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Abstract: A lack of physical activity is common in older adults. With the increasing 

Canadian senior population, identifying the minimum amount of physical activity required 

to maintain the health of older adults is essential. This study determined whether 

relationships existed between the Physical Activity Scale for the Elderly (PASE) 

questionnaire scores and health-related measurements in community-dwelling older adults 

who were meal delivery volunteers. Based on observed relationships between PASE scores 

and health parameters, the study attempted to predict an optimal PASE score that would 

ensure health parameters fell in desired ranges for older adults. 297 community-dwelling 

older adults (61.3% female) 60–88 years (72.1 ± 6.5) completed the PASE and were 

measured for body composition, cardiovascular and blood parameters, flexibility, and 

handgrip strength. Significant regression models using PASE were produced for the  

health-related measures, but the relationships were not meaningful due to low predictive 

capacity. However, correlational data suggested that a minimum PASE score of ~140 for 

males and ~120 for females predicted a favorable waist circumference. In conclusion, 

findings demonstrated that PASE scores cannot be used to predict healthy physical 
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measures, although the relationships between PASE and WC could be used to encourage 

older adults to become more physically active. 

Keywords: Physical Activity Scale for the Elderly (PASE); older adults; waist 

circumference; physical health 

 

1. Introduction 

A lack of physical activity is common in older adult populations residing in industrialized  

countries [1–4]. Physical inactivity has been identified as a risk factor for the development of several 

chronic diseases, including: coronary heart disease, stroke, hypertension, type 2 diabetes mellitus, 

osteoporosis, breast cancer and colon cancer [1,5–8]. Additional risk factors for these diseases include 

obesity, decreased skeletal muscle mass, elevated blood pressure, and elevated blood glucose and 

blood lipid levels [5]. On a global scale, the World Health Organization estimated that physical 

inactivity causes two million premature deaths each year [4]. Whereas most of this information has 

been obtained from younger populations, some studies have indicated that this problem continues into 

older populations [9,10]. 

A second problem with physical inactivity is that it leads to reductions in lean muscle mass and 

strength. The reduction of muscle mass and strength to levels below proposed thresholds results in 

limitations in physical functioning and mobility, and reduces the opportunity for independent living in 

later life. Research has demonstrated that systemic physical activity in older adults, regardless of chronic 

disease, is related to delayed physical disability and the maintenance of independent living [11]. 

Statistics Canada has estimated that the number of seniors (aged 65 years and older) will increase 

from ~4.2 million in 2005 to ~9.8 million in 2036 and from a proportion of 13% to 25% of the total 

population [3]. A useful step forward would be to identify the minimum amount of physical activity 

that is required to maintain the health of older adults, decrease disease risk factors, and maintain their 

mobility and quality of life. There have been several self-report questionnaires used to quantify the 

amount of daily physical activity of older adults. One widely used measure is the Physical Activity 

Scale for the Elderly (PASE), designed to assess the duration, frequency, exertion level, and amount of 

physical activity undertaken over a seven day period by individuals 65 years and older [12]. This tool 

is useful and acceptable for field research purposes and provides an inexpensive method of physical 

activity and health surveillance. Previous research has validated the use of the PASE score by 

comparing the questionnaire to both indirect and direct measures of physical activity [8,12–16]. 

The first goal of this study was to determine whether relationships existed between PASE scores 

and a variety of health-related measurements in community-dwelling older adults. The measured 

health parameters included indices of body composition, cardiovascular measures, blood parameters, 

flexibility scores and strength values. Based on observed relationships between the PASE and the 

health parameters, the second goal of the study was to predict an optimal PASE score that would 

ensure the measured health parameters were in a desired range for older adults. For each health 

parameter, we consulted the clinical health guidelines, published by the relevant health agencies, for 

values associated with good health. For example, we examined the relationship between PASE scores 
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and fat mass (FM) to determine the level of physical activity (PASE score) that corresponded with a 

healthy FM. In the event that a participant had a high FM and low PASE score, the relationship would 

predict the increase in physical activity (increase in PASE score) needed to move the FM into the 

healthy range (Figure 1). 

Figure 1. Stylized relationship between FM and PASE score. Arrows represent the male 

healthy cut-point for FM that corresponds to an optimal PASE score. 

 
FM = fat mass; PASE = physical activity scale for the elderly. 

We attempted to accomplish these goals by measuring the PASE score and several health 

parameters in 297 older adults who worked as volunteers delivering meals in the community. We 

hypothesized that significant relationships would exist between PASE scores and the measured body 

composition, cardiovascular measures, blood parameters, flexibility scores and strength values. 

The practical application of this research could impact those individuals who work with older adult 

populations. With this information, a physical activity coordinator at a retirement center could obtain 

individual PASE scores and when necessary, advise older adults to increase their daily physical 

activity in a measurable and directed manner to a higher PASE score, associated with desirable  

health parameters. 

2. Experimental Section 

2.1. Participants 

The data in this paper were part of a larger study called the Physical Exercise in Older Persons’ Lives 

(PEOPL) study. Conducted over a period of three years, from 2009 to 2011, the data reported here are 

from the baseline testing. 
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2.2. Recruitment and Inclusion 

The PEOPL study recruited 297 older adult volunteers (115 males and 182 females) from six 

community support agencies that offered meal delivery services in the province of Ontario. The 

volunteers met the following eligibility criteria: (i) involved in volunteer meal delivery services with no 

actual or planned interruption longer than six weeks over the course of the past and next 12 months;  

(ii) 60 years of age or older; (iii) no evidence of dementia; (iv) English literacy; and (v) absence of any 

self-reported medical diagnoses that entail functional impairment. Following ethics clearance, both oral 

and written informed consent was obtained from all participants. 

2.3. Body Composition Measures 

The protocol for body mass (BM), height (Ht), and waist circumference (WC) measures in this study 

were performed as outlined in the Canadian Physical Activity, Fitness and Lifestyle Approach 

(CPAFLA) document [17]. Ht was measured to the nearest 0.1 cm using a vertical metric wall tape and a 

horizontal flat edge. BM was measured to the nearest 0.1 kg on a calibrated digital scale (Health O 

Meter; Model HDM663CD-60x335KP; Health O Meter, Bridgeview, IL, USA). WC was measured to 

the nearest 0.5 cm, and was taken at the top of the iliac crests using an anthropometric tape. A WC of  

<102 cm for males and <88 cm for females was considered healthy [17]. Body mass index (BMI) was 

calculated as BM/Ht2. A BMI of <25 kg/m2 was considered healthy and 25 to 30 kg/m2 was considered 

overweight [18]. Waist to height ratio (WHtR) was calculated as WC/Ht [19]. A WHtR of <0.6 for older 

adults was considered healthy [19,20]. Bioelectrical impedance analysis (BIA) was conducted (Bodystat 

1500, Tampa, FL, USA) to estimate fat mass (FM, %) and lean mass (LM, %) and resistance (R, ohms) 

[21]. A FM of <30% for males and <42% for females was considered healthy [21]. Healthy  

cut-points for LM were >70% for males and >58% for females. Skeletal muscle index (SMI, kg/m2) was 

calculated as ((Ht2/(R × 0.401) + (sex × 3.825) + (age × −0.071) + 5.102)/Ht), where sex = 0 for males 

and 1 for females [22,23]. SMI was considered healthy if >8.50 for males and >5.75 for females and 

values lower than the cut-points represent a high risk of physical disability [23]. 

