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Abstract 
The study aimed to examine age- and sex-specific associations between health literacy (HL) and 
healthy lifestyle characteristics. The cross-sectional study was conducted to examine a total 1348 
Japanese participants (613 male and 735 female) who took the health check-up program in April 
2013, at Tsumagoi Village, Japan. Information was collected by self-administered questionnaire on 
three communicative and two critical HL items, and healthy lifestyle characteristics listed in 
Breslow’s seven health practices. In multivariate logistic analysis, high HL (≥18) was significantly 
associated with healthy lifestyle characteristics in both non-elderly (<65 years old) and elderly 
(≥65 years old) [Odds ratio (OR) = 1.40, 95% Confidence interval (CI) = 1.13 - 1.75 for non-elderly, 
OR = 1.34, 95% CI = 1.02 - 1.76 for elderly], as well as female participants (OR = 1.43, 95% CI = 
1.06 - 1.94), while the significance was borderline in male participants (OR = 1.34, 95% CI = 0.96 - 
1.88). Among 5 HL items, the ability to extract health-related information was significantly associ-
ated with healthy lifestyle characteristics (OR = 1.52, 95% CI = 1.11 - 2.07 for non-elderly, OR = 
1.55, 95% CI = 1.04 - 2.30 for elderly, OR = 1.95, 95% CI = 1.28 - 2.97 for female participants. HDL-C 
concentration in the high HL group was significantly higher than that in the low HL group. Among 
healthy lifestyle characteristics, proportions of smoking behavior (non-smoker), exercise fre-
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quency (twice or more per week), and sleep duration (7 - 8 hours) were significantly higher in the 
high HL group than in the low HL group. The present study revealed a positive association be-
tween HL and healthy lifestyle characteristics, which suggests that people are likely to engage in 
health-promoting behaviours based on access and ability to understand medical information for 
both age groups and female participants. Significant findings among female participants may be 
emphasized since it’s important from the entire family's perspective as women are the caretakers 
of the family. These findings may indicate the importance of comprehensive assessment, including 
HL, for health promotion in the community. 
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1. Introduction 
In recent decades, developed as well as developing countries have faced a dramatic increase in the number of 
adults suffering from non-communicable diseases (NCDs) such as diabetes, cardiovascular disease (CVD), and 
chronic kidney disease (CKD) [1]. Although the growing human and economic costs of NCDs have been recog-
nized, and action plans to prevent NCDs have been outlined, the outcomes have been limited. Unhealthy life-
styles are likely to contribute to the development of NCDs, and the importance of lifestyle modification has been 
emphasized through advanced communication tools [2]. 

Health information is important for people to understand and engage in the management of their own health 
status. With increasing health information available through media reports and the Internet, many health infor-
mation resources are easily distributed to the general population [3]-[5]. However, adequate use of these re-
sources depends on an individual’s skill in finding and applying information about their health issues [6]. These 
skills have been conceptualized as health literacy (HL). Based on the World Health Organization (WHO) defini-
tion, a model of HL has been proposed that includes three levels, and assumes both individual and population 
benefits at each level: functional, communicative, and critical literacy [7]. Individuals with adequate HL are 
considered likely to adopt healthy lifestyles [8], and a brief questionnaire was developed to easily assess HL [9]. 
However, only a few studies have estimated the association between HL and healthy lifestyle characteristics 
among Japanese people and reports that broadly include women and the elderly in rural communities are espe-
cially limited [9] [10]. 

This study aimed to examine age- and sex-specific associations between HL and healthy lifestyle characteris-
tics among a Japanese community-dwelling population using a concise, newly developed questionnaire. 

2. Subjects and Methods 
2.1. Participants 
This is a study using the baseline data of a prospective cohort study carried out in Tsumagoi Village, Gunma 
Prefecture, Japan, from April 2013 to April 2014. In the study, baseline survey data (April 2013) was analyzed. 
Tsumagoi Village is located in the northern region of Gunma Prefecture, Japan, and had a population of about 
ten thousand in 2013. The proportion of the elderly population (in the total population) in 2013 was 25.1%. 

