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Abstract

Many prospective cohort studies have investigated the association between the consumption of alcohol and CKD risk and
have revealed inconsistent results. In the present study, we aimed to perform a meta-analysis of these studies to assess this
association.We searched the PubMed and Embase databases up to 2020 and reviewed the reference lists of relevant articles
to identify appropriate studies. We calculated the pooled relative risks with 95% ClIs using random effects models, and then
performed subgroup and meta-regression analyses. Dose—response meta-analyses were performed by sex separately.
We identified 25 eligible prospective cohort studies, including 514,148 participants and 35,585 incident CKD cases.
Compared with the category of minimal alcohol intake, light (RR = 0.90, 12 = 49%), moderate (RR = 0.86, 12 = 40%), and
heavy (RR =0.85, 12 =51%) alcohol intake were associated with a lower risk of CKD. Subgroup meta-analysis by sex
indicated that light (RR =0.92, 12 =0%), moderate (RR =0.83, 12 =39%) and heavy (RR =0.76, 12 =40%), alcohol
consumption were inversely associated with CKD risk in male. Dose—response meta-analyses detected a nonlinear inverse
association between alcohol consumption and the risk of CKD in all participants and linear inverse association in female
participants. This meta-analysis shows that light (<12 g/day), moderate (12-24 g/day), and heavy (>24 g/day) alcohol
consumption are protective against chronic kidney disease in adult participants especially in males.

Introduction increasing global noncommunicable disease burden [4].

With the deterioration of kidney function, patients with end-

Chronic kidney disease (CKD) is an important cause of
death worldwide [1-3]. According to the 2010 Global
Burden of Disease study, CKD was ranked 18th on the list
of causes of death globally and regarded as a part of the
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stage renal disease (ESRD) have to receive expensive dia-
lysis or transplant therapies [5]. Considering the probable
poor outcome, constructing effective strategies to slow the
progression of CKD is important.

Several factors, such as smoking, obesity, and type 2
diabetes, are considered risk factors for CKD [6]. Alco-
hol, the most common beverage worldwide, is consumed
by almost 65% of Americans [7]. Since the 1990s, many
observational studies from different countries have
reported the association between alcohol consumption
and CKD risk, but the results were not consistent [8, 9].
Although the previous meta-analysis summarized the
association between heavy alcohol consumption and
CKD risk, the potential links between light alcohol
consumption, moderate alcohol consumption, used to
drink alcohol, and CKD risk are still not very clear
[10]. Moreover, the dose—response relationship between
alcohol consumption and CKD risk has not yet been
summarized in a meta-analysis.

To provide up-to-date summarized evidence of the
association between alcohol consumption and CKD, we

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-021-00873-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-021-00873-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-021-00873-x&domain=pdf
http://orcid.org/0000-0002-0250-1322
http://orcid.org/0000-0002-0250-1322
http://orcid.org/0000-0002-0250-1322
http://orcid.org/0000-0002-0250-1322
http://orcid.org/0000-0002-0250-1322
http://orcid.org/0000-0002-0941-4256
http://orcid.org/0000-0002-0941-4256
http://orcid.org/0000-0002-0941-4256
http://orcid.org/0000-0002-0941-4256
http://orcid.org/0000-0002-0941-4256
mailto:13954278272@163.com
mailto:chenle73@sina.com

H. C. Yuan et al.

performed this systematic review and dose-response meta-
analysis of prospective cohort studies to investigate the
links between used to drink alcohol, light, moderate, and
heavy alcohol consumption and CKD risk.

Methods
Search strategy and selection criteria

We performed this systematic review following the
PRISMA guidelines [11]. Published relevant studies
identified using PubMed (through January 11, 2020) and
Embase (through January 11, 2020) describing the
association between alcohol intake and kidney function
were identified. The search strategy used the following
MeSH terms and related extended versions: (1) “alco-
hol,” or “alcohol drinking,” or “ethanol”; (2) “kidney
disease,” or “kidney failure,” or “chronic kidney dis-
ease,” or “chronic kidney failure,” or “hemodialysis”; (3)
“glomerular filtration rate,” or “GFR,” or “creatinine or
proteinuria, or microalbuminuria”; (4) “humans”; and
(5) “cohort,” or ‘“case-control,” or “cross-sectional.” In
addition, we searched the reference lists of included
articles and relevant reviews. The search was limited to
the English language.