2.4. Cardiovascular Measures 

Resting heart rate (RHR, bpm) and systolic and diastolic blood pressure (SBP, DBP, mmHg) were 

measured using a blood pressure monitor (OMRON IntelliSense; Model HEM-907XL; OMRON 

Healthcare, Lake Forest, IL, USA). Participants were seated with their left arm resting on a table for 

three minutes prior to three blood pressure measurements taken one minute apart. The mean of the last 

two measurements was used for data analysis to ensure the participants were relaxed. Values of <100 for 

RHR, <140 mmHg for SBP and <90 mmHg for DBP were considered to be healthy [24,25]. Mean 

arterial pressure (MAP, mmHg) was calculated as ((2 × DBP) + SBP)/3, and pulse pressure (PP) was 

calculated as SBP-DBP [26]. A MAP value of >60 and <107 mmHg and a PP of >25 and <60 mmHg 

were identified as healthy [26]. For the correlation analysis of blood pressure (SBP, DBP, MAP, PP) 

measures and PASE score we included only those individuals who did not take medications to control 

for hypertensive conditions. 
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2.5. Blood Measures 

After a minimum 12-h overnight fast, blood was taken at LifeLabs Medical Laboratory Services 

(Toronto, ON, Canada) and analyzed for serum glucose (mmol/L), insulin (pmol/L), and triglycerides 

(TG, mmol/L). Blood measurements were considered healthy if glucose was <7 mmol/L, insulin was  

<210 pmol/L, and TG < 1.7 mmol/L [13,27,28]. The homeostasis model assessment of insulin resistance 

(HOMA-IR) was calculated as glucose × (insulin/6.945))/22.5 and a value was considered healthy if 

<2.60 [28,29]. For the correlation analysis of blood measures (insulin, glucose, and HOMA-IR) and 

PASE score, we included data only from those individuals who did not take medications to control 

diabetic conditions. 

2.6. Flexibility and Strength Measures 

Seated flexibility (FLEX) was measured using a flexometer (University of Guelph, Guelph, ON, 

Canada) according to protocols outlined by CPAFLA [17]. Two measurements were taken and the 

higher measurement was used in the analysis. Since seated FLEX scores for adults >69 years of age have 

not been established, we used the healthy cut-point for adults 60–69 years. A FLEX of >20 cm for males 

and >27 cm for females was considered healthy [17]. Combined grip strength (CGS) was measured to 

the nearest 0.5 kg using a hand-held hydraulic grip dynamometer (Jamar; Sammons Preston Rolyan; 

Nottinghamshire, England), and was conducted as outlined in guidelines established by CPAFLA [17]. 

Three measurements per hand were taken, and the participant alternating hands between measurements 

to allow ~30 s of rest. The highest measurements for each hand were added together to achieve the CGS 

score. Since CGS scores for adults >69 years of age have not be established, we implemented the healthy 

cut-point for adults 60–69 years. A CGS of ≥73 kg for males and ≥41 kg was considered  

healthy [17]. The relative strength index (RSI) was calculated as (CGS/2)/BMI to estimate the loss of 

muscle strength normalized for body mass [30,31]. A healthy RSI cut-point of >2.7 was used, with 

values lower than the cut-point being associated with increased likeliness of reduced mobility [30]. 

2.7. Questionnaires 

Participants completed the PASE, which is a validated 12-item self-administered document that is 

designed to measure the amount of physical activity undertaken by individuals over the age of 65.  

The PASE assesses the types of activities typically chosen by older adults (walking, recreational 

activities, exercise, housework, yard work, and caring for others [12]. It uses frequency, duration, and 

intensity level of activity over the previous week to assign a score, ranging from 0 to 793, with higher 

scores indicating greater physical activity [12]. 

The participants also completed the abbreviated Seniors in the Community Risk Evaluation for 

Eating and Nutrition (SCREEN II) questionnaire, to evaluate the proportion of participants who were at 

risk of malnutrition. The SCREEN is a validated tool that evaluates nutritional status using changes in 

weight, food and beverage intake, and nutritional risk factors to identify older adults at risk of 

malnutrition [32,33]. The maximum achievable SCREEN II score is 48, with a score <43 indicating 

nutritional risk [32]. 
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The participants completed a third questionnaire that concerned demographic variables (education, 

annual gross household income, employment status, living arrangements), health behaviours and 

conditions (illness/disease and medication data, smoking and alcohol consumption), and volunteer roles. 

2.8. Data Analysis 

Data are presented as mean ± standard deviations (SD), unless indicated otherwise. Descriptive 

statistics were calculated for demographic information, health variables, and physical measures. The 

Independent Samples t-test was used to test the difference in physical measures and questionnaire scores 

between males and females. Pearson product moment correlations were used to test whether a significant 

relationship existed between PASE scores and physical measures. If a significant relationship was 

found, 3-step hierarchical linear regression models were used to test whether total PASE score could 

predict physical measures. In these models, sex was entered at Step 1, age was entered at Step 2, PASE 

score was entered at Step 3, and the interaction between sex, age, and PASE score was entered in Step 4. 

All statistics were computed using PASW Statistics 19.0.1 for Windows (SPSS, Chicago, IL, USA). 

Statistical significance was accepted as p < 0.05 for all tests, except where other values were noted. 

3. Results 

3.1. Participant Characteristics 

The majority of the participants completed a high school education or more, were retired, and had a 

gross annual household income averaging >$30,000 (Table 1). Generally, they also lived with others, 

were non-smokers, consumed ~5 alcoholic drinks/week, and volunteered ~4 h/week. Hypertension was 

the most commonly medicated chronic disease among participants (Table 1). 

