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Abstract

Aim This study was retrospectively designed to evaluate

the influence of healthy lifestyle behaviors on the incidence

of chronic kidney disease (CKD) during a 5-year follow-up

period in middle-aged and older males.

Methods The subjects included 252 males without a

history of cardiovascular disease, stroke, renal dysfunction

and/or dialysis treatment who were not taking any medi-

cations. Their lifestyle behaviors were evaluated using a

standardized self-administered questionnaire and defined as

follows: (1) habitual moderate exercise, (2) daily physical

activity, (3) fast walking speed, (4) slow eating speed, (5)

no late-night dinner, (6) no bedtime snacking and (7) no

skipping breakfast. The participants were divided into four

categories, which were classified into quartile distributions

according to the number of healthy lifestyle behaviors

(7–6, 5, 4 and B3 groups).

Results After 5 years, the incidence of CKD [estimated

glomerular filtration rate (eGFR)\60 ml/min/1.73 m2 and/

or proteinuria] was observed in 23 subjects (9.1 %). The

Kaplan–Meier survival curves showed that the cumulative

incidence of CKD significantly decreased according to an

increase in the number of healthy lifestyle behaviors (log-

rank test: p = 0.003). According to a multivariate analysis,

habitual moderate exercise [hazard ratio (HR) 0.20, 95 %

confidence of interval (CI) 0.06–0.69, p = 0.011] and no

bedtime snacking (HR 0.19, 95 % CI 0.08–0.48,

p = 0.004) were significantly associated with the incidence

of CKD.

Conclusions These results suggest that the accumulation

of healthy lifestyle behaviors, especially those related to

habitual moderate exercise and no bedtime snacking, is

considered to be important to reduce the risk of CKD.

Keywords Incidence of CKD � Healthy lifestyle

behaviors � Habitual moderate exercise � Bedtime snacking

Introduction

The number of patients with end-stage renal disease (ESRD)

in Japan is continuously increasing [1]. Chronic kidney

disease (CKD) has been associated with the development of

ESRD and cardiovascular disease (CVD) [2, 3]. At the pre-

sent, the large number of ESRD patients is currently believed

to be related to an increasing number of patients with CKD.

The risk factors for CKD are reported to be aging, hyper-

tension, diabetes mellitus and metabolic syndrome [4–6].

In addition to hypertension, diabetes mellitus and

metabolic syndrome, the incidence of CKD is also closely
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correlated with unhealthy lifestyle behaviors such as

smoking, heavy alcohol intake, obesity, physical inactiv-

ity and an unhealthy diet [7–12]. Moreover, it is well

known that a decreased physical activity and aerobic

capacity are predictive factors for the prognosis in ESRD

patients [13, 14]. Thus, lifestyle modifications in the early

stages of hypertension, diabetes mellitus, dyslipidemia

and metabolic syndrome are considered to be necessary

for preventing the development of CKD. However, the

association between the adherence to healthy lifestyle

behaviors and preventing the onset of CKD has not yet

been studied.

The accumulation of healthy lifestyle behaviors has

been shown to be associated with the prevention of CVD,

stroke, metabolic syndrome, type 2 diabetes, hypertension

and dyslipidemia [15–19]. The clarification of the associ-

ation between the adherence to healthy lifestyle behaviors

and the incidence of CKD may help to demonstrate the

importance of lifestyle modification in CKD prevention.

We therefore hypothesize that healthy lifestyle behaviors

may predict the incidence of CKD because the adherence

to healthy lifestyle behaviors has been shown to be asso-

ciated with the prevention of CVD, stroke and several

coronary risk factors [15–19]. We focused on the physical

activity, exercise and eating habits as lifestyle behaviors

because the increases in the daily physical activity and

changes in diet are important to be an initial step for the

prevention of CVD [20]. This long-term follow-up study

was retrospectively designed to evaluate the influence of

healthy lifestyle behaviors on the incidence of CKD in

middle-aged and older males.