Two investigators (HCY and QTY) independently
assessed the titles, abstracts, and full texts for eligibility,
and discussion or a third person resolved discrepancies.
We included studies in this review if the report was a
prospective cohort study conducted with adults without
kidney dysfunction at baseline, which evaluated the asso-
ciation of the risk of CKD, ESRD, proteinuria, or eGFR
decline with alcohol intake; the report provided the amount
of alcohol consumption and odds ratios (ORs) or relative
risks (RRs) or hazard ratios (HRs) with 95% confidence
intervals (CI) for all categories of alcohol consumption.
Only full texts published in English were included. We
excluded duplicated studies, studies for which we could not
extract or calculate the amount of alcohol consumed and
adjusted RRs, and studies with follow-up periods of less
than 3 years.

Data extraction and quality assessment

We extracted the following information from each eligible
study using a predesigned form: (1) first author, (2) year of
publication, (3) country, (4) study design, (5) follow-up
length, (6) diagnostic criteria for CKD, (7) characteristics of
participants (age distribution, sex), (8) sample size, (9)
adjusted outcomes (OR, RR, HR) with their 95% CIs for
all categories of alcohol consumption, and (10) adjusted
covariates.
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We used the Newcastle-Ottawa scale to assess the quality
of each study, which considered the selection of cohorts,
comparability of cohorts, and the ascertainment of the
exposure and outcome of interest. The Newcastle-Ottawa
scale is a validated tool for meta-analysis of cohort studies
[12]. Overall, the scale awards a maximum of nine points for
study quality, with a higher score indicating higher quality.

Statistical analysis

To pool the study-specific RRs, alcohol intake in g/day was
used to standardize alcohol consumption across the studies. If
alcohol intake was given in the number of drinks per week,
we divided the number by 7. We used the reported infor-
mation if a study reported the relationship between one drink
and the amount of alcohol to change “drinks” into “grams of
alcohol,” unless the assumption that one drink contains 12 g
of ethanol was used. When the median amount was not
indicated, we assigned the midpoint of the upper and lower
boundaries as the estimated mean alcohol intake. When the
lowest or the highest group was open-ended, we set the
lowest and highest groups to the lowest boundary/1.5 and
highest boundary x 1.5 respectively. Finally, we divided
nonreference groups of studies into three categories based on
alcohol intake: low (0-12 g/day), moderate (12-24 g/day),
and heavy (>24 g/day). In the analysis of alcohol intake and
CKD risk, the lowest dose of each study was used as the
reference group. For studies reporting ORs as association
measures, RR =OR/((1 —Py)+PyxOR) was used to
transfer ORs into RRs [13]. P indicates the incidence of the
outcome of interest in the reference group.

DerSimonian and Laird inverse variance weighted
random effects models were applied to combine the RRs
and 95% ClIs according to the three above categories and
the category of former alcohol consumers compared with
the reference group [14]. If a study reported that at least
one RR fell into one of three categories, summary RRs
and 95% CIs of those studies were calculated before
inclusion in the meta-analysis. We conducted meta-
regression and stratified analysis to assess the possible
source of heterogeneity based on age, sex, geographic
area (Western country: America, Europe countries, and
Australia; Eastern country: Japan and China), duration of
cohort follow up, and CKD stage (CKD stages I-V or
ESRD only) [15]. Moreover, we performed sensitivity
analysis by removing studies that the diagnosis of CKD
did not based on eGFR.

To evaluate the dose-response association between
alcohol consumption and CKD risk, we used the robust
error meta-regression (REMR) method as described by Xu
and Doi, which is a “one-stage” procedure that does
not require any knowledge of regression coefficients [16].
For nonlinear associations, we first estimated a restricted
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cubic spline model and then used REMR analysis to get
parameters [17]. P <0.05 was used to test the nonlinearity
trend. We estimated the predicted RRs by comparing
specific levels of alcohol consumption based on a non-
linear or linear model, as appropriate. A detailed expla-
nation and Stata codes can be seen in the article proposed
by Xu and Doi.

