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ABSTRACT 
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In light of the Importance of preventive measures to effectively reduce the 

mortality rate associated with colon cancer, and the Importance of adherence 

to treatment In the study of cancer prevention, the aim of the this study was 

to identify variables that explain adherence to treatment In a long temrj, colon 

cancer prevention clinical trial. The Wheat Bran Fiber study is a double-

blinded, placebo-controlled trial evaluating the efficacy of dally wheat bran 

fiber supplementation on polyp recurrence In 1,400 randomized persons with 

adenomatous colon polyp history. Adherence was defined as consumption of 

the cereal regimen during the specific evaluation period. It was evaluated 

through the count of returned unopened cereal boxes, and self-monitoring. 

Data were collected prospectively and discretely during clinic visits that took 

place approximately every three months. The Life-Style Questionnaire was 

constructed as a theory driven instrument with three major components: past 

adherence behavior, social network and Self-Motivation. It was given at 

baseline to 910 participants. The evaluation of potential predictors of attrition 

was conducted using survival analysis techniques. Specifically, a Weibull 

distribution was used to model the data. Demographic characteristics, 

physiological changes, and psychological variables constituted the 

explanatory variables of the model. The two most important predictors of 

attrition in this study, for both males and females, were exposure to high fiber 
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and experiencing side effects, whether or not study related. Other significant 

predictors were self-motivation and adherence at baseline for males, and self-

motivation, smoking history, and study expectations for females. One of the 

most interesting findings is the difference in risk between males and females. 

The higher hazard for females when toxicities were present suggests that 

women have more difficulties managing side effects. Also, smoking history 

was not a significant predictor of the hazard for males. Although the reason of 

such difference is unknown, it can be speculated that the motivations for and 

the circumstances under which males and females smoke might be 

completely different. Overall, these results confimri the multifactorial 

determination of attrition as a time-to-event phenomenon. 



INTRODUCTION 

Colorectal cancer is the third most common cancer worldwide (Shike, 

Winawer, Greenwald, Bloch, Hill, Swaroop, 1990), and the second leading 

cause of cancer death in the United States (American Cancer Society, 1996). 

The five-year survival rate of patients diagnosed with advanced colon cancer 

has shown only moderate improvement in recent years (Moertel, Fleming, 

MacDonald, 1990), despite advances in surgery and chemotherapy. Evidence 

from epidemiological (Correa & Haenszel, 1978; Burkitt, 1980; Wynder & 

Reddy, 1983), experimental (Freeman, Spiller, & Kim, 1978; Reddy, Engle, 

Katsifis et al., 1989; Reddy 1982) and genetic studies (Willet, 1989; Cannon-

Albright, Skolnick, Bishop, Lee, & Burt, 1988) suggests that colon cancer 

genesis may be the product of complex interactions between genetic 

susceptibility and environmental factors, with environmental factors 

accounting for up to 85%-90% of all cases (Doll & Peto, 1981). Doll and Peto 

(1981) estimate that dietary factors may account for about 30% of the 

attributable risk. Among the dietary components suggested as colon cancer 

promoters are excess fat and excess calories. High intakes of fiber, calcium, 

and other micronutrients have been suggested as colon cancer inhibitors 

(Reddy, Hedges, Laakso, Wynder, 1978a; Reddy, Hedges, Laakso, Wynder, 

1978b; Slattery, Sorenson, & Ford, 1988; Slattery, Sorenson, Mahoney, 

French, Kritchevsky, Street, 1988; West, 1980). This situation suggests that 
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preventive measures may be the only means to achieve an important 

reduction in the high mortality rate from this disease. 

The biomedical model defines three levels of prevention; Primary 

Prevention comprises those actions aimed to destroy and/or inoculate against 

an agent, to impede disruption of physiological functions. Secondary 

Prevention comprises all those actions directed toward the early detection of 

physiological changes, the destruction of the agent, and cure of or 

impediment to further spread of the disease. Tertiary Prevention implies 

actions aimed to contain and limit the damage caused by an established 

ailment process (Leventhal, Prohaska and Hirschman, 1985). 

Of the possible dietary interventions for the secondary prevention of colon 

cancer, fat reduction and fiber supplementation seem to be the most 

promising approaches since high fat and low fiber diets are considered major 

risk factors in the genesis of this disease. A low fat diet has been advocated 

for several years for the prevention of cardiovascular disease (American 

Heart Association, 1984) and breast cancer (Boyar, Rose & Wynder, 1988). A 

major limitation of this approach is that it requires personalized diet 

counseling and intensive follow-up similar to interventions in well-programmed 

weight reduction clinics. Drastic changes in long-established eating behaviors 

are extremely difficult (Stunkard, 1983), as illustrated by the high attrition (20-

80%), and low long term success rate (less than 5%) of weight-management 

programs (Dunbar & Stunkard, 1979). Dietary supplementation, on the other 
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hand, has long been used by nutritionists to ensure adequate intake of 

specific nutrients for populations at high risk of deficiencies (e.g., iodine, iron. 

Vitamins A and D). This approach is comparatively less demanding than a 

radical change in eating habits. Supplementation by dietary fiber (DeCosse, 

Miller & Lesser, 1989; Alberts, Einspahr, Rees-McGee, et. al., 1990) and 

calcium (Rozen, Fireman, Fine, Wax & Ron, 1989; Isbell, Hu, Lanza, et. al., 

1989) have been studied intensively in recent clinical trials. Calcium 

supplementation can be characterized as a pharmacologic intervention, and 

its adherence barriers are few, well known, and fairly easy to manage. 

Supplementation with dietary fiber requires a change in dietary habits. 

Barriers to fiber supplementation are just being unveiled. Intuitively, this 

approach seems a good compromise: fiber supplementation is somewhat 

more difflcult than taking a pill, but it is less demanding than a radical change 

in dietary habits to reduce fat intake, while still producing a dietary change in 

the desired direction. 

Prevention research following the biomedical model means looking for 

technological solutions that entail adherence/ compliance by the target 

population (Leventhal et al., 1985). Unfortunately, the importance and 

magnitude of the adherence problem in this paradigm is just recently being 

fully comprehended. Despite a conservative approach considering only 

specific behaviors, estimates of non-adherence are quite distressing. Even 

with regard to simple behaviors such as appointment keeping, non-adherence 
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ranges from 20% to 50% (Dunbar & Agras, 1980; Dunbar & Stunkard, 1979; 

Meichenbaum &Turk, 1987). Dunbar and Stunkard (1979) mention that 20% 

to 80% of patients drop out of weight management programs, and 90-95% of 

such programs do not achieve their goal. Similar failures have been reported 

in exercise programs (Oldrigde, 1982; 1988) and smoking cessation program 

(Brigham, Henningfield & Stitzer, 1991). Generally, regardless the type of the 

intervention, the more complicated the regimen, the harder it is to achieve 

acceptable levels of adherence (Dunbar & Agras, 1980; Dunbar & Stunkard, 

1979; Meichenbaum &Turk, 1987; Glanz, 1979; Eraker, Kirscht & Becker, 

1984). 

The magnitude of the non-adherence problem has had a substantial effect 

on investigators conducting high cost, complex, long term, preventive trials. 

The non-adherence problem achieved great salience because of the 

proliferation of complex long-temn studies and shrinking research resources. 

