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Investigation of Metabolic Factors Associated with eGFR Decline
Over 1 Year in a Japanese Population without CKD
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Aim: Early intervention before the progression of chronic kidney disease (CKD) is essential to pre-
vent end-stage renal disease (ESRD) and cardiovascular complications. This study evaluated the cor-
relation between metabolic and lifestyle-related factors and the decline of estimated glomerular filtra-
tion rate (eGFR) over 1 year in a Japanese population without CKD.

Methods: Subjects who received two consecutive annual health checkups from 2013 to 2015 were
involved. Factors associated with eGFR decline were identified using multiple regression models.
Results: A total of 2531 subjects aged 58.9 = 11.7 years old were included in this study. Baseline lev-
els of HDL-C and ApoAl correlated with the eGFR decline over 1 year defined as eGFR reduction
rate of 15% or more and/or eGFR at the next year <60 ml/min/m?* (odds ratio (OR) 0.87 (per 10
mg/dl); 95% CI, 0.80—0.94; p=0.0012, 0.90 (per 10 mg/dl); 0.86—0.96; p=0.0004, respectively). A
U-shaped relationship between the eGFR decline and HDL-C or ApoAl levels was not observed in
non-CKD population of this study. Metabolic syndrome was significantly associated with eGFR
decline (OR 1.32; 1.04—1.67; p=0.0205), although obesity-related factors did not show a significant
correlation with eGFR decline over 1 year.

Conclusion: Low HDL-C and ApoAl levels significantly correlated with eGFR decline in a short
period of 1 year. Metabolic syndrome also showed a significant association with eGFR decline. This
study suggests the importance of hypertension and low HDL-C in the metabolic syndrome effect on
eGFR decline rather than obesity in non-CKD population.
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Introduction

Chronic kidney disease (CKD) is increasingly
recognized as a global public health problem. The
prevalence of CKD is now greater than 10%", and
the number of people requiring renal replacement
therapy (RRT) with end-stage renal disease (ESRD)
was estimated to be from 4.9 to 9 million world-
wide?. CKD is a complicated disease because it leads
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to ESRD, which requires RRT, such as dialysis, and it
also increases the risk of cardiovascular diseases® .
CKD is classified into six grades (1, 2, 3A, 3B, 4,
and 5) according to the estimated glomerular filtration
rate (eGFR). The 2012 Kidney Disease Outcomes
Quality Initiative (KDOQI) guideline stressed the
importance of albuminuria in predicting the prognosis
of CKD, and CKD stages are now determined accord-
ing to the eGFR categories (G1—G5) and albuminuria
categories (A1—A3)> 9. The guideline also describes
other predictors of CKD progression, including the
cause of CKD, age, sex, race, elevated blood pressure,
hyperglycemia, dyslipidemia, smoking, obesity, history
of cardiovascular disease, and ongoing exposure to
nephrotoxic agents; however, the most important fac-
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Fig.1. Scheme of inclusion of study population.

tor for prediction of CKD incidence in the population
without CKD is unknown, and this factor is crucial
for patients to avoid CKD.

Most CKD patients are in the early stages of the
disease, and more than 10% of the Japanese popula-
tion is in the CKD stages G1, G2, or G3A”. Early
prevention and diagnosis of CKD is the most effective
way to prevent ESRD. A recent report suggests that
abnormal kidney function is associated with a higher
risk for hospitalization, even for patients in stage 3A
CKD?®. Therefore, it is necessary to perform early
interventions against CKD progression in early stage
CKD patients and populations without CKD.

A comprehensive medical check-up system is
usually organized in Japan, and it may aid in the pri-
mary prevention of cerebrovascular and cardiovascular
diseases via control of risk factors”. Many people
undergo annual health checkups that include blood
and urine examinations and receive explanations of
the results, advice on their lifestyles, or suggestions for
further examination. Therefore, we obtained numer-
ous data, including lifestyle habits and medications, in
a healthy population. Health checkups provide a good
opportunity for imparting knowledge of CKD or early
diagnosis of CKD among people.

This study investigated the factors associated
with an eGFR decline over 1 year, in particular, meta-
bolic factors that are strongly affected by individual
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lifestyle, in Japanese people who received annual

health checkups.

Methods

Study Population

Individuals who experienced thorough medical
examinations at Keio University Hospital from Janu-
ary 1, 2013 to December 31, 2015 were enrolled
(Fig.1). We selected 2024 participants who received
at least two annual health checkups in 2013 and 2014,
and 1110 participants who received two annual health
checkups in 2014 and 2015 after exclusion of popula-
tion overlap during 2013 and 2014. We excluded par-
ticipants without essential data including age, sex,
body mass index (BMI), waist circumference, visceral
fat area (VFA), systolic blood pressure (BP), diastolic
BP, serum chemistries, computed tomography (CT)
scan of the chest and the abdomen, medical history,
and lifestyle habit. Individuals with eGFR <60 ml/
min/1.73 m* and/or with proteinuria were excluded
from the study. Finally, data from 2531 participants
(1617 males and 914 females) aged between 23 and
89 years were analyzed in this study. Additionally, we
selected 1709 participants who received health check-
ups in 2013 and 2015. After exclusion of subjects
with eGFR <60 ml/min/1.73 m?* and/or with pro-

teinuria, we analyzed the data of 2-year-intervals with
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1411 participants to confirm the results in 1 year.

