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Abstract

Introduction Diabetes mellitus is a risk factor of chronic
kidney disease (CKD); however, the relationship between
fasting glucose and CKD remains controversial in non-
diabetic population. This study aimed to assess causal
relationship between genetically predicted fasting glucose
and incident CKD.
Research design and methods This study included 5909
participants without diabetes and CKD from the Korean
Genome Epidemiology Study. The genetic risk score (GRS9)
was calculated using nine genetic variants associated
with fasting glucose in previous genome-wide association
studies. Incident CKD was defined as estimated glomerular
filtration rate (eGFR) <60 mL/min/1.73 m2 and/or
proteinuria (≥1+). The causal relationship between fasting
glucose and CKD was evaluated using the Mendelian
randomization (MR) approach.
Results The GRS9 was strongly associated with fasting
glucose (β, 1.01; p<0.001). During a median follow-up of
11.6 years, 490 (8.3%) CKD events occurred. However,
GRS9 was not significantly different between participants
with CKD events and those without. After adjusting for
confounding factors, fasting glucose was not associated
with incident CKD (OR 0.990; 95% CI 0.977 to 1.002;
p=0.098). In the MR analysis, GRS9 was not associated
with CKD development (OR per 1 SD increase, 1.179;
95% CI 0.819 to 1.696; p=0.376). Further evaluation using
various other MR methods and strict CKD criteria (decrease
in the eGFR of ≥30% to a value of <60 mL/min/1.73 m2)
found no significant relationship between GRS9 and
incident CKD.
Conclusions Fasting glucose was not causally associated
with CKD development in non-diabetic population.
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Introduction
Chronic kidney disease (CKD) is a major
global health problem with increasing prevalence.1 CKD imposes substantial socioeconomic burden due to the high prevalence
of premature death caused by cardiovascular
diseases (CVD).2–4 Therefore, early detection and intervention of risk factors have
been considered as an important strategy to
prevent CKD occurrence. Among the risk
factors, diabetes mellitus (DM) is the leading

Significance of this study
What is already known about this subject?
►► Diabetes mellitus is a well-
known risk factor of

chronic kidney disease (CKD).
►► The relationship between fasting glucose and de-

velopment of CKD remains controversial in non-
diabetic population.

What are the new findings?
►► The genetic risk score, calculated based on nine

genetic variants associated with fasting glucose
in previous genome-wide association studies, was
strongly associated with fasting glucose.
►► The genetic risk score was comparable between
participants with CKD events and those without.
►► In Mendelian randomization approach, genetic
risk score was not causally associated with CKD
development.

How might these results change the focus of
research or clinical practice?
►► Our findings can form the basis of clinical practice

that strict controlling of fasting glucose in pre-
diabetes is necessary to prevent cardiovascular disease, but may not to prevent CKD.

cause of CKD in all developed countries and
many low and middle-income countries,3 and
the prevalence of DM is expected to increase
to 7.7% in adults by 2030.5 Thus, screening
for DM is one of the essential factors for
preventing CKD development.
It is well known that pre-diabetes as well
as DM were associated with increased risk of
CVD.6 Therefore, several researchers assumed
that CKD can also occur in pre-diabetes stage
because CKD and CVD share common risk
factors. Importantly, several studies have
reported that up to one-
third of patients
newly diagnosed with DM already showed
signs of renal damage.7–9 However, when evaluated the relationship between pre-diabetes
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and CKD development, pre-diabetes, which is defined
as impaired fasting glucose (IFG), has been identified
to be significantly associated with incident CKD in some
studies,10 11 but not in others.12–18 In particular, some
studies showed that IFG was associated with incident CKD
in unadjusted or age and sex-adjusted models; however,
the statistical significance was lost when additionally
adjusted for cardiovascular risk factors.13 15–17 Therefore, considering the unknown confounding factors and
common risk factors shared by DM and CKD, it is difficult
to estimate the precise association between pre-diabetes
and CKD using a conventional observational study. Recent
meta-
analysis also showed modest association between
pre-diabetes and incident CKD, however heterogeneity
among included studies was considerable.19 Accordingly,
the relationship between pre-diabetes and CKD development remains controversial.
Mendelian randomization (MR) has been recently
used as a method to assess the causality between genetically predicted factors and diseases. Because genetic
variants are randomly assorted during meiosis, inherited
variants associated with risk factors mitigate the possibility
of reverse causality and impact of confounding factors.20
Therefore, to evaluate causal relationship between pre-
diabetes and incident CKD without confounding cardiovascular risk factors, this study aimed to examine this
relationship in Korean non-
diabetic population using
MR analysis.

