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Abstract
Background and Aims: Visceral adiposity index (VAI), calculated with body mass index, high 
density lipoprotein-cholesterol, triglycerides and waist circumference, has been proposed as 
a marker of visceral fat accumulation and dysfunction in adipose tissue. Methods: The impact 
of VAI on incident chronic kidney disease (CKD) in a historical cohort study of 15,159 (8,260 
men and 6,899 women) participants was investigated. CKD was defined when estimated glo-
merular filtration rate was < 60 mL/min/1.73 m2 or proteinuria (positive: ≥1+). We divided the 
participants into 2 groups according to sex and into quartiles according to VAI (Q1–4). We 
performed Cox proportional hazard models, adjusting for age, smoking status, exercise, al-
cohol consumption, systolic blood pressure, hemoglobin A1c, uric acid, and creatinine. Re-
sults: During the median 3.3-year follow-up for men and 3.2-year follow-up for women, 1,078 
participants (629 men and 449 women) developed CKD. The 4,000 days cumulative incidence 
rate of CKD for men and women were 3.7 and 3.9% in Q1, 5.2 and 5.9% in Q2, 6.5 and 7.0% in 
Q3, and 8.4 and 9.3% in Q4 respectively. Compared to Q1, the hazard ratios of incident CKD 
in Q2, Q3 and Q4 for men and women were 1.23 (95% CI 0.91–1.66, p = 0.184) and 1.30 (0.87–
1.96, p = 0.203), 1.42 (1.06–1.90, p = 0.018) and 1.38 (0.94–2.05, p = 0.105), and 1.51 (1.12–2.02, 
p = 0.006) and 1.65 (1.12–2.46, p = 0.013) respectively. Additionally, the area under the curve 
of VAI for incidence of CKD was superior to that of VAI in men (0.595 vs. 0.552, p < 0.001) and 
equal to in women (0.597 vs. 0.591, p = 0.708). Conclusions: The VAI can be a predictor of in-
cident CKD. © 2020 The Author(s)
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Introduction

Chronic kidney disease (CKD) is a public health problem, which represents a significant 
global health burden [1]. CKD remains asymptomatic until the stage of disease progresses. 
Moreover, CKD has been demonstrated to increase the risk of cardiovascular disease [2] and 
mortality [3]. Therefore, both prediction and prevention of CKD are important for not only 
prevention of end-stage of renal dysfunction but also decreased risk of cardiovascular disease 
and mortality.

Previous studies demonstrated that body mass index (BMI) is associated with glomerular 
filtration rate (GFR) [4]. Furthermore, several studies reported that the excessive visceral fat 
accumulation causes insulin resistance [3] and is the risk of metabolic complications such as 
impairment of glucose and lipid metabolism [5]. Visceral fat accumulation and insulin resis-
tance play critical roles in the pathogenesis of CKD [5]. On the other hand, the visceral adiposity 
index (VAI) has been proposed as a reliable marker of visceral fat accumulation and dysfunction 
[6], and has been proved to be a strong association with type 2 diabetes [7] and cardiovas-
cular events [8]. Similarly, it was reported that VAI is related with prevalence of CKD in a 
cross-sectional study [9]. In fact, while obesity predicts for CKD, the “reverse epidemiology” 
predicts lower mortality in obese subjects with CKD [10], which means that not only 
assessment of obesity may be important but also that of visceral fat obesity is important. 
Therefore, we performed this retrospective cohort study to investigate the impact of VAI on 
incident CKD.