Clinical Evaluation and Laboratory Measurements

We examined blood pressure, BMI, and waist
circumference at the navel level during minimal respi-
ration. All participants completed a self-administered
questionnaire that documented medical history, medi-
cation, smoking habit, alcohol consumption habit, the
frequency and intensity of daily exercise, eating habits,
and sleeping habit. Types of medication for hyperten-
sion and dyslipidemia were unknown in 13 and 12
subjects, respectively. Average ethanol consumption
per day was approximately calculated as follows: (the
frequency of alcohol consumption) x (the amount of
alcohol consumed once). Serum markers including
triglyceride (TG), high density lipoprotein cholesterol
(HDL-C), low density lipoprotein cholesterol (LDL-
C), lipoprotein a (Lp(a)), apolipoprotein Al (ApoAl),
apolipoprotein B (ApoB), glucose, hemoglobin Alc
(HbA1lc), homeostasis model assessment of insulin
resistance (HOMA-R), uric acid (UA), and highly
sensitive C reactive protein (hs-CRP) were measured.
Blood samples were collected after fasting overnight
and immediately analyzed using an automated clinical
chemical analyzer. We examined urinary protein and
blood excretion in urine samples using dipstick test-
ing. VFA was measured at the navel level using a sin-
gle-slice CT scan (Aquilion CXL; Toshiba Medical
Systems Corporation, Tochigi, Japan).

Definitions

Urinary protein and blood excretion was exam-
ined using dipstick testing and categorized into 5
degrees; —, %, 1+, 2+, and 3+. Proteinuria and hema-
turia were defined as urine protein >1+ and urine
blood =1+, respectively. CKD was defined as eGFR
<60 ml/min/1.73 m? and/or the presence of protein-
uria. ¢€GFR was calculated using the equation: eGFR
(ml/min/1.73 m?) =194 x serum creatinine (mg/dl) -
1.094 xage (years) —0.287%0.739 (for women)'?.
Hypertension was defined as systolic BP > 140 mmHg
and/or diastolic BP >90 mmHg or use of antihyper-
tensive drugs in the questionnaire. High BP was
defined as systolic BP =140 mmHg and/or diastolic
BP =90 mmHg. Diabetes was defined in accordance
with the guidelines of the American Diabetes Associa-
tion: fasting glucose concentration >126 mg/dl,
HbAlc level 26.5%'", or use of antihyperglycemic
drugs in the questionnaire. Obesity was defined as
BMI 225 kg/m?®. Metabolic syndrome was defined
based on the Joint Interim Statement 2009 defini-
tion'?. Participants having more than three of the fol-
lowing five clinical measures were considered as hav-
ing metabolic syndrome: (1) central obesity (waist cir-

Table 1. Baseline characteristics of all participants.

Age (y) 58.9+11.7
Sex (male/female) (male %) 1617/914 (64%)
BMI (kg/m?) 23.10+3.39
Waist circumference (cm) 81.77%9.25
Visceral fat area (cm?) 87.14+46.00
Systolic BP (mmHg) 119.8+18.2
Diastolic BP (mmHg) 76.8x11.0
TG (mg/dl) 109.9+83.4
HDL-C (mg/dl) 58.0+15.2
LDL-C (mg/dl) 116.5+28.1
Lp(a) (mg/dl) 16.1+18.6
ApoAl (mg/dl) 147.9+22.0
ApoB (mg/dl) 85.9%18.7
Glucose (mg/dl) 107.1+17.8
HbA1c (%) 5.68+0.59
HOMA-R 1.51+1.12
UA (mg/dl) 5.66%1.33
Hs-CRP (mg/dl) 0.100+0.353
eGFR (ml/min/1.73 m?) 76.0+12.2
Hematuria 40 (1.6%)
Hypertension 916 (36%)
Medication for hypertension 618 (24%)
ACEI/ARB 434 (17%)
CCB 393 (16%)
Medication for dyslipidemia 460 (18%)
Statin 381 (15%)
Fibrate 44 (2%)
EPA 55 (2%)
Ezetimibe 42 (2%)
Diabetes 294 (12%)
Metabolic syndrome 293 (12%)
History of kidney disease 2 (0.08%)
Lifestyle habits
Current smoker 321 (13%)
Average ethanol consumption (g/day) 15.7+18.7
Sweating for 30 min >2 times/week 961 (38%)
Walking >1 hour/day 883 (35%)
Late evening snack >3 times/week 313 (12%)
Late dinner > 3times/week 540 (21%)
Sleeping <6 hours/day 1521 (60%)