Participants were recruited from the community-dwelling population living in Tsumagoi Village. This study 
was conducted as part of a local government-sponsored, multi-phasic health checkup program aimed at the gen-
eral population based on the Law of Health and Medical Services for the Elderly. Of the 1450 individuals 
aged >30 years who took part in the program during the baseline survey period (April 2013), 1348 agreed to 
enroll in the study. 

2.2. Variables 
Body height and weight were measured in the standing position. Body mass index (BMI) was calculated based 
on body weight (kg) divided by height squared (m2). Both systolic (SBP) and diastolic blood pressure (DBP) 
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were obtained as the mean of two measurements on the upper arm after the participant had been seated for at 
least five minutes. We also collected information for the following lipid-related items: total cholesterol (mg/dL; 
TC), high-density lipoprotein-cholesterol (mg/dL; HDL-C), and triglycerides (mg/dL; TG). Low-density lipo-
protein-cholesterol (mg/dL; LDL-C) was estimated using the Friedwald equation ([TC] – [HDL-C] – [TG/5]) 
[11]. Glycosylated hemoglobin A1c (Japanese Diabetes Society [JDS; %]) levels were determined by high-per- 
formance liquid chromatography using an automated analyzer. HbA1c (JDS %) was converted to a National 
Glycohemoglobin Standard Program (NGSP) equivalent value using the following formula: HbA1c (NGSP %) 
= 1.02 × HbA1c (JDS %) + 0.25% [12]. 

We interviewed participants regarding their medical histories for atherosclerotic complications (cardiovascu-
lar or cerebrovascular diseases) and lifestyle related disorders (hypertension, dyslipidemia, diabetes mellitus). 
We then asked participants to complete self-administrated questionnaires, which included HL and healthy life-
style characteristics listed in Breslow’s seven health practices, such as alcohol consumption, smoking behavior, 
exercise frequency, obesity (BMI), sleep duration, breakfast, and snacks between meals [13]. 

To evaluate HL, a validated questionnaire that included three items for communicative HL (items i - iii) and 
two items for critical HL (items iv - v) was used [9]. In the previous report related with the questionnaire, Cron-
bach’s α of communicative and critical HL scales were 0.77 and 0.65 [9]. Participants may fill the questionnaire 
easily because the questionnaire is concisely composed with these 5 items. These items asked whether the par-
ticipant would be able to i) collect health-related information from various sources, ii) extract the relevant in-
formation, iii) understand and communicate the obtained information, iv) consider the credibility of the informa-
tion, and v) make decisions based on the information, specifically in the context of health-related issues. The 
participant rated each item on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). 

We defined healthy lifestyle characteristics as the following responses based on Breslow’s seven health prac-
tices [13] [14]: alcohol consumption (less than one drink per day), smoking behavior (non-smoker), exercise 
frequency (twice or more per week), BMI (18.5 - 24.9), sleep duration (7 - 8 hours), breakfast (every morning), 
and snacks between meals (no). 

2.3. Statistical Analysis 
Variables are presented as mean ± standard deviation (SD) for continuous variables or prevalence (%) for cate-
gorical variables. Total HL score was dichotomized based on median score (low HL: <18, high HL: ≥18). For 
age-specific analysis, we defined “elderly” as being ≥65 years old. We used the t-test for continuous variables 
and the chi-square test or Fisher’s exact test for comparisons of proportions between two groups The Dunnett 
method were used to analyze the correlation between total HL score and total number of healthy characteristics. 
To estimate the potential of HL to promote a healthy lifestyle with 6 - 7 healthy characteristics, which seems the 
most likely to be present in even the healthiest lifestyle [14], logistic regression analysis was performed using 
the following models in both age and sex categories: Model 1 was adjusted for sex in age-specific analysis or 
age (years old) in sex-specific analysis, total HL score (≥18 vs. <18), atherosclerotic complications (cardiovas-
cular and cerebrovascular diseases), and medical history of lifestyle-related disorders (antihypertensive drug use, 
antidiabetic drug use, antidyslipidemic drug use). Model 2 was adjusted for sex in age-specific analysis or age 
(years old) in sex-specific analysis, five HL item scores, atherosclerotic complications (cardiovascular and cere-
brovascular diseases), and medical history of lifestyle-related disorders (antihypertensive drug use, antidyslipi-
demic drug use, antidiabetic drug use). 

