). If a single SNP
reached a Bonferroni-corrected significance level associated
with the outcome phenotypes, a reason for the result (e.g.,
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presence of a pleiotropic pathway) would need to be identi-
fied. We used the genetic instrument to calculate a polygenic
risk score (PRS) with the regression effect sizes, betas of the
GWAS results, and the gene dosage matrix, and the PRS was
regressed to the phenotypes of interest. All of the above pro-
cesses were performed in PLINK2.0 (version alpha 2.3) [18]
and R (version 3.6.2; R Foundation for Statistical Computing,
Vienna, Austria) [18]. The instrumental power was estimated
by calculating F statistics in the regression model for a PRS
of alcohol-intake amount and phenotypical self-reported
alcohol intake.

First, we investigated whether there was a reverse causation
between CKD and alcohol use—whether individuals with
a genetic risk of CKD drink less alcohol. We constructed a
genetic instrument for CKD stage > 3, as determined by an
eGFR of <60 mL/min/1.73 m” or a prevalent history of ESKD.
The PRS for CKD was linearly regressed to phenotypic
amounts of alcohol use, and a multivariable model adjusted
for age, sex, hypertension, and diabetes mellitus, which are
major factors related to kidney function, was also construct-
ed. As large-scale GWAS results for ESKD were absent due
to the low prevalence of the outcome, an analysis including
PRS for ESKD was not performed.

Second, we investigated whether genetically predicted
amounts of alcohol use were associated with a risk of ESKD
or related comorbidities, lifestyles, and socioeconomic sta-
tus, including CKD stage > 3, hypertension, diabetes melli-
tus, obesity, central obesity, current smoking, average days of
moderate physical activity, income grade, or the number of
household members. The PRS, scaled to reflect one pheno-
typical unit of average alcohol consumption, was regressed
by logistic or linear regression to the phenotypes, and age-
and sex-adjusted effect sizes were plotted.

Third, we tested whether alcohol-use phenotype, numerical
value, or stratification by the recommendation (<2 drinks for
males, <1 drink for females per day) [19] interacted with the
causal effects of the alcohol-use PRS and risk of ESKD with
interaction-term analysis.

Fourth, to minimize the effect of horizontal pleiotropy and
test whether alcohol use had a direct causal effect on the risk
of ESKD, we constructed a multivariable model adjusted for
age, sex, and phenotypes significantly associated with the
PRS for amounts of alcohol use.

Fifth, to further assess the independence and exclu-
sion-restriction assumptions, a “negative-control approach”

was utilized [1]. If the genetic effect from the PRS for alcohol
use was through the phenotypical alcohol-intake amount,
the association between a genetic predisposition for expo-
sure and outcomes would be attenuated in those with low
amounts of phenotypical alcohol intake. This is because an
effect from a higher alcohol-intake trait would be absent
in negative controls, and if the significance remained, this
means that another pleiotropic pathway rather than phe-
notypical alcohol intake, mediated the genetic effects. This
approach has been suggested previously to test important
MR assumptions when demonstrating causal effects. In this
analysis, the main PRS analysis was limited to those in the
genetic analysis dataset with an alcohol intake of <7 drinks
per week.

Finally, as we chose the one-sample MR method, the re-
sults may have been biased toward observational findings
[20]. Although the direction of clinically observed associa-
tions was inverse, we minimized such bias by recalculating
the regressed betas for the alcohol-amount phenotype and
excluding CKD stage > 3 cases from the genetic dataset. This
approach, which calculates the association between the
genetic instrument and the exposure of interest only in the
controls, reportedly yields valid estimates of exposure, even
in a one-sample MR [20]. We recalculated the PRS, which
was again regressed to the ESKD or CKD outcome with mul-
tiple adjustments for phenotypes associated with the PRS for
amounts of alcohol use.

