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Abstract

The ultimate aim of this project was to develop an effective and acceptable physical
activity intervention for individuals with Type 2 diabetes that was also feasible for diabetes
educators to deliver. A program theory, formulated from published literature and in collaboration
with diabetes educators and individuals with Type 2 diabetes, was used to drive the program
design as well as the evaluation of this pilot intervention.

The primary confusion in the literature is a result of: 1) the misuse and/or preferential
uses of the terms exercise or physical activity; and, 2) the difficulty in measuring physical
activity. Physical activity can be a complex pattern of behaviour reflecting both the daily
demands of unique individual life situations and intentional, or elective, activities. At its most
complex levels, dimensions of physical activity volume include frequency, intensity, duration
and type. Guidelines for increasing physical activity in general populations and in individuals
with Type 2 diabetes are a reflection of this confusion and diabetes educators are frustrated about
how to best counsel their clients. Individuals with Type 2 diabetes are typically sedentary and
have difficulty adhering to structured exercise guidelines. The demands of diabetes self-
management preclude such a complex prescriptive approach to increasing physical activity.
Individuals with Type 2 diabetes want an acceptable and effective program.

The First Step Program is an 8-week program designed to incrementally increase physical
activity levels in sedentary individuals with Type 2 diabetes. The program is divided into two
distinct phases directed at adoption and adherence, respectively. The adoption phase consists of
four weekly education and counseling meetings (in a group or face-to-face setting), combined

with individual goal-setting and self-monitoring using a pedometer for feedback. The adherence



phase occurs over a subsequent 4-week period with continued individual self-monitoring using a
pedometer and reduced professional contact.

The formative evaluation (including qualitative methods) of the pilot program supported
the acceptability of the First Step Program (to both educators and clients), especially with
regards to self-monitoring using a pedometer in combination with an activity calendar. In
contrast, follow-up contact via telephone was inefficient and unacceptable (to both stakeholder
groups). The primary recruitment issue that emerged was determining who was sedentary. A
number of self-report methods were evaluated and discarded as unacceptable. Recommendations
for using baseline pedometer results to classify sedentarism, although not practiced in the pilot
program, is currently being evaluated in a randomised controlled trial of the First Step Program.

In terms of the primary intended outcome (physical activity defined as steps/day), the
summative, or impact evaluation showed dramatic results over four months. The pilot sample
consisted of 9 sedentary individuals (3 males, 6 females; average age 5316 years) with Type 2
diabetes. Physical activity increased significantly from baseline (T1) and remained elevated for
the duration of the study period (p<0.05). At T1, subjects averaged (+SD) 6,342+2,244
steps/day. After one month of programming (T2), subjects significantly increased their steps/day:
10,115+3407. After a second month of individual daily activity (T3), activity levels did not
differ from T2 but remained elevated from T1 (8,939+2,760). At 2 months post-intervention
(T4), daily physical activity remained elevated from T1 (8,830+2,772) and did not differ from
the other time points. This increase from baseline translates into an extra 22.6 minutes of
walking a day for this population. Improvements in other outcomes (blood pressure, waist girth,
cardiorespiratory fitness) support a valid change in physical activity. Although preliminary, these

promising results provide support for further evaluation directed towards dissemination.



Chapter 1: Introduction and Overview

1.1Statement of the Problem

Type 2 diabetes is a chronic condition associated with long-term micro- and
macrovascular complications including retinopathy, nephropathy, peripheral and autonomic
neuropathy, and cardiovascular disease. These complications potentially result in vision loss,
renal failure, foot ulcers and/or amputation, gastrointestinal, genitourital, and sexual dysfunction,
and fatalities due to cardiovascular disease (including myocardial infarction and stroke).
Diabetes is ranked the seventh leading cause of death in Canada (Health Canada, 1999). The
actual number of deaths for which diabetes was a contributing factor is estimated to be five times
as high as current death certificates indicate (Health Canada, 1999).

The frequency of hospitalization of older individuals with Type 2 diabetes is twice as
high as for those without diabetes (Rosenthal, Fajardo, Gilmore, Morley, & Naliboff, 1998). A
similar finding is apparent with use of home health care services (Health Canada, 1999). In 1992,
individuals with diabetes mellitus represented 3.1% of the United States population but
accounted for 11.9% ($85 billion) of total health care expenditures (Rubin, Altman, &
Mendelson, 1994). Estimated expenditures in 1997 attributable to diabetes totaled $98 billion
(American Diabetes Association, 1998b). In Canada, the economic burden of diabetes and
related complications is estimated to be up to $9 billion (US) (Health Canada, 1999).

Pharmaceutical therapy aimed at tightly controlling hyperglycemia is considered a cost-
effective strategy that can result in reduced complications, improved quality of life, and
potentially improve longevity in Type 1 (Diabetes Control and Complications Trial Research

Group, 1996) and Type 2 diabetes (Ohkubo et al., 1995; UK Prospective Diabetes Study Group,



1998a). In addition, controlling hypertension (commonly associated with Type 2 diabetes)
through pharmaceutical means reduces fatalities due to myocardial infarction and stroke (UK
Prospective Diabetes Study Group, 1998b). Non-pharmaceutical interventions for Type 2

diabetes that can produce similar effects are urgently needed.

1.2 Operational Definition, Diagnosis, and Classification

Diabetes mellitus is a heterogeneous group of metabolic disorders characterized by
hyperglycemia due to abnormalities in insulin secretion, action, or both. Recently, an
International Expert Committee, sponsored by the American Diabetes Association (ADA),
recommended changes to the classification and diagnosis of subgroups of diabetes originally set
out by the National Diabetes Data Group (NDDG) in 1979 and later endorsed by the World
Health Organization (WHO; 1985). The changes reflect a more etiological, less pharmacological,
classification system. Type 1 diabetes is a result of an absolute insulin deficiency whereas the
more prevalent Type 2 diabetes is caused by a combination of target tissue resistance to insulin
action and a compromised compensatory insulin response (ADA, 1997). Criteria for diagnosing
Type 2 diabetes are based on measures of hyperglcemia: fasting plasma glucose >7.0 mmol/L or
211.1mmol/L 2 hours post-7S gram glucose load (Meltzer et al., 1998). Classical symptoms of
hyperglycemia include polyuria, polydipsia, and unexplained weight loss. Glycation of tissue
proteins and the accumulation of polyol compounds produced under hyperglycemic conditions
are believed to be the mechanisms underlying the complications of diabetes (Giardio &
Brownlee, 1997; Wolffenbuttel & Haeften, 1995). The degree of hyperglycemia can change over

time and reflects the severity of the disease process (ADA, 1997).



1.3Incidence and Prevalence

An estimated 124 million people worldwide have diabetes, 97% of whom have Type 2
diabetes (Amos, McCarty, & Zimmet, 1997). A Canadian survey of self-reported diabetes
indicated a prevalence of 5% in the adult population (Reeder et al., 1992). Lemay (1988)
estimated that between 500,000 and 640,000 Canadians were afflicted with diabetes in 1986. A
current national survey indicates that 1.2-1.4 million Canadians over the age of 12 have diabetes
(Health Canada, 1999). The prevalence of diabetes increases with age (Health Canada, 1999; Tan
& MacLean, 1995). Population ageing is expected to dramatically increase the number of older
individuals with diabetes (Casparie, 1991; Helms, 1992).

Ascertainment of true prevalence is complicated due to the insidious onset of this disease;
asymptomatic disease can progress undetected for 4 to 7 years (Harris, Klein, Welborn, &
Knuiman, 1992). The prevalence of unascertained Type 2 diabetes has been estimated to
approximately equal that of diagnosed disease (Harris, Hadden, Knowler, & Bennett, 1987). Of
the 1.2-1.4 million Canadians over the age of 12, only about 800,000 are diagnosed cases (Health
Canada, 1999).Using a clinical measure such as an oral glucose tolerance test (OGTT), a
prevalence rate of 17%, among the highest in the world, was reported in a Native Canadian
population (Harris et al., 1997). Epidemiological data presented here reflect the earlier
classification system based on the 1985 WHO recommendations . Using fasting plasma glucose
as the newly recommended diagnostic criteria will likely lead to slightly lower estimates of
prevalence (ADA, 1997).

Hammertrand, Young, and Roos (1991) reported a trend for increased incidence of

diagnosed diabetes in a Manitoba population aged 25 and over (5.4 per 1000 persons in 1975-



1976 to 7.8 per 1000 persons in 1983-1984), likely reflecting better detection procedures. Over
the subsequent decade, the incidence of diabetes in Manitoba remained relatively stable at
approximately 5.6 per 1000 persons (Blanchard et al., 1996). Incidence also increases with age,
indicating either a temporal increase or improved detection with screening at older ages

(Warram, Kopczynski, Janka, & Krolewski, 1997).

1.4 Pathophysiology

The pathophysiology of Type 2 diabetes includes, to varying degrees, hyperinsulinemia,
resistance to the actions of insulin, increased hepatic glucose output, compromised pancreatic
beta cell secretory functions, and hyperglycemia.

Insulin resistance is defined as the inability of insulin to produce its expected biological
effects at normal circulating concentrations (Kahn, 1978). Insulin sensitivity is the reciprocal
definition; it is the percentage of maximal biological response produced by submaximal levels of
insulin (Kahn, 1978). In the research literature, insulin resistance and insulin sensitivity are often
used interchangeably to convey relative ability of insulin to produce expected effects.

Insulin acts normally to clear blood glucose by promoting glucose transport from the
circulation into peripheral tissues, especially skeletal muscle. It also suppresses hepatic glucose
output by inhibiting gluconeogenesis and glycogenolysis. Finally, insulin inhibits adipose tissue
lipolysis. Insulin resistance is expressed as an elevated hepatic glucose production (the primary
determinant of fasting plasma glucose) and a reduced peripheral glucose uptake (more
responsible for postprandial hyperglycemia and described as a decreased glucose
tolerance)(DeFronzo, 1988). Insulin resistance also results in elevated circulating plasma fatty
acids (Brown, 1994), which, in turn, may further aggravate hyperglycemia (Yki-Jarvinen &

Williams, 1997).



Although a subject of debate, insulin resistance, characterized by hyperinsulinemia,
usually precedes hyperglycemia in obese individuals with Type 2 diabetes (Olefsky & Nolan,
1995), but insulin resistance alone is not sufficient for a diagnoses of diabetes. Obese and
otherwise insulin-resistant individuals avoid the consequences of diabetes unless hyperglycemia
occurs (Polonsky, Sturis, & Bell, 1996). At this point, glucotoxicity (chronic hyperglycemia)
contributes to pancreatic beta cell dysfunction and increased insulin resistance (Yki-Jarvinen,
1997). Relief of glucotoxicity improves insulin secretion in vivo (Kosaka, Kuzuya, Akanuma, &

Hagura, 1980; Vague & Moulin, 1982).

1.4Risk Factors

Type 2 diabetes is considered to be multifactorial in its determinism, resulting from a
heterogeneous combination of polygenic defects and environmental factors (Dagogo-Jack &
Santiago, 1997; Kahn, Vicent, & Doria, 1996; Sacks & McDonald, 1995), together leading to
disrupted glucose homeostasis. Type 2 diabetes has been described as the result of a "collision
between thrifty genes and an affluent society” (Groop & Tuomi, 1997); an inherited ability to
store and conserve energy efficiently, when exposed to a sedentary lifestyle and high caloric
intake, is predisposed to insulin resistance and obesity. Insulin resistance is commonly
considered the central feature linking a number of metabolic and vascular abnormalities
characterized as Syndrome X (Reaven, 1993).

Type 2 diabetes aggregates in families (Klein, Klein, Moss, & Cruickshanks, 1996a;
Simmons, Gatland, Leakehe, & Fleming, 1995); complete concordance rates from twin studies
have been reported (Bamett, Eff, Leslie, & Pyke, 1981). Twin studies represent the maximal

heritability, but do not control easily for shared environmental factors or gene interaction effects

10



(Hawkes, 1997). Similar problems are apparent in family studies. Regardless of mechanism,
familial resemblance is considered an important risk factor (Barcelo, 1996).

Age is an independent risk factor for impaired glucose tolerance and the development of
Type 2 diabetes, due primarily to age-related increases in insulin resistance (Katz & Lowenthal,
1994), which is itself a risk factor (Skarfors, Selinus, & Lithell, 1991).

The two most important modifiable risk factors for the development of Type 2 diabetes
are obesity and physical inactivity (Health Canada, 1999). Dietary factors leading to obesity
contribute to diabetes risk (Barcelo, 1996). Overall obesity is generally related to Type 2 diabetes
(Rabkin et al., 1997), but the effect may be modified by family history (Haffner, 1995). Regional
adiposity, specifically, subcutaneous truncal adipose tissue, is more closely related to insulin
resistance than generalized adiposity (Abate, 1996) and is a better predictor of Type 2 diabetes
(Carey et al,, 1996; Lundgren, Bengtsson, Blohme, Lapidus, & Sjostrom, 1989; Ohlson et al.,
1985).

Cross-sectional studies indicate that physical inactivity is related to Type 2 diabetes
(Dowse et al., 1991; Kaye, Folsom, Sprafka, Prineas, & Wallace, 1991; Rabkin et al., 1997).
Increased participation in non-vigorous, as well as vigorous physical activity has been associated
with improved insulin action in a large cross-sectional study of men and women (which included
those with impaired glucose tolerance and Type 2 diabetes) of diverse cultures (Mayer-Davis et
al., 1998). Retrospective studies of both historical leisure-time physical activity (Kriska et al.,
1993) and participation in community-based structured exercise programs (Heath, Leonard,
Wilson, Kendrick, & Powell, 1987) provide additional evidence of the benefits of physical
activity. Longitudinal studies have also shown an inverse relationship between physical activity

and the onset of Type 2 diabetes (Manson et al., 1992; Manson et al., 1991). For each 500
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kilocalorie increment in daily energy expenditure, the risk of diabetes is reduced by 6 percent
(Helmrich, Ragland, Leung, & Paffenbarger, 1991). After controlling for the effects of age,
smoking, alcohol consumption, and parental diabetes, men with low cardiorespiratory fitness
(objectively determined by a maximal treadmill exercise test) had a 3.7-fold increased risk of
developing Type 2 diabetes over 6 years compared with a high-fit group (Wei et al., 1999).

Structured exercise interventions have successfully reduced the incidence of Type 2
diabetes in individuals with impaired glucose tolerance (Eriksson & Lingarde, 1991; Pan et al.,
1997) and recommendations have been made for the imp!en-entation of community-based
programs incorporating structured exercise as a strategy to prevent Type 2 diabetes

(Paffenbarger, Lee, & Kampert, 1997; Simmons, Voyle, Swinburn, & O'Dea, 1997).

1.6 Management of Type 2 Diabetes

A number of diabetes-related degenerative complications are associated with the
underlying metabolic disturbances, but especially with hyperglycemia (Klein, Klein, & Moss,
1996b; Laakso, 1996). Chronic hyperglycemia results in both reversible and irreversible changes
in susceptible tissue proteins (Giardio & Brownlee, 1997). Intensive management, or "tight
control”, of Type 2 diabetes refers to a treatment goal of normal or near-normal glycemia
(Henry, 1996). Intensive management of blood glucose levels with insulin therapy delays the
progression of microvascular complications in Type 1 diabetes (Diabetes Control and
Complications Trial Research Group, 1993; Reichard, Nilsson, & Rosenqvist, 1993). Similar
findings have been reported for intensive insulin therapy in predominantly lean Japanese patients
with Type 2 diabetes (Ohkubo et al., 1995). The UK Prospective Diabetes Study (1998a) has
provided further evidence of the benefits of intensive blood glucose control with regards to

microvascular complications, but not macrovascular disease (i.e., myocardial infarction, stroke)
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in Type 2 diabetes. Based on such evidence, the treatment goal of near-normal glycemia
recommended for individuals with Type 2 diabetes appears to be a sensible approach (Meltzer et
al., 1998).

A stepped approach to management as the disease progresses includes oral hypoglycemic
agents (sulfonylureas, metformin, acarbose, or troglitazone) and/or insulin therapy (McFarland,
1997). Diet and exercise is emphasized in the early management of Type 2 diabetes (Barnard,
Jung, & Inkeles, 1994; Henry & Genuth, 1996). The much anticipated Canadian Diabetes
Association (CDA) clinical guidelines have taken a progressive step forward by acknowledging
the important role of physical activity and exercise in the management of Type 2 diabetes at all
stages of treatment (Meltzer et al., 1998).

The diabetes educator is a likely vehicle for the delivery of messages to increase activity
(Tudor-Locke, 1997). A diabetes educator is part of a collaborative team approach to diabetes
education and management. The team includes, first and foremost, the individual with diabetes,
and may include other supporting members such as a dietitian, nurse, pharmacist, psychologist,
physician, physiotherapist, and/or social worker. In Canada, one of these team members is also
typically a diabetes educator, trained to transfer appropriate knowledge about individual
treatment and self-management plans.

In practice, messages to increase physical activity are not specific (i.e., get more exercise,
increase your activity) (Krug, Haire-Joshu, & Heady, 1991; Ruggiero et al., 1997). The
oftentimes vague and confusing educational messages are a reflection of available standards and
guidelines, which are themselves inconsistent and confusing (Tudor-Locke, Myers, Rodger, &
Ecclestone, 1998). We found that recommendations (published in forms accessible to diabetes

educators) for frequency ranged from three days per week to daily and those for duration vary
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from 15 to 60 minutes. Intensity, meanwhile, was described using heart rate, perceived exertion,
percentage of maximal aerobic capacity, and/or descriptive statements such as "breathing harder”
or "sweating" (Tudor-Locke et al., 1998).

In 1997, the ADA and the American College of Sports Medicine (ACSM) published joint
position papers regarding diabetes and exercise (the term physical activity is only used in the
summary) in their respective journals . According to these recognized authorities, exercise
regimens at an intensity of 50-80% of maximal aerobic capacity (VO; max), 3-4 times a week,
for 30-60 minutes, result in the greatest improvements in glycemic control and insulin
sensitivity. Within the same documents, however, concluding statements endorse the 1996
Surgeon General's Report on Physical Activity and Health that recommends that individuals
should accumulate 30 minutes of moderate physical activity on most, if not all, days of the week.
Canada has put forward a similar public health message for the general population, expanding
the message to include an option to accumulate 60 minutes of daily "light effort" activities such
as light walking, volleyball, easy gardening, and stretching (Health Canada & Canadian Society
for Exercise Physiology, 1998). There is significant debate about the appropriateness of these
messages (Bercovitz & Skinner, 1996; Blair & Connelly, 1996). Regardless, such mixed
messages continue to frustrate programming efforts. Further, although we know a great deal
about implemented structured and class-based exercise programming, we know very little about
the delivery of physical activity interventions based on these new public health

recommendations.

1.7 Rationale and Objectives of the Present Thesis
The present thesis was undertaken as a progressive course of study directed towards

developing, implementing, and evaluating a feasible and acceptable physical activity intervention
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for individuals with Type 2 diabetes. Physical activity is defined as any bodily movement
produced by skeletal muscles that results in energy expenditure, whereas exercise is a
subcategory of physical activity defined as planned, structured movement undertaken to improve
or maintain one or more aspect of physical fitness (Caspersen, Powell, & Christenson, 1985).
The terms physical activity and exercise are not interchangeable, however, the literature is rife
with the misuse of both. The focus of this thesis is on the role of physical activity, including the
subset of exercise, in the management of Type 2 diabetes. Great pains were taken to represent the
terms correctly throughout this thesis. When reviewing the literature, however, the original term
as presented by the authors was retained to avoid misrepresenting their intentions.

The literature review presented in Chapter 2 addresses the physiological responses to
exercise; the issues and considerations in physical activity epidemiology; and the psychological
aspects of physical activity (specifically exercise) adoption and adherence; all within the context
of Type 2 diabetes. Most importantly, Chapter 2 critiques the published studies on physical
activity interventions carried out with this population to date.

Chapter 3 presents an evaluation of a popular approach to categorizing individual
intention to increasing exercise (based on the stages of change model) with respect to its ability
to discriminate physical activity levels determined by multiple methods. This study was carried
out in a predominantly non-diabetic population as a means of both pilot testing various
instruments of physical activity measurement and determining the best methods of classifying
sedentarism. A number of issues of physical activity epidemiology are confronted and discussed.

The study described in Chapter 4, meanwhile, was written as a response to the
suspiciously high levels of physical activity reported in 8 sample of newly diagnosed individuals

with Type 2 diabetes, contrary to the applicable literature which characterizes this population as
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typically sedentary. This sample was re-contacted by telephone and interviewed using another
frequently used instrument designed to assess the previous week's physical activity. The results
were analyzed and compared using two different methods to present rates of sedentarism.
Although the findings did not influence the study presented in Chapter 5, they have been used to
justify alternative and more objective methods of screening for physical activity ina
subsequently planned randomised and controlled trial.

Finally, Chapter S presents the systematic development, implementation, and evaluation
of a novel physical activity intervention for this population: the First Step Program. Briefly, the
First Step Program in an 8 week intervention which uses a pedometer to both monitor daily
physical activity and motivate self-determined increases in physical activity. This chapter begins
with a detailed presentation of the theory driving the program design and the framework for
subsequent evaluation. The next section presents the formative evaluation of the pilot First Step
Program (including a detailed program description) and a summative evaluation of the program'’s
impact. The lessons learned from these evaluations formed the bases for the final

recommendations which concerns both programming applications and future needed research.
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Chapter 2: Literature Review

2.1 Introduction

Within the context of the target population, this literature review is separated into four
distinct sections: 1) physiological response to physical activity (specifically to exercise);
2) physical activity epidemiology (especially with regards to classification and measurement);
3) behavioural perspective of physical activity (specifically exercise) adoption and adherence;
and finally, 4) a critique of published physical activity interventions carried out in this population
to date. This chapter lays the groundwork and rationale to develop and evaluate a new approach

to increasing physical activity (as part of a self-management approach) in individuals with Type

2 diabetes.

2.2 Physiological Response to Physical Activity (Exercise)

As defined earlier in Chapter 1, exercise is a subcategory of physical activity defined as
planned, structured movement undertaken to improve or maintain one or more aspect of physical
fitness (Caspersen et al., 1985). Both the acute and long-term effects of exercise in individuals
with Type 2 diabetes have been the subject of a number of reviews (Bonen, 1995; Eriksson,
1999; Goodyear, 1998; Ivy, 1997; Ivy, Zderic, & Fogt, 1999; Koivisto & DeFronzo, 1984,
Wallberg-Henriksson, Rincon, & Zierath, 1998; Zierath & Wallberg-Henriksson, 1992). We
separate this section into two parts: 1) a discussion of both immediate and long-term effects of
endurance exercise on glycemic control and insulin sensitivity; and, 2) other long-term
physiological responses to endurance exercise that are of particular importance to the Type 2
diabetic population. Emerging interest in the physiological response to resistance training in this

population warrants a separate discussion at the end of this section. One additional point is
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necessary to prepare the reader: the majority of studies have been conducted on obese individuals

with Type 2 diabetes. Reference is made to the exception where necessary.

2.2.1 Glycemic Control and Insulin Sensitivity

2.3.1.1 Acute/immediate effects

Glucose levels are tightly regulated in healthy individuals. As blood glucose declines due
to exercise, hepatic glycogenolysis and gluconeogenesis quickly counter fluctuations in plasma
glucose concentration (Richter, Turcotte, Hespel, & Kiens, 1992). In contrast, in obese
individuals with Type 2 diabetes, a single bout of moderate to high intensity exercise acutely
decreases plasma blood glucose in the fasting condition (Hubinger, Franzen, & Gries, 1987;
Martin, Katz, & Wahren, 1995; Minuk et al., 1981), and post-prandially (Larsen, Dela, Kjaer, &
Galbo, 1997) which persists into the post-exercise period (Hubinger et al., 1987; Larsen et al.,
1997; Minuk et al., 1981), and is reversed with a subsequent meal (Larsen et al., 1997). Duration
of activity is related to the observed decrease in blood glucose (Paternostro-Bayles, Wing, &
Robertson, 1989). This glucose lowering effect is not necessarily observed in lean patients
(Jenkins, Furler, Bruce, & Chisholm, 1988), reflecting the heterogeneity of Type 2 diabetes.
Post-exercise hyperglycemia in obese individuals has been reported following maximal dynamic
exercise (Kjaer et al., 1990), likely due to an exaggerated counter-regulatory hormonal response.
Hypoglycemia, considered a significant side effect of intensive glycemic control, is less common
feature of Type 2 diabetes compared with Type 1 diabetes (Gaster & Hirsch, 1998).

In nondiabetic individuals, moderate to vigorous exercise reduces insulin secretion and
therefore plasma insulin levels (Galbo, 1983). Plasma insulin levels are also reduced through

exercise in individuals with Type 2 diabetes (Hubinger et al., 1987; Krotkiewski & Gorski, 1986;
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Larsen et al., 1997; Minuk et al., 1981) but the effect appears to be attenuated when compared
with obese nondiabetic controls (Krotkiewski & Gorski, 1986; Minuk et al., 1981). There is
ample evidence that insulin sensitivity, determined by glucose clearance rate, is enhanced in
obese individuals with Type 2 diabetes 1-12 hours following a single bout of dynamic exercise
(Burstein, Epstein, Shapiro, Charuzi, & Karnieli, 1990; Devlin, Hirshman, Horton, & Horton,
1987). Both moderate intensity (50% of VO2 max) and high intensity (75% of VO max)
treadmill exercise (adjusted so that duration and energy expenditure were equivalent) have been
shown to produce similar acute improvements in insulin sensitivity in obese women with Type 2
diabetes (Braun, Zimmerman, & Kretchmer, 1995). A plausible mechanistic explanation for
these effects is that muscular contractions improve skeletal muscle glucose uptake directly and

by enhancing insulin's action (Cortright & Dohm, 1997).

2.3.1.2 Long-term training effects

Early exercise training studies showed no improvements in insulin action or glycemic
control (Ruderman, Granda, & Johansen, 1979; Saltin et al., 1979). These studies have been
criticized for a number of design problems including insufficient intensity and duration, delayed
post-assessment, and inclusion of individuals with severe disease treated by insulin (Ivy et al.,
1999).

Correcting for these problems, more recent studies have reported that fasting plasma
glucose levels are lowered with training in individuals with Type 2 diabetes (Holloszy, Schultz,
Kusnierkiewicz, Hagberg, & Ehsani, 1986, Reitman, Vasquez, Klimes, & Nagulesparan, 1984).
One year of vigorous training normalized fasting plasma glucose in individuals described as

"mildly diabetic” (Holloszy et al., 1986). Observed improvements in glycemic control may be
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due to the cumulative effects of transient improvements in plasma glucose levels that follow
exercise (Rogers et al., 1988; Schneider, Amoros, Khachadurian, & Ruderman, 1984).

Glucose tolerance (determined orally or intravenously) is improved with exercise training
in some (Bogardus et al., 1984; Holloszy et al., 1986; Reitman et al., 1984; Rogers et al., 1988;
Trovati et al.,, 1984), but not all investigations in individuals with Type 2 diabetes (Allenberg,
Johansen, & Saltin, 1988; Krotkiewski et al., 1985; Lampman & Schteningart, 1991; Reitman et
al,, 1984; Schneider et al., 1984; Skarfors, Wegener, Lithell, & Selinus, 1987). Levels of HbA)c,
an indicator of recent glycemic control, have improved (Dunstan et al., 1997; Ronnemaa,
Mattila, Lehtonen, & Kallio, 1986; Schneider et al., 1984; Trovati et al., 1984) and remained
unchanged (Allenberg et al., 1988; Rogers et al., 1988; Verity & Ismail, 1989) following training
in individuals with Type 2 diabetes. Zierath and Wallberg-Henriksson (1992) have observed that
improved glycemic control is more apparent in studies of individuals with Type 2 diabetes
younger than 55 years of age. Interpretation of differences in findings following training are
complicated by: the use of various assessment methods; disease etiology and severity; training
parameters including intensity and duration; pre-training age and levels of glycemic control and
physical fitness; adherence to protocol and changes in body composition.

Training enhances whole-body insulin sensitivity ascertained by glucose clearance rates
(Bogardus et al., 1984; Devlin, 1992; Krotkiewski et al., 1985; Trovati et al., 1984) and is
associated with losses in abdominal fat (Mourier et al., 1997). Specific skeletal muscle
improvements have been reported (Dela, 1996; Dela et al., 1995; Martin et al., 1995). Skeletal
muscle is the most important tissue for insulin-mediated glucose uptake (DeFronzo, Gunnarsson,
Bjorkman, Olsson, & Wahren, 1985). Defects in the insulin-sensitive glucose transporter (GLUT

4) translocation or insulin signaling transduction may contribute to deficiencies in peripheral
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glucose uptake (Wallberg-Henriksson et al., 1998). Individuals with Type 2 diabetes are not
deficient in the muscle GLUT 4 transporters (Choi et al., 1991; Pedersen et al., 1990), but
exercise produces their up-regulation and may contribute to a compensatory action (Dela et al,,
1994). As an alternative mechanism, the ability of insulin to stimulate muscle blood flow is
reduced in individuals with Type 2 diabetes (Laakso, Edelman, Brechtel, & Baron, 1992) and
can be improved with training (Dela et al., 1995). The benefits of training on insulin sensitivity

are readily lost with de-training (Dela, 1996; Dela et al., 1995).