Materials and methods
Study design and population
This study was conducted in the participants of the
Korean Genome and Epidemiology Study (KoGES),
which is a prospective cohort study launched in 2001. The
detailed cohort profile of the KoGES was described previously.21 The participants of this study comprised individuals living in Ansung and Ansan, which are provinces
near Seoul, the capital of Korea. Briefly, a total of 10 030
individuals aged between 40 and 69 years were initially
recruited between 1 July 2001 and 31 January 2003 for
the Ansung and Ansan cohorts. Among these, 8840 individuals were included in the Korea Association Resource
(KARE) consortium, which was a genome-wide association study (GWAS) that aimed to identify the underlying
genetic risk factors of diseases and metabolic profiles of
the Korean population. Detailed quality control steps
of KARE consortium were described elsewhere.22 After
further excluding 2931 individuals with history of CKD
or DM, evidence of CKD or DM, without follow-up data,
and without measurement of single nucleotide polymorphisms (SNP) associated with fasting glucose, 5909
individuals were finally included for this study (online
supplementary figure 1) and were followed up biennially until 31 December 2014. All participants voluntarily
provided an informed consent, and this study was carried
out in accordance with the Declaration of Helsinki.
2

Data collection
Baseline demographic factors, medical history, and
medications were obtained using a standardized questionnaire. Blood pressure (BP) was measured by trained
healthcare providers after at least 5 min of rest. All blood
samples obtained after 8 hours of fasting and first-voided
urine samples were collected and sent to the central
laboratory of KoGES (Seoul Clinical Laboratories, Seoul,
Republic of Korea). The estimated glomerular filtration
rate (eGFR) was calculated using the CKD Epidemiology
Collaboration equation,23 and proteinuria was assessed
by dipstick test. Pre-diabetes was defined according to the
American Diabetes Association criteria.24 Accordingly,
participants who had a fasting glucose of 100–125 mg/dL
(IFG), a 2-hour glucose of 140–199 mg/dL during the 75 g
oral glucose tolerance test (OGTT) (impaired glucose
tolerance (IGT)), or glycated hemoglobin (HbA1c) of
5.7%–6.4% were defined as having pre-diabetes. In addition, newly developed DM during follow-up period was
defined as follows: fasting glucose ≥126 mg/dL, 2-hour
glucose after 75 g OGTT ≥200 mg/dL, HbA1c ≥6.5%, or
having antidiabetes medication.
Instrumental variables
Because MR analysis has basic assumptions that genetic
variants must be strongly associated with the exposure,
and not associated with confounders (online supplementary figure 2), we first selected SNPs which were found
to be associated with fasting glucose in previous large
GWAS and KARE consortium.25–28 Among the 41 candidate SNPs, 14 present in the data satisfying the linkage
disequilibrium pruning (r2<0.2) were used for analysis.29 First, we calculated the magnitude of the effect of
14 SNPs and fasting glucose adjusted for age, sex, and
albumin with an additive model (online supplementary
table 1). To identify the pleiotropic effect, we identified
whether 14 SNPs are associated with major cardiovascular risk factors, such as eGFR, high BP (≥140/90 mm
Hg or on medication), high triglyceride (TG) (≥150 mg/
dL), low high-density lipoprotein (HDL) (<40 mg/dL in
men, <50 mg/dL in women), and central obesity (waist
circumference ≥90 cm in men, ≥85 cm in women). As a
result, 5 of the 14 SNPs showed associations with at least
one trait with a nominal p value of <0.05 (online supplementary table 2). We calculated the weighted genetic risk
score (wGRS) using all 14 SNPs (GRS14) and final wGRS
using 9 SNPs (GRS9) that were not associated with cardiovascular risk factors. The score was defined as the sum of
the number of fasting glucose-increasing alleles at each
locus multiplied by the respective β coefficient from our
data (online supplementary table 1).30
Study outcome
The primary outcome of this study was incident CKD
defined as eGFR less than 60 mL/min/1.73 m2 and/or
proteinuria ≥1+ at least two measurements during the
follow-
up period. The secondary outcome was more
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strictly defined incident CKD, which was a decrease in
the eGFR of ≥30% to a value of <60 mL/min/1.73 m2.18
Statistical analyses
For all data, we used mean±SD for continuous variables
and numbers and percentages for categorical variables
unless otherwise specified. As a parametric method, the
Student’s t-test and χ2 test were used; if the normality was
not satisfied, the Mann-Whitney U test and Fisher’s exact
test were used. Linear and log-linear regression analysis
were used according to the type of dependent variable,
and the results were expressed as β coefficient (SE) and
OR (95% CI), respectively. We adjusted age, sex, albumin,
eGFR, high BP, high TG, low HDL, and central obesity
as covariables. In addition, the relationship between
glycemic traits and incident CKD was also evaluated using
Cox proportional hazards regression model. The significance level was set at 0.05 using a two-sided test.
We performed one-
sample MR analyses using the
‘MendelianRandomization’ package (R V.3.6.1)31 with
genetic variants as instrumental variables (IV) to identify
causality.32 33 This analysis was conducted using inverse-
variance weighted (IVW), MR-
Egger, and weighted