BMI, body mass index; BP, blood pressure; TG, triglyceride; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; Lp(a), lipoprotein a; ApoAl, apolipoprotein Al; ApoB,
apolipoprotein B; UA, uric acid; HbAlc, hemoglobin Alc; HOMA-
R, homeostasis model assessment of insulin resistance; hs-CRP, highly
sensitive C reactive protein; eGFR, estimated glomerular filtration
rate; ACEI, angiotensin converting enzyme inhibitor; ARB, angioten-
sin receptor blocker; CCB, calcium channel blocker; EPA, eicosapen-
taenoic acid.

cumference (290 cm in men, or =85 cm in women);
(2) elevated blood pressure, defined as systolic BP
>130 mmHg or diastolic BP 285 mmHg, or taking
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Table 2. Factors associated with eGFR decline over one year in non-CKD participants at baseline using multivariate logistic regres-

sion analysis.

eGFR decline (2=382)

Model 1 Model 2

OR (95% CI) Pvalue OR (95% CI) Pvalue
HDL-C (per 10 mg/d]) 0.87 (0.80 to 0.94) 0.0012 0.86 (0.79 to 0.94) 0.0009
Hypertension 1.35 (1.06 to 1.71) 0.0054 1.40 (1.10 to 1.79) 0.0066
Diabetes 1.48 (1.07 to 2.03) 0.0169 1.46 (1.05 to 1.99) 0.0230
Obesity 0.84 (0.64 to 1.10) 0.2134 0.87 (0.66 to 1.14) 0.3118
Current smoking 0.75 (0.51 to 1.08) 0.1292 0.79 (0.53 to 1.15) 0.2194
Average ethanol consumption <40g/day 1.41 (0.99 to 2.00) 0.0546
Walking >1 hour/day 1.37 (1.07 to 1.76) 0.0115
Sweating for 30 min >2 times/ week 1.06 (0.83 to 1.36) 0.6160

Bold values indicate significant differences. OR, odds ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol. Multivariate
logistic regression analyses were performed for factors described as predictors of CKD progression, including age, sex, eGFR, current smoking,
hypertension, diabetes, obesity, and HDL-C (model 1), and for factors described above, average ethanol consumption <40 g/day, walking > 1 hour/

day, and sweating for 30 min >2 times/week (model 2).

an antihypertensive medication; (3) elevated fasting
blood glucose level =100 mg/dl or taking a hypoglyce-
mic medication; (4) decreased HDL-cholesterol level
(<40 mg/dl in men or <50 mg/dl in women); and (5)
hypertriglyceridemia (=150 mg/dl) or taking a lipid-
lowering medication. A change of eGFR was evaluated
as AeGFR, which was calculated as eGFR in the next
year minus eGFR at baseline. Decline of eGFR was
evaluated as following criteria: (1) eGFR reduction
rate (AeGFR/eGFR at baseline x 100) <—15%' and/
or (2) eGFR at the next year <60 ml/min/1.73 m?% In
data analysis with 2-year-interval health checkups, we
used the following criteria: (1) eGFR reduction rate
<-30%'? and/or (2) eGFR at the next year <60 ml/
min/1.73 m?.

Statistical Analysis

Factors associated with a decline in eGFR were
identified. Factors described as predictors of CKD
progression, including age, sex, eGFR, smoking, hyper-
tension, diabetes, obesity, and HDL-C or ApoAl were
included in multivariate regression models. Continu-
ous variables are expressed as the mean *standard
deviation (SD). The significance level for all tests in
this study was two-sided 5%. All statistical analyses

were performed using JMP version 12 (SAS Institute
Inc., Cary, NC, USA).

Results

Participant Characteristics
A total of 23,772 individuals received medical
checkups from January 1, 2013 to December 31,
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2015. We excluded individuals without the essential
data and individuals with CKD as described in the
Method section. A total of 2531 participants (1617
males and 914 females) aged 58.9+11.7 years old
(range 23—89 years old) were eligible for this study
(Fig.1). Table 1 shows the clinical characteristics of
all participants. Additionally, we analyzed the data
with 1411 participants who received health checkups
in 2-year-intervals to confirm the results over 1 year.

Factors Associated with eGFR Decline Over 1 Year
in Logistic Regression Models

We examined factors associated with eGFR
decline using univariate logistic regression analysis for
all factors listed in Table 1 (Suppl Table 1). Decline
in eGFR was evaluated using the following defini-
tions: (1) eGFR reduction rate <=15% and/or (2)
eGFR at the next year <60 ml/min/1.73 m? as
described in the Methods section. The following fac-
tors were significantly associated with eGFR decline:
age, systolic B, HDL-C, ApoAl, HbAlc, eGFR,
hypertension, medication for hypertension, use of
angiotensin converting enzyme inhibitor (ACEI)/
angiotensin receptor blocker (ARB) or calcium chan-
nel blocker (CCB), medication for dyslipidemia, use
of statin or ezetimibe, diabetes, metabolic syndrome,
smoking pattern, alcohol consumption, and exercise
habits.