For body composition measures, the mean BMI for males and females was in the overweight 

category, but the mean WC was in the healthy range for males and females. The mean WHtR was in the 

healthy range for males but in the unhealthy domain for females (Table 2). Both males and females were 

in healthy categories for mean FM, LM, and SMI. For the cardiovascular and blood parameters, the 

mean values were in the healthy domains for males and females. The exceptions were that mean 

HOMA-IR values for males were in the unhealthy range and female values were at the healthy  

cut-point. The mean flexibility and strength data suggested that males and females were in a positive 

health category (Table 2). Significant differences between males and females for mean values of body 

composition measures (WC, WHtR, FM/LM, SMI), cardiovascular measures (RHR, SBP, PP), and 

flexibility and strength measures (Flex, CGS, RSI) were found. Males had significantly greater mean 

values for WC, LM, SMI, SBP, CGS and RSI than females, and females had greater WHtR, FM, RHR, 

PP, and Flex mean values than males (Table 2). 
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Table 1. Participant characteristics, stratified by sex. 

Characteristic Males n = 115 Females n = 182 

Education (completed)   
Elementary 35 (30.7) 42 (23.2) 
High School 39 (34.2) 77 (42.5) 
College/University 25 (21.9) 51 (28.2) 
Graduate School 15 (13.2) 11 (6.07) 

Employment Status   
Retired 
Unemployed, looking for work 
Never employed 
Employed 

110 (96) 
1 (1) 
1 (1) 
3 (2) 

162 (89) 
2 (1) 
3 (2) 
15 (8) 

Gross Annual Household Income   
<$30,000 13 (12.5) 39 (25.7) 
>$30,000 91 (87.2) 113 (74.3) 

Living Arrangements   
Live With Others 103 (90) 114 (62.6) 

Volunteer Work *   
Meal Delivery 96 (83) 144 (79) 
Other Volunteer Work 30 (26) 53 (29) 

Smoking   
Never 78 (69.0) 131 (74.4) 
Former 31 (27.4) 40 (22.7) 
Current 4 (3.5) 5 (2.8) 

Alcohol ** 77 (69.4) 104 (58.7) 

Medications   
Cardiovascular Disease 29 (25.2) 27 (14.8) 
Hypertension 54 (47.0) 66 (36.0) 
Cancer 6 (5.2) 7 (3.8) 
Immune Related - 2 (1.1) 
Hormonal/Endocrine 1 (0.8) 7 (3.8) 
Arthritis 27 (23.5) 48 (26.4) 
Diabetes 21 (18.3) 17 (9.3) 
Asthma/Breathing 11 (9.6) 20 (11.0) 
Thyroid - 1 (0.6) 

Data are numbers of individuals with percentages in brackets; * Mean Volunteer Work: Meal Delivery: Males 

4.8 h/week, females 3.7 h/week, Other Volunteer Work: males 5.6 h/week, females 3.0 h/week; ** Mean 

Alcohol Consumption: Males 6.4 drinks/week, females 4.3 drinks/week. 

The average physical activity (PASE) score suggested that males were significantly more active than 

females (Table 2). The mean nutritional risk (SCREEN) score suggested that males and females were 

both at risk for malnutrition, with no significant sex differences (Table 2). 
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Table 2. Participant characteristics, body composition, cardiovascular/bloods, 

flexibility/strength, and PASE and SCREEN scores, and healthy cut-points of older 

community-dwelling older adults. 

 Total  

(n = ~297) 

  Males   Females   

Measure M (SD) n M (SD) Cut-points n M (SD) Cut-points P-value 

Age (years) 72.1 (6.5) 115 73.2 (6.0) - 182 71.4 (6.8) - 0.016 * 

Ht (cm) 166.3 (9.0) 115 173.6 (6.8) - 181 161.1 (6.4) - - 

Body Composition         

BM (kg) 76.4 (14.4) 115 84.6 (11.8) - 181 71.2 (13.8) - - 

BMI (kg/m2) 27.5 (4.2) 115 28 (3.4) <25 181 27.4 (5) <25 0.193 

WC (cm) 99.0 (11.4) 114 101.3 (9.0) <102 179 97.8 (12.7) <88 0.006 * 

WHtR 0.60 (0.37) 114 0.58 (0.05) <0.60 179 0.61 (0.08) <0.60 0.002 * 

FM (%) 35 (9) 110 28 (5) <30 169 40 (8) <42 <0.001 *

LM (%) 65 (9) 110 71 (5) >70 169 60 (8) >58 <0.001 *

SMI (kg) 8.71 (2.33) 110 10.16 (1.89) >8.50 169 7.59 (1.99) >5.75 <0.001 * 

Cardiovascular/Bloods         

RHR (bpm) 70 (11) 114 67 (11) <100 181 71 (10) <100 0.002 * 

SBP (mmHg) 128 (17) 114 130 (16) <140 181 126 (18) <140 0.036 * 

DBP (mmHg) 68 (10) 114 68 (10) <90 181 68 (10) <90 0.826 

MAP (mmHg) 89 (11) 114 90 (11) >60 & <107 181 88 (11) >60 & <107 0.200 

PP (mmHg) 60 (14) 114 58 (14) >25 & <60 181 62 (13) >25 & <60 0.014 * 

Insulin (pmol/L) 71 (53) 109 72.7 (50.1) <210 167 69 (53.4) <210 0.573 

Glucose 

(mmol/L) 

5.6 (1.1) 109 5.7 (1.2) <7.0 167 5.6 (1.1) <7.0 0.325 

HOMA-IR 2.6 (2.3) 109 2.7 (2.0) <2.6 167 2.6 (2.5) <2.6 0.715 

TG (mmol/L) 1.4 (0.8) 109 1.4 (0.7) <1.7 167 1.3 (0.8) <1.7 0.680 

Flexibility/Strength         

FLEX (cm) 35 (12) 110 30 (12) >20 170 38 (10) >27 <0.001 *

CGS (kg) 62 (22) 115 80 (16) ≥73 181 47 (11) ≥41 <0.001 *

RSI 3.2 (1.0) 115 3.9 (0.8) >2.7 181 2.6 (0.6) >2.7 <0.001 *

PASE Score 155 (66) 111 172 (72) - 169 139 (58) - <0.001 *

SCREEN Score 39 (6) 112 38 (6) >43 175 39 (6) >43 0.193 

Data are means and standard deviations (M ± SD). p-value is the difference between males and females.  

* p (2-tailed) < 0.05. Ht = height; BM = body mass; BMI = body mass index; WC = waist circumference; 

WHtR = waist to height ratio; FM = fat mass; LM = lean mass; SMI = skeletal mass index; RHR = resting heart 

rate; SBP = systolic blood pressure; DBP = diastolic blood pressure; MAP = mean arterial pressure; PP = pulse 

pressure; HOMA-IR = homeostasis model for insulin resistance; TG = fasting triglycerides; FLEX = seated 

flexibility; CGS = combined hand-grip strength; RSI = relative strength index; PASE = physical activity scale 

for the elderly; SCREEN = seniors in the community risk evaluation for eating and nutrition. 

