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ABSTRACT 

In physical activity research, health-related quality of life (HRQOL) is an 

outcome variable of growing importance. Physical activity is directly associated with 

HRQOL and intervention-type studies seek to show improvements in HRQOL based on 

treatment effects. As interest grows in using HRQOL as an outcome measure in physical 

activity research, the need to investigate the measurement properties of HRQOL 

assessments increases in importance. The first objective of this project was to explore 

HRQOL assessments used in physical activity research by examining their instrument 

characteristics (items, dimensions, scoring, etc.) and their published psychometric 

properties. The second objective of this project was to investigate the reliability of the 

most commonly used HRQOL assessment in physical activity research, the Short Form 

Health Survey (SF-36). The specific aim of the second study was to investigate the 

extent to which the reliability of the SF-36 generalizes across various types of physical 

activity studies. The third and final objective of this project was to evaluate the SF-36 for 

proper measurement functioning using the Rasch model. Results of these studies showed 

that 10 HRQOL assessments are currently used in physical activity research and 

recommendations were made relative to different study designs. It was also found, 

through meta-analytical procedures, that the SF-36 provides strong reliability evidence 

across a wide range of physical activity research. Finally, the SF-36 met stringent 

modern measurement criteria using the Rasch model. 
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CHAPTER I 

Introduction 

In 1996, the U.S. Department of Health and Human Services (USDHHS) 

published a document entitled Physical Activity and Health: A Report of the Surgeon 

General. This document was the first Surgeon General's report specifically addressing 

physical activity and marked an exciting and historical public service message. The 

report's finding was that all Americans, young and old, can improve their health status by 

engaging in moderate physical activity (USDHHS, 1996). This message was motivated 

by the overwhelming amount of evidence confirming the positive health benefits 

associated with a physically active lifestyle. 

The driving definition of physical activity used in this report was "any bodily 

movement produced by skeletal muscles that results in energy expenditure" (Caspersen, 

Powell, & Christenson, 1985, p. 126). This definition allowed for the promotion of both 

structured and non-structured forms of activity. The specific recommendation from the 

Surgeon General was that all people should engage in regular moderate physical activity, 

for at least 30 minutes, on most if not all days of the week. This recommendation 

included activities such as brisk walking, running, sports, and yard work. The report also 

stipulated that increasing both intensity and duration above moderate levels would likely 

provide even greater benefits (USDHHS, 1996). 

In 2007, the USDHHS formed the Physical Activity Guidelines Advisory 

Committee with its goal to review the scientific literature and develop a comprehensive 
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set of physical activity recommendations (USDHHS, 2008). The efforts of this advisory 

committee culminated with the 2008 Physical Activity Guidelines for Americans. The 

guidelines state that adults should accumulate 150 minutes of weekly moderate-intensity 

physical activity or 75 minutes of weekly vigorous-intensity activity or an equivalent 

weekly combination of both (USDHHS, 2008). 

Since the publication of Physical Activity and Health: A Report of the Surgeon 

General, many studies have shown the positive effects of regular physical activity on 

specific health outcomes. Such physical activity-related health outcomes have included 

all-cause mortality (Kampert, Blair, Barlow, & Kohl, 1996; Lee et al., 2010), cause-

specific mortality (Kampert et al., 1996; Tanasescu, Leitzmann, Rimm, & Hu, 2003), 

premature chronic disease (Durand et al., 2011; Franco et al., 2005; Sesso, Paffenbarger, 

Ha, & Lee, 1999), obesity (Brien, Katzmarzyk, Craig, & Gauvin, 2007; Buchowski et al., 

2010), and mental health (Backmand, Kaprio, Kuiala, & Sarna, 2003; Strawbridge, 

Deleger, Roberts, & Kaplan, 2002; Vallance et al., 2011). 

Health-related quality of life (HRQOL) is another such health outcome that has 

seen a growing interest in physical activity research. HRQOL is a broad latent construct 

that includes both subjective and objective indicators people's lives that affect their 

physical and/or mental health status (Centers for Disease Control and Prevention [CDC], 

2000). Wilson and Cleary (1995) developed a conceptual path diagram of HRQOL. The 

path represents causal connections of increasing complexity leading to HRQOL. 

Therefore, according to their model, HRQOL is a function of general health perceptions, 
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which is a function of functional status, which is a function of symptom status, which is a 

function of biological and physiological indicators. 

Due to its holistic nature, HRQOL has become a standard outcome measure in 

both intervention and observational studies (CDC, 2000). HRQOL is now more than 

ever being included in research studies alongside the more conventional and objective 

measures of health status (Dominick, Ahern, Gold, & Heller, 2004). In addition, 

HRQOL has been shown to be a strong predictor of physician visits, hospitalization, and 

mortality (Dominick, Ahern, Gold, & Heller, 2002). 

Physical activity has been shown to be directly associated with HRQOL (Heath & 

Brown, 2009). Specifically, meeting recommended levels of physical activity has shown 

to be related to superior levels of HRQOL (Brown et al., 2003). Physical activity has 

been used as a predictor of HRQOL in both prospective (Aoyagi, Park, Park, & 

Shephard, 2010; Balboa-Castillo et al., 2011; Tessier et al., 2007) and cross-sectional 

(Heath & Brown, 2009; Luncheon & Zack, 2011) observational studies. Physical activity 

has also seen major impacts in clinical interventions with links to positive changes in 

HRQOL (Courneya et al., 2011; Sorensen, Sorensen, Skovgaard, Bredahl, & Puggaard, 

2011). In fact, increasing HRQOL has been described as the most important goal in 

physical activity interventions (Bertheussen et al., 2011). 

Statement of the Problem 

Despite the abundance of research showing the positive effects of physical 

activity on health, the majority of Americans remain physically inactive (USDHHS, 



2008). The Healthy People 2020 publication states that more than 80% of adults do not 

meet the current guidelines for physical activity and has reported 10 objectives aimed at 

reducing the percentage of adults who engage in no physical activity (USDHHS, 2011). 

With physical activity interventions serving as the primary tool for achieving a more 

physically active population, the need to assess HRQOL will be in even greater demand. 

Given the overwhelming interest in HRQOL as an outcome measure in physical activity 

research, there is a strong need for a better understanding of the measurement properties 

of HRQOL assessments commonly used in physical activity research. 

Statement of the Purpose 

The purpose of this project is to address specific measurement-related research 

gaps related to HRQOL assessments in physical activity research. This research project 

specifically addresses these gaps by first gathering information about the most commonly 

used HRQOL scales in physical activity research, and then progressing to the issue of 

measurement reliability concerning the most commonly used HRQOL assessment, to 

finally the issue of measurement validity and item functioning of the SF-36. These three 

studies combined address some major measurement issues related to HRQOL 

assessments in physical activity research. 

The purpose of the first study was to systematically review the common 

instruments used to measure generic HRQOL in physical activity research in adults by 

summarizing the characteristics and scoring options of each instrument as well as the 
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psychometric properties of each HRQOL scale. The overall usefulness of each HRQOL 

instrument relative to different study designs will be discussed. 

The purpose of the second study was to perform a systematic review and meta­

analysis of reliability coefficients on the SF-36 so as to assess the generalizability of 

HRQOL reliability. A secondary purpose of the second study was to examine potential 

moderators which may account for extra variance associated with the SF-36, such as age, 

gender, and alternate forms of the SF-36. 

The purpose of the third study was to evaluate the measurement properties of the 

Short Form Health Survey (SF-36) administered to adults by using the Rasch model. The 

evaluations made will be 1) proper category functioning, 2) model-data fit, 3) item-

person map, 4) item difficulty parameters, item separation, and item separation reliability, 

5) person ability (0) fit, 6) convergent validity evidence for the SF-36 ability (0) scores, 

and 7) construct validity evidence for the SF-36 ability (0) scores. 

Significance of the Study 

Although there are a number of psychometric-based studies that evaluate different 

HRQOL scales currently in the literature, there are no studies specifically evaluating and 

comparing the various HRQOL scales which are commonly used in physical activity 

research. The first study aims to clarify the many nuances in the various HRQOL scales. 

The final report of the first study will serve as a HRQOL resource guide for those 

conducting physical activity research. In addition, there are currently no studies 

evaluating the reliability generalization of the SF-36 scales, the most common HRQOL 
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assessment in physical activity research. The second study aims to address this by 

conducting a systematic review and meta-analysis of published SF-36 reliability 

coefficients. This approach will allow for the averaging of the HRQOL reliability and in 

turn evaluating the strength of its generalization. The results of this study will provide 

valuable evidence as to the strengths and weaknesses of SF-36-determined HRQOL in 

terms of measurement reliability. 

Furthermore, there are very few studies that use modern test theory (item response 

theory) to evaluate HRQOL scales. The third study aims to fill this gap by calibrating 

scale items of the two major domains (physical and mental) of the SF-36 HRQOL 

assessment. The results of this study will serve as a critical evaluation of the SF-36 

assessment and determine whether it functions adequately or is in need of modification. 

In summary, the completion of these three studies allows for a thorough evaluation of 

HRQOL assessment in physical activity research. 
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CHAPTER II 

A Systematic Review of Health-Related Quality of Life Assessments in Physical 

Activity Research 

Introduction 

Physical activity is a strong predictor of health status and should be adopted by 

individuals of all ages (USDHHS, 2008). Many studies have shown the positive effects 

of regular physical activity on specific health outcomes. Such physical activity-related 

health outcomes have included all-cause mortality (Kampert, Blair, Barlow, & Kohl, 

1996; Lee et al., 2010), cause-specific mortality (Kampert et al., 1996; Tanasescu, 

Leitzmann, Rimm, & Hu, 2003), premature chronic disease (Durand et al., 2011; Franco 

et al., 2005; Sesso, Paffenbarger, Ha, & Lee, 1999), obesity (Brien, Katzmarzyk, Craig, 

& Gauvin, 2007; Buchowski et al., 2010), and mental health (Backmand, Kaprio, Kuiala, 

& Sarna, 2003; Strawbridge, Deleger, Roberts, & Kaplan, 2002; Vallance et al., 2011). 

Health-related quality of life (HRQOL) is a more personal health outcome that 

has seen a growing interest in physical activity research. HRQOL is a broad latent 

construct that includes both subjective and objective indicators of people's lives that 

affect their physical and/or mental health status (Centers for Disease Control and 

Prevention [CDC], 2000). Due to its ability to capture overall perceived health, HRQOL 

has become a standard outcome measure in public health and medical research (CDC, 

2000). In addition, because HRQOL usually includes a component of perceived 

functional status, it has been considered a measure as important to research outcomes as 



other more objective indicators (Dominick, Ahern, Gold, & Heller, 2004). In addition, 

HRQOL has been shown to be a strong predictor of physician visits, hospitalization, and 

mortality (Dominick, Ahern, Gold, & Heller, 2002). 

Participating in a physically active lifestyle is linked to greater HRQOL (Heath & 

Brown, 2009). Specifically, meeting recommended levels of physical activity has shown 

to be related to superior levels of HRQOL (Brown et al., 2003). Physical activity has 

been used as a predictor of HRQOL in both prospective (Aoyagi, Park, Park, & 

Shephard, 2010; Balboa-Castillo et al., 2011; Tessier et al., 2007) and cross-sectional 

(Heath & Brown, 2009; Luncheon & Zack, 2011) observational studies. Physical activity 

has also seen major impacts in clinical interventions with links to positive changes in 

HRQOL (Courneya et al., 2011; Sorensen, Sarensen, Skovgaard, Bredahl, & Puggaard, 

2011). In fact, increasing HRQOL has been described as the most important goal in 

physical activity interventions (Bertheussen et al., 2011). 

Despite the empirical evidence confirming the positive effects of physical activity 

on health, the majority of Americans remain physically inactive (USDHHS, 2008). The 

Healthy People 2020 publication states that more than 80% of adults do not meet the 

current guidelines for physical activity and has reported several national objectives aimed 

at increasing the percentage of adults who engage in physical activity (USDHHS, 2011). 

With physical activity interventions serving as the primary tool for achieving a more 

physically active population, the need to assess HRQOL will be in even greater demand. 

Furthermore, with the overwhelming interest in HRQOL as an outcome measure in 

physical activity research, there is a strong need for a better understanding of the 
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measurement properties of HRQOL assessments commonly used in physical activity 

research. 

There are currently no studies that review the scale characteristics, score 

determination, feasibility issues, and psychometric properties of the common HRQOL 

instruments used in physical activity research. Therefore, the purpose of this study was 

to review the most common instruments used to measure generic HRQOL in physical 

activity research in adults by summarizing the characteristics and scoring options of each 

instrument as well as the psychometric properties of each HRQOL scale. The overall 

usefulness of each HRQOL instrument relative to different study designs will be 

discussed. The study will serve as a HRQOL resource guide for those conducting 

physical activity research. 

Methods 

Search strategy 

PubMed.gov was systematically searched for published articles of physical 

activity research containing measures of HRQOL. The following search terms were 

used: ("physical activity" OR exercise) AND ("health-related quality of life" OR "quality 

of life"). After pertinent articles were identified, their reference lists were searched for 

more relevant studies. After all HRQOL instruments used in physical activity research 

were identified, the assessments were each investigated to determine if they were 

appropriate for inclusion. 
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Inclusion and exclusion criteria 

An article was included in the study if it 1) was published in English, 2) was 

available in full text, 3) had a primary objective of evaluating the effects of physical 

activity on HRQOL as an outcome measure, 4) used a measure of HRQOL assessed via a 

questionnaire, 5) used adults as participants, and 6) was published on or after January 1, 

2000. An HRQOL assessment was excluded from this study if it 1) was not specifically 

health-related in nature (e.g., life satisfaction), 2) measured a construct other than generic 

HRQOL (e.g., living with heart failure), 3) did not consist of a set of items measuring the 

HRQOL construct (e.g., single item or proxy variable), or 4) completely lacked empirical 

measurement evidence (e.g., researcher developed questions). 

Instrument characteristics and properties 

For each identified HRQOL assessment tool included in the study, the following 

characteristics were retrieved: 1) mode of administration, 2) number of items contained in 

the assessment tool, 3) type of rating scale(s) used, 4) number and types of domains and 

sub-dimensions, 5) alternate forms, 6) target populations, 7) adopted languages, and 8) 

scoring methods. The psychometric properties retrieved from each HRQOL assessment 

were categorized into three domains: validity, reliability, and item response theory. 

The validity properties included in this study were: 1) content validity, (2) 

criterion validity, 3) construct validity, and 4) responsiveness. Content validity is the 

extent to which an assessment tool measures the construct of interest (Allen & Yen, 

2002). Appropriate scale construction should include content validity methods such as 
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literature review, expert panel advice and/or ratings, and theme saturation (Kline, 2009). 

Criterion validity is the extent to which measurements from an assessment tool 

adequately reflect an agreed upon gold standard measurement. HRQOL may have no 

known gold standard and therefore criterion validity may have limited to no impact on 

this study. Construct validity is the ability of an assessment tool to measure the trait or 

construct that it was intended to measure (Allen & Yen, 2002). Types of construct 

validity evidence include known group difference testing, assessment of uni- or multi-

dimensionality of scales, and correlation with other measures of hypothesized direction 

(i.e., convergent or divergent validity). Responsiveness is the ability of an assessment 

tool to detect clinically important changes in the construct of interest (Deyo, Diehr, & 

Patrick, 1991). Measures of responsiveness should include effect size measures or 

statistics from receiver operating characteristic (ROC) curves. 

The reliability properties included in this study were: 1) internal consistency 

reliability and 2) test-retest. Internal consistency refers to the extent to which items in an 

assessment tool are inter-correlated (Cronbach, 1951). If such an inter-correlation exists, 

the items of the scale are said to measure a unidimensional construct. Test-retest 

reliability measures the stability of measurements over repeated trials (Allen & Yen, 

2002). Measures of test-retest include limits of agreement, Pearson correlations, and 

intra-class correlations (ICCs). 

Item response theory methods to be reviewed include: 1) item analysis, 2) model 

data fit, 3) rating scale assessment, 4) scoring, 5) test equating, and 6) differential item 

functioning (DIF). Item response theory stems from modern psychometric theory and 
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incorporates various scale item and person ability parameters into a statistical probability 

model (Hambleton, Swaminathan, & Rogers, 1991). That is, the probability of a person's 

response to an item is a function of the person's trait being measured (i.e., HRQOL) and 

the characteristics of the item (i.e., difficulty, discrimination, etc.). Through the use of 

item response theory models, HRQOL assessment tools can be evaluated based on their 

item's usefulness, the scale's unidimensionality, and the functioning of the chosen rating 

scale (Hambleton, Swaminathan, & Rogers, 1991). Item response theory can also be 

used to create an interval level measurement of the construct and equate scores from 

different assessment tools, as well as determine whether model bias exists across 

population subgroups (Wood & Zhu, 2006). 