median methods for multiple genetic variants. MR analysis was performed using the summarized association
values (β coefficients and SEs) of each gene variant
with exposure (fasting glucose) and outcomes.34 Such
summary statistics are often publicly available by GWAS
meta-analyses.35 36 At first, the IVW method, which is
used to satisfy the IV assumptions, was used.37 In addition, the MR-Egger method38 and the weighted median
(or median-based) method,39 which are used when the
assumption of IVs is weak, were used. Moreover, we used
several options, such as the use of robust regression, fixed
effects, or random effects models, and the penalization
of weights for genetic variants with heterogeneous causal
estimates.40 Additionally, the multivariable MR method
was used to estimate the causal effect for GRS14 that
contains pleiotropic genetic variants.41
Results
Baseline characteristics
The baseline characteristics of participants according
to quartiles of GRS9 are presented in table 1. The mean
age was 51.5 years and 47.0% of participants were men.

Table 1 Baseline characteristics of patients according to quartiles of GRS9
GRS9 quartiles
Variables

Quartile 1

Quartile 2

Quartile 3

Quartile 4

Total

Participants
Age (years)

1462
51.6±8.8

1474
51.5±8.8

1496
51.5±8.6

1477
51.3±8.6

5909
51.5±8.7

0.764

Sex (male, %)

668 (45.7)

669 (45.4)

753 (50.3)

688 (46.6)

2778 (47.0)

0.025

HTN (n, %)

195 (13.3)

178 (12.1)

171 (11.4)

173 (11.7)

717 (12.1)

0.698

2

P value

BMI (kg/m )

24.6±3.1

24.3±3.0

24.4±3.1

24.3±3.1

24.4±3.1

0.014

Waist (cm)

81.9±10.8

81.3±10.4

81.5±11.2

81.5±10.1

81.5±10.6

0.380

Hip (cm)

93.2±9.7

92.9±8.9

92.8±10.2

92.8±8.8

92.9±9.4

0.508

SBP (mm Hg)

123.1±20.9

121.8±31.7

122.9±32.9

123.7±33.0

122.1±32.3

0.448

DBP (mm Hg)

82.1±13.6

81.5±12.6

81.7±12.9

81.9±12.4

81.8±12.9

0.588
0.816

2

eGFR (mL/min/1.73 m )

93.3±12.9

93.2±13.1

92.9±13.1

93.2±12.8

93.1±13.0

75 g OGTT

 

 

 

 

 

 Fasting glucose (mg/dL)

86.8±8.4

87.3±8.4

88.1±8.8

88.0±8.6

87.6±8.5

 2-hour glucose (mg/dL)

