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Abstract
A combination of healthy lifestyle factors is associated with lower risks of coronary heart
disease, diabetes, and stroke, but little is known about its association with chronic kidney
disease. This study analyzed the effect of a combination of healthy lifestyle factors on the
incidence of proteinuria among participants without chronic kidney disease. Of the 7565
persons aged 40-79 years who participated in the Specific Health Checkups and Guidance
System in Sado Island, Japan in 2008, 4902 participants (2015 males) without chronic
kidney disease were included. The healthy lifestyle score was calculated by summing the
total number of lifestyle factors for which the participants were at low risk. Low risk was
defined as (1) nonsmoker, (2) body mass index <25 kg m-2, (3) moderate or less alcohol
consumption, (4) regular exercise, and (5) better eating patterns. Logistic analysis was used
to examine the relationship between the baseline score in 2008 and the development of
proteinuria in 2009. Proteinuria developed in 2.2% of participants (males, 3.2%; females,
1.5%). Compared with participants with a healthy lifestyle score of 0 to 2, participants with
a score of 5 had a lower risk (odds ratio 0.39, 95% confidence interval 0.16-0.94),
independently of having diabetes, hypertension, and hypercholesterolemia. Overall, 47% of
the cases in this cohort could be attributed to lack of adherence to this low-risk pattern.
These findings underscore the importance of a healthier lifestyle in preventing chronic
kidney disease.
Key words: eating patterns, epidemiology, preventive factors, proteinuria
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Introduction
A combination of healthy lifestyle factors, including abstaining from smoking,
maintaining a body mass index of 25 kg m-2 or lower, consuming alcohol moderately,
exercising regularly, and having a healthy diet, produce a significant risk reduction for
coronary heart disease 1, 2, type 2 diabetes mellitus3, and stroke4. A clear linear relationship
was observed between the risk reduction and the number of healthy lifestyle factors in each
study, suggesting that an analysis using a combination of lifestyle factors may capture the
influence of multiple health behaviors better than an analysis based on single health
behaviors because health behaviors are complex and consist of multiple dimensions.
Chronic kidney disease (CKD) is also closely associated with lifestyle. Several
lifestyle factors have been shown to be independently associated with primary prevention
of CKD. Obesity, weight gain after maturity, and metabolic syndrome increase the risk of
CKD, independently of having diabetes mellitus and hypertension 5-7. Cigarette smoking is
also associated with an increased risk of CKD5, 8, 9, 10. Alcohol may have both positive and
negative effects. While moderate alcohol consumption is associated with a decreased risk5,
heavy alcohol consumption is associated with an increased risk of CKD11. However, the
combined effects of lifestyle factors on the risk of CKD have not been studied. CKD would
also be closely associated with combined lifestyle modification rather than with changes in
each factor alone.
Therefore, we hypothesized that a combination of healthy lifestyle factors would be
associated with a significant reduction in the risk of CKD. The proportion of CKD that
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could theoretically be avoided through the simultaneous adoption of multiple types of lowrisk behaviors was also estimated.

Methods
Study design
A population-based cohort study of adults aged from 40 to 79 years in Sado City,
Japan, who participated in the Specific Health Checkups and Guidance System (SHC) in
2008 and 2009, was performed. Sado City is an island located in the Sea of Japan off the
coast of Niigata Prefecture, which is one of the most rapidly aging areas in Japan. The
population on the island was 64,310 as of October 1, 2008; more than 35% of the
population was 65 years or older, of whom half was older than 75 years. This proportion of
elderly is almost equal to the projected population of Japan in 203912. The details of the
SHC have been described elsewhere 6, 13. In brief, participants answered a self-administered
questionnaire that covered their smoking, alcohol consumption, exercise, and dietary habits.
Then, trained staff measured the height, weight, and blood pressure of each participant,
after which serum and spot urine samples were collected.