Results 

A total of 8,263 articles were found using the search terms. After reviewing titles 

and abstracts, 2,556 articles were identified as meeting inclusion criteria, of which, 1,209 

articles were dropped due to exclusion criteria. A total of 1,347 articles were included in 

the final sample and were examined for their HRQOL assessment. Table 1 displays the 

characteristics of 10 HRQOL assessments arranged according to their frequency of use in 

physical activity research. The majority of physical activity studies used the Short Form 

Health Survey (SF-36) or one of its variants. The next most commonly used HRQOL 

assessment was the Sickness Impact Profile (SIP) followed by the Euroqol assessment 

(EQ-5D). Other HRQOL assessments identified (from most common to less common) 

were the Nottingham Health Profile (NHP), WHO Quality of Life (WHOQOL-BREF), 
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Quality of Weil-Being Scale (QWB), Health Utilities Index 3 (HUB), CDC's Healthy 

Days Core (HRQOL-4), Assessment of Quality of Life (AQoL), and the Duke Health 

Profile (DHP). 

Short-Form Health Survey (SF-36) 

Characteristics. The SF-36 is the most widely used HRQOL instrument in 

physical activity research. The appeal of the SF-36 is that it is a relatively efficient scale 

with numerous published sources detailing its psychometric properties. The SF-36 was 

developed from the Medical Outcomes Study (MOS) conducted by RAND (Ware & 

Sherbourne, 1992). The SF-36 is a multi-dimensional scale consisting of 36 items, 8 

health-related dimensions, and two domains. The dimensions include: 1) vitality, 2) 

physical functioning, 3) bodily pain, 4) general health, 5) physical role functioning, 6) 

emotional role functioning, 7) social role functioning, and 8) mental health. The physical 

domain consists of the physical functioning, bodily pain, general health, and physical role 

functioning dimensions and the mental domain consists of the vitality, emotional role 

functioning, social role functioning, and mental health dimensions (Ware, 2004). The 

latest version (v2) of the SF-36 has 3 different rating scale categories, ranging from 3-

point to 6-point. 

The SF-36 is intended to measure HRQOL in adults and can be self-administered, 

administered via computer, with aid of an interviewer, or by telephone. The instrument 

can be modified to include either a (standard) 4-week recall or a 1-week recall and has 

been incorporated into both observational and intervention-type studies. The SF-36, due 
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to advances in measurement theory, has made several transformations, and is now 

referred to as the 2nd version (SF-36v2). The newer version made changes to item 

wording, item layout, and number of response categories to certain items (Ware, 2004). 

Three other alternate forms of the SF-36 are available. The SF-12, SF-12v2, and SF-8 

are shorter forms of the original that, however, maintain the measurement of all 8 

dimensions as well as the two domain-specific summary scores (QualityMetric, 2011). 

The scoring of the SF-36 is relatively simple, relying on the assumption that item 

scores are linearly related to the underlying construct with the scales summated according 

to the Likert approach (Ware & Sherbourne, 1992). The updated version of SF-36 (SF-

36v2) allows scores to be normalized to allow for easy comparisons (Ware, 2004). The 

normalizing process used national data to allow for standardization of summated scores, 

followed by T-score conversion. 

Psychometric properties. The SF-36 was constructed from a pool of items 

retrieved from existing instruments used for measuring physical limitations, role 

functioning, mental health, and perceived general health (Ware & Sherbourne, 1992). 

The larger pool of 245-items was part of the Medical Outcomes Study (MOS), of which 

the 36-items of the SF-36 were a subset. Participants in the MOS who completed the 

lengthy survey and took the follow-up health examination (within 1-month) were used for 

the validity study. The health examination was required to allow for clinical diagnoses 

for the construction of contrasting groups (clinical tests of validity). 



Table 1 

Characteristics of generic HRQOL assessment! in adultphyiical activity research 

Instrument Mode Items Scale Scoring Dimensions Forms Languages 

Shoft-Fonn 
Health Survey 

(SF-36) 

Sdf-Admmbtcrcd 
Computer 

Interviewer 
Telephone 

36 Categorical 
Rating 

3®6-point 

1) Sirmmatrd Scoring 

2) Norm-Based 
T-scormg 

8-dimensKms 
2<4omams 

Vitality 
Physical functioning 

Bodily pain 
General health 

Physical role functioning 
Emotional role functioning 

Social role functioning 
Mental health 

SF-36»1* 
SF-36r2* 
SF-12vl 
SF-12v2 

SF-£ 
VF-36 

Multiple 

Sickneu 
Impact Profile 

(SIP) 

S df-Admintstcred 
Interview 

136 Yes.No 1) Standardized Weighted 

2) Overall 

3) 12-dimenstons 

4)2-domams 

Steep and nest 
Emotional behavior 

Body care zid movenmt 
Home managemoit 

Mobiity 
Social interaction 

Ambulation 
Alertness behavior 
Communication 

Work 
Recreation and pastimes 

Eating 

SIP-136* 
SIP-48 
SIP-«6 
SIP-30 
SIP-24 
SIP-82 

Multiple 

Euroqa 
CEQoD) 

Self-Administered 
Interview 
Telephone 

6 Categorical 
Rating 
3-point 

VAS 
0-100 

1) Descriptive Profile 
(JllUto 33333) 

2) Health Index Score 
(-0.11 to 1) 

3) Self-Reported Health 
Status 

(0 to 100) 

Mobility 
Self-Care 

Usual Activities 
Pain/Discomfort 

AnxietyDepression 

EQ-5D-3L* 
EQ-3D-JL 

Multiple 

Note. * indicates the common form used in physical activity research. 



Table 1 (continued) 

Characteristics ofgemrk HRQOL assessment in adutphysical activity research 

Instrument Mode Item Scalc Scoring Dimensions Forms Languages 

Nottingham Health 
Profile 
(NHP) 

Sdf-Adnraistned 45 Yes.'No 
Interview 

S caled Weights 
<0 to 100) 

Physical mobility 
Pain 

Social isolation 
Emotional reactions 

Energy 
Steep 

NH?* Multiple 

WHO Quality orUfc 
Assessment 

(WHOQOL-BREF) 

3tJf-AUuuuukaoil 
Interviewer 

24 Categiniud 
Scale 

5-pokt 

1) 4Duuuiu Sunta 

2) 2 Descriptive Items 

PkyaiudHtadili 
Psychological 

Social Relationships 
Environment 

WHOQOL-BREF* 
WHOQOL-lOO 

Multiple 

Qualiy of Well-being 
Scale 

(QWB) 

Sdf-Admmtstered 
Computer 

Interviewer 
Telephone 

74 Categorical 
Scale 

2to5-point 

1)4 Domain Score: 

2) Health Index Scote 
(Otol) 

Symptoms 
Mobility 

Physical Activity 
Social Activity 

QWB 
QWB-SA* 

Multiple 

Health Utilities Index 
Mark 3 (HUB) 

Self-Adnmistered 
Computer 

Interviewer 
Tdeptone 

Categorical 
Sale 

5 to6-pomt 

1) Descriptive Profile 

2) Health Index Scote 
(Otol) 

Emotion 
Pain 

Vision 
Hearing 
Speeds 

Ambulation 
Dexterity 
Cognition 

HUI1 
HUI2 
HUB* 

Multiple 

Note * indicates the common form used in physical activity research. 



Table 1 (continued) 

Characteristics of generic HRQOL assessment in atbth physical activity research 

Instrument Mode Items Scale Scoring Dimensions Forms Languages 

CDC Healthy Days 
(CDC HRQOL) 

Interview 
Telephone 

4 1 Categorical 
Rating Scale 
3 Continuous 

Measures 

1) Descriptive Score 
2) Summary Index 

Physical 
Mental 

HRQOL-4* 
HRQOL-9 
HRQOL-12 

English 

Assessment of QoL 
(AQoL) 

Self-Administered 
Interview 

MM 
Telephone 

15 Categorical 
Rating 
4-point 

1) Overall Score 
2) 5-Dimension Scores 

3) Utility Score 
(ltoO) 

Illness 
Independent Livmg 
Social Relationships 

Physical Senses 
Psychological Wdlbemg 

AQoLI 
AQoLlT 
A QoL-8 

English 

Duke Health Profile 
(DHP) 

Self-Admamtered 17 Categorical 
Rating 
3-point 

1) 10 Dsnension Scores 
2) 1 Summary General 

Health Score 

Physical 
Mortal 
Social 

General 
Perceived Health 

Sdf-Esteem 
Anxiety 

Depression 
Past 

Disability 

DHP* 
DUHP 

English 

Note. * indicates the common form used in physical activity research. 
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Two types of criteria were used for the initial validation of the SF-36. 

Psychometric criteria were considered by the use of principal components analysis 

(construct validity) and inspection of correlations among the eight scales. Clinical 

criteria were considered by comparing the specific scale scores between four distinct 

groups of subjects: 1) minor chronic conditions only, 2) serious chronic medical 

conditions only, 3) psychiatric conditions only, and 4) both serious medical and 

psychiatric conditions (McHorney, Ware, & Sherbourne, 1993). 

As hypothesized, the principal components showed high loadings of physical 

functioning, physical role, and bodily pain on the physical domain. Also, high loadings 

were seen of mental health, emotional role, and social functioning on the mental domain. 

Vitality and general health had cross-loaded on both domains. These results provided 

evidence of both convergent (i.e., physical functioning loading on physical domain) and 

divergent (i.e., physical functioning not loading on mental domain) validity. As well, 

results of the contrasting groups analysis provided acceptable validity evidence for the 

SF-36 scales (McHorney, Ware, & Sherbourne, 1993). 

Initial reliability was estimated for the SF-36 using corrected item-test 

correlations as well as Cronbach's alpha for each scale (McHorney, Ware, & Sherbourne, 

1994). Using acceptable cut-point criteria, all eight scales had a 100% success rate. 

Average item-test correlations ranged from .42 to .74. As well, Cronbach's alpha ranged 

from .78 to .93. 

Since its inception, the SF-36 has undergone hundreds of psychometric-related 

testings. Some of these studies have focused on validating the SF-36 instrument on 
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different language speaking populations and/or cultures (Laguardia, Campos, Travassos, 

Najar, Anjos, & Vasconcellos, 2011) or demographic-specific populations (Mishra et al., 

2011). Other studies have focused on validating the scales on disease-specific 

populations (Laosanguanek, Wiroteurairuang, Siritho, & Prayoonwiwat, 2011) or 

condition-specific populations (Freidheim, Borchgrevin, Saltnes, Kaasa, 2007). 

The widespread popularity and use of the SF-36 has drawn the attention of a few 

investigators trained in item response theory. Specifically, Rasch analysis has been used 

to compare its measurement results with the traditional Likert summation and (Raczek et 

al., 1998). Results showed that SF-36 scores from the Rasch analysis displayed stronger 

relative validity evidence as compared to the traditional summation approach. Rasch 

measurement has also been used to compare the two methods in relative precision 

(McHorney, Haley, Ware, 1997) and confirm the unidimensionality and reproducibility 

of the instrument (Haley, McHorney, Ware, 1994). 

Sickness Impact Profile (SIP) 

Characteristics. The SIP is another instrument used to measure HRQOL. The 

SIP was designed specifically as a measure of behavioral dysfunction in usual daily 

activities (Gilson et al., 1975). The final version consisted of 136-items of 12 categories: 

1) sleep and rest, 2) emotional behavior, 3) body care and movement, 4) home 

management, 5) mobility, 6) social interaction, 7) ambulation, 8) alertness behavior, 9) 

communication, 10) work, 11) recreation and pastimes, and 12) eating (Bergner, Bobbitt, 

Carter, & Gilson, 1981). 
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The SIP is designed to be self-administered or given by face-to-face interview. 

The instrument is intended for generally healthy adults as well as adults with specific 

health conditions. The SIP is a relatively long instrument, as compared to SF-36 and EQ-

5D. Like other popular HRQOL instruments, SIP has been used internationally and 

therefore has been translated into several language specific versions (Coons, Rao, 

Keininger, & Hays, 2000). 

Several different scores can be obtained through SIP use: overall score, 12 

different dimension scores, and 2 domain scores (physical and psychosocial). The 

response scale is a simple dichotomous yes or no type and the scoring is derived from a 

standardized weighting scheme (Bergner et al., 1981). 

Psychometric properties. The development of the SIP was driven by strong 

content validity (Gilson et al., 1975). The investigators developing the SIP began with an 

open-ended request form to elicit statements from individuals describing sickness-related 

changes in behavior. This procedure produced 1,250 statements of sickness-related 

behavior, which then resulted in 312 unique statements comprising 14 different 

dimensions. Using 25 judges and their ratings of the 312 items, content validity was 

affirmed by showing the correlations of each judge's rating of an item with the mean of 

the 25 judge's ratings. 

Over the course of a few years, other psychometric data appeared regarding the 

SIP (Bergner et al., 1981). Construct validity, in experimental (clinical) format, was 

demonstrated using the differing health status and severity approach (Bergner, Bobbitt, 



Pollard, Martin, & Gilson, 1976). Reliability was also tested extensively for the SIP 

(Pollard, Bobbitt, Bergner, Martin, & Gilson, 1976). Test-retest reliability, internal 

consistency, and inter-rater reliability were tested on 119 respondents. Also, tests were 

carried out with two different forms (long and short), two different modes of 

administration (interviewer and self-administration), and with the sample stratified by 

disease severity. Overall, the reliability of the SIP was moderate to high in all 

circumstances. 

There has only been one published study utilizing item response theory on the SIP 

(Lindeboom et al., 2004). The extended Rasch model was used to calibrate the SIP 

items, assess item bias, and create a shorter form via test equating. Results showed that 

82 items fit the Rasch model. Item bias was seen in age, gender, and diagnosis groups, 

and the Rasch calibrated shorter 82-item form showed a moderate correlation with the 

SIP full form. Several shorter forms of the SIP have been developed (see table 1), but 

their use in physical activity research is sparse. 

Euroqol (EQ-5D) 

Characteristics. The EQ-5D questionnaire is a standardized instrument used to 

measure HRQOL (Brazier, Jones, & Kind, 1993). The EQ-5D is a very simple and short 

instrument that has two distinct parts (AHRQ, 2005). The first part is a set of five items, 

each serving as a separate dimension: 1) mobility, 2) self-care, 3) usual activities, 4) 

pain/discomfort, and 5) anxiety/depression. Each item has a 3-category response: 1 = no 

problems, 2 = some problems and 3 = extreme problems. The second part is a visual 
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analog scale (VAS) representing self-assessed health status. The scale ranges from Best 

imaginable health state (100) to the Worst imaginable health state (0). Respondents 

mark the vertical scale (which resembles a thermometer) at their perceived level of 

health. 

The EQ-5D is designed to be self-administered or given by face-to-face interview. 

The instrument is intended for the general adult population as well as adults with specific 

health conditions. The EQ-5D is most efficiently used in large population-based surveys 

(Euroqol, 2011) but has also been widely used in clinical settings (Vestergaard, 

Kronborg, & Puggaard, 2008). Like the SF-36 instrument, the EQ-5D has been used 

internationally and therefore has been adapted to several language specific versions 

(Euroqol, 2011). Also, with advances in psychometric theory, researchers have found a 

possible benefit of having a 5-category response scale as opposed to the 3-category 

response scale (Herdman et al., 2011). These psychometric-based changes have resulted 

in separate EQ-5D-3L (3-level) and EQ-5D-5L (5-level) forms. 

The EQ-5D has three different scoring methods (AHRQ, 2005). The first is just 

the simple scoring profile of the five items (i.e., 32124). There are 243 possible 

combinations of these five components and therefore this scoring method yields 243 

different health states. The second method is a population preference-weighted index 

score based on the five items. The index ranges from -0.11 (if scores are all 3 s for each 

item) to 1.0 (if scores are all 1 s for each item). Given that a score of 0.0 equates to death 

and a score of 1.0 equates to perfect health, it can be seen that the index can assume a 
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quality of health worse than death itself. The last scoring method simply comes straight 

from the VAS instrument and serves as a measure of self-reported health. 