2.2.2 Other Long-term Effects

2.3.2.1 Cardiovascular fitness

Individuals with Type 2 diabetes have a compromised exercise capacity (Katoh, Hara,
Kurusu, Miyaji, & Narutaki, 1996; Regensteiner, Sippel, McFarling, Wolfel, & Hiatt, 1995;
Schrier, Estacio, & Jeffers, 1996; Wei et al., 1999) that is predictive of increased risk of coronary
artery disease (Rubler, Gerber, Reitano, Chokshi, & Fisher, 1987). This impairment has been
associated with microvascular disease, specifically nephropathy and retinopathy, suggesting
similar underlying pathogenic mechanisms (Estacio et al., 1998), but not neuropathy (Estacio et
al., 1998; Radice et al., 1996). Both lean and obese individuals with Type 2 diabetes respond to
training with an increase in cardiorespiratory fitness (Holloszy et al., 1986; Krotkiewski et al.,
1985; Lampman & Schteningart, 1991; Verity & Ismail, 1989). Nevertheless, improvements are
less than that observed in sedentary nondiabetics (Schneider, Khachadurian, Amorosa, Clemow,
& Ruderman, 1992). It has been suggested that intensity recommendations based on age-
predicted maximum heart rate may be too high for individuals with Type 2 diabetes (Samaras,

Ashwell, Mackintosh, Campbell, & Chisholm, 1996; Schneider et al., 1992).

21



2.3.2.2 Weight loss

In Canada, 59% of individuals with diabetes aged 35-64 are considered overweight
(Heaith Canada, 1999). American estimates are higher: 65 to 85% (ADA, 1989). Regardless of
the method of weight loss, even modest amounts of intentional loss reduces day-long blood
glucose levels due to reduced hepatic glucose output, improved beta cell secretory function, and
decreased insulin resistance (Henry, Wallace, & Olefsky, 1986). In addition, exercise produces a
preferential loss of central body fat stores (Buemann & Tremblay, 1996; Despres, Nadeau, &
Bouchard, 1988), a known risk factor for cardiovascular diseases (Buemann & Tremblay, 1996).
Exercise has been shown to decrease abdominal fat, especially visceral fat, without changing
body weight in two studies of individuals with Type 2 diabetes (Lehmann, Vokac, Niedermann,
Agosti, & Spinas, 1995; Mourier et al., 1997).

It has been suggested that it is weight loss, and not exercise training per se, which is
primarily responsible for improvements in insulin sensitivity in obese individuals with Type 2
diabetes, especially in older individuals or those with more severe disease (Zierath & Wallberg-
Henriksson, 1992). A meta-analysis of weight loss strategies in Type 2 diabetes revealed that
dietary strategies alone produced the greatest reductions in weight and improvements in
glycemic control in the short-term, but it is as yet unknown whether this is also true for the long-
term (Brown, Upchurch, Anding, Winter, & Ramirez, 1996). It must be noted, however, that
unintentional weight loss, particularly in the lean individual with Type 2 diabetes (Chaturvedi,
Fuller, & The WHO Multinational Study Group, 1995), is not associated with improvements in
glycemic control and instead may reflect progression of the underlying disease processes (Shoff,

Klein, Moss, Klein, & Cruickshanks, 1998).
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Frequency of exercise is one of the most important determinants of weight maintenance
(Eriksson, Taimela, & Koivisto, 1997b; Zachwieja, 1996) and exercise may have a preventive
effect against weight gain following weight reduction programs (Buemann & Tremblay, 1996;
Zachwieja, 1996). Cross-sectional research in Type 2 diabetes indicates that habitual exercisers
weigh less than inactive individuals (Summerson, Konen, & Dignan, 1991). Long-term studies of
weight maintenance are scarce, especially in populations with Type 2 diabetes (Brown et al.,
1996).

Skeletal muscle is largely responsible for the clearance of glucose from the blood
(DeFronzo et al., 1985). It has been suggested that the age-related decline of muscle mass
observed past the age of SO0 may be linked to reduced insulin sensitivity and that strategies for
enhancing muscle mass, i.e., resistance training, may warrant additional investigation (Ivy,
1997). While one would then expect individuals with Type 2 diabetes to have a reduced amount
of musculature, Svendson and Hassager (1998) reported that muscle mass determined by dual X-
ray absorptiometry in women with Type 2 diabetes was not different from expected normal
values. Measures of lean body mass are not regularly reported in intervention research in Type 2
diabetes, although this may change with new interest in resistance training interventions,

discussed in section 2.2.3.

2.3.2.3 Reduced cardiovascular risk factors

Diabetes increases the risk of macrovascular disease (Stamler, Vaccaro, & Neaton,
1993a). In the 12-year Multiple Risk Factor Intervention Trial (MRFIT), the risk of mortality due
to coronary artery disease was three times higher in individuals with diabetes compared with
nondiabetic individuals (Stamler, Vaccaro, Neaton, & Wentworth, 1993b). The top three causes

of death in persons with diabetes mellitus are myocardial infarction, cerebral vascular disease,



and circulatory disorders, respectively (Tan & MacLean, 1995). People aged 35-64 years with
diabetes are at six times the risk of heart disease or stroke compared with people without the
disease (Health Canada, 1999).

Although death due to coronary artery disease is more common in individuals with poor
glycemic control (Moss, Klein, Klein, & Meuer, 1994), glycemic control has not yet been shown
to prevent macrovascular complications in Type 2 diabetes (Giugliano, 1996). Cardiovascular
risk factors include hypercholesterolemia, hypertension, obesity, and inactivity - factors shown to
be more prevalent in adults with diabetes mellitus (Tan & MacLean, 1995). Therefore, it is
imperative to examine all possible strategies for managing such risk factors, including physical
activity interventions.

Dyslipidemia is characteristic of individuals with Type 2 diabetes and is primarily
marked by elevated levels of triglycerides, and reduced levels of high density lipoproteins (HDL)
(Brown, 1994). The prevalence of dyslipidemia is double that of non-diabetic populations (Fore,
1995). Dyslipidemia is considered to be one of the strongest risk factors for cardiovascular
disease mortality in Type 2 diabetes (Stamler et al.,, 1993b). Elevated levels of low density
lipoprotein (LDL) and very-low density lipoprotein (VLDL) cholesterol have also been observed
in individuals with Type 2 diabetes (Gylling & Miettinen, 1997).

Although improved glycemic control has been shown to lower LDL cholesterol (Gaster
& Hirsch, 1998), glycemic control alone is not sufficient to improve dyslipidemia (Garber,
1993). Therefore, non-pharmacological management of dyslipidemia includes diet, weight loss,
and exercise (Gylling & Miettinen, 1997; Lewis, 1995). Interventions combining exercise and
diet to achieve weight reduction in individuals with Type 2 diabetes have demonstrated

decreased triglycerides and LDL cholesterol and elevated HDL cholesterol (Gylling & Miettinen,
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1997, Lehmann et al., 1995). Loss of body fat mass, rather than exercise per se, is considered to
be most likely responsible for these findings (Poirier, Catellier, Tremblay, & Nadeau, 1996).
Exercise is singularly one of the most important strategies for increasing HDL, however (Brown,
1994), emphasizing its unique role in reducing cardiovascular risk in this population.

The prevalence of diagnosed hypertension is higher in individuals with diabetes than in
nondiabetics (James, Young, Mustard, & Blanchard, 1997). Hypertension is considered a classic
risk factor for cardiovascular disease mortality, especially in individuals with Type 2 diabetes
(Grossman & Messerli, 1996; Stamler et al., 1993b). Hypertension is associated with abdominal
obesity and prospective studies suggest that insulin resistance causes hypertension (Buemann &
Tremblay, 1996). The UK Prospective Diabetes Study (UK Prospective Diabetes Study Group,
1998a) has shown that intensive blood pressure control (using pharmaceutical agents) in
individuals with Type 2 diabetes results in reduced fatalities due to myocardial infarction and
stroke. Exercise reduces blood pressure in hypertensive individuals (Seals, Silverman, Reiling,

& Davy, 1997) and individuals with Type 2 diabetes (Lehmann et al., 1995).

2.3.2.4 Reduced long-term microvascular complications of Type 2 diabetes

As stated earlier, microvascular complications of diabetes include retinopathy,
nephropathy, and neuropathy. Retinopathy occurs in 63% of insulin-using individuals and in
33% of those who do not use insulin (Tan & MacLean, 1995). According to the 1994/1995
National Population Health Survey in Canada, the prevalence of cataracts and glaucoma is higher
in individuals with diabetes than in nondiabetics (James et al., 1997). Glycemic control is
strongly associated with the development of retinopathy (Guillausseau et al., 1998).

End-stage renal disease develops in about 5% of individuals with Type 2 diabetes (Tung

& Levin, 1988) and improved glycemic control and blood pressure may be important preventive
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measures in this population (Ritz & Stefanski, 1996). Peripheral neuropathy leads to undetected
injury and diabetic foot ulcers, the most common cause of lower extremity amputation
(Armstrong & Lavery, 1998).

Clinical guidelines support intensive glycemic control (Meltzer et al., 1998). Long-term
intensive glycemic control can delay or prevent the development and progression of
microvascular complications in individuals with Type 1 diabetes (Diabetes Control and
Complications Trial Research Group, 1993; Reichard et al., 1993) and Type 2 diabetes (Ohkubo

et al., 1995; UK Prospective Diabetes Study Group, 1998a).

2.2.3 Resistance Training

The previous sections have dealt with the acute and long-term effects of dynamic
exercise on Type 2 diabetes. Considering the pathophysiology of Type 2 diabetes, Soukup and
Kovaleski (1993) suggested that resistance training may be a superior training program to
standard endurance training. Three recent studies have explored this possibility.

Three months of moderate resistance, high repetition resistance training resulted in
improved HbA,. levels independent of changes in body weight in eight moderately obese
individuals with Type 2 diabetes (Eriksson et al., 1997a). Although adherence rates were not
reported, strength and muscle cross-sectional area increased. There were no changes in
cardiorespiratory fitness. Although promising, the very small sample size and the lack of a
control group limit conclusions from this study.

Similar improvements in glycemic control were reported in a subsequent study from this
same group of researchers (Honkola, Forsen, & Eriksson, 1997). The program was expanded to
five months. Thirty-eight individuals with Type 2 diabetes participated, with another 20 serving

as control subjects. The resistance training group also showed improvements in total cholesterol,
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LDL cholesterol and triglycerides. Once again, however, adherence was not reported, limiting
the ability to assess acceptability of such a prescription to individuals with Type 2 diabetes.

The most recent study (Ishii, Yamakita, Sato, Tanaka, & Fujii, 1998) reported that 4-6
weeks of moderate intensity, high volume resistance training elicited a 48% in insulin sensitivity,
as determined by hyperinsulinemic-euglycemic clamp, in nonobese individuals with Type 2
diabetes. No significant change in glycated hemoglobin was observed, however, the pericd of
study was likely too short to adequately examine the effects of resistance training on this
variable.

Further confirmative research is necessary, but a review article has recently appeared
proposing that the optimal exercise program for individuals with Type 2 diabetes should include

resistance training (Eriksson, 1999).

2.3 Physical Activity Epidemiology

Physical activity epidemiology is concerned with physical activity behaviours and disease
or other outcomes, the distribution and determinants of physical activity behaviour, and the
association between physical activity behaviours and other behaviours (Caspersen, 1989).
This section reviews physical activity epidemiology in typically sedentary populations with

special reference to Type 2 diabetes.

2.3.1 Physical Activity Epidemiology in Typically Sedentary Populations

Accumulated epidemiological evidence suggests that those individuals who are the most
sedentary stand to reap the greatest rewards of even modest increases in activity (Pate et al.,
1995). Low income, ethnic minority, older adults, women, and individuals living with disability

or chronic illness (including individuals with Type 2 diabetes) are described as typically
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sedentary (King, Rejeski, & Buchner, 1998; Taylor, Baranowksi, & Young, 1998; US Surgeon
General, 1996), yet no consensual definition of sedentarism currently exists (Bernstein, Morabia,
& Sloutskis, 1999). Sedentarism has been previously classified by reduced: total energy
expended; time or distance walked; stair climbing habits; participation in leisure time and/or
sports; or performance of vigorous activities (Bernstein et al., 1999).

Intuitively, someone who is sedentary takes part in more inactive behaviours and fewer,
and relatively unvaried, active behaviours. For illustration purposes, a graduate student may
partake in a number of inactive academic behaviours (e.g., reading, writing, editing, studying)
and a number of inactive leisure behaviours (e.g. watching T.V., playing cards, talking on the
phone, socializing over meals), yet she cannot be classified as sedentary because she also
purposely engages in condensed forms of vigorous activity (e.g., running, aerobics, roller-
blading, cycling).

This next section reviews the current understanding of how to measure both inactivity
and activity (with specific reference to pedometers). It is necessary for the reader to become
familiar with common issues in physical activity epidemiology before it can be reviewed

specifically in Type 2 diabetes.

2.3.1.1 Measuring Inactivity
Inactivity is defined as a state in which bodily movement is minimal (Dietz, 1996).
Inactive behaviours include: television viewing; reading; computing; sedentary social activities
(e.g., card and boardgame playing, talking on the phone); passive commuting; sleeping;
meditation; eating; and standing still (e.g., waiting in line) (Ainsworth et al., 1993a; Dietz, 1996).
Of these behaviours, the prevalence of television viewing has received the most attention,

especially in relation to obesity in adults (Ching et al., 1996; Fitzgerald, Kriska, Pereira, &
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Courten, 1997; Gortmaker, Dietz, & Cheung, 1990; Jeffery & French, 1998; Sidney et al., 1996;
Tucker, 1990; Tucker & Bagwell, 1991; Tucker & Friedman, 1989). Television viewing habits
have been exclusively determined by self-report in these studies. Increased television viewing
has been associated with obesity (Ching et al., 1996; Gortmaker et al., 1990; Jeffery & French,
1998; Sidney et al., 1996; Tucker & Bagwell, 1991; Tucker & Friedman, 1989), reduced
physical fitness (Tucker, 1990; Tucker & Friedman, 1989) and physical inactivity (Fitzgerald et
al,, 1997; Sidney et al., 1996; Tucker & Bagwell, 1991; Tucker & Friedman, 1989). In a
prospective analysis of activity level and risk of becoming overweight in over 22,000 male
health professionals, Ching et al. (1996) found that higher levels of non-sedentary activity and
lower levels of television viewing were independently associated with lower relative risk for
becoming overweight within the next two years. To date, no intervention aimed at reducing

television viewing has been implemented nor evaluated.

2.3.1.2 Measuring Physical Activity
Historical assessment of physical activity is important to assessing risk and/or

determining mechanisms of disease incidence (Ainsworth, Sternfeld, Slattery, Daguise, & Zahm,
1998). Since the ultimate goal of this course of study is intervention, the focus of this section is
necessarily on the assessment of current levels (within the last year) of physical activity.

Although seemingly straightforward, measuring physical activity, especially in typically
sedentary populations, is fraught with a number of issues. Physical activity can be a complex
pattern of behaviour reflecting both the daily demands of unique individual life situations and
intentional, or elective, activities. At its most complex levels, dimensions of physical activity

volume include frequency, intensity, duration and type. Together, these dimensions are
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commonly represented as energy expenditure. As Rowlands et al. (1997) point out, however, the
terms energy expenditure and physical activity are neither synonymous nor interchangeable.
Physical activity is movement; energy expenditure is a reflection of gender, age, and body mass
in addition to movement (Bursztain, Elwyn, Askanazi, & Kinney, 1989).

Both direct and indirect methods have been used to classify physical activity levels
(Ainsworth et al., 1998). Direct methods include: calorimetry; doubly labeled water; motion
sensors; observation; and physical activity records and logs. Indirect methods include: metabolic
measures; anthropometric measures; fitness measures (e.g., cardiorespiratory, strength,
flexibility); and questionnaires/surveys. The advantages and disadvantages of these various
methods have been reviewed in detail elsewhere (Ainsworth et al., 1998; Blair, 1984).

This section will further focus on those measures most useful and practical for
determining current physical activity levels in free-living, typically siedentary populations. We

will present the methods in order of their frequency of use, or popularity.

2.3.1.2.1 Self-report methods

Although an indirect method, physical activity level is typically assessed in
epidemiological studies by self report questionnaires/surveys and diaries/logs due to their
practicality, nonreactiveness, and applicability (King & Kriska, 1992). The continued reliance on
self-report methods of quantifying physical activity has been described as a measurement
conundrum by Dishman (1994a). Despite the inherent inadequacies of self-report methods, self-
reported values of physical activity are considered to be reasonably accurate (Blair et al., 1991),
but may lack sensitivity to subtle differences in activity in typically sedentary populations.
Although not inclusive of all self-report methods of physical activity measurement, an invaluable

supplement to the official journal of the ACSM presents over 30 instruments along with their
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psychometric properties (Kriska & Casperson, 1997). Most available questionnaires assess
engagement in performance of vigorous and/or structured, or otherwise planned activities (i.c.,
sport and exercise). Few attempt to measure either spontaneous or routine light and moderate
activities, such as: household chores; family and child care; leisure time activities and
occupational activities (Jacobs, Ainsworth, Hartman, & Leon, 1992; Masse et al., 1998).

No questionnaires are currently available to measure intermittent or lower intensity
physical activities (Masse et al., 1998). One of the most frequently used instruments (Seven -day
Physical Activity Recall; PAR) does not count any activity performed for less than 10 minutes
accumulated during the morning, afternoon, or evening (Blair, 1984; Blair et al., 1985). The
problems with capturing activity in typically sedentary populations are known and new
instruments have been developed in an attempt to meet the need. The Physical Activity Scale for
the Elderly (PASE) is one such instrument (Washburn, Smith, Jette, & Janney, 1993). Hays and
Clark (1999), however, reported that pilot testing of the PASE with individuals with Type 2
diabetes over SS years of age was unsuccessful. Most of the respondents reported less than 1
hour of daily activity, less than the floor of the PASE, rendering it useless in this typically
sedentary population (Hays & Clark, 1999).

One of the most difficult activities to measure by self-report is walking. Walking is the
most widely reported form of physical activity and it appears to be acceptable and accessible
even to typically sedentary populations (Siegal, Brackbill, & Health, 1995). The determination
of such behaviour is considered essential to the assessment of physical activity in typically
sedentary populations (Masse et al., 1998), yet it is one of the least reliably recalled activities
(Ainsworth, Leon, Richardson, Jacobs, & Paffenbarger, 1993b; Kriska et al., 1990; Richardson,

Leon, Jacobs, Ainsworth, & Serfass, 1993). Subjects also have difficulty comprehending survey
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questions about walking speed/pace or intensity (relative or absolute) (Masse et al., 1998).
Regardless, it remains a primary line of questioning in studies of typically sedentary populations
(Hays & Clark, 1999). It has been suggested that the quality of data collection could be improved
by the use of face-to-face interviews employing a cognitive model of questioning (Durante &
Ainsworth, 1996), prompting subjects to think of the context associated with walking (Masse et
al,, 1998). The potential improvements in data quality come at considerable staff time and

expense, however (Masse et al., 1998).

2.3.1.2.2 Heart rate telemetry

Heart rate telemetry is the electronic recording (using a body-borne instrument) of pulse
produced by the repetitive beating of the heart. Heart rate telemetry is used to indirectly
determine engagement in physical activity. The rationale for the method is based on the
assumption of a linear relationship between heart rate and aerobic capacity. This relationship
varies between individuals depending on their endurance capacity, making it prudent to
determine individual calibration curves (Haskell, Yee, Evans, & Irby, 1993), a design feature
frequently overlooked due to issues of practicality. The HR-VO; relationship is also affected by
external factors including posture, environmental conditions, and emotions (Haskell et al., 1993).
At low heart rate levels (characteristic of patterns of activity in sedentary individuals)
quantification of energy expenditure is more subject to error (Livingstone et al., 1990).

The value of heart rate telemetry is in assessing moderate to vigorous intensity activities
when elevated heart rates are prolonged (Luke, Maki, Barkey, Cooper, & McGee, 1997). For
example, athletes regularly used heart rate monitors to gauge and adjust the intensity of their

training. It is not considered to be a valid estimate of daily activity, at least in typically sedentary
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children (Riddoch & Boreham, 1995). The same is likely true for typically sedentary adults since
participation in moderate and vigorous exercise is uncommon (Ford & Herman, 1995).

Heart rate telemetry is also cost (due to equipment necessary to record, download, and
analyze data), labour (due to the requisite nature of subject instruction and monitoring), and data
intensive (especially if recorded minute-by-minute over several days), making it less feasible for
larger cross-sectional studies (Rowlands et al., 1997). It is also considered to be intrusive and
somewhat uncomfortable for longer term data collection (Wareham, Hennings, Prentice, & Day,

1997) and is therefore unacceptable for intervention studies or practical application.

2.3.1.2.3 Motion sensors

2.3.1.2.3.1 Accelerometers

Motion sensors include accelerometers and pedometers. Accelerometers register
electrical charges obtained from the distortion of body-worn piezoelectrical ceramics; the greater
- the distortion, the greater the voltage evoked (Meijer, Westerterp, Verhoeven, Koper, & ten
Hoor, 1991). A number of commercially available accelerometers are now available including
the Caltrac (Hemokinetics, Madison WI), the Tritrac (Hemokinetics, Madison WI), and the
Computer Science Application (CSA; Computer Science Applications Inc., Shalimar, FL). These
instruments range in size and weight and are generally worn at the waist, hip, or lower back.
Total energy expenditure is estimated from "activity counts" (raw data indicative of pure
movement) by entering such personal data as age, height, weight, and gender. The results are
either displayed on a liquid crystal screen or interfaced with a computer for down-loading of data

(Westerkerp, 1999). An estimate of energy expenditure due to activity may be calculated by
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subtracting the resting basal metabolic rate (based on published equations such as the Harris-
Benedict equation; (Bursztain et al., 1989) from the accelerometer values (Chen & Sun, 1997).
As mentioned earlier, the terms energy expenditure and physical activity are neither
synonymous nor interchangeable (Rowlands et al., 1997). Yet validation studies of motion
sensors continue to compare accelerometer values to direct calorimetry and doubly labeled
water' methods of determination of energy expenditure (Westerkerp, 1999). Using this approach
to quantify physical activity, however, it is no wonder that Bray et al. (1994) reported that
accelerometer-estimated total energy expenditure was correlated with total energy expenditure
measured by direct calorimetry and that the raw movement "activity counts" recorded were not.
Another validity study using doubly label also water concluded that "activity counts" are not a
meaningful predictor of energy expenditure due to activity (Johnson, Russ, & Goran, 1998).
Comparing energy expenditure due to activity across individuals requires correction for
body size (Westerkerp, 1999). A single satisfactory coefficient for adjusting energy expenditure
due to activity does not exist, making it difficult to interpret and compare results obtained from
individuals of markedly different body sizes (Prentice, Goldberg, Murgatroyd, & Cole, 1996).
Rowlands et al. (1997) suggest that total quantity of movement is likely more important
for describing physical activity behaviours than conversion to energy expenditure. Such an
unbiased measure would be objective, convenient, and feasible for the study of large populations

(Rowlands et al., 1997). Accelerometers are able to provide this measure, but a less expensive

! Since 1982 we have witnessed an expanded use of the doubly labeled water method of determining energy
expenditure (Speakman, 1998). Briefly, subjects are followed for 7-21 days afier ingesting water labeled with 2
stable isotopes; onc eliminated as water and carbon dioxide and the second eliminated only as water. The difference
in elimination rates is a reflection of the rate of carbon dioxide production which can be in turn used to calculate
energy expenditure with a high degree of accuracy (Speakman, 1998). Drawbacks include its expense and low
precision, both of which limit its use to small group studies (Speakman, 1998). Regardless, doubly labeled water in
commonly considered the gold standard of energy expenditure measurement in the field of physical activity
epidemiology.
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and user-friendlier option exists: pedometers. Another advantage that pedometers have over
accelerometers is that they may be more feasibly used to intervene as well (Yamanouchi et al.,
1995). For program evaluation purposes, it is logical to use the same instrument to both measure
and intervene. The potential opportunities and considerations for using pedometers to measure

physical activity in typically sedentary populations are discussed next.

2.3.1.2.3.2 Using Pedometers to Measure Physical Activity

Pedometers have been underutilized to date. At least two problems with earlier research
have continued to plague the general acceptance of pedometers as a direct measure of physical
activity. Firstly, as Bassett et al., (1996) point out, earlier reliability studies were carried out
using earlier-generation mechanical pedometers. These gear-driven devices were subject to
errors making them unsuitable as precise research instruments. The newer electronic pedometers,
although displaying variations in accuracy among brands, are acceptably accurate for recording
walking activities, even at slower speeds, in free-living populations (Bassett et al., 1996). The
Yamax Digiwalker is currently considered the most accurate (Bassett et al., 1996), likely
reflecting higher quality control of manufacturing (maximal permissible rate of miscounting is .3
percent; (Hatano, 1993).

The second reason why pedometers have not achieved respectability among physical
activity epidemiologists is due to the criticism of poor reproducibility, or reliability. Basically,
earlier research concluded that the instrument was inadequate if repeated measures were
inconsistent for a subject walking a set distance. Measurement repeatability in the field was often
confused with instrument reliability, however, and the contributions of inconsistent behaviour
have been essentially ignored (Tryon, Pinto, & Morrison, 1991). Low test-retest reliability may

reflect behavioural instability rather than problems related to the pedometer itself. In a series of
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experiments, Tryon et al. (1991) showed that pedometers measured walking a set distance with
the most certainty in college students, with less certainty in normal children, and with the least
certainty in mildly hyperactive children. The point is, accurate instruments do not cause
unreliable measurements -- they reveal behavioural inconsistencies that require study in their
own right (Tryon et al., 1991).

For example, Lee, Lawler, Panemangalore, and Street (1987) used pedometers to
describe, in detail, seasonal variation in physical activity in middle-aged and elderly women
(average distance traveled decreased from summer to winter 10.91+8.2 to 8.5+5.4 miles/week,
p<.01). We know that people significantly underestimate their daily walking distance when
questionnaires have been compared with pedometer results (Bassett, Cureton, & Ainsworth, in
press). It is therefore unlikely that Lee et al. (1987) would have been able to identify the seasonal
effects on physical activity (a mean difference of 2.4 miles accumulated over a week) if a self-
report method had been used instead!

The pedometer has been previously considered a suitable method for evaluating physical
activity when the predominant activity behaviour is walking (Bassey, Dallosso, Fentem, Irving,
& Patrick, 1987; Kashiwazaki, Inaoka, Suzuki, & Kondo, 1986; Saris & Binkhorst, 1977b;
Shephard, 1989). Bassey et al. (1987) suggested that the pedometer is likely a more reliable
method of physical activity assessment in typically sedentary populations.

A variety of pedometers are commercially available that can quantify steps and estimate
distance traveled (typically miles) and/or calories burned. If an estimate of distance or calories is
desired, variables such as an individual's stride length, weight and/or age must be entered into the
pedometer's memory. The pedometer simply calculates the desired information from the steps

counted. This process could introduce additional error. For example, any bodily movement that
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registers as a pedometer step (for example, shifting weight while seated), would be converted
into a distance (Rowlands et al., 1997). Individuals with smaller stride lengths would be
penalized despite performing similar activities as someone with a longer stride length (Bassey et
al., 1987; Saris & Binkhorst, 1977a). At fast speeds, Bassett et al. (1996) reported that
increasing error in estimating distance was due to lengthening of stride rather than miscounting
steps. Similarly, reporting energy expenditure in total kilocalories under represents activity
undertaken in lighter individuals. For these reasons, Rowlands et al. (1997), recommend that
registering movements as simple steps or "counts” reduces bias and is the most appropriate unit
of measure using the pedometer.

The most appropriate monitoring frame for determining habitual physical activity is
unknown. Gretebeck and Montoye (1980) determined that 5-6 days (including weekend days) of
pedometer data were necessary to determine weekly physical activity (with less than 5% error) in
a relatively young male sample with varied physical activity habits. Since typically sedentary
populations participate in few and relatively unvaried physical activities (Masse et al., 1998),
likely a shorter monitoring frame is necessary. Determined one week apart, Sieminski et al.
(1997) reported a test-retest intraclass correlation (ICC) of 0.86 for steps/day (averaged over 2
days), in older free-living claudication patients.

Research regarding the validity of pedometers is just beginning to emerge. In cross-
sectional studies, daily pedometer values have been positively associated with time spent in
leisure time activity (Sequeira, Rickenbach, Wietlisbach, Tullen, & Schutz, 1995; Sieminski et
al., 1997) and physical fitness (Ichihara et al., 1996), and negatively associated with age
(Sequeira et al., 1995) and percent overweight (Tryon, Goldberg, & Morrison, 1992). Pedometer

values have also been shown to distinguish between individuals employed in sedentary and non-
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sedentary working conditions (Kashiwazaki et al., 1986; Sequeira et al., 1995), as well as within-
individual differences in sedentary working and active commuting behaviours (Kashiwazaki et
al., 1986).

Only recently have pedometers been used to describe total daily activity in free-living
populations (Bassey et al., 1987; Bassey, Patrick, Irving, Blecher, & Fentem, 1983; Cowley,
Fullwood, Stainer, & Hampton, 1991; Gardner, Sieminski, & Killewich, 1997; Ichihara et al.,
1996; Kashiwazaki et al., 1986; Schmalzried et al., 1998; Sequeira et al., 1995; Tryon et al,,
1992; Voorrips, Ravelli, Dongelmans, Deurenberg, & Van Staveren, 1991; Waish, Charlesworth,
Andrews, Hawkins, & Cowley, 1997). Table 1 presents mean values of steps/day reported in
these studies. At times it was necessary to calculate steps/day from other data presented in the
original articles. These situations are noted in Table 1. Means range from 7,000-13,000
steps/day in healthy younger samples (lower for women than for men), from 6,000-7,000
steps/day in healthy older samples, and from 3,500-5,500 steps/day in individuals living with
disabilities and chronic diseases.

Dr. Andrea Dunn of the Cooper Aerobic Research Institute indicated (personal
communication) that the lifestyle intervention conducted in Project Active (Dunn et al., 1999)
used pedometers as self-monitoring tools. Unfortunately, comments on the use of this tool (or
actual values) were not reported in their publication. In a recent review of lifestyle physical
activity interventions, however, Dunn, Anderson, and Jakicic (1998) suggest that pedometers (or
"step counters") be considered to assess the effectiveness of such interventions.

