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Abstract

Objective This study aimed to examine the association between the changes in an overall healthy lifestyle,

as quantified by the number of unhealthy lifestyle factors and obesity status, and the incidence of proteinuria

in the general Japanese population.

Methods A retrospective cohort study was conducted among 99,404 (men, 36.9%) participants aged from

40-74 years of age who underwent two health check-ups with a 1-year interval in Japan between 2008 and

2009. Any participants with chronic kidney disease at baseline were excluded. The smoking status, body mass

index, physical activity, alcohol consumption, and healthy eating habits were combined into a simple overall

healthy lifestyle score ranging from 0 to 5. The changes in overall healthy lifestyle scores from baseline

(range, -5 to +5) and the incidence of proteinuria, defined by a dipstick urinalysis (score �1+), were assessed

at the second check-up. A logistic regression analysis was used to examine the association between the

changes in overall healthy lifestyle scores and the incidence of proteinuria.

Results After one year of follow-up, 3.9% of men and 2.4% of women developed proteinuria. Each in-

crease (or decrease) in the changes in overall healthy lifestyle scores was associated with a reduced (or in-

creased) risk of proteinuria in both men (odds ratio (OR) 0.87; 95% confidence interval (CI), 0.81-0.94) and

women (OR 0.87; 95%CI, 0.80-0.94) after adjusting for age, baseline lifestyle scores, hypertension, diabetes

mellitus, and hypercholesterolemia. Stratified analyses based on age, the presence or absence of hypertension,

or diabetes mellitus revealed similar results.

Conclusion Overall lifestyle changes, even within a year, were found to influence the incidence of protein-

uria.
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Introduction

The prevention of proteinuria/albuminuria is highly desir-

able in both clinical and public health settings, because pro-

teinuria/albuminuria is a prognostic marker of kidney dis-

ease, as well as an independent risk factor for cardiovascular

morbidity and mortality (1-6). The odds of developing pro-

teinuria/albuminuria are heightened by poor lifestyle behav-

iours and the obesity status both independently and in com-
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bination (7-11). Because multiple lifestyle behaviours coex-

ist and may interact, studying the combined impact of life-

style factors instead of their individual impact on protein-

uria/albuminuria is highly relevant. Furthermore, applying a

simple lifestyle index is useful for decision-makers and po-

litical governments, and for health professionals, and it may

also motivate people to change their lifestyles in a healthier

direction, particularly if the message is simple.

An overall unhealthy lifestyle, quantified as the number

of unhealthy life-related factors and obesity status, is associ-

ated with the incidence of microalbuminuria (10) and prote-

inuria (11). A community-based prospective cohort study re-

ported that an overall unhealthy lifestyle, including current

smoking, obesity (body mass index (BMI) of �30 kg/m2),

and a poor diet quality as defined by a low Dietary Ap-

proaches to Stop Hypertension (DASH)-type diet score, was

significantly associated with the incidence of microalbumin-

uria over a 15-year period, after adjusting for age, sex, fam-

ily history of kidney disease, education, baseline hyperten-

sion, and diabetes (10). Another community-based cohort

study reported that an overall unhealthy lifestyle, including

current smoking, obesity (BMI of �25 kg/m2), heavy alcohol

consumption, lack of physical activity, and unhealthy eating

habits, was significantly associated with the incidence of

proteinuria (11). These studies, however, were limited in that

they failed to address how changes in lifestyle-related fac-

tors are associated with the incidence of proteinuria. Life-

styles change throughout life, even in the elderly

stages (12).

In the above context, this study aimed to examine the as-

sociation between changes in an overall healthy lifestyle and

the incidence of proteinuria in the general Japanese popula-

tion.

Materials and Methods

Study population

This retrospective cohort study used data from the Spe-

cific Health Checkups and Guidance System in Japan (SHC)

in 2008 and 2009. The SHC has been described else-

where (13, 14). In brief, the participants were individuals

aged from 40-74 years who underwent the SHC throughout

Japan. The participants answer a self-administered question-

naire that covers their medical history, smoking habits, alco-

hol intake, exercise habits, and eating habits. Trained staff

measures the height, weight, and blood pressure of each par-

ticipant. Serum and spot urine samples were collected. The

present study included participants who underwent two

health check-ups with a 1-year interval in Japan between

2008 and 2009. Any participants with chronic kidney dis-

ease (CKD) at baseline were excluded. CKD was defined as

glomerular filtration rate (GFR) <60 mL/min/1.73 m2 as cal-

culated using the estimated GFR (eGFR) formula for Japa-

nese individuals (15), �1+ proteinuria on urinalysis, or

both (16).