Materials and Methods

Study Design and Study Participants
The NAfld in Gifu Area, Longitudinal Analysis cohort study is an ongoing prospective 

cohort study that began in 1994 [11]. For this population-based longitudinal analysis, we 
extracted the participants from a medical examination program at Asahi University Hospital 
(Gifu, Japan). This medical examination program is aimed to detect chronic diseases and their 
risk factors and promote public health. More than 8,000 participants annually registered and 
60% of them receive 1–2 exams per year [12]. In this study, we investigated the impact of VAI 
on incident CKD, using the NAfld in Gifu Area, Longitudinal Analysis database. We extracted 
the participants who received the medical examination program from 1994 to 2016. We 
excluded the participants with medication at the baseline examination (Fig. 1). Approval for 
the study was obtained from the research Ethics Committees of the Asahi University Hospital, 
and written informed consent for their data to be used was obtained from all participants.

Standardized Questionnaire for Lifestyle Factors
In order to determine the lifestyle factors of participants, a standardized questionnaire 

was given to all participants [12]. We divided the participants into nonsmokers, ex-smokers 
and current smokers. Next, we asked about the type and amount of alcohol consumption per 
week during the prior month, then estimating the mean ethanol intake per week. Lastly, we 
defined the participants who performed any kind of sport regularly at least once a week as 
regular exercisers [13].

Data Collection
BMI was defined as weight in kilograms divided by height in meters squared. The par- 

ticipants’ levels of several factors including fasting plasma glucose, triglycerides (TG),  
high-density lipoprotein (HDL) cholesterol and creatinine were measured using venous 
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blood after an overnight fast. We used the Japanese Society of Nephrology equation for calcu-
lating each patient’s estimated GFR (eGFR): eGFR (mL/min/1.73 m2) = 194 × serum creat-
inine–1.094 × age–0.287 (× 0.739 for women) [14]. Spot morning urine sample was measured.

VAI Formulas
We calculated VAI using the formulas [6]. Men: VAI = (waist circumference [WC]/39.68 

+ [1.88 × BMI]) × (TG/1.03) × (1.31/HDL); women: VAI = (WC/36.58 + [1.89 × BMI]) × 
(TG/0.81) × (1.52/HDL). Both TG and HDL levels are expressed in mmol/L. VAI is a novel 
genderspecific index based on WC, BMI, TG, and HDL, and a valuable indicator of visceral 
adipose function and insulin sensitivity, and its increase is strongly associated with cardio-
metabolic risk [6].

Definition of CKD
CKD was defined as decreased eGFR or presence of proteinuria. GFR was estimated using 

the Japanese Society of Nephrology equation. When eGFR was < 60 mL/min/1.73 m2, it was 
defined as having CKD. In addition, dipstick test in fasting morning urine was used for diag-
nosis of proteinuria (positive: ≥1+: ≥30 mg/dL) [15, 16].

Statistical Analysis
Statistical analyses were performed using JMP version 12.0 software (SAS Institute, Cary, 

NC, USA) and a p value < 0.05 was considered significant. Means or frequencies of potential 
confounding variables were calculated, and continuous variables are presented as the mean 
(SD). Because alcohol consumption was non-normal distribution, we performed logarithmic 
transformation before using as covariates. We divided the participants into men and women 
because the distribution of VAI differed between sexes. We evaluated the p values using 
one-way analysis of variance for continuous variables and chi-square test for categorical vari-
ables, respectively. Moreover, we categorized the participants into 4 groups according to 

Fig. 1. Participant registration. NAGALA, NAfld in Gifu Area, Longitudinal Analysis; CKD, chronic kidney dis-
ease.
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quartile of VAI: < 0.51 in men and < 0.37 in women (quartile 1 [Q1]), ≥0.51 and < 0.86 in men 
and ≥0.37 and < 0.56 in women (quartile 2 [Q2]), ≥0.86 and ≤1.49 in men and ≥0.56 and 
≤0.89 in women (quartile 3 [Q3]) and > 1.49 in men and > 0.89 in women (quartile [Q4]). 
Categorical variables were compared among the groups by Pearson’s qui-square test, and 
continuous variables were compared by one-way analysis of variance and Tukey honestly 
significant difference test respectively. We used Kaplan-Meier analysis for a graphical presen-
tation of time to incident CKD, and log-rank test to evaluate difference among the groups 
according to VAI. We performed a Bonferroni correction and considered that a p value  
< 0.0083 was statistically significant in the log-rank test.