Although the average scores for many parameters were in the healthy range, many individuals were 

not (Figure 2). The majority of participants possessed unhealthy values for BMI (>25; 84% of males and 

64% of females), WC (79% of females), RSI (62% of males and 58% of females), and SCREEN score 

(75% of males and 69% of females). Very few individuals exhibited unfavorable measures of glucose, 

insulin, DBP, MAP and SMI (Figure 2). 
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Figure 2. The percentage of male and female participants in an unhealthy category  

for measures of body composition, cardiovascular/bloods, flexibility/strength, and  

SCREEN score. 

 
Abbreviations as in Table 2. 

To examine the influence of age on the measured physical parameters, participants were separated 

into age cohorts of young-old (YOld; 65 to 74 years; n = 150; 34 males, 116 females) and old-old (Old;  

75 to 89 years; n = 122, 57 males, 65 females). Those who were younger than 65 years of age (n = 25) 

were not included in the remaining analyses. Old males and females demonstrated significantly lower 

mean SMI, CGS, and physical activity (PASE) scores, and significantly higher mean PP in comparison 

to their YOld counterparts (Table 3). In addition, Old females demonstrated significantly lower mean 

BM and BMI, while the Old males demonstrated significantly higher mean FM and lower LM (Table 3). 

Table 3. Participant characteristics, body composition, cardiovascular/bloods, 

flexibility/strength, and PASE and SCREEN scores, of older community-dwelling older 

adults separated into sex and age cohorts. 

Measures 
Males Females 

YOld (n = 34) Old (n = 57) YOld (n = 116) Old (n = 65) 

Ht (cm) 174.1 (6.6) 173.2 (6.9) 161.5 (6.3) 160.5 (6.6) 

BM (kg) 86.2 (12.3) 83.1 (11.1) 72.7 (16.0) 69.3 (11.5) * 

Body Composition     

BMI (kg/m2) 28.4 (3.6) 27.7 (3.2) 28.1 (5.4) 26.1 (4.1) * 

WC (cm) 100.7 (9.6) 100.2 (15.7) 97.0 (18.4) 94.7 (16.5) 

WHtR 0.58 (0.05) 0.58 (0.09) 0.60 (0.1) 0.59 (0.1) 

FM (%) 26.5 (6.0) 30.3 (3.5) * 39.5 (7.9) 41.5 (7.3) 

LM (%) 73.2 (6.2) 69.7 (3.5) * 60.5 (7.9) 68.2 (7.5) 

SMI (kg) 10.55 (2.41) 9.78 (1.09) * 7.81 (2.26) 7.20 (1.33) * 
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Table 3. Cont. 

Measures 
Males Females 

YOld (n = 34) Old (n = 57) YOld (n = 116) Old (n = 65) 

Cardiovascular/Bloods     

RHR (bpm) 67.9 (10.7) 66.6 (12.1) 71.7 (10.5) 70.4 (10.2) 

SBP (mmHg) 128.0 (14.7) 132.6 (16.9) 123.4 (17.9) 130.8 (16.7) 

DBP (mmHg) 69.4 (8.3) 67.4 (12.0) 68.6 (10.6) 67.3 (8.8) 

PP (mmHg) 58.5 (12.4) 65.2 (13.1) * 54.8 (12.9) 63.5 (14.5) * 

MAP (mmHg) 89.0 (9.4) 90.4 (12.0) 87.4 (12.1) 89.2 (9.6) 

Glucose (mmol/L) 5.3 (1.6) 5.5 (1.8) 5.1 (2.1) 5.2 (1.5) 

Insulin (pmol/L) 76.9 (54.7) 67.3 (45.7) 68.4 (52.7) 70.1 (55.1) 

HOMA-IR 2.7 (2.1) 2.4 (1.9) 2.4 (2.6) 2.4 (2.1) 

TG (mmol/L) 1.5 (0.8) 1.3 (0.6) 1.4 (0.8) 1.2 (0.6) 

Flexibility/Strength     

Flex (cm) 30.8 (12.3) 26.5 (13.1) 35.7 (14.6) 35.1 (12.0) 

CGS (kg) 86.9 (13.0) 74.2 (16.1) * 48.3 (11.4) 43.2 (9.6) * 

RSI 4.2 (0.7) 3.7 (0.7) * 2.6 (0.7) 2.5 (0.6) 

SCREEN Score 37.4.0 (5.1) 39.0 (6.2) 39.3 (6.3) 39.1 (5.5) 

PASE Score 184.6 (74.0) 147.9 (76.8) * 139.3 (69.7) 110.5 (54.9) * 

Data are means and standard deviations (M ± SD); * p (1-tailed) < 0.05 Abbreviations as in Table 2. YOld = Young-Old 

(60–74 years); Old = Old-Old (75–88 years).  

Table 4. Pearson product-moment correlations for all participants and unhealthy 

participants between body composition, cardiovascular/bloods, flexibility/strength, and 

SCREEN score measures with PASE score. 

Measure All Participants PASE Score Unhealthy Participants PASE Score 

 n r y (Cut-points) p n r p 

Age 279 −0.224 N/A <0.001 N/A N/A N/A 

Body Composition        

BMI 279 −0.048 N/A 0.211 212 −0.195 0.002 * 

WC 276 −0.110 140 (males) 0.034 * 189 −0.055 0.224 

WHtR 276 −0.174 145 0.002 * 125 −0.338 0.001 * 

FM 264 −0.204 - 0.000 * 112 −0.177 0.031 * 

LM 264 0.197 - 0.001 * 114 0.195 0.019 * 

SMI 264 0.118 - 0.029 * - - - 

Cardiovascular/Bloods        

RHR 278 −0.129 - 0.016 * 50 −0.215 0.067 

SBP 165 0.065 N/A 0.204 32 0.089 0.314 

DBP 165 0.008 N/A 0.458 - - - 

PP 165 0.079 N/A 0.156 119 −0.136 0.072 

MAP 165 0.018 N/A 0.411 - - - 

Insulin 229 −0.085 - 0.100 - - - 

Glucose 229 −0.061 N/A 0.179 - - - 

HOMA-IR 229 −0.208 N/A 0.208 76 0.036 0.380 

TG 261 −0.116 - 0.031 * 66 −0.078 0.267 

Flexibility/Strength        

FLEX 265 0.015 N/A 0.403 45 0.021 0.446 

CGS 279 0.283 - 0.000 * 91 0.321 0.001 * 

RSI 279 0.284 59 0.000 * 104 −0.024 0.406 

SCREEN Score 270 −0.066 N/A 0.139 190 −0.061 0.202 

* p (1-tailed) < 0.05. Abbreviations as in Table 2. 
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3.2. Correlation of Physical Measures with PASE Score 

For the entire sample, PASE scores were significantly correlated with all the body composition 

measures, except BMI (Table 4). For the cardiovascular and blood measures, RHR and TGs were 

significantly correlated. PASE scores were also significantly correlated with GS and RSI, but not with 

FLEX. Finally, PASE scores were not significantly correlated with SCREEN scores. Although there 

were many significant correlations between PASE scores and health parameters, very few were 

meaningful, due to the very low “r” values (Table 4). Although many of the health parameters correlated 

with PASE when separated by sex and when further divided into age cohorts (data not shown), all 

correlations were also weak or even weaker for the entire group. 