Heterogeneity between studies was investigated by using
P statistic (higher values indicate greater heterogeneity).
Publication bias was assessed by the use of qualitative
visual inspections of funnel plots [18]. Statistical analyses
were conducted with two-tailed tests, and P<0.05 was
considered statistically significant. All statistical analyses
were performed using STATA 12.0 (StataCorp, College
Station, TX, USA).

Results
Study characteristics

Figure 1 shows a flow diagram of the study selection pro-
cess. We identified 4133 citations from the two databases.
An additional four articles were identified from manual
searches and the references of the included studies and one
meta-analysis. Finally, 25 prospective cohort studies pub-
lished from 2003 to 2019, including 514,148 participants
(246736 males and 267412 females) and 35,585 incident
CKD cases, were eligible for inclusion in the meta-analysis.
Six studies were conducted in the USA [19-24], five in
Europe [25-27], eleven in Asia [28-36], two in Australia
[37], and one study was conducted in 40 countries [38]. The
sample size ranged from 530 to 155,256, and the follow-up
period was 3-24 years. Ten studies included men only
[25, 27-30, 33, 34, 36], four included women only
[20, 27, 33, 34], and the others included both men and
women [19, 21-24, 26, 31, 32, 35, 37, 38]. Among the
three different alcohol consumption categories, 17 studies
[19-21, 23-27, 33-36, 38], 14 studies [21, 23-28, 33, 34, 37],
and 17 studies [19, 20, 22, 24, 26-33, 36, 37] were included in
the light, moderate, and heavy drinking categories, sepa-
rately. In addition, six studies were included in the analysis
of the association between used to drink alcohol and CKD
risk [19, 22, 24, 27, 29]. The NOS was applied to evaluate
the quality of the studies. Overall, 16 studies scored 9,
7 studies scored 8, and 2 studies scored 7. The character-
istics of the included studies and the results of the quality
assessment are shown in Table 1.

Overall and stratified analysis

The pooled results for CKD based on different alcohol
consumption categories compared with the reference

Potentially relevant
references screened
(n=4133)

Excluded on the basis of
title and/or

* abstract(n=4039)
Full text articles assessed

for inclusion(n=94)

\d

Excluded (n=75):

No desirable outcomes(n=40)

Cross-sectional studies (n=28)
Case-control studies (n=6)

Follow-up period less than 3

years(n=1)

v

A 4

19 articles (25 cohort studies)

included in the quantitative
synthesis

Fig. 1 Flow diagram of the literature search and study selection.

category are shown in Fig. 2. The pooled RRs of CKD for
light, moderate, and heavy alcohol consumption were 0.90
(95% CI 0.85, 0.95; > =49%), 0.82 (95% CI 076, 0.89;
P =40%), and 0.83 (95% CI 0.74, 0.92; I*=51%),
respectively. Visual inspection of the funnel plots revealed
that there was no indication of obvious publication bias (see
in Fig. 3). Sensitivity analyses were performed for light,
moderate, and heavy alcohol consumption by excluding
studies in which CKD diagnosis was not based on GFR.
After excluding these five studies, the conclusions were not
affected. Furthermore, after five studies were pooled toge-
ther, there was no significant association between used to
drink alcohol and incident CKD risk (pooled RR =1.07,
95% CI 0.82, 1.38; I* = 51%).