All participants remained anonymous and the study com-

plied with the Declaration of Helsinki and Ethical Guide-

lines for Epidemiological Studies published by the Ministry

of Education, Science and Culture and the Ministry of

Health, Labour and Welfare of Japan. The study protocol

was approved by the ethics committee of Fukushima Medi-

cal University (IRB No. 1485).

Changes in overall healthy lifestyle scores and co-

variates

Overall healthy lifestyle scores were calculated at baseline

and at the one-year follow-up by adding up the total number

of lifestyle factors for which the participants were at low

risk. For each lifestyle factor (smoking, BMI, alcohol intake,

exercise habits, and eating habits), we created a binary low-

risk variable, in which the participants were given a score of

1 if they met the criteria for low risk, and 0 if otherwise, in

accordance with a previous study (11, 13, 17-27). The a pri-
ori definition of low risk was based not only on the current

literature and recommended guidelines, but also on the lev-

els that were considered to be realistically obtainable within

the general population (11, 13). The overall healthy lifestyle

scores ranged from 0 (least healthy) to 5 (most healthy). For

smoking, a low risk was defined as not currently smoking.

An optimal body weight was defined as a BMI <25 kg/m2,

the standard World Health Organization cutoff for healthy

weight. For alcohol, low risk was defined as an average

daily alcohol consumption of less than 20 g. For exercise

habits, two questions were posed: ‘Are you in the habit of

exercising to a light sweat for more than 30 minutes at a

time, 2 times weekly, for over a year?’ and ‘In daily life, do

you walk or do any equivalent amount of physical activity

more than one hour a day?’ Those who answered ‘Yes’ to

both questions were considered ‘low risk’ based on the cur-

rent Japanese guidelines (11, 13, 28). Regarding eating hab-

its, the following two questions were posed: ‘Do you skip

breakfast more than 3 times per week?’ and ‘Do you eat

snacks after supper more than 3 times a week?’. Those who

answered ‘No’ to both questions were considered ‘low

risk’ (11, 13). We also calculated changes in overall healthy

lifestyle scores during a one-year period (range, -5 to +5)

and classified the participants according to score changes

into three categories: improved (increased from lower to

higher scores), deteriorated (decreased from higher to lower

scores), and unchanged (the same scores) (29).

Diabetes was defined in accordance with the American

Diabetes Association guidelines (30) as a fasting plasma glu-

cose (FPG) concentration of 126 mg/dL or higher, HbA1c

of 6.5% or higher, or self-reported use of anti-hyper-

glycaemic drugs. The value of haemoglobin A1c (HbA1c)

was estimated as a National Glycohemoglobin Standardiza-

tion Program equivalent value calculated with the following

equation (31): HbA1c (%) = HbA1c (%) + 0.4%. Hyperten-

sion was defined as the use of antihypertensive medication,

a systolic blood pressure �140 mmHg and/or a diastolic

blood pressure �90 mmHg, or both. Hypercholesterolemia
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Figure　1.　Flowchart of the participant selection.
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was defined as the use of cholesterol-lowering medication, a

low-density lipoprotein (LDL) cholesterol level �140 mg/dL,

or both.

Outcome measurement

The primary end-point was the incidence of proteinuria,

defined as a dipstick urinalysis score of 1+ or greater

(equivalent to �30 mg/dL) due to the difficulty of discrimi-

nating between negative and trace positive dipstick read-

ings (32, 33), at the SHC in 2009.

Statistical analyses

Data were analysed separately by sex, and presented as

the mean (standard deviation) for continuous variables and

the number of subjects (percent) for categorical variables.