We also examined whether the relationships between the physical measures and PASE score would 

be stronger for participants with unhealthy values. In some cases the number of unhealthy participants was 

low and correlations could not be computed (SMI, MAP, insulin, glucose). Significant correlations were 

found between all body composition measures, except WC (Table 4). There were no significant 

correlations between the cardiovascular and blood measures. CGS was the only measure for the flexibility 

and strength parameters that was significantly correlated with the PASE score. Many of these same 

parameters correlated with PASE when separated by sex and when further divided into age cohorts (data 

not shown), but again all the significant correlations were weak or even weaker for the entire group. 

3.3. Prediction of Health Measures from PASE Score 

We also attempted to derive a regression equation for all health parameters and PASE scores, 

however, the only significant regression models were for WC, WHtR, LM, FM, RHR, CGS, and RSI 

(Table 5). The predictive capacity of the models was generally low (adj. R2 < 10%), except for the CGS 

and RSI models, where 64% and 52% of the variance in CGS and RSI was explained. However, PASE 

score contributed very little to the predictive equations for both CGS and RSI, with the majority of 

influence due to sex differences (Table 5). 

Table 5. (All participant data. Significant (p < 0.05) regression models combining sex  

(S: 0 = female, 1 = male), age (A; year), and PASE score (PS) to predict WC (cm), WHtR,  

FM (%), LM (%), RHR (bpm), CGS (kg) and RSI. 

Model N Equation Adj. R2 SEE p 
WC 276 (4.692 × S) − (0.253 × A) − (0.034 × PS) + 120.936 0.048 11.276 0.001 

WHtR 276 (−0.019 × S) − (0.001 × A) − (1.819E−4 × PS) + 0.725 0.054 0.0691 <0.001 
FM 264 (−0.028 × PS) + 39.752 0.038 8.822 0.001 
LM 264 (0.027 × PS) + 60.243 0.035 8.895 0.001 

RHR 278 (−0.021 × PS) + 73.051 0.013 10.815 0.032 
CGS 279 (33.301 × S) + (0.030 × PS) + 42.656 0.640 12.663 <0.001 
RSI 279 (1.347 × S) + (0.002 × PS) + 2.291 0.520 0.669 <0.001 

Abbreviations as in Table 2. 

The significant regression models for the unhealthy participant data included WC, WHtR, BMI, and 

CGS (Table 6). The predictive capacity of WC and BMI was low (R2 < 15%), while WHtR and CGS 

were stronger (R2 ~30% and ~77%). However, the contribution of PASE score to the regression equation 

was similarly weak (Table 6). 
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Table 6. Unhealthy participant data. Significant (p < 0.05) regression models combining sex 

(S: 0 = female, 1 = male), age (A; year), and PASE score (PS) to predict WC (cm), WHtR,  

BMI (kg/m2), and CGS (kg). 

Model N Equation Adj. R2 SEE p 
WC 189 (8.879 × S) − (0.226 × A) − (0.022 × PS) + 121.120 0.134 9.071 <0.001 

WHtR 125 (−0.023 × S) − (0.003 × A) − (3.085E−4 × PS) + 0.907 0.284 0.041 <0.001 
BMI 205 (−0.176 × A) – (0.014 × PS) + 44.310 0.112 3.498 <0.001 
CGS 90 (25.608 × S) + (0.038 × PS) + 30.689 0.765 7.287 <0.001 

Abbreviations as in Table 2. 

3.4. Use of a Cut-Point for PASE Score Based on Prediction Models and Scatterplot Data 

PASE score cut-points could not be developed due to the very weak predictive capacity of the 

regression models. For this reason we generated scatterplots using the correlation data to approximate a 

PASE score for each significantly correlated health parameter where the healthy cut-point intercepted 

the trend line. Only WC, WHtR, and RSI generated a meaningful PASE score. A PASE score of ~140 

and above was related to favorable WC (males) and WHtR (all participants), whereas a PASE score of 

~60 corresponded to a favorable RSI value (all participants) (Table 4, Figure 3(a)). Since there were 

significant differences in mean WHtR and RSI values between males and females (Table 2), we further 

separated the WHtR and RSI data by sex (Figure 3(b)). 

Figure 3. Scatter plots and regression lines of the correlation between health parameters and 

PASE score (a) for all participants and (b) separated by sex. The intersection of the health 

parameter cut-point and regression line produced the corresponding PASE score cut-point. 

 
WC = waist circumference; WHtR = waist to height ratio; RSI = relative strength index; PASE score = the 

physical activity scale for the elderly score. 

(a) 
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Figure 3. Cont. 
 

 
WHtR = waist to height ratio; RSI = relative strength index; PASE score = the physical activity scale for the 

elderly score. 

(b) 

The scatterplot revealed that a PASE score of ~20 for males and ~200 for females indicated a 

favorable WHtR. For RSI data, a PASE score for males could not be developed because the RSI 

cut-point did not intersect the regression line. For females, a PASE score of ~260 indicated a favorable 

RSI value (Figure 3(b)). 

4. Discussion 

The purpose of this study was to determine if the self-reported Physical Activity Scale for the Elderly 

(PASE) questionnaire would predict physical measures associated with health. Our goal was to use 

PASE scores to predict the level of physical activity required to ensure that a person’s physical measure 

(e.g., WC) was in the clinically favorable or healthy range. For example, would a relationship between 

WC and PASE indicate that a PASE score of 155 was necessary to fall in the favorable WC range? 

People below the desired PASE score, would be advised to increase their physical activity and move 

their PASE score above the cut-off score for that parameter. Generally, our hypotheses were not 

supported as the significant correlations between the physical parameters and PASE scores were 

relatively weak and many of the participants were already in the clinically desirable category (Figure 2). 

However, we did find what could be a useful relationship between PASE score and WC (males), WHtR 

(females), and RSI (females) where the PASE score cut point was ~140, ~200, and ~260; respectively 

(Figure 3(a,b)). 
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We repeated the analysis only with the people who fell below the favorable cut-off (i.e., unhealthy 

participants) for each of the measured health parameters, but the data revealed only similarly weak 

correlations with PASE scores. 

4.1. Waist Circumference and PASE Score 

The mean WC (101.3 cm) of our male cohort was in a favorable WC range (<102 cm). The WC 

cut-point for males indicated that a PASE score of ~140 or higher would result in a favorable WC. If a 

man moved his PASE score from 140 to 170, the result would predict an eventual drop in WC.  