Cox proportional hazard model was used to calculate unadjusted and adjusted hazard 
ratio (HR) and 95% CI for incident CKD. We adjusted for age, smoking status, exercise, alcohol 
consumption, systolic blood pressure (SBP), hemoglobin A1c, uric acid, and creatinine. Addi-
tionally, the area under the curves (AUCs) of VAI and BMI for the incidence of CKD was calcu-
lated by the receiver operating characteristic curve, and scatterplot analyses were performed 
to investigate the association between eGFR and VAI.

Results

The baseline characteristics of the participants are summarized in Tables 1, 2. VAI in men 
was significantly higher than that in women (1.23 [1.59] vs. 0.76 [0.77], p < 0.001). BMI, SBP, 
diastolic blood pressure, fasting plasma glucose, TG, uric acid, aspartate aminotransferase 

Table 1. Characteristics of study participants at baseline examination

Men Women p value

Number 8,260 6,899
Age, years 41.9 (9.0) 41.5 (9.2) <0.001
BMI, kg/m2 23.2 (3.2) 20.9 (3.0) <0.001
SBP, mm Hg 119.9 (14.0) 109.8 (14.1) <0.001
Diastolic blood pressure, mm Hg 75.2 (10.1) 67.7 (9.8) <0.001
Fasting plasma glucose, mg/dL 98.6 (15.6) 90.6 (9.2) <0.001
Hemoglobin A1c, % 5.28 (0.58) 5.2 (0.4) <0.001
TG, mmol/L 1.3 (0.9) 0.6 (0.4) <0.001
HDL cholesterol, mmol/L 1.3 (0.36) 1.9 (0.5) <0.001
Creatinine, mmol/dL 78.1 (9.1) 56.9 (7.5) <0.001

eGFR, mL/min/1.73 m2 77.9 (11.4) 81.7 (13.3) <0.001
AST, IU/L 21.0 (10.6) 17.1 (9.3) <0.001
ALT, IU/L 25.4 (16.5) 15.0 (12.9) <0.001
Gamma-glutamyltransferase, IU/L 28.3 (28.1) 14.1 (8.9) <0.001
Smoking status – – –
Never smoker 2,802 (33.9) 5,774 (83.8) <0.001
Ex-smoker 2,312 (28.0) 568 (8.2) <0.001
Current smoker 3,146 (38.1) 557 (8.1) <0.001
Habit of exercise 1,422 (17.2) 982 (14.2) <0.001
Alcohol consumption, g/week 93.5 (151.6) 22.3 (71.0) <0.001
VAI 1.2 (1.6) 0.76 (0.8) <0.001

BMI, body mass index; TG, triglycerides; HDL, high-density lipoprotein; eGFR, estimated glomerular 
filtration rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase; VAI, visceral adiposity 
index; SBP, systolic blood pressure.
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Table 2. Clinical characteristics of the participants in the groups based on the quartiles of the VAI

VAI Q1
(0.048 ≤ VAI, 
VAI <0.51)

Q2 
(0.51 ≤ VAI,
VAI <0.86)

Q3
(0.86 ≤ VAI,
VAI <1.49)

Q4
(1.49 ≤ VAI,
VAI <51.17)