Descriptive statistics of clinical characteristics across the

categories of overall healthy lifestyle score at baseline were

compared using the chi-square test for trend for categorical

data, and an analysis of variance (ANOVA) or the

Jonckheere-Terpstra test for continuous variables. A logistic

regression was used to assess the relationship between

changes in overall healthy lifestyle scores and the incidence

of proteinuria after adjusting for a priori identified potential

covariates. The initial model tested the main effect of

changes in overall healthy lifestyle scores as a continuous

variable on the incidence of proteinuria, after adjusting for

age (per 10-year increase) and overall healthy lifestyle

scores at baseline (continuous variable). The second, fully

adjusted model added a term for hypertension (yes/no), dia-

betes (yes/no), and hypercholesterolemia (yes/no).

To assess the robustness of the main results, sensitivity

analyses were performed. First, we performed a multiple lo-

gistic regression analysis with baseline overall healthy life-

style scores as a categorical variable. For women, baseline

overall healthy lifestyle scores of 0 (least healthy) and 1

were combined into one category because there were few

cases. Second, an age-stratified analysis was performed,

since the age distribution of the study participants was dis-

persed. We included a continuous term for age in the age-

stratified subgroup analysis. Baseline overall healthy life-

style scores of 0-1 for men, and 0-2 for women, were

treated as one category, because there were few cases. Third,

subgroup analyses were performed based on the presence or

absence of diabetes or hypertension. Finally, we ran separate

models predicting the incidence of proteinuria for each indi-

vidual lifestyle factor with the healthy lifestyle factor as a

categorical variable. p<0.05 was considered to be statisti-

cally significant, and all tests were two-tailed. All statistical

analyses were performed with SPSS for Windows statistical

package (Version 18.0; SPSS, Chicago, IL, USA) and the

Stata/MP software program (Version 12.1; Stata Corp, Col-

lege Station, TX, USA).

Results

Of the 667,218 individuals aged 40-74 years who partici-

pated in the SHC in 2008, we excluded those for whom se-

rum creatinine (n=112,540) measurements were unavailable

(Fig. 1). The serum creatinine level is not included as a

mandatory item of the SHC, but it is included in some ar-

eas. Among these individuals, 453,660 had normal renal

function (eGFR �60 mL/min/1.73 m2) and negative protein-

uria on dipstick examination. Among these individuals, those

with missing information (n=252,473) were excluded. Of the

individuals who were not missing any information (n=

201,187), 127,784 were re-examined in the 2009 SHC pro-
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Table　1.　Clinical Characteristics of Male Participants by Healthy Lifestyle Scores (n=36,703).

Healthy lifestyle scores at baseline

p for 

trend
0

[n=134

(0.4%)]

1

[n=1,654

(4.5%)]

2

[n=5,967

(16.3%)]

3

[n=11,535

(31.4%)]

4

[n=12,302 

(33.5%)]

5

[n=5,111

(13.9%)]

Baseline data

Age (years) 55.8 (8.8) 57.8 (9.3) 60.8 (8.8) 63.1 (8.4) 64.8 (7.6) 66.7 (6.3) <0.001

History of stroke (%) 3.7 2.8 3.5 4.0 4.4 4.6 <0.001

History of heart disease (%) 5.2 4.6 5.5 6.6 7.6 7.2 <0.001

History of renal failure (%) 0 0.1 0.3 0.2 0.2 0.2 0.65

Comorbidities (%)

Hypertension 50.7 49.0 48.4 47.7 43.3 42.2 <0.001

Diabetes 15.7 14.6 13.5 12.0 12.1 12.9 0.03

Hypercholesterolemia 39.6 34.9 32.8 33.0 32.6 32.8 0.16

BMI (kg/m2) 27.3 (2.2) 25.5 (3.2) 24.5 (3.3) 23.8 (3.0) 22.8 (2.4) 22.2 (1.8) <0.001

Systolic BP (mmHg) 131 (15) 130 (17) 131 (17) 130 (17) 129 (16) 129 (16) 0.02

Diastolic BP (mmHg) 82 (11) 80 (11) 79 (11) 78 (10) 77 (10) 76 (10) <0.001

HDL cholesterol (mg/dL) 55 (14) 55 (15) 57 (15) 58 (15) 59 (16) 61 (15) <0.001

LDL cholesterol (mg/dL) 125 (33) 121 (32) 121 (31) 121 (29) 121 (28) 121 (27) 0.13