Psychometric properties. The EQ-5D was developed by a multi-disciplinary 

group of researchers to measure HRQOL (Brazier, Jones, & Kind, 1993). The most 

notable psychometric data on the EQ-5D are from a performance study of its construct, 

convergent, and divergent validity (Brazier et al., 1993). Construct validity was tested 

according to hypothesized relationships between special groups of people and the noted 

difference in their scoring profile. For example, older adults, women, professional 

workers, recent users of health services, and those diagnosed with a chronic health 

condition were hypothesized (and shown) to have lower scoring profiles, compared to 

their respective counterparts. Convergent and divergent validity were tested by 

comparing EQ-5D scores to dimensional scores of the SF-36. Convergent validity was 

established by showing that the EQ-5D anxiety/depression dimension was highly 

correlated with the mental health dimension of the SF-36. Likewise, divergent validity 

was established by showing that the EQ-5D anxiety/depression dimension was not highly 

correlated with the physical functioning dimension of the SF-36. 

Another useful study that provided psychometric data for the EQ-5D investigated 

its construct validity and discriminant ability (Essink-Bot, Krabbe, Bonsel, & Aaronson, 

1997). The EQ-5D reliability (internal consistency) could not be assessed because each 

dimension (scale) had only a single item. The construct validity was tested using 

polychoric correlation coefficients (PCCs) between its scales and those of the 
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COOP/WONCA instrument. PCC results showed strong correlations with like scales and 

low correlations with unlike scales. Construct validity was further tested using common 

factor analysis. Results showed a two-factor model: mental and physical health. Also, as 

suspected, the anxiety/depression scale loaded on the "mental" factor and mobility, self-

care, usual activities, and pain/discomfort scales loaded on the "physical" factor, 

providing adequate construct validity. The discriminant ability of the EQ-5D was tested 

using receiver operating characteristic (ROC) curves. The grouping variables in the 

study were migraine headache status and reporting an absence from work due to illness. 

EQ-5D successfully and significantly distinguished between both grouping variables, 

providing evidence for discriminant ability. 

Item response theory has been used, in a state-of-the-art fashion, to determine the 

equivalency of EQ-5D measures between the 3-level response form and the 5-level 

response form (Pickard, Kohlmann, Janssen, Bonsel, Rosenbloom, & Cella, 2007). 

Another study, using a Rasch measurement model, showed the benefits of having a 5-

category response scale as opposed to the 3-category response scale (Herdman et al., 

2011). 

Nottingham Health Profile (NHP) 

Characteristics. The NHP is a generic HRQOL instrument with physical, 

emotional, and social domains of health (Hunt, McEwan, & McKenna, 1985). The NHP 

has a total of 45 items, all of which are dichotomous response. Two parts make up the 

instrument. The first part contains six different health dimensions: 1) physical mobility, 
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2) pain, 3) social isolation, 4) emotional reactions, 5) energy, and 6) sleep. The second 

part includes specific health status questions. 

The NHP is designed for adults (16+ years) and to be self-administered or 

interviewer-administered. It was originally designed as an instrument for 

epidemiological research (Coons et al., 2000) but has since been used in several different 

arenas. No alternate forms (to date) have been found in the published literature. 

However, translated versions have been created in several languages. 

Only the first part of NHP is considered in its scoring (Hunt, McKenna, McEwen, 

Williams, & Papp, 1981). Scores can be obtained using weights associated with subject 

responses and yield a single value ranging from 0 (no health problems) to 100 (severe 

health problems). If all weights are summed, in part I, a score of 100 will occur. 

Psychometric properties. The NHP was developed using methods of content 

validity, beginning with a large pool of statements (over 2,200) from approximately 700 

people regarding their typical feelings about poor health (Hunt, McEwan, & McKenna, 

1985). The resulting instrument took on 45 items, 38 of which were part of the overall 

scoring profile, and six dimensions (Hunt et al., 1985). Construct validity evidence was 

published on the NHP by testing the instrument's ability to distinguish between different 

levels of pain severity (Mauskopf, Austin, Dix, & Berzon, 1994). Results successfully 

showed that the pain, energy, and sleep dimensions were highly correlated with pain 

severity (convergent validity evidence), whereas the other three dimensions were not 

highly correlated with pain severity (divergent validity). 



Another study providing psychometric data for the NHP, investigated its construct 

validity and discriminant ability (Essink-Bot et al., 1997). The NHP reliability (internal 

consistency) was determined by Cronbach's alpha. The construct validity was tested 

using intraclass correlation coefficients (ICCs) between its scales and those of the SF-36 

instrument. Reliability results showed good internal consistency. ICC results showed 

strong correlations with like scales and low correlations with unlike scales. Construct 

validity was further tested using common factor analysis. Results showed a two-factor 

model: mental and physical health. Also, as suspected, the energy, emotional reactions, 

and social isolation scales loaded on the "mental" factor and energy, pain, and physical 

mobility scales loaded on the "physical" factor, providing adequate construct validity. 

The discriminative ability of the NHP was tested using ROC curves. Groups were 

formed by migraine headache status and reporting an absence from work due to illness. 

NHP significantly distinguished between both grouping variables, providing evidence for 

discriminant ability. 

Item response theory has been used to assess the psychometric properties of the 

NHP (Hagell, Whalley, McKenna, & Lindvall, 2003). Results showed adequate fit to the 

model, however, differential item functioning (DIF) was found in age and gender groups. 

A Rasch study was performed to reduce the number of items in the NHP from 38 to 22, 

while maintaining the new scale's validity (Prieto, Alonso, Lamarca, & Wright, 1998). 

Finally, the Rasch model was used to assess unidimensionality and item-fit of the 

Brazilian version of the NHP (Teixeira-Salmela et al., 2004). Despite adequate fit, some 

items were found to be too easy for the population under study. 
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WHO Quality of Life Assessment (WHOQOL-BREF) 

Characteristics. The WHOQOL-BREF is a generic HRQOL tool developed from 

the larger WHOQOL-lOO (Saxena, Carlson, & Billington, 2001). The assessment 

consists of 26 items which make up four HRQOL domains: 1) physical health, 2) 

psychological, 3) social relationships, and 4) environment. Additionally, two of the items 

are included to assess self-perceived general health and are for descriptive purposes. The 

WHOQOL-BREF was developed for adult use and has been designed to be an 

international HRQOL assessment. The scoring of the WHOQOL-BREF results in a 

single score for each domain. 

Psychometric properties. The development of the WHOQOL-BREF stemmed 

from the larger WHOQOL version (WHOQOL-lOO). The initial WHOQOL-BREF 

project showed adequate validity with strong correlations between the WHOQOL-BREF 

and WHOQOL-lOO domain scores ("Development of the World Health Organization 

WHOQOL-BREF quality of life assessment. The WHOQOL Group," 1998). The same 

project also showed strong evidence for content validity, discriminant validity, internal 

consistency, and stability in the WHOQOL-BREF scales. A more recent validation study 

of the WHOQOL-BREF used a large sample of participants from 23 countries. 

Participants were very diverse, consisting of people of various health ranges and diseases, 

and various sociodemographic characteristics. Results of the study showed strong 
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evidence of internal consistency, discriminant validity, and construct validity 

(Skevington, Lotfy, & O'Connell, 2004). 

The construct validity was evaluated in the WHOQOL-BREF using item response 

theory among a general population of adults (Noerholm et al., 2004). Using a mail 

survey format and a random sample of Danish adults, the WHOQOL-BREF was 

administered to 1,101 respondents. Results indicated that each of the four domains of the 

WHOQOL-BREF fit a 2-parameter item response model. However, the total scale did 

not fit either a 2-parameter model or a Rasch model. The conclusion was that domain 

specific scores should be used when administering the WHOQOL-BREF and that the 

total scores of the WHOQOL-BREF may not be sufficiently valid. 

Quality of Weil-Being Scale (QWB) 

Characteristics. The QWB is a generic HRQOL assessment tool that measures 3 

different dimensions (Coons et al., 2000). A recently updated version of the QWB scale 

has been developed specifically for participant self-administration (QWB-SA). The 

QWB-SA does not require a trained interviewer, as does the QWB, and therefore is easier 

and less expensive to use in research and practice. The different dimensions attempt to 

assess HRQOL in relation to daily functioning with scales in 1) mobility, 2) physical 

activity, and 3) social activity. The functioning scales ask questions about certain 

activities and ask respondents to respond using the past 3 days as their reference. A 

second component of health problems is assessed by asking questions about 26 (QWB) or 

58 symptoms (QWB-SA). Four different domain scores can be generated which can also 
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be combined to form a total utility score representing HRQOL, ranging from 0 to 1 (death 

to optimal health, respectively). 

Psychometric properties. Test-retest reliability was provided for both forms 

(QWB & QWB-SA) of the QWB scale (Kaplan, Sieber, & Ganiats, 1997). English 

speaking primary care patients were used for the reliability study. Participants were 

randomized to receive either the QWB or the QWB-SA and were administered their 

respective forms twice with a one month interval. Results showed that the two forms 

were equivalent in terms of HRQOL scores. Also, results indicated that both QWB forms 

were stable in assessing HRQOL over time. 

Construct validity has been established for the QWB scale by showing strong 

relationships between its HRQOL scores and various health outcomes among patients 

with chronic obstructive pulmonary disease (Kaplan, Atkins, & Timms, 1984). Further 

validity evidence was presented when QWB scores were found to be associated with four 

health outcomes among HIV-infected adults (Hughes et al., 1997). Finally, evidence was 

also provided for the QWB's construct validity when HRQOL scores were significantly 

related to dementia ratings and behavioral problems among patients with and without 

Alzheimer's disease (Hughes et al., 1997). 

Although not specifically evaluated for its functioning, the QWB has been 

analyzed using item response theory, in comparison to four other HRQOL asseessments 

(Cherepanov, Palta, & Fryback, 2010). As part of the National Health Measurement 

Study, the QWB was administered to 3,844 adults along with the EQ-5D, HUI2, HUD, 



and SF-6D assessments. Findings showed that the five assessments combined 

contributed to 3 domains consisting of physical, psychosocial, and pain. However, the 

QWB only contributed to 2 of these domains, physical and psychosocial. 

Health Utility Index Mark 3 (HUD) 

Characteristics. The HUB is another tool used often in economics research. Its 

development was driven by the need to describe 1) experiences of medical patients, 2) 

outcomes associated with therapy and disease, 3) the effectiveness of medical and health-

related interventions, and 4) health status in large population studies (Horsman, Furlong, 

Feeny, & Torrance, 2003). The HUB is the most recent version of the Health Utility 

Index series, starting with HUI1 and then HUI2 (Grootendorst, Feeny, & Furlong, 2000). 

The HUB consists of 8 attributes: 1) vision, 2) hearing, 3) speech, 4) ambulation, 5) 

dexterity, 6) emotion, 7) cognition, and 8) pain. With these attributes and a multi-

attribute utility algorithm, the HUB can yield HRQOL values covering over 900,000 

unique health states (Coons, Rao, Keininger, & Hays, 2000). Scores can also be 

computed using a different set of algorithms to yield either single-attribute or multi-

attribute values ranging from -0.36 (worse than dead) to 0.00 (dead) to 1.00 (perfect 

health). 

Psychometric properties. The HUB is a third generation HRQOL instrument 

that began from earlier work with the HUI1 (Torrance, Furlong, Feeny, & Boyle, 1995). 

The rationale for the original items and dimensions came from a population perspective 
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of health outcomes (Coons et al., 2000). The evolution of the index to the HUB was 

driven by the desire to make the assessment practical for both clinical use as well as 

population studies. Each dimension of the HUD is assessed with a single item; therefore, 

internal consistency reliability has not been examined with this assessment. Stability has 

been evaluated in the HUB using the Kappa statistic of agreement. The HUB was 

administered to a large sample at two different time periods, one month apart. Results 

showed that 6 of the 8 dimensions had acceptable reliability (Boyle, Furlong, Feeny, 

Torrance, & Hatcher, 1995). 

Construct validity was evaluated in the HUB by comparing HRQOL scores 

between groups with known differences. Participants were used from the 1990 Ontario 

Health Survey. Adequate validity was shown as participants with stroke, arthritis, and 

both stroke and arthritis had significantly lower HUB scores (Grootendorst et al., 2000). 

Convergent validity evidence was evaluated on the HUB by comparing the scoring 

patterns between the HUB, EQ-5D, and SF-36 HRQOL assessments (Luo et al., 2003). 

Participants for this validity study were outpatients with rheumatic disease. Results 

provided adequate evidence for convergent validity. Those patients with higher SF-36 

scores also had significantly higher EQ-5D and HUB scores. Total scores on EQ-5D and 

HUB were not significantly different from each other. 

To compare 5 different HRQOL assessments for their interrelationships, item 

response theory was used on the HUB (Fryback, Palta, Cherepanov, Bolt, & Kim, 2010). 

As part of the National Health Measurement Study, the HUB was administered to 3,844 

adults along with the EQ-5D, HUI2, QWB-SA, and SF-6D. Results indicated, that the 
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HUD was linearly related to the EQ-5D and the HUI2 scales. Although a linear 

relationship was shown, it was stated that the relationship was simplistic and that the 

different scales were in actuality measuring different aspects of generic HRQOL. 

CDC Health-Related Quality of Life (HRQOL-4) Scale 

Characteristics. The HRQOL-4 Scale consists of four items and was developed 

as a surveillance tool to be used in the U.S. Behavioral Risk Factor Surveillance System 

(BRFSS) (Taylor & National Center for Chronic Disease Prevention and Health 

Promotion (U.S.). Division of Adult and Community Health., 2000). The four items 

were created through the CDC's definition of HRQOL which includes perceived physical 

and mental health over time. The first item asks participants to rate their own general 

health on a 5-point scale starting with excellent and ending with poor. The second and 

third questions were specifically geared toward physical health (physical illness and 

injury) and mental health (stress, depression, and emotional problems), respectively. 

These questions ask respondents to report the number of days (out of the previous 30 

days) that their physical (or mental) health was not good. The last question specifically 

addresses the amounts of usual activity (self-care, work, or recreation) influenced by 

physical and/or mental health. Respondents are asked to report the number of days (out of 

the previous 30 days) that poor physical or mental health kept them from their usual 

activities (Hennessy, Moriarty, Zack, Scherr, & Brackbill, 1994). 

The scoring methods for the CDC HRQOL-4 scale are twofold. The first option 

is a descriptive scoring method. This can be done by creating dichotomous categories for 
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each item (Heath & Brown, 2009). For example, for the first item, those reporting either 

fair or poor general health can be considered to exhibit poor HRQOL and those reporting 

excellent, very good, or good general health can be considered to exhibit good HRQOL. 

For the second and third items, those reporting 14 days of poor health or more can be 

considered to exhibit poor physical (or mental) health. For the fourth item, those 

reporting 14 days or more can be considered to be inactive due to poor health. The 

second scoring option is to create a summary index of unhealthy (or healthy) days. The 

index can be constructed from the physical and mental health items and used to assess the 

overall number of unhealthy days due to physical and/or mental health, not to exceed 30 

days (Taylor & National Center for Chronic Disease Prevention and Health Promotion 

(U.S.). Division of Adult and Community Health., 2000). 

Psychometric properties. The CDC HRQOL-4 scale was developed using a 

strong conceptual framework (Hennessy et al., 1994). Items were specifically 

constructed to be 1) individual-oriented, 2) subjective in nature, 3) non disease-specific, 

4) sensible to the general public, 5) non-biased toward various ethnic groups, and 6) 

practical. The time frame was also considered to capture an adequate reflection of an 

individual's health. Developers of the CDC HRQOL-4 scale used early BRFSS data to 

test the scale's validity. This was accomplished first by showing the relationship between 

the first core HRQOL item (perceived general health rating) and the second core item 

(number of days respondents said their physical health was not good). The relationship 

provided convergent validity evidence as those reporting better general health had 
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significantly fewer days of poor physical health and those reporting poor general health 

reported significantly more days of poor physical health. This relationship was also 

found between the first item and the third (number of days poor mental health) and fourth 

(number of days limited by physical and/or mental health) items. 

The retest reliability was assessed for the CDC HRQOL-4 using a random sample 

of BRFSS respondents approximately two weeks after their initial survey (Andresen, 

Catlin, Wyrwich, & Jackson-Thompson, 2003). The Kappa coefficient and proportion of 

agreement were used for the first core item and the intra-class correlation coefficient was 

used for the other three items as well as the healthy days index. Reliability coefficients 

for the general health item and the healthy days index were both acceptable. Reliability 

was moderate for the other three (number of days) items. 

Another validation study of the CDC HRQOL-4 was conducted with a sample of 

Dutch adults (Toet, Raat, & van Ameijden, 2006). First, reliability was evaluated by 

computing the Cronbach alpha on the three number of days core items. The reliability of 

the three items was deemed acceptable (alpha = .77). Second, criterion validity was 

assessed by comparing the HRQOL-4 items with three other well-respected HRQOL 

assessments: SF-36, WHOQoL-BREF, and GHQ-12. Spearman correlations confirmed 

that HRQOL-4 items of similar domain were highly related across instruments. As well, 

HRQOL-4 items of different domains were not correlated across instruments. Finally, 

construct validity was examined by comparing HRQOL-4 scores between groups of 

adults with known differences in health status. Those respondents reporting a chronic 

condition, depression, use of prescription drugs, and visiting a doctor, had significantly 
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lower scores of HRQOL as assessed by the CDC HRQOL-4. To date, no item response 

theory studies have been published on the CDC HRQOL-4 assessment. 