These conditions boosted an interest in identifying factors that predict and 

strategies that promote adherence to protocol specifications in community-

based studies (Berenson, Groshen, Miller & DeCosse, 1989). Non-adherence 

in a research setting can be devastating because It can significantly alter the 

sensitivity of a study to demonstrate treatment effects (Freedman, 1990). The 

task is challenging, as shown by the troublesome picture of adherence in 

clinical trials depicted by Sackett and Snow (1979). According to their 

analysis, appointment keeping in clinical studies ranges from 10 to 65% in 
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seven preventive interventions and from 55 to 84% in eight curative 

interventions. Weighted mean adherence in four short term trials is only 62% 

in the prophylactic studies and 78% in the remedial ones. Long term 

intervention trials do not look any better; the weighted mean adherence for 

four prevention studies is 63% versus 59% in the eight treatment studies 

reported. The standard data analysis procedure for clinical trials is the "intent-

to-treat" strategy. An intent-to-treat procedure specifies that any person 

randomized should be analyzed with the group he/she was randomized to 

regardless of whether the treatment was given or not. This standard practice 

attempts to control for any biases, but it may increase the risk of Type II error. 

In a cancer prevention study involving long-term treatment administration, an 

active intervention that causes multiple and/or severe side effects may 

produce unbalanced non-adherence and/or drop-out that will affect the power 

to detect the treatment effect. The primary goal of the attrition risk 

assessment in the context of a clinical trial is to maximize retention, making 

the study cost-effective while reducing potential biases. To do so, one must 

determine whether risks factors are present and design preventive 

interventions to reduce attrition. 

The aim of the present study was to identify variables that explain the 

difference between participants who remain on study and those who drop-out 

in a long term, colon cancer prevention clinical trial. To accomplish this goal a 

series of statistical survival analyses were conducted. In the next section a 
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picture of the adherence field is depicted, followed by a description of the 

Wheat Bran Fiber Colon Cancer Prevention Trial. Next, a section discussing 

some important issues of survival analysis is presented, and finally, the last 

section includes a description of the method, study results and conclusions. 

Definition of Adherence 

Before one can effectively address the problem of maintaining adherence to 

treatment, some methodological issues need to be discussed. 

Adherence/compliance "focuses upon the extent to which the patient's 

behavior (in terms of taking medication, following diets or executing other 

life-style changes) coincides with the clinical prescription" (Sackett, 1976, p.1). 

In the literature, the terms, "adherence" and "compliance", have frequently 

been used interchangeably to describe such a behavioral event. There has 

been an ongoing discussion about their suitability as technical terms. Several 

authors have identified various troublesome or confusing implicit connotations 

(Dunbar & Agras, 1980; Dunbar & Stunkard, 1979; Meichenbaum & Turk, 

1987; Sackett, 1976; Turk, Salovey & Litt, 1985). For example, it has been 

argued that "compliance" connotes a passive role of the patient following 

instructions from a health care professional. Also that the term "compliance" 

implies that failure to comply is the patient's fault. "Adherence" connotes, to 

some writers, a more active, voluntary participation of the patient on an 

agreed-upon therapeutic plan. It has also been suggested that "adherence" 
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Implies choice and mutuality In the treatment planning and implementation, 

therefore, suggesting that treatment success or failure depends upon the 

Health Care Provider (HCP)-Patient Interaction (Dunbar & Agras, 1980; 

Dunbar & Stunkard, 1979; Meichenbaum & Turk, 1987; Sackett, 1976; Turk, 

Salovey & Litt, 1985). The selection of one term or the other can be seen as 

implying the acceptance of an implicit philosophical stand. Compliance has 

been, typically, the choice of the traditional medical professional, whereas 

adherence has been favored by most social scientists. An intermediate 

position, one that describes the interaction in the WBFS and similar clinical 

trials, is the view that self-care is a product of social exchange (Barofsky, 

1978). The social exchange model assumes that there are valued outcomes 

for each participant in the interaction. For the patient, a valued consequence 

may be the products (i.e., cereal or medications), and services (I.e., blood 

analyses, blood pressure and weight monitoring) provided, and for some the 

opportunity to have gratifying social exchanges with the research staff. For 

the investigator and the research staff, a valued consequence may be the 

fulfillment of the research goals, and professional success, with everything 

this success may bring about (Barofsky, 1978). We believe that this social 

exchange point of view better describes the circumstances under which a 

clinical trial is carried out, and, thus, the term adherence will be used through 

out this paper. 
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Operational Definitions 

Under adherence to HOP recommendations, investigators have grouped a 

wide variety of phenomena ranging from very simple behaviors, such as 

appointment keeping, to complex therapeutic regimens, such as the regimen 

for diabetes, which includes keeping a very restricted diet, urine and blood 

testing, monitoring exercise, and taking insulin shots several times a day. It 

has also included adherence to medication intake, self-monitoring procedures, 

and all sorts of behavioral changes. These possible regimens may need to be 

kept for days, weeks, months, or for life. They may be prescribed for curative 

or preventive purposes, in patients with or without symptoms (e.g. ulcer vs. 

hypertension). To further complicate the picture, the level of intrusion varies 

with the regimen itself. As Leventhal, Meyer and Gutmann (1980) point out, a 

serious problem with the "adherence/ compliance" label is the resulting 

promotion of a unitary view of a number of health-related problems that may 

not be functionally interrelated. This unitary view has led investigators to 

search for a common process underlying this wide range of behaviors. It is 

evident that adherence to treatment is a very complex phenomenon that 

cannot be fit by a single definition. 

Adherence Assessment 

Several techniques have been used to measure adherence, but no single 

technique has proven to be completely reliable. Because it is simple, fast, and 
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inexpensive, the patient's self-report has been widely used to assess 

adherence. Its validity and reliability, though, depend on the skills of the 

interviewer and his/her relationship with the patient, on one hand. On the 

other, it depends on the patient's ability to observe and evaluate his/her 

behavior, as well as retention and willingness to report accurately the events 

in question (Dunbar & Stunkard, 1979; Dunbar & Agras, 1980). Furthennore, 

there is concern about response bias, because of the obvious pressure 

toward "good" responses (Kirscht, 1983). Evidence indicates that behavior 

regarded as desirable, such as adherence and physical activity, are 

over-reported, and socially disapproved behaviors such as non-adherence, 

smoking, and alcohol consumption, are under-reported (Gordis, 1976; Kirscht, 

1983). It is estimated that only about 50% of those who deviate from 

prescriptions (poor and non-adherers) are detected by interview alone 

(Gordis, 1976; Dunbar & Stunkard, 1979). According to Gordis (1976) gross 

departures from prescriptions are more accurately reported than small 

deviations; the main problem then is to identify the non-adherer who claims to 

be adherent. Results obtained in studies comparing self-reports with more 

objective measures, however, have not been consistent. The vast majority, 

have found large discrepancies between self-report and other objective 

measures (Masur, 1981). 

The procedure of self-monitoring generates continuous data, which allows 

the identification of dose related problems as well as problems with the 
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patterns of adherence timing. Some studies comparing self-monitoring with 

other measurements have shown promising results (Dunbar & Agras, 1980; 

Dunbar & Stunkard, 1979; Nelson, 1977). One major limitation of self-

monitoring, however, is its reliance on patients' completion of records. This 

reliance may be a problem, especially for patients already having problems 

adhering to other aspects of the regimen. 

Another procedure widely used in clinical trials is trace counting or pill 

counting (Zeisel, 1981; Dunbar & Agras, 1980; Dunbar & Stunkard, 1979; 

Masur, 1981). Trace counting is an inexpensive and unobtrusive method 

based on a durable by-product of the occurrence or non-occurrence of 

behaviors relevant to the intervention, such as unopened cereal boxes or 

unused pills. A weakness of the trace counting method is its fundamental 

premise that all unreturned products (e.g. cereal, medication) were consumed 

by the participant, which may not necessarily be the case. This problem is of 

particular concern when the treatment Involves a product suitable for general 

consumption such as cereal (Cordis, 1976). In some cases, when the 

intervention involves a drug, a direct biochemical measure of adherence 

might be feasible (e.g. plasma levels). But unfortunately, the only byproducts 

of fiber intake are stool related, which are far too expensive and cumbersome 

to measure on a regular basis. 