Subjects and methods

Subjects

A total of 773 middle-aged and older adults received their

periodic health check-up at a health care center in Fukuoka

University in 2008. The study diagram of the participants

included in this study is shown in Fig. 1. Among the 434

subjects who provided informed consent, 178 females were

excluded in this study to remove the influence of gender.

Subjects with a previous history of CVD such as angina

and myocardial infarction (n = 4), stroke (n = 2), renal

dysfunction [glomerular filtration rate estimated by the

Japanese GFR inference formula (eGFR) \60 ml/min/

1.73 m2, or proteinuria, or both] and/or dialysis treatment

(n = 45), or those taking medications (n = 86), such as

anti-hypertensive drugs, statins or hypoglycemic agents,

were excluded from the analysis because we focused on the

effects of only lifestyle behaviors without the influence of

these medications. A total of 252 males [age

51.7 ± 6.8 years, body mass index (BMI) 23.1 ± 2.7 kg/

m2, serum creatinine 0.83 ± 0.09 mg/dl and eGFR

78.1 ± 10.1 ml/min/1.73 m2] [21] with no missing infor-

mation during 5 years were eligible for the present study.

All subjects gave their informed consent for participa-

tion after agreeing with the purpose, methods and signifi-

cance of the study. The study conforms to the Declaration

of Helsinki and was approved by the Ethics Committee of

Fukuoka University (No. 11-08-01).

Blood sampling, blood pressure and anthropometry

measurements

Blood samples were collected early in the morning by

venipuncture from an antecubital vein after at least 12 h of

fasting. The blood samples were analyzed by Special

Reference Laboratories (SRL Inc., Tokyo, Japan). The

serum creatinine, high-density lipoprotein cholesterol

(HDL-C) and low-density lipoprotein cholesterol (LDL-C)

levels were measured by the direct method. The triglyc-

eride levels were measured by the enzyme method. The

plasma glucose level was measured by an ultraviolet/hex-

okinase method and hemoglobin A1c (HbA1c) was mea-

sured by high performance liquid chromatography. HbA1c

is presented as the National Glycohemoglobin Standard-

ization Program (NGSP) value, which was calculated using

the conversion equation for HbA1c derived from the Japan

Diabetes Society (JDS): HbA1c (NGSP value;

%) = 1.02 9 JDS value (%) ? 0.25 % [22].

The eGFR level was calculated using the Japanese GFR

inference formula: eGFR (ml/min/1.73 m2) = 194 9 serum

creatinine (mg/dl)-1.094 9 age (years)-0.287 (if

female 9 0.739) [23]. The GFR is a more accurate measure

of the renal function [24] and identifies patients with mild

renal impairment despite normal or nearly normal creatinine

levels. Moreover, the eGFR is a strong predictor of cardio-

vascular events and is more useful for this purpose than

serum creatinine [25, 26]. A urinalysis was performed using

a dipstick, and the urine test results were classified as (-),

(±), (1?), (2?) and (3?) [27]. In this study, the CKD was

defined according to definition of the Japanese Society of

Nephrology [eGFR \60 ml/min/1.73 m2, proteinuria posi-

tive (1? or greater), or both] [21]. The breakdown of sub-

jects’ CKD grade at baseline [21] was as follows: G1 (eGFR

C90 ml/min/1.73 m2), n = 26 (10.3 %); and G2 (eGFR

60–89 ml/min/1.73 m2), n = 226 (89.7 %).

Blood pressure was measured in the right arm with the

subject sitting in a chair, after more than 5 min of rest, and

was expressed by an average of duplicate measurements.