p value

Gender, men
Number 2,065 2,065 2,065 2,065
Age, years 40.4 (0.2) 41.7 (0.2)† 42.7 (0.2)†, ‡ 42.6 (0.2)†, ‡, § <0.001
BW, kg 71.4 (0.3) 66.2 (0.3)† 62.7 (0.3)†, ‡ 57.5 (0.3)†, ‡, § <0.001
BMI, kg/m2 23.7 (0.1) 22.5 (0.1)† 21.7 (0.1)† 20.5 (0.1)†, ‡, § <0.001
SBP, mm Hg 115.6 (0.3) 118.4 (0.3)† 121.0 (0.3)† 124.7 (0.3)†, ‡, § <0.001
Diastolic blood pressure, mm Hg 71.6 (0.2) 74.1 (0.2)† 76.1 (0.2)† 78.9 (0.2)†, ‡, § <0.001
Fasting plasma glucose, mmol/L 5.2 (0.01) 5.2 (0.01) 5.3 (0.01) 5.4 (0.01)†, ‡, § <0.001
Hemoglobin A1c, % 5.2 (0.1) 5.2 (0.1) 5.2 (0.1)‡, § 5.2 (0.1)†, ‡, § 0.229
TG, mmol/L 0.5 (0.02) 0.8 (0.02)† 1.1 (0.02)†, ‡ 2.2 (0.02)†, ‡, § <0.001
HDL cholesterol, mmol/L 1.7 (0.06) 1.4 (0.06)† 1.2 (0.06)†,‡ 1.0 (0.06)†, ‡, § <0.001

Creatinine, mmol/dL 76.6 (0.2) 77.9 (0.2)† 78.4 (0.2)†, ‡ 79.5 (0.2)†, ‡, § <0.001
eGFR, mL/min/1.73 m2 80.6 (0.2) 78.1 (0.2)† 77.1 (0.2)†, ‡ 75.8 (0.2)†, ‡, § <0.001
AST, IU/L 19.4 (0.2) 19.4 (0.2)† 21.3 (0.2)†, ‡ 23.8 (0.2)†, ‡, § <0.001
ALT, IU/L 19.5 (0.3) 21.8 (0.3)† 27.0 (0.3)†, ‡ 33.1 (0.3)†, ‡, § <0.001
Gamma-glutamyltransferase, IU/L 21.1 (0.6) 23.9 (0.6) 29.5 (0.6) 38.8 (0.6)†, ‡ <0.001
Smoking status 0.019
Never smoker 862 (30.8) 718 (25.6) 657 (31.8) 565 (27.3)
Ex-smoker 579 (25.0) 600 (26.0) 536 (25.8) 536 (23.2)
Current smoker 617 (19.6) 747 (23.7) 813 (25.8) 969 (30.8)
Habit of exercise 270 (17.0) 325 (20.4) 313 (19.6) 308 (19.4) 0.082
Alcohol consumption, g/week 94.9 (3.3) 88.8 (3.3) 89.6 (3.3) 100.6 (3.4) 0.046

Creatinine/BW (×100) Q1 (<1.17) Q2 (≥1.17, <1.33) Q3 (≥1.33, <1.51) Q4 (≥1.51) p value

Gender, women
Number 1,730 1,715 1,722 1,732
Age, years 38.9 (0.2) 40.2 (0.2) 41.8 (0.2) 45.0 (0.2)†, ‡ <0.001
BW, kg 49.6 (0.2) 51.2 (0.2)† 52.5 (0.2)†, ‡ 56.7 (0.2)†, ‡, § <0.001
BMI, kg/m2 20.0 (0.1) 20.2 (0.1)† 20.9 (0.1)†, ‡ 22.8 (0.1)†, ‡, § <0.001
SBP, mm Hg 106.3 (0.3) 107.5 (0.3)† 109.4 (0.3)†, ‡ 116.0 (0.3)†, ‡, § <0.001
Diastolic blood pressure, mm Hg 65.4 (0.2) 66.0 (0.2)† 67.5 (0.2)†, ‡ 71.8 (0.2)†, ‡ <0.001
Fasting plasma glucose, mmol/L 5.0 (0.01) 5.0 (0.01)† 5.1 (0.01)† 5.3 (0.01)†, ‡ <0.001
Hemoglobin A1c, % 5.2 (0.01) 5.2 (0.01)† 5.1 (0.01)†, ‡ 5.3 (0.01)†, ‡, § <0.001
TG, mmol/L 0.2 (0.01) 0.4 (0.01)† 0.6 (0.01)†, ‡ 1.0 (0.01)†, ‡, § <0.001
HDL cholesterol, mmol/L 2.3 (0.01) 2.0 (0.01)† 1.9 (0.01)† 1.6 (0.01)† <0.001