Health outcome would seem to be a reasonable measure of adherence, 

but, it involves a number of problems: Response to treatment is greatly 
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influenced by adherence, yet adherence is by no means its only detemilning 

factor. Moreover, individual variations in dose-response, as well as diagnostic 

errors, imprecise prescriptions, and recommendations, limit considerably the 

usefulness of health status as a measure of adherence (Gordis, 1976; Dunbar 

& Stunkard, 1979; Dunbar & Agras, 1980). When feasible, a multi-method 

approach combining self-recording, trace counting, and biochemical analysis 

is preferred (Cummnings, Kirscht, Becker & Levin, 1984). 

Adherence Enhancement 

Research on adherence enhancement has evolved in a pragmatic way, 

mostly independent from theoretical developments. For descriptive purposes, 

the research supporting adherence promoting strategies will be presented 

according to their main focus: the regimen, the person, and the treatment 

experience. 

The Regimen 

The single most important factor detennining adherence is the regimen 

itself. The most critical characteristic of the regimen is its complexity (Dunbar 

& Agras, 1980; Dunbar & Stunkard, 1979; Haynes, 1976; 1979, Leventhal et 

al., 1980; Meichenbaum & Turk 1987). Errors in omission and commission 

increase significantly as the number of drugs to be taken increases (Hulka, 

Kupper, Cassel, Efird & Burdette, 1975). The more medications and/or 



23 

lifestyle changes prescribed, the lower the adherence (Haynes, 1979). When 

the number of tablets to be taken by patients was increased from one to four, 

Gatley (1968) observed that the number of non-adherers doubled. Similarly, 

Parkin and collaborators (Parkin, Henney, Quirk & Crooks, 1976) found that 

50.8% of discharged hospital patients under study deviated from their 

prescribed regimens and that complexity of the regimen was the main factor 

associated with non-comprehension (35.4%) and with non-compliance 

(23.4%). Both, non-comprehension and non-compliance, occur more often as 

the number of drugs increases (Hulka et al., 1975; Sharpe & Mikeal, 1974; 

Parkin et al., 1976). In addition, as the number of drugs and the number of 

doses increase, dosage errors are more common (Hulka et al., 1975; Sharpe 

& Mikeal, 1974; Parkin et al., 1976). No clear relationship has been found 

between number of doses (or number of times a task should be performed), 

and adherence (Haynes, 1979), it seems, though, that increased frequency of 

scheduling lead to increased rate of errors, which in turn may affect the 

adherence rate (Dunbar & Agras, 1980; Hulka et al, 1975; Parkin et al., 

1976). It has been concluded that the length of the regimen may also have an 

impact on the rate of adherence; as the length of time on the regimen 

increases, adherence tends to decrease (Haynes, 1976; 1979). Such decline 

has been attributed to boredom, complacency, tedium and forgetfulness 

(Dunbar & Agras, 1980). As Masur (1981) has pointed out, most long-term 

treatments are for asymptomatic diseases (e.g. hypertension), or prophylaxis 
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(e.g. epilepsy or diabetes). Thus, it is possible that this feature of the 

diseases (i.e., lack of symptoms) might have also contributed to poor 

adherence and not just the length of the regimen per se. Forgetfulness has 

been combated by introducing environmental cues or reminders. A great 

variety of reminders has been used such as postcards, phone calls, stickers, 

and calendars. Reminders can help in keeping appointments (Gates & 

Colborn, 1976; Turner & Vernon, 1976) and keeping up medication intake 

(Lima, Nazarian, Charney & Lahati, 1976; Mattar, Markello, & Yaffe, 1975; 

McKenney, Slining, Henderson et. al., 1973; Moulding, 1961). Pill packaging 

has been another effective way to build-in reminders (Moulding, 1961; 

Linkewich et al., 1974). Yet one more way of introducing reminders in the 

persons's environment is by customizing the regimen to his/her life-style, for 

example, suggesting that medication be taken with the morning coffee or just 

before bed time tooth-brushing (Hallburg, 1970; Zifferblat,1975). 

One interesting issue that has not been thoroughly studied is the 

substantial difference observed in adherence with different classes of 

medications (Haynes, 1979). Adherence rates for different medications go 

across a continuum ranging from only 17% for antacids to 89% for cardiac 

drugs (Closson & Kikugama, 1975). Higher adherence rates have been 

observed for "important" drugs such as cardiac or anti-diabetic drugs than for 

other types of drugs (Closson & Kikugama, 1975; Hemminki & Heikkila, 1975; 

Hulka et al., 1975). The reason for such differences are unknown, although 
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factors such as level of supervision and/or patients' perceptions and 

motivations are speculated (Haynes, 1979). 

Side effects constitute one of the most commonly blamed causes of 

non-adherence, but there is not enough evidence to support this claim 

(Dunbar & Agras, 1980). When reasons for noncompliance have been 

studied, side effects have been mentioned only by 5 to 10% of the patients 

(Haynes, 1979). However, at least two studies conducted with psychiatric 

patients (Nelson, Gold, Hutchinson & Benezra, 1975; Rickels, Boren & Stuart, 

1964) have found side effects to be the main reason for non-compliance. It 

has been suggested that the most critical aspect regarding side-effects is how 

they are managed by the HCP (Dunbar & Agras, 1980). Interested, reassuring 

providers seem to obtain better results in handling side effects without 

affecting adherence (Dunbar & Agras, 1980). It is important to consider, 

though, that grouping all "side effects" as well as all "medications" under 

single categories may be inadequate. One may speculate that adherence 

must be influenced by the degree of relief associated with each regimen 

-drug or behavior change- and the degree of discomfort and intrusiveness of 

the side effects. That could be a reason side effects are found to be the main 

cause for non-adherence in psychiatric patients under drug therapy, but not 

so in patients with other kinds of problems and regimens. 

Finally, economic cost of the treatment is also a serious barrier to 

adherence for many patients (Haynes, 1979). Alpert (1964) observed that 
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patients who failed at their appointments were twice as likely to be without 

health insurance as those who attended. 

In summary, in order to improve adherence, the literature suggests 

simplifying the regimen both in terms of number of medications and 

scheduling (Blackwell, 1979; DiMatteo & DiNicola, 1982; Fox, 1977). It should 

be tailored to the patient life-style (Meichenbaum & Turk, 1986). And all 

reasonable cue reminders should be built into the patient's environment; if 

possible, blister pill packs should be used. Finally, patients should be 

forewarned about potential side-effects and instructed how to manage them. 

The Person 

Traditionally, the educational strategy for adherence enhancement has 

been to provide patients with information about the disease and its treatment 

(Haynes, 1976b). The intermediate objective of this approach is to modify 

patients' knowledge and attitudes. According to Haynes (1976) and Wallack 

(1981), the rate of success of these interventions has been low or rather 

partial. Health education programs effectively increase "awareness" (Dunbar 

&Agras, 1980, Haynes, 1976b), knowledge (Haynes, 1976b: Myers, 1987), 

and sometimes simple behavior changes (Myers, 1987), but, they seldom 

affect the therapeutic outcome of the treatment (Dunbar & Agras, 1980; 

Leventhal et al., 1980, Sackett, Gibson, Taylor et al., 1975; Haynes, 1976; 

Stern, Farquhar, Maccoby, & Rusell, 1976; Udry, Clark, Chase & Levy, 1972; 
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Wallack 1981). Educational programs aimed at preventing and/or lessening 

the use of illegal drugs, tobacco, and alcohol have been particularly 

ineffective (Wallack, 1981; Leventhal et al., 1980). 