The scatterplot suggest that a 30-point PASE score increase would result in a ~1.0 cm decrease in WC. 

To do this, a man would have to increase his weekly activity by 1 h or more on 5 to 7 occasions a week 

by performing moderate to strenuous sport or recreation activities such as bicycling, swimming, or 

calisthenics. 

For females, the mean WC (97.8 cm) was in an unfavorable range (>88 cm). Using the healthy WC 

cut-point (88 cm), a PASE score could not be produced since the WC cut-point did not intersect the 

regression line (Figure 3(a)). Research suggests that the current female WC cut-point for older adults 

may overestimate the health risks of obesity, where a cut-point of 99 cm for females ≥70 years of age 

may be more useful [34]. If we increased the previous WC cut-point to 99 cm, then the WC cut-point 

would intersect the regression line at a PASE score of ~120. To increase a woman’s PASE score to ~150, 

an increase of 30 points, this would result in an eventual decrease in WC of ~0.5 cm. To achieve this, 

females would have to do the same amount of physical activity as that listed above for males. 

4.2. PASE and Chronic Health Conditions 

Previous research has investigated the relationship between physical activity, as measured by the 

PASE, and self-reported chronic health conditions in a cohort of Canadian community-dwelling older 

adults (n = 764, mean age = 77.4 ± 8.6 years). The average PASE score for males (130) was higher than 

for females (103). Higher PASE scores were also significantly correlated with more favorable health as 

measured by reporting of fewer chronic health conditions, including musculoskeletal, respiratory, 

cardiovascular, digestive, neurological, and mental/emotional conditions [13]. The mean PASE score of 

the group with the chronic health issue ranged from 86 to 102; the score for those with no chronic health 

issue ranged from 110 to 115 [13]. The average PASE score in our cohort was higher (155) than those 

reported by other cohorts, but was similar in that males had higher PASE scores than females (172 and 

139; respectively). We generated PASE score ranges associated with self-reported chronic disease using 

the CVD, arthritis, diabetes, and asthma/breathing data (Table 1). We could not include the other 

conditions requiring medication (Table 1) because there was not enough participant data or there was not 

a significant difference in PASE scores between participants taking medications and those not taking 

medications. Our data indicated higher PASE score ranges than those previously reported [13], with the 

mean PASE score for those with health conditions ranging from 118 to 139, and where the health issues 

were absent ranging from 155 to 156. Reasons for this discrepancy may be due to a younger mean age 

(72.1 ± 6.5 years) of our cohort, and thus higher PASE ranges, since previous research has reported a 

decrease in PASE scores with increasing age [12,13,16]. 
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4.3. Comparison of PASE and SCREEN Scores with Other Research 

In comparison to healthy, community-dwelling cohorts generally matched for age and sex, our cohort 

demonstrated a higher mean PASE score (155) than reported in the original PASE article (n = 396, mean 

age = 75 years, mean PASE score = 103), and in a recent Japanese article (n = 325, mean age = 73 years, 

mean PASE score = 115) and Canadian article (n = 402, mean age = 75 years, mean PASE score = 102 

(males), 72 (females)) [12,35,36]. PASE score has also been shown to decrease with age [12,13,16] and 

be higher in males, married or living with others, employed, more highly educated, and those who attain 

an annual household income >$20,000 [13,16]. These factors may have contributed to the higher PASE 

scores in our study because the majority of our participants had those demographic characteristics.  

Our participants were also active volunteers in the community, which may explain the higher PASE 

scores; since active volunteer work like meal delivery may be rewarded with points on the PASE 

questionnaire. 

Although our cohort was more active than other cohorts, their nutrition (SCREEN) score did not 

follow the same trend. The SCREEN score indicated that a high percentage of our cohort; 75% males, 

69% females, were at nutritional risk. Other research using similar Canadian community-dwelling 

cohorts (n = 255, mean age = 71.7 ± 8.3 years) has reported fewer older adults (53% of males and 57% of 

female) being at nutritional risk [37]. It has been suggested that caution should be taken regarding  

the confirmation of nutritional risk, since the SCREEN II has an adequate intra-class correlation (r)  

of 0.75 [38]. 

4.4. How Healthy is Our Cohort? Comparison of Our Physical Measures with Population Data 

The mean physical measures in our cohort are similar to values collected on community-dwelling 

older adults by the Canadian Health Measures Survey (CHMS, 2007–2009) [39,40]. Both cohorts have 

mean BMI in the overweight category, and WC in the unfavorable range, with the exception of our 

cohort males who had values in the favorable category. Mean RHR, blood pressure, and CGS measures 

were also similar, but Flex measures were more favorable than those reported in the CHMS [39,40].  

In comparison to Canadian population data on the prevalence of arthritis, diabetes, and hypertension, our 

cohort took fewer medications, with the exception of male medication use for hypertension [41–43]. 

To predict the risk of physical disability and mobility impairment, we used SMI and RSI indices. 

According to the SMI cut-points, previous research has estimated that 10% of adults 60 years and older 

have a high risk of physical disability [23]. Our data indicated that 6% of males and 10% of females were 

at risk of physical disability. Using the recently developed RSI cut-point (2.7), our data suggested that 

6% of males and 58% of females had values that indicated an increased risk of mobility impairment [30]. 

This prediction appears consistent with that of SMI for males but not for females. If we lower the RSI 

cut-point for females to 1.7, a similar risk of mobility impairment (9%) to that estimated by the SMI 

equation (10%) was predicted (data not shown). However, when we used 1.7 as the RSI healthy 

cut-point on the scatterplot (Figure 3(b)), we still did not find a PASE score cut-point since the RSI 

cut-point did not intersect the regression line. 

In summary, it appears that the present cohort was somewhat healthier than those tested in the CHMS 

since all measures were similar or more favorable, especially for the males. The risk of mobility 
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impairment was also lower in our cohort in comparison to population estimates. The reason why some of 

these measures are more favorable may be due to a higher accumulation of activity based on their 

volunteer work in comparison to other cohorts, as measured by the PASE. 

4.5. The Importance of Moderate and Intense Activity in Older Adults 

The American College of Sports Medicine position stand for Exercise and Physical Activity in Older 

Adults reports that although any amount and intensity of exercise will result in some gain in health 

benefits, additional benefits are gained with increasing intensity, duration and/or frequency [44].  

In addition, other researchers report that moderate to high intensity activity is required to induce any 

significant benefit to physical health [2]. The PASE attempts to assess moderate to high intensity activity 

in Questions 4–6. When we plotted the PASE score from each of these questions against the health 

measures we found similarly weak or even weaker relationships (data not shown). We believe this is due 

to the vast majority of people in this cohort accumulating very little activity in these intensity categories. 