Assessment of Quality of Life (AQoL) 

Characteristics. The AQoL instrument is a generic HRQOL assessment 

developed by Australian researchers (Hawthorne, Richardson, & Osborne, 1999). The 

AQoL consists of five dimensions covering the HRQOL construct and contains questions 

specifically targeted for economic evaluation. The AQoL has a total of 15 items each 

measured on a four point categorical scale ranging from A (Good HRQOL) to D (poor 

HRQOL). The five dimensions consist of: 1) illness, 2) independent living, 3) social 

relationships, 4) physical senses, and 5) psychological wellbeing. 

The AQoL is designed to be administered by self, interviewer, mail, or telephone. 

It was designed as a multi-attribute health utility index, however, it is also used as a 

health states assessment. The original AQoL was replaced by its developers and referred 

to as AQoL-II. A shorter version has been developed (Hawthorne, 2009) consisting of 

only eight items (AQoL-8); however, this version has not been used in physical activity 

research. 

There are three scoring options for AQoL users (Hawthorne et al., 1999). The 

first is an overall HRQOL score. This is computed by assigning a zero to an 'A' 

response, a one to a 'B' response, a two to a 'C' response, and a three to a 'D' response. 

Therefore, a low overall score of zero is possible and a high score of 45 is possible. The 

second option is to sum the same scale by subdomains. Therefore, each subdomain can 
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range in score from zero to nine. Finally, an algorithm can be used to transform the raw 

AQoL scores to preference weighted utility scores ranging from -0.04 (worse than death) 

to zero (death) to one (complete health). 

Psychometric properties. The AQoL was developed using a content validation 

procedure (Hawthorne et al., 1999). The development began using a strong conceptual 

framework based on the World Health Organizations's (WHO) definition of health. With 

this framework in mind, researchers and professionals constructed appropriate items, 

reviewed the items for clarity and simplicity, and administered the selected items to both 

hospital patients and community members. After data collection, an item analysis was 

performed using 100% range criteria (all categories of an item being selected) for item 

sensitivity and a standard deviation of .50 cutoff as the criterion for item discrimination. 

Items surviving the preliminary analysis were further tested for construct validity. First, 

principal components analysis was run, dropping items that did not load on the 

underlying HRQOL construct. Second, exploratory factor analysis was performed, 

dropping items that failed to load on a single factor only. Results indicated a five factor 

structure and measures of internal consistency confirmed its reliability. Re-analysis of 

each factor separately by principal components analysis provided evidence of the 

unidimensionality of each factor. Finally, structural equation modeling was performed to 

assess the explanatory power of the AQoL in providing HRQOL information. 

Another study providing psychometric information for the AQoL investigated its 

stability across different methods of administration. The developer of the instrument 



42 

showed that administering the AQoL via mail or telephone resulted in statistically 

equivalent HRQOL scores (Hawthorne, 2003). Furthermore, the stability of scores was 

maintained as well for each set of subscale scores. 

Item response theory has been used on the AQoL with a specific purpose to find 

the most parsimonious scale (Hawthorne, 2009). First, subscale unidimensionality was 

determined followed by full scale unidimensionality, using Mokken item response theory. 

Items which were not considered unidimensional (homogenous) were candidates for 

deletion. Second, a Rasch partial credit model was used to determine each item's set of 

category thresholds. Items with disordered thresholds (i.e., persons with low HRQOL 

endorsing categories representing higher HRQOL levels) were also candidates for 

deletion. The goal of the study was to reduce each of the four subscales by one item 

resulting in an 8-item AQoL scale using the two criteria of unidimensionality and ordered 

category thresholds. The resulting AQoL-8 correlated well (intraclass correlation 

coefficient = .95) with the full AQoL scale and showed 97% of a validation sample 

within +/- 2 SD limit of agreement and was therefore considered a more parsimonious 

measure of HRQOL. 

Duke Health Profile (DHP) 

Characteristics. The DHP is a generic self-report HRQOL assessment tool that 

contains 10 different measures of health (Parkerson, Broadhead, & Tse, 1990). Six of the 

measures are considered positive health measures (physical, mental, social, general, 

perceived health, and self-esteem) and the other four are considered measures of 



43 

dysfunction (anxiety, depression, pain, and disability). The scale consists of only 17 

items, each measured on a 3-point categorical rating scale. Scoring for the DHP is 

relatively simple, summing each separate dimension and multiplying (or dividing for the 

general health score) by a constant. Each dimension has a score range from 0 to 100 

where 100 represents the best health for the positive health measures and the worst health 

for the measures of dysfunction. 

Another unique characteristic of this assessment is that the general health 

dimension is a composite of the physical, mental, and social dimensions. Combining 

these three major dimensions of HRQOL allows for a more realistic measure of general 

health. The DHP was developed for adults but has been revised and validated for 

adolescents (Vo, Guillemin, & Deschamps, 2005). The DHP HRQOL assessment is 

primarily used in English speaking countries but has recently been validated in France 

(Baumann et al., 2011). 

Psychometric properties. The DHP was developed from a slightly larger (63-

item) Duke-UNC Health Profile (DUHP) assessment (Parkerson et al., 1990). Items were 

selected from the larger pool of items using content validity (or face validity) and item-

remainder (item score and dimension score with item removed) correlations. Cronbach 

alphas provided evidence of internal consistency reliability with multi-item dimensions 

having alphas ranging from .55 to .78. Test-retest provided evidence of stability with all 

dimensions having reliability greater than .50, except disability and pain. Spearman 

correlations were used for item-convergent and item-divergent evidence against three 
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other assessment tools: DUHP, SIP, and the Tennessee Self-Concept Scale. Validity was 

established for the DHP with strong positive correlations among similar constructs and 

strong negative correlations among different constructs. Finally, mean comparisons were 

used to provide construct validity evidence by showing DHP score differences between 

groups with known health problems. Validity was established when results showed that 

groups with lower levels of health had significantly lower DHP scores compared to 

groups with better health (Parkerson et al., 1990). 

Discussion 

The purpose of this study was to systematically review assessments used to 

measure generic HRQOL in physical activity research in adults. The review included 

summarizing the characteristics, scoring options, and psychometric properties of each 

HRQOL assessment. A total of 10 instruments were found and examined. By far, the 

SF-36 along with its variants was the most commonly used HRQOL assessment in 

physical activity research. Table 2 displays the recommendation for each assessment 

based on whether a researcher's reason for selecting it was its psychometric properties, 

amount of HRQOL information (scores from dimensions), or its length. 

In terms of participant burden, the CDC HRQOL-4 and the EQ-5D both provide a 

valid HRQOL score given they contain only 4 and 6 items, respectively. The AQoL, 

DHP, and WHOQL-BREF, however, also allow for low participant strain (15,17, and 26 

items, respectively) and provide slightly more information. The AQoL provides a single 

HRQOL score along with 5 subdomain scores (illness, independent living, social 
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relationships, physical senses, and psychological wellbeing). The DHP provides 10 

dimensional scores (physical, mental, social, general perceived health, self-esteem, 

anxiety depression, pain, and disability), one of which is a general health score. The 

WHOQOL-BREF measures HRQOL with 4 separate dimensions (physical health, 

psychological, social relationships, and environment). These 3 mid-sized assessments 

may be useful to physical activity researchers who seek to investigate very specific 

HRQOL changes (i.e., pain or social relations) without overwhelming their subjects with 

several items or forms. In terms of psychometric properties, the SF-36 leads in both 

amounts and quality of supporting information. The evidence backing the SF-36's 

validity includes both classical test theory as well as modern test theory. The other 9 

assessments all have several studies validating their scales using both psychometric 

approaches, with the exception of the CDC HRQOL-4 and DHP which have no published 

data (to date) using item response theory. 

In conclusion, 10 HRQOL assessments were found to be used in physical activity 

research. The SF-36, the most commonly used and validated assessment, provides the 

most information given its size. Other HRQOL assessments with good potential include 

AQoL, DHP, and WHOQOL-BREF. If time is the most important factor, the EQ-5D and 

CDC HRQOL-4 are useful and valid scales. 
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Table 2 

Recommendation for HRQOL assessment based on psychometric properties, amount of 

HRQOL information, and length 

Form Psychometric Information Short Length 

SF-36 Definitely Definitely SF-12/8 

SIP Yes Yes No 

EQ-5D Yes Maybe Definitely 

NHP Yes No No 

WHOQOL Yes Maybe Maybe 

QWB Maybe Maybe No 

HUD Yes Yes Yes 

HRQOL-4 Maybe No Definitely 

AQoL Maybe Yes Yes 

DHP Maybe Definitely Yes 
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CHAPTER III 

Reliability of the Short-Form Health Survey (SF-36) in Physical Activity Research 

Using Meta-Analysis 

Introduction 

Health-related quality of life (HRQOL) is a health outcome that has seen a 

growing interest in physical activity research. The United States Department of Health 

and Human Services (USDHHS), in its publication entitled Healthy People 2020, 

includes the enhancement of quality of life as a major public health service goal 

(USDHHS, 2011). HRQOL is a broad concept that includes both subjective and 

objective indicators of a people's lives that affect their physical and/or mental health 

status (Centers for Disease Control and Prevention [CDC], 2000). A more 

comprehensive description of HRQOL includes several dimensions including but not 

limited to physical functioning, psychological well-being, social functioning, role 

functioning, and health perceptions (Hennessy, Moriarty, Zack, Scherr, & Brackbill, 

1994). 

HRQOL has become a standard outcome measure in both intervention and 

observational studies (CDC, 2000). A search on Pubmed.gov showed only 1,410 

publication hits from the years 1980 to 1999 using the key word term "health-related 

quality of life." The same search resulted in 15,180 hits from the years 2000 to 2011. 

HRQOL is also being included in research studies alongside the more conventional and 

objective measures of health status (Dominick, Ahern, Gold, & Heller, 2004). Given the 
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overwhelming interest in HRQOL as an outcome measure in physical activity research, 

there is a strong need for a better understanding of the measurement properties of 

HRQOL assessments commonly used in physical activity research. 

The Short-Form Health Survey (SF-36) is the most widely used HRQOL 

instruments in physical activity research. The SF-36 was developed from the Medical 

Outcomes Study (MOS) conducted by RAND (Ware & Sherbourne, 1992). The SF-36 is 

a multi-dimensional scale consisting of 36 items, 8 health-related dimensions, and two 

domains. The dimensions include: 1) vitality, 2) physical functioning, 3) bodily pain, 4) 

general health, 5) physical role functioning, 6) emotional role functioning, 7) social role 

functioning, and 8) mental health. The physical domain consists of the physical 

functioning, bodily pain, general health, and physical role functioning dimensions and the 

mental domain consists of the vitality, emotional role functioning, social role functioning, 

and mental health dimensions (Ware, 2004). The SF-36 is intended to measure HRQOL 

in adults and is easily self-administered in physical activity research. The SF-12 and SF-

8 are both shorter versions of the original form with 12 and 8 items, respectively. Both 

shorter versions maintain the measurement of the 8 dimensions as well as the two 

domain-specific summary scores (QualityMetric, 2011). 

A Reliability index can be thought of as a percentage of variance in a set of scores 

that is true or from non-error factors (Allen & Yen, 2002). Reliability also refers to the 

consistency or stability of test scores. This can be consistency of scores over time, 

consistency of scores across items (internal consistency) or consistency of scores across 

raters (Kline, 2005). Of specific interest to this study are the internal consistency and 
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test-retest reliability coefficients. Internal consistency refers to the extent to which items 

in an assessment tool are inter-correlated (Cronbach, 1951). If such an inter-correlation 

exists, the items of the scale are said to measure a unidimensional construct. Test-retest 

reliability measures the stability of measurements over repeated trials (Allen & Yen, 

2002). Since reliability is not a property of an assessment tool itself but rather a property 

of the assessment scores, it should be common practice for researchers to report 

reliability of their scores at hand (Ragan & Kang, 2005). Despite the inability to infer an 

assessment's reliability from a single study to all future studies, it is still possible to 

strengthen the reliability generalization using meta-analysis (Vacha-Haase, 1998). 

To date, there are no studies which assess the reliability generalization of the SF-

36 HRQOL assessment in physical activity research using meta-analysis. The purpose of 

this study was to perform a systematic review and meta-analysis of reliability coefficients 

on the SF-36 HRQOL assessment applied in physical activity research so as to assess the 

generalizability of HRQOL measurement reliability. A secondary purpose of the study 

was to examine potential moderators which may account for extra variance associated 

with the HRQOL measurements, such as age, gender, and even HRQOL assessment tool. 

This approach will provide valuable evidence as to the strengths and weaknesses of 

HRQOL scales in terms of measurement reliability. 
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Methods 

Search Strategy 

Using PubMed.gov, a systematic search was conducted to identify all physical 

activity studies using the SF-36 assessment or one of its variants (i.e., SF-12 or SF-8). 

The following search terms were used: ("physical activity" OR exercise) AND ("short-

form 36" OR "sf-36" OR "MOS 36" OR "rand 36"). The same search strategy was used 

for identifying studies using the SF-12 and SF-8 forms. After all potential studies were 

identified; inspection of titles and abstracts ensued to identify exclusion criteria. 

Studies were excluded if 1) they were published in a non-English language, 2) 

they were non-research based, 3) they were from a non-peer-reviewed journal, 4) 

HRQOL was not measured in the study using the SF-36 or one of its variants, 5) the 

study was a validation study where reliability measures were repeatedly computed due to 

changes made to the scale, 6) the HRQOL assessment tool was modified from its original 

form prior to its administration, 7) the study was not physical activity oriented, or 8) the 

study population involved youth under the age of 18 years. 

By searching the remaining articles surviving exclusion criteria, reported 

measures of reliability were retrieved. Reliability measures were defined as Cronbach's 

alpha, Kuder-Richardson coefficient, Split-half reliability coefficient, or test-retest 

coefficients. When possible, reliability measures were extracted for each of the SF-36 

domains (physical and mental). If a situation occurred where an article published 

reliability in the form of a range (i.e., .78 to .88), the midpoint of that range was used as 

the effect size. If a study reported a lower-bound value (i.e., > .80), the lower-bound was 
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used as the effect size. Precaution was taken to not include redundant coefficients from 

multiple publications on the same study population, by matching author names and study 

characteristics. 

Data extraction and coding 

Data were extracted from each identified study using the following strategy. 

Reliability estimates along with the number of items for each assessment tool were 

recorded. If reliability estimates were reported separately for different populations (i.e., 

gender) then each population was considered a separate sample. Common demographic 

variables were included such as gender (male, female, both) and age (mean). Sample size 

was recorded for each study for its impact on reliability estimates. Other possible 

moderator data collected was disease status (diseased, non-diseased), reliability type 

(internal consistency, test-retest) and study design (randomized controlled trial [RCT], 

other). Also, the SF-36 form used for the HRQOL measure was recorded (SF-36, SF-12, 

SF-8). 

Data analysis 

A separate meta-analysis was performed for each HRQOL domain (physical and 

mental). Since internal consistency reliability coefficients represent a proportion of 

variance not accounted for by error, the square root of each coefficient was first taken. 

Fisher's r to Z transformation was then performed as recommended for correlation 

coefficients (Lipsey & Wilson, 2001). Meta-analytic mean effect sizes and 95% 



confidence intervals were computed for each reliability study using a random effects 

model. A mean effect size of .70 or greater was considered acceptable evidence of 

reliability (Gliner, Morgan, & Harmon, 2001). A moderator analysis was performed to 

account for the extra variance by examining different study characteristics. The Q test of 

homogeneity was used to support the moderator analysis in determining if the variance in 

reliability coefficients was significantly different from zero. The Comprehensive Meta-

Analysis Version 2.0 software was used for all meta-analyses (Comprehensive Meta-

Analysis, 2006). 

Results 

Search results 

A total of 1,358 articles were retrieved using the search strategy. After reviewing 

titles and/or abstracts, 1,080 were eliminated using exclusion criteria. After full review 

of the remaining 278 articles, 20 physical domain and 21 mental domain reliability 

coefficients were retrieved. After contacting study authors from the remaining articles, 

an additional 24 and 22 coefficients were retrieved for the physical and mental scales, 

respectively. Table 1 contains 87 effect sizes used in this study, 44 for the physical 

health domain and 43 for the mental health domain. 