The results of stratified analyses performed according to
sex, age group, geographic area, and follow-up period were
shown in Table 2. As presented in Table 2, we noted sig-
nificant lower risks of incident CKD only in males with
light (<12 g/day), moderate (12-24 g/day), and heavy
alcohol (224 g/day) consumption when stratified by sex
(pooled RR =0.92, 0.83, and 0.78). When stratified by the
mean age of participants at baseline (<50 years old, 50-60
years old, >60 years old), the significant lower risk of
incident CKD of light alcohol consumption in participants
older than 60 years old disappeared (pooled RR =0.93,
95% CI 0.80, 1.07, 12:78%). This nonsignificant rela-
tionship was also seen in participants with heavy alcohol
consumption who were older than 60 years (pooled RR =
1.00, 95% CI 0.80, 1.24, P =44%). Light, moderate, and
heavy alcohol consumption were inversely associated with
the risk of CKD in studies conducted in Eastern countries
(Japan and China). In an analysis stratified by follow-up
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£ period, light, moderate, and heavy alcohol consumption
2 were all associated with lower CKD risk when follow-up
g - - period are more than 10 years. When studies about ESRD
s o o were removed, the results favoring alcohol consumption did
o B BET not change.
Eéz _§' g é %E—] > Moderate alcohol consumption was associated with
ER8E:E g ] = lower CKD risk when the duration was longer than 5 years.
E El S 9 U; 2 g Tgf E Light alcohol consumption was inversely associated with
% go% ig E“é '; g CKD risk when the follow-up period was greater than
g2 E 25 8 o & 10 years (pooled RR =0.86, 95% CI 0.81, 0.91, = 0).
§ § %ﬁ ] %D Egg g Meta-regression analysis showed that the area (meta-
E ;§ g < g é eég regression: f=0.19, 95% CI 0.18-0.3, P=0.016) and
& EETS 2 %7 s Z follow-up period (meta-regression: f=—0.16, 95% CI
3 g8 = § v 2 %%ﬂé —0.26 to —0.06, P =0.036) may be the sources of hetero-
.é é’n% = ‘éé g § é E, geneity among participants with moderate alcohol
< <E3E8 <5 3R consumption.
éﬁg N é Dose-response analysis
—_ 5] 2
; TE g :Z . § A dataset containing categorically reported RRs and cor-
§0 EE|S g Eo responding alcohol consumption levels was extracted from
2E Elw = = 24 studies, in which alcohol consumption levels ranged
C-sfr= " from 0 g/day to ~69 g/day. A restricted cubic spline was
9 - § created (with three knots at 0, 7.5, and 37.82 (g/day)),
é’.g % < 3 which generated two splines, and those were employed for
S § 2| d § g the nonlinear dose-response modeling. With the REMR
>< s method, the estimated regression parameters (slopes b; =
A = = 0.98, b, =1.02, test for equality of slopes P =0.0026)
were found to differ significantly, suggesting a non-
g linearity association (see Fig. 4). Compared with the
E reference group, the estimated RRs of CKD were 0.90
. . (95% CI1 0.86-0.95) for 10 g/day, 0.84 (95% CI 0.78-0.90)
£ B for 30 g/day, and 0.85 (95% CI 0.78-0.93) for 60 g/day.
= § = Similar analyses performed in male and female studies
Ei E separately. In the male and female studies, nonlinear
£ 5 £ . .
E é 3 é (male) and linear (female) models were used for predicting
2 3 g 2 the dose-specific RRs of alcohol intake (see in Fig. 4).
S ; g ; Compared with the reference group, the estimated RRs of
5 &2 & CKD in male participants were 0.90 (95% CI 0.83-0.97)
for 10 g/day, 0.82 (95% CI 0.74-0.91) for 30 g/day, and
: B 0.78 (95% CI 0.70-0.86) for 70 g/day. Compared with the
% Z < - reference group, the estimated RRs of CKD in female
=s N participants were 0.98 (95% CI 0.96-1.00) for 7 g/day,
0.97 (95% CI 0.94-0.99) for 10 g/day, and 0.90 (95% CI
%‘ - . 0.83-0.98) for 30 g/day.
N E g
3 Discussion
£ 5 &
g E = The pooled results of prospective cohort studies revealed
f’ § 2 an inverse association between alcohol consumption and
2 -§‘ ‘;J E the risk of CKD, with 10, 14, and 15% lower risks
) I T o observed in adult participants with light, moderate, and
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Fig. 2 Overall relative risks
(RRs) with 95% confidence
intervals (CIs) of CKD for
light alcohol consumption
(0-12 g/day), moderate alcohol
consumption (12-24 g/day),
heavy alcohol consumption
(>24 g/day), and used to drink
alcohol compared with
reference groups. n: number of
included studies.