The height and body weight were measured, and the BMI

was calculated as the ratio of the body weight (kg) to height

squared (m2). The waist circumference was measured at the

level of the umbilicus.
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Assessment of lifestyle behaviors

The subjects’ drinking and smoking habits and their

lifestyle behaviors regarding exercise, physical activity

and diet were selected for the present study based on the

standardized self-administered questionnaire of the

National Health Promotion Program, which was started in

Japan in the fiscal year of 2008 and aimed at preventing

CVD, stroke and metabolic syndrome (see Supplemental

File) [28, 29]. Previous studies have noted that the com-

bination of these lifestyle behaviors is related to mortality

and the incidence/prevalence of CVD, metabolic syn-

drome, type 2 diabetes, hypertension and dyslipidemia

[17–19]. The subjects’ drinking and smoking habits and

their lifestyle behaviors regarding the physical activity,

exercise and eating habits were determined based on their

responses to the following questionnaire items: (1)

habitual moderate exercise; C30 min at one time and C2

times per week (yes or no); (2) physical activity equal to

walking at least 1 h per day (yes or no); (3) walking

speed; compared with people of the same sex and age-

group (fast or slow); (4) eating speed; compared with

others (fast or slow); (5) late-night dinner; C3 times per

week (yes or no); (6) bedtime snacking; C3 times per

week (yes or no); (7) skipping breakfast; C3 times per

week (yes or no). The subjects drinking and smoking

habits were assessed by the following questionnaire items

(with ‘‘yes’’ or ‘‘no’’ responses): drinking habit (not

drinking everyday); and smoking habit (recently not

smoking). In this study, the total number of healthy life-

style behaviors related to the physical activity, exercise,

eating habits [i.e., (1) habitual moderate exercise, (2)

physical activity, (3) fast walking speed, (4) slow eating

speed, (5) no late-night dinner, (6) no bedtime snacking

and (7) no skipping breakfast] was calculated for each

subject. In this study, we focused on the physical activity,

exercise and eating habits as lifestyle behaviors because

the increases in the daily physical activity and changes in

Received a health check-up 
at 2008 (n=773)

Excluded
Did not consent (n=161)
Females (n=178)

Obtained the informed consent  
(n=434)

Exclusion criteria in the present study
Previous history of CVD (n=4), 
Stroke (n=2),
Renal dysfunction (eGFR <60 ml/min/1.73m2 and/or 
proteinuria) and/or dialysis treatment (n=45),
Taking any cardioactive drugs (anti-hypertensive 
drugs, statins or hypoglycemia agents) (n=86)

Completed baseline assessments
(n=294)

Excluded
Missing information during 5 years (n=42)

Target of data analysis
(n=252)

Fig. 1 Participants included in

the study. CVD cardiovascular

disease, eGFR estimated

glomerular filtration rate
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diet are important to be an initial step for the prevention

of CVD [20].

Statistical analysis

The biochemical analysis, blood pressure and anthropom-

etry measurements, and assessment of lifestyle behaviors

were evaluated every year, while the classification of CKD

was also assessed according to the results of eGFR values.

As a result, the present study only analyzed data from

participants who received their periodic health check-up

during 5 years. The data were expressed as the means and

the standard deviation (SD). The StatView J-5.0 software

package (SAS Institute, NC, USA) was used for all of the

statistical analyses. In this study, the subjects’ drinking and

smoking habits and their lifestyle behaviors regarding

exercise, physical activity and diet were expressed as cat-

egory variables and other coronary risk factors such as

biochemical, blood pressure and anthropometric indices

shown as continuous variables. The participants were

divided into four categories, which were defined by the

quartile distributions of the number of healthy lifestyle

behaviors (7–6, 5, 4 and B3 groups). The Kaplan–Meier

survival curves were compared among the number of

healthy lifestyle behaviors (7–6, 5, 4 and B3 groups) using

the log-rank test. A Cox proportional hazards model was

used for predicting the incidence of CKD using the

parameters as categorical variables. Variables with a sig-

nificant difference in the univariate analyses were entered

into a multivariate analysis. The differences in the changes

in the eGFR level among the number of healthy lifestyle

behaviors (7–6, 5, 4 and B3 groups) were determined using

a two-way repeated measures analysis of variance

(ANOVA) for the follow-up and groups 9 time interac-

tions. Comparisons of the data before and after 5 years

were performed using the paired t test for continuous

variables. Within group comparisons were determined

using the one-way repeated ANOVA and the Tukey–Kra-

mer method for continuous variables and the Chi square

test for categorical variables. The linear-by-linear associ-

ations were determined using the Jonckheere–Terpstra

trend test for continuous variables and the Cochran–Ar-

mitage trend test for categorical variables. A probability

value\0.05 was considered to be statistically significant.