Stronger relationships may result between PASE scores for Questions 4–6 and health parameters if we 

collected data from adults who regularly engage in moderate and strenuous activities/exercise and 

exercises to specifically increase muscular strength and endurance. 

4.6. Limitations and Next Steps 

The main limitation of our study was that our cohort was relatively healthy. Future research should 

attempt to recruit adults who are in unfavorable categories of health and investigate the relationship 

between their activity level and the various health parameters, especially body composition and strength, 

which may provide stronger relationships between activity level and health. A large intervention study 

would be optimal to first quantify the amount of physical activity performed over a 7 day period and 

relate this amount to the participant’s PASE score and health parameters. We would further test this 

relationship by increasing an individual’s PASE score by increasing physical activity over a period of 

time (~12 weeks) and measure the influence on the health parameters. This would theoretically provide a 

monitoring tool to advise adults on the amount of activity needed to move their physical measure to a 

more favorable health category. 

The use of a physical activity monitoring tool which correlates well with actual physical activity and 

health parameters warrants additional research to determine and monitor whether older adults are 

achieving adequate physical activity for desirable physical parameters, and to increase awareness 

regarding the importance of physical activity in maintaining and/or increasing the quality of life.  

With the trend for decreasing physical activity with age and the increasing numbers of seniors, the need 

for such a measure is timely. 

5. Conclusions 

The PASE questionnaire cannot be used to accurately predict clinically healthy physical measures of 

body composition, cardiovascular and blood parameters, and flexibility and strength measures in a 

cohort of community-dwelling adults 60–88 years of age. Body composition measures and PASE score 

demonstrated the most promise in the development of PASE score cut-points. The only PASE score 
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cut-points that could be approximated include WC for both males and females (using a WC cut-point of 

99 cm) and WHtR for females. 

Acknowledgements 

The authors would like to express their gratitude to the volunteers and managers from adult meal 

delivery agencies (Meals on Wheels, the Red Cross, Community Care, Community Support 

Connections, and Helping Hands) across southern Ontario who participated in this project. The PEOPL 

Study is supported by the Canadian Institutes of Health Research (CIHR). 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Katzmarzyk, P.T.; Janssen, I. The economic costs associated with physical inactivity and obesity in 

Canada: An update. Can. J. Appl. Physiol. 2004, 29, 90–115. 

2. Paterson, D.H.; Warburton, D.E.R. Physical activity and functional limitations of older adults:  

A systemic review related to Canada’s physical activity guidelines. Int. J. Behav. Nutr. Phys. Act. 

2010, 7, 1–22. 

3. Statistics Canada. A Portrait of Seniors in Canada. Available online: http://www.statcan.gc.ca/ 

ads-annonces/89-519-x/index-eng.htm (accessed on 24 June 2013). 

4. World Health Organization (WHO). The World Health Report: Reducing Risks, Promoting Healthy 

Life. Available online: http://www.who.int/whr/2002/en/whr02_en.pdf (accessed on 24 June 2013). 

5. Gill, T.M.; Williams, C.S.; Tinetti, M.E. Assessing risk for the onset of functional dependence 

among older adults: The role of physical performance. J. Am. Geriatr. Soc. 1995, 43, 603–609. 

6. Janssen, I. Health care costs of physical inactivity in Canadian adults. Appl. Physiol. Nutr. Metab. 

2012, 37, 803–806. 

7. Statistics Canada. A Profile of Disability in Canada (2001). Available online: http://www.statcan.gc.ca/ 

pub/89-577-x/pdf/4228016-eng.pdf (accessed on 24 June 2013). 

8. Warburton, D.E.; Nicol, C.; Bredin, S.S. Health benefits of physical activity: The evidence.  

Can. Med. Assoc. J. 2006, 174, 801–809.  

9. Simonsick, E.M.; Lafferty, M.E.; Phillips, C.L.; Mendes de Leon, C.F.; Kasl, S.V.; Seeman, T.E.; 

Hebert, P.; Lemke, J.H. Risk due to inactivity in physically capable older adults. Am. J. Public 

Health 1993, 83, 1443–1450. 

10. Sui, X.; LaMonte, M.J.; Laditka, J.N.; Hardin, J.W.; Chase, N.; Hooker, S.P.; Blair, S.N. 

Cardiorespiratory fitness and adiposity as mortality predictors in older adults. J. Am. Med. Assoc. 

2007, 298, 2507–2516. 

11. Spirduso, W.W.; Cronin, D.L. Exercise dose-response effects on quality of life and independent 

living in older adults. Med. Sci. Sports Exerc. 2001, 33, S598–S608. 

12. Washburn, R.A.; McAuley, E.; Katula, J.; Mihalko, S.L.; Boileau, R.A. The Physical Activity Scale 

for the Elderly (PASE): Development and evaluation. J. Clin. Epidemiol. 1993, 46, 153–162. 



Int. J. Environ. Res. Public Health 2013, 10 3984 

 

 

13. Chad, K.E.; Reeder, B.A.; Harrison, E.L.; Ashworth, N.L.; Sheppard, S.M.; Schultz, S.L.;  

Bruner, B.G.; Fisher, K.L.; Lawson, J.A. Profile of physical activity levels in community-dwelling 

older adults. Med. Sci. Sports Exerc. 2005, 37, 1774–1784. 

14. Dinger, M.K.; Oman, R.F.; Taylor, E.L.; Vesely, S.K.; Able, J. Stability and convergent  

validity of the Physical Activity Scale for the Elderly (PASE). J. Sports Med. Phys. Fit. 2004, 44, 

186–192. 

15. Schuit, A.J.; Schouten, E.G.; Westerterp, K.P.; Saris, W.H.M. Validity of the Physical Activity 

Scale for the Elderly (PASE): According to energy expenditure assessed by the doubly labeled 

water method. J. Clin. Epidemiol. 1997, 50, 541–546. 

16. Washburn, R.A.; McAuley, E.; Katula, J.; Mihalko, S.L.; Boileau, R.A. The Physical Activity Scale 

for the Elderly: Evidence for validity. J. Clin. Epidemiol. 1999, 52, 643–651. 

17. Canadian Society for Exercise Physiology (CSEP). The Canadian Physical Activity, Fitness and 

Lifestyle Approach (CPAFLA), 3rd ed.; Canadian Society for Exercise Physiology: Ottawa, ON, 

Canada, 2003. 

18. Health Canada. (2003). Canadian Guidelines for Body Weight Classification in Adults. Available 

online: http://www.hc-sc.gc.ca/fn-an/nutrition/weights-poids/guide-ld-adult/index-eng.php (accessed 

on 24 June 2013). 

19. Ashwell, M.; Hsieh, S.D. Six reasons why the waist-to-height ratio is a rapid and effective global 

indicator for health risks of obesity and how its use could simplify the international public health 

message on obesity. Int. J. Food Sci. Nutr. 2005, 56, 303–307. 