120.1±31.4

121.8±31.7

122.9±32.9

123.7±33.0

122.1±32.3

0.030

Impaired fasting glucose (n, %)

106 (7.3)

107 (7.3)

135 (9.0)

143 (9.7)

491 (8.3)

0.030

Impaired glucose tolerance (n, %)

351 (24.0)

397 (26.9)

424 (28.3)

423 (28.6)

1595 (27.0)

HbA1c (%)

5.5±0.3

5.5±0.4

5.5±0.3

5.6±0.3

5.5±0.3

0.030

Total cholesterol (mg/dL)

188.6±33.9

189.4±33.7

190.9±35.0

188.6±33.9

189.4±34.1

0.201

HDL cholesterol (mg/dL)

44.8±10.1

45.3±10.0

45.2±10.5

44.8±9.8

45.0±10.1

0.402

Triglyceride (mg/dL)

152.3±83.7

152.4±96.9

157.0±102.1

154.9±98.3

154.2±95.6

0.480

Albumin (g/dL)

4.5±0.3

4.5±0.3

4.5±0.2

4.5±0.4

4.5±0.3

0.477

New DM event (n, %)
CKD event (n, %)

141 (9.6)
115 (7.9)

155 (10.5)
127 (8.6)

189 (12.6)
120 (8.0)

150 (10.2)
128 (8.7)

635 (10.7)
490 (8.3)

0.045
0.809

<0.001

<0.001

BMI, body mass index; CKD, chronic kidney disease; DBP, diastolic blood pressure; DM, diabetes mellitus; eGFR, estimated glomerular
filtration rate; GRS9, 9 genetic risk score associated with fasting glucose; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HTN,
hypertension; OGTT, oral glucose tolerance test; SBP, systolic blood pressure.
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Table 2 Association between fasting glucose and genetic
risk score
95% CI
Variables

β

SE

Lower

Upper

GRS14
eGFR

0.728
−0.012

0.108
0.009

0.515
−0.028

0.940
0.005

<0.001
0.177

High TG

1.655

0.236

1.192

2.118

<0.001

High waist

0.774

0.240

0.303

1.245

0.001

Low HDL

−1.177

0.234

−1.637

−0.718

<0.001

High BP

1.894

0.229

1.446

2.343

<0.001

GRS9

0.995

0.214

0.576

1.415

<0.001

eGFR

P value

−0.009

0.009

−0.026

0.007

0.272

High TG

1.681

0.236

1.219

2.144

<0.001

High waist

0.841

0.240

0.370

1.312

<0.001

Low HDL
High BP

−1.257
1.935

0.234
0.229

−1.716
1.487

−0.799
2.384

<0.001
<0.001

Definitions of variables are as follows: high TG: ≥150 mg/dL; high
waist: men ≥90 cm, women ≥85 cm; low HDL: men <40 mg/dL,
women <50 mg/dL; high BP: ≥140/90 mm Hg or on medication.
BP, blood pressure; eGFR, estimated glomerular filtration rate;
GRS, genetic risk score; HDL, high-density lipoprotein; TG,
triglyceride.

There was no age difference between groups, but quartile 3 had more men than other groups. Fasting glucose
(p<0.001) and 2-hour OGTT glucose (p=0.03) tended to
increase in high GRS9 quartiles. In addition, higher GRS9
quartile groups also had higher percentage of participants with IFG (p=0.03) and IGT (p<0.001). Body mass
index in quartile 4 was lower than that of quartile 1, but
other clinical parameters were not significantly different
between quartiles.
Association between GRS, fasting glucose, and eGFR
When we calculated GRS using all 14 SNPs (GRS14) and
9 non-
pleiotropic SNPs (GRS9), both GRS14 (β, 0.81;
p<0.001) and GRS9 (β, 1.01; p<0.001) were strongly associated with fasting glucose (online supplementary table
1). In addition, after adjusting for confounding factors,
such as age, sex, baseline eGFR, and cardiovascular risk
factors, GRSs were still significantly correlated with fasting
glucose (table 2). In this analysis, all cardiovascular risk
factors, including high TG, high waist circumference,

Figure 1 Box plot for weighted genetic risk score (GRS9)
according to impaired fasting glucose (IFG) and chronic
kidney disease (CKD) event status. (A) IFG, (B) CKD event.
*P<0.05.