All statistical analyses were performed using the Statistical Package for Social Sciences version 22 (IBM 
SPSS Inc., Chicago, IL, USA). P < 0.05 was considered statistically significant. 

2.4. Ethics 
This survey was conducted according to the Ethical Guidelines for Epidemiological Studies established by the 
Japanese government [15], and the Ethics Committee of Juntendo University approved the research protocol (No. 
833). We obtained informed consent from all participants. 

3. Results 
Table 1 shows basic characteristics of participants stratified by HL levels. Mean age and male proportion were  



H. Yokokawa et al. 
 

 
682 

Table 1. Patient characteristics stratified by health literacy level (N = 1348). 

 Mean (±SD) or N (%)  

 Low health literacy (<18) 
(N = 623) 

High health literacy (≥18) 
(N = 725) Pa 

Age (years) 66.4 (15.1) 66.5 (14.7)  

Elderly participants (≥65 years old) 406 (65.2) 480 (66.2)  

Sex (male) 299 (48.0) 314 (43.3)  

Anthropometric measurements      

Body mass index (BMI) 23.9 (3.6) 23.5 (3.3)  

Atherosclerotic complications      

Cardiovascular disease 27 (4.3) 22 (3.0)  

Cerebrovascular disease 19 (3.0) 19 (2.6)  

Hypertension-related factors      

Systolic blood pressure (mmHg)  136.1 (17.6) 136.3 (17.8)  

Diastolic blood pressure (mmHg) 75.4 (10.1) 76.0 (11.2)  

Antihypertensive drug use (yes) 265 (42.5) 287 (39.6)  

Lipid-related items       

High-density lipoprotein cholesterol (mg/dL) 59.7 (15.2) 61.5 (16.2) * 

Low-density lipoprotein cholesterol (mg/dL) 123.7 (30.4) 121.6 (29.5)  

Triglycerides (mg/dL) 139.8 (94.2) 136.6 (83.1)  

Antidyslipidemic drug use (yes) 96 (15.4) 115 (15.9)  

Diabetes-related items       

Hemoglobin A1c (%) 5.61 (0.57) 5.60 (0.59)  

Antidiabetic drug use (yes) 18 (2.9) 28 (3.9)  

Healthy lifestyle characteristics      

Alcohol consumption (less than one drink per day) 511 (83.0) 599 (83.7)  

Smoking behavior (non-smoker) 529 (84.9) 643 (88.8) * 

Exercise frequency (twice or more per week) 179 (28.8) 261 (36.2) ** 

Body mass index (18.5 - 24.9) 403 (64.7) 459 (63.3)  

Sleep duration (6 - 9 hours) 498 (80.1) 610 (84.5) * 

Breakfast (every morning) 579 (93.2) 682 (95.3)  

Snack between meals (no) 546 (87.9) 636 (88.2)  

Total number of healthy lifestyle items 5.2 (1.1) 5.4 (1.1)  

Proportion of participants with 6 or 7 healthy lifestyle items 268 (43.5) 371 (52.3) ** 

Health literacy      

Seeking information from various sources  3.0 (1.0) 4.2 (0.5) ** 

Extracting relevant information  2.7 (0.9) 4.1 (0.5) ** 

Understanding and communicating the information 2.6 (1.0) 4.0 (0.6) ** 

Considering the credibility of the information 2.7 (0.9) 3.9 (0.6) ** 

Making decisions based on the information 2.7 (0.9) 3.9 (0.6) ** 

Total score 13.6 (3.2) 20.0 (1.7) ** 

a**P < 0.01, *P < 0.05. 
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66.4 years and 48.0% in the low HL group, and 66.5 years and 43.3% in the high HL group, respectively. 
HDL-C concentration in the high HL group was significantly higher than in the low HL group. Among healthy 
lifestyle characteristics, proportions of smoking behavior (non-smoker), exercise frequency (twice or more per 
week), and sleep duration (7 - 8 hours) were significantly higher in the high HL group than in the low HL group. 
In addition, the proportion of participants with 6 - 7 total healthy lifestyle items was significantly higher in the 
high HL group. 