Results
Clinical characteristics

Clinical characteristics according to ordinal categories of
amounts of alcohol use are presented in Table 1. There were
3,694, 83,392, 67,522, and 57,525 participants who reported
consuming an average of 0 or 1 drink, >1 and <7 drinks, >7
and <14 drinks, and >14 drinks per week, respectively. Those
who reported higher amounts of alcohol use were more likely
to be male, obese, or centrally obese. Baseline dyslipidemia,
hypertension, or current smoking was particularly common
in those reporting consuming >14 drinks per week. Those
with an annual income of <£18,000 were more common
among those who reported 0 or 1 drink per week, but those
who reported earning £52,000 to £100,000 or >£100,000 per
year were more common among those who consumed larg-
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Table 1. Baseline characteristics according to self-reported amounts of alcohol intake per week

Alcohol intake (drink/wk)

Characteristic
Oor1l >1 and <7 >7 and <14 >14
No. of participants 3,694 83,392 67,522 57,525
Alcohol use (time/wk) 1(1-1) 5(3-6) 10 (9-12) 21 (17-28)
Age (yr) 59 (51-64) 58 (50-63) 58 (50-63) 58 (51-63)
Sex
Female 2,406 (65.1) 49,677 (59.6) 30,560 (45.3) 16,129 (28.0)
Male 1,288 (34.9) 33,715 (40.4) 36,962 (54.7) 41,396 (72.0)
Body mass index (kg/m?) 25.9 (23.4-29.2) 26.0 (23.6-29.0) 26.4 (24.0-29.2) 27.2 (24.8-29.9)
Obesity® 760 (20.6) 15,827 (19.0) 13,400 (19.8) 14,157 (24.6)
Waist circumference (cm) 6 (77-96) 87 (78-96) 0 (81-98) 4 (86-102)
Central obesity” 1,119 (30.3) 23,373 (28.0) 19,173 (28.4) 19,377 (33.7)
Previous history of stroke, angina, 178 (4.8) 3,461 (4.2) 3,255 (4.8) 3,272 (5.7)
or heart attack
Hypertension 641 (17.4) 13,982 (16.8) 12,298 (18.2) 13,335 (23.2)
Systolic BP (mmHg) 134.0 (122.5-147.5) 134.0 (122.5-147.0) 136.0 (125.0-148.5) 140.5 (129.0-153.0)
Diastolic BP (mmHg) 80.5 (73.5-87.0) 81.0 (74.5-87.5) 82.0 (75.5-89.0) 84.5 (78.0-91.5)
Diabetes mellitus 154 (4.2) 3,025 (3.6) 2,346 (3.5) 2,512 (4.4)
Hemoglobin A1c (mmol/mol) 35.3(32.9-37.9) 35.0 (32.6-37.4) 34.7 (32.3-37.2) 34.8 (32.3-37.3)
Dyslipidemia 566 (15.3) 11,534 (13.8) 10,613 (15.7) 13,335 (23.2)
Total cholesterol (mmol/L) 6 (4.9-6.4) 7(4.9-6.4) 7 (5.0-6.4) 7 (5.0-6.5)
LDL cholesterol (mmol/L) 5(3.0-4.1) 5(3.0-4.1) 5(3.0-4.1) 3.5(3.0-4.1)
HDL cholesterol (mmol/L) 4 (1.2-1.7) 4 (1.2-1.7) 4 (1.2-1.7) 1.5(1.2-1.7)
History of smoking
None 2,506 (67.8) 52,079 (62.5) 34,176 (50.6) 20,845 (36.2)
Ex-smoker 990 (26.8) 25,977 (31.2) 27,155 (40.2) 27,159 (47.2)
Current smoker 198 (5.4) 5,336 (6.4) 6,191 (9.2) 9,521 (16.6)
Moderate physical activity (day/wk) 3(2-5) 3(2-5) 3(2-5) 3(2-5)
No. of illnesses 1(0-3) 1(0-2) 1(0-2) 1(0-3)
No. of treatments received 2(0-3) 1(0-3) 1(0-3) 2(0-3)
Income grade (GBP)
<18,000 941 (25.5) 15,218 (18.2) 10,555 (15.6) 9,232 (16.0)
18,000-30,999 1,010 (27.3) 21,262 (25.5) 16,129 (23.9) 13,238 (23.0)
31,000-51,999 962 (26.0) 23,223 (27.8) 18,904 (28.0) 15,809 (27.5)
52,000-100,000 659 (17.8) 18,980 (22.8) 16,818 (24.9) 14,487 (25.2)
>100,000 122 (3.3) 4,709 (5.6) 5,116 (7.6) 4,759 (8.3)
No. of household member 2(2-3) 2(2-3) 2 (2-3) 2(2-3)
eGFR (mL/min/1.73 m?) 91.9 (81.8-99.1) 92.3 (82.6-99.5) 92.6 (83.4-99.6) 93.4 (84.6-100.2)
<60 mL/min/1.73 m? 103 (2.8) 1,588 (1.9) 1,115 (1.7) 875 (1.5)