It is clear that even if knowledge is not sufficient to yield adherence, some 

information is necessary before patients can appropriately adhere to a 

regimen (Masur, 1981). Hence, determining what information is required and 

which is the best way to provide it, are crucial to adherence enhancement 

Interventions. 

Apparently, lack of knowledge about the regimen is one of the factors 

interfering with the patients' ability to adherence (Dunbar & Agras, 1980; 

Masur, 1981; Meichenbaum &Turk, 1987). Patients' knowledge about specific 

aspects of a regimen, such as what they need to do, when and how to do it, 

is a pre-requisite to adherence (Dunbar & Agras, 1980). Consequently, 

comprehension and ability to recall the information become the basis for the 

educational process. 

It has been found that overloading the patient with information has a 

negative effect on retention. This negative effect appears to be true for 

quantity of information given, as well as for its complexity (Dunbar & Agras, 

1980; Joyce, Caple, Mason, Reynolds & Mathews, 1969; Meichenbaum & 

Turk, 1987). Forgetting increased In direct proportion to the amount of 

information given by the HCP. Epstein & Lasagna (1969) evaluated 

comprehension and recall of 3 consent forms, finding significantly better 
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performance for the shorter form (66.69%), followed by the medium form 

(44.67%), and, last, the long fomri (34.95%). Other features of the 

informational process influencing recall are: 

1) the modalities used for the presentation. Combined modalities -verbal and 

visual- are superior to either modality alone. Boyd and associates (Boyd, 

Covington, Stanaszek & Coussons, 1974) observed that over a 3 day period, 

subjects retained 10% of what was verbally transmitted, 20% of what was 

visually transmitted and 65% of what was presented in both modalities. 

Others have confirmed the efficacy of combining written and verbal 

instructions (Dickey, Mattar & Chudzek, 1975; Linkewich, Catalano & Flack, 

1974). 

2) Organization of the information. Structured information with clear 

categories is more likely to be remembered, as showed by Ley and 

associates (Ley, Bradshaw, Eaves & Walker, 1973). They observed that recall 

improved when the information was categorized. 

3) Complexity ^ the information presented. Even well organized instruction 

presented through oral and written modalities must be at a level that the 

patient can comprehend. Patients receiving brief information at three different 

levels ranging from easy to difficult -90% and 10% of people would be 

expected to understand, respectively (Ley, Jain, & Skilack, 1976). Adherence 

measured by pill count demonstrated an advantage for those receiving the 

simplest form, as compared with those receiving the moderately difficult, who 
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in turn did better than those receiving the most difficult level of information. 

Patients who received the difficult leaflets did not differ from those who 

received no leaflet. Unfortunately, very often comprehension has been taken 

for granted. For instance, directions accompanying over-the-counter and 

prescribed medications have been found difficult to understand by many 

consumers (Dunbar & Agras, 1980). Similar comprehensibility levels were 

found in about two thirds of the pamphlets distributed by HCPs (Leventhal et 

al., 1980, Ley, 1982, Meichenbaum &Turk, 1987). Currently, more and more 

providers resort to professionally prepared materials -pamphlets, books, 

videos and audiotapes- to educate patients in a more time/cost effective way. 

Improving patients' retention of the "essentials" of the treatment to follow, 

has had a significant effect on the adherence of patients to short term 

regimens for acute illnesses (Dunbar & Agras, 1980, Meichenbaum & Turk, 

1987). However, the beneficial impact of education has not been replicated in 

patients with chronic diseases on long term regimens (Dunbar & Agras, 1980, 

Meichenbaum & Turk 1987). 

In summary, patients need to be instructed about the "how to" of their 

regimens. It appears that the best instructional program is one that offers 

concrete, brief, but detailed and simple information on the behaviors patients 

are to follow, in both modalities, verbal and written. The level of complexity of 

the information should be evaluated and adapted to the skills of the targeted 

population. It must be kept in mind that education is only one element of the 
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adherence enhancement intervention, an element that has proven insufficient 

to increase adherence when used alone (Dunbar & Agras, 1980, Leventhal et 

al., 1980). 

Persuasion and fear appeals are popular procedures used by 

communicators to enhance adherence (Becker, Maiman, Kirscht, Haefner & 

Drachman, 1977a). The success of these procedures, however, has been 

limited, overwhelming evidence suggests that communication alone may 

influence health attitudes in predicted directions, but has no dependable effect 

on performing the recommended health practice (Becker et al., 1977a; 

DiMatteo & DiNicola, 1982; Dunbar & Agras, 1980; Dunbar & Stunkard, 1979; 

Leventhal et al., 1980; Udry et al., 1972). In contrast, some studies have 

shown that fear appeals coupled with specific recommendations for actions 

have a moderate effect in changing health behavior (Leventhal et al., 1980). 

In general, high-fear messages have led to better results than low-fear 

messages. However, under some conditions, high fear communications have 

had the opposite outcome -avoidance of the advocated behavior. It seems 

that the lack of knowledge of the parameters relevant to increased adherence 

and the risk of negative effects, combined with criticisms of using coercive 

methods, forced investigators and educators to desist from using high-fear 

communications (Leventhal et al, 1980; Taylor, 1986). 

It has been speculated (Becker, Haefner, KasI, Kischt, et al., 1977b) that 

some educational programs have failed because they were not addressing 
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the particular beliefs lacking in that specific population, or that patients might 

have been unmotivated. They also concluded that "individual differences 

suggest that no one educational prescription will be suitable for all" (p.41). 

Thus, the recommendation is to identify the health beliefs that the person or 

targeted group holds/lacks before planning an educational program. Then, 

tailor the intervention to change the specific health beliefs inhibiting the 

advocated health action, in order to make it more cost-effective. 

The Treatment Experience 

The Clinical Setting 

There are specific characteristics of the clinical setting and its staff that 

have been identified as contributors to poor adherence (Dunbar & Stunkard, 

1979; Dunbar & Agras, 1980, Leventhal et al., 1980, Haynes, 1979a). One of 

the most consistent findings is that long waiting times are associated with 

missing appointments. Finnerty and his associates (1973) reorganized a clinic 

to reduce waiting time, to provide better availability, and to assign the same 

doctor for all visits. These basic logistic changes decreased clinic drop-outs 

from 42% to 8%. Similar results were obtained in screening follow-ups, when 

screening site accessibility was improved (Sacket et al., 1975; Sansom, 

Mclnerney, Olive & Wakefield, 1975). 

Interventions focusing on the characteristics of the setting rely primarily on 

increasing convenience through improvements in logistics and situational 
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characteristics of the treatment settings. Successful examples of such 

interventions include work-site treatment for hypertension (Sackett et al, 

1975), the use of mobile units for screening (Sansom, Mclnemey, Olive & 

Wakefield, 1975), offering free or low cost services, the use of female 

examiners for cervical and breast screening (Miczynski & Stern, 1979), and 

so forth. 

Social Aspects 

It has been consistently found that the relationship between the clinician 

and the patient has a considerable impact upon subsequent adherence. 

Therefore, it is not surprising that adherence is better when the patient 

continues seeing the same clinician over time (Dunbar & Agras, 1980; 

Haynes, 1979a; 1979b). It has also been observed that successful clinicians 

are perceived as warm, supportive, and empathic (Dunbar & Agras, 1980). 