Results

Table 1 compares the subjects’ characteristics and the

coronary risk factors at baseline among the four healthy

lifestyle behavior groups. The body weight, BMI, waist

circumference and HbA1c levels were significantly lower

in the 7–6 group than in the B3 group (p for trend B0.05,

respectively). There were no significant differences in the

other coronary risk factors among the four groups. Table 2

compares the subjects’ lifestyle behaviors at baseline

among the four healthy lifestyle behavior groups. The

prevalence of each healthy lifestyle behavior was signifi-

cantly higher in the 7–6, 5, 4 and B3 groups, in increasing

order of prevalence (p for trend B0.05, respectively).

After 5 years, the incidence of CKD (eGFR \60 ml/

min/1.73 m2 and/or proteinuria) was observed in 23 sub-

jects (9.1 %). The breakdown of the subjects by the CKD

grade [21] after 5 years was as follows: G1 (eGFR C90 ml/

min/1.73 m2), n = 11 (4.4 %); G2 (eGFR 60–89 ml/min/

1.73 m2), n = 218 (86.6 %); and G3a (eGFR 45–59 ml/

min/1.73 m2), n = 23 (9.1 %; including two with pro-

teinuria). The Kaplan–Meier survival curve showed that

the cumulative incidence of CKD significantly decreased

with an increase in number of healthy lifestyle behaviors

(3.3, 5.0, 8.1 and 21.4 % for 7–6, 5, 4, and B3 groups,

respectively, log-rank test: p = 0.003, Fig. 2).

Figure 3 shows the comparisons of the eGFR level at

baseline and after the 5-year follow-up period among the

four groups. After 5 years, the eGFR level decreased in all

of the groups (79.2 ± 9.5–74.7 ± 9.7 ml/min/1.73 m2 in

the 7–6 group, 77.6 ± 11.7–72.3 ± 9.1 ml/min/1.73 m2 in

the 5 group, 78.8 ± 10.7–72.4 ± 9.5 ml/min/1.73 m2 in

the 4 group and 76.5 ± 7.9–68.3 ± 9.8 ml/min/1.73 m2 in

the B3 group, p\ 0.05, respectively). However, a signifi-

cant interaction effect for group 9 time was observed in

the eGFR level between the 7–6 and B3 groups

(p = 0.047).

Figure 4 shows the influence of healthy lifestyle

behaviors on the incidence of CKD. In this analysis, each

healthy lifestyle behavior was a dependent variable and the

incidence of CKD was an independent variable. In a uni-

variate analysis, habitual moderate exercise [hazard ratio

(HR) 0.10, 95 % confidence of interval (CI) 0.03–0.41,

p = 0.001], slow eating speed (HR 0.33, 95 % CI

0.12–0.96, p = 0.041) and no bedtime snacking (HR 0.21,

95 % CI 0.08–0.53, p = 0.001) were significantly corre-

lated with the incidence of CKD. In a multivariate analysis,

age, BMI, smoking habit, drinking habit, the eGFR and

HbA1c levels, and systolic and diastolic blood pressure at

baseline were entered as adjusted factors, because age,

BMI, smoking habit, drinking habit and HbA1c levels, and

systolic and diastolic blood pressure potentially influence

on both healthy lifestyle behaviors and renal function

(Table 1). After adjusting for age, BMI, smoking habit,

drinking habit, the eGFR and HbA1c levels, and systolic

and diastolic blood pressure at baseline, habitual moderate

exercise (HR 0.20, 95 % CI 0.06–0.69, p = 0.011) and no

bedtime snacking (HR 0.19, 95 % CI 0.08–0.48,

p = 0.004) were found to be significantly associated with

the incidence of CKD.
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Discussion

The major findings of our study were that the cumulative

incidence of CKD significantly decreased with an increase

in the number of healthy lifestyle behaviors. Furthermore,

although the eGFR level decreased in all groups, a sig-

nificant interaction effect for group 9 time was observed

in the eGFR level between the 7–6 and B3 groups.