Data are expressed as number only, median (interquartile range), or number (%).
BP, blood pressure; eGFR, estimated glomerular filtration rate; GBP, Great Britain pound; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
®Body mass index = 30 kg/mz. °>102 c¢m for males, =88 cm for females.

er amounts of alcohol. The prevalence of CKD stage > 3 was
3% in those with 0 or 1 drink per week of alcohol use, which

was higher than the other groups.
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Obervational association between alcohol use and CKD or

Those who reporting consuming 0 or 1 alcoholic drink per
week had more than 30% greater odds of being diagnosed
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with prevalent CKD than those who reported consuming
>1 and <7 drinks per week (Table 2). Even among those
who reported higher amounts of alcohol use, the odds for
prevalent CKD were significantly lower, and this remained
similar in multivariable models adjusted for various clini-
cal, lifestyle, and socioeconomic factors. During a median
of 7.0 years (interquartile range, 6.3-7.6 years) of follow-up,
135 participants progressed to ESKD in the clinical analysis
dataset. Individuals consuming 0 or 1 drink per week had an
approximately 3-fold risk of ESKD compared with those who
reported >1 and <7 drinks per week of alcohol use, even after
adjustment for multiple variables.

Reverse causation of genetically predicted CKD on
amounts of alcohol use

The analysis revealed 849 SNPs with GWAS-significant p-val-

ues for the CKD stage > 3 phenotype. After removing those
with an R® value of <0.1, a total of 17 SNPs were identified
as the genetic instrument for CKD (Supplementary Table
1, available online). When we regressed the PRS for CKD to
the amounts of alcohol use, a higher PRS was significantly
associated with lower phenotypical amounts of alcohol use,
implying that the presence of CKD is a causative factor for
low phenotypical alcohol use amount (Table 3).

Genetically predicted amounts of alcohol use and risk of
ESKD and related factors

A total of 4,596 SNPs with GWAS-significant p-values were
observed for the numerical amounts of alcohol-use pheno-
type. The 35 SNPs not in a linkage disequilibrium state (R* <
0.1) were identified as the genetic instrument for genetically
predicted amounts of alcohol use (Table 4). The genetic in-

Table 2. Risk of prevalent CKD or incident ESKD according to amounts of alcohol use

Univariable model

Multivariable model 1

Multivariable model 2

Alcohol use (drink/wKk)

ORorHR (95% Cl)  p-value Adjusted OR or HR (95% CI)  p-value Adjusted OR or HR (95% Cl) p-value

Prevalent CKD

Oorl 1.48 (1.21-1.81) <0.001 1.38 (1.13-1.70) <0.001 1.31 (1.06-1.61) 0.01

>1and <7 Reference Reference Reference

>7 and <14 0.87 (0.80-0.93) <0.001 0.86 (0.79-0.93) 0.002 0.89 (0.82-0.97) 0.005

>14 0.80(0.73-0.87) <0.001 0.73 (0.67-0.79) <0.001 0.80 (0.73-0.87) <0.001
Incident ESKD

Oor1l 2.95 (1.26-6.89) 0.010 2.62 (1.12-6.14) 0.03 3.17 (1.34-7.50) 0.009

>1and <7 Reference Reference Reference

>7 and <14 1.15 (0.76-1.73) 0.52 1.38 (0.91-2.09) 0.13 1.40 (0.92-2.15) 0.12

>14 1.17 (0.76-1.79) 0.48 1.29 (0.83-1.99) 0.25 1.18 (0.75-1.86) 0.47

For the prevalent CKD outcome, logistic regression analysis was performed (OR), and for the incident ESKD outcome, Cox regression analysis was

performed (HR).