20. Schneider, H.J.; Friedrich, N.; Klotsche, J.; Pieper, L.; Nauck, M.; John, U.; Dörr, M.; Felix, S.; 

Lehnert, H.; Pittrow, D.; et al. The predictive value of different measures of obesity for incident 

cardiovascular events and mortality. J. Clin. Endocrinol. Metab. 2010, 95, 1777–1785. 

21. Bray, G.A. Fat distribution and body weight. Obes. Res. 1993, 1, 203–205. 

22. Janssen, I.; Heymsfield, S.B.; Baumgartner, R.N.; Ross, R. Estimation of skeletal muscle mass by 

bioelectrical impedance analysis. J. Appl. Physiol. 2000, 89, 465–471. 

23. Janssen, I.; Baumgartner, R.; Ross, R.; Rosenberg, I.; Roubenoff, R. Skeletal muscle cutpoints 

associated with elevated physical disability risk in older men and women. Am. J. Epidemiol. 2004, 

159, 413–421. 

24. Abbott, D.; Campbell, N.; Carruthers-Czyzewski, P.; Chockalingam, A.; David, M.; Dunkley, G.; 

Ellis, E.; Fodor, J.G.; McKay, D.; Ramsden, V.R. Guidelines for measurement of blood pressure, 

follow-up, and lifestyle counseling. Canadian coalition for high blood pressure prevention and 

control. Can. J. Public Health 1994, 85, S29–S43. 

25. Daskalopoulou, S.S.; Khan, N.A.; Quinn, R.R.; Ruzicka, M.; McKay, D.W.; Hackam, D.W.; 

Rabkin, S.W.; Rabi, D.M.; Gilbert, R.E.; Padwal, R.S.; et al. The 2012 Canadian hypertension 

education program recommendations for the management of hypertension: Blood pressure 

measurement, diagnosis, assessment of risk, and therapy. Can. J. Cardiol. 2012, 28, 270–287. 

26. Franklin, S.S.; Gustin, W., IV; Wong, N.D.; Larson, M.G.; Weber, M.A.; Kannel, W.B.; Levy, D. 

Hemodynamic patterns of age-related changes in blood pressure: The framingham heart study. 

Circulation 1997, 96, 308–315. 

27. Canadian Diabetes Association. Clinical practice guidelines for the prevention and management of 

diabetes in Canada. Can. J. Diabetes 2008, 32, S1–S215. 



Int. J. Environ. Res. Public Health 2013, 10 3985 

 

 

28. Wallace, T.M.; Matthews, D.R. The assessment of insulin resistance in man. Diabet. Med. 2002, 9, 

527–534. 

29. Matthews, D.R.; Hosker, J.P.; Rudenski, A.S.; Naylor, B.A.; Treacher, D.F.; Turner, R.C. 

Homeostasis model assessment: Insulin resistance and beta-cell function from fasting plasma 

glucose and insulin concentrations in man. Diabetologia 1985, 28, 412–419. 

30. Choquette, S.; Bouchard, D.R.; Doyon, C.Y.; Senechal, M.; Brochu, M.; Dionne, I.J. Relative 

strength as a determinant of mobility in elders 67–84 years of age. A nuage study: Nutrition as a 

determinant of successful aging. J. Nutr. Health Aging 2010, 14, 190–194. 

31. Winter, D.A. Biomechanics and Motor Control of Human Movement, 4th ed.; John Wiley and Sons 

Ltd.: Hoboken, NJ, USA, 2009. 

32. Keller, H.H.; Goy, R.; Kane, S.-L. Validity and reliability of SCREEN II (Seniors in  

the Community: Risk evaluation for eating, nutrition, Version II). Eur. J. Clin. Nutr. 2005, 59, 

1149–1157. 

33. Keller, H.H.; Hedley, M.R.; Wong Brownlee, S. Development of SCREEN-seniors in the 

community: Risk evaluation for eating and nutrition. Can. J. Diet Pract. Res. 2000, 61, 67–72. 

34. Heim, N.; Snijder, M.B.; Heymans, M.W.; Deeg, D.J.H.; Seidell, J.C.; Visser, M. Optimal cutoff 

values for high-risk waist circumference in older adults based on related health outcomes. Am. J. 

Epidemiol. 2011, 174, 479–489. 

35. Baraké, R.; Weiler, H.; Payette, H.; Gray-Donald, K. Vitamin D status in healthy free-living elderly 

men and women living in Quebec, Canada. J. Am. Coll. Nutr. 2010, 29, 25–30. 

36. Hagiwara, A.; Ito, N.; Sawai, K.; Kazuma, K. Validity and reliability of the Physical Activity Scale 

for the Elderly (PASE) in Japanese elderly people. Geriatr. Gerontol. Int. 2008, 8, 143–151. 

37. Keller, H.H.; Hedley, M.R. Nutritional risk needs assessment of community-living seniors: 

Prevalence of nutritional problems and priorities for action. J. Community Health 2002, 27,  

121–132. 

38. Phillips, M.B.; Foley, A.L.; Barnard, R.; Isenring, E.A.; Miller, M.D. Nutritional screening in 

community-dwelling older adults: A systemic review. Asia Pac. J. Clin. Nutr. 2010, 19, 440–449. 

39. Bryan, S.; Larose, M.S.P.; Campbell, N.; Tremblay, M.S. Resting blood pressure and heart rate 

measurements in the Canadian Health Measures Survey, cycle 1. Health Rep. 2010, 21, 1–8. 

40. Shields, M.; Tremblay, M.S.; Laviolette, M.; Craig, C.L.; Janssen, I. Fitness of Canadian adults: 

Results from the 2007–2008 Canadian Health Measures Survey. Health Rep. 2010, 21, 21–35. 

41. Statistics Canada. Diabetes. Available online: http://www.statcan.gc.ca/pub/82-625-x/2011001/ 

article/11459-eng.htm (accessed on 24 June 2013). 

42. Statistics Canada. Arthritis. Available online: http://www.statcan.gc.ca/pub/82-625-x/2012001/ 

article/11657-eng.htm (accessed on 24 June 2013). 

43. Statistics Canada. High Blood Pressure. Available online: http://www.statcan.gc.ca/pub/82-625-x/ 

2012001/article/11663-eng.htm (accessed on 24 June 2013). 
  



Int. J. Environ. Res. Public Health 2013, 10 3986 

 

 

44. Chodzko-Zajko, W.J.; Proctor, D.N.; Fiatarone Singh, M.A.; Minson, C.T.; Nigg, C.R.;  

Salem, G.J.; Skinner, J.S. Position stand: Exercise and physical activity for older adults. Med. Sci. 

Sports Exerc. 2009, 41, 1510–1530. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