When the same approach is carried out by the entire staff, it fosters a positive 

identification with the clinic, which is also related to good patient attendance 

(Dunbar & Agras, 1980). A logical extension of these findings to improve 

adherence is to incorporate persons in the patient's social network into the 

treatment process. It has been shown that by including a supportive spouse 

or family member the success in weight management programs is 

considerably improved (Brownell, Heckerman, Westlake, Hayes & Monti, 

1978; Murphy, Williamson, Buxton, Moody, Abscher, & Warner, 1982). Having 

a spouse or family member involved does not, however, guarantee adherence 
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enhancement; some social interactions can be detrimental to adherence. It 

has been found that preferential treatment by family members delays recovery 

of patients In cardiac rehabilitation (Hyman, 1971; Mechanic & Volkart, 1960). 

Family members can increase patients' stress and thus impede recovery 

(Woltman, 1984; Jacobson, 1986). In a study with diabetic patients, Kaplan 

and Hartwell (1987) observed that high levels of perceived support were 

associated with greater control in women, but not in men. The authors 

speculated that "support" as perceived by men may not be conducive to 

diabetic control. Quoting Gesten and Jason, "support like beauty appears to 

reside in the eyes of the beholder" (p.437). 
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THEORY DEVELOPMENT 

Research in the field has focused on theory developnnent, loosely tied to 

the practical aspects of the adherence problem. In the next section some of 

the theories are discussed. According to Cummings and his colleagues, there 

are at least 14 different explanatory models of adherence employed by 

sociologists, psychologists, anthropologists, etc., several of which overlap 

substantially (in Becker, 1990). The Health Belief Model, one of the major 

theoretical trends in the study of adherence, was selected as an example of 

the traditional theory development in the field. Next, evidence on two lines of 

theoretical research selected based on preliminary clinical experience in the 

Wheat Bran Fiber Study are described. 

Health Belief Model 

The dominating theoretical perspective guiding research in the field of 

adherence prediction and explanation has been cognitive-attitudinal. One of 

the most popular models used to explain health behavior, including 

adherence, is the Health Belief Model (HBM) (Rosenstock, 1974). The model 

is based on the psychosocial viewpoint that behavior can be predicted from 

an individual's expectations about the value of the outcome of specific 

actions. According to the model, people seeking preventive care have as 

major driving forces motivation and knowledge, which lead them to a 

sequence of "rational" decisions (Becker, 1976). The rr^ediating variables in 
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the sequence are a) perceived susceptibilitv. b) perceived severity, c) 

perceived benefits and barriers, and d) cues to action or motivation. 

Demographic variables and personality factors as well as other social and 

situational factors (e.g. patient-provider relationship, physician continuity) are 

also included in the model as modifying variables (Becker, 1976; Kirscht, 

1983). 

The few prospective studies of the HBM reported in the literature have 

limited and inconsistent results. Perceived susceptibility has been found to be 

predictive of medical care utilization in hospital samples, (Berkanovic, Telesky 

& Reeder, 1981; Leavitt, 1979) but not in a population based sample 

(Berkanovic, Telesky & Reeder, 1981). This variable has been associated 

with well-child visits, (Becker, Nathanson, Drachman & Kirscht, 1977c) 

adherence to medication intake and appointment keeping for children with 

otitis media (Becker, Drachman, & Kirscht, 1974), weight loss for overweight 

children (Becker et al., 1977a), and participation in a breast screening 

program (Calnan, 1984; Calnan & Moss, 1984). However, it did not predict 

illness-related visits in a pediatric clinic (Becker et al., 1974) or adherence to 

anti-hypertensive medication among adults (Champion, 1990). Perceived 

susceptibilitv predicted breast self-examination (BSE) practice in one study 

(Champion, 1990), but was not predictive in another (Calnan, 1984). The 

proportion of variance explained by perceived susceptibility has been rather 

small. Perceived severity predicted well visits and illness visits to a pediatric 
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clinic (Becker et al., 1977c), medication adherence for the treatment of otitis 

media (Becker et al., 1974), and weight loss among obese children (Becker et 

a!., 1977a). But, it did not predict medical care utilization (Leavitt, 1979; 

Becker, et. al. 1977c). The amount of variance explained by perceived 

severity is small. Modest correlations have been reported for perceived 

benefits and BSE practice (Champion, 1990), screening attendance (Calnan 

& Moss, 1984), adolescent self-report of driving while drinking (Beck, 1981), 

and adherence to medication regimen for otitis media (Becker et al., 1977c). 

Champion (1990) found perceived barriers to be a significant predictor of BSE 

practice (r=-0.36), second only to previous BSE practice (r=0.56). In 

summary, the HBM has limited value in prospectively predicting adherence. 

Whether Interventions designed to increase elements in the model would 

result in increased adherence Is another matter. 

Previous Behavior 

A patient's history of adherence is an important predictor of future 

adherence. It has been found that previous BSE practice was the best 

predictor of future BSE practice (Calnan & Moss, 1984; Champion, 1990). 

Dunbar and Knobe (1990), in a Coronary Prevention Trial, reported that 

adherence during the first month after randomization was the best predictor of 

adherence during the entire seven years of the study, accounting for 24% of 

the variance. Clinic attendance was the second best predictor but not 
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comparable in magnitude to previous adherence (R^=0.095 vs R^=0.36). 

Univariate analyses of other health behaviors (i.e., exercise, weight control, 

alcohol consumption and multivitamin intake) showed no significant 

association, with the exception of smoking which accounted for 2% of the 

variance. Similarly, the Medical Outcomes Study (Sherbourne, Hays, Ordway, 

DiMatteo & Kravitz, 1992) found non-adherence at the beginning of the study 

to be the strongest predictor of non-adherence 2 years later (r=0.29). This 

longitudinal study of patients with hypertension (N=803), diabetes (N=348), 

and heart disease (N=173) attempted to identify antecedents to adherence. 

The second best predictor was avoidance coping style (r=-0.18), while social 

support was of importance only for diabetic patients (psO.10). The authors 

attribute this association to the complexity and degree of intrusion of the 

regimen for diabetes into the family life. 

There is the possibility that "adherence behavior" may be a personal trait. 

That is, persons who adhered to some health recommendations in the past 

are more likely to follow them in the future and are more likely to adopt and 

adhere to new recommendations, it is even possible that persons likely to 

adhere to medical treatment regimens are generally more "adherent" to 

expected courses of action. 

In the context of a clinical trial, this behavior trait might affect adherence 

both to the protocol and study outcome. Although no direct evidence is yet 

available, some interesting research findings suggest that adherence to either 
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medication or placebo may be related to other health practices. The Coronary 

Drug Project (1980) evaluated the effect of lipid lowering medication on 

secondary prevention of CVD. Study results showed no treatment effect. 

However, adherers had a lower mortality rate than non-adherers (16.2% vs 

24.8%) for both the intervention and control groups. The investigators could 

find no evidence of other factors accounting for this effect. Hogarty and 

collaborators (Hogarty, Goldberg, Schooler, Ulrich, et. al., 1974) observed a 

similar adherence effect in a 2x2 factorial design of drug/placebo and 

therapy/control on schizophrenic patients. The study results showed a positive 

effect of chlorpromazine on patient relapse (31% vs 67%). When comparisons 

were made between adherers and non-adherers an equivalent effect was 

observed. Only 32% of those who adhered (n=190) to either medication or 

placebo relapsed, as compared to 71% of non-adherers (n=56). However, the 

possibility of another factor (e.g. prognosis at entrance) cannot be completely 

ruled out. 

Research on the detemiinants of adherence/compliance has been profuse 

and inconclusive. The evidence supporting the role of previous behavior as a 

predictor of future behavior is strong but limited. 

Self-Motivation 

There is some evidence suggesting that self-motivation reflects a habitual, 

learned set of self-regulatory skills, such as effective goal setting, problem-
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solving, self-monitoring of progress, and self-reinforcement, necessary for 

maintaining self-initiated changes in life-style (Heiby, Onorato, & Sato, 1987). 