Furthermore, we performed logistic regression
analysis for these identified factors adjusted by known
factors with CKD progression, including age, sex,
eGFR, smoking pattern, hypertension, diabetes, obe-
sity, and HDL-C or ApoAl levels (Table 2). ApoAl is
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Fig.2. Correlation between HDL-C and ApoAl levels.

the major protein component of HDL-C in plasma,
and we confirmed that the ApoA1l level was correlated
with HDL-C level using Pearson’s correlation coeffi-
cient (r=0.912, p<0.0001, Fig.2). Therefore, we used
either HDL-C or ApoAl as a variable in the multiple
regression analysis. Hypertension, diabetes, and obe-
sity were defined as described in the Methods section.
Baseline levels of HDL-C and ApoAl significantly
correlated with the eGFR decline (odds ratio (OR)
0.87 (per 10 mg/dI); 95% CI, 0.80-0.94; p=0.0012,
0.90 (per 10 mg/dl); 0.86—0.96; p=0.0004, respec-
tively). Hypertension and diabetes were also signifi-
cantly associated with the eGFR decline. Considering
lifestyle habits, walking for more than 1 h/day was sig-
nificantly associated with eGFR decline, and average
ethanol consumption more than 40 g/day showed
marginal significance (p=0.0540).

As shown in Table 3, medication for hyperten-
sion showed a significant association with the eGFR
decline (OR 1.57; 1.21-2.03; p=0.0007), whereas
high BP did not show a significant association with
the eGFR decline when we used “high BP” and “med-
ication for hypertension” as independent variables
instead of “hypertension.” Considering classes of anti-
hypertensive drugs, use of ACEI/ARB or CCB was
significantly associated with the eGFR decline (OR
1.64; 1.25-2.14; p=0.0004, OR 1.38; 1.04—1.83;
»=0.0284, respectively). Medication for dyslipidemia

did not show a significant association with the eGFR
decline. When we used HbAlc and medication for
diabetes as independent variables instead of “diabetes,”
each variable did not show a statistical significance.

We also examined the relationship between met-
abolic syndrome and eGFR decline. Metabolic syn-
drome, as defined in the Method section, was signifi-
cantly associated with eGFR decline using multiple
regression model adjusted for age, sex, eGFR, and
smoking (OR 1.32; 1.04—1.67; p=0.0205). Among
parameters included in the criteria for metabolic syn-
drome, elevated BP was significantly associated with
eGFR decline, and decreased HDL-C showed a mar-
ginal significance (central obesity, OR 1.10; 0.84—
1.45; p=0.4593; elevated blood pressure or taking
antihypertensive medications, OR 1.27; 1.00—1.61;
2=0.0486; elevated fasting blood glucose level or tak-
ing a hypoglycemic medication, OR 0.97; 0.75-1.25;
»=0.80006; decreased HDL-cholesterol level, OR 1.26;
0.91-1.71; p=0.1559; and hypertriglyceridemia or
taking lipid-lowering medications, OR 1.10; 0.86—
1.40; p=0.4572).

Based on these results, we performed a stratifica-
tion analysis of continuous variables, including
HDL-C and ApoAl. We categorized participants into
six groups according to the serum HDL-C level
(HDL-C <40, 40—49, 50—59, 60—69, 70—79, and
>80 mg/dl; N=239, 581, 683, 459, 334, and 235,
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Table 3. Effect of medications for dyslipidemia, hypertension and diabetes with eGFR
decline in non-CKD participants at baseline.

eGFR decline (2=382)

OR (95% CI) Pvalue

Medication for dyslipidemia 1.19 (0.89 to 1.57) 0.2389
Medication for hypertension 1.57 (1.21 to 2.03) 0.0007
ACEI/ARB 1.64 (1.25 to 2.14) 0.0004
CCB 1.38 (1.04 to 1.83) 0.0284
Medication for diabetes 1.23 (0.73 to 2.04) 0.4238

Bold values indicate significant differences. OR, odds ratio; CI, confidence interval; ACEI, angioten-
sin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker.
Multivariate logistic regression analyses were adjusted for factors described as predictors of CKD pro-
gression, including age, sex, eGFR, current smoking, hypertension, diabetes, obesity, and HDL-C or
ApoAl. For analysis of medication for hypertension, high BP defined in the Method section was
used as an independent variable instead of hypertension. For analysis of medication for diabetes,
HbA1c level was used as an independent variable instead of diabetes.