Physical health domain 

Figure 1 shows the effect sizes and 95% confidence intervals for the physical health 

domain across each study. The weighted mean effect size from the physical health 

domain was computed using a random effects model. The effect size was strong and 
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significantly different from zero, ES = .90 (95% CI: .88, .92), p < .001. Therefore, the 

physical health scales of the SF-36 assessment are reliable across a wide variety of 

physical activity studies. The test of homogeneity was significant, Q = 2057.21, df= 43, 

p < .001,12 = 97.91. This indicates that some effect sizes may come from different 

populations and a moderator analysis should be performed. Table 2 shows results of the 

moderator analysis for the physical health studies. Results showed that studies of various 

gender (female or both sexes) did not account for significant variance in effect sizes, Q = 

1.77, df= \,p = .184. Studies using different designs (RCT or other types) did not 

account for significant variance in effect sizes, Q = 0.02, df= \,p = .884. Also, studies 

using participants of different health status (diseased or non-diseased) did not account for 

significant variance in effect sizes, Q- 0.77, df= 1 ,p = .379. However, studies using 

different forms of the SF-36 (SF-36, SF-12 or SF-8) did account for significant variance 

in effect sizes, Q = 12.82, df= 2,p = .002. As well, studies publishing different 

reliability coefficients (alpha or retest) accounted for significant variance in effect sizes, 

Q = 8.00, df= 1 ,p = .005. Finally, mean age of study participants was a significant 

predictor (b = -.003) of effect size, Q = 9.59, df= 1 ,p = .002. Figure 3 displays the linear 

relationship between age and the transformed effect sizes. 
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Table 1 
Characteristics of the physical activity and SF-36 studies 

Study Np Form Type Design Disease Age Gender ESp|jyS ESment 

Fisher 2004 582 SF-12 alpha RCT no 74 both .911 .900 
Li 2003 40 SF-12 alpha RCT no 72.6 both .889 .883 
Barnason 2009 55 SF-36 alpha RCT yes 71.6 both .949 .949 
Basen-Engquist 2006 60 SF-36 alpha RCT yes 55 female .927 .927 
Blacklock 2007 341 SF-36 alpha other no 55 both NA .917 
Ciairano 2010 22 SF-36 alpha RCT no 80.6 both .775 .812 
Conroy 2007 497 SF-36 alpha other no 56.9 female .943 .933 
Cook 2011 539 SF-36 alpha other no 19.8 both .900 .943 
Coups 2009 175 SF-36 alpha other yes 68.7 both .922 .922 
Griffith 2009 126 SF-36 alpha RCT yes 60.2 both .920 NA 
Isaacs 2007 943 SF-36 retest RCT yes 57 both .680 .800 
Johansen 2001 38 SF-36 alpha other yes 52 both .794 NA 
Li 2009 599 SF-36 alpha other no NG both .837 .837 
Li 2010 187 SF-36 alpha other yes 59 both .910 .910 
McGrath 2011 143 SF-36 alpha other no NG both .854 .854 
Smith 2009 736 SF-36 alpha other yes 57 female NA .866 
Tessier 2007 3891 SF-36 alpha other no 51.8 both .906 .906 
Tung 2010 70 SF-36 alpha other yes 69.6 both .926 .896 
Turner 2009 2995 SF-36 alpha other yes 55.3 both .975 .927 
Volkmann 2010 242 SF-36 alpha other yes 43 female .959 NA 
Yates 2003 64 SF-36 alpha other yes NG both NA .917 
Zimmerman 2007 54 SF-36 alpha RCT yes 72.1 female .967 .910 
Tamari 2011 42 SF-36 alpha other no 75.7 both .849 .900 
Feldman 2009 50 SF-36 alpha other yes 51 both .913 .931 
Callaghan 2011 38 SF-12 retest RCT yes 53.5 female .832 .832 
Bennett 2007 56 SF-36 alpha RCT yes 58 both .950 .961 
Buessing 2009 388 SF-12 alpha other yes 60 female .909 .922 
Buys 2011 103 SF-36 alpha other yes 28.7 both .905 .905 
Vancampfort 2011 297 SF-12 alpha other yes 61.4 female .831 .856 
Rombaut 2010 64 SF-36 alpha other yes 38 female .960 .920 
Midtgaard 2006 55 SF-36 alpha other yes 42 both .864 .879 
Mueller 2009 57 SF-36 alpha other yes NG NG .830 .869 
Huisinga2011 26 SF-36 alpha other yes 45.5 both .922 .922 
Aoyagi 2010 183 SF-36 alpha other no 73 both .872 .922 
Fassett 2009 120 SF-36 alpha other yes 60 both .909 .884 
Kerse 2008 193 SF-36 alpha RCT yes NG both .949 .834 
Logsdon 2009 37 SF-36 alpha other no 81.9 both .854 .872 
Ogilvie 2008 1322 SF-8 alpha other no 48 both .930 .940 
Van Uffelen 2007 152 SF-36 alpha RCT yes 75 both .819 .793 
Krousel-Wood 2008 76 SF-36 alpha RCT yes 56.6 both .921 NA 
Stroud 2009 121 SF-36 alpha other yes 50 both .863 .871 
Lund 2011 86 SF-36 alpha RCT yes 77 both .906 .906 
Lawton 2008 1089 SF-36 alpha RCT no 58.9 female .869 .892 
Poulin 2007 110 SF-36 alpha other yes 35.8 both .900 .872 
Park 2008 14 SF-36 alpha other no 72 both .893 .815 
Brandes 2011 53 SF-36 alpha other yes 65.8 both .835 .870 
MacMillan 2011 41 SF-36 alpha RCT no NG both .815 .898 

Note. NA indicates not applicable. NG indicates not given. 



Study name 

Fisher 2004 
Li 2003 
Barnason 2010 
Basen-Engquist 2006 
Ciairano 2010 
Conroy 2007 
Cook 2011 
Coups 2009 
Griffith 2009 
Isaacs 2007 
Johansen 2001 
Li 2009 
Li 2010 
McGrath 2011 
Tessier 2007 
Tung 2010 
Turner 2009 
Volkmann 2010 
Zimmerman 2007 
Tamari 2011 
Feldman 2009 
Callaghan 2011 
Bennett 2007 
Buessing 2009 
Buys 2011 
Vancampfort 2011 
Rombaut 2010 
Midtgaard 2006 
Mueller 2009 
Huisinga 2011 
Aoyagi 2010 
Fassett 2009 
Kerse 2008 
Logsdon 2009 
Ogilvie 2008 
Van Uffelen 2007 
Krousel-Wood 2008 
Stroud 2009 
Lund 2011 
Lawton 2008 
Poulin 2007 
Park 2008 
Brandes 2011 
MacMillan 2011 
Overall 

69 

Correlation and 95% CI 

0.00 0.50 1.00 

Figure 1 

Forest plot ofphysical domain reliability effect sizes and 95% confidence intervals 
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Forest plot of mental domain reliability effect sizes and 95% confidence intervals 
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Mental health domain 

Figure 2 shows the effect sizes and 95% confidence intervals for the mental health 

domain across each study. The weighted mean effect size from the random effects model 

was strong and significantly different from zero, ES = .90 (95% CI: .89, .91), p < .001. 

Therefore, the mental health scales of the SF-36 assessment are also reliable across a 

various physical activity studies. The test of homogeneity was also significant for the 

mental health domain, Q = 529.90, df= 42, p < .001,12 = 92.07. This also shows that a 

moderator analysis should be performed. Table 3 shows results of the moderator analysis 

for the mental health studies. Results showed that studies of various gender (female or 

both sexes) did not account for significant variance in effect sizes, Q = 0.03, df= 1 ,p = 

.864. Studies using different designs (RCT or other types) did not account for significant 

variance in effect sizes, Q= 1.03, df= \,p = .310. Also, studies using participants of 

different health status (diseased or non-diseased) did not account for significant variance 

in effect sizes, Q = 0.34, df= 1, p = .557. However, studies using different forms of the 

SF-36 (SF-36, SF-12 or SF-8) did account for significant variance in effect sizes, Q = 

46.89, df= 2,p< .001. As well, studies publishing different reliability coefficients (alpha 

or retest) accounted for significant variance in effect sizes, Q = 77.39, df= \,p < .001. 

Finally, mean age of study participants was also a significant predictor (b = -.006) of 

effect size, Q = 58.04, df= 1 ,p< .001. Figure 4 displays the relationship between age 

and the transformed effect sizes. 



72 

Table 2 

Effect size by moderator for the SF-36 physical health studies 

Moderator N MES LL UL Q df P 

Gender 1.77 1 .184 
Female 9 .92 .86 .98 
Both 34 .90 .86 .94 

Design 0.02 1 .884 
RCT 16 .90 .86 .93 
Other 28 .90 .87 .93 

Disease 0.77 1 .379 
No 14 .89 .87 .91 
Yes 29 .91 .87 .94 

Form 12.82 2 .002 
SF-36 38 .90 .87 .93 
SF-12 5 .88 .84 .91 
SF-8 1 .93 .92 .94 

Reliability 8.00 1 .005 
Alpha 41 .91 .88 .92 
Retest 2 .75 .55 .87 

Age 39 -.003 

o
 

©
 r -.001 9.59 1 .002 

Note. M ES (95% CI) for age is a regression coefficient. 
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Table 3 

Effect size by moderator for the SF-36 mental health studies 

Moderator N MES LL UL Q df P 

Gender 0.03 1 .864 
Female 9 .90 .88 .92 
Both 33 .90 .88 .91 

Design 1.03 1 .310 
RCT 14 .89 .86 .91 
Other 29 .90 .89 .91 

Disease 0.34 1 .557 
No 15 .90 .89 .92 
Yes 27 .90 .88 .91 

Form 46.89 2 <.001 
SF-36 37 .90 .88 .91 
SF-12 5 .89 .85 .92 
SF-8 1 .94 .93 .95 

Reliability 77.39 1 <.001 
Alpha 41 .90 .89 .91 
Retest 2 .80 .78 .82 

Age 37 -.006 -.008 -.005 58.04 1 <.001 

Note. M ES (95% CI) for age is a regression coefficient. 
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Figure 3 

Weighted least squares regression of physical domain effect size regressed on age 
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Discussion 

The primary purpose of this study was to perform a systematic review and meta­

analysis of reliability coefficients from the physical and mental health scales of the SF-36 

HRQOL assessment applied to physical activity research. The results indicated that both 

SF-36 HRQOL domains are highly reliable in physical activity research. The secondary 

purpose of this study was to examine potential moderators which may account for extra 

variance associated with the HRQOL measurements. Results of the moderator analysis 

showed that the different forms, the different types of reliability, and mean age 

significantly contributed to effect size variability. 

The SF-36 was more reliable when used in its compact SF-8 form compared to its 

SF-12 or SF-36 form. This result is surprising since, generally, scales longer in length 

provide greater reliability coefficients (Allen & Yen, 1979). It is suggested that future 

research investigate the reliability comparison between the SF-8 and SF-12/SF-36 forms 

in physical activity research. The implications for finding the shorter form more reliable 

than the two longer forms are great when many physical activity studies are already 

burdened with many stages of intervention procedures. Caution should be taken; 

however, when interpreting the moderator analysis by form, since only one study was 

included using the SF-8 form. 

More reliable scales were also seen when internal consistency reliability was the 

coefficient as compared to a test-retest coefficient. A lower reliability coefficient for test-

retest situations compared to internal reliability seems appropriate since measures of 

stability are heavily affected by participant's carry-over effects such as memory, mood, 
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Weighted least squares regression of mental domain effect size regressed on age 



77 

or actual changes in the traits as well as length of time between administrations (Allen & 

Yen, 1979). Finally, study mean age was indirectly related to reliability for both scales, 

with the relationship stronger for the mental scales than for the physical scales. This 

observation could be explained by the fact that older research participants have more 

problems interpreting the SF-36 items as well as more problems responding and 

completing all items of the assessment (Sullivan, Karlsson, & Ware, 1995). The 

reasoning behind the stronger age effect in the mental health scales; however, is not as 

clear. It is possible that perceptions of mental health is not as clear to older individuals as 

is their perceptions of physical health. 

Results of the moderator analyses showed that studies with females only did not 

have significantly different reliability of SF-36 scales from studies using both males and 

females. Results showed that studies utilizing RCTs did not have significantly different 

reliability from studies using other designs. Also, studies using the SF-36 to assess 

subjects with chronic disease did not have significantly different reliability from studies 

using non-diseased subjects. The non-significant moderators provide evidence of the 

robustness of the SF-36 reliability across gender, design, and disease. 

This study has some limitations. First, the results of this study may have been 

affected by publication bias. The fact that the reliability coefficients were published in 

peer-reviewed journals makes it possible that studies reporting lower reliabilities for the 

SF-36 were not accepted by reviewers and therefore biased the results toward higher 

reliability estimates. It is also possible that researchers using the SF-36 in physical 

activity research, who computed low reliability measures, removed the SF-36 as an 
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outcome variable from their study. Another limitation in this study is the fact that there 

were no male only studies used in the moderator analysis. Therefore, we are uncertain 

whether the reliability of the SF-36 is different for males compared to females or 

different from both male and female studies. The reason reliability coefficients from 

male only studies were not analyzed in this study was not because there were no physical 

activity articles using the SF-36 assessment on males only; but rather, there were no 

studies of this kind reporting the reliability. This bias should be recognized and future 

research is needed to assess the specific reliability generalization to the male population 

in physical activity research. 

A strength of this study is that it was limited to the collection of reliability 

coefficients coming from publications on physical activity research. This type of focus 

allows for a more precise generalization of reliability. To know that the SF-36 

assessment was on average reliable across a broad area of research topics would indeed 

be valuable; it is perhaps more valuable for the physical activity researchers to know that 

it performs reliably across a large span of physical activity research areas. Another 

strength of this study was its ability to separately analyze reliability in the physical and 

mental health domains. Many physical activity researchers use both physical and mental 

health components in their research (Li et al., 2003), while others use only the physical 

component (Griffith et al., 2009) or the mental component (Yates et al., 2003). From a 

measurement perspective, it is more valuable to research the reliability of a set of scores 

in the way in which they are used in research. Finding that the SF-36 on average 

produces scores that are reliable for both domains in physical activity research provides 



79 

more psychometric information than if reliability was only generalized to the SF-36 as a 

whole. 

In conclusion, the evidence from this study overwhelmingly supports the use of 

the SF-36 HRQOL assessment in physical activity research. Both physical and mental 

health domains maintain very strong reliability across studies of different gender, 

different research design, and different diseases states. The SF-8 may provide slightly 

greater reliability compared to its longer counterparts. Measures of internal consistency 

provide greater reliability coefficients as compared to measures of stability. Finally, 

reliability may slightly decrease among the aging population. 
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CHAPTER IV 

Evaluation of the Short-Form Health Survey (SF-36) Using the Rasch model 

Introduction 

Health-related quality of life (HRQOL) is an outcome measure that has seen 

considerable attention in physical activity and public health research (Heath & Brown, 

2009). HRQOL is a broad concept that generally includes dimensions of physical, 

mental, and social well being. Wilson and Cleary (1995) expand on the complexity of 

HRQOL by stating that HRQOL is a function of biological and physiological variables, 

symptom status, functional status, and general health perceptions. Because HRQOL is 

such an all-encompassing health measure, it has become a standard outcome variable in 

public health research (Centers for Disease Control and Prevention [CDC], 2000). 

HRQOL has also shown to be a valuable predictor of health status, predicting the number 

of physician visits, hospitalization events, and mortality among adults (Dominick, Ahern, 

Gold, & Heller, 2002). 

Item response theory (IRT) is a modern approach to measurement theory. IRT 

works differently from classical test theory (CTT) in that it focuses on each item by 

examining the response of an individual at a specific ability level and the characteristics 

of that item (Embretson & Reise, 2000). An IRT model that is only concerned with an 

item's difficulty level (^-parameter) and the individuals' ability (0), is considered a 1-

parameter model, and commonly called a Rasch measurement model (Rasch, 1960). 
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Rasch analysis can be applied to health and behavioral assessments containing 

dichotomous response (yes/no) items, polytomous response (Likert-type) items, or a mix 

of both (Bond & Fox, 2007). 

Given the overwhelming interest in HRQOL as a measure in physical activity 

research, there is a strong need for a better understanding of the measurement properties 

of HRQOL assessments commonly used in physical activity research. The Short Form-

36 Health Survey (SF-36) is the leading HRQOL assessment used in physical activity 

research. The majority of physical activity researchers use either one or both of the SF-

36 domain component scores (physical and mental). There are currently no studies that 

assess the measurement properties of these two commonly used domains using the Rasch 

measurement model. Therefore, the purpose of this study was to evaluate the 

measurement properties of each SF-36 domain using the Rasch model. The results of this 

study will serve as a critical evaluation of the SF-36 and possibly find needed 

modifications due to poor measurement properties or validate its continued use. 