Self-motivation is conceptualized as a relatively enduring, trait-like, 

generalized, "behavioral tendency to persevere independent of situational 

reinforcements" (Dishman & Ickes, 1981, p. 421). 

The Self-Motivation Inventory (SMI) is a 40-item scale developed in a 

series of studies with undergraduates, and male patients in a preventive 

medicine adult fitness program (Dishman & Ickes, 1981). The SMI has been 

used to predict adherence to physical activity programs (Knapp, 1988; 

Sonstroem, 1988; Dishman, Ickes, & Morgan, 1980; Dishman & Gettman, 

1980). It has been successful in discriminating adherers from drop-outs in 

exercise programs in various settings (Knapp, 1988; Sonstroem, 1988) as 

well as free-living activity in college students (Dishman, Ickes, & Morgan, 

1980). Not all the evidence is supportive of the SMI, however. When an 

analysis by gender was attempted, it failed to predict drop-out by females 

(Ward & Morgan, 1984). Lack of correlation has also been observed in 

programs with strong staff support and reinforcement (Wankel, Yardley & 

Graham, 1985; Welsh, Labbe & Delaney, 1991). This latter finding led to 

speculation that heavily supervised programs may have a negative effect on 

self-motivated independent individuals, hence suggesting an interaction 

between social support and self-motivation. 
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Social Support and Social Network 

Social support has been hypothesized as having a major influence on 

adherence. Social support is a complex concept that refers to the personal 

contacts available to an individual from other individuals or groups. These 

contacts may have different functions: instrumental, emotional, informational 

or appraisal (Gesten & Jason, 1987). Use of the concept of social support has 

been hindered by disagreements in conceptualization. This situation has 

produced a staggering body of research, from which contradictory conclusions 

can be easily drawn. Nevertheless, despite variations in methodological 

approaches most research findings suggest that social support fosters 

adherence to treatment (Gesten & Jason, 1987; Nagasawa, Smith, Barnes & 

Fincham, 1990; Evans, Hendricks, Haselkorn, Bishop & Baldwin, 1992). 

Caution must be used when generalizing results, however, since the negative 

impact of "supportive" family members has also been documented (Gesten & 

Jason, 1987; Nagasawa et al., 1990; Evans et al., 1992; Tilden & Galyen, 

1987). Thus, the specific conditions (i.e., characteristics of the patient and 

type of illness, regimen and support) under which social support enhances 

adherence should be systematically addressed (Sherbourne et al., 1992). 

The concept of social network has been developed in the last two decades. 

It emerged as an option to organize the productive, albeit conflicting area of 

social support (Gottlieb, 1981a). Despite differences in the definitions of social 

support the common theme is the helping properties of a person or a person's 
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relational systems. These support networks are hypothesized to help In 

stressful situations and concomitant emotional distress, hence indirectly 

impacting an individual's health (Eakenrode & Gore, 1981). As mentioned 

before, social associates may be detrimental, as well as helpful, to a patient's 

health (Garrity, 1973; Hyman, 1971; Lewis, 1966). By switching to a broader 

social network approach, the negative aspects of social interactions can also 

be incorporated into the analysis. 

A social network can be defined as "an aggregate of potentially helpful 

affiliates" (Eckenrode & Gore, 1981, p.51). That is, the unit of analysis 

includes all of an individual's social contacts. This unit has characteristics that 

are analyzable, such as size, density, clustering and dispersion (Gottlieb, 

1981a). Single ties can be classified according to their frequency of contact, 

intensity duration and source, whether they play single or multiple roles and 

whether they are reciprocal or asymmetric (Gottlieb, 1981b). In a cohort 

study, Berkman and Syme (1979) followed residents of Alameda County for a 

9-year period. Data on health status, health practices and social networks 

were self-reported periodically. Social networks were evaluated by asking 

participants the number of people they had contact with, the number of social 

activities participated in, and their church participation. The investigators 

found 2 to 4.5 times greater age-adjusted mortality rates among those 

persons with low social contacts as compared to those with many social 

contacts. Although this association, alone, does not justify an inference of 



42 

causation, the results of this study had a great impact on the hypothesis that 

"social factors" can have a major effect on health status (Gottlieb, 1981b). 

Studies using qualitative methods have found that access to at least one 

intimate confiding relationship is important and perhaps sufficient for health 

protection (Lowenthal & Haven, 1968; Bunch, 1972; Miller & Inghan, 1976, 

Conner, Powers & Bultena, 1979), suggesting it is the quality and not the 

quantity of social contacts that affect health status. Supporters of this "quality" 

hypothesis criticized Berkman and Syme's "quantity" approach by arguing that 

the information collected in the Alameda project was too general to generate 

a sound index of social support. 

There is little doubt that a person's social network has a great influence on 

adherence, and, therefore, on health status. The field is still in its developing 

stages, however. The social network concept should be re-examined and 

operationalized for use in population-based studies. Further research to 

identify the critical aspects of and the circumstances under which, a social 

network may promote adherence should be conducted. Very importantly, 

emphasis should be placed on the type of recommendation that is being 

promoted (e.g., dietary modification, diabetes control, asymptomatic pill 

intake, etc.). 
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WHEAT BRAN FIBER STUDY (WBFS) 

The WBFS is a double-blinded, placebo-controlled trial evaluating the 

efficacy of daily wheat bran fiber supplementation (13.5g) on polyp recurrence 

in 1,400 randomized persons with adenomatous colon polyp history. Dietary 

intake, health status, toxicity and levels of adherence were monitored 

throughout the 3 years of the study. Upon qualifying, all eligible subjects 

signed a consent form. The Life-Style Questionnaire (LSQ) was completed at 

the second study visit along with a health history and physical exam. At visit 

3, baseline laboratory work was done and a 6-week single blinded placebo 

run-in using flakes as the run-in cereal was conducted. Participants were 

instructed to build-up tolerance to the cereal by eating 1/4 of a box the first 

day, adding 1/4 daily, and be eating 1 full box by the seventh day. They were 

advised to follow these instructions every time they received a new product. 

After randomization the flakes were discontinued, and participants made a 

choice from 4 different cereal forms, ail of them with the same basic 

nutritional content. The two pre-randomization visits were scheduled at 2 and 

6 weeks. At the conclusion of the 6-week run-in, only participants that were 

able to follow the instructions were randomized. After randomization, clinic 

visits were scheduled three months apart for the next 3 to 5 years. Participa

tion was completed once an exit follow-up colonoscopy was performed 2.5 to 

5 years after the baseline colonoscopy. Subjects had the prerogative of 

discontinuing their participation at any point in time. 
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Adherence Assessment on the WBFS 

Adherence was defined as consumption of the cereal regimen during the 

specific evaluation period, it was evaluated through (1) the count of returned 

unopened cereal boxes, and (2) self-monitoring via the Intake Calendar. A 

drop-out was defined as a study participant who was unwilling or unable to 

eat the study cereal and to complete the study's regular follow-up visits 

(Probstfield et al., 1990). 

Box count and Intake Calendar data were entered into a computer program 

that calculated adherence scores and produced a print-out of the Adherence 

Assessment Form. Both measurements, box count and calendar intake, were 

used to calculate a mean combined adherence score per participant-visit. 

Based on the adherence scores and the problems reported by the participant, 

the nurse made a decision regarding the need for adherence intervention. 

Participants with adherence levels below 75% were counseled by the nurse 

who followed a problem-solving approach. 