4

low HDL, and high BP, were significantly associated
with fasting glucose, but not with eGFR. Moreover, GRS9
was significantly higher in participants with IFG than in
those with normal glucose (p=0.002), but not different
between participants with CKD event and those without
(p=0.58, figure 1).
Association between glycemic traits and incident CKD
During a median follow-up of 11.6 years, 490 (8.3%)
CKD events occurred. The incidence of CKD was not
different among GRS9 quartiles (p=0.809, table 1). The
mean eGFR decline rate was −2.3±2.5 mL/min/1.73 m2/
year, and it was also not different among GRS9 quartiles
(p=0.203, online supplementary figure 3). In addition,
incidence of new DM during follow-up period was higher
in quartile 3 group than others, but there was no significant tendency of diabetes incidence among quartiles
(p for trend=0.311). When we evaluated the association between fasting glucose and incident CKD, fasting
glucose was not associated with incident CKD in both
unadjusted (OR per 1 mg/dL increase, 0.993; 95% CI
0.982 to 1.004; p=0.212) and adjusted models (OR per
1 mg/dL increase, 0.990; 95% CI 0.977 to 1.002; p=0.098,
table 3). This relationship was persistent when we
conducted an analysis of the IFG (compared with normal
glucose) and secondary outcome (≥30% to a value of
<60 mL/min/1.73 m2). Moreover, GRS9 was not associated with primary (OR per 1 SD increase, 1.114; 95% CI
0.916 to 1.354; p=0.281) and secondary outcomes (OR
per 1 SD increase, 1.174; 95% CI 0.921 to 1.497; p=0.195).
In GRS9 quartiles, significantly increased risk of CKD was
not shown in higher quartiles when compared with quartile 1. When we evaluated the association between 2-hour
OGTT glucose and incident CKD, 2-hour OGTT glucose
and IGT were significantly associated with incident CKD
in the unadjusted model (online supplementary table
3). However, statistical significance has disappeared after
adjusting for the confounders. Moreover, the relationship
between HbA1c and incident CKD was similar to that of
2-hour OGTT glucose (online supplementary table 4).
Similarly, there was no significant relationship between
glycemic traits and incident CKD in multivariable Cox
proportional hazards regression analysis (online supplementary table 5).
MR analysis
We further evaluated the causality between glycemic traits
and incident CKD by MR analysis. As no genetic variant
that has been identified to associate with 2-hour OGTT
glucose and HbA1c in previous GWAS as well as in our
cohort without pleiotropic effect, we could only conduct
an MR analysis for fasting glucose, not for 2-hour OGTT
glucose and HbA1c. As a result, fasting glucose tended to
increase the risk of CKD after adjusting for age, sex, baseline eGFR, and cardiovascular risk factors, but the effect
was not significant (figure 2A, online supplementary
table 6). The OR per 1 SD increase calculated using the
simple median method was 1.179 (95% CI 0.819 to 1.696,
BMJ Open Diab Res Care 2020;8:e001395. doi:10.1136/bmjdrc-2020-001395
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Table 3 Association between fasting glucose and incident CKD
Unadjusted
Outcomes
eGFR <60 mL/min/1.73 m
and/or proteinuria

2

Exposures

OR (95% CI)

P value

OR (95% CI)

P value

Fasting glucose
(mg/dL)
Impaired fasting
glucose (vs normal)

0.993 (0.982 to 1.004)

0.212

0.990 (0.977 to 1.002)

0.098

0.837 (0.586 to 1.196)

0.524

0.790 (0.534 to 1.168)

0.237

1.053 (0.878 to 1.262)

0.580

1.114 (0.916 to 1.354)

0.281

0.460

1.094 (0.820 to 1.459)

GRS9
(per 1 SD increase)
GRS9
quartiles

≥30% decrease in eGFR to
<60 mL/min/1.73 m2

Adjusted*

Q1

(Reference)

Q2

1.104 (0.849 to 1.437)

(Reference)
0.542

Q3

1.021 (0.782 to 1.334)

0.876

1.031 (0.772 to 1.378)