Methods 

Participants. Data for this study came from a survey administered to adults in 

and around a large southeastern U.S. university community. Participants were recruited 

via public advertisement and announcements to local social group networks. Participants 

were allowed to complete the survey if they were 18 years of age or older. Human 

subject clearance was obtained before conducting research from the campus Institutional 

Review Board. Each HRQOL assessment was converted to electronic form for web-
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based administration and the ordering of HRQOL assessments was counterbalanced. The 

online survey took approximately 15 minutes to complete. Participants completed the 

survey during the months of January-February, 2012. 

A total of634 participants completed the SF-36 HRQOL assessment of which 

72.2% were female (see Table 2). For age, 54.3% were between 18 and 24 years, 32.0% 

between 25 to 49 years, and 13.4% were between 50 and 78 years. For race, majority 

(83.4%) of the participants were White followed by Black (9.1%). Of the participants, 

3.2% reported having only a high school education or less, 50.0% reported having some 

college education and 46.5% reported having completed a college degree. Finally, 60.3% 

of participants reported being single, 18.3% reported being married, 13.0% reported 

being either separated or divorced, 6.7% reported living with a partner, and 1.4% 

reported being widowed. 

HRQOL assessments. The Short-Form Health Survey (SF-36) is one of the most widely 

used HRQOL instruments in physical activity research. The SF-36 was developed from 

the Medical Outcomes Study (MOS) conducted by RAND (Ware & Sherbourne, 1992). 

The SF-36 is a multi-dimensional scale consisting of 36 items, 8 health-related 

dimensions, and two domains (see Table 1). The dimensions include: 1) vitality, 2) 

physical functioning, 3) bodily pain, 4) general health, 5) physical role functioning, 6) 

emotional role functioning, 7) social role functioning, and 8) mental health. The physical 

domain consists of the physical functioning, bodily pain, general health, and physical role 
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Table 1 

Characteristics of participants completing the SF-36 HRQOL assessment (N - 634) 

Characteristic N % 

Gender 

Male 175 27.6 

Female 458 72.2 

Age Group 

18-24 344 54.3 

25-49 203 32.0 

50-78 85 13.4 

Race 

White 529 83.4 

Black 58 9.1 

Hispanic 8 1.3 

Asian 12 1.9 

Other 24 3.8 

Education 

High School or less 20 3.2 

Some College 317 50.0 

College Degree 295 46.5 

Marital Status 

Single 382 60.3 

Married 116 18.3 

Separated/Divorced 82 13.0 

Widowed 9 1.4 

Living w/Partner 42 6.7 
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functioning dimensions and the mental domain consists of the vitality, emotional role 

functioning, social role functioning, and mental health dimensions (Ware, 2004). 

The SF-36 is intended to measure HRQOL in adults and can be self-administered, 

administered via computer, with aid of an interviewer, or by telephone. The instrument 

can be modified to include either a (standard) 4-week recall or a 1-week recall and has 

been incorporated into both observational as well as intervention-type studies. The SF-12 

is a shorter version of the original that maintains the measurement of all 8 dimensions as 

well as the two domain-specific summary scores (QualityMetric, 2011). 

Table 2 

Number of Items by Domain of the SF-36 and CDC HRQOL-4 assessment tools 

SF-36 CDC HRQOL-4 

Domain Items Domain Items 

Physical Health 21 Physical Health 3 

Mental Health 14 Mental Health 1 

Healthy Days Index 1 

Total Items 35 5 

Note. Healthy Days Index is a composite variable from items 2 and 3 of the 

HRQOL-4 core. 



The CDC Healthy Days module (HRQOL-9) is a widely used module in national 

surveillance systems such as the National Health and Nutrition Examination Survey 

(NHANES) and the Behavioral Risk Factor Surveillance System (BRFSS). The 

HRQOL-4 is a simple 4-item tool for assessing HRQOL in large scale studies and is 

considered the core (see Table 1). The first item assesses perceived general health and 

asks respondents to rate their health in general on a 5-point categorical scale ranging from 

excellent to poor. The last three items ask for the number of days out of the previous 30 

in which (1) your physical health was poor, (2) your mental health was poor, and (3) you 

were unable to engage in usual activities due to poor health. A fifth summary measure of 

healthy days (or unhealthy days) can be computed by summing the physical and mental 

items and creating a ceiling at 30 days (CDC, 2000). For the current study, the Healthy 

Days Index was used for a validation of the SF-36 ability scores. The Healthy Days 

Index contains two items which combined represent both domains of HRQOL (Mielenz, 

Jackson, Currey, DeVellis, & Callahan, 2006). 

Rasch model. The Rasch model is a probability model which includes a persons' 

ability and an item's difficulty as parameters. The Rasch model converts responses from 

a rating scale to a new scale with interval level measurement properties (Bond & Fox, 

2007). The new scale values are called logits (log odds) and are so for a persons' ability 

(0) as well as an item's difficulty (b). Logits take the same presence as Z-scores, with a 

mean of zero. A person with a positive logit generally has a greater "ability" concerning 

the trait being measured (i.e., has a higher overall HRQOL) and a person with a negative 
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logit generally has a lower ability concerning the trait. An item with a positive logit 

generally indicates higher item "difficulty" and an item with a negative logit generally 

indicates lower item difficulty (Bond & Fox, 2007). A larger item difficulty indicates 

that individuals are less likely to endorse that item. 

The primary assumption of the Rasch model is that the measurement scale should 

be unidimensional. For this study, this means that each scale should measure its 

respective HRQOL domain and nothing more. This assumption can be examined by 

examining item fit statistics. Once data are fit to the Rasch model and the assumption of 

unidimensionality is met, a researcher can proceed in inspecting several of the Rasch 

model statistics. Person reliability estimates and item reliability estimates are reported 

from a Rasch analysis and provide analogous information as that of Cronbach's alpha, 

with a range of 0 to 1.00. Person separation and item separation indices are standard 

error units representing the spread or separation of persons (or items) on the ability scale, 

where a larger value indicates the scale's ability to better separate persons (or items). 

The Infit and Outfit statistics from a Rasch analysis are mean square statistics with 

expected values of one and an acceptable range of 0.50 to 1.50 (Wright & Linacre, 1994). 

Item Infit and Outfit statistics provide evidence of construct validity. Person Infit and 

outfit statistics represent whether individuals respond in an expected way given their 

response pattern and item difficulty (Bond & Fox, 2007). 

Proper category functioning can also be examined by the Rasch model. Item-

person map (Wright map) distributions can be examined from a Rasch analysis. The 

item-person map is a single dimensional graph linking item difficulty and person ability 
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estimates on the same common scale (logits). The item-person map shows both 

distributions as well as the relative position of an individual's trait (i.e., HRQOL) for the 

items. 

Data analysis. The plan was to run two separate analyses on the two HRQOL 

domains (physical & mental) of the SF-36 assessment. A 7-step procedure was followed 

to evaluate each SF-36 domain by Rasch analysis. The first step included evaluating 

each item for proper category functioning. The evaluation criteria included (1) regular 

frequency distributions, (2) average logit score measures increasing as categories 

increase, (3) Infit and Outfit mean square residuals are appropriate for each category, and 

(4) category thresholds arranged in order (Linacre, 1999; 2002b). The second step 

included an evaluation of model-data fit. The model-data fit criteria included inspection 

of the Infit and Outfit statistics for each item. If these fit statistics were greater than 1.5 

or less than 0.5, the item was considered misfit (Lunz, 1990) and were subsequently 

discarded. The third step included an inspection of the item-person map. This step 

evaluates how evenly spread the items are relative to the participants in terms of the 

HRQOL trait. The fourth step included the evaluation of each item in terms of item 

difficulty parameters, item separation, and item separation reliability. The fifth step 

involved the evaluation of individuals fitting the Rasch model in terms of person ability 

(0) fit, person separation index, and person separation reliability. The sixth step included 

convergent validity evidence for the SF-36 domains by computation of bivariate 

correlations between each of the SF-36 ability (0) scores and the CDC Healthy Days 
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Index from the HRQOL-4 core. The seventh and final step included construct validity 

evidence for the SF-36 ability (0) scores by showing differences in the scores between 

groups of participants with known theoretical differences in HRQOL. The grouping 

variables were all dichotomized (yes/no) and included obesity, smoking status, chronic 

illness, vigorous activity participation, moderate activity participation, strength training 

participation, hypertension, high cholesterol, and diabetes. All analyses were carried out 

using SAS version 9.3 and Winsteps v3.65 (Linacre, 2006). 

Results 

Table 3 displays distribution information for the SF-36 physical domain items. 

Twenty one items had responses across all categories. Relative frequencies per category 

ranged from .005 to .959 across all items in the physical domain. Ten items have 

categorical rating scales consisting of 3 points, another ten items have a 5-point scale, and 

one item is a 6-point scale. The overall average response across all 21 items was 3.55, 

ranging from 2.45 to 4.74. All items were coded to reflect greater HRQOL with higher 

scores. Table 4 displays item distribution information for the SF-36 mental domain. 

Relative frequencies per category ranged from .008 to .549 across all items in the mental 

domain. All 14 items were on a 5-point scale and each had responses across all 

categories. The overall average response across all 14 items was 3.76, ranging from 2.91 

to 4.28. Each item in the mental domain was also coded to reflect greater HRQOL with 

higher scores. 



Table 3 

Item category distributions (%) and item means of the physical health domain of 

the SF-36 HRQOL assessment (N = 634) 

Item Categories 

Item M 1 2 3 4 5 6 

SFl 3.56 0.5 9.1 36.4 41.3 12.6 * 

SF3a 2.45 10.7 33.4 55.8 * * • 

SF3b 2.87 2.2 8.2 89.6 * • * 

SF3c 2.91 1.4 6.2 92.4 * * * 

SF3d 2.71 4.6 19.9 75.6 * * * 

SF3e 2.90 1.6 7.3 91.2 * * * 

SF3f 2.78 3.5 14.7 81.9 * * • 

SF3g 2.83 3.6 10.1 86.3 * * * 

SF3h 2.89 2.5 6.2 91.3 * * * 

SF3i 2.91 2.7 4.1 93.2 * * * 

SF3j 2.93 2.7 1.4 95.9 • * * 

SF4a 4.60 0.8 1.7 6.8 18.5 72.2 * 

SF4b 4.28 1.6 6.9 10.7 23.7 57.1 * 

SF4c 4.60 0.9 2.5 6.2 16.1 74.3 * 

SF4d 4.55 0.9 2.4 8.0 17.8 70.8 * 

SF7 4.74 0.5 3.3 11.2 18.9 39.1 27.0 

SF8 4.52 0.5 3.2 6.6 23.8 65.9 * 

SFl la 4.12 3.5 9.6 7.7 30.3 48.9 * 

SFllb 3.75 6.0 10.1 15.5 40.1 28.4 * 

SFllc 4.06 1.6 7.3 19.4 26.8 45.0 * 

SFlld 3.67 5.4 12.0 12.6 50.2 19.9 * 

Note. Categories reflect reverse coding with higher categories representing 
higher HRQOL. ""Represents a category which is not present for the item. 
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Table 4 

Item category distributions (%) and item means of the mental 

health domain of the SF-36 HRQOL assessment (N = 634) 

Item Categories 

Item M 1 2 3 4 5 

SF5a 4.22 1.4 3.3 18.3 25.7 51.3 

SF5b 3.96 2.1 10.3 17.7 30.0 40.1 

SF5c 4.26 0.8 5.8 14.4 24.1 54.9 

SF6 4.15 1.7 5.8 13.9 32.8 45.7 

SF9a 3.49 2.1 13.1 28.7 46.5 9.6 

SF9b 3.69 2.2 11.4 24.4 39.4 22.6 

SF9c 4.28 1.1 4.6 14.4 25.6 54.4 

SF9d 3.30 3.6 17.2 28.9 45.7 4.6 

SF9e 3.22 4.4 17.2 36.3 36.4 5.7 

SF9f 3.95 2.2 6.5 18.6 39.4 33.3 

SF9g 3.22 7.3 17.0 31.4 34.9 9.5 

SF9h 3.68 0.8 8.4 24.4 55.2 11.2 

SF9i 2.91 10.6 22.1 36.4 27.3 3.6 

SF10 4.27 0.8 4.1 15.9 25.9 53.3 

Note. Categories reflect reverse coding with higher categories 

representing higher HRQOL. 
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Table 5 displays the criteria for the SF-36 physical health domain. Overall, the 

item categories for the physical health domain functioned well, meeting 87.0% of the 

total criteria used to evaluate proper functioning. A total of ten items were flagged for 

negative validity. Two items (4a, 8) had Outfit mean square values greater than 2.0. 

Seven items (3b, 3c, 3g, 3h, 3i, 1 la, 1 Id) lacked ordered thresholds. And one item (3j) 

had both an Outfit mean square greater than 2.0 and disordered thresholds. Figure 1 

displays the category probability curves for the SF-36 physical health domain items. The 

graphs depict unordered thresholds for the eight items mentioned. For the mental health 

domain, the item categories functioned very well, meeting 100% of the total criteria used 

to evaluate proper functioning. Table 6 displays the criteria for the SF-36 mental health 

domain and Figure 2 displays proper ordering of the category thresholds. 

In terms of model-data fit, the physical health domain data did not initially fit the 

Rasch model well. Table 7 displays the individual fit statistics for each item (mis-fit 

items not shown). Seven (3a, 3b, 3c, 3e, 3j, 3i, & 1 lc) out of the 21 items had fit 

statistics out of the acceptable range (i.e., 0.5 to 1.50). After the misfit items were 

discarded, a 14-item physical health domain fit the Rasch model well. The mean (SD) of 

the Infit and Outfit statistics were 1.00 (0.20) and 0.98 (0.30), respectively. The mental 

health domain did initially fit the Rasch model well. The mean (SD) of the Infit and 

Outfit statistics were 1.00 (0.16) and 0.96 (0.17), respectively. Table 8 displays the 

individual fit statistics for each item in the mental health domain. 

The item-person map for the adjusted physical health domain is shown in Figure 

3. The leftmost vertical axis represents the logit scale where larger values signify better 
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HRQOL. The pound signs (#) represent the distribution of person-level HRQOL relative 

to the logit scale. The rightmost side of the graph represents each item relative to its 

difficulty. The map shows that the distribution of items, with mean (SD) of 0.0 (0.67) 

was not well matched to the persons' HRQOL, with mean of 2.21 (1.61). The item 

locations indicate that the items are not targeting people of high HRQOL (>1.5 logits) or 

low HRQOL (< -1.0 logits). 

The item-person map for the mental health domain is shown in Figure 4. The 

map shows that the distribution of items with mean (SD) of 0.0 (0.95) was matched better 

to the persons' HRQOL with mean of 1.46 (1.77), than the physical health domain. The 

item locations also indicate that the items have better coverage across persons than the 

physical health domain, with coverage between -1.25 to 2.00 logits. 

Item difficulty values resulting from the Rasch calibration are displayed in Tables 

7 and 8 for the physical and mental health domains, respectively. The larger an item's 

logit value is the higher the trait (HRQOL) must be for a person to endorse the item. 

Physical domain item difficulty ranged from -0.89 to 1.24 logits. The most difficult item 

was item 1 Id (How true is the following statement: My health is excellent.). The least 

difficult item was item 3h (Does your health now limit you in: Walking several hundred 

yards?). Mental domain item difficulty ranged from -1.13 to 1.88 logits. The most 

difficult item was item 9i (How much of the time during the past 4 weeks: Did you feel 

tired?). The least difficult item was item 10 (During the past 4 weeks, how much of the 

time has your physical health or emotional problems interfered with your social activities 

[like visiting friends, relatives, etc.]?). 