Only four published physical activity interventions have used pedometers to evaluate
program effectiveness (Bassey et al., 1983; Fogelholm, Kukkonen-Harjula, & Oja, 1998;

Meshkinpour et al., 1998; Yamanouchi et al., 1995). The nature of each intervention, sample
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characteristics, and pedometer results are displayed in Table 2. Two of these studies did not
describe baseline values (Fogelholm et al., 1998; Yamanouchi et al., 1995). Bassey et al. (1983)
demonstrated a significant post-intervention increase in steps/day in a sample that was already
relatively active (judging by baseline steps/day). Meshkinpour et al. (1998) also reported an
improvement in pedometer results presented as distance traveled (insufficient information was
provided to calculate steps/day). Only two of these studies reported using pedometers to monitor
activity during the intervention (Meshkinpour et al., 1998; Yamanouchi et al., 1995). Neither
comment on the experience nor present day to day pedometer values.

We do not know the optimal number of steps/day necessary to produce health benefits.
Literature out of Japan has recommended a goal of 10,000 steps/day for all individuals (Hatano,
1993) and individuals with Type 2 diabetes (Yamanouchi et al., 1995). There is no evidence to
support this recommendation and it suggests a threshold value, below which no benefits result.
We do not know this. Although it does seem to be a reasonable estimate of younger and/or
otherwise healthy individuals (Bassey et al., 1987; Kashiwazaki et al., 1986) it may be too lofty a
goal for typically sedentary populations, evident from the descriptive values presented in Table 1
(e.g., (Cowley et al., 1991; Gardner et al., 1997; Schmalzried et al., 1998; Walsh et al., 1997).

Pedometers are ideally suited to evaluating lifestyle interventions aimed at meeting
recommendations to accumulate 30 minutes of moderate physical activity on most, if not all,
days of the week (US Surgeon General, 1996). A simple timed walk (with a pedometer) could be
used to determine steps taken in 30 minutes of continuous walking. Post-intervention values
could then be compared with baseline values, and assessed with regards to meeting the public

health recommendations.

39



In summary, pedometers represent a low cost, direct and accurate measure of physical
activity in typically sedentary populations. Unlike self-reported physical activity, pedometers are
not subject to recall or social desirability biases. They also place a relatively low burden on
subjects. Pedometers are capable of quantifying small incremental increases in physical activity,
especially walking behaviour, as a continuous variable and do not suffer from floor or ceiling
effects. More widespread use of pedometers in typically sedentary populations will allow us to
examine more closely factors related to increased physical activity, specifically walking
behaviours. They are especially promising for use in Type 2 diabetic populations, characterized

as typically sedentary.

2.3.2 Physical Activity Epidemiology in Individuals with Type 2 Diabetes

We now turn to a discussion of physical activity epidemiology in the population of
interest. This section should not be confused with the earlier discussion (in Chapter 1) of risk
factors for the development of Type 2 diabetes. The focus here will be on: 1) the distribution and
determinants of physical activity behaviour in individuals with Type 2 diabetes; 2) the
association between physical activity behaviours and diabetes complications; and 3) the
association between physical activity behaviours and other behaviours (Caspersen, 1989). The
reader is forewarned that the literature to date in this area is limited and disjointed.

The prevalence of sedentarism appears to be quite high in persons with diabetes mellitus.
Hays and Clark (1999) recently reported that almost 55% of a sample of 260 individuals with
Type 2 diabetes reported zero minutes of weekly physical activity in response to questions about
walking behaviours. Disability is also prevalent and may contribute to the high estimation of

inactivity in this population (Tan & MacLean, 1995).



A review of survey data from the 1990 United States National Health Interview Survey,
found that 52% percent of individuals with diabetes reported activity limitations as compared
with only 17% of nondiabetics (Ford & Herman, 1995). Sixty-six percent of individuals with
diabetes reported not participating in regular leisure-time physical activity, compared with 59%
of nondiabetics, although this difference was negated when activity limitations were considered.
These distinct populations did not differ on mean number of bouts of exercise, average number
of minutes per bout of exercise, or mean total weekly hours of exercise (Ford & Herman, 1995).
Differences were noted, however, in activity choices. People with diabetes were more likely to
engage in walking and less likely to engage in: jogging; aerobics; dancing; calisthenics; golf;
tennis; bicycling; yoga; weight lifting; basketball; soccer; and skiing than were people without
diabetes (Ford & Herman, 1995).

Levels of self-reported activity have not been previously associated with long-term
glycemic control ascertained by measures of glycosylated hemoglobin (HbA\.) in cross-sectional
studies of individuals with Type 2 diabetes (Blaum, Velez, Hiss, & Halter, 1997; Selam,
Casassus, Bruzzo, Leroy, & Slama, 1992). One of these studies relied on a global self-care
instrument to ascertain self-reported engagement in exercise behaviour (Blaum et al., 1997). The
other study showed a tendency for improved control that was not significant in this small clinical
population (Selam et al., 1992). The authors suggested that the lack of observed effect might
reflect a disinterest in exercise in-patients with satisfactory control and/or a vain attempt of those
with poor control.

Subgroup analysis of individuals with Type 2 diabetes within a large cross-sectional

multicultural study showed a positive relationship between overall physical activity (including
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both vigorous as well as nonvigorous activities) and insulin sensitivity determined by an
intravenous glucose tolerance test (Mayer-Davis et al., 1998).

Engagement in exercise behaviour in individuals with Type 2 diabetes has been
associated with some lifestyle behaviours (increased seatbelt use and dental checkups) but not
with others such as blood glucose monitoring, obtaining periodic health examinations, smoking,

and alcohol consumption (Summerson et al., 1991).

2.4 Behavioural Perspective

2.4.1 Introduction

It is worth mentioning again that although the terms physical activity and exercise are not
interchangeable. The behavioural literature has displayed an increased preference for the term
physical activity, although the majority of research to date (both in general and in diabetic
populations) has been conducted on structured and class-based exercise programming. In this
field at least, adoption and adherence pertains to purposeful or intentional physical activity
undertaken to improve health and/or fitness. This generally excludes physical activity undertaken
in the course of commuting, working, chores, errands, and the like.

Therefore, within the context of purposeful or intentional physical activity (including
exercise) we will discuss: 1) the promising applicable behavioural theories and models; and, 2)
the determinants of adoption and adherence. At the end of this section we critique published

interventions conducted in the population of interest to date.
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2.4.2 Behavioural Theories and Modeils

A number of behavioural theories and models have guided physical activity promotion
efforts (King et al., 1992; Marcus, King, Clark, Pinto, & Bock, 1996). The most promising
approaches include applications of social cognitive theory, especially in regards to its central
component, self-efficacy (Dzewaltowski, 1994; Marcus et al., 1996), and, more recently,
augmented with the transtheoretical or the "stages of change” approach (Buxton, Wyse, &
Mercer, 1996; Marcus & Simkin, 1994). Social cognitive theory proposes that personal and
environmental factors, as well as factors related to the desired behavioural change, interact and
influence each other and can be manipulated accordingly (Bandura, 1986). It will be discussed
more fully later in section 2.4.3.1.2.

The transtheoretical model, or stages of readiness to change (specifically increase),
integrates: 1) reported behaviours; and, 2) intentions to maintain or alter habitual behaviour
(Marcus et al., 1996). Briefly, the stages are precontemplation (no intention to change),
contemplation (considering change), preparation (making small changes), action (actively
engaged in changing behaviour), and maintenance (continued successful behaviour change)
(Marcus & Simkin, 1994). Although intention is considered an important determinant for some
behaviours, the relationship between intention and exercise behaviour is much weaker (Courneya
& McAuley, 1993). For individuals with Type 2 diabetes, behaviour change is not always the
result of incremental stepwise shifts in intention; radical changes may result from epiphanies or
“conversion experiences” (O'Connor, Crabtree, & Yanoshik, 1997).

The stages serve as a framework for identifying individual readiness and for tailoring
cognitive and behavioural modification approaches (Buxton et al., 1996). The concepts of self-

efficacy and decisional balance contribute to stage-based interventions and are plausible
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outcomes of interest (Marcus et al., 1996). Since the majority of individuals with Type 2 diabetes
believe they should get more exercise (Searle & Ready, 1991), according to readiness theory
strategies we should move beyond education and awareness raising and instead focus on
behavioural processes necessary for action. No physical activity interventions for individuals
with Type 2 diabetes structured around self-efficacy and/or readiness theories have been

evaluated thus far, despite their promise (Clark, 1997).

2.4.3 Determinants of Physical Activity (Exercise) Adoption and Adherence

Despite the muiltiple benefits of increased physical activity (specifically exercise as
discussed in section 2.2) adherence to exercise recommendations is remarkably low compared to
other aspects of diabetes management (e.g., blood glucose monitoring, diet, medication) (Jenny,
1986; Kamiya et al., 1995; Kravitz et al.,, 1993). Additionally, long-term attrition is common a
common feature of structured exercise programs (Schneider et al., 1984; Schneider et al., 1992;
Skarfors et al., 1987). Sallis and Hovell (1990) suggest there are four distinct phases to
increasing physical activity: adoption, maintenance or adherence, relapse, and resumption.
Adoption, or getting started, is the subject of a recent review article (Dunn, 1996). The focus of
the adoption literature to date is on the determinants of purposeful physical activity adoption, or
specifically, characteristics of those who participate versus those who do not. A great deal more
research has been conducted in general populations than in diabetic populations.

Maintenance, or adherence refers to continued behaviour. The study of adherence to
purposeful physical activity is hampered by the lack of a common approach to quantifying
levels of adherence (McNabb, 1997), compounded with the measurement issues discussed
thoroughly in section 2.3.1.2. Relapse suggests a temporary discontinuation of previously

established physical activity behaviours. Attrition, or determination of rate of dropout, is one



way of describing relapse, or conversely, non-adherence. This alone is unacceptable. For
example, Schneider et al. (1992) reported the results of 1-year follow-up interviews with 100
previously sedentary individuals with Type 2 diabetes who had dropped out of a structured
exercise program within three months. At follow-up, 73 previously labeled dropouts reported
that they engaged in some form of physical activity at least twice a week, suggesting that their
brief commitment had succeeded in facilitating subsequent activity. This is an important finding
that had escaped conventional definitions of non-adherence.

Narrowly defined, however, as discontinued attendance or participation, individuals with
Type 2 diabetes more frequently relapse in their exercise behaviour compared with nondiabetics
(Krug et al., 1991). This relapse is associated with increased guilt and feelings of being out of
control and of failure (Krug et al., 1991). Individuals with Type 2 diabetes tend to believe that
having relapsed makes subsequent attempts more difficult, further thwarting attempts to exercise
regularly (Krug et al., 1991). Exercise relapse rates of 75-80% have been reported (Krug et al.,
1991; Swift, Armstrong, Beerman, Campbell, & Pond-Smith, 1995). Schneider et al. (1992)
suggested that high levels of anxiety associated with recent diagnosis or stressful life events may
contribute to a tendency for early attrition from a structured exercise program. We know very
little about resumption, or return to previously established physical activity behaviours in the

general population or in individuals with Type 2 diabetes (Sallis & Hovell, 1990).

This next section will focus on the determinants of physical activity participation (both
adoption and adherence), specifically engagement in exercise behaviours. The determinants have
been reviewed previously (primarily studies in non-clinical populations) and are generally
categorized as personal, environmental, and program factors (Dishman, 1989; Dishman, Sallis, &

Orenstein, 1985; King, 1997; King et al., 1992). The same organizational structure will be used
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here but the emphasis will be placed factors applicable to individuals with Type 2 diabetes.
Where possible, a distinction will be made between the separate behaviours of adoption and

adherence.

2.4.3.1 Personal Factors

Demographic variables associated with reduced activity levels in the general population
include: increasing age; female gender; obesity; lower socioeconomic status and education
levels; employment in blue-collar occupations; and at times, ethnicity (King et al., 1992). The
relationship between smoking and reduced activity is more modest (King, 1997). Age is an
independent risk factor for Type 2 diabetes (Katz & Lowenthal, 1994) and a correlate of physical
inactivity in individuals with Type 2 diabetes (Hays & Clark, 1999). Females with Type 2
diabetes are more likely to engage in no form of physical activity, compared with males (Hays &
Clark, 1999). Individuals with Type 2 diabetes are frequently obese (ADA, 1989).
Socioeconomic, cultural, and genetic factors likely contribute to elevated levels of diabetes
documented in people of color (Haffner, 1998), although lower education is correlated with
inactivity in individuals with Type 2 diabetes regardless of race or ethnicity (Hays & Clark,
1999). Considering this clustering of demographic variables, it is not surprising that diabetic
populations are characteristically under-active (Ford & Herman, 1995; Hays & Clark, 1999; Tan

& MacLean, 1995).

2.4.3.1.1 Knowledge, beliefs, attitudes
Knowledge of, and beliefs in, the health benefits of exercise participation are more
related to adoption than adherence in the general population (King, 1997). Cross-sectional

analysis shows no association between physical activity knowledge and behaviour in individuals



with Type 2 diabetes (Hays & Clark, 1999), and, Falkenberg et al. (1986) reported that an
improvement in diabetes-related knowledge was not accompanied by a change in self-reported
activity habits. A decrease in perceived health and fitness was associated with an increased belief
in the benefits of exercise in a population-based sample (Uitenbroek, 1993). A similar
relationship may not be the case in populations with chronic diseases (Oldridge & Spencer,
1985); a prospective study found that individuals with diabetes, hypertension, obesity, and/or
elevated serum cholesterol decreased their exercise behaviour over 15 years compared with peers
without disease or disease-related factors (Ferrini, Edelstein, & Barret-Connor, 1994). Beliefs
about the benefits of increased physical activity (exercise) are lower and perceived barriers to
becoming more active are higher in individuals with Type 2 diabetes compared with other
aspects of self-management (Glasgow, Hampson, Strycker, & Ruggiero, 1997; Pham, Fortin, &
Thibadudeau, 1996; Polly, 1992; Swift et al., 1995).

Although the majority (84%) of individuals with Type 2 diabetes believe that they should
get more exercise (Searle & Ready, 1991), perceived barriers include: physical discomfort;
health problems; lack of energy; fear of hypoglycemia; other peoples' actions and chance
happenings; being too overweight; and a lack of family support (Krug et al., 1991; Searle &
Ready, 1991; Swift et al., 1995; Wilson et al., 1989). An external locus of control, or the extent
to which an individual perceives life events to be outside of his’her own control, has been
associated with lower levels of physical activity in free-living general populations (Dishman &
Steinhardt, 1990) and in populations with Type 2 diabetes (Gregg, Kriska, Narayan, & Knowler,

1996; Swift et al., 1995).
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2.4.3.1.2 Seif-efficacy and outcome expectations

Self-efficacy, a central construct of social cognitive learning theory (Bandura, 1986;
Bandura, 1997), has been consistently associated with physical activity in a wide variety of
populations and settings (King, 1997; King et al., 1992). Self-efficacy is an individual's
confidence in his/her ability to perform the task/behaviour. It is both behaviour- and situation-
specific (Bandura, 1986). At least one study suggests that perceived self-efficacy is a strong
predictor of self-care practices in individuals with Type 2 diabetes, including exercise behaviours
(Skelly, Marshall, Haughey, Davis, & Dunford, 1995).

There is evidence suggesting that positive outcome expectations (e.g., beliefs in the
benefits of exercise), when combined with high exercise self-efficacy, strengthen the ability to
predict activity adherence in general populations (Clark, Patrick, Grembowski, & Durham, 1995;
McAuley & Rudolph, 1995) and may be particularly important to adopting activity behaviour
(Clark, 1996). Individuals with Type 2 diabetes perceive regular exercise to be beneficial but

extremely difficult to achieve, however (Glasgow et al., 1989).

2.4.3.2 Environmental Factors

Both physical and social environmental factors can affect adoption and adherence
behaviours. Physical environmental factors include access to facilities, weather, and cost
(Dishman, 1994b). Social environmental factors include social support and influences,
obligations and disruptions (Dishman, 1989). Although the use of environmental prompts, cues,
and incentives have received some attention (King, 1997; King et al., 1992), by far the most
significant environmental factor studied to date affecting exercise and physical activity

adherence behaviours is social support (Hillsdon & Thorogood, 1996; King, 1997).



2.4.3.2.1 Social support

Social support is considered an important influencing factor in physical activity adoption
and adherence, especially concerning class-based programs (Clark, 1996; Courneya & McAuley,
1995) where regular social interactions may evolve into feelings of camaraderie or fellowship
(Carron, Widmeyer, & Brawley, 1988; Schneider, 1996; Spink & Carron, 1992). Within class-
based programs, strategies to increase group cohesion and social support have resulted in
improved adherence (Spink & Carron, 1992; Spink & Carron, 1993; Wankel, Yardley, &
Graham, 1985).

Although individuals can successfully be taught to seek social support for structured
exercise from a variety of sources (Wankel et al., 1985), very little is known about the role social
support plays in individually-planned purposeful physical activity pursued outside supervised
settings (King, 1997). Similar to the general population, lack of social support for exercise is
considered a barrier by individuals with Type 2 diabetes (Pham et al., 1996; Swift et al., 1995).
Sources of support include: spouses; children; other family members; peers;
instructors/interveners; and health care professionals (Chogahara, Cousins, & Wankel, 1998).
The latter group, in the case of diabetes, includes: the physician; diabetes educator; nurse;
dietitian and others. Preferred sources of support may vary during phases of exercise adoption
and long-term adherence (Oka, King, & Young, 1995). For example, Schneider et al. (1992)
reported that participation of a nondiabetic spouse was a strong predictor of continued adherence
(after three months) to a structured exercise program.

Professional contact (in the form in person or via telephone) appears to be one of the
most promising behavioural strategies for improving adherence (Hillsdon & Thorogood, 1996;

Hillsdon, Thorogood, Anstiss, & Morris, 1995). There is limited evidence, however, that
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physical activity promotion principally through primary care physicians is efficacious or has
lasting effects (Eaton & Menard, 1998). Schneider et al. (1992) reported that individuals with
Type 2 diabetes who participated in a structured exercise program primarily because of physician
referral were unlikely to adhere.

Social influences can have either a positive or a negative effect on exercise behaviour
(Chogahara et al., 1998). Negative social influences are unsupportive, inhibitive, or resistive to
change (Chogahara et al., 1998). The relationship between diabetes control and social support
may be different for men and women (Heitzmann & Kaplan, 1984; Kaplan & Hartwell, 1987).
Perceived social support was associated with improved diabetes control in women only,
suggesting that men may receive more support for nonadherence to self-care (Heitzmann &
Kaplan, 1984). On the other hand, a large social support network may interfere with self-care
behaviours in women, but not in men (Kaplan & Hartwell, 1987).
2.4.3.3 Program Factors

Complex and restrictive medical screening prior to commencing regular exercise (ADA,
1999) may also present a barrier to increased activity. These guidelines continue to be
recommended despite the fact that no cost-effectiveness studies have been conducted (Samaras et
al., 1996) and that serious complications related to exercise are rare (Eriksson, 1999; Schneider
et al., 1992). These same guidelines give no direction for individuals with Type 2 diabetes with
known cardiovascular disease despite its prevalence (Samaras et al., 1996). The lack of direction
for this specific subgroup suggests that they are not to exercise, despite the fact that exercise is a
recognized and important treatment in cardiac rehabilitation (Dafoe & Huston, 1997). Such

stringent screening recommendations, coupled with non-existent guidelines for those who may



benefit the most, may serve only to deter individuals with Type 2 diabetes from engaging in this
heaith-promoting behaviour.

Other barriers, real or perceived, to participation in purposeful physical activity and/or
exercise include program factors such as accessibility and convenience, scheduling,
transportation, and/or costs and equipment (King, 1997; King et al., 1992). Research into barriers
to exercise has focused on perceptions of abstainers or dropouts (Dunn, 1996), so whether such
factors are truly reasons for poor adherence or are excuses for sedentary behaviour is uncertain
(King & Kriska, 1992). Swift et al. (1995) reported that both exercisers and non-exercisers with
Type 2 diabetes were equally able to identify barriers to exercise, suggesting the former group
differed only in their ability to overcome these barriers.

Type of physical activity is another important factor to consider. Physical activity
interventions have shifted away from structured and supervised fitness classes to home-based
and lifestyle interventions incorporating cognitive and behavioural theories (Dunn, 1996). Home-
based programs compared directly with formal programs have shown higher adherence rates
(King, Haskell, Taylor, Kraemer, & DeBusk, 1991). Muitiple short bouts of exercise taken
during the day, compared with a single long bout, elicit similar improvements in
cardiorespiratory fitness but display improved exercise adherence in women (Jakicic, Wing,
Butler, & Robertson, 1995) and no difference in men (DeBusk, Stenestrand, Sheehan, & Haskell,
1990). Reviews of randomised controlled trials of physical activity promotion strategies in
apparently healthy populations report that those trials most successful in increasing physical
activity are home-based, of moderate intensity, involve walking, and include regular follow-up

contact (Hillsdon & Thorogood, 1996; Hillsdon et al., 1995).

51



As previously mentioned, adherence to recommendations to exercise is remarkably low
compared with other aspects of diabetes management (Jenny, 1986; Kamiya et al., 1995; Kravitz
et al., 1993) and long-term attrition is common in structured exercise programs (Ecclestone,
Myers, & Paterson, 1998; Schneider et al., 1984; Schneider et al., 1992; Skarfors et al., 1987).
Tracking analysis of data collected from our own structured exercise programs tracked over a 3-
year period showed that participants in a diabetes exercise program had the highest dropout rate
of 75% compared with a low of 27% for a similar program for individuals with osteoporosis
(Ecclestone et al., 1998). Similarly, a retrospective report of a 10-year experience with an
exercise program for individuals with Type 2 diabetes indicated acceptable adherence up to three
months in the program, but poor long-term adherence (Schneider et al., 1992).

Less structured forms of exercise are apparently more appealing to individuals with Type
2 diabetes. For example, Searle and Ready (1991) found that individuals with Type 2 diabetes
participate less often in organized programs (8%) compared with individually-pursued (or
informal) exercise (37%), and interest in joining a structured exercise program is low (37%)
despite the fact that over 85% believe they should get more exercise (Searle & Ready, 1991).

"Lifestyle" physical activity interventions (Wing, 1989), reflective of public health
recommendations (US Surgeon General, 1996), have been studied in representative samples of
sedentary adults and obese children (Dunn et al., 1998). To date, only two studies have been
conducted with individuals with Type 2 diabetes (Walker, Piers, Putt, Jones, & O'Dea, 1999;
Yamanouchi et al., 1995). Both of these studies (described in detail in section 2.4.5) reported

excellent short-term adherence to physical activity recommendations.
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2.4 4 Intervention Strategies

Supervised, class-based exercise interventions in general populations have successfully
used such strategies as reinforcement, stimulus control, self-monitoring, goal setting and
contracting, feedback, and relapse prevention techniques (King, 1997; King et al., 1992).
Although less well studied, the use of environmental prompts, incentives, and contests have
successfully been used to increase daily lifestyle activity and active commuting behaviours
(King, 1997). Marcus (1996) has summarized the "critical components” of successful
interventions in general populations: 1) enhancing perceived benefits; 2) enhancing self-efficacy;
3) increasing intentions to exercise; 4) increasing enjoyment of activity; 5) enhancing social
support; and, 6) including moderate intensity activity.

To date, application of such strategies to increase physical activity in Type 2 diabetes has
received limited empirical attention. A pilot study examining the impact of motivational
interviewing on a variety of self-care behaviours, found improvements in some aspects of
diabetes care compared with a control condition, but not specifically exercise behaviour (Smith,
Heckemeyer, Kratt, & Mason, 1997). Similar results were reported from a telephone-delivered
intervention (Kirkman et al., 1994). Self-monitoring increased reported exercise behaviour in one
study for 4 to 6 weeks following diabetes education (Bielamowicz, Miller, Elkins, & Ladewig,
1995). The use of activity diaries is common practice in physical activity interventions, both as a

motivator and as a means of determining adherence to recommendations.

2.4.5 Physical Activity Interventions in Type 2 Diabetes

Earlier we presented the physiological responses to long-term exercise training studies.
This section differs in that we limit our discussion to interventions that have purposely attempted

to document an increase in physical activity, itself a worthwhile and independent outcome.

53



Questionnaires, activity diaries, attendance, and/or pedometers ascertained physical activity
participation in these studies. Multiple intervention trials are excluded from this analysis
(Barnard et al., 1994; Domenech, Assad, Mazzei, Kronsbein, & Galiardino, 1995; Hanefeld et
al, 1991; Lucas et al., 1987; Sonnaville et al., 1997; Wing & Anglin, 1996). Although these
interventions show improvement in a number of parameters, including glycemic control, the
effects of increased physical activity cannot be separated.

Surprisingly, despite the well known benefits of increased activity for this population,
very few intervention studies in Type 2 diabetes have attempted to document increases in
physical activity or otherwise examine physical activity as an independent outcome of interest
(Hartwell, Kaplan, & Wallace, 1986; Lehmann et al., 1995; Ligtenberg, Hoekstra, Bol,
Zonderland, & Erkelens, 1997; Raz, Hauser, & Bursztyn, 1994; Samaras et al., 1997; Vanninen,
Uusitupa, Siitonent, Laitinen, & Lansimies, 1992; Walker et al., 1999; Wing et al., 1988;
Yamanouchi et al., 1995). See Table 3. The majority of interventions are class-based (Hartwell et
al., 1986; Lehmann et al., 1995, Ligtenberg et al., 1997; Raz et al., 1994; Samaras et al., 1997;
Wing et al., 1988); one is a physician-driven education intervention delivering a structured
exercise message (Vanninen et al, 1992), and two others most closely reflect public health
recommendations to increase activity on a daily basis (Walker et al., 1999; Yamanouchi et al.,
1995). In general, adherence to physical activity is often determined from self-reported diaries,
or described as attendance at scheduled classes, and is not often collaborated with more objective
measures of fitness improvements. A single exception has used pedometers to gauge volume of
walking undertaken (Yamanouchi et al., 1995). At times physical activity is not ascertained in
control conditions or at baseline, although such measures are important to drawing firm

conclusions about behaviour change. Physical activity questionnaires are most frequently used to



determine increased energy expenditure resulting from an intervention, although the problems
with such self-report methods are well known (Ainsworth et al., 1998). Participants are often
self-selected and therefore eager to participate, a factor that may artificially enhance adherence
and may make generalization to more typical diabetic populations difficult. Interventions are
relatively brief, although there is a growing body of studies conducting follow-up evaluations,
important to assessing long-term adherence. Reasons for attrition are rarely reported and none of
these studies have attempted to describe the experiences of dropouts.

These interventions vary widely in their recommended frequency, intensity, duration, and
type of activity, complicating comparative analysis. The studies that have used behavioural
strategies to increase activity (Hartwell et al., 1986; Samaras et al., 1997, Wing et al., 1988)
and/or manipulate social support to improve adherence (Lehmann et al., 1995), present limited
descriptions of the interventions or the effectiveness of such efforts.

The two studies of most interest (Walker et al., 1999; Yamanouchi et al., 1995) will be
described in detail. Yamanouchi et al. (1995) conducted a clinical trial to evaluate the effects of
daily walking combined with diet therapy and diet therapy alone on insulin sensitivity in obese
individuals with Type 2 diabetes. Twenty-four subjects were assigned to one of the two groups
that were matched for age, gender, and body mass. The diet and physical activity group was
instructed to walk at least 10,000 steps/day as monitored by a pedometer, whereas the diet only
group was instructed to maintain a regular routine. During the 6-8 week study, the diet and
physical activity group averaged 19,200+2,100 steps/day and the diet only group averaged
4,500+290 steps/day.

Body weight decreased significantly in both groups. However, the diet and physical

activity group experienced a greater body weight loss than the diet only group. Before training,
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there was no difference between the groups in regards to basal blood glucose or insulin levels.
After training, blood glucose levels were slightly but significantly reduced in both groups while
blood insulin levels were reduced significantly in the diet and physical activity group only. A
euglycemic clamp procedure was performed before and after the study. Glucose infusion rate and
glucose metabolic clearance rates were used to determine insulin sensitivity. After training, there
was no difference in either of these parameters in the diet only group. Both parameters increased
significantly in the diet and physical activity group, indicating an improvement in insulin
sensitivity. An analysis of variance demonstrated significant interaction effects indicating the
important contribution of increased physical activity. A general linear models multiple regression
procedure was used to evaluate the correlations between changes in body weight and the mean
steps per day taken on the change in glucose clearance rate. They reported an effect of walking,
but not of the changes in body weight.

The authors concluded that physical activity, specifically walking, can be an effective
means of weight loss and improved insulin sensitivity in individuals with Type 2 diabetes. The
strengths of this study include its direct applicability to this population and its ease of
prescription. It appears that a distance goal, reflecting a total volume of physical activity, may be
an effective means of prescribing a lifestyle activity. In fact, it is very interesting to note the
dramatic differences between the prescribed number of steps in the diet and physical activity
group and the actual number taken. Apparently, the distance prescription was very acceptable to
this population when a target distance was prescribed. Because the euglycemic clamp procedure
was used, a confident measure of insulin sensitivity was insured (Bergman, Finegood, & Ader,

1985).



The length of the intervention was described as 6-8 weeks, but it is unknown how this
varied between individuals or the possible differential effects achieved with longer duration. The
long-term effects of this brief intervention on habitual activity are also important missing
components of this study. Finally, it is unfortunate that measures of glycemic control were not
included in this study.

In the most recent study (Walker et al., 1999), participants were instructed to walk 60
minutes at their own pace 5 days each week for 12 weeks. Adherence was determined from self-
recorded logs; subjects were asked to record starting and ending times of their daily walking
sessions. Reported walking during the 12-week intervention averaged 4.1+1.6 hours/week,
taken in 6.0:+2.4 walks. Again no baseline data was presented, so it is difficult to determine
change in physical activity. Changes in measures of physical fitness, body composition, lipid
profile, and glycemic control, however, provide additional evidence that physical activity was

increased.