Table 4. Association between HDL-C and decline in eGFR using multivariate logistic

regression analysis.

eGFR decline
HDL-C (mg/dl) OR (95% CI) Pvalue
<40 N=239 2.12 (1.20 to 3.81) 0.0099
40-49 N=581 1.81 (1.11 to 3.06) 0.0172
50-59 N=683 1.86 (1.17 to 3.08) 0.0086
60-69 N=459 1.57 (0.96 to 2.64) 0.0717
70-79 N=334 1.28 (0.75 to 2.21) 0.3682
80< N=235 1 -

Bold values indicate significant differences. HDL-C, high-density lipoprotein cholesterol; OR,
odds ratio; CI, confidence interval. Multivariable logistic analyses were adjusted for factors,
including age, sex, eGFR, current smoking, hypertension, diabetes, and obesity.

respectively). Individuals with HDL-C >80 mg/dl
exhibited the lowest odds of the eGFR decline in 1
year. Participants with HDL-C <60 mg/dl exhibited
significantly elevated eGFR decline odds over 1 year
(Table 4). We also categorized participants into five
groups according to serum ApoAl level (ApoAl
<120, 120—-139, 140-159, 160—179, and >180
mg/dl; N=212, 742, 868, 500, and 209, respectively).
Individuals with ApoAl >180 mg/dl exhibited the
lowest odds of the eGFR decline, and participants
with ApoAl <160 mg/dl demonstrated significantly
elevated odds of the eGFR decline in 1 year (Table 5).

Since average ethanol consumption <40 g/day
showed marginal significance in association with
eGFR decline using multiple logistic regression analy-
sis, we also categorized participants into four catego-
ries according to average ethanol consumption per day

(ethanol <20, 20—39, 40-59, and >60 g/day; N=

868

1664, 489, 301, and 77, respectively) to evaluate
appropriate amount of alcohol for kidney function.
Ethanol consumption 40—59 g/day exhibited the low-
est odds of the eGFR decline, and participants with

ethanol consumption less than 40 g/day showed ele-
vated odds of the eGFR decline (Table 6).

Factors Associated with eGFR Decline Over 1 Year
in a Linear Regression Model

We examined factors associated with changes in
eGFR in 1 year using linear regression analysis for all
factors listed in Table 1. Age, sex, and baseline eGFR
were included in the model as covariates. A change of
eGFR was evaluated as AeGFR and calculated as
eGFR in the next year—eGFR at baseline. The aver-
age of AeGFR was —2.8%7.4 ml/min/1.73 m*.
HDL-C and ApoAl levels and average ethanol con-

sumption were significantly associated with AeGFR in
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Table 5. Association between ApoAl and decline in eGFR using multivariate logistic

regression analysis.

eGFR decline
ApoAl (mg/dl) OR (95% CI) Pvalue
<120 N=212 1.77 (0.96 to 3.31) 0.0652
120-139 N=742 2.06 (1.26 to 3.50) 0.0033
140-159 N=868 1.80 (1.12 to 3.03) 0.0147
160-179 N=500 1.32 (0.79 to0 2.28) 0.2935
180 < N=209 1 -

Bold values indicate significant differences. ApoAl, apolipoprotein Al; OR, odds ratio; CI, con-
fidence interval. Multivariable logistic analyses were adjusted for factors, including age, sex,
eGFR, current smoking, hypertension, diabetes, and obesity.

Table 6. Association between average alcohol consumption and decline in eGFR using
multivariate logistic regression analysis.

eGFR decline
Ethanol (g/day) OR (95% CI) Pvalue
<20 N=1664 1.57 (1.04 to 2.44) 0.0296
20-39 N=489 1.61 (1.03 to 2.59) 0.0381
40-59 N=301 1 -
60< N=77 1.67 (0.76 to 3.48) 0.1930

Bold values indicate significant differences. OR, odds ratio; CI, confidence interval. Multivari-
able logistic analyses were adjusted for factors, including age, sex, <GFR, current smoking, hyper-

tension, diabetes, obesity, and HDL-C.

the analysis (8=0.04; p=0.0002, 8=0.03; »<0.0001,
B=0.02; p=0.0114, respectively).

We next investigated factors associated with
AeGFR using multivariate linear regression analysis
adjusted for factors that were related to the progres-
sion of CKD cdlinically, including age, sex, eGFR,
smoking, hypertension, diabetes, obesity, and these
identified factors, including HDL-C or ApoAl levels
and average ethanol consumption per day. The analy-
sis revealed that each 10 mg/dl decrease in HDL-C
and ApoAl levels was associated with a 0.34 and 0.32
ml/min/1.73 m?* decrease in eGFR in 1 year, respec-
tively (95% CI, 0.14-0.55; 0.18—0.46, p=0.0012;
£<0.0001, respectively). Each 10 g/day increase in
average ethanol consumption was associated with a
0.17 ml/min/1.73 m* increase in ¢GFR when adjusted
for factors including age, sex, eGFR, smoking, HDL-
C, hypertension, diabetes, and obesity (»p=0.0357).
Exercise habits, which showed a significant association
with eGFR decline in logistic regression model, were
not associated with eGFR decline in the linear regres-
sion model.