Study participants
Participants aged from 40 to 79 years without CKD at baseline in 2008 were
included. CKD was defined as a GFR less than 60 ml/min/1.73 m2 calculated using the
estimated GFR (eGFR) formula for Japanese14, 1+ or greater proteinuria on urinalysis, or
both15. The data extraction process is shown in the Supplementary information. Of the
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7,565 participants aged 40 to 79 years screened in 2008, 6,429 participants had normal
renal function (eGFR ≥ 60 ml/min/1.73 m2) and negative proteinuria on dipstick
examination. Of these participants with normal renal function, 4,940 participants were reexamined in the 2009 SHC program. A total of 37 participants with missing information on
lifestyle factors was excluded, leaving 4,902 for this analysis. All of the participants
remained anonymous, and the study was conducted according to Japanese privacy
protection laws and the ethical guidelines for epidemiological studies published by the
Ministry of Education, Science and Culture and the Ministry of Health, Labor and Welfare
in 2005.

Outcomes Ascertainment
The primary end-point was incident proteinuria, defined by a dipstick urinalysis
score of 1+ or greater proteinuria (equivalent to ≥30 mg/dl) because of poor discrimination
between negative and trace positive dipstick readings16, at the SHC in 2009. Because the
follow-up duration was relatively short and proteinuria is a significant risk factor for endstage renal disease17, 18, development of proteinuria, but not decreased GFR, was adopted as
the end-point in the present study.
Lifestyle factors and covariates
For each lifestyle factor (smoking, BMI, alcohol, exercise, and eating patterns), a
binary low-risk variable was created, where the participants were given a score of 1 if they
met the criteria for low risk and a 0 if otherwise, in accordance with previous studies1-4. The
a priori definition of low risk was based on the current literature and recommended
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guidelines, as well as on levels realistically obtainable within the general population. A
healthy lifestyle score was calculated by summing the total number of lifestyle factors for
which the participants were at low risk. The participants could obtain a healthy lifestyle
score from 0 (least healthy) to 5 (most healthy).
For smoking, low risk was defined as not currently smoking. Optimal body weight
was defined as a body mass index (BMI) <25 kg m-2, the standard World Health
Organization cutoff for healthy weight. For alcohol, average daily alcohol consumption of
less than 20 g was considered low risk, because previous literature showed that average
daily alcohol intake of less than 20 g reduced the risk of developing proteinuria in men5,
while intake of more than 30 g increased the risk of developing albuminuria19. For exercise,
two questions were used. One was ‘Are you in the habit of doing exercise to sweat lightly
for over 30 minutes a time, 2 times weekly, for over a year?’, the other was ‘In your daily
life do you walk or do any equivalent amount of physical activity more than one hour a
day?’. Low risk was defined as those who answered ‘Yes’ to both these questions on the
basis of a current Japanese guideline20. For eating patterns, two questions were used. One
was ‘Do you skip breakfast more than 3 times per week?’, and the other was ‘Do you eat
snacks after supper more than 3 times a week?’. Low risk was defined as those who
answered ‘No’ to both of these questions.
Diabetes mellitus was defined as the use of insulin or oral antidiabetic medications,
hemoglobin A1c (HbA1c) ≥ 6.1%, or both. Hypertension was defined as the use of
antihypertensive medications, a systolic blood pressure ≥140 mm Hg and/or a diastolic
blood pressure ≥90 mm Hg, or both. Hypercholesterolemia was defined as the use of
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cholesterol-lowering medications, a low-density lipoprotein cholesterol level ≥140 mg/dL,
or both.
Statistical analysis
Differences in the distribution of baseline characteristics across the healthy lifestyle
score categories were compared using the 2-test for categorical variables and analysis of
variance for continuous variables. Spearman and Pearson correlation coefficients were
calculated to evaluate the relationships among the independent variables. The association
between each variable of the healthy lifestyle scores and the incidence of proteinuria was
first evaluated individually using logistic regression models, and then the association
between the healthy lifestyle scores and the incidence of proteinuria was evaluated. A
healthy lifestyle score from 0 (least healthy) to 2 was combined to make one category
because of the small number of cases. Multivariate-adjusted odds ratios (ORs) and their
corresponding 95% confidence intervals (CIs) were calculated using the category
conventionally believed to be the least healthy as the reference group. Two multivariate
models were developed. The data were initially adjusted for age and sex. Because
hypertension, diabetes, and hypercholesterolemia are likely to be intermediate factors in the
pathway between lifestyle factors and proteinuria, they were added sequentially to the
multivariate models.
To assess the robustness of the main results, several subsidiary analyses were
conducted. First, to enhance the association between healthy lifestyle and the outcome,
analyses stratified by obesity (BMI ≥ 25 kg m-2) were conducted, because obese
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participants would modify their lifestyle to lose weight. For participants with obesity, the
healthy lifestyle score ranged from 0 to 4 points. Scores from 0 to 2 were combined into
one category because of the small number of cases. For participants without obesity, the
healthy lifestyle score ranged from 1 to 5 points. Scores from 1 to 3 were combined into
one category because of the small number of cases. Second, sensitivity analyses stratified
by sex were conducted to establish whether sex had any effect on the relationship, because
female sex is associated with a reduced risk of proteinuria. Finally, to avoid the possibility
of antiproteinuric effects of medications, subgroup analyses stratified by use or nonuse of
medications were conducted.
The population-attributable risk fraction and the corresponding 95% CIs21 were
calculated as an estimate of the percentage of developing proteinuria that would not have
occurred in this population if all participants had been in the healthiest lifestyle group, on
the assumption that there was a causal relation between the risk factors and CKD.
A P value of <0.05 was considered significant, and all tests were two-tailed. All
statistical analyses were performed with the SPSS for Windows statistical package (Version
18.0; SPSS, Chicago, IL, USA).