2.5 Summary

Since the acute glycemic benefits of exercise are transient, future research needs to
establish whether or not physical activity or exercise results in an average daily lower blood
glucose and whether or not this can contribute to improving long-term glycemic control as
measured by HbA,. levels. If this is possible, we need to then explore the volume of physical
activity or exercise necessary to achieve these results and its optimal timing throughout the day.
It may be possible to achieve similar average daily blood glucose levels with either single long
bouts or multiple short bouts if the amount of daily energy expenditure is held constant. Before

we can rule out the importance of a threshold intensity of exercise, however, we need to
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characterize the glucose response to low-intensity lifestyle activity (i.e., walking), a study that
has not yet been performed.

Since insulin resistance is the primary source of hyperglycemia in individuals with Type
2 diabetes, a prudent approach is to conduct similar studies using accepted measures of insulin
sensitivity. To date, only the effects of single long bouts of exercise (typically on a stationary
bicycle) at 50-80% of VO; max have been studied. Since walking is the preferred activity choice
for this population, the effects of typical intensities of walking on insulin sensitivity need to be
described. The acute and long-term effects of resistance training on insulin sensitivity in this
population are promising and need to be explored further, including a direct comparison with
dynamic exercise. It may be that a combination of resistance and dynamic training can elicit
optimal improvements in glycemic control and insulin sensitivity.

The mechanism behind the consistently observed lower cardiorespiratory capacity in this
population is still unknown. The impact of this on the validity of using age-predicted maximal
heart rates to prescribe exercise is an important question. Perceived overexertion could thwart
future attempts to exercise and maximal exercise increases, rather than reduces, hyperglycemia
in this population (Kjaer et al., 1990). Intensity of exercise is related to improvements in
cardiorespiratory fitness, an important predictor of cardiovascular disease, so once again,
recommendations for exercise intensity cannot be disregarded.

Long-term benefits are related to adherence to physical activity behaviour. It is important
to capture the activity experiences of everyone involved in the study, including abstainers,
dropouts, treatment, and control subjects. Attendance at scheduled classes does not capture
changes in overall activity levels. Self-report questionnaires and activity diaries may be

insensitive to subtle changes in lifestyle activities. More promising objective measures include
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motion sensors (accelerometers and pedometers). Pedometers are also promising as immediate
personal feedback instruments, similar to the use of glucose meters in this population. Their use
needs to be explored further.

Strategies that incorporate opportunities for performance accomplishment, vicarious
experience, verbal persuasion, and reinterpretation of physiological states need to be
systematically evaluated to determine their effects on self-efficacy, outcome expectations, and
subsequent physical activity and exercise behaviours in this population. Interventions based on
these strategies need to report their effects on these social cognitive and behavioural variables.

Social support is a mostly untapped strategy for increasing adherence behaviours.
Regular professional contact needs to be combined with strategies for optimizing personal social
networks more effectively. Efforts to increase social support should also include strategies to
increase group cohesion in class-based interventions. Once again, it is imperative that the relative
success of such strategies be evaluated.

Finally, we need to move beyond comparing exercise interventions with no-exercise
control groups and instead compare the efficacy, feasibility, and effectiveness of interventions
designed to increase physical activity. It is time to develop, evaluate, and share model programs
that have the potential to impart the multiple benefits of an active lifestyle to this susceptible

population.
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Chapter 3: Evaluation of Stage of Change for Exercise Behaviour as

an Indicator of Physical Activity

3.1 Introduction

As mentioned in Chapter 1, this study was carried out in a predominantly non-diabetic
population as a means of both pilot testing various instruments of physical activity measurement
and determining the best methods of classifying sedentarism. The specific purpose of this study
is to evaluate the ability of the stages of change for exercise behaviour, (a popular method of
describing intention to exercise) to discriminate between persons at three levels of physical
activity (inactive, irregularly active, and regularly active). Stages of change classification is
compared to: a past-year self-report of occupational and leisure physical activity; a self-recorded
3-day activity log; and concurrent objective measures using heart rate monitoring and a
pedometer. A number of the issues of physical activity epidemiology are confronted and

addressed in this empirical examination.

Marcus and colleagues (Marcus, Selby, Niaura, & Rossi, 1992b) applied the
transtheoretical model, (also referred to as stages of change) based upon the work of Prochaska
and DiClemente (1984) in addictive behaviours, to exercise behaviour. This model describes the
cognitive and behavioural processes necessary to move from one transitional stage to another
until a change is successfully attained. The stages, described earlier but repeated here for ease of
readability, are precontemplation (no intention to change), contemplation (considering change),
preparation (making small changes), action (actively engaged in changing behaviour), and
maintenance (continued successful behaviour change) (Marcus & Simkin, 1994). A sixth stage,

relapse (discontinued behaviour), was included in the original scale (Marcus et al., 1992b).



Scales integrate reported physical activity involvement, specifically exercise, with
intentions to maintain or alter this behaviour (Cardinal, 1995; Marcus et al., 1996) . A Canadian
version has replaced the term exercise with physical activity (Canadian Society for Exercise
Physiology, 1998). Irregardless of intention to change, with respect to reported behaviour, all
scales suggest that individuals in precontemplation, contemplation, or relapse are similarly
inactive (e.g., I am not physically active, I do not exercise, etc.), individuals in preparation are
irregularly active (e.g., I am physically active once in a while, I exercise once in a while but not
regularly, etc.), and those in action or maintenance are similarly regularly active (e.g., I am
currently physically active, I participate in regular physical activity, I exercise regularly, etc.).

The stages of change have been previously collapsed into this 3-stage activity model and
validated based on self-reported participation in vigorous leisure time activity (Marcus &
Simkin, 1993). The 3-stage activity model has also been used as a basis for comparing the
physical activity behaviours of 431 women; based on self-identified stage of change, researchers
concluded that 39% were sedentary, 34% were irregularly active, and 27% were active (Marcus,
Pinto, Simkin, Qudrain, & Taylor, 1994).

Both published (Marcus et al., 1992a) and unpublished physical activity interventions
have used stages of change scales as an outcome measure of increased physical activity.
However, the validity of the stages of change with respect to physical activity behaviours has
relied exclusively upon self-report methods (Buxton et al., 1996; Cardinal, 1995; Marcus &
Simkin, 1993; Wyse, Mercer, Ashford, Buston, & Gleeson, 1995), focused on the performance
of vigorous sports and leisure time activities (Masse et al., 1998). Thus, it is not surprising that
clear differentiation between stages in these validity studies was only evident with analysis of

such activities (Buxton et al., 1996).
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As discussed thoroughly in section 2.3, physical activity includes spontaneous or routine
light and moderate activities, such as: household chores; family and child care; leisure time
activities and occupational activities (Jacobs et al., 1992; Masse et al., 1998). Additionally, the
recall of walking behaviours by self-report questionnaires is notoriously inaccurate (Ainsworth et
al., 1993b; Bassett et al., in press; Kriska et al., 1990; Richardson et al., 1993), although walking
is a frequently reported choice of physical activity (Siegal et al., 1995). Despite an earlier review
calling for the validation of the stages of change using objective measures of physical activity
that can overcome the limitation of self-report methods (Marcus & Simkin, 1994), no such study

has been reported yet. Therefore, we embarked on such a study.

3.2 Method's

3.2.1 Subjects

The Office of Human Research and Animal Care, University of Waterloo approved this
project. A convenience sample of 50 university staff members (10 males, 40 females; mean age
48.3+SD6.0, 95% CI 46.6-50.0) were recruited through two waves of interdepartmental flyers.
Responding subjects were scheduled for an assessment in a staggered fashion over 4 months
(necessary due to equipment availability). Assessments took approximately 40 minutes and
included measurements of height, weight, and average gait length and the completion of a
number of questionnaires, described below. Subjects were then given detailed instruction,
practice, and feedback on self-monitoring of physical activity using an activity log, a heart rate
monitor, and a pedometer. Subjects were instructed to complete self-monitoring of physical
activity on three consecutive days, including one weekend day. A simple set of written

instructions was provided to facilitate data collection and a contact telephone number to call if
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any problems occurred. Research assistant (J.H.) initiated telephone calls were placed on the first
or second day of data collection to each of the subjects at their place of work to assure proper
functioning of all equipment.

As soon as possible after the collection period, subjects returned equipment and activity
logs. At this time, data collection problems were identified and corrected as far as was possible.
Subjects were asked to give feedback on the process, including their experiences with the various
indicators of physical activity.

Height and weight were assessed without footwear, according to the Canadian Physical
Activity and Fitness Appraisal protocols (Canadian Society for Exercise Physiology, 1998), for
the purposes of calculating body mass index (BMI;weight in kg/height in meters®). Gait was
counted every time the lead foot touched down over 10 meters (an extra three meters were
allowed for acceleration and de-acceleration) determined over three trials at the subject’s self-
selected normal walking pace.

Subject characteristics were collected by questionnaire (Appendix A). Stage of change
was obtained from a self-administered questionnaire (Canadian Society for Exercise Physiology,
1998) completed during the assessment. Self-reported stages of change were collapsed into the 3-

stage activity model described previously.

3.2.2 Physical activity recall

The Modifiable Activity Questionnaire (MAQ) (Kriska et al., 1990) was used to assess
past-year occupational and leisure activities. In a Pima Indian population, test-retest reliability
(Spearman's rank order correlations) for past-year occupation was 0.88 for 21-36 year olds and

0.88 for past-year leisure for 37-59 year olds (Kriska et al., 1990). The MAQ has been validated

with both accelerometers (Kriska et al., 1990) and doubly labeled water (Schulz, Harper, Smith,
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Kriska, & Ravussin, 1994). Reported hours/week for all leisure activities over the year can be
weighted by estimated metabolic cost of the activity and expressed as MET-hours/week. Credit
is only given for occupational activities of moderate (e.g., carrying light loads, continuous
walking, heavy cleaning) or heavy intensities (e.g., heavy construction, active farming, wood
hauling). The developers suggest leisure data be analyzed both with and without walking for
exercise, due to unreliability of self-report for this particular activity (Kriska et al., 1990).
Differences in leisure activity between reported occupational task categories were examined. Dr.
Andrea Kriska (University of Pittsburg) provided telephone training in the administration of the

MAQ.

3.2.3 Current activity
3.2.3.1 Activity log

The Bouchard 3-Day Physical Activity Log (Bouchard et al., 1983) is comprised of three
24-hour records divided into 96 15-minute intervals. For each interval, subjects were asked to
enter a number corresponding to an accompanying list of activities that best described their own
activity during that time. There are 9 categories of activities representing increasing energy
expenditures, ranging from low to high intensity. For example, all activities engaged in while
lying down (watching television, reading, napping, etc.) are coded as 1. Activities performed
while sitting are coded as 2. Light activities performed while standing, with little other
movement (cooking, dusting, shaving, etc.) are coded as 3, etc. The design of this activity log
provides opportunity to tabulate and examine time recorded in specific categories, such as 2
(sitting or inactive behaviours) and 6-9 (moderate-high intensity activity behaviours). Intraclass

correlation (ICC) of test-retest reliability conducted on 61 adults was 0.97 (Bouchard et al.,



1983). The activity log has been associated with submaximal determinations of aerobic capacity

(ICC=0.31), and percent body fat (ICC=-0.13) (Bouchard et al., 1983).

3.2.3.2 Heart rate monitoring

The heart rate monitor used in this study (Polar Accurex Plus, Kempele, Finland)
consisted of a plastic band containing two electrodes, one on each side of the chest, and an
adjustable elastic band to ensure a snug fit. A transmitter in the band communicates with a
wristwatch to display data. The watch was programmed to store heart rate data at 15-minute
intervals for 66 hours. Subjects wore the equipment only during their waking hours. Heart rate
data was downloaded immediately to the accompanying Polar data analysis software. Data was
described as the average heart rate (HR). Energy expenditure was calculated from the mean daily
HR using a prediction equation for group data (kcal/min=-4.4.05+0.084HR )}(Kalkwarf, Haas,
Belko, Roach, & Roe, 1989) and then multiplied by the number of minutes heart rate was
recorded. To account for energy expenditure during time not worn, the energy cost of lying down
was added (0.26kcal/kg/15min) (Bouchard et al., 1983). A similar approach to estimating energy
expenditure from heart rate monitoring was considered useful for determination of group energy
expenditure, but not for individuals (Kalkwarf et al., 1989). For comparison purposes (with the
activity log), the estimated energy expenditure was divided by body weight to arrive at

keal/kg/day.

3.2.3.3 Pedometer
A commercially available and inexpensive electronic pedometer (Thermore Fitness
Control, Orlando, Florida; approximately $10.00 CAN) was used in this study. Although there

are variations in accuracy among brands, electronic pedometers appear to be acceptably accurate
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for measuring walking behaviours (Bassett et al., 1996). The reliability and validity of
pedometers in the assessment of physical activity in free-living populations was covered in detail
in Chapter 2. Subjects were instructed to record their pedometer values at the end of each day on
the activity log and reset the pedometer each morning. Pedometer data were treated in two ways:
1) as raw counts (steps), and, 2) multiplied by average step length in meters to describe distance
covered in kilometers. Average step length =average gait length/2. Energy expenditure in
kcal’kg/day based only on the pedometer data was not calculated because it required too many

fallible assumptions about the speed and duration of walking through out the day.

3.2.4 Inactivity
Measures of inactivity were determined from: 1) a question (in the MAQ) about time
spent television viewing; 2) a question (in the MAQ) about hours sitting on the job ; and, 3) daily

average time spent in category 2 (sitting) tabulated from the activity log.

3.2.5 Analyses

Data are presented as means +SD, 95% CIs. Chi’ analyses were used to examine
between-group differences in categorical variables. A paired-sample 7 test was used to examine
differences in MAQ total activity with and without inclusion of walking for exercise. An
independent sample 7 test was used to examine differences in MAQ leisure activity in different
occupational groups identified (low or moderate intensity occupation requirements). Ranked
with respect to gait length, tertiles were compared for differences in distance traveled.
Differences in measures between each of the 3-stage activity model categories were assessed

using a one-way ANOVA. Post-hoc 7 tests were then used to investigate any significant findings.



Data were analyzed using SPSS Version 8.0 Statistical Software; p<.05 was considered to be

statistically significant.
3.3 Results

3.3.1 Sample characteristics

According to the 3-stage activity model based on stage of change, 13, or 26% of the
sample were inactive (2 precontemplation, 6 contemplation, S relapse), 15, or 30% were
irregularly inactive (preparation), and 22, or 44% were regularly active (8 action, 14
maintenance). With regards to age there was no difference between the inactive (46.5+5.2,
CI=43.4-49.6), irregularly active (47.0+5.6, CI=43.9-50.1) and regularly active groups
(50.2+6.3, CI=47.4-53.0). Subjects' BMI averaged 27.816.0, CI=26.1-29.6kg/m®. There was no
difference in BMI between the inactive (28.31+5.9, CI=24.7-31.8), irregularly active (29.8+8.1,
CI=25.3-34.3), and, the regularly active (26.3+4.5, CI=24.2-28.3) groups.

For the total sample, three (6%) had some high school, nine (18%) had a high school
diploma, 12 (24%) had some post-secondary schooling, and 26 (52%) were college or university
graduates. Three (6%) perceived their health as fair, 36 (72%) perceived it as good, and 11(22%)
perceived their health as excellent. Two (4%) were current smokers, one (2%) was an occasional
smoker, 30 (60%) had never smoked, and the remaining 17 (34%) were former smokers, having
quit 11.1+6.2, CI=7.9-14.3 years previously. One (2%) perceived themselves as underweight, 24
(48%) perceived themselves at the right weight, and the remaining 25 (50%) perceived
themselves to be overweight. The most commonly diagnosed chronic conditions reported were
back problems (15, or 30%), allergies (11, or 22%), high cholesterol (4, or 8%), and high blood

pressure (3, or 6% of the sample). There was no difference between activity groups with regards
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to education, perceived health, smoking status, perceived weight status, or any of the chronic

conditions reported.

3.3.2 Physical activity recall

The most frequently reported leisure activities captured by the MAQ were walking (35,
or 70%), gardening (31, or 62%), cycling (20, or 40%), aerobics (14, or 28%), dancing (8, or
16%), jogging (8, or 16%), and swimming (7, or 14%). Those in the regularly active group were
more likely to report engaging in aerobics (10, or 20% vs. 3, or 6% for the irregularly active and
1, or 2% for the inactive groups; Chi’=6.46, p=.013). There were no other apparent differences
between activity groups with regards to frequency of these reported leisure activities or cell sizes
were too small to adequately approximate the Chi’ (Moore & McCabe, 1993; Ostle & Mensing,
1975).

For the total sample, there was a significant difference between total activity hours/week
with walking for exercise included for analysis, then excluded (8.7+9.3, CI=6.1-11.4 vs. 7.31+9.7,
CI=4.5-10.0, p<.001). The same conclusion was held true when activity was weighted for
metabolic cost and described as MET-hours/week (35.8+37.3, CI=25.2-46.4 vs. 30.7+38.6,
CI=19.7-41.7; p<.001) Therefore analysis for between group differences was conducted using
both approaches (Kriska et al., 1990).

The sample reported predominantly low intensity occupational tasks; only 11 subjects
reported moderate intensity tasks. No one reported heavy intensity occupational tasks. There
was no difference between activity groups (inactive=2, irregularly activity=5, regularly active=4;
Chi®*=1.6-46, p=.440) with regards to frequency of reported moderate occupational tasks). There

was no difference in leisure activity by reported occupational groups as presented in Table 4.
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The results of the between group comparison for the MAQ are presented in Table §.
There was no difference in MAQ total hours/week or MET-hours/week between groups. The
regularly active group reported significantly more hours/week and MET-hours/week of leisure
activity than the inactive group. Analyzed with walking for exercise included, the regularly
active group reported more hours/week and MET-hours/week of leisure activity than the
irregularly active. When walking for exercise was excluded from the analysis, leisure hours/week
were not different, but leisure MET-hours/week were significantly different between the

irregularly active and regularly active groups.

3.3.3 Current activity

There were no differences between groups with any indicator of current activity collected
by the log, heart rate monitor, or pedometer (see Table 6) and there was no difference between
groups for any of the indicators of inactivity explored (see Table 7). There was no correlation
between energy expenditure derived from the activity log or from heart rate monitoring (r=-.186,
p—=285). The intraclass correlation coefficient was -0.37. Details are of all measures are

described below.

3.3.3.1 Activity log

Complete data was collected from the activity log. Subjects generally reported that the
log was easy to complete, although they believed some of the activities they performed were not
represented in the categories presented. Subjects typically completed the logs by updating them
1-3 times during the day, rather than recording each 15-minute block as it happened. For the

whole sample, energy expenditure calculated from the activity log averaged 44.8+5.3, C[=43.3-
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46.3 kcal’kg/day. Time spent in moderate-high intensity activities (categories 6-9) averaged

1.0+0.9, CI=0.7-1.2 hours for the sample.

3.3.3.2 Heart rate monitoring

Due to equipment failure and/or subject error, heart rate data was lost on 15 (30%)
subjects. The most frequently reported problems were that the monitor cut out regularly around
electrical machinery (automobiles, vacuum, cell phone, hair dryer), and that it was
uncomfortable to wear (itchy, caused a rash, tight). Subjects wore the heart rate monitors an
average of 13.611.0, CI=12.8-14.4 hours/day. For the sample, daily heart rates averaged
84.3+8.3, CI=81.4-87.1 beats per minute. Energy expenditure calculated from heart rate data

averaged 41.2110.5, CI=37.6-44.9 kcal/kg/day.

3.3.3.3 Pedometer

Pedometer data was lost on two (4%) subjects due to equipment failure. Subjects reported
problems with the pedometer falling off. All pedometers were recovered, however, and subjects
indicated that pedometer values were not substantially altered due to falling off. Subjects
averaged 12,254+6,254, CI=11,437-15,071 steps/day. Walking gait averaged 1.410.1, CI=1.3-

1.4 meters and calculated daily distance traveled averaged 9.0+4.2, CI=7.8-10.3 kilometers.

3.3.4 Inactivity

3.4 Discussion

As previously reported (Kriska et al., 1990), we found that there was a significant
difference for both total and leisure activity when walking for exercise was first included, then

excluded from the analysis. Although this could be interpreted as an indicator of the popularity
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of walking for exercise, reliability of the MAQ is improved with its removal (Kriska et al.,
1990).

The MAQ was originally developed for use in describing physical activity levels in Pima
Indians (Kriska et al., 1993). The incidence of Type 2 diabetes in the Pima Indians is among the
highest in the world (Knowler, Saad, Pettitt, Nelson, & Bennett, 1993). Physical activity,
assessed by the MAQ, has been associated with obesity and glucose intolerance in the Pimas
(Kriska et al., 1993). We would therefore expect our relatively healthy middie-aged sample to
fare well comparatively to this population on the same measure of physical activity. MAQ values
for hours/week of leisure activity observed in our study for both the inactive and irregularly
active groups are similar to those reported for a male Pima Indian sample aged 37-51 years (2.5
hours/week), and higher than values found for female Pimas (0.5 hours/week) (Kriska et al.,
1993). Hours/week of leisure activity in the regularly active group are similar to a younger
sample of male Pimas (6 hours/week; 21-36 years) (Kriska et al., 1993). We are therefore
confident in the values we obtained from the MAQ.

Although 11 subjects reported performing moderate intensity tasks as part of their
occupational requirements, these subjects were evenly distributed across the three activity
categories, and did not differ in leisure activity participation from the rest of the sample.
Therefore, it was considered appropriate to retain this subgroup in the analysis.

The 3-stage activity model has previously been validated against participation in vigorous
leisure time physical activity behaviour (Marcus & Simkin, 1993) using a commonly employed
measure of physical activity: the 7-day physical activity recall questionnaire (Blair et al., 1985).
A difference was not evident between groups for participation in moderate intensity activities

(Marcus & Simkin, 1993). Using a different self-report method, we similarly showed that
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individuals classified as regularly active category (using the same 3-stage activity model)

reported more frequent participation in leisure activities (walking for exercise considered) and

for longer duration and greater intensity compared with individuals in the inactive and irregularly

active categories. There was no difference between the inactive or irregularly active categories

for any self-reported physical activity variable, however. Adjusting for walking for exercise
negated any difference in hours/week of leisure activity between the irregularly active and the

regularly active groups. This suggests that, outside of walking behaviours, the two groups

participate in a similar duration of leisure time activity, but that the activity intensity preference

of the regularly active group is higher.

The MAQ suffers from the same limitations as other questionnaires intended to assess
physical activity: non-work related activity is focused on the performance of vigorous and
structured, or otherwise planned activities. There is no consideration for recording activities
related to household chores or family and child care, although such activities are considered
important contributors to total daily physical activity (Jacobs et al., 1992; Masse et al., 1998).

Adjusting for body weight, published mean values of energy expenditure for similarly
aged adults calculated from the activity log are similar to those we observed (45kcal/kg/day)
(Bouchard et al., 1983). Although mean time in moderate-high intensity activities appears to
increase over the three activity categories, the variance is high and the 95% CIs overlap
dramatically, providing additional evidence that the three divisions under examination are not
different with respect to self-recorded activity.

The activity log is considered a direct measure of current activity (Ainsworth et al.,
1998). However, because subjects in this study reported that they completed the log 1-3 times

during the day, rather than simultaneously with activity behaviours, errors in the underlying

72



cognitive processes likely occurred (Durante & Ainsworth, 1996) when attempting to recall
activity details for each of the 96 cells in the log. This self-recording method also required that
subjects compare their own activities with an accompanying list of activity categories, and then
extrapolate for activities performed that were not listed. Some subjects noted that the list of
activities provided were predominantly male-oriented and did not include examples of typical
office work activities, household chores, or child care activities. The log method also required
the subject to select the most representative activity performed for 15 minutes, assuming a
continuity of daily activity that does not necessarily exist.

The accuracy of energy expenditure calculated from heart rate is improved with
individual calibration curves accounting for interindividual differences in the relationship
between HR and aerobic capacity (Haskell et al., 1993). This can be both cost and time
prohibitive, however, in larger studies. Thus, the approach taken herein using a group-based
prediction equation is justified given the study's purpose. Energy expenditure calculated from
heart rate monitoring was similar to published mean values for 19-27 year old women (adjusted
for body weight: 44kcal/kg/day) (Kalkwarf et al., 1989). Although Kalkwarf et al. published both
a single line prediction equation and a segmented line (divided at 120bpm) to account for
imperfect HR-VO; relationships at lower intensities, the single line approach was selected for
this study because it came closer to reference energy expenditure computed from energy intake
and stores (Kalkwarf et al., 1989). Another approach to discriminating physical activity levels
was considered, namely, time spent in a zone considered beneficial to cardiorespiratory training
(ACSM, 1998). A minute-by-minute data collection process would be necessary, however, to

accurately represent this indicator of engagement in vigorous physical activity. In orderto
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capture three consecutive days of heart rate data, confidence in equipment electronic memory
limited our collection to 15-minute intervals.

Another limitation of our approach to heart rate monitoring was in accounting for energy
expended while the monitor was not worn, or otherwise not collecting data. We assumed that
subjects were at rest, however, missing data could also be due to equipment malfunction, a
problem that others have also documented (Kalkwarf et al., 1989; Wareham et al., 1997).
Wareham et al. (1997), describe a computer program that they have developed to smooth
aberrant data readings collected during minute-by-minute heart rate recordings, necessary for
analyzing this data-intensive approach. Unfortunately, because we did not have subjects record
the time at which the monitor was put on or removed, we do not have a full understanding of the
missing data. This is an important procedure to consider in subsequent studies using heart rate
monitoring.

Although similar mean values of energy expenditure were derived from the activity log
and through heart rate monitoring, these values were not correlated with each other. As described
previously, the one method is a self-record subsequently translated to energy expenditure using a
limited list of reference activities, and the second method translates monitored physiological
responses to energy expenditure based on a flawed assumption of HR-VO., linearity. It is not
surprising that they are not correlated given the limitations of both approaches.

Although the pedometer does not pick up intensity of activity, most individuals
infrequently engage in vigorous activities (Blair, 1984). Pedometer data, however, is considered
an accurate indicator of walking behaviours (Bassett et al., in press; Bassey et al., 1987;
Kashiwazaki et al., 1986; Saris & Binkhorst, 1977a). The pedometer values we collected are

similar to values reported previously for clerical workers (10,571+4,336) (Kashiwazaki et al.,
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1986), assembly workers (11, 294+2,336) (Kashiwazaki et al., 1986), and medical school
workers (10,793+3,553) (Bassey et al., 1987). We collected a broad range of pedometer values
for the sample (evident from the 95% CIs reported), improving our confidence that we were able
to recruit subjects representative of a broad spectrum of physical activity, specifically with
regards to walking behaviours

Concern about the effect of gait length on calculated distance travel has been previously
expressed (Bassey et al., 1987; Rowlands et al, 1997; Saris & Binkhorst, 1977a). We found,
however, that analysis of pedometer data with respect to tertiles of gait length showed no
difference in calculated distance traveled. Regardless, describing pedometer data as distance
traveled remains essentially flawed as even shifts in body weight would be converted to distance
traveled.

The most frequently reported problem with the pedometers was that they sometimes fell
off, especially in individuals with greater abdominal adiposity and during bending movements.
In a personal communication, Dr. Barbara Ainsworth (School of Public Health, University of
South Carolina) has shared similar problems with another brand of pedometer. Manufacturers
should improve commercially available pedometers by providing a more secure hinge
attachment.

None of the indicators of inactivity differed between activity categories. As Dietz (1996)
points out however, inactivity is not necessarily the opposite of activity; individuals who engage
in vigorous and structured exercise may also report high amounts of television viewing or
occupational sitting. Alternatively, the self-report and recording methods used to assess

inactivity in this study may suffer from similar problems of recalling low and moderate intensity
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physical activities, that is, both the frequency of sedentary activities and their relative lack of
salience (Ainsworth et al., 1998; Durante & Ainsworth, 1996).

In conclusion, regardless of its performance in assessing intention, as a mode of
classifying physical activity behaviours, stages of change serves as little more than a crude
indicator of participation in vigorous physical activities. Stages of change should not be used to
make conclusions about interindividual differences in recalled physical activity levels other than
participation in vigorous leisure activities. Stage of change is not a good indicator of either self-
recorded for two methods of objectively determined current physical activity level.

We could therefore not use stages of change to identify potential subjects for subject
recruitment to our planned intervention study. The next chapter describes a study that was not
part of the original proposed research, but was deemed necessary after documenting a suprisingly
high level of reported physical activity in a sample of individuals with Type 2 diabetes. What
follows is a detailed examination of subsequent attempts at screening for sedentarism in

individuals with Type 2 diabetes.

76



Chapter 4: Screening for Sedentarism in Individuals

with Type 2 Diabetes

4.1 Introduction

Subject recruitment is a critical first step in the evaluation of physical activity
interventions. Researchers set a priori inclusion and exclusion criteria to control for factors that
may otherwise affect the outcome of interest. In order to more easily document increases in
physical activity behaviours, it is necessary to begin with truly inactive, or sedentary individuals.
There are two sets of guidelines currently available to assist with screening for inactivity: 1) the
ACSM recommendations (1998) to engage in continuous rhythmic activity at 60-90% age
predicted heart rate, for 20-60 minutes, 3-5 days a week; nor, 2) the public health
recommendations to accumulate 30 minutes or more of moderate activity on most, if not all, days
of the week (Pate et al., 1995).

Both these guidelines were used to screen out overly active individuals during the
recruitment process used in preparation for the evaluation of a novel daily physical activity
intervention (the focus of this thesis and described in detail in Chapter 5). Eighty-six individuals,
recently diagnosed (within the previous year) with Type 2 diabetes (age 40-60 years, BMI 28-35,
treated by diet or oral hypoglycemic medication), were identified through a manual search of
patient files held at a diabetes education centre. Physician permission was obtained to contact
each patient regarding the study. During a telephone conversation, chart information was
verified. Further, subjects were asked two global questions related to physical activity: 1) Do you
currently attend any formal exercise or activity programs?, and 2) Do you currently accumulate

30 minutes or more of moderate physical activity (equivalent to brisk walking) on more than two
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days of the week? The latter question was intended to screen out individuals who potentially met
both guidelines described above, at least for frequency of participation.