Factors Associated with eGFR Decline in 2 Years
Using Logistic Regression Model

Moreover, we examined associated factors with
eGFR decline in population with 2-year-interval health
checkups using multiple logistic regression models to
confirm these results over 1 year (Suppl Table 2).
Decline in eGFR was evaluated as described in the
Method section. HDL-C and ApoAl levels were sig-
nificantly correlated with eGFR decline over 2 years
(OR 0.86 per 10 mg/dl; 0.75-0.99; p=0.0363; OR
0.89 per 10 mg/dl; 0.81-0.98; p=0.0209, respec-
tively). Medication for hypertension was not signifi-
cantly associated with eGFR decline, whereas high BP
was correlated with eGFR decline over 2 years (OR
1.02; 0.69-1.52; p=0.9391, OR 1.55; 1.01-2.35;
2=0.0455, respectively). Metabolic syndrome was sig-
nificantly associated with eGFR decline over 2 years
using a multiple regression model adjusted for age,
sex, eGFR at baseline, and smoking (OR 1.49; 1.01—
2.18; p=0.0453).
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Discussion

This study investigated metabolic factors associ-
ated with a decline in eGFR over 1 year in a Japanese
population receiving health checkup, and these results
were confirmed in a population with 2-year-interval
health checkups. All subjects in this study were with-
out CKD at baseline. This study revealed the follow-
ing novel and interesting findings. (1) The levels of
HDL-C and ApoAl negatively correlated with eGFR
decline even in a short period of 1 year and it was
confirmed in a population with 2-year-interval health
checkups. (2) Individuals with HDL-C >80 mg/dl
and ApoAl =160 mg/dl exhibited the lowest odds of
the eGFR decline, and a U-shaped relationship
between these levels and eGFR decline was not
observed in non-CKD participants in this study. (3)
Metabolic syndrome was associated with eGFR
decline, although obesity-related parameters did not
show a significant correlation with eGFR decline in
the non-CKD population. (4) Low alcohol consump-
tion, exercise habits, and medication for hypertension
were independent factors associated with the eGFR
decline in 1 year.

The relation of dyslipidemia with CKD inci-
dence in the general population was investigated in
several studies'*'”. These studies demonstrated that
low HDL-C and ApoAl levels were associated with
CKD progression. Serum HDL-C and ApoAl levels
were significantly associated with the eGFR decline in
this study, as previously reported. Notably, this study
showed the effect of HDL-C and ApoAl on changes
in eGFR in a short period of 1 year in non-CKD pop-
ulation. Recently, B. Bowe ez al. reported that the rela-
tionship between HDL-C levels and renal outcomes
exhibits a U-shaped relationship, in which risk
increases with low and high levels of HDL-C'®. The
lowest risk of doubling of creatinine, greater than 30%
decline in ¢eGFR and outcome of end-stage renal dis-
ease was observed around 40—50 mg/dl of HDL-C in
the cohort study. In this study, individuals with
HDL-C >80 mg/dl exhibited the lowest odds of the
eGFR decline. The discrepancy may be caused by sev-
eral reasons, including differences in the observational
period, race, and baseline eGFR. All participants
showed baseline eGFR greater than 60 ml/min/1.73
m” in this study, whereas 77% of participants showed
in the cohort. It was recently reported that HDL-C in
lower eGFR attenuated the salutary association of
HDL-C and risk of death'” 2%, which suggest the pos-
sibility that HDL-C in lower eGFR also attenuated
the salutary effect of HDL-C on eGFR decline. There-
fore, higher eGFR at baseline in this study may cause
higher HDL-C level with lowest odds of an eGFR
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decline in 1 year. These results suggest that it may be
necessary to set different target levels of HDL-C
according to eGFR levels in order to avoid rapid eGFR
decline, although further studies are necessary to
determine the appropriate values with the smallest
decline in eGFR over a longer period of time.

A beneficial HDL may degenerate to a dysfunc-
tional HDL according to the oxidative condition or
systemic inflammation, which may result in functional
impairment of the antiatherogenic properties of
HDL-C and lead to microvascular diseases and renal
dysfunction with extremely high HDL-C?"*. Quan-
titative (i.e., serum concentration of HDL-C) and
qualitative assessment of HDL, such as antiathero-
genic or proatherogenic, HDL subclasses, or HDL
composition, may be essential to evaluate the real role
of HDL in this relatively healthy population, since it
was reported that the levels of HDL subfractions and
their oxidized subfraction particles differed according
to CKD severity?”. Our clinical data lack these func-
tional properties of HDL, and we cannot discuss these
issues.