Participants with seven healthy lifestyle characteristics had significantly higher HL compared to those with 
five or fewer healthy lifestyle items (Figure 1). 

Table 2 shows age-specific multivariate regression analyses for non-elderly and elderly participants. The re-
sults show that high HL (total scale score ≥18) was significantly associated with having 6 - 7 healthy lifestyle 
characteristics in Model 1 among non-elderly (Odds ratio [OR] = 1.40, 95% Confidence interval [CI] = 1.13 - 
1.75) (Table 2(a)) and elderly (OR = 1.34, 95% CI = 1.02 - 1.76) participants (Table 2(b)). In particular, Model 
2 shows that scores of four or higher for HL items “Extracting relevant information” (OR = 1.52, 95% CI = 1.11 
- 2.07) and “Making decisions based on the information” (OR = 1.45, 95% CI = 1.11 - 1.89) were significantly 
associated with healthy life characteristics among non-elderly participants (Table 2(a)). Among elderly partici-
pants, a score of at least four on “Extracting relevant information” (OR = 1.55, 95% CI = 1.04 - 2.30) was sig-
nificantly associated with healthy lifestyle characteristics (Table 2(b)). 

Table 3 shows sex-specific logistic regression analyses for male and female participants. High HL (≥18) 
showed a significant association with 6 - 7 healthy lifestyle characteristics for female participants (OR = 1.43, 
95% CI = 1.06 - 1.94) (Table 3(b)) and borderline significance for male participants (OR = 1.34, 95% CI = 0.96 
- 1.88) (Table 3(a)). Model 2 revealed that a score of four or higher on “Extracting relevant information”  
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Figure 1. Correlation between total health literacy (HL) score and total number of healthy lifestyle characteristics. 
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Table 2. (a) Logistic regression analysis of health literacy for non-elderly participants (<65 years old) with 6 - 7 healthy life-
style characteristics (N = 462); (b) Logistic regression analysis of health literacy for elderly participants (≥65 years old) with 
6 - 7 healthy lifestyle characteristics (N = 886). 

(a) 

  Univariate analysis Model 1c Model 2d 

 N (%) ORa 95% CIb Pe ORa 95% CIb Pe ORa 95% CIb Pe 

Health literacy           
Seeking information from various  
sources (≥4 vs. <4) 721 (81.6) 1.15 0.91 - 1.45  - -  0.77 0.57 - 1.05  

Extracting relevant information  
(≥4 vs. <4) 802 (90.7) 1.45 1.17 - 1.81 ** - -  1.52 1.11 - 2.07 ** 

Understanding and communicating the 
information (≥4 vs. <4) 447 (50.6) 1.28 1.03 - 1.59 * - -  0.95 0.71 - 1.26  

Considering the credibility of the 
information (≥4 vs. <4) 473 (53.5) 1.27 1.02 - 1.57 * - -  0.97 0.73 - 1.28  

Making decisions based on the 
information (≥4 vs. <4) 729 (82.5) 1.59 1.28 - 1.97 ** - -  1.45 1.11 - 1.89 ** 

Total score (≥18 vs. <18) 867 (98.1) 1.43 1.15 - 1.77 ** 1.40 1.13 - 1.75 ** - -  
Sex (female vs. male) 538 (60.9) - -  1.78 1.43 - 2.23 ** 1.79 1.42 - 2.24 ** 

Atherosclerotic complications  - -        
Cardiovascular disease (present) 4 (0.9) - -  0.98 0.54 - 1.80  1.01 0.55 - 1.86  
Cerebrovascular disease (present) 2 (0.4) - -  0.81 0.41 - 1.60  0.77 0.39 - 1.52  
Medical history  - -        
Antihypertensive drug use (yes) 65 (14.1) - -  0.99 0.79 - 1.26  1.01 0.80 - 1.28  
Antidiabetic drug use (yes) 7 (1.5) - -  0.70 0.37 - 1.30  0.72 0.39 - 1.35  
Antidyslipidemic drug use (yes) 27 (5.8) - -  1.17 0.85 - 1.61  1.17 0.85 - 1.61  