Surprisingly, a high number of subjects were screened out due to high reported activity
levels, primarily based on the latter question. Only two (2%) individuals were excluded due to
involvement in formal exercise programs; while 44 (51%) were excluded due to self-reported
individual activity levels higher than the public health messages. We found that less than 25%
(20) of our sample were reportedly sedentary according to our questions (Pate et al., 1995). In
comparision, secondary data analysis conducted by Ford and Herman (1995) has indicated that
66% of individuals with Type 2 diabetes reported that they did not exercise or play sports
regularly. Hays and Clark (1999) recently reported that almost 55% of a sample of 260
individuals with Type 2 diabetes reported O minutes of weekly physical activity in response to
questions about walking behaviours.

It may be that simply asking individuals if they meet the public health recommendations
yields a false result shaped by social bias (Masse et al., 1998). The use of a valid and reliable
physical activity assessment tool, such as the frequently used 7-day physical activity recall
questionnaire (PAR) (Blair et al., 1985), may provide a clearer picture of the prevalence of
inactivity in this population. Data collected in this manner can be analyzed for energy
expenditure and also categorized with respect to attainment of physical activity guidelines. Such
an approach in an obese population (of a similar age to our study population) revealed that 62%
were sedentary, 21% met the public health recommendations, and 17% met the traditional
exercise-fitness recommendations (Weyer, Linkeschowa, Heise, Giesen, & Spraul, 1998).

Alternatively, all of the members of the sample we were attempting to recruit had

received standard diabetes education since their diagnosis, including messages to exercise
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regularly. It may be possible, given the recency of diagnosis, that the individuals contacted were
indeed more active than what is portrayed in the literature examining physical activity in Type 2
diabetes. Some individuals with Type 2 diabetes may have sudden conversion experiences and
dramatically alter their behaviours (O'Connor et al., 1997).

The aim of this study was to re-contact by telephone members of a population of
individuals with Type 2 diabetes who had previously screened out of our physical activity
intervention because of their self-reported activity levels. We wished to systematically examine
current activity levels in two manners: 1) with regards to energy expenditure, and, 2) with
regards to attainment of either the traditional fitness guidelines (ACSM, 1998) or the new,
broader daily activity recommendations (Pate et al., 1995). A secondary purpose was to explore
the perceived effect, it any, diagnosis and/or diabetes education may have increasing physical

activity levels.

4.2 Methods

We re-contacted the 46 individuals, who had been excluded from our intervention study
due to self-reported physical activity levels. A single interviewer (G.B., fourth year kinesiology
student) was trained to conduct the structured telephone interviews. Evening telephone calls
were placed over a 3-month period (avoiding seasonal holidays) beginning two weeks after the
original physical activity screening. In the case of no contact, messages were left on answering
machines (if available) indicating the caller's purpose and an approximate time of another
follow-up call. Follow-up attempts were terminated after approximately 4-6 calls with no
contact.

To compare the level of physical activity (classified according to the two general

guidelines described in section 4.1), we chose to administer the 7-day Physical Activity Recall
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(PAR) (Blair et al., 1985) rather than the MAQ (Kriska et al., 1990), described in previous
Chapter 3. Due to the recency of diagnosis in this population and the possible effect it may have
already had on their physical activity behaviours within the last year, the MAQ (a 12-month
recall) was not considered to be suitable for the purposes of this study. The PAR has been
subjected to extensive reliability testing and shows good repeatability (Kriska & Casperson,
1997). It has been validated against self-report methods, direct observation (in children), heart
rate monitoring, and accelerometers (Kriska & Casperson, 1997). Briefly, it is a semi-structured
interview that estimates total energy expenditure from an individual's recalled duration of
sleeping, and duration and intensity of activities for the 7 days prior to the interview. Credit is
only given for activities of moderate intensity or higher (similar to how interviewee feels when
they are walking at a normal pace, or walking faster, or running). To be scored, an activity must
total at least 10 minutes in duration for that portion of the day being considered (moming,
afternoon, evening).

Time spent in light activities for each day is calculated as the difference between 24
hours and time spent in all other recalled categories. Recalled time in activity is multiplied by a
corresponding MET value and then summed to obtain energy expenditure values in kcal/kg/day.
One MET is the metabolic equivalent of sleeping, time in light activity is 1.5 METs, moderate
activites are 4 METs, hard activities are 6 METs, and very hard activies are 10 METs. A tape-
recording of typical interviews was obtained from Dr. James F. Sallis (Department of
Psychology, San Diego State University, San Diego, California) and used in interviewer training.
A published telephone script was used to guide interviews (Kriska & Casperson, 1997).

Based on the information provided, participants were categorized according to: 1) Blair's

(1984) recommended energy expenditure divisions (active>40kcal/kg/day, inactive2>35-



<40kcal’kg/day, or very inactive <35kcal/kg/day); and, 2) a structure used previously in a similar
study with obese individuals (Weyer et al., 1998):
1. TR group (traditional recommendation): participating in vigorous activities (6-10
METs) for >20 minutes at least 3 times a week, irrespective of the time engaged in
moderate activities.

2. NR group (new recommendation): participation in moderate physical activities (3-6

MET) for 230 minutes at least 5 times per week, without fulfilling the traditional
recommendation.

3. SED group (sedentary): meeting neither the traditional, nor the new

recommendations.

Subjects were also asked two simple questions regarding: 1) their current physical
activity levels (more, less, or about the same) compared to pre-diagnosis with Type 2 diabetes;
and, 2) whether or not they attributed any increased physical activity to their diabetes education.

Energy expenditure is presented as mean+SD, 95%CI. All categorical data are presented
as frequencies. McNemar's exact test for correlated proportions (Rosner, 1990) was used to

compare the frequency of sedentarism determined by the two methods of analysis.

4.3 Results

Thirty-six (78%) of the original sample (46) were re-contacted. Thirty-one (67%) of
eligible individuals completed the survey and 5 (11%) declined participation. No contact was
made with 8 (17%) individuals despite repeated attempts. Two (4%) others had either moved or
changed their telephone number. Telephone call surveys lasted between approximately 20 and 45

minutes.
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Calculated energy expenditure for the sample averaged 34.416.7, CI=32.0-
36.8kcal/kg/day. According to the divisions suggested by Blair (1984), five, or 16% of the
sample were active, one, or 3% was inactive, and 25, or 81% were very inactive. Adding the
inactive and very inactive categories together, 82% were classified as sedentary. In comparison,
categorized according to attainment of physical activity guidelines, nine (29%) met the
traditional fitness recommendations, nine (29%) met the public health recommendations, and 13
(42%) individuals were classified as sedentary. Thus the likelihood of being classified as
sedentary was significantly higher using the energy expenditure divisions (p<.01). Thirteen
(42%) were classified as sedentary by both methods of analysis. Of the 13 classified as sedentary
only by the energy expenditure categories, 7 (54%) met the traditional recommendations and 6
(46%) met the public health recommendations.

Fourteen (45%) said their current physical activity levels were higher than pre-diagnosis,
14 (45%) said they were about the same, while three people (10%) said they were less active
now compared with pre-diagnosis. Of the 14 identifying improved activity levels, 79% believed

that their diabetes education had helped.

4.4 Discussion

The primary limitation of this analysis was the difficulty re-contacting the sample by
telephone. Contact rate was 78%, but only 67% agreed to complete the survey. Our conclusions
of sedentarism are necessarily limited to the sub-sample re-contacted.

The PAR is focused on the performance of moderate and vigorous activities performed
for at least an accumulated 10 minutes during each portion of the day, presuming a continuity of

activity performance that is not typical of many daily activities (e.g. household chores and family
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or child care). Performance of light and/or sporadic activities is estimated by subtraction for the
entire time frame after adjusting for the more easily recalled activities and time spent sleeping.
People with diabetes are less likely to participate in vigorous leisure activities (Ford & Herman,
1995). Therefore, despite its popularity (i.e., frequency of use) the PAR may underestimate
energy expenditure in this population due to an inherent insensitivity to physical activity
preferences.

Different analytical procedures using the same data resulted in disparate conclusions
about prevalence of sedentarism. Only one instrument was used in this study to collect physical
activity. The prevalence of sedentarism doubled (84% vs. 42%) when the sample was classified
according to energy expenditure guidelines compared with attainment of physical activity
guidelines. The fact that the former approach identified more sedentarism was at first surprising.
We therefore worked through the PAR's calculations with a imaginary subject who minimally
met the ACSM guidelines (ACSM, 1998). If this phantom slept eight hours a night and
participated in only three hours of hard activity (6 METSs) during the week (on different days),
their calculated energy expenditure would be 33.9kcal/kg/day and they would be classified as
very inactive (Blair, 1984), regardless of the fact that they would have met the requirements of
the traditional fitness recommendation. In fact, we found that seven individuals falling below
still met the energy expenditure threshold met the traditional recommendations while six met the
public health recommendations. The PAR threshold value of below 35kcal/kg/day has been used
as inclusion criteria to recruit "sedentary” individuals for physical activity interventions (Dunn et
al., 1997).

Weyer et al. (1998) also categorized a sample of obese individuals with respect to

attainment of physical activity guidelines (using the PAR as a data collection tool only). They
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reported 62% sedentarism, compared with 42% determined herein. All of our subjects had been
diagnosed with diabetes within the last year and also had attended standard diabetes education
that includes a message to increase physical activity, specifically exercise. Forty-five percent of
our sample did indicate that they had increased their activity since diagnosis, and most of these
individuals (79%) attributed their change to their education. The sample that Weyer et al. (1998)
studied did not have similar incentives to become more active.

In summary, the evidence indicates global questions reflective of physical activity
guidelines are inadequate for classifying sedentarism. Recruitment efficiency in this typically
sedentary population may be improved using a more objective approach (capable of ascertaining
variations with regards to accumulated light and/or sporadic activities). Pedometers may be a
better choice to quantify physical activity as a continuous variable. For instance, pedometer
values could be compared with normative data (collected during the course of the study
described in Chapter 3) to recruit those who lay below a selected threshold value suggestive of
inactivity (justifiably, the 25 percentile). We are currently evaluating such an approach at our
centre and the preliminary findings are very encouraging.

We now present the focus of this thesis: the development, implementation, and evaluation

of a novel physical activity intervention for individuals with Type 2 diabetes.



Chapter 5: Development, implementation, and Evaluation of a Daily

Activity Intervention for Individuals with Type 2 Diabetes

This chapter describes the development, implementation, and evaluation of a novel
approach to increasing daily physical activity: The First Step Program. The main objective of
this work was to develop an effective program, but one that was also acceptable to individuals
with Type 2 diabetes and also feasible for diabetes educators to deliver. We begin with a detailed
presentation of the theory driving the program design and the framework for subsequent
evaluation. We then present the formative evaluation of the pilot delivery of the First Step
Program (including a detailed program description) and a summative evaluation presenting the
pilot program's impact. Final recommendations are intended to direct further research and

practical application.

From the early stages, the First Step Program was organized, planned, and implemented
in such a manner that its operation and effects could be subjected to rigorous program evaluation
(American Public Health Association, 1987). Program evaluation is a systematic data collection
process for the purposes of decision-making with regards to the implementation, operation,
modification, continuation, or expansion of a program (Myers, 1999). Approaches to program
evaluation include formative avaluation (also known as market testing, field testing or pilot
testing), implementation evaluation (an appraisal of the extent to which a program conforms to
the original plan), process evaluation (appraisal of program delivery under normal operation),
and summative, or outcome evaluation (the appraisal of the program's impact) (Myers, 1999;
Patton, 1997; Rossi, Freeman, & Lipsey, 1999). A mixed method approach to program

evaluation was used (Israel et al., 1995). This approach expands the depth and range of
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information collected and increases validity of conclusions (Steckler, McLeroy, Goodman, Bird,

& McCormick, 1992).
5.1 Development of a Theory-Based Physical Activity Program

5.1.1 Introduction

Despite the well known benefits of increased activity for individuals with Type 2
diabetes, only a handful of studies have attempted to optimize adherence and/or alter habitual
activity (Hartwell et al., 1986; Lehmann et al., 1995; Ligtenberg et al., 1997; Raz et al., 1994;
Samaras et al., 1997, Vanninen et al., 1992; Walker et al., 1999; Wing et al., 1988; Yamanouchi
et al., 1995). The majority of these studies have focused on class-based programs; the long-term
adherence io such structured programs is low (Ecclestone et al., 1998; Schneider et al., 1992).

In order to make physical activity more accessible, the ADA (1999) has endorsed the
U.S. Surgeon General's recommendations (1996) to accumulate 30 minutes or more of moderate
activity on most, if not all, days of the week. To date, only two studies have examined daily
physical activity interventions with individuals with Type 2 diabetes (Walker et al., 1999;
Yamanouchi et al., 1995). As described in detail in Chapter 2, Yamanouchi et al. (1995) used a
pedometer to monitor 6-8 weeks of increased daily physical activity in a hospital-based
population. Walker et al. (1999), meanwhile, instructed participants to walk 60 minutes five days
each week for 12 weeks. Both studies reported excellent adherence to these physical activity
recommendations and reported results are promising.

Although these studies can serve as inspiration, neither serve as useful clinical program
templates because they lack a detailed program or intervention theory and because they may not

be feasible for non-researchers to deliver in a real-world context. Program theory is necessary to



organize and explain what happens in the program and why (Sidani & Braden, 1998; Weiss,
1997). A program theory can be formulated from published literature and should also involve
consultation with stakeholders including program deliverers and recipients (Patton, 1997). We
have already published the results of a program needs assessment conducted with diabetes
educators and individuals with Type 2 diabetes (Tudor-Locke et al., 1998) and we have
continued to consult with these two groups throughout this projects (see section 5.3 for more
details).

Sidani and Braden (1998) explain that careful consideration of program theory is critical
to delivery in clinical settings (e.g. nursing interventions). They identify the following essential
elements of an intervention theory: a problem definition, the critical inputs, the mediating
processes, the expected outcomes, the extraneous factors, and implementation issues (Sidani &
Braden, 1998). All elements of an intervention theory must be identified and described as part of
the program evaluation. Following the structure outlined by Sidani and Braden (1998), the
purpose of this section is to fully describe the underlying program theory for the First Step

Program.

5.1.2 Problem Definition

A definition of the problem should thoroughly describe the condition, the target
population, and the circumstances (Lipsey, 1993). Diabetes is a prevalent problem, and despite
the known multiple benefits of regular activity for individuals with Type 2 diabetes, this
population is typically sedentary (Ford & Herman, 1995; Hays & Clark, 1999).

Current guidelines for diabetes educators to counsel clients are poorly defined and
delivered (Tudor-Locke et al., 1998). In 1997, the ADA and the ACSM published joint

consensus statements regarding diabetes and exercise in their respective journals. According to
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these recognized authorities, activity sessions at an intensity of 50-80% of maximal aerobic
capacity, 3-4 times a week, for 30-60 minutes, elicit the greatest improvements in glycemic
control and insulin sensitivity. Within the same documents, however, concluding statements
endorse the Surgeon General's recommendations (1996), described earlier. Such mixed messages
continue to frustrate programming efforts. And although we know a great deal about delivering
structured exercise programs, a detailed program model encompassing the latter recommendation

does not currently exist.

5.1.3 Critical Inputs

The specification of critical inputs identifies practical aspects of the intervention theory,
or what should be done (Lipsey, 1993). Drawing upon previous literature, we know that the most
acceptable physical activity interventions in the general population have been home-based,
moderate in intensity, involved walking, and included regular follow-up contact (Hillsdon &
Thorogood, 1996; Hillsdon et al., 1995). Individuals with Type 2 diabetes value simple and
specific direction that can be individualized according to ability, lifestyle, and preferences
(Tudor-Locke et al., 1998).

A pedometer, used as both an environmental cue and as a feedback tool, is a novel but
promising approach to increasing daily activity in sedentary populations (Dunn et al., 1998).
Goal-setting is commonly used in clinical interventions by health care workers. Yamanouchi et
al. (1995) reported that hospital-based subjects with Type 2 diabetes instructed to take
10,000steps/day averaged 19,200+2,100 steps/day during a 6-8 week study. The dramatic
difference between prescription and practice suggests that use of pedometers, in combination

with goal-setting may be an effective way of increasing lifestyle activity.



Although it is tempting to dictate Yamanouchi's goal of 10,000steps/day, no evidence
exists to support an arbitrary threshold prescription. Self-selected, realistic goal-setting based on
baseline values and/or prior accomplishments and feedback (Marcus et al., 1996) is likely a more
productive approach to increasing activity via a pedometer. Cross-sectional data suggest that
10,000 steps/day is a lofty goal for typically sedentary free-living populations (Bassey, Bendall,
& Pearson, 1988; Bassey et al., 1987; Gardner et al., 1997; Schmalzried et al., 1998; Walsh et al.,
1997). Typical values range from 3,500-7,000 in older individuals and those living with chronic
conditions (refer to Chapter 1 and Table 1).

Self-contracts are a means of clearly articulating physical activity goals and strategies
(Marcus et al., 1996) and are frequently used in clinical applications. Self-monitoring,
informally by referring to a pedometer through out the day, and more formally, by recording
daily pedometer values on an activity calendar, can help reinforce activity behaviours (Marcus et
al., 1996).

Readability of all participant resource materials is another important factor in diabetes
education (Leichter, Neiman, Moore, Collins, & Rhodes, 1981; Siminerio & Frith, 1993). A
mismatch between level of written materials and reading comprehension levels of the target
audience frequently occurs (Hosey, Freeman, & Stracqualursi, 1986; Leichter et al., 1981;
McNeal, Salisbury, Baumgardner, & Wheeler, 1984; Wysocki, 1989). Thus, program developers
must be cognizant of the needs of the deliverers (time, feasibility) as well as the needs of the

intended target audience. Materials must be understandable and acceptable to clients themselves.

5.1.4 Mediating Processes
The mediating processes are the connections or linkages between the immediate expected

changes and the desired outcome (Lipsey, 1993). A number of behavioural theories and models
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have guided physical activity promotion efforts (King et al., 1992; Marcus et al., 1996). The
most promising approaches include applications of social cognitive theory (Bandura, 1986;
Bandura, 1997), a theoretical framework that identifies the constructs of self-efficacy and social
support as potentially important mediating variables in interventions aimed at altering physical
activity behaviours (Sallis & Hovell, 1990). Social support will be dealt with as an extraneous
factor modifying behaviour change. Sources of self-efficacy include performance
accomplishment, vicarious experience, verbal persuasion, and physiological state (Bandura,
1986).

Performance accomplishment refers to an individual's performance of a task/behaviour
and their experiences of mastery. It is the most influential source of self-efficacy. Exercise self-
efficacy has been shown to increase following a single bout of exercise (Ewart, Taylor, Reese, &
DeBusk, 1983). While exercise is a frequent topic of discussion in diabetes education programs,
opportunities to actually experience physical activity as part of the education session are rare
(Tudor-Locke et al., 1998). In order to increase self-efficacy for walking with a pedometer, it is
necessary to build such a component into the program.

An incremental approach to increasing weekly physical activity volume allows for
progression without compromising self-efficacy (Wing, 1989). Encouraging clear and specific
self-selected goals can facilitate a sense of mastery (Gonzalez, Goeppinger, & Lorig, 1990).
Feedback (from a variety of sources, including a pedometer) based on performance may also
boost self-efficacy levels (McAuley, Bane, & Mihalko, 1995; McAuley, Courneya, Rudolph, &
Lox, 1994).

Vicarious experience is somewhat less influential and refers to boosting self-efficacy

through observing similar others' successful performance. For example, observing and



participating along side other people with diabetes, and/or watching video taped recordings of
appropriate models engaged in successful performance of physical activity. A group-based
program would provide opportunity for vicarious experience as well as social support for similar
others.

Verbal persuasion is simply telling the individual that they can do it. The effect of verbal
persuasion on self-efficacy is weaker by comparison to the previous two sources of information
on cognitive processing, although it remains a common approach in heaith education. Positive
verbal feedback (from both program delivers and participants) can be easily built into a program
by providing direction and encouraging feedback.

Physiological state describes an individual's state of emotional arousal. Adverse reactions
such as fear, depression, and/or nervousness can be interpreted by the individual as an inability
to perform a task/behaviour. Self-perceptions and self-monitoring skills predict exercise
behaviour (Ewart et al., 1986). For example, sedentary participants not used to exercise may
misinterpret increased heart rate as a sign of impairment or dysfunction. It may be possible to
help individuals interpret somatic responses to exercise correctly, thereby improving self-
efficacy for exercise (Gonzalez et al., 1990). For example, during programmed walks,
participants should receive reinforcement to walk at a comfortable and sustainable self-selected
pace.

There is evidence that suggests that outcome expectations (e.g., beliefs in the benefits of
exercise), when combined with self-efficacy, strengthen the ability to predict exercise adherence
in general populations (Clark et al., 1995; McAuley et al., 1995). Outcome expectations are
considered particularly important to initiating exercise behaviour in this population (Clark,

1996). Information on the benefits of activity (specific to Type 2 diabetes) may help foster
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improved outcome expectations. Once active, feedback on achievement of these outcomes (e.g.,
reductions in waist girth) may facilitate to continued activity.

The transtheoretical model (Prochaska & DiClemente, 1984), discussed in Chapter 3 in
detail, argues that specific cognitive and behavioural processes are important at each transitional
stage for fostering adoption and adherence to behavioural changes. Since the majority of
individuals with Type 2 diabetes already believe they should get more exercise (Searle & Ready,
1991), an appropriate intervention should quickly move beyond raising awareness of the benefits
of increased activity and focus on the behavioural processes necessary for action. The emphasis
should be on an iterative process of planning strategies, goal-setting, practicing behaviours,

reporting progress, and relapse prevention.

5.1.5 Expected Outcomes

The expected outcomes are the desired intervention effects. An intervention theory
attempts to explain the nature of outcomes, the anticipated patterns and timing of change, and
linkages between primary and secondary outcomes (Lipsey, 1993). The primary intended
outcome for this intervention is increased physical activity, defined for this program as steps/day
as measured by individual pedometers. The anticipated pattern of change is an increased physical
activity level that deteriorates over time and with reduced professional contact (Hillsdon &
Thorogood, 1996). The secondary outcomes of interest include cardiorespiratory fitness
(determined by feasible and acceptable sub-maximal tests of endurance), cardiovascular risk
factors (determined by measures of resting blood pressure, body composition, and blood lipid
profile), and perceived well-being (determined by a standardized published tool), all well-known

effects of increased physical activity. For this population, the effects of increased activity on
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glycemic control (determined by fasting and average daily blood glucose levels and/or glycated

hemoglobin) are of additional importance.

5.1.6 Extraneous Factors

Extraneous factors include the potential impact of environmental and situational factors,
as well as the effects of participant and intervener characteristics (Lipsey, 1993). Extraneous
factors, can affect outcomes directly or indirectly (by moderating intervention effects) (Sidani &
Braden, 1998). For example, whether or not participants attend group sessions or instead receive
face-to-face counseling may have important effects. Individuals with lower baseline levels of
habitual physical activity may react differently to an intervention compared already more active
individuals. Participant characteristics include: gender; age; time since diagnosis; body mass
index; and baseline values of primary and secondary outcomes.

The nature of health education delivery often requires that an intervener (the heaith
educator) interact in a dynamic manner with participants. In such cases intervener characteristics
become part of the intervention (Sidani & Braden, 1998). Ideally, the intervention and
accompanying materials need to be simple enough to reduce the need for exceptional intervener
characteristics or traits.

Although the use of various environmental prompts, cues, and incentives have received
some attention in the exercise literature (King, 1997; King et al., 1992), the most likely
extraneous factor affecting physical activity behaviour is social support (Hillsdon & Thorogood,
1996; King et al., 1992). Sources of social support may come from peers, professionals, family
or personal networks and may have either a positive or negative effect on physical activity
behaviour (Chogahara et al., 1998). Only one physical activity intervention in Type 2 diabetes,

however, has made an attempt to manipulate personal network social support in an attempt to
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improve adherence (Lehmann et al., 1995). Unfortunately, it lacked a description of
effectiveness. Nevertheless, it is generally recognized in the literature that social support can
have a very powerful influence on physical activity adoption and maintenance, and therefore any

contemplated intervention should attempt to optimize all sources.

5.1.7 Implementation Issues

Implementation issues include the resources and systems necessary for program delivery
(Lipsey, 1993). These include resources related to setting, equipment, and intervener skills and
training (Sidani & Braden, 1998). A practical program must be simple enough to be delivered in
a variety of settings, with low equipment demands, and minimal intervener training
requirements. Such programs are less likely to experience problems with implementation.

Participant recruitment and follow-up contact represent program delivery systems.
Recruitment is a critical first step in the evaluation of physical activity interventions. It is
important to identify individuals most likely to benefit from a physical activity intervention, that
is, truly sedentary or underactive individuals. Our experiences with recruitment and subject
screening were presented in Chapter 4.

Recent review of physical activity promotion studies indicate that professional contact, in
the form of telephone or face-to-face contact appears to be an important strategy preventing
dropout or relapse (Hillsdon & Thorogood, 1996; Hillsdon et al., 1995). Therefore, itis
necessary to consider program strategies for follow-up contact that is feasible and acceptable to

both participants and deliverers.
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5.1.8 Summary

The First Step Program is a theory-based daily physical activity intervention designed to
increase the daily physical activity levels of sedentary individuals with Type 2 diabetes.
Formulation of a reasonable and defensible program theory is a critical step in the development
and implementation of a successful intervention and serves to focus subsequent program
evaluation and interpretation of evaluation results (Sidani & Braden, 1998; Weiss, 1997). The
development and evaluation of the First Step Program carefully considered all the recommended
elements of intervention theory: a problem definition, the critical inputs, the mediating processes,
the expected outcomes, the extraneous factors, and implementation issues (Sidani & Braden,
1998). Further, program development was guided by the applicable literature and by a needs
assessment conducted with both program deliverers (diabetes educators) and recipients
(individuals with Type 2 diabetes) (Tudor-Locke et al., 1998). The next section presents the

formative evaluation of the First Step Program, including a detailed program description.

5.2 Formative Evaluation of The First Step Program

5.2.1 Introduction

Formative evaluation is the systematic study of program models in their early stages of
development and delivery, prior to larger-scale implementation, production or dissemination
(Myers, 1999; Rossi et al., 1999; U.S. Department of Health and Human Services, 1992). The
objectives of formative evaluation are three-fold: 1) to assess the feasibility of program delivery
(including implementation and delivery); 2) to assess the acceptability of program activities and
materials to both deliverers and clients; and, 3) to identify barriers to optimal delivery.

Information derived from formative evaluation is used to make decisions concerning
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implementation, and to modify and guide delivery to optimize benefits in the target population
(Myers, 1999; Rossi et al., 1999; U.S. Department of Health and Human Services, 1992).

This section presents the program description and describes the formative evaluation of
the First Step Program, a new theory-based approach for increasing daily physical activity in

individuals with Type 2 diabetes.

5.2.2 Program Description

The First Step Program is an 8-week program designed to incrementally increase habitual
activity levels in sedentary individuals with Type 2 diabetes. The program is divided into two
distinct phases directed at adoption and adherence, respectively. The adoption phase consists of
four weekly education and counseling meetings (in a group or face-to-face setting), combined
with individual goal-setting and self-monitoring using a pedometer for feedback. The adherence
phase occurs over a subsequent 4-week period with continued individual goal-setting and self-
monitoring and limited telephone contact.

As recommended by Thygerson (1977) in the development of educational programs, we
developed a task analysis, presented in Table 8. The task analysis is displayed in Table 8, was
subsequently used to construct learning objectives (Ballard, 1990), presented in Table 9-11.
Basically, the task analysis lays out what the learner needs to know, and the learning objectives
describe how it will be delivered and evaluated.

Evening meetings (1.5-2 hours in length) were held at the diabetes education centre, a
facility familiar to all participants. Facility resources included an education room (containing a
conference table and audio-visual equipment) and a gymnasium. Participants received a
workbook (developed specifically for this program) containing key definitions (physical activity,

exercise, physical fitness, and health), recommendations for daily physical activity (30 minutes



or more of moderate activity, like brisk walking, on most, if not all days of the week), question
and answer tasks to guide cognitive processes, weekly goal-setting worksheets, and calendars to
record their accumulated steps/day. Participants were encouraged to attend all meetings; face-to-
face sessions were scheduled when this was not possible.

The format of the meetings was repetitive and consisted of: progress reports, a brief
group walk (10 minutes the first night, 20 minutes the second, and 30 minutes on the last two
nights), a discussion session to plan strategies, and personalized goal-setting for the next week.
Participants were encouraged to talk with each other and the interveners during group walks.
Topics of conversation were not planned and varied to include such topics as holidays, hobbies,
work, family, and current events.

To encourage the use of existing support networks, participants were asked whom they
intended to show their pedometer to, and how these individuals might help them succeed in
meeting their goals. Participants were also encouraged to bring a support person to the weekly
meetings as a guest. Reflecting on their previous week's average pedometer values, the number
of steps taken during the timed walk, and the strategies they intended to employ, participants
were encouraged to set a new personal daily activity goal (measured in steps/day) each week.

Between sessions, participants were encouraged to wear their pedometers during waking
hours and to monitor their activity using a combination of pedometer feedback and daily goals.
Personal progress was recorded on calendars as accumulated steps each day. At the end of the
week, they tallied the number of days when goals were attained, the total steps taken during the
week, and the daily average. These values were entered on their calendars in a weekly summary

section.



At the last scheduled session, participants were given a certificate of completion and
encouraged to either increase or maintain their new activity levels using the pedometers and
calendars for a further month. Two motivational telephone calls (scheduled during the first and
third weeks following the final session) were completed by one of the interveners (C.T.-L).
Participants were simply asked: "How is your First Step Program going?" Calls were made (with
permission) in the evenings, after 6:30pm, to participants’ homes. If an answering machine was
reached, a message was left to indicate another call would be made.