Multivariable model 1 was adjusted for age, sex, history of diabetes mellitus, and hypertension. When analyzing the incident ESKD outcome, the baseline
eGFR was additionally adjusted.
Multivariable model 2 was adjusted for age, sex, body mass index, waist circumference, history of angina/heart attack/stroke, diabetes mellitus,
hemoglobin Alc level, hypertension, systolic blood pressure (BP), diastolic BP, dyslipidemia, total cholesterol, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, smoking (nonsmoker, ex-smoker, current smoker), average days of moderate physical activity per week, number of illnesses,
number of treatments received, income grade (<£18,000, £18,000-£30,999, £31,000-£51,999, £52,000-£100,000, and >£100,000), and humber of

household members.

Cl, confidence interval; CKD, chronic kidney disease; ESKD, end-stage kidney disease; HR, hazard ratio; OR, odds ratio.

Table 3. Genetic predisposition to chronic kidney disease and its association with alcohol-intake phenotype

Univariable model

Multivariable model

Exp(p) (95% Cl)

p-value

Adjusted exp(p) (95% Cl)

p-value

For numerical amounts of alcohol intake

0.96 (0.92-0.99)

0.04

0.95 (0.92-0.99)

0.02

Reported exp(p) and confidence interval values were from a linear regression model with amounts of alcohol use as the outcome variable and polygenic
risk score (PRS) for chronic kidney disease stage > 3 as the exposure variable. The effect sizes of one standard deviation increment of the PRS are

reported. The multivariable model was adjusted for age, sex, diabetes mellitus, and hypertension.

Cl, confidence interval.
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strument included SNPs annotated to genes, such as those
for alcohol dehydrogenase 1B (ADHIB) or 1C (ADHIC),
which are related to alcohol-use behavior. The SNPs includ-
ed in the genetic instrument (0.05/35) did not reach a Bon-
ferroni-adjusted significant p-value when the associations
between individual SNPs and CKD stage > 3 or ESKD pheno-

type were investigated (Supplementary Table 2, 3; available
online).

The PRS for alcohol intake was significant (p < 2 x 10"°) for the
self-reported alcohol intake phenotype, and the F statistic
was 972.8. The PRS therefore had sufficient instrumental
power to test the causal estimates from alcohol intake on

Table 4. Genetic instrument for the calculation of polygenic risk score of amounts of alcohol intake