0.834

Q4

1.111 (0.854 to 1.446)

0.431

1.212 (0.910 to 1.613)

0.188

Fasting glucose
(mg/dL)

0.985 (0.971 to 0.999)

0.042

0.988 (0.973 to 1.003)

0.116

Impaired fasting
glucose (vs normal)

0.707 (0.429 to 1.166)

0.174

0.721 (0.430 to 1.208)

0.214

GRS9
(per 1 SD increase)
GRS9
Q1
quartiles
Q2

1.093 (0.863 to 1.383)

0.461

1.174 (0.921 to 1.497)

0.195

Q3
Q4

(Reference)

(Reference)

1.052 (0.746 to 1.485)

0.772

1.072 (0.750 to 1.534)

0.703

1.021 (0.723 to 1.443)
1.129 (0.804 to 1.585)

0.905
0.483

1.121 (0.783 to 1.603)
1.283 (0.903 to 1.825)

0.533
0.165

Definitions of variables are as follows: high TG: ≥150 mg/dL; high waist: men ≥90 cm, women ≥85 cm; low HDL: men <40 mg/
dL, women <50 mg/dL; high BP: ≥140/90 mm Hg or on medication.
*Adjusted for age, sex, eGFR, high TG, high waist, low HDL, high BP, and albumin.
BP, blood pressure; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GRS, genetic risk score; HDL,
high-density lipoprotein; TG, triglyceride.

p=0.376), the IVW was 1.081 (95% CI 0.905 to 1.290,
p=0.391), and the MR-Eger method was 1.119 (95% CI
0.791 to 1.584, p=0.526). In addition, the causal estimate
of multivariate MR-IVW was calculated after adjusting for
cardiovascular risk factors (eGFR, high BP, high TG, low
HDL, and central obesity) as a fixed effect, but no significant difference was observed (OR per 1 SD increase,
1.101; 95% CI 0.866 to 1.400; p=0.433) (online supplementary table 6). Moreover, the MR analysis between
fasting glucose and secondary outcome did not show a
significant impact of fasting glucose on incident CKD in
all methods (figure 2B, online supplementary table 6).

Figure 2 Mendelian randomization analysis for the effect of
fasting glucose on incident CKD. (A) CKD defined as eGFR
<60 mL/min/1.73 m2 and/or proteinuria ≥1+, (B) CKD defined
as ≥30% decrease in eGFR to <60 mL/min/1.73 m2. CKD,
chronic kidney disease; eGFR, estimated glomerular filtration
rate; IVW, inverse-variance weighted; MR, Mendelian
randomization.
BMJ Open Diab Res Care 2020;8:e001395. doi:10.1136/bmjdrc-2020-001395

Discussion
In this study, we demonstrated that fasting glucose was not
associated with increased risk of CKD. When we further
examined the relationship with presence of IFG or
secondary outcome, there was still no significant association. Therefore, we further conducted MR analysis using
genetic variants associated with fasting glucose. However,
we found no causal relationship between fasting glucose
and CKD development in this analysis.
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Several previous studies evaluated the association
between metabolic syndrome and incident CKD in
population without diabetes.10–12 14–16 All of these studies
showed that presence of metabolic syndrome was associated with increased risk of CKD. However, when
evaluated with individual components of metabolic
syndrome, studies showed conflicting results. In a large
study conducted in 118 924 Taiwanese without diabetes,
all components of metabolic syndrome, except IFG,
were associated with a significantly higher risk of CKD.16
Furthermore, when they evaluated all combinations of
metabolic syndrome components, combinations with
fasting glucose were associated with lower risk of CKD
than those with other components. Another previous
studies conducted in Korea evaluated the relationship
between metabolic syndrome traits and CKD development as time-varying covariates.15 Results showed that
both baseline and time-varying IFGs were not associated
with incident CKD. Other studies conducted in Western
countries also showed no significant relationship between
IFG and CKD12 13 17; however, large studies conducted
in Japanese and American Indians showed that IFG is a
significant risk factor of CKD.10 11 Recent meta-analysis
conducted with the above studies reported that IFG is
modestly associated with an increased risk of CKD (HR
1.11; 95% CI 1.02 to 1.21).19 In addition, another meta-
analysis regarding the association between metabolic
syndrome and CKD development also showed a similar
result.42 However, the heterogeneities among included
studies in both meta-analyses were quite high. Furthermore, recent post hoc analysis of a large randomized
clinical trial (RCT), published after the meta-analysis,
reported that IFG was not associated with worsening
kidney function.18 In addition, in patients with CKD, pre-
diabetes was associated with increased risk of CVD, but
not with CKD progression.43
One may insist that progression of diabetic nephropathy has proceeding period of hyperfiltration, which is
usually associated with pre-diabetes,44 and relatively short
follow-up period can attenuate the significant relationship between IFG and CKD. However, our study clearly
showed that there was no significant association between
IFG and incident CKD after 10 years of follow-up. In addition, we also showed no significant tendency of diabetes
incidence among GRS9 quartiles. Therefore, although we
could not evaluate etiology of CKD, it can be assumed
that the proportion of diabetic nephropathy in CKD
events did not tend to increase in higher GRS9 quartiles.
Furthermore, IFG is not usually presented alone and
is a result of complex interactions among components
of metabolic syndrome. Therefore, the relationship
between IFG and CKD can vary depending on the degree
of cardiovascular risk factor expressions that patients
have. Accordingly, the relationship between IFG and
CKD remains a controversial issue.
An MR analysis has been recently used as a method
to identify the causal relationship between exposures
and outcomes. Many candidate genes associated with
6