(b) 

  Univariate analysis Multivariate 

   Model 1c Model 2d 

 N (%) ORa 95% CIb Pe ORa 95% CIb Pe ORa 95% CIb Pe 

Health literacy           
Seeking information from various  
sources (≥4 vs. <4) 721 (81.6) 1.22 0.93 - 1.60  - -  0.96 0.66 - 1.40  

Extracting relevant information 
(≥4 vs. <4) 802 (90.7) 1.43 1.10 - 1.87 ** - -  1.55 1.04 - 2.30 * 

Understanding and communicating the 
information (≥4 vs. <4) 447 (50.6) 1.07 0.82 - 1.40  - -  0.79 0.55 - 1.13  

Considering the credibility of the 
information (≥4 vs. <4) 473 (53.5) 1.15 0.88 - 1.50  - -  0.88 0.61 - 1.27  

Making decisions based on the 
information (≥4 vs. <4) 729 (82.5) 1.45 1.11 - 1.90 ** - -  1.34 0.94 - 1.90  

Total score (≥18 vs. <18) 867 (98.1) 1.36 1.04 - 1.78 * 1.34 1.02 - 1.76 *    
Sex (female vs. male) 538 (60.9) - -  1.71 1.30 - 2.26 ** 1.72 1.30 - 2.28 ** 

Atherosclerotic complications  - -        
Cardiovascular disease (present) 45 (5.1) - -  1.02 0.54 - 1.92  1.05 0.56 - 1.98  
Cerebrovascular disease (present) 36 (4.1) - -  0.99 0.49 - 1.99  0.92 0.45 - 1.88  
Medical history  - -        
Antihypertensive drug use (yes) 487 (55.0) - -  1.27 0.96 - 1.69  1.28 0.96 - 1.71  
Antidyslipidemic drug use (yes) 39 (4.4) - -  0.55 0.28 - 1.10  0.58 0.29 - 1.15  
Antidiabetic drug use (yes) 184 (20.8) - -  1.09 0.77 - 1.55  1.10 0.77 - 1.56  

aOdds ratio, b95% confidence interval, cModel 1 was adjusted for sex, total health literacy score (≥18 vs. <18), atherosclerotic complications (cardi-
ovascular and cerebrovascular diseases), and medical history of lifestyle-related disorders (antihypertensive drug use, antidiabetic drug use, antidysli-
pidemic drug use); dModel 2 was adjusted for sex, 5 health literacy items (≥4 vs. <4)), atherosclerotic complications (cardiovascular and cerebrovas-
cular diseases), and medical history of lifestyle-related disorders (antihypertensive drug use, antidiabetic drug use, antidyslipidemic drug use); e**P < 
0.01, *P < 0.05. 
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Table 3. (a) Logistic regression analysis of health literacy for male participants with 6 - 7 healthy lifestyle characteristics (N 
= 613); (b) Logistic regression analysis of health literacy for female participants with 6 - 7 healthy lifestyle characteristics (N 
= 735). 

(a) 

  Univariate analysis Multivariate 

   Model 1c Model 2d 

 N (%) ORa 95% CIb Pe ORa 95% CIb Pe ORa 95% CIb Pe 

Health literacy           
Seeking information from various  
sources (≥4 vs. <4) 402 (65.6) 1.19 0.85 - 1.67  - -  1.09 0.68 - 1.76  

Extracting relevant information  
(≥4 vs. <4) 353 (57.6) 1.39 1.00 - 1.93 * - -  1.42 0.86 - 2.34  

Understanding and communicating the 
information (≥4 vs. <4) 313 (51.1) 1.24 0.89 - 1.71  - -  0.85 0.54 - 1.34  