category n RR (95% CI)
Used to drink alcohol 6 1.07 (0.82,1.38)
Light alcohol consumption 17 —_— 0.90 (0.85, 0.95)
Moderate alcohol consumption 14 —_— 0.86 (0.80, 0.92)
Heavy alcohol consumption 17 —_— 0.85 (0.74,0.97)
8 1 1.5

heavy alcohol consumption, respectively. This meta-
analysis also showed that used to drink alcohol was not
associated with a significantly increased CKD risk.
Dose-response meta-analyses revealed a nonlinear inverse
association between alcohol consumption and the risk of
CKD in all participants and linear inverse associations in
female participants.

A previous meta-analysis studying the association
between high alcohol consumption and CKD risk also
reported that high alcohol consumption may prevent the
incidence of CKD [10]. However, as for study design, the
included studies are different—cross-sectional, case—control,
and only nine cohort studies published through 2014 were
pooled together. Since then, the results of several cohort
studies have been reported [21, 26, 29]. Retrospective studies
may result in recall and selection biases, and cross-sectional
studies cannot be used for inferring causality. Those low-
quality studies finally resulted in a pooled result with great
heterogeneity (I* =73%). In that analysis, Cheungpasitporn
et al. only reported that the association between heavy
alcohol consumption and CKD varied significantly by sex,
and heterogeneity remained in the male subgroup. In con-
trast, this study reported stratified analysis based on age, sex,
geographic area, follow-up period, and the results of the
dose-response analysis.

Compared with other meta-analyses about alcohol con-
sumption and illness, our result that alcohol consumption
was not a risk factor for CKD is interesting. The results
from a meta-analysis suggested that heavy alcohol con-
sumption was a risk factor for cardiovascular events [39]. A
study about heart failure (HF) showed that only light
alcohol consumption was associated with a decreased risk
of HF [40]. The biological mechanisms of the protective
effect of alcohol on CKD are not fully understand, but
some pieces of evidence may explain this interesting phe-
nomenon. Some researchers believe that the benefit may be
brought by the increase in serum HDL [30, 41, 42]. One
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prospective study reported that low HDL cholesterol
increased CKD risk [43]. Alcohol intake, to some extent,
plays a role in increasing the levels of HDL. Of the
included studies, the PREVEND cohort study also indi-
cated a positive association between occasional to heavier
alcohol consumption categories and serum HDL levels
[26], and only two included articles adjusted for HDL in
covariate analyses when report adjusted RRs [33, 35], so
the protective effect of improved HDL levels on kidney
function in our study is reasonable. However, the majority
participants in articles studying the association between
alcohol intake and HDL levels were male; however, such
an effect should be considered seriously in women.
Another mechanism may be mediated by plasminogen
activator inhibitor-1, which facilitates extracellular matrix
accumulation and finally worsens renal function [44].
Mukamal et al. reported that compared with nondrinkers,
plasminogen activator inhibitor-1 levels were lower in
moderate drinkers [44]. In addition, the positive influences
of alcohol on antioxidant enzymes, atherosclerosis, insulin
sensitivity, and renal arteriolar hyalinization may also
affect kidney function [45-50].

When stratified by sex, we noted that significant inverse
associations, between light, moderate, and high alcohol
consumption and CKD risk, disappeared in the female
subgroup. In the following dose-response analysis, the
beneficial alcohol dose in male participants was also higher
than that in female participants. In the AusDiab study, only
moderate-heavy alcohol intake in men, rather than women,
was protective against CKD incidence [37]. Buja et al.
reported an inverse linear relationship in men and a “U-
shaped” relationship in women, which also indicated that
men were not prone to developing renal impairment when
drinking more than 24 g alcohol per day. They speculated
that the difference in metabolizing alcohol was possibly due
to the sex-related differences in total fluid distribution
volume, lean body mass, and the activity of the enzymes
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Fig. 3 Funnel plots of publication bias. A: Light alcohol consump-
tion. B: Moderate alcohol consumption. C: Heavy alcohol
consumption.