Triglycerides (mg/dL) 147 [103, 217] 134 [93, 202] 118 [84, 171] 106 [76, 151] 97 [70, 136] 88 [65, 122] <0.001

FPG (mg/dL) 106 (23) 103 (26) 101 (22) 100 (21) 100 (20) 99 (19) <0.001

Haemoglobin A1c(%) 5.9 (0.7) 5.8 (0.9) 5.8 (0.7) 5.7 (0.7) 5.7 (0.7) 5.7 (0.6) 0.01

Serum Cr (mg/dL) 0.77 (0.11) 0.78 (0.11) 0.78 (0.11) 0.78 (0.11) 0.79 (0.10) 0.80 (0.10) <0.001

eGFR (mL/min/1.73 m2) 85 (15) 82 (15) 81 (14) 79 (14) 78 (13) 76 (12) <0.001

Follow-up data

Healthy lifestyle scores in 

2009 (%)

0 33.6 3.9 0.3 0.1 0.0 0.0

1 43.3 47.6 8.3 1.1 0.2 0.0

2 17.2 35.2 51.4 14.1 2.6 0.4

3 6.0 11.2 31.5 56.1 20.1 5.9

4 0.0 1.9 7.6 25.2 61.6 32.1

5 0.0 0.1 0.9 3.4 15.5 61.6

Incidence of proteinuria (%) 6.7 5.7 4.7 4.2 3.3 3.1 <0.001

Numbers are mean (standard deviation) or proportion. For triglycerides, median and the 25th and 75th percentile are shown.

BMI: body mass index, BP: blood pressure, HDL: high-density lipoprotein, LDL: low-density lipoprotein, FPG: fasting plasma glucose, Cr: creatinine, eGFR: 

estimated glomerular filtration rate

gram. Again, those with missing information were excluded

(n=28,380), thus resulting in a final sample size of 99,404.

Compared with those who met the inclusion criteria, those

who were excluded who did not have CKD in 2008 were

more likely to be male, younger, have hypertension, diabe-

tes, a lower baseline healthy lifestyle score, and a history of

stroke, heart disease, or renal disease (Supplementary Ta-

ble 1).

Tables 1 and 2 show the clinical characteristics as a func-

tion of healthy lifestyle scores by sex. Participants with

higher healthy lifestyle scores at baseline were more likely

to be older, have a history of stroke, lower BMI, lower tri-

glyceride levels, lower fasting glucose, lower eGFR, and less

likely to have hypertension and diabetes in both men and

women. Men with higher healthy lifestyle scores at baseline

were more likely to have a history of heart disease and

higher high-density lipoprotein (HDL)-cholesterol levels,

while women with higher healthy lifestyle scores at baseline

were more likely to have a history of renal failure.

After one year of follow-up, 23.1% of men and 18.4% of

women had a higher overall healthy lifestyle score (the ‘im-

proved’ category), whereas 19.4% of men and 16.9% of

women had a lower overall healthy lifestyle scores (the ‘de-

teriorated’ category); 57.5% of men and 64.7% of women

had the same scores as those at baseline (the ‘unchanged’

category). The onset of proteinuria was noted in 1,434 of

36,703 men (3.9%) and 1,514 of 62,701 women (2.4%).

Overall, a clearly inverse dose-dependent relationship was

observed between the baseline overall healthy lifestyle

scores and the incidence of proteinuria in both men and

women (p<0.001 for trend, Fig. 2). The incidence of prote-

inuria tended to be higher among the participants in the de-

teriorated category, but lower in the improved category,

compared with those in the unchanged category.

Table 3 shows the results of a logistic regression analysis

estimating the odds of the incidence of proteinuria after a

one-year follow-up by sex. These results indicate that having

hypertension, diabetes, or lower baseline overall healthy life-
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Table　2.　Clinical Characteristics of Female Participants by Healthy Lifestyle Scores (n=62,701).