Chr Position SNP Gene Minor allele  Other allele '\élrigglrjgi:g,e Beta Stae?g?rd p-value
1 8078805  rs571188732 ERRFI1 T C 0.002 2.539 0.436 5.87 x10°°
2 27739880 2:27739880_CT_C - CT C 0.497 -0.224 0.029 174x10™
2 45138325 rs539447 - A G 0.494  -0.180 0.028 249x107
2 45207824  rs503435 - A G 0.491 0.155 0.028 4.94x10°®
4 39368083 rs3736168 RFC1 C T 0.489  -0.179 0.029 350x10™"
4 39426395 5151010045 KLB C T 0.033 0.477 0.081 3.16x107°
4 99691047 571612659 - A G 0.058  -0.426 0.064 3.03x10™
4 99973122  4:99973122_AATG_A HZAZ1-DT A AATG 0.003  -2.935 0.427 6.33x10™"
4 100239319 rs1229984 ADH1B T C 0.022  -1.949 0101 3.15x10°%
4 100270452 rs13125415 ADH1C G A 0.423 0.157 0.029 4.89x10°®
4 100284882 4:100284882_AT_A - A AT 0.062  -0.349 0.060 4.37 x10°
4 100313619 rs574536742 - A C 0.001  -5.110 0.765 235x 10"
4 100401757 rs148500703 AP001960.1  TAATT T 0.019 -0.605 0.107 1.31x10°®
TTGTC 1.16 x 107°
4 103198082 rs13135092 SLC39A8 G A 0.083  -0.336 0.052 2.33x10°®
7 73042085 rs62466318 MLXIPL T C 0.205 0.197 0.035 7.82x10°
7 103906175 rs185752293 - G T 0.001 4.422 0.766  4.54 x 10°®
8 30013792 rs562181077 DCTNG C A 0.001 2.600 0.475 1.89x10°®
9 12412669 rs796759482 - GTATATATAT G 0.486  -0.162 0.029 790x10°
ATATATATA 4.48 x 10°®
9 80061902 rs537067378 GNA14 T C 0.001 2.406 0.417 559x10°
10 57856312 rs187661602 - G T 0.001 4113 0.752 2.38x10°®
11 47676170 rs7107356 AGBL2 A G 0.494  -0.165 0.028 3.69x10°®
11 113413565 rs10891570 - A G 0.398  -0.163 0.029 2.69x10°®
11 116013220 rs561117150 - A G 0.002 2.035 0.370 351x10°
11 121522709 rs612409 - G A 0.499 0.159 0.029 219x10°
15 74667953 rs35807116 AC090826.2 C T 0.394  -0.160 0.029 286x10°
16 69720964 rs3169315 NFAT5 A G 0.187 0.204 0.036  3.03x10°
17 43498316 rs539386657 ARHGAP27 C CA 0.429 0.168 0.030 263x10"
17 43660196 rs2668683 DND1P1 A G 0.499  -0.182 0.033 5.90x10°
17 43857292 535111772 CRHR1 CTTTTTTT C 0.468 0.206 0.030 1.79x10°
17 43934256 rs2316770 MAPT-AS1 A G 0.442 0.169 0.029 3.21x10"
17 44353261 rs55885927 ARL17B C T 0.033  -0.669 0111 2.50x10°®
17 44573874  rs75104997 - G C 0.496 0.203 0.032 2.81x10°
17 44874453 1563304 WNT3 T C 0.181 -0.206 0.037 1.29x10°®
18 32091959 rs571604652 DTNA G C 0.005 1.219 0.220
18 41237960 rs185843056 - A G 0.001 3.749 0.659

Chr, chromosome; SNP, single nucleotide polymorphism.

288

www.krcp-ksn.org


https://www.krcp-ksn.org/journal/view.php?number=6037#SD3-j-krcp-20-186
https://www.krcp-ksn.org/journal/view.php?number=6037#SD4-j-krcp-20-186

Park, et al. Alcohol and ESKD

kidney function traits.

Higher genetically predicted amounts of alcohol use were
significantly associated with a higher risk of ESKD, hyper-
tension, diabetes mellitus, obesity, central obesity, current
smoking, and a lower number of household members (Fig.
2). The association between the PRS and CKD stage > 3 phe-
notype did not reach statistical significance, although the
odds ratio [OR] was above 1. The average number of days
per week of moderate physical and income grades were not
significantly associated with the PRS for amounts of alcohol
use.

In addition, there was no significant interaction between
phenotypical amounts of alcohol use and the association
with genetically predicted amounts of alcohol use and the
risk of CKD (interaction p = 0.20) or ESKD (interaction p
= 0.81). When alcohol use within the recommended level

(an average of <2 drinks daily for males or <1 drink daily for
females) was tested, the variable did not show a significant
interaction with the association with CKD (interaction p =
0.996) or ESKD (interaction p = 0.27).

In the multivariable model adjusted for baseline age, sex,
hypertension, diabetes mellitus, obesity, central obesity,
current smoking, and lower number of household members,
the genetically predicted amounts of alcohol use were still
significantly associated with a higher risk of ESKD (per unit
reflecting one phenotypical alcohol-amount use: adjusted
OR, 1.16; 95% confidence interval [CI], 1.02-1.31; p = 0.02),
implying a direct effect of alcohol use on the ESKD risk.