Metabolic syndrome is associated with an
increased risk of renal injury and is an essential predic-
tor of CKD? 29; however, it is difficult to elucidate
whether the renal dysfunction is due to the syndrome
itself or the individual risk factors. Metabolic syn-
drome was significantly associated with eGFR decline
in non-CKD participants in this study. Interestingly,
the obesity-related factors, including BMI, VFA, waist
circumference, and the criteria of central obesity that
were used in diagnosis of the syndrome, were not asso-
ciated with eGFR decline. Among parameters included
in the criteria for metabolic syndrome, elevated BP
was significantly associated with eGFR decline, and
low HDL-C showed a marginal significance. These
results suggest the importance of hypertension and
low HDL-C on the effect of metabolic syndrome on
eGFR decline, rather than obesity, in non-CKD pop-
ulation.

This study demonstrated correlations between
eGFR decline and medications for hypertension.
Medications for hypertension were associated with
eGFR decline when it was included as an independent
variable in multivariate regression analysis, whereas
high BP was not significantly associated with eGFR
decline in the analysis. These results suggest that med-
ication for hypertension may be related to eGFR
decline in a short observation of 1 year in non-CKD
subjects, which is different from previous reports
including CKD patients*”; however, it was not signifi-
cantly associated with eGFR decline in 2 years.
Although there was a limitation that it was difficult to
obtain accurate information of medication, such as
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doses and durations of these drugs in the question-
naire, it is suggested that careful observation in eGFR
decline may be needed in non-CKD patients with
antihypertensive drugs. Medications for dyslipidemia
were not significantly associated with an eGFR decline
in non-CKD participants, consistent with previous
reports®.

Lifestyle alternations are important to improve
dyslipidemia. Average ethanol consumption per day
was significantly associated with eGFR decline in 1
year, which suggests that alcohol consumption par-
tially contributes to a lower decline of eGFR due to
elevated HDL-C and ApoAl levels in non-CKD par-
ticipants. The effect of alcohol consumption on eGFR
decline was controversial. Some studies reported that
no association was observed in alcohol intake with the
occurrence and progression of CKD?" %%, and others
described that low alcohol consumption (20-140 g
ethanol/week) was associated with an eGFR reduction
of 25% in 3 years®”, and that the risk of an eGFR
decline was reduced in the subjects drinking alcohol
with 23.0-69.0 g ethanol/drinking day and 4-7
times a week®?. Low alcohol consumption was associ-
ated with an eGFR decline in non-CKD participants
of this study and alcohol consumption of 40—59 g/
day exhibited the lowest odds of the eGFR decline.
Therefore, these results suggested that it was advisable
to consume less than 60 g of alcohol per day in the
non-CKD population for better kidney function;
however, in clinical settings, an appropriate amount of
alcohol consumption should be determined based on
its influence on the kidney function and other organs,
including liver, and metabolism of the person.

Exercise ameliorates metabolic factors associated
with development of CKD; however there are no pub-
lished guidelines to demonstrate the effect of exercise
on prevention of CKD?. Recent study suggested that
exercise was associated with a lower GFR, and a lower
prevalence of proteinuria and eGFR <45 ml/min/1.73
m?®Y. Another report has shown that moderate to vig-
orous physical activity was not associated with kidney
function®. In this study, walking for more than 1 h/
day was significantly associated with eGFR decline in
1 year, but not in 2 years, in non-CKD population.
The possible reasons may be a short observation
period, limitation in evaluation of data from the ques-
tionnaire, and different settings in renal outcome.
Future studies are necessary to evaluate and validate
these results.

There are some limitations in this study. First, it
is difficult to show that low HDL-C and ApoA1 levels
are the cause or the result of eGFR decline in this

observational study. Interventional study that exam-
ines the effect of amelioration of HDL-C and ApoAl

levels on eGFR decline is needed in the future. Sec-
ond, selection bias may exist because participants who
receive annual health checkups may be interested in
the management of their health. Third, proteinuria
was not included in renal outcome, because only 20
participants showed proteinuria in the following year.
Moreover, well-known factors associated with CKD
progression, such as UA* and hs-CRP*, were not
significantly associated with eGFR decline in 1 year.
These factors may affect the change of ¢eGFR with
longer time observation, and further examination is
needed.

In summary, this study demonstrated that
HDL-C and ApoAl levels negatively correlated with
eGFR decline during a short period of only 1 year in
non-CKD subjects. Metabolic syndrome also showed
a significant association with eGFR decline. This
study suggests the importance of hypertension and
low HDL-C in the metabolic syndrome effect on
eGFR decline rather than obesity in non-CKD popu-
lation. Based on these results, monitoring of metabolic
factors especially HDL-C and hypertension is impor-
tant for the prevention of a rapid decline in ¢GFR and
the occurrence of CKD in non-CKD population.
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Supplementary Table 1. Univariate logistic regression analysis for associated factors with eGFR decline.