Results
Demographic characteristics of patients
Table 1 shows the associations between various clinical characteristics and healthy
lifestyle scores. Participants with a higher healthy lifestyle score had an older age, a lean
BMI, a lower blood pressure, lower triglyceride levels, higher high-density lipoprotein
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cholesterol levels, a lower serum creatinine, and a lower eGFR. Males were more likely to
have a low healthy lifestyle score. While low-density lipoprotein cholesterol did not differ
between the categories, the proportion of cholesterol-lowering medication users was higher
in the categories with a high healthy lifestyle score. There were no differences between
participants who repeated the program in 2009 and those who did not with regard to
baseline characteristics such as sex and BMI, but the latter group was slightly younger and
had a high rate of smoking, a higher percentage of medication for diabetes, and a higher
blood pressure (Supplementary information).
Associations between the healthy lifestyle score and proteinuria
After one year of follow-up, 110 (66 males) of the 4902 participants (2015 males)
developed proteinuria. When considered individually, there were no apparent associations
between each variable of the healthy lifestyle score and the incidence of proteinuria, except
BMI (Table 2). There were no significant interactions among these variables.
A dose-response relationship was observed between the healthy lifestyle scores and
the incidence of proteinuria for all participants (P < 0.0001 for trend) and for females (P =
0.01 for trend, Figure 1). A similar trend was observed for males, but it was not significant
(P = 0.08 for trend). Table 3 shows that participants with a score of 5 (healthiest category)
had an age- and sex-adjusted odds ratio (OR) of 0.35 (95% CI, 0.15-0.85) for the incidence
of proteinuria compared with participants with a score of 0 to 2. Additional adjustment for
the potential consequences of an unhealthy lifestyle (i.e., hypertension, diabetes mellitus,
and hypercholesterolemia) only partially attenuated the risk (OR: 0.39, 95% CI, 0.16-0.94).
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This analysis was repeated with participants who were not obese (BMI<25 kg m-2)
(Table 4). The association between the healthy lifestyle score and the incidence of
proteinuria showed a similar but slightly stronger association compared with the whole
study population. Participants with a score of 5 had a multivariate-adjusted OR of 0.40
(95% CI, 0.17-0.92) for the incidence of proteinuria compared with participants with a
score of 1 to 3. In contrast, the association was not significant among the participants with
obesity. Subgroup analysis stratified by sex showed that the point estimates of the OR were
similar both in male and female participants compared with the whole study population,
although the association was not significant.
Of the participants who currently took antihypertensive medications, the association
was similar but stronger than that for the whole study population. The association was not
significant among the participants not on antihypertensive medications (data not shown). Of
the participants who were not currently taking cholesterol-lowering medications, the
association between the healthy lifestyle score and the incidence of proteinuria was similar
to that of the whole study population (data not shown).
Population-attributable risk fraction among the cohorts
The population-attributable risk fraction was 47%, suggesting that nearly half of the
incidence of proteinuria might have been prevented by compliance with the remaining
components of the low-healthy lifestyle score in this population. The number of cases was
too small, however, to provide separate estimates for the population-attributable risk
fraction (95% CI, -8 to 74%).
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Discussion
The present study demonstrated that a combination of healthy lifestyle factors was
associated with a substantial reduction in the development of proteinuria, even after
controlling for well-known biological mediators such as hypertension, diabetes mellitus,
and hypercholesterolemia. Moreover, this finding was confirmed in subgroup analyses,
such as in non obese individuals or participants on antihypertensive medications. No
significant results were obtained in subgroup analyses stratified by sex or obesity. This is
probably due to the small number of participants, because the numbers of cases in the
reference categories were small, which led to wide confidence intervals. It is also possible
that residual confounding by sex might affect the result in the whole study population,
because males were more likely to have a low healthy lifestyle score, and female sex was