It is well known that the adherence to healthy lifestyle

behaviors is associated with the reduced incidence of non-

communicable diseases, including metabolic syndrome, type

2 diabetes, hypertension and dyslipidemia [15–19]. We

speculate that the relationship between healthy lifestyle

behaviors and CKD has similar mechanisms, and the accu-

mulation of healthy lifestyle behaviors plays a pivotal role in

the prevention of these diseases. However, at present, the

association between the accumulation of healthy lifestyle

behaviors and the prevention of CKD remains unknown. In

a 1-year follow-up study, Wakasugi et al. [30] investigated

the effect of a combination of health lifestyle factors on the

incidence of proteinuria and showed that the incidence of

proteinuria significantly decreased with an increase in the

healthy lifestyle scores. Recently, our cross-sectional study

[31] also observed that the accumulation of unhealthy life-

style behaviors, especially those related to lack of habitual

moderate exercise, late-night dinner and bedtime snacking

may be independent risk factors for the development of

CKD. In the present study, the cumulative incidence of CKD

significantly decreased with an increasing number of healthy

lifestyle behaviors, which is consistent with previous studies.

Therefore, the results of the present study support the pos-

sibility that the accumulation of healthy lifestyle behaviors

is important for preventing the development of CKD.

According to these findings, not only individual lifestyle

behaviors, but also the accumulation of healthy lifestyle

behaviors, may be critical for preventing the development of

CKD, ESRD and CVD.

According to the multivariate analysis, the healthy

lifestyle behaviors related to habitual moderate exercise

and no bedtime snacking were significantly associated with

the incidence of CKD. However, there were no significant

relationships between other lifestyle behaviors and the

incidence of CKD. Recently, several studies have demon-

strated that individual lifestyle behaviors relating to

Table 1 Differences in the characteristics of the subjects at baseline among the four healthy lifestyle behavior groups

All (n = 252) Number of healthy lifestyle behaviors

7–6 (n = 61) 5 (n = 60) 4 (n = 74) £3 (n = 57) p for

trend

eGFR (ml/min/1.73m2) 77.9 ± 10.3 79.2 ± 9.5 77.6 ± 11.7 78.8 ± 10.7 76.5 ± 7.9 0.271

Serum creatinine (mg/dl) 0.83 ± 0.09 0.81 ± 0.09 0.84 ± 0.10 0.83 ± 0.10 0.84 ± 0.08 0.122

Age (years) 51.6 ± 6.8 53.3 ± 7.7 51.2 ± 6.6 51.0 ± 6.3 51.2 ± 6.5 0.089

Body weight (kg) 66.7 ± 8.8 65.1 ± 8.9 66.2 ± 8.5 66.6 ± 8.2 68.9 ± 9.56 0.023

BMI (kg/m2) 23.1 ± 2.6 22.4 ± 2.7b 23.0 ± 2.4 23.0 ± 2.5 24.0 ± 3.0a 0.002

Waist circumference (cm) 82.6 ± 7.2 81.1 ± 7.0b 82.9 ± 6.8 82.3 ± 7.5 84.9 ± 7.5a 0.013

Systolic blood pressure

(mmHg)

124.5 ± 15.4 126.1 ± 15.9 124.8 ± 16.3 124.1 ± 15.0 124.3 ± 15.4 0.489

Diastolic blood pressure

(mmHg)