Factors OR (95% CI) p value
Age (y) 1.03 (1.02 to 1.04) <0.0001
Sex (male/female) (male %) 1.00 (0.80 to 1.25) 0.9953
BMI (kg/mz) 1.01 (0.98 to 1.04) 0.5416
Waist circumference (cm) 1.00 (0.99 to 1.02) 0.5183
Visceral fat area (cm?) 1.00 (1.00 to 1.00) 0.2507
Systolic BP (mmHg) 1.01 (1.00 to 1.01) 0.0131
Diastolic BP (mmHg) 1.00 (0.99 to 1.01) 0.3824
TG (mg/dl) 1.00 (1.00 to 1.00) 0.2009
HDL-C (mg/dl) 0.99 (0.98 to 1.00) 0.0035
LDL-C (mg/dl) 1.00 (0.99 to 1.00) 0.0789
Lp(a) (mg/dl) 1.00 (0.99 to 1.00) 0.6688
ApoAl (mg/dl) 0.99 (0.99 to 1.00) 0.0015
ApoB (mg/dl) 1.00 (0.99 to 1.00) 0.1786
Glucose (mg/dl) 1.00 (1.00 to 1.01) 0.1169
HbAlc (%) 1.20 (1.01 to 1.42) 0.0339
HOMA-R 1.02 (0.92 to 1.12) 0.6966
UA (mg/dl) 0.96 (0.86 to 1.04) 0.3490
Hs-CRP (mg/dl) 1.18 (0.89 to 1.50) 0.2248
e¢GFR (ml/min/1.73 m?) 0.98 (0.97 to 0.99) <0.0001
Hematuria 1.20 (0.48 to 2.57) 0.6744
Hypertension 1.61 (1.29 to 2.01) <0.0001
Medication for hypertension 1.91 (1.51 to 2.41) <0.0001
ACEI/ARB 1.92 (1.48 to 2.47) <0.0001
CCB 1.67 (1.27 to 2.18) 0.0003
Medication for dyslipidemia 1.57 (1.20 to 2.04) 0.0011
Statin 1.39 (1.04 to 1.84) 0.0256
Fibrate 1.46 (0.66 to 2.94) 0.3318
EPA 0.82 (0.34 to 1.71) 0.6195
Ezetimibe 2.30 (1.12 to 4.42) 0.0241
Diabetes 1.68 (1.23 to 2.26) 0.0011
Metabolic syndrome 1.41 (1.12 to 1.77) 0.0038
History of kidney disease 0.18 (0.01 to 4.49) 0.2474
Lifestyle habits
Current smoking 0.68 (0.47 to 0.97) 0.0317
Average ethanol consumption (g/day) 0.99 (0.99 to 1.00) 0.0149
Sweating for 30 min >2 times/week 1.28 (1.02 to 1.59) 0.0311
Walking more than 1 hour/day 1.44 (1.15 to 1.80) 0.0014
Late evening snack >3 times/week 0.99 (0.71 to 1.37) 0.9767
Late dinner >3 times/week 0.86 (0.65 to 1.13) 0.2727
Sleeping <6 hours/day 0.89 (0.71 to 1.11) 0.2951

Bold values indicate significant differences. OR, odds ratio; CI, confidence interval; BMI, body mass index; BP, blood
pressure; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
Lp(a), lipoprotein a; ApoAl, apolipoprotein Al; ApoB, apolipoprotein B; UA, uric acid; HbAlc, hemoglobin Alg;
HOMA-R, homeostasis model assessment of insulin resistance; hs-CRP, highly sensitive C reactive protein; ¢eGFR,
estimated glomerular filtration rate; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor
blocker; CCB, calcium channel blocker; EPA, eicosapentaenoic acid.
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Supplementary Table 2. Factors associated with eGFR decline over two years in non-CKD participants at baseline using multivar-
iate logistic regression analysis.

eGFR decline (z=163)

Model 1 Model 2

OR (95% CI) Pvalue OR (95% CI) Pvalue
HDL-C (per 10 mg/dl) 0.89 (0.81 to 0.98) 0.0363 0.87 (0.75 to 1.00) 0.0470
Hypertension 1.22 (0.83 to 1.78) 0.3115 1.23 (0.84 to 1.81) 0.2822
Diabetes 1.25 (0.72 to 2.09) 0.4181 1.26 (0.73 t0 2.12) 0.3956
Obesity 0.88 (0.57 to 1.34) 0.5494 0.88 (0.57 to 1.36) 0.5756
Current smoking 1.53 (0.81 to 2.78) 0.1879 1.55 (0.82 to 2.84) 0.1742
Average ethanol consumption <40 g/day - 1.37 (0.74 t0 2.69) 0.3248
Walking >1 hour/day - 1.02 (0.70 to 1.48) 0.9085
Sweating for 30 min >2 times/week - 0.85(0.59 to 1.23) 0.3892

Bold values indicate significant differences. OR, odds ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol. Multivariate
logistic regression analyses were adjusted for factors described as predictors of CKD progression, including age, sex, ¢GFR, current smoking, hyper-
tension, diabetes, obesity, and HDL-C (model 1), and for factors described above, average ethanol consumption <40 g/day, walking > 1 hour/day,
and sweating for 30 min >2 times/week (model 2).
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