The two interveners (C.T.-L. and T.G.; females in their mid-30's) were doctoral students,
one in health studies, and the other in education. The former is the author of this thesis and the
developer of the First Step Program. Both had previous training in kinesiology and adult
education and were experienced educators and program deliverers. Humor was readily
incorporated into program content, first names were used, clothing was informal and appropriate

for activity, and all participants were encouraged to contribute to discussions.

5.2.3 Methods

Ethical approval was obtained from the University of Western Ontario Review Board for
Health Sciences Research Involving Human Subjects. As noted in Chapter 4, eighty-six
individuals were identified by manual patient chart review at the participating diabetes education
centre. Potential subjects were 40-60 years of age, BMI 28-35, had attended standard diabetes
education, and were three months to 1-year post-diagnosis. Physician consent was obtained prior
to contact. Only 1 physician declined consent (patient was being recruited for another, unrelated
study). Telephone screening was used to verify chart information and to establish that persons

were either sedentary or under-active (i.c., they did not meet either traditional fitness-based
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exercise prescription (ACSM, 1998) nor the more recent activity-based public health messages

(Pate et al., 1995).

Two (2%) individuals were excluded due to involvement in formal exercise programs; 44
(51%) were excluded due to self-reported activity levels higher than the public health messages.
Two (2%) were excluded due to incorrect diagnosis dates. Thirteen (15%) were lost to contact.
Further exclusions were: 1) treated with insulin (7=1); 2) unable to independently climb a set of
stairs (7=1); and, 3) documented coronary heart disease, microvascular disease, or autonomic
neuropathy (7=2). People with moderate hypertension or controlled hypertension (with

medication) were eligible for the study.

In total, 20 (23%) eligible individuals were identified. Eight of these individuals (9% of
the original sample) declined to participate citing that they were "too busy" (7= 5) or "not
interested” (n= 3). Twelve unacquainted individuals agreed to participate (recruitment
efficiency=14%).

Two individuals (1 male, 1 female) dropped out before the intervention began ("too
busy"), while another female dropped out after attending one session and a face-to-face meeting
(citing changes to employment). Nine individuals (3 males, 6 females; mean age 53+6 years,
95%CI=48-59) completed the First Step Program.

Subject characteristics were obtained from education centre patient charts and a
background questionnaire (see Appendix A), which included questions about outcome
expectations with regards to physical activity (see Appendix B). The Modified Activity
Questionnaire, MAQ (Kriska et al., 1990), was administered to describe occupational and

leisure-time activities recalled over the previous year. The MAQ was described in detail in



Chapter 3. Other questionnaires and outcome measures will be described in the subsequent

section detailing the summative evaluation.

Group sessions were video- and audio-taped with subjects’ permission. The two program
interveners took weekly fieldnotes (C.T-L. was present at all sessions, T.G. was unable to attend
one session) concerning observations of the program and participants’ informal comments. More
formal focus groups (Krueger, 1994) were held to explore issues related to adoption and
maintenance. Focus groups were held immediately following the first 4 weeks of group
meetings (with 6 and 3 participants respectively). Two months post-intervention, after all
program contact was completed and pedometers had been returned to the study centre, focus
groups were held again (with 6 and 2 participants, respectively). A separate focus group was held
with 7 diabetes educators (who had also worn pedometers and participated in their own First
Step Program) to assess feasibility of delivery and dissemination. Focus group data were
transcribed from videotape, verified by audiotape, and analyzed for content, pattern, and theme
(Krueger, 1994; Luborsky, 1994) using QSR NUD*IST qualitative analysis software (Richards
& Richards, 1991).

The First Step Program Participant's Workbook was assessed for readability using a
commonly accepted procedure to assess reading grade levels: SMOG formula (McLaughlin,
1969). The SMOG uses a total count of polysyllabic (three or more syllables) words in a sample
of three sets of 10 sentences taken from the beginning, middle, and end of the document being

assessed. The total count of polysyllabic words includes repetitions of the same words.

5.2 4 Reslults

The nine subjects completing the First Step Program were 8.7+3.7, 5.8-11.5 months post-

diagnosis with Type 2 diabetes at baseline (T1). Seven (78%) were being treated with diet only
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while two (22%) were taking metformin oral hypoglycemic medication. Three (33%) had some
high school, two (22%) had a high school diploma, three (33%) had some post-secondary
schooling, and one (11%) was a university graduate. One (11%) was a current smoker, one
(11%) was an occasional smoker, and the remaining 7 (78%) were former smokers, having quit
and average of 11.719.6, CI=2.8-20.6 years previously. The most common diagnosed chronic
conditions reported other than diabetes were high blood pressure (7, or 78% of the sample),
chronic asthma, emphysema, or bronchitis (3, or 33%), allergies (3, or 33%), high cholesterol (2,

or 22%), and back problems (2, or 22%).

Three (33%) perceived their health as fair, 5 (56%) perceived it as good, and one
perceived their health as excellent. All perceived themselves to be overweight. According to self-
reported stage of change at T1, 1 subject was in contemplation, 7 were in preparation, and 1 was
in action. Although during telephone screening they all indicated that they were inactive, when
queried about exercise frequency, five subjects reported that they rarely or never participated,
two reported that they participated normally once or twice on a weekly basis, and two reported
that they participated at least three times. Three perceived their physical fitness to be poor, four
perceived it to be average, and two perceived it to be very good.

Five were office workers, two were non-office workers (parking attendant and domestic
help), one was retired, and one worked part-time. An average of 4.5+3.8, CI=1.6-7.3 work hours
was spent sitting. Gardening was the most frequently reported activity on the MAQ (5, or 56%).
Walking was the second: 4, or 44%. The following activities were reported by no more than one
subject: swimming, cycling, softball, volleyball, skating, dancing, tennis, golf, and paddling. No
other activities were reported. Over the last year, subjects engaged in 0.83:0.3, CI=0.4-1.2

hours/week of leisure time activity. There was no significant change when walking for exercise

101



was removed: 0.55:0.2, CI=0.20-0.90 hours/week. No credit was given for any subject's
occupational activity.

Participants were enthusiastic about the First Step Program, specifically the facilitated
group-based approach, the brief walks, and the personalized goal-setting. Between sessions, all
subjects wore their pedometers every day for two months, verified from completed calendars.
One subject reported dropping her pedometer down the toilet, rescuing it, and putting it back on
immediately. Another subject lost his pedometer at work, went out and purchased another, and
retraced an earlier walk he had taken in the day so that he could accurately report his steps taken.

All found the pedometer a useful motivator and source of feedback. Common or

illustrative quotes were:

“I have never realized how inactive I was before I started looking at (the pedometer values) and

thinking, holy, I did not do very much...now I make a real effort 1o get out there and walk."”

"Every time you think about it, you open up (the pedometer) and look at your numbers. You say,
Oh my numbers are low. You got to get out there and do it. Without that pedometer I know that I

would not have pushed myself as much.”

All participants recorded daily step values over a 2-month recording period - there were
no missing data. The calendars proved to be both an acceptable monitoring tool and an effective

feedback tool as illustrated by the following comment:

"“You had your bad days and your good days and you could look and see if you were behind. It is

right there in front of you all the time. Every morning you look at it...it was gratifying. "

Although telephone follow-up contact appeared to be simple and feasible, in reality,

several attempts were often necessary outside typical workday hours, a practice that was not
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acceptable to the diabetes educators we consulted. Only one participant provided a day time
contact number; the others preferred to be contacted solely at their residence and in the evenings.
When this issue was later raised in the focus group discussions, some individuals referred to busy
schedules and not wishing to be disturbed by telemarketing approaches. Two subjects indicated,
in good humour, that when they saw the call display indicating the caller's identify, they would
not pick up the phone. During the same time frame, a student researcher was attempting 24-hour
dietary recalls with the same subjects by telephone and was experiencing similar problems with

contact.

Five participants brought support people to at least one of the group meetings. Most
participants could relate specific instances of social support from their individual networks. For

example:
"The more people you told, the more people you had helping you...sort of pushing you...not

literally but invisibly behind you...sort of cheering you on...I think that's more of a big deal

because you told them."

In one case, however, the main support person acted to hinder continued physical
activity:
"I told (my husband) a bit about it but he teased me. He can't walk...has a bum knee. He's too
interested in television, " and later: "I've fallen off the wagon. If I want to spend time with him I

have to watch television...I don't walk as much."”

The First Step Program Participant's Workbook was assessed at a readability level of
grade 8 using the SMOG index (McLaughlin, 1969). There was a total of 41 polysyllabic words

counted in the sample sentences chosen. The most frequently used three syllable words were
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confident (20 times), physical (11 times), average (7 times), strategies (6 times), exercise (3
times), and benefits (3 times). The most frequent 4 syllable words were activity (21 times),

pedometer (17 times), diabetes (4 times), everyday (4 times), and moderately (4 times).

Diabetes educators were very positive about the First Step Program and accompanying
materials, viewing both as simple and appropriate for sedentary populations. Their concern,
however, was scheduling the 4 group meetings (and individual make-up sessions) and follow-up

calls into already demanding work commitments.

5.2.5 Discussion

Although the literature suggests that inactivity is prevalent in individuals with Type 2
diabetes (Ford & Herman, 1995; Hays & Clark, 1999), we found that a high proportion of the
people we tried to recruit claimed they attained minimal public health recommendations. This
finding illustrates the potential misclassification of this population due to recall bias using self-
report (Ainsworth et al., 1998; Masse et al., 1998). This issue was discussed in detail in Chapter

2.

Using pedometers to gauge and modify personal physical activity levels was both feasible
and acceptable. Hatano (1993) has reported similar acceptance determined from testimonials of
use: it gave meaning to walking, it increased intentional walking behaviours, it increased the
importance of daily physical activity relative to sport and exercise, and it re-sensitized users to

distances traveled.

Consistent with other literature (Chogahara et al., 1998), social support, in the form of the
initial group meetings (peers and interveners), but especially from existing support networks,

appeared to be an important factor. Individual social support networks can act to facilitate or
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inhibit adoption and maintenance of physical activity (Chogahara et al., 1998). For the most part,
participants in the First Step Program were able to access facilitative social support from their

own networks.

Professional follow-up contact has been shown to increase adherence to lifestyle
behaviour change; telephone contact specifically is considered a feasible method (DeBusk,
1996). Our own experience from this pilot project was not encouraging. The fact that the
majority persons preferred to be called outside typical workday hours (and callbacks were often
necessary) reduces the acceptability of this contact method for clinicians and educators.
Telephone contact may be less necessary for this program given that participants receive
frequent pedometer feedback and reinforcement and that they have been trained to access
support from their personal networks. Nevertheless, we intend to evaluate alternative methods of

follow-up such as postcards.

Readability, assessed by the SMOG scale (McLaughlin, 1969) can be improved by
substituting words with more syllables with words with fewer. The following words have now
been changed: 1) confident to sure; 2) strategies to plans; 3) everyday to every day; and, 4)
moderately to some what. The newly calculated SMOG level is now grade 7, still two grades
higher than suggested comprehension levels of the target audience (McNeal et al., 1984). There
are now a total of 20 polysyllabic words in a comparable sample of sentences. Sixteen of the 20
words are due to repeats of the same words: physical, activity, exercise, and pedometer. Due to
the nature of the topic, however, it is difficult to avoid such terms. For clarity purposes, the terms

physical activity, physical fitness, and exercise are defined in simple terms in the workbook.

Despite the optimism associated with the First Step Program, further evaluation is

necessary to determine the most feasible methods of dissemination within the existing diabetes
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education infrastructure. Large scale dissemination is likely contingent on changes to education
standards which include physical activity. Currently, diabetes educator competency regarding
physical activity education is considerably lower than for nutrition, medication, and other aspects

of diabetes management (Tudor-Locke et al., 1998).

In summary, the formative evaluation of a novel daily physical activity intervention for
individuals with Type 2 diabetes was guided by program theory. The First Step Program isa
promising novel initiative that is acceptable to both diabetes educators and their clientele.
Recommended modifications include an objective recruitment procedure and further evaluation
of methods of follow-up contact. Successful dissemination likely requires policy changes
reflecting an acceptance of the importance of physical activity in the management of Type 2

diabetes.

5.3 Summative Evaluation of The First Step Program

5.3.1 Introduction

The First Step Program was described in detail in the previous section. Briefly, it is a
theory-based physical activity intervention that uses pedometers to encourage self-monitoring
and behaviour change. There are two distinct phases to the First Step Program reflecting the
processes of adoption and adherence to a behaviour change: 1) 4 weekly group meetings with
similar others (at which strategies and progress are openly discussed) combined with self-
monitored activity using a pedometer between sessions; and 2) a further 4 weeks of continued
individual practice with minimal professional contact in the form of two telephone calls.

The purpose of this section is to describe the summative evaluation, that is, the impact of

participation in the First Step Program on sedentary individuals with Type 2 diabetes with
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regards to the hypothesized mediating process variables (seif-efficacy, outcome expectations,
stage of change) and the primary and secondary outcomes of interest (physical activity, physical
fitness, cardiovascular risk factors, glycemic control and perceived well-being). The patterns
and timing of these changes in self-efficacy and physical activity (steps/day) was examined over
the phases of adoption and adherence.

Experience with measurement of these variables is shared and recommendations are
made in regards to improving evaluation of the First Step Program and other similar physical

activity interventions.

5.3.2 Methods

The summative evaluation is based on the results of the 9 subjects (characteristics and
recruiting issues were presented in the previous section) completing the First Step Program.
Subjects were assessed at baseline (T1; prior to beginning the program), after 1 month of weekly
First Step Program meetings (T2), after another month of individual self-monitored activity with
limited telephone contact (T3), and at a 2-month follow-up with no contact, following return of
the pedometer (T4). Christmas holidays occurred between T2 and T3 for all subjects. In addition,
pattern of change of some outcome and mediating process variables were collected over the
course of the adoption and/or adherence phases of the program, as opportunity permitted, and as
described below in detail.
5.3.2.1 Adherence

Attendance at the 4 scheduled group sessions was recorded. When a session was missed,
an individual counseling session was scheduled. During the first two months of the intervention,
subjects were instructed to report daily pedometer values on activity calendars. The average

number of steps/day and the number of days when individual goals were reached were tabulated
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directly from the activity calendars and were studied to identify adherence patterns. To assess the
effect of Christmas holidays on daily activity, the average values of the 7 days leading up to, and
following Christmas Eve, Christmas Day, and Boxing Day were compared with the average

values of these three days.

5.3.2.2 Mediating processes

Subjects completed background questionnaires (Appendix A) at each time point
regarding demographic information and the importance of exercise (5 point scale: 1=not at all
important to S=extremely important). Additional questions were imbedded in the background
questionnaire to determine percent confidence in outcome expectations for lowered blood
glucose levels, weight loss/maintenance, and prevention of diabetes complications, with regards
to increased physical activity (Appendix B). Stage of exercise behaviour change (Canadian
Society for Exercise Physiology, 1998) was also collected. At T2-T4, questions were added to
the background questionnaire to solicit changes in television viewing habits (taken from the
MAQ; (Kriska et al., 1990) and confidence with ability to adhere to increased physical activity
levels (Appendix C). Subjects were asked about changes to physical activity and medications in
the interim.

The Diabetes Self-Efficacy Scale, DSES (Crabtree, 1986) was used to quantify changes
in self-efficacy at the primary assessment points. The DSES is a 25-item Likert scale (1=strongly
disagree to 6=strongly agree, and non-applicable) containing 8 diet, 6 exercise, 7 medication-
taking, and 4 general diabetes self-efficacy statements. The internal consistency of the DSES is
.71, based on Cronbach's alpha coefficient. Alphas for the subscales are .77, .65, .60, and .56,

respectively. Negatively worded items were reverse scored as recommended by the instrument's
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developer (M.K. Crabtree, personal communication). Non-applicable items were treated as
missing data.

To explore patterns in self-efficacy change with regards to the First Step Program, a
percentile rating of self-efficacy ("stick-to-it-ness"), and the number of days/week the subject felt
confident that they could achieve their goal was recorded during each of the initial 4 weeks of
group meetings (immediately following individual goal-setting) and again at T2-T4.

The pattern of goal-setting behaviour (amount of self-selected increments) during the
initial 4 weeks was examined. Goal attainment was expressed as the number of days per week

participants' goals were attained, recorded from their activity calendar.

5.3.2.3 Outcomes

Volume of current daily physical activity was determined in two ways: 1) by average
steps/day recorded via pedometer; and, 2) average daily energy expenditure calculated from a log
of activities recorded over a 3-day period, including one weekend day (a detailed description of
the instrument and its psychometric properties are presented in Chapter 3) (Bouchard et al.,
1983). Subjects were encouraged to engage in their typical activities over the 3-day period.
Subjects were also instructed to seal the pedometer with a sticker to deter them from modifying
their activities. Sealed pedometers and activity logs were retrieved directly from subject's
homes, primarily from outside mailboxes. Pedometer data was recorded immediately and the
average steps/day was used for data analysis. In order to translate steps taken into time of
activity, the number of steps taken in 20 minutes of continuous walking was recorded the second
night of the First Step Program and used for conversion purposes.

Test-retest reliability of the 3-day pedometer values (separated by one month with no

intervention) was conducted on 5 subjects (2 male, 3 female; age 54.213.5, CI=50.0-58.5 years;
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BMI 31.9+2.8, CI=25.4-35.5; 11.2+3.6, 6.8-15.6 months since diagnosis). The steps/day
obtained during the two reliability testing periods were similar: 6,078+3,654, CI=1,541-10,616
vs. 5,82812,962, CI=2,151-9,506 (paired ¢ test; p~.79). The intraclass correlation coefficient
(Snedecor & Cochran, 1980) was 0.91.

Inactivity was determined in two ways: 1) from a general question regarding duration of
weekly television viewing habits; and, 2) from the average daily total hours in category 2 (sitting
activities) recorded on the 3-day activity log.

A physical assessment included resting heart rate and blood pressure, weight, waist and
hip girths. Height was only assessed at T1. Assessment protocols described in the Canadian
Physical Activity, Fitness and Lifestyle Appraisal were followed (Canadian Society for Exercise
Physiology, 1998).

A self-paced stepping test was administered, modified from work with self-paced
walking tests (Himann, D.A, Rechnitzer, & Paterson, 1988). Subjects performed 20 up-down
cycles at each of three frequencies of stepping on a 2-tier step (20.3 cm step height). Subjects
were asked to perform at what they considered to be a slow pace, then a normal pace, and finally
a fast pace. A similar protocol predicts maximal aerobic capacity in older individuals, regardless
of whether it is administered by trained or untrained personnel (Petrella, Koval, Cunningham, &
Paterson, 1998) and it has been shown to be sensitive to a physician counseling intervention
designed to increase physical activity (Petrella & Wight, 1999). Time to complete (seconds),
heart rate (beats per minute), and subject perceived rating of exertion (Borg, 1982) were
recorded. Rated perceived exertion is considered to be a clear, concise and effective means of
representing the relationship between sense of effort and physical work performed (Russel,

1997).
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An O2-pulse variable (ml/beat) was calculated at each time point from O; cost of
stepping x body weight/heart rate. O; cost of stepping was calculated from the ACSM formula
for stepping (ACSM, 1995). The purpose of this conversion was to allow for a uniform
comparison of the multiple variables (Hiltz, 1991). Reliability analysis of the self-paced step test
is presented in Table 12. The same 5 subjects who provided test-retest pedometer data also
completed all protocols at both time points; only three subjects completed the fast protocol.
There were no differences in any variable between testing periods (paired ¢ test) and intraclass
correlation coefficients were high (ICC=0.78-0.97), with the exception of fast-paced time to
complete (ICC=0.41).

Photocopies of personal blood glucose records were obtained from as many subjects as
possible at each time point. A weekly average blood glucose level was calculated from all
individual data reported for the two weeks prior to intervention, the 4 weeks of weekly group
meetings, the 4 weeks of individual self-monitored activity, and the 8 weeks until the final
follow-up assessment.

Psycho-physical well-being was assessed using the Vitality Plus Scale, VPS (Myers et
al,, in press). The 10-item VPS, developed for use in older populations, shows good internal
consistency and reproducibility and assesses items shown to be enhanced with physical activity
(e.g., sleep, energy level) (Myers et al., in press). A total score was calculated out of 50.

At baseline and at two random time points after entry into the study (between T2 and T3;
and between T3 and T4), two nutrition students conducted a telephone-administered 24-hour
dietary recall. This approach to dietary interviews in considered to be both a feasible and
acceptable method of estimating group nutrient intake means (Fox, Heimendinger, & Block,

1992). All of the subjects recruited had recently attended standard diabetes education, including
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training in recognition of portion sizes. Nutrient intake data (total kilocalories, and grams of fat,
protein, and carbohydrate) were assessed by a trained nutritionist (M.T) using FOODSMART

nutrition analysis software.

5.3.2.4 Data treatment and statistical analysis

Data are expressed as means +SD, 95% ClIs. An analysis of variance for repeated
measures was used to examine within-subject effects; the Greenhouse-Geisser epsilon F value
(Winer, 1971) was evaluated for significance. Post-hoc 7 tests were then used to explore
significant changes over time. Differences in dietary data were analyzed between time points and
relative to original dietary recommendations obtained from education centre patient charts. Case
summaries were used to present transition through stages of change at each time point.
Quantitative data were analyzed using SPSS Version 8.0 Statistical Software; p< .05 was

considered to be statistically significant.

5.3.3 Results

5.3.3.1 Adherence

Seven participants attended all four weekly group meetings. One person re-scheduled two
face-to-face appointments (due to work conflicts) while another re-scheduled 1 (due to
transportation problems). Both of these subjects initiated the re-scheduling process prior to the
weekly group meeting.

All rine subjects wore their pedometers and recorded steps/day as verified from
calendars. There were no missing pedometer data. Pattern of change is presented as average
steps/day at all major time points and through the 8 weeks of program (Figure 1). Christmas

holidays occurred during the adherence phase for all subjects. There were no statistically
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significant differences in steps/day recorded during the seven days prior to (10,875+3,265,
CI=8,366-13,386), or following (10,427+3,696, CI=7,587-13,268), the three consecutive

holidays including Christmas Day (8,516+3,352, CI=5,940-11,093).

5.3.3.2 Mediating processes

Data analysis of the DSES was problematic due to the large amount of missing data
recorded (subjects selecting the non-applicable option). Descriptive data for each of the
subscales are presented in Table 13 along with the number of subjects on whom complete data
was collected. We were unable to confidently perform any statistical analysis. Caution is
recommended when interpreting this data as there was no consistency in which subjects
completed the DSES subscales.

The frequency of self-reported stage of change is presented as case summaries for each
time point in Table 14. At T1, one was in precontemplation, seven were in preparation, and one
was in action. By T4, two were at preparation, five were in action, and two were in maintenance.

The perceived importance of exercise to the subject's regular routine changed over time
(as shown Figure 2; F=20.725, p=.000). T2 was significantly higher compared with all other time
points (p<.05). There was no difference between T3 and T4 and both were greater than T1
(p<.05).

Physical activity outcome expectations for lowered blood glucose levels, weight
loss/maintenance, or prevention of diabetes complications were high (82.2-93.3%) and did not
differ at any time point (see Table 15).

Figure 3 shows the average increase in goals in steps/day over the initial 4 weeks of the

program. There was a trend for decreasing incremental goals that was not significant (F=2.144,
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p=.147). Goal attainment, or the number of days when goals were attained during the week,
decreased over the course of the 8-week program (as shown in Figure 4; F=3.820, p=.016).

The apparent decrease in confidence to "stick to it* was not statistically significant (as
shown in Figure 5; F=2.298, p=.126). Likewise, the number of days per week that subjects were

confident about attaining their goals did not change over time (as shown in Figure 6; F=2.650,

p=.075).

5.3.3.3 Outcomes

Indicators of physical activity and inactivity are displayed in Table 16. Daily steps/day
ascertained from the 3-day blinded assessment period increased significantly from baseline and
remained elevated for the duration of the study period. During the 20-minute timed walk,
subjects took 2,198+281, CI=1,982-2,415 steps. Based on this, the T4 increase in physical
activity from baseline translates to 22.6 extra minutes of walking every day.

Energy expenditure (determined from the activity log) did not reflect pedometer changes;
the only significant change observed was at T3. There was no change in the number of hours
sitting obtained from the activity log at any time point. There was no change in time spent
television viewing.

At T1, subjects' BMI averaged 32.9+3 .4, 30.2-35.5. All other anthropometric measures
are displayed in Table 17. There was no change in weight over the duration of the study. Waist
girth was significantly reduced at T2, and at T3 was significantly reduced from T2. At the 2-
month follow-up, waist girth remained significantly reduced from T1. Hip girth showed a
reducing trend that was not significant. Waist to hip ratio remained unchanged.

Indicators of cardiovascular health (resting heart rate, blood pressure, and fitness

measures) are presented in Table 18. There was no change in resting heart rate. One subject was
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deleted from the blood pressure analysis due to self-initiated changes in blood pressure
medication at T3 and again at T4. For the remaining 8 subjects, resting systolic blood pressure
was reduced at T2, compared with T1, and remained lowered at the 2-month follow-up. Resting
diastolic blood pressure remained unchanged.

Time to complete the slow-paced protocol of the self-paced stepping test was reduced at
T2 and showed a further improvement at T3 that was sustained at follow-up. O2-pulse for the
slow-paced protocol was increased at T3 and sustained at T4. Perceived exertion was consistent
throughout.

Time to complete the normal-paced protocol of the self-paced stepping test was reduced
at T2 and remained lowered at T3 and T4. O:-pulse for the normal-paced protocol was
unchanged over time. Perceived exertion was again consistent over time.

Only 7 subjects completed the fast-paced protocol at all 4 time points. There were no
changes in time to complete, O2-pulse, or perceived exertion at any time point.

There were no changes in total VPS score over time (Table 19). Dietary data are
presented in Table 20 for 8 subjects for whom data collection was complete. There were no
differences between study time points. No time point differed from the original
recommendations.

Only 6 subjects provided their personal blood glucose testing results. Two of the other
subjects said they either did not test regularly and/or did not record the results. Another subject
recorded only lists of blood glucose values with no distinction with regards to date or time,
making it impossible to calculate weekly averages. Blood glucose results that were received

could not be analyzed. We were unable to calculate 37% of individual weekly averages due to
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the frequency of missing data. There was only continuous data available on 1 subject. No pattern

of change was discernable.

5.3.4 Discussion

5.3.4.1 Adherence

Subjects attended 100% of the First Step Program sessions during the adoption phase,
likely a result of the very short-term commitment required. Short-term commitment to structured
exercise programs in this population is likewise very good, but becomes problematic over the
long-term (Ecclestone et al., 1998; Schneider et al., 1992).

As noted, two other studies have reported using pedometers to monitor adherence to daily
activity for 4 weeks (Meshkinpour et al., 1998) and 6-8 weeks (Yamanouchi et al., 1995).
Published pedometer results (either in distance traveled or steps/day) for the duration worn were
presented previously (see Table 2). Ours is the first study we are aware of, however, to examine
pattern of change in physical activity in the form of steps/day recorded for 8 continuous weeks.
This is also the first pedometer-based study to do a short-term follow-up, post-intervention with
no interim contact or pedometer supplied.

Relapse in exercise behaviour is considered especially problematic for individuals with
Type 2 diabetes (Krug et al., 1991; Swift et al., 1995). There was an apparent decrease in
steps/day over the three days of Christmas holidays that was not statistically significant. From
the perspective of patterns of physical activity, it is noteworthy that, left on their own with only
their pedometers for reinforcement, subjects spontaneously returned to higher steps/day after the

holidays. They appeared to have dealt with this high-risk situation for relapse successfully.
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5.3.4.2 Mediating processes

The DSES has been described as an acceptable instrument for assessing diabetes self-care
self-efficacy (Padgett, 1991). It is a copywritten instrument (M.K. Crabtree, personal
communication) that has never been published, except in dissertation form (Crabtree, 1986).
Observationally, subjects expressed frustration with the instrument, especially in regards to its
negatively worded format (e.g., I can't exercise because I don't know how much exercise is safe
for me). Subjects' frequent preferences for the non-applicable category resuited in a great deal of
missing data, precluding statistical analysis. For the subcategories we were able to collect
complete data on, the mean values were not different from those recorded during the

development and preliminary testing of the DSES (Crabtree, 1986).

In addition to the instrument described above, we attempted to use our own questions to
describe changes in mediating variables over time. Perceived importance of exercise was
sensitive to change with the First Step Program. Importantly, this value was low at baseline,
increased immediately and was sustained over time. Self-reported stage of change, a reflection of
intention, tended to increase as well from T1. "Stick to it" confidence, and confidence in the
number of days able to attain a self-selected goal, although displaying a decreasing trend with
time away from the intervention, did not change over time statistically. Neither of these last two
methods of assessing self-efficacy could be assessed at baseline because both required specific

knowledge of the First Step Program.

Questions designed to get at outcome expectations did not change over time either. These
values were consistently high through out the study; optimism for outcomes was high from the

beginning and was not sensitive to change. Glasgow et al. (1989) has previously reported that
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individuals with Type 2 diabetes perceive regular exercise to be beneficial, regardiess of their

actual participation behaviours.

During the adoption phase of the First Step Program, participants were steadily
increasing their goals by self-selected increments. As they inevitably moved towards a ceiling or
sustainable value, their absolute amounts of incremental increases naturally decreased. During
the adoption phase, a great deal of support from various sources likely contributed to the high
weekly attainment of goals. As time progressed away from the group sessions, goal attainment
was decreased, however, this was tabulated in relation to the peak goal set the final week of the
adoption phase. It is important to note that although the number of days when this peak goal was
attained deteriorated during the adherence phase, average physical activity remained elevated

from baseline.