Considering the credibility of the 
information (≥4 vs. <4) 306 (49.9) 1.31 0.95 - 1.81  - -  0.92 0.58 - 1.44  

Making decisions based on the 
information (≥4 vs. <4)) 282 (46.0) 1.54 1.11 - 2.13 ** - -  1.26 0.83 - 1.90  

Total score (≥18 vs. <18) 314 (51.2) 1.42 1.02 - 2.00 * 1.34 0.96 - 1.88 0.09  -  
Age (years old)  - -  1.04 1.02 - 1.05 ** 1.04 1.02 - 1.05 ** 

Atherosclerotic complications           
Cardiovascular disease (present) 30 (4.9) - -  0.78 0.35 - 1.76  0.78 0.35 - 1.75  
Cerebrovascular disease (present) 26 (4.2) - -  0.58 0.24 - 1.42  0.62 0.25 - 1.53  
Medical history  - -        
Antihypertensive drug use (yes) 242 (39.5) - -  0.72 0.49 - 1.07  0.72 0.49 - 1.07  
Antidyslipidemic drug use (yes) 74 (12.1) - -  1.18 0.68 - 2.04  1.18 0.68 - 2.05  
Antidiabetic drug use (yes) 31 (5.1) - -  0.73 0.34 - 1.57  0.73 0.34 - 1.58  

(b) 

  Univariate analysis Multivariate 

   Model 1c Model 2d 

 N (%) ORa 95% CIb Pe ORa 95% CIb Pe ORa 95% CIb Pe 

Health literacy           
Seeking information from various 
sources (≥4 vs. <4) 519 (70.6) 1.02 0.74 - 1.40  - -  0.81 0.53 - 1.23  

Extracting relevant information  
(≥4 vs. <4) 423 (57.6) 1.53 1.14 - 2.05 ** - -  1.95 1.28 - 2.97 ** 

Understanding and communicating the 
information (≥4 vs. <4) 424 (57.7) 1.21 0.90 - 1.62  - -  0.91 0.62 - 1.35  

Considering the credibility of the 
information (≥4 vs. <4) 388 (52.8) 1.21 0.91 - 1.62  - -  0.83 0.56 - 1.22  

Making decisions based on the 
information (≥4 vs. <4) 417 (56.7) 1.52 1.13 - 2.04 ** - -  1.30 0.90 - 1.88  

Total score (≥18 vs. <18) 411 (55.9) 1.38 1.03 - 1.86 * 1.43 1.06 - 1.94 *  -  
Age (years old)  - -  1.03 1.01 - 1.04 ** 2.34 1.61 - 3.40 ** 

Atherosclerotic complications           
Cardiovascular disease (present) 19 (2.6) - -  0.76 0.29 - 2.02  0.47 0.26 - 1.86  
Cerebrovascular disease (present) 12 (1.6) - -  4.29 0.91 - 20.3  4.15 0.87 - 19.91  
Medical history           
Antihypertensive drug use (yes) 310 (42.2) - -  0.66 0.47 - 0.94 * 0.68 0.48 - 0.97  
Antidyslipidemic drug use (yes) 137 (18.6) - -  1.02 0.68 - 1.53  0.98 0.65 - 1.47  
Antidiabetic drug use (yes) 15 (2.0) - -  0.59 0.20 - 1.73  0.64 0.22 - 1.91  

aOdds ratio, b95% confidence interval, cModel 1 was adjusted for age (years old), total health literacy score (≥18 vs. <18), atherosclerotic complica-
tions (cardiovascular and cerebrovascular diseases), and medical history of lifestyle-related disorders (antihypertensive drug use, antidiabetic drug use, 
antidyslipidemic drug use); dModel 2 was adjusted for age (years old), 5 health literacy items (≥4 vs. <4), atherosclerotic complications (cardiovascu-
lar and cerebrovascular diseases), and medical history of lifestyle-related disorders (antihypertensive drug use, antidiabetic drug use, antidyslipidemic 
drug use); e**P < 0.01, *P < 0.05. 
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was significantly associated (OR = 1.95, 95% CI = 1.28 - 2.97) with healthy lifestyle characteristics among fe-
male participants (Table 3(b)). 