Healthy lifestyle scores at baseline

p for 

trend
0

[n=26

(0.0%)]

1

[n=347

(0.6%)]

2

[n=3,363

(5.4%)]

3

[n=14,318

(22.8%)]

4

[n=31,771

(50.7%)]

5

[n=12,876

(20.5%)]

Baseline data

Age (years) 56.4 (8.4) 56.2 (9.1) 60.0 (8.8) 62.4 (8.1) 63.9 (7.4) 65.9 (5.9) <0.001

History of stroke (%) 0.0 1.7 2.7 2.4 2.2 2.1 0.03

History of heart disease (%) 3.8 2.9 4.7 4.9 4.5 4.5 0.31

History of renal failure (%) 0.0 0.3 0.4 0.4 0.3 0.2 0.001

Comorbidities (%)

Hypertension 53.8 39.5 43.1 43.9 37.0 37.0 <0.001

Diabetes 11.5 7.8 9.3 8.3 5.5 6.6 <0.001

Hypercholesterolemia 38.5 44.1 51.9 52.6 49.8 51.1 0.05

BMI (kg/m2) 27.2 (1.9) 24.6 (4.2) 25.5 (4.0) 24.4 (3.8) 21.8 (2.7) 21.4 (2.1) <0.001

Systolic BP (mmHg) 127 (16) 127 (17) 128 (18) 128 (17) 127 (17) 127 (17) 0.97

Diastolic BP (mmHg) 75 (12) 75 (10) 76 (11) 75 (10) 74 (10) 74 (10) 0.44

HDL cholesterol (mg/dL) 65 (13) 64 (17) 63 (15) 64 (16) 67 (16) 68 (16) 0.06

LDL cholesterol (mg/dL) 127 (42) 125 (35) 131 (32) 131 (30) 129 (29) 129 (29) 0.42

Triglycerides (mg/dL) 128 [91, 209] 113 [79, 166] 104 [76, 144] 96 [71, 132] 88 [66, 119] 85 [65, 115] <0.001

FPG (mg/dL) 101 (15) 97 (16) 97 (20) 95 (17) 93 (14) 94 (14) 0.001

Haemoglobin A1c(%) 5.7 (0.6) 5.6 (0.6) 5.7 (0.6) 5.7 (0.6) 5.7 (0.5) 5.7 (0.5) 0.51

Serum Cr (mg/dL) 0.57 (0.10) 0.58 (0.09) 0.59 (0.09) 0.59 (0.08) 0.60 (0.08) 0.60 (0.08) 0.01

eGFR (mL/min/1.73 m2) 87 (17) 84 (17) 81 (15) 80 (14) 79 (14) 77 (13) <0.001

Follow-up data

Healthy lifestyle scores in 

2009 (%)

0 30.8 0.6 0.0 0.0 0.0 0.0

1 23.1 44.7 3.4 0.3 0.0 0.0

2 38.5 38.6 47.3 7.8 0.7 0.1

3 3.8 13.8 37.9 57.9 12.8 3.5

4 3.8 2.3 10.4 30.3 71.4 35.3

5 0.0 0.0 1.0 3.8 15.1 61.1

Incidence of proteinuria (%) 0.0 4.3 3.4 3.1 2.2 1.9 <0.001

Numbers are mean (standard deviation) or proportion. For triglycerides, median and the 25th and 75th percentile are shown.

BMI: body mass index, BP: blood pressure, HDL: high-density lipoprotein, LDL: low-density lipoprotein, FPG: fasting plasma glucose, Cr: creatinine, 

eGFR: estimated glomerular filtration rate

style scores, and decreases in healthy lifestyle scores were

all associated with greater odds of developing proteinuria in

both men and women. Each increase in healthy lifestyle fac-

tors at baseline was associated with 18% (95% confidence

interval (CI), 13-22%) and 24% (95% CI, 18-29%) lower

adjusted odds ratios (OR) for incident proteinuria in men

and women, respectively. A 1-healthy lifestyle score increase

(or decrease) after one year was independently associated

with a 13% (95% CI, 6-19%) and 13% (95% CI, 6-20%) re-

duction (or increase) in OR for incident proteinuria in men

and women, respectively.