strongly associated with a reduced risk of proteinuria. Although further study is needed to
establish the association between the combined healthy lifestyle and CKD, these results
also support the possibility that the combined healthy lifestyle could reduce the risk of
developing CKD.
The combined effects of lifestyle factors, including abstaining from smoking,
maintaining a body mass index of 25 kg m-2 or lower, moderate or less alcohol consumption,
regular exercise, and healthy diet, have been reported to produce a significant risk reduction
for coronary heart disease1,2, type 2 diabetes mellitus3, and stroke4. Because CKD is closely
associated with these diseases, these results suggest that the combined healthy lifestyle
might act in a common pathway to avoid developing these diseases. In addition, a clear
linear reduction of risk has been observed based on adherence to the healthy lifestyle
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factors in each study. In other words, the more these healthy lifestyle factors are adhered to,
the greater the reduction of the risks of these diseases. These suggest that not only single
health behaviors but also a combination of these behaviors should be achieved to decrease
the incidence of these diseases. Of course, an unhealthy lifestyle, such as poor dietary
habits and inadequate physical activity, strongly influences blood pressure, glucose-insulin
homeostasis, and lipid levels. Furthermore, these lifestyle risk factors also seem to
influence novel risk factors such as endothelial dysfunction, oxidative stress, inflammation,
and other intermediary pathways22. Further research is needed to clarify the combined
effect of the healthy lifestyle factors on the primary prevention of these chronic diseases.
With regard to individual components of the healthy lifestyle score, there was no
significant reduction of CKD risk except for BMI. Previous literature has shown that
obesity5-7, cigarette smoking5,8,9, 10, and heavy alcohol consumption11,19 are independently
associated with an increased risk of CKD. As for smoking and alcohol, the small numbers
of cases in the present study might limit the power to detect these possible associations. It is
also possible that using binary variables could not detect this association between alcohol
and CKD, because alcohol may have both positive and negative effects5, 11, 19. As for
exercise, one study showed that physical inactivity was associated with the risk of CKD in
the general population23, but epidemiological studies of this relationship are sparse. As for
diet, a classical nutritional factor investigated as a risk factor for CKD has primarily been
salt intake24, but information about eating patterns, such as snacking and skipping breakfast,
in the primary prevention of CKD has been lacking. A growing body of evidence suggests
that eating patterns may affect body weight. Although it remains controversial whether
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snacking contributes to obesity25, a positive association between skipping breakfast and
obesity is globally observed, independent of cultural diversity among countries26-30. In
addition, skipping breakfast has been found to be associated with increased blood pressure
in adolescents31 and with health-compromising behaviors in adults and adolescents32. These
suggest that these lifestyle factors cooperate with one another, and a combined effect of the
healthy lifestyle factors on the primary prevention of CKD would be significant, whereas
the individual effects of each factor might be weak or insignificant.
The present study also demonstrated that the population-attributable risk fraction
was 47%, suggesting that nearly half of the cases of de novo proteinuria might be prevented
by comprehensive lifestyle modification. In addition, the present study showed that the
participants who were at low risk for the five lifestyle factors had a significant risk
reduction, nearly the same as those without hypertension or diabetes. Much effort has been
focused on the pharmacologic management of hypertension, diabetes mellitus, and
hypercholesterolemia for preventing CKD. Although these treatments have been proven to
have benefits, they are costly and may have adverse effects. In general, modification of
lifestyle is not costly and may not be associated with adverse effects. Therefore, a healthy
lifestyle could play a central part in the global war against CKD.
This study has several strengths. To the best of our knowledge, this is the first report
about the combined effects of health-related behaviors on the risk of CKD. Because all the
participants lived on one small island, the relatively homogenous nature of the cohort
would reduce confounding. However, the generalizability to other populations may be
limited. Further investigations in other populations are necessary to confirm the present