81.6 ± 10.9 80.8 ± 11.8 80.8 ± 10.8 82.2 ± 11.0 82.6 ± 10.5 0.270

LDL-C (mg/dl) 116.7 ± 28.4 116.7 ± 28.4 119.1 ± 29.1 121.4 ± 29.8 119.8 ± 21.9 0.440

HDL-C (mg/dl) 58.8 ± 13.9 60.2 ± 14.9 57.5 ± 13.1 60.2 ± 13.5 56.4 ± 13.8 0.328

Triglyceride (mg/dl) 109.9 ± 70.1 107.6 ± 101.2 114.5 ± 61.5 105.0 ± 55.3 112.0 ± 47.8 0.949

Fasting glucose (mg/dl) 98.7 ± 15.9 96.5 ± 15.4 96.5 ± 11.1 98.8 ± 13.9 99.1 ± 10.0 0.176

HbA1c (NGSP values; %) 5.5 ± 0.7 5.4 ± 0.8b 5.5 ± 0.3 5.5 ± 0.5 5.7 ± 0.5a 0.002

Smoking habit (yes/no; n, %) 56 (22.2)/196

(77.8)

13 (21.3)/48

(78.7)

12 (20.0)/48

(80.0)

14 (18.9)/60

(81.1)

17 (29.8)/40

(70.2)

0.229

Drinking habit (yes/no; n, %) 197 (78.2)/55

(21.8)

49 (80.3)/12

(19.7)

45 (75.0)/15

(25.0)

59 (79.7)/15

(20.3)

44 (77.2)/13

(22.8)

0.356

The data are expressed as the mean ± SD and the number of subjects

eGFR estimated glomerular filtration rate, BMI body mass index, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein

cholesterol, HbA1c hemoglobin A1c, NGSP National Glycohemoglobin Standardization Program, NS not significant
a p\ 0.05, compared to the 7–6 group
b p\ 0.05, compared to the £3 group
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exercise, physical activity and diet correlate with the renal

function. Robinson-Cohen et al. [32] observed that each

60-min increment in weekly physical activity was associ-

ated with a 0.5 % slower decline of the eGFR per year.

Howden et al. [33] reported that lifestyle modifications

focusing on exercise training in patients with CKD pro-

duced improvements in the cardiorespiratory fitness, body

composition and cardiac diastolic function. In addition, a

previous meta-analysis showed that the lack of habitual

exercise and decreased physical activity influence the

incidence of CKD through obesity, hypertension and type

2 diabetes [10]. Moreover, it has been reported that an

unhealthy diet including high levels of dietary animal fat,

sodium and soft drink consumption leads to the develop-

ment of renal dysfunction [34–36]. Mekary et al. [37]

showed additional snack intake beyond the three main

meals (breakfast, lunch and dinner) were associated with

an increased risk for type 2 diabetes. According to these

findings, habitual moderate exercise and no bedtime

snacking may be important for preventing the incidence of

CKD.

Previous studies have noted that habitual moderate

exercise and no bedtime snacking were related to mortalityT
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Fig. 2 Comparison of the Kaplan–Meier survival curves using the

log-rank test. The cumulative incidence of CKD significantly

decreased with an increase in the number of healthy lifestyle

behaviors (3.3, 5.0, 8.1 and 21.4 % for 7–6, 5, 4, and B3 groups,

respectively)
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and the incidence/prevalence of CVD, metabolic syn-

drome, type 2 diabetes, hypertension and dyslipidemia [36,

38]. The current findings suggest that habitual moderate

exercise and bedtime snacking may be predictive factors

for the incidence of CKD and may indirectly contribute to

the prevention of the development of future ESRD, CVD or

the introduction of dialysis in middle-aged and older males.

Therefore, we consider that the assessment of healthy

lifestyle behaviors, with a particular focus on regular

habitual exercise and healthy eating habits such as avoiding

bedtime snacking, is necessary when performing lifestyle

counseling to prevent the early stages of CKD.