Logistic regression analyses were repeated with baseline

overall healthy lifestyle scores as a categorical variable in-

stead of a continuous variable, yielding similar results

(Fig. 3). Each increase (or decrease) in changes in healthy

lifestyle scores was associated with a reduced (or increased)

OR for incident proteinuria in both men (OR, 0.87; 95% CI,

0.81-0.94) and women (OR, 0.87; 95% CI, 0.80-0.94).

When stratified by age categories, the associations were gen-

erally similar with those of the entire study population, al-

though they were no longer significant, except in the female

age category of 60-69 years of age. Stratified analyses based

on the presence or absence of hypertension revealed that the

associations were generally similar with those of the entire

study population. Furthermore, the associations were consis-

tent among the participants without diabetes; among the par-

ticipants with diabetes, no significant association was ob-

served in both men (OR, 0.89; 95% CI, 0.79-1.00) and

women (OR, 0.97; 95% CI, 0.71-1.33).

We also performed an analysis using separate models pre-

dicting the incidence of proteinuria for each individual life-

style factor with the healthy lifestyle factor as a categorical

variable (Table 4). Compared with the category of individu-

als with no adherence to healthy lifestyle factors at baseline

(Y0) or one-year follow-up (Y1) (‘Neither Y0 Y1’), im-

proved changes in alcohol consumption were significantly

associated with reduced OR for incident proteinuria in men

(OR, 0.73; 95% CI, 0.58-0.93). On the other hand, quitting
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Table　3.　Prediction of Incidence of Proteinuria by Changes in Healthy Lifestyle Score.

Variable
Male (n=36,703) Female (n=62,701)

Odds Ratio (95% CI) p value Odds Ratio (95% CI) p value

Age, y 1.00 (1.00, 1.01) 0.27 1.01 (1.00, 1.01) 0.11

Hypertension 1.71 (1.53, 1.91) <0.001 1.59 (1.43, 1.77) <0.001

Diabetes 1.71 (1.50, 1.96) <0.001 1.66 (1.41, 1.96) <0.001

Hypercholesterolemia 1.02 (0.91, 1.14) 0.77 1.08 (0.98, 1.20) 0.13

Healthy lifestyle score change 0.87 (0.81, 0.94) <0.001 0.87 (0.80, 0.94) 0.001

Healthy lifestyle score at baseline 0.82 (0.78, 0.87) <0.001 0.76 (0.71, 0.82) <0.001

Covariates included in the model were age, healthy lifestyle score at baseline, hypertension, diabetes, and hypercholester-

olemia.

CI: confidence interval

Figure　2.　Incidence of proteinuria as stratified by the baseline scores and changes in overall healthy 
lifestyle scores. Changes in the overall healthy lifestyle scores (non-smoking, healthy weight, adequate 
alcohol drinking, physically active, and healthy eating habits) were categorized as ‘improved’ (in-
creased from lower to higher scores), ‘deteriorated’ (decreased from higher to lower scores), and 
‘unchanged’ (the same scores). Overall, a clearly dose-dependent relationship was observed between 
the baseline overall healthy lifestyle scores and the incidence of proteinuria in both men and women 
(■: p<0.001 for trend).

smoking was associated with an increased OR (OR, 2.05;

95% CI, 1.21-3.46) in women, relative to the Neither Y0 Y1

category. The associations were not significant in positive

changes in other individual lifestyle factors during the one-

year follow-up period. Relative to the Neither Y0 Y1 cate-

gory, negative changes in each individual lifestyle factor

during the one-year follow-up period (‘Yes Y0, No Y1’)

were not significantly associated with an increased OR for

the incidence of proteinuria.