Creatinine, mmol/dL 56.3 (0.2) 56.9 (0.2)† 57.1 (0.2)†, ‡ 57.2 (0.2)†, ‡ 0.0009
eGFR, mL/min/1.73 m2 84.2 (0.3) 82.3 (0.3)† 81.1 (0.3)†, ‡ 79.1 (0.3)†, ‡, § <0.001
AST, IU/L 16.8 (0.2) 16.4 (0.2) 16.9 (0.2) 18.2 (0.2) <0.001
ALT, IU/L 14.0 (0.3) 13.9 (0.3)† 14.6 (0.3)†, ‡ 17.4 (0.3)†, ‡, § <0.001
Gamma-glutamyltransferase, IU/L 12.8 (0.2) 13.0 (0.2)† 14.0 (0.2)†, ‡ 16.7 (0.2)†, ‡, § <0.001
Smoking status <0.001
Never smoker 1,462 (25.3) 1,465 (25.4) 1,458 (24.1) 1,389 (24.1)
Ex-smoker 167 (29.4) 142 (25.0) 117 (20.6) 142 (25.0)
Current smoker 101 (18.1) 108 (19.4) 147 (26.4) 201 (36.1)
Habit of exercise 261 (26.6) 222 (22.6) 245 (25.0) 254 (25.9) 0.30
Alcohol consumption, g/week 22.1 (1.7) 24.5 (1.7) 21.6 (1.7) 20.8 (1.7)†, ‡ 0.45

Data are expressed as mean (SD) or number (%) of subjects. 
P values by one-way analysis of variance for continuous variables and chi-square test for categorical variables. The analyses of 

continuous among four groups were performed by Tukey HSD test.
† p < 0.05 versus Q1.
‡ p < 0.05 versus Q2.
§ p < 0.05 versus Q3.
VAI, visceral adiposity index; BMI, body mass index; BW, body weight; HDL, high-density lipoprotein; TG, triglycerides; Q, quartile; 

eGFR, estimated glomerular filtration rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase; SBP, systolic blood 
pressure. 
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and alanine aminotransferase of Q4 were the highest and HDL cholesterol and eGFR of Q4 
were the lowest, followed in order by Q3, Q2, and Q1 in men (Table 2). Similarly, Age, body 
weight, BMI, SBP, and TG of Q4 were the highest and eGFR of Q4 were the lowest, followed in 
order by Q3, Q2, and Q1 in women.

During the median 3.3-year follow-up for men and 3.2-year follow-up for women, 1,078 
participants (629 men and 449 women) developed CKD. The 4,000 days cumulative incidence 
rate of CKD were 3.7% for men and 3.9% for women in Q1, 5.2% for men and 5.9% for women 
in Q2, 6.5% for men and 7.0% for women in Q3 and 8.4% for men and 9.3% for women in Q4. 
Compared to Q1, Q4 showed a significantly higher risk of incident CKD in both men (p < 0.001; 
Fig. 2) and women (p < 0.001; Fig. 3).

Compared to Q1, the HRs of incident CKD in Q2, Q3, and Q4 were 1.23 (95% CI 0.91–1.66, 
p = 0.184) in men and 1.30 (0.87–1.96, p = 0.203) in women, 1.42 (1.06–1.90, p = 0.018) in 
men and 1.38 (0.94–2.05, p = 0.105) in women and 1.51 (1.12–2.02, p = 0.006) in men and 
1.65 (1.12–2.46, p = 0.013) in women, respectively (Table 3). In addition, the HRs of VAI were 
1.08 (1.03–1.14, p = 0.003) in men and 1.18 (1.01–1.39, p = 0.034). According to the receiver 
operating characteristic analysis, the AUC of VAI in men was significantly higher than that of 
BMI (0.595 vs. 0.552, p < 0.001). Furthermore, in women, that of AUC was almost equal to 
that of BMI (0.597 vs. 0.591, p = 0.708). In scatterplot analyses, VAI was negatively asso-
ciated with eGFR in both men and women (men: β = –0.066, p < 0.001; women: β = –0.12,  
p < 0.001; Fig. 4).