several diseases have been identified by GWAS for
decades. Because genetic variants such as SNPs are non-
modifiable lifelong exposures, there is no concern about
reverse causality between exposures and outcomes.45
Moreover, because genetic variants are randomly allocated during gamete formation, MR can minimize the
effects of confounders as shown in RCTs. Therefore,
MR analysis is a useful method for examining the effect
of fasting glucose on CKD, because fasting glucose is
highly affected by other cardiovascular risk factors.
Moreover, there is a reverse causality that CKD is a
risk factor of incident diabetes.46 Recently, one study
conducted MR analysis to determine the causal relationship between type 2 diabetes and decreased renal
function in 11 502 Chinese population.47 They reported
that GRS associated with type 2 diabetes, insulin resistance, and insulin sensitivity had a significant relationship with decreased eGFR. However, that study included
patients with diabetes and did not report that GRS was
associated with fasting glucose. Therefore, it is hard
to determine the effect of fasting glucose on CKD in
non-diabetic population based on that study. Another
recently published study evaluated the causal effects
of cardiovascular risk factors on CKD by MR analysis.48
Result showed that genetically predicted high BP and
low HDL cholesterol were associated with CKD, but
low-
density lipoprotein cholesterol, TG, HbA1c, and
fasting glucose did not have any causal association with
CKD. In consistent with this study, our MR analysis using
various methods did not show that fasting glucose had a
significant effect on incident CKD. In addition, results
were not different when MR analysis was conducted
with secondary outcome (≥30% to a value of <60 mL/
min/1.73 m2). Therefore, IFG may not be a risk factor
of incident CKD in non-diabetic population.
There are several limitations in this study. First, it is a
baseline assumption of MR analysis that genetic variants
should be associated with the exposure, but not with
confounders. Although we made several efforts to satisfy
this assumption, there may be hidden pleiotropic effects
of the genetic variants we selected. Second, due to the
limited numbers of participants and genetic loci, several
SNPs that were previously reported to be associated with
fasting glucose were not examined in this study.28 Therefore, further MR studies with larger cohorts are warranted
to examine the relationship between glycemic traits and
incident CKD. Third, several SNPs identified to be associated with fasting glucose in European population did
not have significant relationship with fasting glucose in
our cohort. Because of the differences in minor allele
frequencies and their effects on exposures, our results
may not be generalized to other ethnic groups. Finally,
because we calculated eGFR only based on creatinine,
there might be misclassification of CKD. However, results
were not different when we conducted an analysis using a
more strict definition of CKD (secondary outcome).
In conclusion, fasting glucose was not causally associated with incident CKD in Korean non-
diabetic
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population. Additional large GWAS and MR studies are
needed to confirm our findings.
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