Discussion

This nationwide, large retrospective cohort study revealed

that about one fifth of all participants improved their overall

healthy lifestyle scores and another fifth of the participants

demonstrated a deterioration in their scores after a one-year

follow-up, suggesting that lifestyle deterioration was as

common as lifestyle improvement in the general population

without CKD. Furthermore, this study demonstrated that

changes in the overall lifestyle scores, even within a dura-
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Figure　3.　Forest plot showing odds ratios with 95% confidence intervals for the association between 
baseline healthy lifestyle scores or changes in healthy lifestyle scores and the incidence of proteinuria 
in the subgroups and the entire study population. All analyses were adjusted for the following covari-
ates (except for the variables used to define the subgroup in each case): age, hypertension, diabetes, 
and hypercholesterolemia. C: changes in healthy lifestyle scores, DM: diabetes mellitus, HT: hyper-
tension, HLS: healthy lifestyle scores
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tion as short as one year, were independently associated

with the incidence of proteinuria after adjusting for age,

baseline lifestyle scores, hypertension, diabetes mellitus, and

hypercholesterolemia for both men and women without

CKD at baseline. A 1-healthy lifestyle score increase (or de-

crease) after one year was independently associated with a

13% reduction (or increase) in OR for incident proteinuria

in both sexes. These findings indicate that lifestyle changes,

even within a year, can significantly influence incident pro-

teinuria. This simple message is therefore considered to be

informative for health professionals to motivate people to

change their lifestyle in a healthier direction.

Consistent with previous studies, a significant, graded, in-

verse association was observed between the overall healthy

lifestyle scores at baseline and incident proteinuria. How-

ever, with regard to the individual components of the

healthy lifestyle score, negative and positive (with the ex-

ception of alcohol intake in men) changes in each individual

lifestyle factor after one year were not significantly associ-

ated with an increased OR for the incidence of proteinuria.

These results suggest that although the individual effects of

each factor might be weak or insignificant, multiple healthy

lifestyle behaviours might have an additive or synergistic

positive influence on health. Previous observational studies

support this possibility by showing linear relationships be-

tween risk reduction and the number of healthy lifestyle be-

haviours for several diseases, such as coronary heart dis-

ease (17, 18), type 2 diabetes mellitus (19), stroke (20), de-

mentia (21), sudden cardiac death (22), and cancer (23-25),

as well as a reduction in total mortality (26).

In addition to the additive or synergistic positive influence

on health, targeting multiple risk behaviours offers the po-

tential to increase health benefits. Multiple behaviour inter-

vention, defined as efforts to treat two or more health be-



Intern Med 56: 1475-1484, 2017 DOI: 10.2169/internalmedicine.56.8006

1482

Table　4.　Odds Ratios (95% CI) and p Values for Categorically Defined Individual Healthy Lifestyle Factor Components 
Predicting the Incidence of Proteinuria, with ’Neither Y0 Y1’ as the Reference, in Men and Women.

Healthy Lifestyle

Score component

Male (n=36,703) Female (n=62,701)

Neither

Y0 Y1

No Y0,

Yes Y1

Yes Y0,

No Y1

Yes Y1,

Yes Y1

Neither

Y0 Y1

No Y0,

Yes Y1

Yes Y0,

No Y1

Yes Y1,

Yes Y1

Not smoking ref 1.10

(0.81, 1.49);

p=0.54

0.99

(0.63, 1.56);

p=0.99

0.81
(0.71, 0.92);

p=0.001

ref 2.05
(1.21, 3.46);

p=0.01

1.20

(0.54, 2.69);

p=0.65

1.02

(0.77, 1.35);

p=0.91

BMI<25 kg/m2 ref 0.76

(0.57, 1.02);

p=0.06

0.86

(0.64, 1.15);

p=0.31

0.72
(0.64, 0.81);

p<0.001

ref 0.98

(0.74, 1.30);

p=0.88

0.73

(0.53, 1.02);

p=0.06

0.62
(0.55, 0.70);

p<0.001

Low alcohol ref 0.73
(0.58, 0.93);

p=0.01

0.87

(0.68, 1.10);

p=0.24

0.89

(0.79, 1.01);

p=0.07

ref 0.92

(0.50, 1.69);

p=0.79

0.66

(0.32, 1.37);

p=0.27

0.92

(0.63, 1.34);

p=0.66

Regular exercise ref 0.92

(0.77, 1.09);

p=0.35

0.85

(0.70, 1.03);

p=0.10

0.92

(0.80, 1.04);

p=0.18

ref 0.95

(0.80, 1.12);

p=0.51

0.95

(0.79, 1.14);

p=0.56

0.87

(0.76, 1.00);

p=0.05

Healthy eating habits ref 0.84

(0.66, 1.06);

p=0.15

1.05

(0.84, 1.31);

p=0.66

0.76
(0.65, 0.89);

p=0.001

ref 0.87

(0.69, 1.09);

p=0.22

1.07

(0.87, 1.33);

p=0.52

0.77
(0.65, 0.90);

p=0.001

Covariates included in the model were age, hypertension, diabetes, hypercholesterolemia, smoking status, BMI, alcohol intake, regular exercise, and healthy 

eating habits (except for the variable used to define the subgroup in each case).