that process alcohol in the liver [27, 51]. However, Koning
et al. reported a conflicting result that an inverse association
between light or moderate alcohol consumption and CKD
risk was only observed in females (the mean age of parti-
cipants at baseline was less than 50 years old). In Buja
et al.’s study, the mean age of participants at baseline was
more than 70 years [27]. There is no doubt that there are
lower sex hormone levels among old people. The dis-
crepancies may be explained by the differences in estrogen

and testosterone levels. Estradiol may have protective
effects on the renal and cardiovascular systems, and tes-
tosterone may have the opposite effect by promoting the
apoptosis of proximal tubule kidney cells [52, 53]. More-
over, it has been reported that alcohol consumption could
increase estrogen levels among women, and decreased
testosterone levels were also reported in male animal
models [54, 55].

When stratified by the age group of participants at
baseline, the results indicated that the protective effect of
alcohol consumption might be weaker in older partici-
pants (more than 60 years old). In a Dutch cohort, heavy
alcohol consumers may have been protected against CKD
when their baseline age was less than 58 years old [26].
However, the Chinese survey reported that only heavy
alcohol consumption was a risk factor for CKD in par-
ticipants older than 60 years [28]. Few studies have
explored this difference, so these results should be
interpreted cautiously.

In current study, a stratified analysis was also con-
ducted according to geographic area and compared these
associations in Eastern and Western groups. The Eastern
country subgroup only included Japanese and Chinese
cohort studies. We concluded that Chinese and Japanese
alcohol consumers might obtain the more beneficial
effects from light and heavy alcohol consumption than
European and American participants. This difference may
partly result from a variety of genetic influences related to
the metabolism of alcohol. Previous researchers indicated
that in Asian populations, the prevalence of certain genetic
variants encoding the alcohol-metabolizing enzymes
alcohol dehydrogenase (ADH), and acetaldehyde dehy-
drogenase 2 (ALDH?2) is higher than that in other US
racial/ethnic groups [56, 57]. The ADHIB*2 allele, which
was thought to encode enzymes that oxidize alcohol at an
increased rate, was found in 80% or more of northeast
Asians such as Chinese and Japanese individuals, but only
in 10% or less of Caucasians of European ancestry
[58-60]. The ALDH2*2 allele was found almost exclu-
sively in northeastern Asians [61]. The ALDH2*2 allele
may make individuals more vulnerable to alcohol-related
pathologies because of increased acetaldehyde, but some
people think the influence of this gene variant seems to
change over the course of alcohol consumption [60]. Until
now, there have been no multiethnic cohort studies com-
paring the effect of alcohol on CKD risk among partici-
pants of different ethnicities.

Our meta-analysis has two major strengths. First, only
prospective cohort studies were included to eliminate recall
bias. Compared with previous meta-analyses, more cohorts
were included, which gave us more statistical power to draw
a more precious conclusion. Second, the dose-response
meta-analysis was conducted in the REMR method, which
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Table 2 Stratified analysis of alcohol consumption and risk of incident CKD.

Light alcohol consumption

Moderate alcohol consumption

Heavy alcohol consumption

(<12 g/day) (12-24 g/day) (>24 g/day)
N RR95% CI Heterogeneity N  RR 95% CI Heterogeneity N  RR 95% CI Heterogeneity

I I I

Overall results 15 0.90 (0.85, 0.95) 49% 13 0.86 (0.76, 0.89) 40% 15 0.85(0.74,0.92) 51%

Subgroup analysis

Sex

Male 6 0.92(0.87,096) 0 0.83 (0.73, 0.94) 39% 6  0.78 (0.68, 0.89) 34%

Female 3 0.89(0.74,1.08) 0 0.90 (0.79, 1.03) 3% 4 0.86(0.73,1.01) O

Male and female 6  0.89 (0.79, 1.00) 77% 0.76 (0.68, 0.84) 0 5 090 (.70, 1.18)  79%