In the negative-control approach, the genetic effect from
the alcohol intake PRS to ESKD was attenuated in those with
low amounts of phenotypical alcohol intake, implying that
alcohol-intake exposure mediated the genetic effect to ESKD

Polygenic risk score for amounts of alcohol use

ESKD (adjusted) -
ESKD

CKD stage 3 or higher 4 —e—
Hypertension —e—
Diabetes mellitus -

Obesity by BMI4 | ~e~

Central obesity { i-e-

Current smoking 4 ——
Frequency of moderate PA- s
Income grades-|

No. of household members -

T T T T T T
1.00 1.05 1.10 1.15 1.20 125 130 1.35

Adjusted OR or exp(B) (95% CI)

Figure 2. A higher polygenic risk score for amounts of alcohol use was associated with a higher risk of ESKD and related

comorbidities.

Multivariable logistic or linear regression analysis was performed with the calculated polygenic risk scores based on 35 single
nucleotide polymorphisms, and the age- and sex-adjusted effect sizes per unit of polygenic risk score scaled to reflect one phenotypical
unit of alcohol consumption (continuous) increase are plotted. For the ESKD (adjusted) outcome, all identified phenotypes that were
significantly associated with the polygenic risk score for alcohol amounts, including age, sex, hypertension, diabetes mellitus, obesity,
central obesity, current smoking, and lower number of household members, were adjusted for the multivariable model, implying a
direct effect from genetical predisposition for alcohol use amount to risk of ESKD. The dots indicate the odds ratio (OR) or exp(K), and

the horizontal lines indicate the 95% confidence interval (Cl).

BMI, body mass index; CKD, chronic kidney disease; ESKD, end-stage kidney disease; PA, physical activity.
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(Supplementary Table 4, available online). The PRS for alco-
hol intake remained insignificantly associated with the risk
of CKD, but as the main analysis results were not significant,
this result could not be interpreted.

Finally, when we obtained regressed betas for amounts of
alcohol use of the genetic instrument only in those without
CKD stage = 3, the recalculated PRS was still significantly
associated with a higher risk of ESKD (adjusted OR, 1.16;
95% CI, 1.02-1.31; p = 0.03), but still not with a risk of CKD
(adjusted OR, 1.00; 95% CI, 0.97-1.04; p = 0.99).

Discussion

The inverse association revealed in this study between al-
cohol use and CKD could have been affected by reverse
causation. Furthermore, genetically predicted higher
amounts of alcohol use were significantly associated with
the risk of ESKD and related factors, including hypertension,
diabetes mellitus, obesity, central obesity, current smoking,
and a low number of household members. The MR results
support recommendations that alcohol be avoided, as it
causally elevates the risk of ESKD and related comorbidities.

Our study showed that higher amounts of alcohol use
can cause important predisposing comorbidities for CKD,
including obesity, hypertension, or diabetes mellitus. The
risk of ESKD was significantly higher according to higher
genetically predicted amounts of alcohol use, and this asso-
ciation was not affected by whether alcohol use was within
the recommended level or the amounts of alcohol-use phe-
notype. The MR results suggest a causal link between higher
amounts of alcohol use and an increased risk of ESKD and
that the use of alcohol may generally increase the risk of
ESKD [1]. As recent evidence has shown that there is no “safe”
level of alcohol use [2], this may be a reasonable recommen-
dation for people overall or individuals with CKD, not only
regarding the risk of ESKD but also considering the risk of
general mortality.

Our analysis including the PRS is a one-sample MR meth-
od, and MR requires three assumptions to be met to suggest
causal effects [21]. First, the genetic instrument should be
strongly associated with the studied outcome. As the instru-
ment was obtained from a GWAS, the assumption was met.
Second, the genetic instrument should affect the outcome
through the exposure of interest. Third, the association
should not be the result of horizontal pleiotropy, implying
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the presence of confounders. We found that important co-
morbidity and lifestyle factors related to the risk of ESKD
were significantly associated with the PRS for alcohol use. As
the association between the PRS and risk of ESKD remained
significant even after adjusting for comorbidities, the finding
may not be the result of horizontal pleiotropy but possibly of
vertical pleiotropy, which does not violate the MR assump-
tion. Alcohol use may cause diabetes mellitus, hypertension,
obesity or central obesity, or current smoking behavior, and,
as one of the downstream endpoints from the comorbidities,
ESKD. The effect was significant even after adjusting for the
comorbidities, implying a direct causal effect from alcohol
use on ESKD. In addition, the negative-control approach
supported the absence of a horizontal pleiotropic pathway,
suggesting the attainment of the important MR assumptions.