As of February of 1996, the cumulative mean combined adherence was 

90.7% (sd=14.0). Figure 1. shows adherence distribution by dose. In almost 

80% of the participant-visits the criterion of "good adherence" 75%), was 

fulfilled, and about 18% of the participant-visits showed no supplement intake. 

Figure 2. depicts adherence levels throughout the trial. The ordinate axis 

represents clinic visits (Visit 6 is Post-randomization, Visit 9 is about 1 year 

into the study, Visit 13 about 2 years, and Visit 17 about 3 years). As can be 
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seen, the overall adherence to fiber intake is excellent (median above 90%), 

although more than 30% of participants have dropped-out of the study, that is 

have discontinued their supplement intake and are no longer completing study 

visits. These participants account for the 18% of participant-visits with zero 

supplement intake shown in Figure 1. 

1-49 50-74 
Percent of Dose 

>75 

Figure 1. Frequency distribution of adherence by dose for all randomized 
participant-visits. 
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Figure 2. Mean Adherence (Box Count and Calendar Self-recording) per 
study visits. 
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Life-Style Questionnaire in the WBFS 

The Life-Style Questionnaire (LSQ) was constructed as a theory driven 

instrument. It has three major components: past adherence behavior (15 

items), social network (5 items), and an abbreviated version (10 items) of the 

Self-Motivation Inventory (SMI) developed by Dishman and Ickes (1981). The 

Life-Style Questionnaire was given at baseline to 910 participants. The first 

version of the LSQ was used from 12/13/93 to 5/19/94, and completed by 707 

subjects. On 5/20/94, the first version was replaced by a new one with an 
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SMI was abbreviated as previously described. Two hundred and three 

subjects completed the second version. For the purpose of this analysis both 

versions were combined, and for all negative items the scale was reversed. 

The SMI is supposed to measure a person's ability to initiate and maintain 

long-term behavior changes such as those required to maintain adherence in 

long-term clinical trials. Four items were removed from the original scale for 

being too specific to exercise behavior. Reliability estimates for the 36 item 

scale administered to 456 participants were high (a=.90). Using a 50/30 

selection criterion, principal components factor analysis (PC) with varimax 

rotation of the 36 items yielded a two factor solution, indicating that the SMI 

tapped two distinct aspects of self-motivation. Reliability for the 14-ltem 

subscale was o=.87 and af.BS, for the 13-item subscale. Three versions of 

each subscale were created. Reliability analyses were run on each of the six 

subscales and the two subscales with the highest reliability were combined. 

Reliability of the resultant 10-item combined scale was o=.81. 

Attrition in the WBFS 

To correct for uneven drop-out rate between groups, WBF investigators 

changed the randomization pattern in mid-trial from 1::1 to a 4::1 ratio in order 

to balance the projected number of evaluable participants at study end. To 

work out the attrition problem from a behavioral perspective, a preventive 
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strategy was introduced targeting those participants at risk of going off study. 

Participants were classified as "at risk" when they expressed their wish to 

temriinate their study participation or when the nurse intervener, following a 

problem-solving protocol, detected a change or changes in behavior 

suggesting a potential problem (Table 1). The list of changes that may 

suggest an increased risk for drop-out is a modified version of Probstfield and 

collaborators' (Probstfield, Russell, Insull, &Yusuf, 1990) list of "red flags", 

customized to the WBF experience with input from the study nurses. As part 

of the protocol to reduce attrition, participants at risk were offered the option 

of reducing their dosage intake in whatever way best suited their particular 

problem (e.g., from 1 box to 3/4 a box for toxicities, taking Sundays off for 

boredom; one day a week, office meeting day, for social conflicts, etc.). 

Table 1. Changes considered potential cues for drop-out (Modified from 
Probstfield et al., 1990). 

1. Missed Visits 
2. Difficulty reaching participant by phone 
3. Rescheduling appointments 
4. Complaints about office visits and/or study requirements 
5. Impatience during office visits 
6. "Distance" during interview 
7. Any expression that he/she may discontinue study participation and/or 

cereal intake 
8. Unexplained change in level of adherence 
9. Any major health problem or hospitalization 
10. Any major change in life-style (e.g., moving, getting divorce, new job, 

etc.) 



49 

An analysis of off-study records indicates that the major reasons for 

participants dropping-out following randomization are intolerable 

gastrointestinal toxicities (n=64), and other medical problems unrelated to the 

fiber supplement (n=84). The first year of the study (1991-1992), the drop-out 

rate of randomized participants was 25.70% (33 persons in 128.4 person-

years on study). The rates dropped to 16.24 (86 persons in 529.6 person-

years on study), 9.84 (81 persons in 819.3 person-years on study) and 

12.06% (115 persons in 953.7 person-years on study) in subsequent years 

(1992-1995), suggesting a higher degree of success of the Adherence Core in 

keeping participants in the study. 

As of February of 1996, there were 423 individuals who had negotiated with 

the clinic staff for a reduction in fiber intake (59 have since resumed the full 

dose). One hundred twenty one (38.6%) participants who have negotiated for 

reduced dosages of fiber are still consuming at least 75% of the fiber, which 

is considered good adherence for the purposes of this study. Only 93 (22%) 

of the individuals who reduced their fiber dosage have consequently dropped-

out of the study. 
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SURVIVAL ANALYSIS 

Research questions about time pose unique design and analytic difficulties. 

Long term studies that ignore time course in their statistical analyses may fail 

to find differences in failure rates for predictors of early occurring events 

because the group with the slower rate may have time to offset the early risk 

of the other group. For example, both groups -experimental and control-

might have a 50% drop-out rate, but with the experimental group dropping-out 

early, within three months of randomization, and the control group dropping-

out within 9 months. Equally, a risk factor with delayed effects will fall to be 

detected by a short term follow up study. 

One important aspect of survival analysis is its capability to incorporate 

incomplete (or censored) information. In a long term study there are three 

different possible situations: 1) A person may experience the event (e.g., go 

off study, death, relapse) during the observation period; 2) a person may be 

lost to follow up: and 3) a person may not experience the event during the 

observation period. When the last two situations occur, the resulting data are 

regarded as incomplete or censored. In survival analysis, both time at risk 

and outcome are considered, thus information of all three cases is 

incorporated into the analysis. Other statistical techniques (e.g., ANOVA, 

logistic and multiple regression), ignore incomplete or censored data, which 

may yield biased results (Leon et al, 1990). 
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Survival analysis comprises a group of techniques that explore the timing of 

events and the variables or covariates that may be related to such timing. 

"Survival Analysis can be used to describe patterns of occurrence, compare 

these patterns among groups and build statistical models of the risk of 

occurrence over time" (Singer & Willet, 1991, p268). It should be mentioned 

that survival does not imply that the event of interest is necessarily death; any 

well-defined event, including positive ones such as job promotion, can be 

analyzed by these techniques. 

The statistical analysis of time-to-event phenomena, such as attrition, using 

survival methods may permit developing and timing potentially therapeutic 

interventions for different risk groups. 

To clarify the description of the survival method used in this analysis, some 

basic definitions are presented. An event is defined as a shift from one state 

to another (e.g., dead, drop-off, relapse), occurring at a specific and known 

time. Covariates or explanatory variables are variables measured at the 

beginning of the study and associated with the survival experience. They can 

be either variates, variables with numerical values in a continuous scale; 

factors, variables with a discrete small number of values, including dummy 

variables; or combinations, which are cross products of variates and/or factors 

capturing interaction effects. A survival function is the probability that a 

person will survive event-free, as a function of time. A hazard function is the 

conditional probability that a person experiences the event during a set 
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interval, given that he/she has survived to the beginning of the interval. It is 

obtained mathematically and represents the negative of the slope of the log 

survivor function. The magnitude of the hazard indicates the risk associated 

with each time period. Comparing hazards at different time intervals helps to 

identify particularly risky periods (Singer & Willet, 1990). 