Fig. 2. Kaplan-Meier analysis of incident CKD in 8,260 men. Log-rank tests were used to determine the as-
sociation among the VAI quartiles. Bonferroni correction was performed to correct familiar error, and a p 
value < 0.0083 was considered significant. Log-rank test results, compared to Q1, Q2: p = 0.074, Q3: p < 0.001, 
Q4: p < 0.001. Log-rank test compared to Q2, Q3: p = 0.311, Q4: p < 0.001. Log-rank test compared to Q3, Q4: 
p = 0.005. VAI, visceral adiposity index.
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Fig. 3. Kaplan-Meier analysis of incident CKD in 6,899 women. Log-rank tests were used to determine the 
association among the VAI quartiles. Bonferroni correction was performed to correct familiar error, and a p 
value < 0.0083 was considered significant. Log-rank test results compared to Q1, Q2: p = 0.006, Q3: p < 0.001, 
Q4: p < 0.001. Log-rank test compared to Q2, Q3: p = 0.016, Q4: p < 0.001. Log-rank test compared to Q3, Q4: 
p = 0.006. VAI, visceral adiposity index.

Fig. 4. Scatterplot analyses of the association between eGFR and VAI. VAI was negatively associated with 
eGFR in both men and women (men: β = –0.066, p < 0.001; women: β = –0.12, p < 0.001). VAI, visceral adipos-
ity index; eGFR, estimated glomerular filtration rate.
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Discussion

In this cohort study of over 15,000 Japanese individuals, for the first time, our study 
revealed that higher VAI was associated with incident CKD both in men and women. CKD, 
which has become a public health problem [1], is the risk of cardiovascular disease [2] and 
increased mortality [3]. Hence, intervention at an early stage of the disease is desirable. Chen 
et al. [9] reported the association between higher VAI and CKD in cross-sectional analysis. 
However, there is no report of the association between VAI and incident CKD. The VAI, calcu-
lated with BMI, HDL cholesterol, TG and WC, was originally proposed as a diagnostic tool for 
cardiovascular and cerebrovascular event [6], and several following studies demonstrated 
the association between high VAI score and incident cardiovascular disease [8], type 2 
diabetes, [7] and hypertension [16]. On the other hand, WC, which is a useful marker of 
visceral fat accumulation, did not show significant risk both in men and women (men: HR 
1.01, 95% CI 0.99–1.02, p = 0.133; women: 1.01, 0.99–1.03, p = 0.078), and VAI could be a 
useful marker for incident CKD. Moreover, many studies showed a link between BMI and GFR 
[4]. The AUC of VAI was significantly greater than that of BMI in men and equal to in women. 
The HR of VAI for incident CKD defined as proteinuria was 1.09 in men (95% CI 1.04–1.14,  
p < 0.001) and 0.94 in women (0.65–1.36, p = 0.740). Additionally, that resulted as decline in 
eGFR (< 60 mL/min/1.73 m2) was 1.09 in men (1.06–1.12, p < 0.001) and 1.33 in women 
(1.21–1.44, p < 0.001). VAI did not show a significant risk for incident CKD defined as 
proteinuria in women. Possible explanation is that incident CKD defined as proteinuria in 
women was only 38 in the observation period, and therefore, the statistical power of tests 
might not be enough. 