15

findings. In addition, the population-attributable risk fraction, which provided potentially
valuable information regarding the community-level effect of healthy lifestyle factors, was
also calculated.

Study limitation
The present study had several limitations. First, the lifestyle factors other than BMI
were determined based on information obtained through self-reporting and may not have
been accurate. In addition, the duration of maintaining a healthy lifestyle and the nutritive
content of the diet were not evaluated because of a lack of information. Second, despite
adjustments for potential confounding factors, residual confounding remains plausible. For
example, socioeconomic status was not adjusted for because there was no information.
Third, CKD was defined from a single creatinine value and a single measurement of
urinary protein because of the nature of an annual health check program. Therefore, it is not
possible in this study to confirm whether participants fulfilled CKD criteria for at least a 3month period. However, the incidence of proteinuria was similar to that in the previous
study8. Fourth, the relationship between the healthy lifestyle score and the incidence of
proteinuria is influenced by the weight given to each component of the score. We chose to
give equal weight to each healthy lifestyle factor, in accordance with previous studies1-4,
and this would make the study a clear-cut message for the prevention of coronary heart
disease, type 2 diabetes mellitus, stroke, and CKD; it provides a simple strategy to
minimize the overall incidence of these chronic diseases. However, because the use of
equal weights is an imperfect approximation of the underlying biological relationships
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between lifestyle and CKD, future analyses should examine this issue. Fifth, the present
study contained small numbers of outcome events and participants, which may explain the
wide confidence intervals. Sixth, there may have been selection bias in the study population,
because the subjects included in the study received annual physical checks for the second
consecutive year; subjects with severe disorders or signs or symptoms tended to attend
clinics and hospitals, and thus they did not receive annual physical checks. Finally, the
follow-up duration was relatively short. However, as the Specific Health Checkups and
Guidance System are ongoing all over Japan, the reproducibility of this study could be
assessed by studies with larger sample sizes and longer observation periods if many local
governments would work cooperatively. Further research is also needed to assess the
relationship between improving the healthy lifestyle factors and the incidence of proteinuria.
In conclusion, a healthy lifestyle was associated with a significant reduction in the
risk of CKD, independent of having diabetes mellitus, hypertension, and
hypercholesterolemia. The present data indicate the possibility that a substantial number of
cases of CKD could be prevented by the adoption of a healthier lifestyle. Further
investigations in other populations and with longer observation periods are necessary to
confirm the present findings.
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Titles and legends to figures

Figure 1. Incidence of proteinuria by healthy lifestyle score
Trends are significant for all participants ( ; P < 0.0001) and females (
not significant for males (

; P = 0.08).

; P = 0.01), but