5.3.4.3 Outcomes

The pattern of increased physical activity, which deteriorates over time and with reduced
contact, is a typical observation in intervention studies (Hillsdon & Thorogood, 1996). The First
Step Program elicits an immediate and large increase in steps/day, and although this drops off
over time, there is evidence to suggest that physical activity remains higher compared to
baseline, even after two months of no contact and no pedometer reinforcement. The calculated
effect size (Kazis, Anderson, & R.F Meenan, 1989), based on T1 and T4 means and the T1
standard deviation, is 1.1. Cohen (Cohen, 1977) suggests than any effect size greater than 0.8 is
large. The average improvement in steps/day was greater than the baseline standard deviation.
When converted to minutes at T4, participants in the First Step Program come close to public

health recommendations (US Surgeon General, 1996).
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The peak mean value of steps/day achieved at T2 (10,115 steps/day) is much lower than
for a previously published hospital-based population (19,200 steps/day; (Yamanouchi et al.,
1995). In our own study, subjects set their own goals, whereas in the study by Yamanouchi et al.,
hospital-based patients were given the directive to accumulate at least 10,000 steps/day. These
patients obviously were able to over-shoot this goal easily while in the hospital. The values we
found are more reflective of a free-living population. A direct comparison to the study conducted
by Meshkinpour et al. (Meshkinpour et al., 1998) is not possible because their results were

presented in miles traveled per day.

In the present study, a great deal of trust was placed in subjects’ ability to blind
themselves to their pedometer results at each of the major assessment points. There was evidence
of stickers having been in place for the duration of the assessments (soiled and/or worn at the
edges). Observationally, these subjects appeared to fully understand and appreciate the rational
for the blinding procedure. This may not be the case, however, for special populations, including

children and older adults with dementia.

The intraclass correlation coefficient we obtained for test-retest pedometer values is
slightly higher than previously reported in a sample of patients with peripheral claudication
tested over two days (ICC=0.91 vs. ICC=0.86; (Sieminski et al., 1997). Sieminski et al. also
reported a wider variance in steps/day than what we recorded (5,500 compared with 3,500
steps/day), suggesting that physical activity behaviour was uniformly slightly more stable in our

sample.

It may be argued that subjects, albeit blinded to their pedometer results during the 3-day

assessment period at each major time point, were aware of the pedometer they wore and altered
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their behaviour accordingly. Concomitant changes in indicators of cardiovascular fitness and

waist girth provide additional support of a true sustained change in physical activity levels.

For the most part, energy expenditure determined from the activity log was similar to
both previously published values (Bouchard et al., 1983) and to values we recorded in a
predominantly non-diabetic sample of middle-aged adults recruited for a variety of activity levels
(see Chapter 3). The one exception noted was obtained at T3. Closer scrutiny revealed that at that
time, S of the 9 subjects recorded periods of snow shoveling (category 7 on the activity log) that
no subject recorded at any other time point. Except for this one obvious activity artifact, the
activity log was not able to pick up increased activity levels at any time point, despite the fact
that an objective measure indicated that such an increase did occur. Although activity logs and
other records are considered direct measures of physical activity levels (Ainsworth et al., 1998),
the version we used was most sensitive to sudden increases in vigorous activity but lacked

sensitivity to apparent changes in walking behaviour.

There were no changes in either of the indicators of physical inactivity that we examined.
This is not suprising, since the intervention did not specifically attempt to reduce these
behaviours. As far as we know, we are the first to separately present a category of sitting derived
from an activity log. Therefore no comparisons can be made at this time. Regarding television
viewing, the values we obtained are not different from those recorded in an adult Pima Indian
population (Fitzgerald et al., 1997) and low income women (Jeffery & French, 1998). Adults
who watch 3-4 hours/day of television are considered moderately frequent viewers (Tucker,
1990). Television viewing and exercise duration have been significantly and inversely related
(Tucker, 1993). The fact that we saw no change in television viewing habits or sitting 3

behaviours, despite an objectively measured increase in physical activity, may suggest that: 1)
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such self-reported inactivity behaviours may suffer from the same problems as self-reported
physical activity behaviours; and/or, 2) such behaviours are relatively stable and impervious to
changes in activity. We can also deduce that any previously reported association between

television viewing and exercise (Tucker, 1993) is not a result of a cause and effect relationship.

Reductions in abdominal adiposity (evaluated by magnetic resonance imaging; MRI)
with no changes in body weight have been previously reported for individuals with Type 2
diabetes involved in an intense training program two times per week, and intermittent exercise
once a week, for two months (Mourier et al., 1997). There were no reported changes in waist
girth. Walker et al. (1999) reported decreases in waist region fat content (assessed by dual-
energy X-ray absorptiometry; DXA) after 12 weeks of 60 minutes of walking, S days a week in
women with Type 2 diabetes, but no changes in waist girth. The average waist girth of the
participants at the beginning of the First Step Program was 10-16 cm more than either of these
two studies (98 cm and 92 cm, respectively). This discrepancy is not a result of differences in
measurement protocols; the First Step Program participants' weight averaged 94kg, compared

with 85kg and 78kg, respectively.

Lehman et al. (1995) reported improvements in percent body fat and waist to hip ratio in
individuals with Type 2 diabetes, also independent of any change in body weight, with a 3-
month moderate exercise training program. In our study, the trend for reduced hip girth did not
reach statistical significance, however, it likely contributed to the fact that waist to hip ratio
remained constant despite the significant reductions observed in waist girth. Waist circumference
is a better index of abdominal visceral adiposity (assessed by computed tomography) than waist
to hip ratio (Pouliot et al., 1994). Waist and hip circumferences, but not waist to hip ratio, are

independently associated with reductions in body fat assessed by MRI (van der Kooy et al.,
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1993). Weight loss over 1 year in individuals with Type 2 diabetes has been associated
independently with waist and hip girths in both men and women, but only with waist to hip ratio

in men (Pascale, Wing, Blair, Harvey, & Guare, 1992).

Resting heart rate did not change, likely due to the lack of controlled intensity of physical
activity undertaken. Improvements in resting heart rate in individuals with Type 2 diabetes have
been previously reported following participation in moderate to vigorous intensity structured
training programs (Lehmann et al., 1995; Raz et al., 1994). Observed changes in systolic blood
pressure in participants in the First Step Program were immediate and notable (effect size=0.66,
or moderate; (Cohen, 1977), and similar to improvements reported by Wing et al. (1988)
reporting concomitant weight loss, and Lehman et al. (1995) reporting no change in body weight.
Both of these studies also reported reductions in diastolic blood pressure, which we did not
observe in our sample. Both of these studies also featured structured training programs with
specific guidelines for duration and frequency of activities undertaken, whereas the First Step
Program permited participants to set goals and monitor their own progress. Other walking-based
programs in this population (Walker et al., 1999; Yamanouchi et al., 1995) have not reported
program impact on these outcomes. The changes we noted are important: the UK Prospective
Diabetes Study (UK Prospective Diabetes Study Group, 1998a) has shown that intensive blood
pressure control using pharmaceutical agents in individuals with Type 2 diabetes results in

reduced fatalities due to myocardial infarction and stroke.

We selected a relatively new measure of cardiorespiratory fitness to meet our
specifications of a clinically applicable, feasible and acceptable submaximal test. The test
requires minimal equipment (2-tier step, stopwatch, and stethoscope), takes up little space (the

step is able to fold-up when not in use), and, as previously indicated, it has been shown to be
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easily delivered by both trained and untrained assessors with similar results (Petrella et al.,

1998).

Intraclass correlation coefficients were generally high for test-retest reliability of the self-
paced step test with the exception of the fast-paced time to complete. Although this variable was
not repeatable, fast-paced O2-pulse, calculated from multiple variables, was repeatable. This
suggests that once the workload was considered, physiological response was consistent over

time, regardless of preferred pace of performance.

The consistency of ratings of perceived exertion over time increases our confidence in the
self-paced step results; subjects perceived similar workloads, yet objective measures generally
indicated improvements in performance. Subjects perceived the slow-paced protocol as "weak"
to "moderate”, the normal-paced protocol as "somewhat strong" to "strong”, and the fast-paced
protocol as close to "very strong” (Borg, 1982). The slow-paced protocol appeared to be most
sensitive to improvement with intervention, likely due to specificity of training. At no time were
subjects given any directive about intensity of physical activity to be undertaken; they were only
encouraged to proceed at their own pace. Time to complete the normal-paced protocol showed
change over time, and although there was an apparent trend for improvement in the calculated
physiological response index, O2-pulse, it was not statistically significant. Our choice of the
Greenhouse-Geisser epsilon for adjusting degrees of freedom is considered a conservative test,
especially in small sample sizes (Winer, 1971). None of the variables measured for the fast-

paced protocol changed.

Recently, Walker et al. (1999) reported the results of a regular walking program in

women with Type 2 diabetes. They estimated VO2 max from heart rate (monitored during a
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timed 1 mile walk) using a prediction equation developed in a healthy adult population (Kline et
al., 1987) and were able to demonstrate a 16.5% improvement in cardiorespiratory fitness with
12 weeks of walking. Self-paced step test results can be used to predict maximal aerobic capacity
in healthy older individuals (Petrella et al., 1998), and expressed as VO; max, the test has been
shown to be sensitive to a physician-driven intervention (Petrella & Wight, 1999). We decided,
however, that it was not useful to present our step-test results as VO, max in this population
using an equation developed in a different population. Individuals with Type 2 diabetes have a
compromised aerobic capacity (Katoh et al., 1996; Regensteiner et al., 199S; Schrier et al., 1996;
Wei et al., 1999) and improvements due to training are less than that observed in sedentary
nondiabetics (Schneider et al., 1992). The results of Walker et al. (1999) are somewhat
questionable in this light. The validity of the self-paced step test needs to be assessed relative to a
standardized test of maximal aerobic capacity in individuals with Type 2 diabetes. Prediction

equations for VO max specific to this population can then follow.

VPS values we obtained are similar to those previously reported in obese (35.0) and in
diabetic samples (35.6) and lower than for a middle-aged sample with no apparent health
problems (40.7) (Myers et al., in press). Trends for change that appeared to follow pattern of
physical activity were not statistically significant in this small sample size. Based on the T1
standard deviation and the observed change from T1-T4, a sample size of 147 would be needed

to detect a significant change at p<.05 and a power of 80% (Armitage & Berry, 1987).

Energy intake due to protein was relatively stable over time (18-19%) and was within
recommended ranges (Canadian Diabetes Association, 1989). Energy intake due to dietary fat

ranged from 30-41% in this sample, generally higher than recommended levels (Canadian
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Diabetes Association, 1989). Individual subjects reported occasionally eating at fast-food
restaurants and their dietary fat levels were likely a reflection of their choices.

All of the subjects had been given dietary recommendations for reducing body weight as
part of their earlier diabetes education, as can be seen from the relatively low values of
prescribed energy intake. Reported values did not differ from the original reccommendations at
anytime point. There was no change in body weight over the course of the study, although there
was objective evidence of increased physical activity. These contradictory findings suggest that
the dietary data collected is untrustworthy. There are limitations to self-reported dietary intake;
obese individuals can underestimate intake by as much as 50% (Schoeller, 1995).

Caution must be used when interpreting these data for other reasons as well. There was a
very great interindividual variability in dietary variables, as can be seen in both the large
standard deviations and the wide 95% ClIs for the mean values at each time point and with
respect to the original recommendations obtained from patient charts. We found evidence
suggesting the quality of the interviews was suspect. Compounding this problem was the fact
that initial data was collected by one interviewer, who was then replaced by a second interviewer
to collect the final data points. We are, therefore, not confident with drawing any conclusions
about dietary intake in this study.

The inadequate data collected on blood glucose monitoring was particularly frustrating,
but not surprising. The prevalence of low levels of adherence to self-monitoring blood glucose
has produced a relatively new area of behavioural research (Glasgow et al., 1997; Jones, Remley,
& Engberg, 1996; Wing, Epstein, Nowalk, Scott, & Koeske, 1985). Barriers to self-monitoring
blood glucose include guilt, procrastination, inconvenience, cost, and denial of diagnosis (Jones

et al., 1996). In addition to non-compliance issues, user errors and falsification of data are
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important sources of error in interpreting logs of self-monitored blood glucose (Kilpatrick,
1997). A more objective approach to assessing glycemic control as a result of participation in the

First Step Program is necessary.

5.3.5 Conclusions

This summative evaluation represents a sequential step in a systematic program
evaluation process (Myers, 1999) designed to provide direction to the implementation, operation,
modification, and continuation of the First Step Program. Based on our experiences we are able
to make a number of recommendations for program delivery and for improved evaluation of this
and similar physical activity interventions.

Although promising results are noted with participation in the First Step Program, the
lack of a control group is the most important limitation to drawing firm conclusions and this will
be addressed in a subsequently planned randomised controlled trial. Although the sample size
evaluated in this preliminary sample is arguably small, the very large effect sizes expected for
increased physical activity, measured objectively as steps/day, indicates that sample sizes in the

order of 26 are adequate (Cohen, 1977) for subsequent trials.

Pedometers present an acceptable and feasible way of objectively and continuously
monitoring physical activity patterns, or adherence to daily physical activity goals, in populations
where walking behaviours are the most prevalent expression of physical activity. Using this
methodology we can explore factors related to total daily physical activity adoption, adherence,
and relapse. No other comparable approach is currently available. The closest alternative,
accelerometers, are more expensive and less user friendly. Although their use has become more

frequent in physical activity epidemiology, it makes the most sense to use the same
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instrumentation to both evaluate and intervene. Pedometers have been too quickly rejected by
researchers because of earlier mechanical problems that have been rectified (Bassett et al., 1996)

and flawed approaches to expressing reliability (Tryon et al., 1991).

On the other hand, we found that an activity log, a typical technique use to document
adherence to physical activity recommendations, was not sensitive to objectively determined,
and substantial, increases in walking behaviours. Therefore, this particular measure is not useful
for evaluating changes in physical activity as a result of walking-based physical activity
interventions. Likewise, self-reported indices of inactivity were unresponsive to the First Step
Program and such questions can not be used as a proxy indicator of changing physical activity

levels.

The self-paced stepping test was selected as an outcome measure of cardiorespiratory
fitness primarily because of its feasibility; our intention was to make both the program and its
evaluation practical for clinical applications. We recommend, however, that future evaluations
include only the slow- and normal-paced protocols. In addition to not being sensitive to change,
not everyone was able to complete the fast-paced protocol and the reported ratings of perceived
exertion suggest that the subjects were under going unnecessary stress. We do need to validate

self-paced step performance with measures of VO2 max in individuals with Type 2 diabetes.

The Assessment of body composition is important to drawing conclusions about
cardiovascular risk in this population. Future evaluations of the First Step Program should focus
on measures of waist girth and hip girth, and forego calculation of a waist to hip ratio. Although
weight did not change despite objectively determined increases in physical activity, obesity is a

typical problem and therefore we need to continue to monitor body weight. Energy intake is an
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obvious confounder and additional efforts need to be taken to increase the trustworthiness of
dietary data collected, including standardized and consistent interviewing approaches. Although
important, dietary interviews are limited. Further research needs to compare the First Step

Program to a combined diet and First Step Program.

It is also important to continue to evaluate the impact of glycemic control. Accessing
blood glucose monitors with internal memory will resolve user errors, but subjects must still
remember to regularly assess their blood glucose levels. Instead, we intend to wait to draw
conclusions based on laboratory measures of glycemic control (fasting blood glucose, OGTT,

HbA,c) in a subsequently planned randomised controlled trial.

An adequate instrument does not currently exist to assess diabetes self-care self-efficacy,
or specifically, physical activity self-efficacy, in this population. The importance of exercise and
stage of change can be used to assess changes in attitudes and intentions, respectively.
Adherence confidence questions show apparent changes in patterns only after program entry.
High outcome expectations may be characteristic of subjects willing to participate in physical
activity interventions. Physical activity outcome expectations are high and stable, which may be
a unique characteristic of participants. Outcome expectations need to be assessed in individuals

who decline participation in the First Step Program or other similar interventions for comparison

purposes.

In conclusion, the theory-based First Step Program is a promising daily physical activity
intervention for individuals with Type 2 diabetes. The Canadian Diabetes Association has funded
a randomised controlled trial currently underway which will allow us to draw firmer conclusions

about the program's impact. If the results of this next study are positive and replicate the findings
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the present pilot, we will move quickly towards dissemination of the First Step Program. The
ultimate goal is to provide clinicians, educators, and most importantly, individuals with Type 2

diabetes themselves, with a feasible and acceptable approach to increasing physical activity.

129



Tables

130



Table 1: Pedometer values for free-living populations

Study Subjects Age Monitoring Frame Average
(years) Steps/days
Kashiwazaki et al. 10 clerical workers 37.7:8.6 1 weekday 10,571:4,336*
(1986)
Kashiwazaki et al. 13 assembly workers 35.2.8.5 1 weekday 11,294:2 336*
(1986)
Bassey et al. (1987) 11 medical school 29:9.5 10 consecutive days 10,793:3,553¢
workers (5 male, 6
female)
Bassey et al. (1987) 24 female fitness class 67+:6.4 6 consecutive days 6,417:2,800*
participants
Bassey et al. (1988) 56 males, 66 females M: 71:4 1 week M: 7,142:3,857¢
F: 72:4 F: 6,000+ 4,000*
Cowley et al. (1991) 12 with chronic heart 56 1 week 3,700:514¢
failure (11 males)
Voorrips etal. (1991) A subsample of 30 from | Larger 3 consecutive days (1 7,335:4,369
convenience sample of 90 | sample: 63- | weekend day)
drawn from rec centres, 80
clubs, interest
Tryon et al. (1992) 127 females 19-5§ 14 consecutive days 7.163+2,899+*
range of weights
Sequeira et al. (1995) 265 males 25-74 1 week M 25-34: 11,900
228 females M 65-74: 6,700
F 25-34: 9,300
F 65-74: 7,300
Ichihara et al. (1996) Japanese, 282 males, 231 | 40-60 1 week M:8,107:2,922
females F:7,762+3,301
Walsh et al.(1997) 74 males, 10 females with | 46-78 1 week 3,571*
chronic heart failure
Gardner et al. (1997) 34 male smokers with 63.9:9.2 2 consecutive 4,116:2,199
claudication weekdays
43 male nonsmokers with | 67.8:5.9 5,329-2,924
claudication
Schmalzried et al. (1998) | 111 joint replacement 58.6 1 week <60: 5,732
patients 260: 4,400
M: 5,579
W: 4,364
M<60: 6,433
Hip: 5,194
Knee: 3,514

Note: Values are means: SD where possible. M=males, F=Females. * Steps/day calculated from information

presented in the article.
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Table 2: Interventions using pedometers

Study Subjects Intervention Pedometer Values (steps/day)
Pre Post
Bassey et al. 56 factory workers 12 week unsupervised, 11,000+:600 12,700:600
(1983) progressive walking
55-60 years program
(no pedometer during
program)
Yamanouchi et al. | Obese hospital-based | 6-8 weeks No bascline Diet+Physical
(Yamanouchi et patients with Type 2 values reported activity
al., 1995) diabetes Diet+Physical activity: 19,200:2,100
Pedometer and
instruction to get
14 Diet+ 10,000steps/day
Physical activity Diet Only:
Diet Only: Pedometer 4,500:290
and instruction to
10 Diet Only maintain typical activity
Meshkinpour et 8 consecutive patients | 4 weeks, 1 hour/day, § Values reported Values reported in
al. (1998) (7 females, 1 male) days/week at prescribed | in miles/day: miles/day:
with chronic intensity (pedometer 1.8:0.33 3.2:0.28
constipation worn and log
maintained)
50.1+16 years
Fogelholm etal.,, | 78 obese women after | No exercise No baseline 6,607
(1997) a very-low-calorie values reported
diet Walk to expend 8,303
1000kcal/week
Walk to expend 9,760
2000kcal/week
(no pedometer during
program)

Note: Values are means+ SD where possible.

132




dureo oruRoABna=dNTONT ‘159 20uws|0) WmsR=L ]|

‘suasoadody] Ansudp yBrg=1aH ‘swiarosdods] Aisusp moj="1QT 'OIASIOYD [BI0I="TOH) ‘SIPUIAIBin=D L ‘Wimswy swseld Sunse=]d 1S9 0uRIN0) 3s0on(S
[%30=L 1 DO “JUTUIeSON=J 1Y ‘uiqojSoway pareisoof|d=""yqH ‘50oni8 poojq Sunsej=0dJ ‘9dA= ‘ums]] ‘Aisusiur=] ‘Aouonbosje] ‘WMODN( =

syuow
9 pus squow
£ 19 pamojio4
(a9
10 3oM Y saidusop J1v
eyuBis dnosB Kue vy jhun mc_n_ovh.“_o.
saBuwyo Buwmp oN 10U) $}9M (] Jonuoo
-sdnod® .B.ﬁpoh syqy uonwnpy
oo 1 ¢nod Bungiem |
usompaq | [0RU0D’Y 'safuwyo unu 09-05 L1
souasap | dnosBraiq go xew 951953X34 1]
oN IQH ON °} dnosd 10%0L-09 |
WBam 1 WP astozoxy °( pastaadnsun _
wow | A0 101 dnosB ] M7 ssnaxg | wopuw
wojdnoB | & JOHO pastazadns pBw 9861
o ¢ 10l ¢ odd ! { b a1 O vl6l ) ] ) R | IRMuey
(s1934)
$50] Aunisuas [onuos | ssawy Lunoe asoon(B uohemp Adesayp | uBisaq
WBlam | Ysuopie) wnsup | onudoklp | opmw) | jeashyy uonuaatwgl | Buusey | saequiq | pad | 9By sialgng Apmig

sejeqelp Z adA) ui saipnis uonuareiul Apanoe [eaishyd € 8iqe L

133




‘suparoadodsy Asuap yBry="1aH ‘sursroadody] Ksudp mol=1Q7 ‘I

[R10= L0 ‘SUmuesopnuy=J(1y ‘uiqojdoway pow]£seok|8="1yqH ‘3s0oni8 poojq dunse)=0d ‘odfy=] ‘oums=] ] ‘Aisuin=] ‘A0unbAL=] UMODR[) =}

dweo onuaok[Bna=gNIONE '153) 3|0} US| 1]

032159{0Y [¥101="TOHD) ‘SIPUSIAIBN=D ] ‘uimsus eusseid Sunse)=]d] ‘159 20URIO} 35000[3

134

sadwp [V
dn-moljo0)
1K | uonwonpo
awf | 1300 $jeam 0] | ioww popuAe IV
1A | 1300 poutesng maf 611

doosB |  pourmens | Jaro Bupgem | L] sc| 9 wip el | Thpms
810X N sdnosB sdnos8 ponnsng sunu 09 11 . wopuel
puv 1Rip Ut qyoquig | Yoquig 11| Vounu astomxay | 8861
30U 1507} 101 1d4 *'vaH b } ARmp 4 9Tl L] 8¢} ¢§§ wip gl Buim

dn-mofjoj AQuo Adwiap

maf | (w30 pus R

14 | 3no0 $HNIM 01
panmsns poq uonsnpa
1994 | 3340 | 3uaf | 1900 N wiwak | osiasoxa Wy papuane |[vy
qoqui | poumwsns | pouimsns 1 3340 Jo Bunqjem | | ounu

14 | 1300 N N sdnos8 poumsng uTw (9 [1, 701 351019%2
pautnisng oq ut ¢ L1 9| sg| ts| wwys+rwipzl | | Apris
1dd sdnos8 *'VQH oq | uoje M| Wopues
sdno | 4T0HO| oquip oq ut sasBop pestasadns | /jounu astonxa4p | 8861
yioq ut ¢ 1oL Idd| W1.L1190 Loy XRMVT o 10l : m 8¢ | 9§ 01| Bum

$189,

$50] Ayanisuas [onuod | ssay Auanoe asoon|d uonvmp Adwayy | uBisaq
wBiap | Jsuoipie) uynsul | onuaoklg | owpis) | dlshyd onuonau] | Bunsuy | saquiq | ING | 9BV sialqng | Apms

(panunuos) sa1aqeip 7 odK}, ur suonuaAsul ANANJE eAsAyd



durepd srusoA[Bna=JINTONT ‘1531 92URI0) MINSUL= [ [ ]
‘suraoadods) A1susp Y3="TqH ‘swarasdody] Ksuap Mol=TTQTT ‘I0ISIAOYD [WI0I=TTOHY ‘SIPUIA[Bi=D) L, ‘Umsuy ewseid Surise)=]d ‘IS U0} 35000}

[R0=L1DO ‘upuresolonyj= )y ‘uiqoifouray parei£sooLiSa"tyqy ‘asooni8 pooiq Sunsej=ng ‘9dki=] ‘SunaLL ‘Aisuaui=] ‘Ausnbatjed ‘UMOWNU( =,
dnmojoj JeaA |
M 71
9] reak wnwaof)BadAy
| Buisiozaxa wowdinbo wpsissad
([0 asop wt 01Q0198 | Y
aseINN 0) mfiano | unugg-os 1 | pounw Ao sjuQ
penunuo) 251019% xeus 81l
*'VaH ponunuoo | Joes0L-69 1 (4113 1oRuod 61
©1aH + ONdd (37,41 ouo[e Yam/| wopuss
+ JOHD +"'VaH postasadns | ounu oL 1661
Mg 1 0L l « 08y J J ¥RMT o Al L] ®ig] -08 %IUIX3 61 ™y
dn moj|0) { Adeny]
Yiuow g|
Pim syuows ¢ iowus jonuoo
68 uonwonpy
(soBuwyo J1qose
we | |I0H [enpualput | uoneonpo
pautodas sutw 09-0¢ L1 aspoloxy | wopuw
0 anp | € TOHO +*'vaH 1| Vowws | pasouBerp 09 +11p 2661
LD 1oL L 1 084 © hid YRM/p-¢ 4 9L | Amou vy L] -op | +uoneonpg | usutuusy
(sawak)
$50] U | Hanisuas jonuoo | ssauy Ananoe asoon|B uonemp Adesayj, uBisaq
wiiom | opre) uynsu] | omuwoAln | oipae) | jearshyyg uonuoaif | Bunseq | saequig | DAG | 98y silqng Apuig

135

(panunuod) sajaqerp z >dAL uy suonuaAIIul ANARSE [edisAyg



durspp snuaafjBno=gINTONT ‘159 ouRI[0) UTjnSWI=] ||
‘surosdodyy Kyisuap yBy="1qH ‘surarosdody Ksuap moj="1Q"T ‘10ISIOY [RI01=TOHD ‘SIPUIKIBN=D L ‘Winsuy ewseid Sunsej=]d] 153 30RO} 350003
(0= L1 D0 ‘Sumuesojniy=) 1 ‘wiqoiSoway paejfsook(8"tyqy ‘2sooni3 poojq Sunsej-ng4 ‘>dAi=], ‘sum=1J ‘Ansuan=] ‘Aounbayj=4 ‘unoun=y

136

dlqosee Auo unsu
STIOURA | el bl 1\ 4
unugt-0t 1L
* uoye §|oRuoo
wj £poq 148 squows | - xww 940£-05 | POy
1 dHM J 1aH 91 3qus uo[® FM/T xo5 ‘9B g| | wopuwmou
e Bam | ©JOHO +0|YqH ‘sypuows paswazadns | jownu 661
Apog 1 0L ) © Otd d 2l Wi d 06 L] Tie] 96| asuxagy uuswya]
Adwiay
Q10 oN
uotipuioo YoM §-9 wIp ol
951929%9 it
un iyBlam Keprdars 000'01 peA Auanos | wopuwiuou
fpoq ng ! ‘voB L unpm 66 | woshydsiap s661
RiH (L] dINTONT ] ] J Lpwopd L| pesouBuig | T1E | -€T ¥l | fyonoumue )
(s1eaA)
$50] Aunisuas [onuoo | ssawy Anoe asoon|B uonemp Adesayj, ulisag
wiom | ysu opie) utjnsug onuA|y | opre) | [eashyd uonuaAajul | Bunsey salquiq | 1nd | 98y s1alqng Apmig
(panunuoo) sajaqelp z >dX] ut suonuAIRUL ANATIIE [RIISAYJ



dwepo onuadBna=JIN'T1ONT 159 ouwI|0) WInsUI=] |
‘sutapoadods] Ausuap y3y="1qH ‘surarordodyy Asudp MOJ=TTQT ‘(OISO [EI01=TTOH) ‘SIPUABN=0 L ‘wipnsut ewsejd Sunse)=]4.] ‘1) oue1a{0) asoon}d
[R10=1 1 DO ‘NIuresoon=) 1y ‘viqojdoway parejAsooAd=""yqH ‘350008 pooiq Sunsej=0g ‘adfi=] ‘um=|), ‘susiute] ‘Lounbosj=4 ‘umownpn=;

137

M 71
poscadust uprem | 8TFLT'S Auo
dwoo + dH st 09 LL [slopuv L] | WopuRIUOU
Apog 1101 4 °1VQH paoed-Jj3s | pasouBuip 6661
1 NG 1 TOHO A 1 odd i b FR/E 4 L] Aweu‘g] 1ig] ss AIAXI [ | B | od1 1
RU0d
OU SHIM ¢
M e1u03 SHIM
97 £q auoB 9 ‘pastusadng
saBuwyo HBM 9
1\ wawdmbo Ao wymswy
& 10H d1q0128 | 30 (810 IV
1+ T10TA oM g7 | S 09 LL
o 1a1 syepus | (GH) XeWIOA vel zig uoneNpa §7 wopuns
1 TOHO Radd L1l M | JO %08-091 L661
© 101 o111 o 0dd J| 91yey ARM/E 4 i 99| 80c] t9| osmuxeog | Biquabig
dn-A\0jj0j)
Yluow Z|
Qim sjuow 9
Sipuow olqosee | uonEINPd
twe [N X pIepums g}
© 1dH ‘squuowl 9 18 £1qeuoyuros wopuss
© T0HO © 9|VqH yeads o1 3jqe | | jounu uononpe L661
© 0l A > Odd ¢ hid luowy/| 4 £6 (] £TE] 09 ] +9s1013%3 £] susuieg
(s1eaA)
§50] Quanisuas fonuod | ssauyy Aanow asoon|d uotjeInp Adesay| udisaq
Wi | ysuopiey | ugnsup | owueokip | otpiwy | qwoiskyg | uvonuoasup | Bunsey |  sawqeig | png | Bv s1alqng fprug
(panunuood) sajoqetp 7 2dA1 U suonuaAIANUT ANANIR [BIISAY]