Previous studies have reported that alcohol can damage
kidneys through increased oxidative stress injury associated
with ethanol exposure [22-24]. In addition, heavy ethanol
consumption reportedly leads to pathologic glomerular
changes through activation of the renin-angiotensin-aldo-
sterone pathway or blood pressure increments in vivo [25,26].
As the biological benefit of alcohol use is unlikely to present,
the inverse observational association between alcohol use
and the risk of CKD, which cannot be simply accepted to re-
flect causal effects, required further examination. Although
few studies suggest that alcohol use over the recommended
level elevates the risk of CKD or ESKD [27], not only mod-
erate but also high amounts of alcohol use have been asso-
ciated with a lower risk of incident CKD or ESKD in several
reports [5-7,28] involving multiple ethnic backgrounds
[5,6,28], including healthy individuals [7] and those with a
certain proportion of metabolic risk factors [5]. However, as
even a single drink of alcohol is not safe with respect to the
risk of mortality [2], an explanation for the inverse associa-
tion is necessary to prevent misunderstandings of this ob-
servational association. For cardiovascular diseases, adverse
causal effects of alcohol use on cardiovascular health have
been demonstrated [11]. Our study indicates that CKD may
reduce alcohol use; that is, people with a risk of CKD use
lower amounts of alcohol. This suggests that the observa-
tional inverse association between alcohol use and the risk
of CKD should be interpreted simply as those at risk for CKD
tend to use less alcohol. Also, the previous observational
findings were likely affected by various unmeasured clinical
confounding effects (e.g., smoking, drug use, diet, medical
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compliance, or healthy behaviors) [3,28,29], and not dis-
couraging alcohol intake because the risk of kidney function
based on such observational results would be misleading.

Our study has several limitations and raises some questions.
First, a CKD stage > 3 outcome was not significantly associated
with the PRS for alcohol use. This may be related to the fact
that genetic instruments can explain only some of the impacts
of the studied factor or that the effect size was too small to be
detected in our study, which included a general population
with a low prevalence of CKD. Furthermore, the assumption
that alcohol use is associated with kidney hyperfiltration
may have caused the null result [30]. As diabetes mellitus,
hypertension, and obesity are important predisposing fac-
tors for CKD, and alcohol use is causally associated with
these phenotypes, the result may not be misinterpreted.
Second, the result has not been replicated by a two-sample
MR. However, as no external large-scale GWAS for ESKD is
available, and the issue of reverse causation or hyperfiltra-
tion remains for CKD outcomes, the current one-sample MR
should be considered an appropriate method for this study.
Third, as the information on alcohol use was self-reported,
measurement bias may be present. However, the direction of
the bias would not affect the positive finding that alcohol use
affects the risk of ESKD, as diseased people would likely re-
port lower amounts of alcohol use. Fourth, the utility of PRS
risk estimation is currently limited by its simplicity. Further
methodologic advances may be necessary to improve the
comprehensiveness and to reduce the uncertainty involved
in utilizing the PRS [31]. In addition, validation of the sug-
gested PRS for alcohol-intake amount would be necessary
to confirm the generalizability of the instrumented informa-
tion. Last, the genetic analysis included only those of white
British ancestry, undermining the generalizability of the
results to other ethnic populations.

In conclusion, alcohol use causally increases the risk of
ESKD and related comorbidities. As the issue of reverse
causation is present in the form of an inverse association be-
tween alcohol use and the risk of CKD, the potential benefi-
cial effects of alcohol use on this complex disease should not
be erroneously assumed simply based on observed clinical
associations. Healthcare providers may recommend avoid-
ing alcohol use to reduce the risk of ESKD and predisposing
comorbidities.
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