Age group

<50 years old 2 0.860.78,095) 0 4 0.81(0.68, 0.96) 16% 6 0.80(0.69,092) 55%

50-60 years old 7  0.88 (0.83,0.92) 0 5  0.79 (0.69,0.89) 51% 4 0.76 (0.66, 0.89) 1%

>60 years old 6  0.93(0.80, 1.07) 78% 4 0.92(0.86,098) 0 5 1.00 (0.80, 1.24) 44%

Geographic area

Western country 10 0.90 (0.82, 0.99) 59% 0.75 (0.69, 0.82) 0 0.90 (0.72, 1.12)  65%

Eastern country 5 0.92 (0.87,0.97) 0 0.91 (0.87,0.96) 0 0.80 (0.73, 0.89) 21%

Follow-up period

<5 years 2 0.84(052,137) 0 4  0.86 (0.68,1.07) 0 8 0.88(0.65,1.19) 65%
72% 31%

5-10 years 8 093(0.85,103) 0 5 091 (0.86,096) 0 0.88 (0.76, 1.00) 2%

>10 years 5 0.86(0.81,091) 54% 4 0.73 (0.66,0.84) 0 0.77 (0.69, 0.85) 51%

CKD stage

CKD stages -V 14 0.92 (0.85, 0.98) 11 0.83 (0.76, 0.90) 23% 14 0.86 (0.75, 0.99)

ESRD 1 0.87 (0.63, 1.21) 2 073(0.52,1.02) 0 1 0.51 (0.29. 0.88)

required no knowledge of the correlation structure [16].
Compared with traditional generalized least squares for
trend estimation (glst) method (the number of participants
and cases in different levels is necessary), when original
articles did not provide such information, REMR method
may provide more accurate results because we did not need
to estimate the number of participants and cases in different
alcohol dose groups crudely.

Several limitations of our study should also be illu-
strated. First, because alcohol consumption in all the
included studies was determined by a questionnaire, the
results may be influenced by reporting bias, especially for
women or heavy alcohol consumers. Second, the different
scales of reporting used for alcohol consumption makes it
difficult to obtain the accurate alcohol intake. Third, the
mean number of drinks per alcohol consumption occasion
could decline with age, and although many studies
reported follow-up investigations, the change in alcohol
consumption with time was an inevitable occurrence [62].
Fourth, no information was obtained on alcohol type, so
we cannot analyze the associations between beer, red

SPRINGER NATURE

wine, or other alcoholic beverages and CKD incidence
separately. Animal trials have indicated that polyphenols
in red wine may be protective against kidney disease [63].
Fifth, although alcohol is allowed to be sold to persons
more than 21 years, many drinking behaviors are initiated
in adolescence [64]. From this perspective, stratified
analysis based on the follow-up period in our study is
meaningless. Finally, this study was not registered in
PROSPERO, so small publication bias or reporting bias
may not be avoided.

In conclusion, our meta-analysis shows that light
(<12 g/day), moderate (12-24 g/day), and heavy (>24 g/
day) alcohol consumption are protective against CKD in
adult participants especially in males. As for race, heavy
alcohol consumption may bring protective effect in east-
ern country participants. In participants more than 60
years old, the protective effect of heavy alcohol con-
sumption disappeared. Future research should focus on
special subpopulations (i.e., old males, old females, and
multiethnic drinkers) to provide more precious recom-
mendations for public health and disease prevention.
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Fig. 4 Dose-response relationships between alcohol consumption and RRs
of chronic kidney disease in all cohorts (A), in men (B), and in women (C).
A: All cohorts pooled together. B: cohorts of men. C: Cohorts of women.
Solid line: The dose-response relationship for the association between
alcohol intake and risk of CKD as estimated by a robust error meta-
regression method trend estimation. Dashed lines represent the 95% Cls for
the model. Alcohol intake was modeled with a restricted cubic spline in a
nonlinear (A and B) and a linear (C) dose-response model. The RRs are
plotted on the log scale. No alcohol intake served as the referent category.

The mechanisms underlying those effects also should be
systematically explored.
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