CI: confidence interval, Y0: year 0 (at baseline), Y1: year 1 (1 year follow-up)

haviours either simultaneously or sequentially within a lim-

ited time period, have shown substantial and real effects on

behaviour changes. For example, the impact of multiple be-

haviour intervention for weight management had three times

the effect of single behaviour intervention (34). Smokers

treated for two or three behaviours were as effective in be-

ing abstinent at long-term follow-up as those treated for

only smoking (35). Success in changing one or more life-

style behaviours may also increase one’s confidence or self-

efficacy to improve risk behaviours for which individuals

have little motivation to alter (36). Although more studies on

multiple behaviour intervention are needed, we would like

to emphasize the desirability of a unified simple approach

that promotes common steps for preventing several diseases

and conditions including proteinuria.

The present study revealed an unexpected association be-

tween quitting smoking and an increased OR for the inci-

dence of proteinuria in women. This finding is contradictory

to previous reports, which demonstrated that cigarette smok-

ing was independently associated with an increased risk of

proteinuria for both men and women (7, 37), and that the

discontinuation of smoking substantially reduced the risk of

proteinuria in the healthy middle-aged working popula-

tion (38). Regarding the reason for this surprising result, the

possibility of reverse causality could be suggested, i.e., poor

health associated with proteinuria might have led to smoking

cessation.

Our study is associated with several limitations. First, pro-

teinuria was measured by a urine dipstick only once. How-

ever, a previous Japanese cohort study revealed that protein-

uria measured by urine dipstick only once significantly pre-

dicted end-stage kidney disease (1). Thus, the outcome of

our study is still meaningful. Second, the overall healthy

lifestyle scores, except for BMI, were determined based on

self-reporting and thus may not be accurate. We also did not

evaluate nutrition, given the lack of information on this as-

pect. Furthermore, optimal body weight was defined as BMI

<25 kg/m2 in agreement with previous studies, and a lower

limit of BMI was not set. Because being underweight is as-

sociated with the incidence of proteinuria in women (39),

this definition may weaken the true associations between

overall healthy lifestyle scores and the incidence of protein-

uria. Third, we did not have any information regarding anti-

hypertensive drug classes, such as angiotensin-converting-

enzyme inhibitors or angiotensin receptor blockers, that

might influence the incidence of proteinuria. However, our

results were generally similar with or without hypertension.

Fourth, despite adjusting for potential confounding factors,

residual confounding factors may still have influenced these

findings. For example, we did not adjust for socioeconomic

status because this information was not available. Finally,

the study duration was relatively short for detecting the inci-

dence of proteinuria in the general population. Despite this,

our study revealed that healthy lifestyle changes could result

in significant effects on incident proteinuria, even within a

short time frame. We believe that the large sample size of

this study may have compensated for this limitation.

Despite these limitations, this study also has strengths

worth noting. First, the study was a large-scale retrospective

cohort study with participants from throughout Japan. Sec-

ond, to the best of our knowledge, this is the first report

demonstrating the influence of changes in overall healthy

lifestyle on the incidence of proteinuria in the general Japa-

nese population. Our findings suggest the possibility that

multiple behaviour intervention might be effective in pre-

venting several chronic diseases, such as CKD.
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In conclusion, overall healthy lifestyle changes, even

within the short span of a year, can significantly influence

the incidence of proteinuria. Our data highlight the impor-

tance of an overall healthy lifestyle for preventing protein-

uria, and also highlight the influence of lifestyle deteriora-

tion in accelerating the incidence of proteinuria, even within

a year. These findings therefore suggest that it is never too

late to change one’s lifestyle.
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