0432 JO 13 100y ® 0} 30 amseaw sy Joj Ieudasddeu are ) o;c6 ‘(ST URAL 218 SIN[RA :3)0N

138

§9T | 6Tl SL¥I'S SPIFTEL | Bunjjem noyupm
650 | vE6'1 $8FL'6 L'SI¥T6l Suiyjem yum
X¥oam/snoy- LN
LeE | 0L60 6'1%6'l 0'€E¥8'T | Bunjjem inoyum
990" | 6L8'1 €TFET LE¥SY Sunyem ynm
¥oIm/sInoy
W], unsi QYN
(11=t) (6¢=1)
d ) S)sel Jiom Ansuajui ajesspopy SYse) y1om AJsuajuy mor] djqeueA

$%se} [euonednooo Aq Apanoe ewn ains|a .y 8jqe]



sdno3 uaomiaq sanureynus oudp (q'e) sidudssadns pareys ‘10'>dee ‘s0>d o
‘0132 JO 123]J3 100() & 0) Inp aunsedw sy 10j Reudosddeur are [ 2,66’ ST UEAU AT¥ SIN[EA I)ON

139

JULIFLS] W09*T6 £S3S Sunyem inoyim
«010" | 611§
ol 817947 ILF0N 8811 Supmes yip
HRNAMOY-LIN
*$00' | 866°¢
JE*8E o8 13T RN Sunpiem Inoym
of10° | STLY
Supyem yum
N ATAY AT £ EI8T FIIM/SINOH
Ananoe eoiskyd amsiory
of10° | ISLY
(445344 51 9935'8¢ 9'6£36'0T Supyres inoym
9% | 11L0
Supgem yum
89| ¥9¥0 £0L3L'LE 893 C0r yLede Lt ARM/SMOY- L IN
8L¥' | 6¥L'0 6L¥IL 61166 8630°S dupyrem Inoynm
Bupyres yum
699 | SOP'0 SLY'S 6’11%70'01 76 89 I3 /SIn0H
Ananoe reaisAyd relol
d 4| (zz=u)oance Kpedoyg | (s1=u) oanoe Apemdan] | (g1=4) JAndRUy] d1qeues QYN

Aunnoe (eoisAyd aunsis| pue Ajanoe jeaisAyd [ejo} DYIN 'S 9i1qe |



140

ot~z @u-00 (8'01-8°)
oL | s6T0 Y e $¥39'6 I'v3¢'s (unyp) ovwsiq
(vsc'9t-118'01) (6s0'L1-TOL'E) (LTL'91-8YY'S) sdais/suno)
%06' | 1010 680'9%¢8s'cl | 12 1LE'9%08E'EL | w1 | ts8'9%sss'Ti | €1 19Wopdd
O'Lrrs99) T6rr9Te) (T'8r92¢)
1€6' | 100 (Y1181 ¥4 2 r'TIs6or UoL¥e oy (Kep/By/yeoy) umyrpuadxa AB13ud AAndy
L8| Lno (+'68-108) (6'88-6'8L) &16-€'9L) (wdq) ajes weay ey
88 v8 | SI rLI6E8 | 11 86%8¢8| 6 10)uous Jjes Uedy
9'1-8°0) (S1-¢'0) (80-€°0)
LLo' | SILt 60%T'1 1’1301 $0%5°0 (smoy) santanoe Asuaiu y3ry-ajesapows uy i,
6'LrvTy) 6'LyrLzy) (1'9t-6'00) (Lep/Byeoy) armurpuadxd MB1sus Ganoy
919' | 06%0 T9sTsy | Lv3esy | st eriser | €l 801 Hianoy
d 4| saneipenBoy | w | sanoceApmerdam) | v o) | w J]qeLreA

ApAloe JuB.IND JO SI0JEDIPY| (9 B|qe )



141

(¥8-z9) (s'L-0°9) (1'6-6'9)

er] e v'TFEL) £€TFE9 81708 (807) Aep Buunp Suis sinoy
(0'9-0't) (I's-1'e) (99-1'%)

LST' | 66¢'1 ALV 61¥1y 1T*p'S (OVIN) y10m 1@ Bunyis sanoy
(Sz-v'1) (re-sn) (se-L)

0ze' | LI'l T1¥0T Ui*v'e 1'2¥97 (OVI) Sumain A sinoy

[44 sl £l
d d| sanoeApendoy | w| sanoeApenBoup|  w| oamdeuj| $321N0S pue IjqeLIeA AJANORU]

ANAORU! JO SI0JEDIPUY L BqE )



142

uaye) sdajs jo
# UO SINOIARYIQ AIATIOR JUITP JO 1P ) SMouy

(sdars Aprep agesoae ‘sdais Jo 1aqumu

1210} Your feod sep jo y) ssudasd aenares o} 3jqy sfeo8 sdays Ajrep smoury
Jepujes uo sdais Krep pi0sas o) )y djay ves uoddns rerdos smouy

¥9eqpady 1a1wopad
asdwas (M PoIepo0sTE IS SWI01940 0) QY uo paseq 33uvyd smolAeYyaq kAW 0) A|qY YIRA POWM UJ SA3)S JO 4 SMOUY
moiAEY3q LIANE [eo1siyd jo awrea € sonep SanfeA %oy Ajrem3as o) 31y sdais Jo 4 Juljaseq Smouy
(uSSU-11-01-301S, ) K9RO1IJ2-J195 sE) Y1y € SEY 19wopdd yoene pue 13533 0) QY A% aJow Suiwid3q Jo SIYIUIQ ) SMOUY
MY 10j0WOYIAsq 2ANT0)

sJajewopad Buisn Ayanoe jeoisyd Buiseasou) - siskjeue yse '8 9|qe)



143

SIMOIARY2q

Poquosap pue paymuapt | Aanioe resrsiyd uy soouasdp dYoads son(ea £jrep 1 Surpa003s pue

JuaAnn/sId oyl | s smotawyaq 3ARoR pue Arejuapss yog Aq sonea w saouardgp ureidxa 01 31qy | 910wopad ap Surream sonowid Jo oM Y

ajlasay snbun pue

SAMN[EA JUT[SEQ UMO JIN} JO UOIIRIIPISUOO

puE ‘Yjem pown ut udxe} sdais

snstrea RN Ixu J0 38pajaown| ‘BrEp AnEULIOU ‘AAroe

SIAJSWN L ‘21qeurens ‘Jjqeamsedws ‘oyrads s1y) | 10) Aep/sdas ul jeod Ajrep Mou € S featsAyd Jo Jwmnjoa U0 NRINNY Y
(uoddns

a3uwy JMOIARYIQ 21y ut opnjout | [e100s) Atanoe edisiyd Suiseasout uy djay suotssnostp dnosd jews pue

sauaaspn/siaad oy, | 1w Ao uosiad suo ised) Je Anuap AL siapo 3umBedus soj sa1daens ynuap) sai3ajens poddns (81008 UO TN Y

~ ajfasag onbrun xap Ao suojssosip

Jauannnsiaad nay | o 1y ey sarSatens -1 9qusap AL | [eoisiyd Swseasoun soj saidaeils AJnudp] dnos3 jews pue SABANRNS U0 AN Y
J9pwopad A swey

souansoun Surareaa v Ag | 4q poisod sonjea ) 100033 A]RINg0e 1] | wn U ude) sdals Jo Jaquimu ) Aelg yTem pawn e Joj Anmpoddo uy

1YSHIOM

nuanswn Supweos € g | umias-jeod Apam I3y U0 UINLIA ST )] Aep/sdals dutjaseq 313y) JleIS 10eqpad) POZIRNPIAIPU]

saseassul Aitande [eaisAyd Ji szlo UOoISSNOSIP

SIAJISWNLL $3550] 91 YF1omino suren pue Jjosauo 0) s3ssoj pue sured AJuudp] | dnois jfews pue uorY 10§ Anmuoddo

***AqQ pIlenead sy e JUdIX AP 0], "M IWIBd YL " UIAND)

saMoelqo Buluies) eanubo) 6 ojqel



144

paynuapt
are sdajs Ajrep a3wioae pue ‘sdais $RqPAIJ
SIUIARIWI/SING NI |, Apraom [e10) ‘paaaryos sjeod siep Jo ¢ ssarfoud ajemnoe) pue 20119e3d ‘UONRIISUOWIP ‘VOTINNSU]
PONOYD 2T8 PIAINYIR Ak S[E0T UNIM . %RqPId)
sARp ‘Surssnu s) TIEP OU ‘1RO Are SPI0XNY SIEPUIIED JINY UO SHNRA ATTep P10y pue 30n2%id ‘vonensuowap ‘uononnsu]
sonfeA Jowopdd
3oudARwI/sI0Rd Ny |, ANOIARYQ YOS 3qUISIP AL U0 paseq 33ueyd INOIABYSQ ARBON] ¥ORQP0J pus 0ned ‘uoronnsu]
sanpeA Jawopad
sudARu/sI0d 1y L, INOIARYIQ YRS qUISIP AL uo paseq 33ueyd JNOIABYIQ BNM] ¥Peqpad) pue 0nesd ‘vononasul
1 %3942 0) PAsqUINUI KN
JUARWIY/SINd L | oy Sutop asam Ay ey Knuapy AL sanjea sa1uopad %o Apem3ay %oeqPIIJ pue 30ndesd ‘vononnsu|
(op1s 1steas 1y 0 Apadosd $oeqPad)
pudAI Sunweos Ag | Joyd uo) diy pue (ABU ) UM ST ] M YoRNe pue 0137 0) Jaawopad ) 1959y pue sonserd ‘UoNeNSUCWIP ‘UOTINUISU]
"**AQ PAJEN[RAD SY " IRY JURIX3 A O, "M WD) YL UL

saAnoalqo Buluses) (s)|s) JojowoydAsd 0L ejqet



onsiead

Ppue S[qeuTENE ‘djqeamseau oiiads W) P fedp 0) sadajens $S0uauadXd UMO JIN) INOQR UOISSIISIP

ssouaasm/sisad nayl | are sai3aiens pue passasdxa s1ipnd api pue suoneniis ysu-y3ry AJmuspt 0) 31y dnoi8 fews pue asdejas uo AN Y
S}fisajif anbum pue

SIN[RA JUTJISBQ UMO JINJ JO UOTIRIIPISUOO

put Yjem pown ul udxw sdais

AWM AMSID] PUe ‘SAU0YO Ananoe eaisiyd Jo 38pojotny ‘wiep aAnwuLIou ‘Aande

ouaanuysiRd iyl | “poa Suump paynuspy are ssnunpuoddQ paseawout 10§ sanumuoddo szifeqiap TeoisAyd Jo SwnoA U0 MM Y
¥oan 1ad sAep (/¢ isea] 1 uo a1fisop] anbrun pue

S[e03 1) 2AINYIR [[IA Lot UIPYUOD AY SIN[BA JUIISEQ UMO JIA) JO UONRIIPISUCO

puv pue ‘Yjem pown ul uaxe) sdajs

SSU-)1-01-Y2NS 10} 190ys Jumas [eod {ppaom Jo 38pojmouny ‘Bep aaneulou ‘Qrance

RUAW Surweoy | %09 ey 39188 SIAJISWAY 2103 ANY] | NI U0 31035 £3edYJ-)19s Y3y e Aedrpu] jecisAyd Jo AuNjoA U0 MNAMN] Y
" AQ PIIBT[RAS SY " IBY) JURIXI A 0, M J9wed] Y )

145

seAloalqo Buiuses| (spmuie) eAndeyy (1| ejqel



(1D %$6) (ST Weals T8 SIN[RA ‘30N

(ov1-z'8) (9'Z1-8'8)

S80| o ziFo'll o'I¥L01 ssnd-2o
(L9-65) (s8-2¢)

ol LE 7369 L¥89| ¢ owy 1584
(€11-v°9) (8'11-9'9)

L6o| 6z 07%8'8 1'2¥26 asind-70
(911-59) (sot1-14)

88°0| £ 1Z%16 pi¥88| ¢ ) [BULION
011-79) (1I'11-99) (1e9q/|ws) 3snd-1Q

8Lo| T 6'1¥9'8 81%6'8
(LE1-L8) (Lvi-18)

060| v iYAZANR 9ZFYII | S| (Spuodss)aum mols

01| d| zpousgisal | | poudgisay | u S9[qeUBA

158} dejs paoed-jjas Jo Aljiqeljal 1seyas-isa) Z| 8lqel

146




AU Apnis o) s1rwopdd powmids Sutary pus uonUIAI)UL-1s0d SUOW T =y

1000 Juoydajas pasrw] pue 20noesd [ENPIAIPUL JO YIUOW JYUTY € Jaye=( | ‘ondesd fenpiatpuy pue sBuriaow dnosd jo yiuow au0 JoyeaT L ‘wuNaseq =[]

(1D %$6) QSTUB 28 SINRA 210N

147

(€zz-0¢1) (L'TT-€s1) (0'vZ-8'07) (0°€Z-1'p1)
S'PFI'SI v'bF061 L1F'TT 8'b¥9'81
(L=v) (8=w) (L=) (L=4) Aoeolyya-Jjas [essuan
L1e-zT0) (1'82-0'v7) LesLey) L'LT-€02)
S'HFLT TEF0'8T £7500E S'EF0'bT
(9=x) (s=u) (L=1) (9=x) Aoed1yya-jjos astosaxy
(€15-0'1€) (r'sv-9'L7) (TsyTsT) (v'€v-9'77)
¥'9%0'9¢ ¥'8FE€9€ S'6¥T'S¢E 6'6F0' €€
(8=u) (9=1) (9=u) (9=t) Aoediga-j1es 11
98§ AoRdPF-JI9S SRqEI(]
vl €L Al 1L dInseI

sjuiod ewny pajeadas je synsa) S3SA €1 81qel



3sde[ay=9 ‘WOUCRURN=¢ UONIY =t ‘voneredalrg=¢
‘vonejdwao)=7 ‘voneidwajuoddig=| 0N

148

v | v ¥ | ¢ I

sl e t]¢ H
vy | v | Vv | ¢ D)
v | 9 [ ¥ | ¢ d
ARARAER !
E | v | v [ € d
vl v [ ¥ ]| ¢ Jd
slv l LY q
v v ¥ ] T \4
pL| €L | TL | 1L | 98]

sjulod ewn payeada. je abueyo Jo sabejs jo selewwns ase) ‘y| 8jqel



‘anuao Apnjs 0) ssajawopad pawmas Suiary pue uoguaAIUL-1s0d SYPUOW 7 =f]
LRuod uoydatn poyu| pue opowsd [ENPIATPUN JO YIIOW JYUTY ¥ JoYNag | ‘ononsd renpiarpu) pue sBuniaaw dnos8 Jo (ot U0 JoYR=Z L ‘TSN =] L

(1D %S$6) QSFusAL 258 SINVA :ION

149

('ee1'ss) | (ozol-Lv8) | (1'Le-t'ss)| (T'86-5'89)

681° | 8261 8'LFI'16 THFeE6|  8LFI'I6| v61FEE8| 2oudpyuod s339qe!p JO suonesijdwod ploay
(0001-L98) | (9'86-8's8) | (Z'86-0%8)| (S'101-0°€8)

0zZ6' | 0Z1°0 L'8¥€'€6 £'8¥26 £6¥1'16| 0T1FTT6 30UIPYUOD IdUBUUIEW /5SO WBIOM
(Lo6-c€8)| (z86-0¢8)| (6¥6-6T8)| (ZTv6-TOL)

€97 | 69’1 L'8¥0'06 £€6¥F1'16| 8L¥688| 9SIFTT8 30uaplyu0o as0on|3 poojg

d d vl £L Al 1L (6=t) unsea

sjuiod swi pejeada je suonejoadxa awodno Apanoe (edishud Gi 8jqel



100'>d ‘swtod aumy 3o v wol) WAL Apussynidss | °100>d
‘|1 WOD WAYYP ARRRYRBIS ¢, ‘10> ‘1L WO WP AU 4, ‘50'>d 1 L WL WIRYIP ApwwoyruBis, 2020 Apis o) £21W0PId PO Butawy pus UOINIALNGL
-50d ApUOW 7 =p L 1991103 3uoydaia) panu| pue 015ud [INPIATPUL JO YUOW IANNY ® BYex( ] ‘2onowid Empratput pue sBunaow dnosB Jo RuowW U0 SYITL ‘NI =L

( 10 %56) (ISF USRI 318 San[A 30N

150

(L's-1'7) (1's-61) (95-¢'1) (b'9-s'1)
p6b’ 11L'0 L XALY? 1'7¥S°e 8STHY'E 1'e¥6'€| (6) Bumaa A SInoH
(TeTh) (s's-L'v) (£'8-9°) 9'8-L'Y)
ove’ 1L0°0 eEFL'9 STI99 81569 9TFL9 Bunus sinoH
(9°st-v'6£) (T'19-5°95) (o6t-siv)|  (6°05-0'0p)
000 | LILSTI. (122 A | 1°EF8'8S 6 vFE St 'LFS'SY Kep/By/1e0y
(6) 80 Ananoy
(z96'01-669'9) | (190°11-L18"9) (s€L'z1-Lov'L) | (890°8-L19'Y)
900 | SIV9| «TLL'TFOER'S | «409L'TFO6E6'S | «aulOV EFSILIOL| YHT'TFTIPED Kepysdag
(6) sa19wopad
d d vl €L L 1L (u)oinseapy

sjuiod awn pajeada. je AjAoeul pue AjAie [BoisAyd Jo SI0)ed1puy (91 8jqel



Awreoyndis | *100'>d *| | wog wasyp Apwesudss, , ‘so'>d | L wog wanyip Apueyuds,
U0 3uoydo 23 pasnu] puw 2onoesd [enpiampuT Jo uow SNy ¥ BYe=

‘anuao Aprs 0) sorewopad poumyas Sumavy pus uo
gg:ﬂaggﬁﬂg&g%esgguﬂrflh

10>d ‘71, woy wasoytp
nuaAIRU-is0d SIUOW 7 =p]

( 1D %56) QSFUmoW a5 SIn[eA 310N

(96'0-L8'0) (L6°0-+8°0) (66'0-58°0) (10'1-L8°0)

sSl'| 6L1T 10'0¥26'0 100F16'0 10'0¥26'0 100¥96'0 | (6) onea diy 03 1510
@eti-9son)| (O1zI-TL00) | @zzi-zzon) (eez1-v'Lon)

690 | SyT'e 8'8FpZil I6F1pll L'6FLPII Y'OIFESII (6) ywi8 diy
(9'111-0'56) O1-rse) | (seti-1ee)| wsit-ooor)

S00" | 895'8| «+80IFEEOI | laal OIFE'EOI | 4ZTLOIFESOI 6'6¥L'LOI (6) yu3 1isimp
(L0168  (so1860) | (rioizel) (6'201-0°'08)

81 | 6271 L'81FT €6 0'8IFL'€6 I'81FZ'€6 0'8150'v6 (6) WBom

d d vl £l L 1L (4) Junsepy

sjuiod swy pajeadal je seinsesw ouewodoiyiuy /| ejqe|

151



§0°>d ‘71 wouy 1wY1p Ajweoyrudss | 10> | | WO WRRLP
Aty ruBis, oo 100> *1.1 Wol) WLaL1p Areoyiudis, , ‘50'>d (1 wog wasapp Apuoynis, ‘anuas Aprs o) s1ouopad powmnas Sutawy pus UonUIAIUKIsod SUOW 7 =]
1wu0d auoydajas payrun] pue 201120 [enpiAtpUl J [uO JAMM § DYe=E ], ‘nwd Emparput pue sBunaow dnos Jo uow U0 BYY=T], ‘ABPQ x| L

(10 %56) (SFUsIW aze $I[RA ‘0N

152

[CYRX)) 8'L-Tt) ©'L-v'y) (S'6-8'#)
. X 0TFI9 1309 1G9 STFIL
et | 90Tl (9'91-8'8) #'s1-0'01) a'Li-9's) (9'€1-6'8) NOMIANS paraRd
THYFL'TN 6T 9¥¥6'Tl ST
3 ] - 8
L T ceresn | Gueeen | @wesio) | @Loces) (waq/mu) 3smd-“0
080’ | emve IPIFI'LY CEIFH09 $EIFEE9 T9¥9 (L) swmiseg
(0'9-9'7) (€'s-L'D) (§'s-L'D (s'9-1°¢)
. . (acin; $I¥FlY SIFIY T UOIISX? PIAIIRG
80t | 09T 6c1-9'L) @er-v'g) (8'€1-9°L) wi-sy) '
(5'66-0°€9) (9'86-0'59) (Tcot-s's9) | (p'0c1-9'601)
oro' | sese oS ETFTIS «6' 13818 9 PTFEC TS ¥'1T¥9'06 (6) Swm peuuoN
(6¢c+'1) Te=s'D) 0407 (€e81)
ves' | $59°0 PIFLT VIFeT €1¥0°¢ 0'1¥9'C UOTHIOXI PAAIAIDg
€ri-v'e) @er-re) ®7-1) (6'01-8'9)
P60’ | 680°S *e$ P¥8°01 YATIA L'E¥6'6 LTF6'8 (yeaq/mu) aspd-2Q
wet-9'1y) (6921-9'0L) (€ve1-5'6L) (9°'791-¢'98)
$00' | S16'6 | le¥'LTFIT6 1e9'9€¥8'86 oL 'SEF6'901 L'6¥FY'+T1 (6) (spuocas) owp mol§
dais powd-jia8
0'06-0'1) (1°68-'8L) (6'88-1'TL) (0'86-5"4L)
611’ | T6Tt SCIIFS08 $'9¥8'(8 0'0175°08 UPIFE98 | (8) (SHww) 4g onorserp Sunsay
(ecet-ror) [ (eser-Lot) | ect-vet) | (vzsiFrozy)
070 | S66'v | o€ OIF8BTI | ¢ee90IFS6Z1 | weab TIFS6ZI LSIFC6EL | (8) (Bunwu) 4g 1oisAs Sunsay
(8'LL-€'99) (8°LL-E'99) (1'18-0'29) (8'28-8'v9)
6L | LSTO SLFOTIL SLFOTL YTFYIL L'TIFSEL (6) (wdq) s1e1 wesy Funsay
d 4 vL €L L 1L () amsespy

sjulod ewy pajeadal je Ljeay Je|noseAcip.ed JO SI0jedlpu] ‘gl 8jqe ]



153

"anud Apnys 0) sudjuwopad powmias SutAsy pue UONUIAINU-1S0d SYPIUOW T =]

1eWod uoidalo) pasruit] pue 30115esd [ENpIAIPUT JO \UOUS JX[UNY € JayR= | ‘2onoesd fenpiatpur pue sSuraow dnosS JO YO U0 JSYB=T ‘HNjIseq =] |
(1D %$6) QSFUEA A5 SAN[RA 0N

(€erreo1e) | (e9vv-0ze) [ (6'cv-900) [ (O14-1LD)
otl’ | 79Tt LS'LFV'LE T8FE'8E L'SFTLE S6FEPE | (6) o1eas snid AnjeuA
d d vL €L A0 1L (u) aanseopy

sjuiod suw pejeadal Buiaqg-jjlem paAledled 6l 8jqel




sURYo jusned WO PIUIRIQO 234 SUORFPUIIIODA [UBLO ( 1D %S56) QSTFUERU 28 SIN[EA 0N 0N

154

(9'Lze-6'€2l) (s'Lzz-o'L1n) (&'8LT-¥'LPY) (€'€0T-9'st1)

v | 9990 $I1ZIFLSTT 0'99¥€ LI £8LF6'TNT srerypLl | (swesB) aresphyoque)
L'v21-8'€) (TET-8'5¢) 0'1L-6'8¢) (T99-Tst)

208 | 6290 £09FT bL £ ISTFS 6L T6170'sS 9'TIF8'SS (sweiB) 184
(6'+01-1'89) Oeri-b'Ts) (T'L8-1'09) (9'¢8-1'19)

8vL | LETO 0'8Z¥S'18 L'9EFO'ES T9IFLEL PEIFYTIL (sweid) urnoig
(v'¥8v'7-9'207'1) (8'L6¥°T-6'666) | (0'086'1-1'SLT'1) (0'11L'1-0'892'1)

ozL | LL1O 9'99LFS €48'1 6'S68F8'8hL 1 9 1ZHFI' LTI 6'voTF68Y'| [ed)y |80

d d| vl pus gl usamiag | ¢] pue 7L uRmprg 1L ]| suonepuswwossy jeuiduQ JqeuIBA

(g=v) swiod swy pajeadas je ejep |ledas Auejeiq |0z elqel



Figures

155



iy

"L gNOM  9)3M a DRLL IR L1 )]
o LA SHOOM  PNOM  ZXOM L

g

|
I
H—
S
©
Aep rsdajs abesany

a—
|
I
g
[ -]

T & 4 oo

» 00021

ooo¥l

(10 %6 ‘uesw) Aep/sde)s abesane uy abueyd jo wajed :1 8inbi4

156



157

awnjl
" el a 1

A - ~ - o W
-¢ m
Q
§
rZ O
7]
®
8
- ¢ .m
+ B
: g
— by S
3

5

(19%66 ‘ueaw) aunnoJ Jejnbas o} 8s101ax8 Jo aouepodw) :z einbi4



158

¥ NooM £ ooMm Z XM | Yo9M
" A 2 " . >
—_ ]
0
(/=]
T ®
3
=
®
b g
. TS. ?
! 4
©
o
— o
0002
000€

(10%S6 'ueaw) weibosd jo syaam ¢ 1s1iy Buunp (Aep Jad sdajs) {eoB ul eseasou; ¢ 8nbi4



159

auny

§HO9M £ NOOM O XOIM G HOOM ¥ XOIM € NFOM ZHIIM | XM

- ®

—_— =

—_ ’ .m.

(7]

Q

—_— Ly ml

4. mf 4_ e &4 W

; Thi

T S,

4 —— 7 @ ¢ b .w

1 . 3
. .
l

(10%G6 ‘ueaw) weiboud jo syaam g Buunp Juswuleye [eo) - a.nbi4



160

awn)
" 1 § ad 1 2 LL nxw&s wao>> —xmog
. } . — o 8
|
—_— r0S Q
8
0
®
-8 ..00
3
-1 &
L- -1 0
x
-1 —— P 8
-T =
o

N S JF ¢ ﬂ 08

1 o6

004

(19%S6 ‘ueaw) Apnjs ay) Jo 8SIN0D JAAO ,}i O} %NS, 0} 8AUBPYUOD G 8inbi4



161

iy

o ¥ AeoMm FA LTIV
€ YoM

P-4
G

| yoopA

P €

o
l
l
I
|
|
l
<
juswuiege [eob ul Juapyuod yoam/sAep Jo #

(10%56 ‘ueaw) jeob Buuieye Ul juapyuod yaam/sAep jo # :g ainbi4



Appendices

162



Appendix A: Background questionnaire

1). Are you... male? Or female?
2). What is your age?

3). What is the highest level of education you have reached?
_____some secondary/high school
____high school diploma
____some post-secondary
____college or university diploma

4). In general, how would you describe your current state of health?
___ Excellent
____Good
____Fair

Poor

5). Areyou a
___ Current smoker
(if check, who wants to quit? yes no)
_____ Occasional smoker
____Never smoked

Former smoker (year stopped )

6). Would you describe yourself as. ..
____Underweight
____ At the right weight
____ Overweight
(if checked, are you a frequent dieter? yes

no)
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7). Have you been diagnosed by a health professional as having...(check all that apply)
Yes
__ Heart trouble
____ Chronic asthmas, emphysema, or bronchitis
____Diabetes
__ Osteoporosis
_____Arthritis
_____Highblood pressure
_____High cholesterol
Back problems
Foot problems
Allergies (including hay fever and sinus problems)
Trouble hearing
Trouble seeing
Bladder control difficulties
____ Other health problems (what are they? )

8). To what extent is exercising an important part of your regular routine?

1 2 3 4 5
Not at all Moderately Extremely
Important Important Important

9) Over a typical seven-day period (one week), how many times do you engage in physical
activity that is sufficiently prolonged and intense to cause sweating and a rapid heart beat?
(check one)
___ Atleast 3 times
_____Nommally once or twice
Rarely or never

10). When you engage in physical activity, do you have the impression that you (check one):
_____Make an intense effort
____Make a moderate effort
____Make a light effort

11). In a general fashion, would you say that your current physical fitness is:
Very good

Good

Average

Poor

Very poor
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Appendix B: Questions regarding outcome expectations imbedded in background
questionnaire

1) In general, how confident are you that you can manage your diabetes?

0% 10 20 30 40 50 60 70 80 90 100%
Not at all Moderately Completely
Confident Confident Confident

2) How confident are you that being physically active will lower your blood glucose levels?

0% 10 20 30 40 50 60 70 80 90 100%
Not at all Moderately Completely
Confident Confident Confident

3) How confident are you that being physically active will lower your blood glucose levels?

0% 10 20 30 40 50 60 70 80 90 100%
Not at all Moderately Completely
Confident Confident Confident

4) How confident are you that being physically active will help prevent complications of
diabetes?

0% 10 20 30 40 50 60 70 80 90 100%

Not at all Moderately Completely
Confident Confident Confident
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Appendix C: Additional questions imbedded in background questionnaire at T2-T4

1) In general, how many HOURS per DAY do you usually spend watching television?
hours

2) How confident are you that you can stick to your daily activity program?

0% 10 20 30 40 S0 60 70 80 90 100%
Not at all Moderately Completely
Confident Confident Confident

3) How many days of the week are you confident that you will reach your daily activity goal

over the next month?

0 1 2 3 4 S 6 7
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