Study limitations and clinical implications

There are several limitations associatedwith this study. First,

the limited study population resulted in a small number of

male subjects, who were predominantly middle-aged and

older, not taking anymedications and did not have any health

complications. Thus, there is potential selection bias in this

study, because our limited study population may include

more CKD subjects with slowly declining renal function

than CKD subjects with rapid deterioration. Therefore, it

remains unclear whether our findings are generalizable to

females, patients with ESRD, or subjects with taking medi-

cations and other complications. Second, the follow-up

period was insufficient to clarify the association between

healthy lifestyle behaviors and the incidence of CKD. Third,

because the renal function is influenced by the dietary elec-

trolytes, the present study could not confirm the dietary total

energy, sodium and potassium intake of the subjects.

Therefore, we could not clarify the influence of dietary
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Fig. 3 Comparisons of the eGFR at baseline and after the 5-year
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eGFR and HbA1c levels, and systolic and diastolic blood pressure at

baseline. In this analysis, each healthy lifestyle behavior was a

dependent variable and the incidence of CKD was an independent

variable
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electrolytes using the subjects’ dietary records. Fourth, we

assessed the eGFR as calculated using the Japanese GFR

inference formula [23] and proteinuria as an index of the

renal function. To more fully evaluate the influence of

healthy lifestyle behaviors on the renal function, other

indices of renal function such as urinary protein excretion, or

microalbuminuria, or cystatin C should be simultaneously

assessed. We could not measure any additional markers of

renal function because this study was performed within the

constraints of the health check-up. Finally, the standardized

self-administered questionnaire aimed at preventing the

development of CVD, stroke and metabolic syndrome.

Therefore, it is unclear whether all these questionnaire items

are related to general health.

However, this study is the first report to evaluate the

association between the accumulation of healthy lifestyle

behaviors and the incidence of CKD. We consider that our

results are helpful to clarify that the accumulation of

healthy lifestyle behaviors can prevent the incidence of

CKD, although this questionnaire aimed at preventing

CVD, stroke and metabolic syndrome. Moreover, the

serum creatinine level can be easily measured as part of a

routine clinical evaluation, the eGFR is a strong predictor

of cardiovascular events and is more useful for this purpose

than the serum creatinine level [25, 26]. In several recent

studies, it has been clearly demonstrated that the incidence

of CKD is also closely correlated with unhealthy lifestyles

behaviors, such as smoking, heavy alcohol intake, obesity,

physical inactivity and unhealthy diet [7–12]. Therefore,

the results of the present study demonstrate a link between

the accumulation of healthy lifestyle behaviors and the

incidence of CKD and may confirm the hypothesis that the

accumulation of healthy lifestyle behaviors may thus help

to prevent the development of CVD and ESRD. According

to our results, we believe that it is necessary to provide

lifestyle counseling, particularly with a focus on regular

habitual exercise and healthy eating habits, such as

avoiding bedtime snacking, to reduce the incidence of

CKD. Additionally, type 2 error may be present in this

study because the study population was limited, resulting in

a small number of male subjects. Further investigation in a

large number of subjects, including subjects taking medi-

cations and other complications is necessary to more pre-

cisely clarify the mechanisms, clinical implications and

associations between the changes in lifestyle behaviors and

the incidence of CKD following long-term intervention.

Conclusions

This study was retrospectively designed to evaluate the

influence of healthy lifestyle behaviors on the incidence of

CKD in middle-aged and older males. We found that the

cumulative incidence of CKD significantly decreased with

an increase in the number of healthy lifestyle behaviors.

Furthermore, after adjusting for age, BMI, smoking habit,

drinking habit, the eGFR and HbA1c levels, and systolic

and diastolic blood pressure at baseline, habitual moderate

exercise and no bedtime snacking were found to be a sig-

nificantly associated with the incidence of CKD. These

results suggest that the accumulation of healthy lifestyle

behaviors, especially those related to habitual moderate

exercise and no bedtime snacking, is considered to be

important to reduce the risk of CKD.
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