Table 5 

Rating scale properties and decisions resulting from Rasch analysis of the SF-36 physical health domain (Items — 21) 

Item 
Response 

Scale 

Regular 
Frequency 

Distribution 

Average 
Advances 

w/Categories 
Outfit 

MS < 2.0 
Hiresholds 
Ordered 

Valid 
Criteria 

SF1 5 Yes Yes Yes Yes 4 
SF3a 3 Yes Yes Yes Yes 4 
SF3b 3 Yes Yes Yes No 3 
SF3c 3 Yes Yes Yes No 3 
SF3d 3 Yes Yes Yes Yes 4 
SF3e 3 Yes Yes Yes Yes 4 
SF3f 3 Yes Yes Yes Yes 4 

SF3g 3 Yes Yes Yes No 3 
SF3h 3 Yes Yes Yes No 3 

SF3i 3 Yes Yes Yes No 3 

SF3j 3 Yes Yes No No 2 

SF4a 5 Yes Yes No Yes 3 

SF4b 5 Yes Yes Yes Yes 4 

SF4c 5 Yes Yes Yes Yes 4 

SF4d 5 Yes Yes Yes Yes 4 

SF7 6 Yes Yes Yes Yes 4 

SF8 5 Yes Yes No Yes 3 

SFlla 5 Yes Yes Yes No 3 
SFllb 5 Yes Yes Yes Yes 4 

SFllc 5 Yes Yes Yes Yes 4 
SFlld 5 Yes Yes Yes No 3 

Note. Seventy-three out of 84 (87.0%) total criteria met. Rfty out of 56 (89.3%) total criteria met after misfit items discarded. 



Table 6 

Rating scale properties and decisions resulting from Rasch analysis of the SF-36 mental health domain (Items = 14) 

Item 
Response 

Scale 

Regular 
Frequency 

Distribution 

Average 
Advances 

w/Categories 
Outfit 

MS <2.0 
Thresholds 
Ordered 

Valid 
Criteria 

SF5a 5 Yes Yes Yes Yes 4 
SF5b 5 Yes Yes Yes Yes 4 

SF5c 5 Yes Yes Yes Yes 4 

SF6 5 Yes Yes Yes Yes 4 

SF9a 5 Yes Yes Yes Yes 4 

SF9b 5 Yes Yes Yes Yes 4 

SF9c 5 Yes Yes Yes Yes 4 

SF9d 5 Yes Yes Yes Yes 4 

SF9e 5 Yes Yes Yes Yes 4 

SF9f 5 Yes Yes Yes Yes 4 

SF9g 5 Yes Yes Yes Yes 4 

SF9h 5 Yes Yes Yes Yes 4 

SF9i 5 Yes Yes Yes Yes 4 

SF10 5 Yes Yes Yes Yes 4 

Note. Fifty-six out of 56 (100%) total criteria met. 
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Figure 1 

Category probability curves of the SF-36 HRQOL physical domain items 



Figure 1 (continued) 

Category probability curves of the of the SF-36 HRQOL physical domain items 
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Figure 2 

Category probability curves of the of the SF-36 HRQOL mental domain items 
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Figure 2 (continued) 

Category probability curves of the of the SF-36 HRQOL Mental domain items 
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Table 7 

Summary of Rasch calibration of the SF-36 physical health domain 

Item 
Response 

Scale 
Calibration 

logits 
SE 

logits 
Infit 

MnSq 
Outfit 
MnSq 

SF1 5 0.82 0.07 0.98 0.97 

SF3d 3 -0.21 0.09 0.95 0.85 

SF3f 3 -0.5 0.1 1.05 1.1 

SF3g 3 -0.56 0.1 0.91 0.75 

SF3h 3 -0.89 0.12 1.04 1.24 

SF4a 5 -0.52 0.07 0.93 0.9 

SF4b 5 0.1 0.06 0.88 0.93 

SF4c 5 -0.45 0.07 0.72 0.55 

SF4d 5 -0.39 0.07 0.74 0.73 

SF7 6 0.31 0.05 1.28 1.41 

SF8 5 -0.54 0.07 0.88 0.82 

SFlla 5 0.5 0.05 1.49 1.43 

SFllb 5 1.1 0.05 1.18 1.15 

SFlld 5 1.24 0.05 0.9 0.8 

Note. Items 3a, 3b, 3c, 3e, 3j, 3i, & 1 lc were discarded due to misfit criteria. 
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Table 8 

Summary of Rasch Calibration of the SF-36 mental health domain 

Response Calibration SE Infit Outfit 
Scale logits logits MnSq MnSq 

SF5A 5 -0.9 0.06 1 0.91 

SF5B 5 -0.39 0.06 0.91 0.82 

SF5C 5 -1.1 0.06 1.07 0.88 

SF6 5 -0.72 0.06 0.89 0.82 

SF9A 5 0.47 0.06 0.86 0.85 

SF9B 5 0.04 0.06 1.37 1.37 

SF9C 5 -1.04 0.06 0.85 0.79 

SF9D 5 1.06 0.06 0.92 0.95 

SF9E 5 1.15 0.06 1.07 1.08 

SF9F 5 -0.36 0.06 0.82 0.81 

SF9G 5 1.13 0.06 1.25 1.24 

SF9H 5 -0.09 0.07 0.85 0.88 

SF9I 5 1.88 0.06 1.1 1.08 

SF10 5 -1.13 0.06 1.03 0.90 

Note. No items were discarded for mis-fitting. 
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Person-item map of the SF-36 mental HRQOL domain 



Table 9 

Model-data Jit statistics for each stage of the Rasch analysis 

Person Item 

Analysis Domain Items %PVE %IF %PF Separation Reliability Separation Reliability rfeM Alpha 

1 Physical 21 87.0 85.7 85.0 2.42 .85 8.03 .98 .87 .90 

Mental 14 100 100 84.0 3.55 .93 15.26 1.00 .96 .94 

2 Physical 14 89.3 100 86.0 2.27 .84 8.81 .99 .88 .88 

Note. Analysis #1 is the initial analysis with all items. Analysis #2 is after dropping misfit items. Alpha is Cronbach alpha and 

trm is the correlation between raw scores and person abilities (9). %PVE is percent of validity criteria met for Rasch optimal 

category analysis. %IF is percent of items fitting the Rasch model. %PF is percent of person abilities fitting the Rasch model. 
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Item separation and item separation reliability were examined next (see Table 9). The 

item separation index indicates how well the scale separates the items along the 

ability continuum. The item separation index was 8.81 and 15.26 for the final physical 

and mental health Rasch models, respectively. A high item separation index (2.0 or 

greater) indicates adequate discrimination by the items. The item separation reliability 

indicates the capability to replicate item placement within measurement error for another 

sample. The item separation reliability was.99 and 1.00 for the final physical and mental 

health Rasch models, respectively. An item separation reliability close to 1.00 indicates a 

high degree of confidence for items (Bond & Fox, 2007). 

The persons' HRQOL was estimated for each domain during the Rasch 

calibration process in logits, where a higher logit value indicated a greater (positive) level 

of HRQOL. Table 10 displays descriptive statistics for the person-level HRQOL trait 

(0). The mean (SD) level of persons' physical HRQOL was 2.21 (1.61). The range of 

persons' physical HRQOL was from -1.72 to 5.21, indicating a large spread of physical 

HRQOL. Participant HRQOL was consistent across gender and age. The overall person 

fit was examined by evaluating the percentage of persons with acceptable fit criteria. Of 

the total sample, 545 (86%) ability estimates were well fit. Person separation was 2.27, 

which indicates that people were well spread along the physical HRQOL continuum. The 

person separation reliability was .84, which indicates an acceptable degree of confidence 

in replicating person placement within measurement error. The mean (SD) level of 

persons' mental HRQOL was 1.46 (1.77). The range of persons' mental HRQOL was 
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Table 10 

Descriptive statistics for person HRQOL trait (Q) from Rasch analyses 

Mental HRQOL Physical HRQOL 

M SD M SD 

Overall 1.46 1.77 2.21 1.61 

Gender 

Males 2.03 1.80 2.71 1.68 

Females 1.24 1.69 2.00 1.53 

Age (years) 

18-24 1.20 1.59 1.97 1.43 

25-49 1.46 1.90 2.43 1.81 

50-78 2.47 1.72 2.55 1.63 

Note. HRQOL trait is measured in logits. 



116 

Table 11 

Bivariate Spearman correlations between person HRQOL trait (6) from Rasch 

analyses and CDC Healthy Days Index 

N 

Mental HRQOL Physical HRQOL 

N rs rs 

Overall 634 -.729 -.532 

Gender 

Males 175 -.681 -.440 

Females 458 -.724 -.527 

Age (years) 

18-24 344 -.658 -.458 

25-49 203 -.777 -.588 

50-78 85 -.765 -.449 

Note. All correlations were significant (p's<.001). CDC Healthy Days Index 

represents number of unhealthy days. 
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from -3.50 to 6.78, indicating a large spread of mental HRQOL. Of the total sample, 533 

(84%) ability estimates were well fit. Person separation was 2.27, which indicates 

acceptable spread along the mental HRQOL continuum. The person separation reliability 

was .84, which was acceptable. 

Table 11 contains results of the convergent validity evidence for the physical and 

mental HRQOL person scores resulting from the Rasch analyses. Overall, the physical 

health scores were moderately correlated (rs = -.53) with the CDC's Healthy Days Index. 

Analysis by gender and age for the physical health scores showed similar results with 

correlations ranging from -.44 to -.59. For mental health, person scores were strongly 

correlated (rs = -.73) with the CDC's Healthy Days Index. Analysis by gender and age 

for the mental health scores showed similar results with correlations ranging from -.66 to 

-.78. 

Table 12 contains results of the construct validity evidence for the physical and 

mental HRQOL person scores. Dichotomous groups were compared with known 

differences in HRQOL. For physical health, HRQOL person scores were significantly 

greater for those participants who were not obese, non-smokers, did not have an illness, 

did engage in vigorous activity, did engage in moderate activity, did engage in strength 

training exercises, did not have hypertension, did not have high blood cholesterol, and did 

not have diabetes (all p's < .01). For mental health, HRQOL person scores were also 

significantly greater for those participants who were not obese, non-smokers, did not 

have an illness, did engage in vigorous activity, did engage in moderate activity, did 
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Table 12 

Mean differences between known groups in person HRQOL trait (6) from Rasch 

analyses 

Mental HRQOL Physical HRQOL 

Health Status M SD p M SD p 

Obesity 
Yes 1.16 1.89 .008 1.56 1.51 <.001 
No 1.52 1.73 2.33 1.60 

Current smoker 
Yes 0.69 1.54 .002 1.46 1.34 .001 
No 1.51 1.76 2.26 1.61 

Has an illness 
Yes .43 1.48 <.001 0.67 1.07 <.001 
No 1.52 1.76 2.32 1.58 

Vigorously active 
Yes 1.88 1.69 <.001 2.69 1.72 <.001 
No 0.96 1.71 1.61 1.24 

Moderately active 
Yes 1.68 1.73 <.001 2.38 1.61 <.001 
No .49 1.56 1.40 1.33 

Strength trains 
Yes 1.71 1.73 <.001 2.49 1.68 <.001 
No 1.06 1.75 1.76 1.39 

Hypertension 
Yes 1.15 2.05 <.001 1.96 1.48 .009 
No 1.50 1.70 2.24 1.62 

High cholesterol 
Yes 1.32 1.92 <.001 1.92 1.50 <.001 
No 1.46 1.73 2.23 1.62 

Diabetes 
Yes 0.32 1.45 .001 0.99 1.13 <.001 
No 1.49 1.76 2.24 1.61 

Note, p-values are from age-adjusted analysis of covariance (ANCOVA). 
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engage in strength training exercises, did not have hypertension, did not have high blood 

cholesterol, and did not have diabetes (all p's < .01). 

Discussion 

The purpose of this study was to separately evaluate the two HRQOL domains 

(physical and mental) of the SF-36 assessment using the Rasch model. The initial stages 

of the analysis evaluated the category functioning of each item. Using four criteria per 

item, it was found that majority of the total criteria were met for the physical health 

domain and all of the total criteria were met for the mental health domain. Despite the 

high percentage of validity evidence in the physical domain, eight items were flagged for 

disordered thresholds. The issue of ordered thresholds is an important item category 

characteristic. Order in the thresholds indicates that persons responding to higher levels 

(or lower levels) of a categorical scale in fact posses higher levels (or lower levels) of the 

trait being assessed. When thresholds are disordered, it is possible that some categories 

in the scale are unnecessary and/or redundant (Linacre, 2002b). 

Six of the 8 disordered items came from the physical functioning section of the 

physical health domain. These items were 3b, 3c, 3g, 3h, 3i, and 3j. All physical 

functioning items share the same stem (Does your health now limit you in these activities?) 

and the same categorical scale: 1) Yes, limited a lot, 2) Yes, limited a little, and 3) No, 

not limited at all. One solution in this case may be to collapse the two "Yes" categories 

(i.e., 112) for each of these items. This would form a dichotomous item of 1) Yes, 

limited at least a little and 2) No, not limited at all. 
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The other two items with disordered thresholds came from the general health 

section of the physical health domain. These items were 1 la and 1 Id. All general health 

items share the same stem (How true or false is each of the following statements for you?) and 

the same categorical scale: 1) Definitely true, 2) Mostly true, 3) Don't know, 4) Mostly 

false, and 5) Definitely false. One solution in this case may be to remove the "Don't 

know" category completely from the scale. This option could be explored by combining 

the "Don't know" category with the "Mostly true" category (i.e., 12234) or combining 

the "Don't know" category with the "Mostly false" category (i.e., 12334). The 

exploration of collapsing categories and re-running the Rasch model is a process that 

should be backed by a confirmatory stage (Linacre, 2002b) and is beyond the scope of 

this paper. This exploratory and confirmatory procedure is, however, needed and 

suggested for future research on the SF-36 HRQOL assessment. 

Model-data fit was evaluated next and found that the mental health domain items 

adequately fit the Rasch model. This provides evidence that the SF-36 assesses a 

unidimensional mental HRQOL domain. The physical health domain data, however, did 

not initially fit the Rasch model well. Seven (3a, 3b, 3c, 3e, 3j, 3i, & 1 lc) out of the 21 

items had fit statistics out of the acceptable range. After the misfit items were discarded, 

a 14-item physical health domain fit the Rasch model well and provided evidence for a 

unidimensional physical HRQOL domain. Six of the 7 items deleted were from the 

physical functioning scale (3a, 3b, 3c, 3e, 3j, and 3i). These items assessed participant's 

limitations in vigorous activity, moderate activity, lifting or carrying groceries, climbing 
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one flight of stairs, walking one hundred yards, and bathing or dressing yourself, 

respectively. 

One of two factors might be the underlying cause of these mis-fitted items. One 

factor is the 3-point scale previously mentioned regarding the physical functioning 

section of the SF-36. Four of the 6 mis-fitted physical functioning items were also 

flagged for having disordered thresholds. This type of category dysfunction is likely to 

explain the item's mis-fitting the Rasch model (Bond & Fox, 2007). The other factor is 

the possibility that the mis-fitted items are not of the same unidimensional construct as 

the other items. However, since these items concerning limitations in movement-related 

activities are of similar nature to other well-fitted items (i.e., Climbing several flights of 

stairs, Walking more than a mile, etc.), it is more likely they are mis-fitting due to 

improper category functioning. 

The item-person maps for both the physical and mental health domains showed 

that the item locations were not well matched to persons of very high (very good) 

HRQOL or very low (very poor) HRQOL. The items were targeted well to persons of 

moderately poor to moderately good HRQOL. In other words, the items were too easy 

for the many of the participants in both domains. The most difficult physical domain 

item was item 1 Id (How true is the following statement: My health is excellent.) 

followed by item 1 lb (How true is the following statement: I am as healthy as anybody 1 

know.). The least difficult physical domain item was item 3h (Does your health now 

limit you in: Walking several hundred yards?) followed by item 8 (During the past 4 

weeks, how much did pain interfere with your normal work [including both work outside 
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the home and housework]?). Discrimination among persons of better physical HRQOL 

may be increased by the addition of more difficult items (Bond & Fax, 2007). 

The most difficult mental domain item was item 9i (How much of the time during 

the past 4 weeks: Did you feel tired?) followed by item 9e (How much of the time during 

the past 4 weeks: Did you have a lot of energy?). The least difficult mental domain item 

was item 10 (During the past 4 weeks, how much of the time has your physical health or 

emotional problems interfered with your social activities [like visiting friends, relatives, 

etc.]?) followed by item 5c (how much of the time have you had any of the following 

problems... as a result of any emotional problems: Did work or activities less carefully 

than usual.). As well, discrimination among persons of better mental HRQOL may be 

increased by the addition of more difficult items. This should be explored in future 

research on the SF-36 HRQOL assessment. 

A final stage of the present study was to show validity evidence for the persons' 

HRQOL scores resulting from the Rasch analyses. Results showed that the physical 

health Rasch scores and the CDC's Healthy Days Index were moderately correlated with 

each other. This provides convergent validity evidence in that both measures 

theoretically attempt to assess the same construct (Hennessy, Moriarty, Zack, Scherr, & 

Brackbill, 1994; Ware & Sherbourne, 1992). For the mental health domain, the Rasch 

scores and the CDC's Healthy Days Index were moderately to strongly correlated with 

each other. Overall, the convergent validity evidence provided substantial confirmation 

for the use of the Rasch person scores as a measure of HRQOL. 
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Construct validity evidence was also tested in this study by showing differences in 

Rasch HRQOL person scores between groups of participants with known differences. 