VAI is associated with visceral fat accumulation and dysfunction [6]. Some potential 
explanations are proposed to support our findings. Visceral adipose tissue releases free fatty 
acid (FFA) by lipolysis, which induces the inflammatory responses in several cells, such as 
macrophages and adipocytes [17, 18]. The mitochondria play a key role in the metabolism of 
FFA and determine the fate of lipotoxicity [19]. Renal lipotoxicity is known to cause detri-
mental effects on the kidney by several mechanisms of action including reclusion of pro-
inflammatory factors [20], oxidative and endoplasmic reticulum (ER) stress development 
[21, 22], insulin resistance [23], or renin-angiotensin aldosterone system overactivation [24]. 
Adipokines, which were secreted from adipose tissue, are involved in kidney damage through 
the mediating endothelial dysfunction, inducing oxidative stress and inflammation as well as 
stimulating the renal sympathetic nervous activity [19, 24]. Oxidative stress may contribute 
to the development of ER stress by promoting protein unfolding and activating the unfolded 
protein response. In fact, it has been shown that dietary saturated FFAs induce ER stress in 
kidneys of animal models [21] and in renal culture cells [25]. Moreover, insulin resistance 
affects the kidney, especially the podocytes. Podocytes are the most sensitive renal cells to 
insulin and thus the insulin resistance associated to obesity largely affects them [26]. Indeed, 
studies performed in cultured podocytes have shown that treatment with palmitic acid 
promotes insulin resistance and changes in the cytoskeleton leading to apoptosis [22]. 
Furthermore, the adipose tissue also secretes all components of the renin-angiotensin aldo-
sterone system. There is an overactivation of this axis that may translate into hyperfiltration 
under the situation of obesity. Under this situation, the glomerulus manifests a big physical 
stress and consequential damages for the glomerular filtration barrier, especially the podo-
cytes [23]. This might translate into a decreased GFR.

The strengths of our study include using the standardized questionnaire for lifestyle 
factors, and the relatively large population-based longitudinal research. Our study has also 
several limitations. First, we assessed proteinuria with urine dipstick test and did not quantify 
proteinuria. A dipstick test is often used in general practice and < 1+ or less than trace has a 
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high negative predictive value in the general community setting [15, 16]. Additionally, we 
confirmed urine experiments once. If we performed urine experiments multiple times, we 
could evaluate CKD more accurately. Second, the follow-up was for a medium-term, and 
therefore, the statistical power might be limited. Third, sodium and protein intake are asso-
ciated with pathogenesis of CKD [27, 28]. However, we did not have the data of them. If we 
had the data, we could more accurately investigate the association between VAI and incident 
CKD. Fourth, participants in this study received a health examination, and therefore, part of 
them might have changed and improved their lifestyles, which prevent incident CKD. Fifth, 
smoking is a well-known risk factor of incident CKD. However, non-smokers showed a signif-
icant higher risk compared to current smokers in men. In univariate analysis, current smoking 
did not show significant risk for incident CKD (HR 0.83, 95% CI 0.69–1.01, p = 0.064). Age, 
creatinine, and VAI, which were the strong factors for incident CKD, might lead to the result 
that non-smoker showed significant higher risk for incident CKD compared to current smoker. 
Sixth, because sever CKD, defined as eGFR < 30 mL/min/1.73 m2, is more important risk 
factor for mortality, the association between VAI and incident sever CKD is important. Unfor-
tunately, however, the number of participants with severe CKD defined on eGFR < 30 mL/
min/1.73 m2 was 35 in men and 7 in women during observation period. Therefore, we could 
not perform accurate analysis. Additionally, we have excluded the participants with any 
medication at baseline. Therefore, participants with any immunological or other diseases 
contributing toward CKD at baseline should have been excluded. However, there is a possi-
bility that participants who developed any diseases contributing toward CKD could not be 
excluded during observation period. Lastly, almost all participants were Japanese; therefore, 
it is uncertain whether our findings can be generalized to other ethnic groups.

In conclusion, we demonstrated, for the first time, that VAI can be a predictor of incident 
CKD.
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