4. Discussion 
Analysis of cross-sectional data showed that high HL was significantly associated with healthy lifestyle charac-
teristics, specifically non-smoker status, high exercise frequency, and adequate sleep (Table 1). Multivariate 
analyses revealed that high HL (≥18) was significantly associated with having 6 - 7 healthy lifestyle characteris-
tics in both age categories and female participants, while the significance of the association was a borderline in 
male participants. In addition, the ability to extract health-related information was significantly associated with a 
healthy lifestyle regardless of age or sex. Although several studies have examined HL characteristics of young 
and middle-aged participants [9], male participants [9], and patients with diabetes mellitus [16], there have been 
a few reports that broadly include elderly and female participants. To the best of our knowledge, the present 
study is the first to describe age- and sex-specific HL characteristics among Japanese community-dwelling resi-
dents, and to examine associations with healthy lifestyle characteristics. 

Only a few studies have examined the association between HL and health behavior [9] [17]. These reports 
have indicated that HL is one of the potential intermediate factors linked with health-related behavior. A study 
of 2,824 Australians aged 15 years or older reported that inadequate functional HL is associated with 2 - 3 (OR 
= 1.9) and 4 or more (OR = 2.8) self-reported lifestyle risk factors [17]. A pilot study that evaluated a new-
ly-developed, brief measurement of HL among Japanese office workers showed that people with higher HL are 
more likely to have regular eating patterns and exercise weekly, and to never have smoked [9]. Consistent with 
these reports, our results showed that participants in the high HL group were likely to be non-smokers, exercise 
frequently, and get adequate sleep. Furthermore, multivariate analyses showed significant associations between 
healthy lifestyle characteristics and high HL. Thus, the previous studies and our results indicate an association 
between HL and lifestyle characteristics, and emphasize the importance of improving HL for maintaining a 
healthy lifestyle. 

We also conducted analyses among the Japanese community-dwelling population considering with age and 
sex. A few reports for the elderly can be found worldwide [18], and previous Japanese studies were designed for 
non-elderly participants or office workers in which the proportion of females was relatively small. Populations 
are rapidly aging worldwide, and this is particularly true in Japan where there is an increased need to address 
problems associated with the aging population [19]. Thus, the elderly population must be considered for ade-
quate health promotion in the community. Our results highlight the association between HL and lifestyle cha-
racteristics among elderly and non-elderly participants. HL was also positively associated with healthy lifestyle 
characteristics among female participants and the association was not observed among male participants. In the 
present study, female participants were likely to have better HL and healthy characteristics compared to male 
participants (mean of HL; 16.8 for male and 17.3 for female, mean of total healthy lifestyle characteristics; 5.1 
for male and 5.5 for female). The difference among both sexes may be related with levels of HL and healthy 
lifestyle characteristics at baseline. 

This study has several limitations. First, there may have been selection bias, as study participants were re-
cruited from those who participated in a multi-phasic health checkup program at a single Japanese village. These 
participants may have had higher health awareness compared to non-participants. Large scale studies that in-
clude several regions including more non-participants will be needed in the future. Second, HL and lifestyle 
characteristics were measured based on self-reported questionnaires. It is possible that these participants may 
report better own HL and healthy lifestyles than these are. This may have resulted in over-estimation of HL and 
health characteristics. Third, given the cross-sectional design, we could not determine whether there was a caus-
al relationship between HL and healthy lifestyle characteristics. A longitudinal study will be needed to address 
this issue. Fourth, while the information collected from participants contained a comprehensive set of clinical 
variables, it cannot be denied that some important factors, especially educational status, were not measured. The 
inclusion of additional factors in the multivariate analysis might have produced different results. 

5. Conclusion 
The present study revealed a positive association between HL and healthy lifestyle characteristics among com-
munity-dwelling participants, which suggests that people are likely to engage in health-promoting behaviors 
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based on access and ability to understand medical information. Our results underscore the importance of com-
prehensive assessment, including HL, for health promotion in the community. 
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