Results showed significantly greater physical and mental HRQOL scores for participants 

who were not obese compared to participants who were obese. This relationship has 

been confirmed before in large scale studies showing decreased physical HRQOL as well 

as mental HRQOL among obese adults compared to normal weight adults (Jia & 

Lubetkin, 2005). The same relationship was also found in a large population-level study 

using the CDC's Healthy Days HRQOL core (Hassan, Joshi, Madhavan, & Amonkar, 

2003). Significantly greater physical and mental HRQOL scores were also seen for 

participants who did not smoke compared to participants who did smoke. This 

relationship has also been shown in national data with smokers who made no attempts to 

quit having significantly lower mental and physical HRQOL (McClave, Dube, Strine, & 

Mokdad, 2009). 

Our finding of greater physical and mental HRQOL among participants with 

some form of illness has also been confirmed before by others showing that adults with 

some form of chronic illness were significantly more likely to report lower levels of 

HRQOL (Strine, Chapman, Balluz, Moriarty, & Mokdad, 2008). Significantly greater 

physical and mental HRQOL scores were also seen for participants who engaged in 

various physical activities as compared to participants who did not engage in those 

activities. This relationship has also been shown in quality of life research where adults 

who engaged in physical activity were less likely to report poor HRQOL than their non-

active counterparts (Brown et al., 2003). Finally, this study showed that participants who 
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reported having hypertension, high blood cholesterol, or diabetes had significantly lower 

physical and mental HRQOL compared to those participants who did not report those 

health problems. These findings have also been confirmed before (Hayes, Denny, 

Keenan, Croft, & Greenlund, 2008). 

This study has many strengths worth mentioning. The large sample size was 

useful and necessary for proper Rasch parameter estimates and fit statistics. Samples of 

size 200 and greater are suggested for proper estimation (Kline, 2005). Another strength 

of this study is the use of the partial credit Rasch model to allow for the evaluation of 

proper category functioning per item (Bond & Fox, 2007). This was essential for the SF-

36 HRQOL assessment because the instrument contains 35 items (21 for physical health 

and 14 for mental health) with three different categorical scales (3-point, 5-point, and 6-

point). A final strength in this study was the administration of the CDC's Healthy Days 

HRQOL core to the same sample of participants for its use in validating the Rasch person 

HRQOL scores. 

A limitation of this study was the use of the general population as a sampling 

frame. The SF-36, like many HRQOL assessments, is often used to differentiate 

perceived health among people suffering from disease states (Ware, 2000). It was found 

in the current study that, for a general sample of adults, the SF-36 items were too easy 

(ceiling effect). However, it is useful for researchers to know that when administering 

the SF-36 to a general sample of adults, the assessment may not be useful in effectively 

separating those individuals in terms of HRQOL. 
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In conclusion, a Rasch partial credit model was used to analyze the two dominant 

HRQOL domains (physical and mental) of the SF-36 assessment. The majority of the 

total criteria used for optimal category functioning were met for the physical health 

domain and all of the total criteria were met for the mental health domain. Eight items 

were flagged for disordered thresholds, of which 6 items came from the physical 

functioning subscale. Seven physical health items had fit statistics out of the acceptable 

range and were dropped from the final Rasch analysis. It is suggested that exploratory 

and confirmatory re-categorization of the 8 identified items be investigated. Also, adding 

more difficult items to the SF-36 should be investigated to help target healthier 

individuals. Finally, both convergent and construct validity evidence provided 

substantial confirmation for the use of the Rasch physical and mental health person 

scores as measures of HRQOL. 
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CHAPTER V 

Conclusion 

Since the publication of Physical Activity and Health: A Report of the Surgeon 

General, many studies have shown the positive effects of regular physical activity on 

specific health outcomes. Health-related quality of life (HRQOL) is one such health 

outcome that has seen growing interest in physical activity research. HRQOL is a broad 

construct that includes both subjective and objective indicators of people's lives that 

affect their physical and/or mental health status (CDC, 2000). Physical activity has been 

shown to be directly associated with HRQOL (Heath & Brown, 2009). Specifically, 

meeting recommended levels of physical activity has shown to be related to superior 

levels of HRQOL (Brown et al., 2003). HRQOL is now more than ever being included in 

physical activity research studies alongside the more conventional measures of health 

status (Dominick, Ahern, Gold, & Heller, 2004). Ultimately, increasing HRQOL has 

been described as the most important goal in physical activity interventions (Bertheussen 

et al., 2011). Given the overwhelming interest in HRQOL as an outcome measure in 

physical activity research, there is a strong need for a better understanding of the 

measurement properties of HRQOL assessments commonly used in physical activity 

research. 

The first study, "A Systematic Review of Health-Related Quality of Life 

Assessments in Physical Activity Research," examined 10 HRQOL assessments used in 

physical activity research. The identified assessments were the Short Form Health 
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Survey (SF-36), Sickness Impact Profile (SIP), Euroqol (EQ-5D), Nottingham Health 

Profile (NHP), WHO Quality of Life (WHOQOL-BREF), Quality of Well-Being Scale 

(QWB), Health Utilities Index 3 (HUD), CDC Healthy Days Core (HRQOL-4), 

Assessment of Quality of Life (AQoL), and the Duke Health Profile (DHP). The SF-36 

was by far the most commonly used assessment tool. As well, the SF-36 had the most 

published evidence supporting its psychometric properties. Other HRQOL assessments 

with good potential include AQoL, DHP, and WHOQOL-BREF. These 3 assessments 

provide a lot of HRQOL information given the number of items they contain. If time is 

the most important factor, the EQ-5D and CDC HRQOL-4 are useful and valid scales. 

The second study,"Reliability of the Short-Form Health Survey (SF-36) in 

Physical Activity Research Using Meta-Analysis," examined the reliability generalization 

of the SF-36 applied to physical activity research using meta-analysis. Results showed 

that the reliability of the SF-36 generalizes very well across various physical activity 

studies. The reliability coefficients were strong and significant for both physical and 

mental health domains of the assessment. Reliability was maintained across studies of 

different gender, different research design, and different diseases status. However, 

reliability was significantly higher if the internal consistency coefficient was reported 

(opposed to test-retest), the SF-8 was used (opposed to SF-36 or SF-12), or if the mean 

age of participants was lower (compared to older). 

The third and final study, "Evaluation of the Short-Form Health Survey (SF-36) 

Using the Rasch model," examined the two HRQOL domains (physical and mental) of 

the SF-36 assessment using Rasch analysis. Results showed that the majority of the total 
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criteria used for optimal category functioning were met for the physical health domain 

and all of the total criteria were met for the mental health domain. Eight items were 

flagged for disordered thresholds. It is suggested that exploratory and confirmatory 

categorization of the 8 identified items be investigated. Seven physical health items also 

had fit statistics out of the acceptable range and were dropped from the final Rasch 

analysis. Furthermore, adding more difficult items to the SF-36 should be investigated to 

better target healthier individuals. Finally, both convergent and construct validity 

evidence provided substantial confirmation for the use of the Rasch physical and mental 

health person scores as measures of HRQOL. 

In conclusion, the three studies contained in this dissertation address the 

measurement issues of HRQOL assessment in physical activity research. It was found 

that the SF-36 was the dominant assessment tool used in physical activity research. It 

was also found, through meta-analytical procedures, that the SF-36 provides strong 

reliability across a wide range of physical activity research. The SF-36 also met stringent 

modern measurement criteria using the Rasch model. Future research recommendations 

include 1) the examination of potentially useful HRQOL assessments in physical activity 

research such as the AQoL, DHP, WHOQOL-BREF for their large information to item 

ratios and the EQ-5D and CDC HRQOL-4 for their ability to be placed in large surveys; 

2) exploratory and confirmatory categorization of several items in the SF-36 assessment 

so as to provide a more optimal functioning category scale; and 3) exploring the addition 

of more difficult items to the SF-36 to better target healthier individuals. 
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APPENDIX A 

IRB Approval Letter 

December 14, 2011 

Peter D. Hart 
Department of Health and Human Performance 
pdh2k@mtmail.mtsu.edu, minsoo.kana@mtsu.edu 

Protocol Title: "Measurement Issues in Health-Related Quality of Life Assessments in Physical Activity 
Research" 
Protocol Number: 12-146 

Dear Investigator(s), 

The MTSU Institutional Review Board, or a representative of the IRB, has reviewed the research 
proposal identified above. The MTSU IRB or its representative has determined that the study 
poses minimal risk to participants and qualifies for an expedited review under the 45 CFR 46.110 
Category7. 

Approval is granted for one (1) year from the date of this letter for 500participants. 

According to MTSU Policy, a researcher is defined as anyone who works with data or has contact 
with participants. Anyone meeting this definition needs to be listed on the protocol and needs to 
provide a certificate of training to the Office of Compliance. If you add researchers to an 
approved project, please forward an updated list of researchers and their certificates of 
training to the Office of Compliance (c/o Emily Born, Box 134) before they begin to work 
on the project Any change to the protocol must be submitted to the IRB before implementing 
this change. 

Please note that any unanticipated harms to participants or adverse events must be reported to 
the Office of Compliance at (615) 494-8918. 

You will need to submit an end-of-prcject form to the Office of Compliance upon completion of 
your research located on the IRB website. Complete research means that you have finished 
collecting and analyzing data. Should you not finish your research within the one (1) year 
period, you must submit a Progress Report and request a continuation prior to the 
expiration date. Please allow time for review and requested revisions. Your study expires 
December 14, 2012. 

Also, all research materials must be retained by the PI or faculty advisor (if the PI is a student) for 
at least three (3) years after study completion. Should you have any questions or need additional 
information, please do not hesitate to contact me. 

Sincerely, 

Emily Born 
Research Compliance Officer 
Middle Tennessee State University 
eborn@mtsu.edu 

mailto:pdh2k@mtmail.mtsu.edu
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APPENDIX B 

Healthy Days Core Module (CDC HRQOL- 9) 

1. Would you say that in general your health is: 

Excellent 1 

Very good 

Good 

2 

3 

Fair 4 

Poor 5 

2. Now thinking about your physical health, which includes physical illness and injury, for how 
many days during the past 30 days was your physical health not good? 

3. Now thinking about your mental health, which includes stress, depression, and problems with 
emotions, for how many days during the past 30 days was your mental health not good? 

4. During the past 30 days, for about how many days did poor physical or mental health keep 
you from doing your usual activities, such as self-care, work, or recreation? 

5. During the past 30 days, for about how many days did PAIN make it hard for you to do your 
usual activities, such as self-care, work, or recreation? 

6. During the past 30 days, for about how many days have you felt SAD, BLUE, or 
DEPRESSED? 

7. During the past 30 days, for about how many days have you felt WORRIED, TENSE, or 
ANXIOUS? 

8. During the past 30 days, for about how many days have you felt you did NOT get ENOUGH 
REST or SLEEP? 

9. During the past 30 days, for about how many days have you felt VERY HEALTHY AND 
FULL OF ENERGY? 
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APPENDIX C 

Short-Form Health Survey (SF-36) 

In general, would you say your health is: 

Excellent 

E 
Very good 

c 
Good 

E 
Fair 

E 
Poor 

E 
2. Compared to one year ago, how would you rate your health in general now? 

Much better 
now than one 

year ago 

E 

Somewhat better 
now than one 

year ago 

c 

About the 
same as one 

year ago 

c 

Somewhat worse 
now than one 

year ago 

Much worse 
now than one 

year ago 

E 
3. The following questions are about activities you might do during a typical day. Does 

vour health now limit vou in these activities? If so, how much? 

Yes, 
limited 
a lot 

Yes, 
limited 
a little 

No, not 
limited 
at all 

Vigorous activities, such as running, lifting heavy objects, 
participating in strenuous sports 

Moderate activities, such as moving a table, pushing a 
vacuum cleaner, bowling, or playing golf 

Lifting or carrying groceries 

Climbing several flights of stairs 

Climbing one flight of stairs 

Bending, kneeling, or stooping 

g Walking more than a mile 

h Walking several hundred yards 

i Walking one hundred yards 

Bathing or dressing yourself J 

E c E 

E E E 
E c E 
E E E 
E E E 
E E E 
E E E 
E • E 
E E E 
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4. During the past 4 weeks, how much of the time have you had any of the following 
problems with your work or other regular daily activities as a result of vour 
physical health? 

All Most Some A little None 
of the of the of the of the of the 
time time time time time 

Cut down on the amount of time you 
spent on work or other activities c c c c c 

b Accomplished less than you would like E E E C E 

E E E E E Were limited in the kind of work or other 
activities 

Had difficulty performing the work or 
other activities (for example, it took extra 
effort) 

5. During the past 4 weeks, how much of the time have you had any of the following 
problems with your work or other regular daily activities as a result of any 
emotional problems (such as feeling depressed or anxious)? 

All Most Some A little None 
of the of the of the of the of the 
time time time time time 

a Cut down on the amount of time you 
spent on work or other activities E E E E c 

b Accomplished less than you would like E E E E E 

c c c c c c Did work or activities less carefully than 
usual 

6. During the past 4 weeks, to what extent has your physical health or emotional 
problems interfered with your normal social activities with family, friends, 
neighbors, or groups? 

Not at all Slightly Moderately Quite a bit Extremely 

C C C E E 
7. How much bodily pain have you had during the past 4 weeks? 

None Very mild Mild Moderate Severe Very severe 

E E E E E E 
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8. During the past 4 weeks, how much did pain interfere with your normal work 
(including both work outside the home and housework)? 

Not at all A little bit Moderately Quite a bit Extremely 

E E E E E 
9. These questions are about how you feel and how things have been with you 

during the past 4 weeks. For each question, please give the one answer that 
comes closest to the way you have been feeling. 

How much of the time during the past 4 weeks., 

All 
of the 
time 

Most 
of the 
time 

Some 
of the 
time 

A little 
of the 
time 

None 
of the 
time 

a Did you feel full of life? E E c E E 
b Have you been very nervous? E E E E E 
c Have you felt so down in the dumps that 

nothing could cheer you up? E c c E E 
d Have you felt calm and peaceful? • • E E E 
e Did you have a lot of energy? E E E E E 
f Have you felt downhearted and 

depressed? c c • E E 
g Did you feel worn out? E c E E E 
h Have you been happy? c C E E E 
i Did you feel tired? c C c E E 

10. During the past 4 weeks, how much of the time has your physical health or 
emotional problems interfered with your social activities (like visiting friends, 
relatives, etc.)? 

All Most Some A little None 
of the time of the time of the time of the time of the time 

E E E E E 
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11. How TRUE or FALSE is each of the following statements for you? 

Definitely Mostly Don't Mostly Definitely 
true true know false false 

A I seem to get sick a little easier than other 
people 

B I am as healthy as anybody I know 

C 1 expect my health to get worse 

D My health is excellent 

c • • c c 

c c c c c 
c c c c c 
• • c • c 
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APPENDIX D 

Health and Demographic Survey 

1. What is your gender? 

a. male 
b. female 

2. What is your age? 

3. What is your race/ethnicity? 

a. Caucasion or white 

b. Black 

c. Hispanic 

d. Asian 

e. Bi- or Mixed-race 

f. Other 

4. What is the highest education you received? 

a. None 

b. Elementary School 

c. Junior High School 

d. Senior High School 

e. Some College 

f. College Degree 

5. What is your marital status? 

a. Single 

b. Married 

c. Separated 

d. Divorced 

e. Widowed 

f. Living with Partner 
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6. What is your height in inches? 

7. What is your weight in pounds? 

8. Do you smoke cigarettes? 

a. yes 
b. no 

9. Do you have a major illness? 

a. yes 
b. no 

10. Do you do any vigorous-intensity sports, fitness, or recreational activities that cause large 
increases in breathing or heart rate like running or basketball for at least 10 minutes 
continuously? 

a. yes 
b. no 

11. Do you do any moderate-intensity sports, fitness, or recreational activities that cause a 
small increase in breathing or heart rate such as brisk walking, bicycling, swimming, or 
golf for at least 10 minutes continuously? 

a. yes 
b. no 

12. Do you do any physical activities specifically designed to strengthen your muscles such 
as lifting weights, push-ups or sit-ups? 

a. yes 
b. no 

13. Have you ever been told by a health professional that you have high blood pressure? 

a. yes 
b. no 

14. Have you ever been told by a health professional that you have high cholesterol? 

a. yes 
b. no 

15. Have you ever been told by a health professional that you have high blood sugar or 
diabetes? 

a. yes 
b. no 