The simplest model for the hazard function is to assume that it is constant 

over time. That is, the hazard of the event at any point in time is the same, 

irrespective of the time elapsed. Singer and Willet (1991) maintain that this 

assumption is rarely valid. The Cox model solves such problems by ignoring 

the shape of the underlying hazard from the analysis in the special case in 

which hazards in different subgroups are proportional to each other. The 

Weibull hazard adopts the form h(t)=t'', where o=shape parameter. Probably 

the hazard curves most commonly found in psychology are those in which the 

hazard either increases or decreases over time. The Weibull distribution 

describes these types of curves. The shape parameter will take a value 

greater than 0 for an increasing function, or less than 0 for a decreasing 

function. Furthermore, the Weibull distribution models the shape of the hazard 

curve, and produces two estimates: a location parameter indicating the height 

of the hazard function (Coefficient), and a parameter indicating the shape of 

the function (or=1/o--1: some authors use a-or Ma). Assuming a known 

function makes inferences more precise, that is, hazard and survival 

estimates will tend to have smaller standard errors (Luke, 1993). 
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The Weibull model is h(t)=exponentialOSx) ho(t), where ho(t)=t" is a base 

hazard rate, x is a covariate, and p is the regression coefficient corresponding 

to X. One tests the null hypothesis that p=0, in which case x has no effect on 

the hazard, h(t). If/ff is significantly different from zero, however, one 

concludes that the covariate has an effect on the hazard. In that case the 

hazard ratio is calculated by exponentiating p to estimate the increased risk 

associated with a unit increase of x. The main effect of the covariates is to 

change the scale parameter (Coefficient) of the distribution, while the shape 

parameter remains constant (a). In order to study the relationship between 

explanatory variables (e.g., demographic, physiological, psychological) and 

the survival experience of individuals, statistical modeling can be used. One 

objective of modeling is to determine which combination of variables affect the 

hazard function. The resulting model could then be used in devising 

adherence enhancement interventions to prevent drop-offs in clinical trials, 

planning treatment, or counseling for patients with different hazards (Leon et 

al, 1990). 

In the WBF study the event of interest is discontinuation of study 

participation. The date of this event is not necessarily the day the participant 

stops cereal intake, but the day he/she is officially declared as terminating all 

study participation. A patient is declared as "lost" and taken-off study after 

receiving a returned certified letter. 
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PRESENT STUDY 

The present study was conducted In the context of the WBFS. The WBFS 

is part of the Colon Cancer Prevention Program Project funded by the 

National Cancer Institute (1990-2000) and conducted by a multi-disciplinary 

group of investigators from The University of Arizona Cancer Center. 

Specific Aim. 

The main purpose of this study was to identify factors that predict retention 

in the context of the Wheat Bran Fiber trial, suitable to be used for developing 

retention enhancement strategies. 

To accomplish the primary aim, a series of survival analyses were 

performed using as potential predictors the Life-Style Questionnaire, including 

demographic Information: a body mass Index (weight/height^) obtained at 

study entry by the research nurses; a mean adherence score calculated using 

box count and self-recorded cereal intake during the 6 weeks of the pre-

randomization run-in; and toxicities reported during post-randomization study 

visits. 

Method 

In the present study, data were collected prospectively and discretely 

during clinic visits that took place approximately every three months. Attrition 

rate between visits was small (less than 10%); thus aggregation bias doesn't 
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seem to be a deterrent to use a Weibuli model (I.e., continuous time event 

model) for the present analysis (WlHet & Singer 1991, p 212). 

Procedure 

Life-Stvie Questionnaire. Of the nine hundred and ten subjects who 

completed the LSQ, 770 (84%) were randomized. Only data from these 

subjects were used In the analyses. 

Data reduction. For all negative items in the LSQ the scale was reversed. 

Thus, lower scores always mean a negative response and higher scores a 

positive one. Items (1-15) Inquiring about Previous Adherence Behavior were 

tested individually. Items 16 to 19 and their respective sub-components were 

collapsed to create 4 new variables which in turn were averaged to obtain a 

Social Network Factor. Unfortunately, data on this Factor are available for 

only 210 of the 770 evaluable subjects. Thus, no further analysis was 

pursued. 

To analyze the SMI in the combined data of both versions of the LSQ, 

Items were normalized and a score was obtained by calculating the mean of 

all 10 items (See Appendix A, Question 20, items 1 to 10). 

Subjects 

Subjects for this study were male and female residents of the greater 

Phoenix metropolitan area, ages 40-80, who have had removal of one or 
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more colonic adenomas (^3 mm) at a colonoscopy within the 3 months prior 

to study entry. They were healthy, that is had adequate nutritional status 

(adequate dietary intakes of calories and protein), normal renal and liver 

function, as well as not suffering from any poorly controlled metabolic disorder 

or life-threatening disease. Eligible participants could not be on special diets 

that would interfere with study participation or on a high fiber diet (i.e., S;30g). 

And, finally, they were willing to participate, sign a consent form, and 

complete the study visits and procedures. Subjects were enrolled from 22 

different hospitals located in three main regions -conveniently defined- Sun 

City, Mesa and Central Phoenix. Study visits were conducted at Study Clinics 

located in each one of these regions and 2 hospital based clinics established 

to fulfill Institutional Review Board requirements and maintain patient 

accessibility. 

There are a number of potential sources of biases that should be 

considered when interpreting the data. Although having insurance coverage 

was not a formal eligibility requirement it was an operational one. Due to the 

high cost of screening colonoscopies, individuals in the community without 

health insurance are not very likely to undergo the procedure. Thus, the 

population sample is drawn from a subgroup of people with relative 

uncomplicated access to health care services. As a consequence, minority 

populations with less access to health care (i.e., low income. Blacks, 

Hispanics, Native Americans, etc.) are under-represented; only 4.23% of the 
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total evaluable subjects were non-white (i.e., 5 Blacks, 20 HIspanics, 6 Native 

Americans, 8 Other). The other potential source of bias comes from the fact 

that the subjects are a self-selected group of individuals, probably health-

conscious, who agreed to participate and signed the consent form. This group 

represents 36.4% of the total of potentially eligible subjects. Considering 

these potential biases, one may expect results from this study to be 

generalizable only to participants in similar circumstances and not to the 

population at large. 

Description of the population 

Due to differences in the populations served at each hospital, the samples 

from each clinic have some demographic differences. The Sun City Clinic 

serves white (98.5%), retirees (80%), 50% of whom are over 71 years of age 

(mean 70.1). They are slightly more educated (mean 14 years of schooling) 

compared to 13.5 for the whole sample. Only 8.15% of these participants are 

employed, compared to 39.68% in the Phoenix and 34.98% in the Mesa 

Clinics. The Phoenix group is composed of a large proportion of VA patients; 

therefore the male-female ratio is different from that of the rest of the clinics' 

(5::1 versus 2::1). Participants in the Phoenix clinic are also younger: 50% are 

below 64 (mean 62.8 versus 64.3 and 71 for Mesa and Sun City clinics 

respectively), they have the lowest proportion of married participants (76.6% 

compared to 81.3% for Mesa and 81.9% for Sun City), and report lower 



income (61% between 10 and 29,999 versus 45% and 40% for Mesa and 

Sun City). 

To give the reader a sense of the data and help understanding the survival 

analyses performed, the frequency distribution of the explanatory variables 

used for the Weibull model are described on Tables 2 to 4. For the purpose 

of this explanation, scores in the SMI were split at the 50th percentile. 

As Table 2 below depicts there are some interesting differences between 

genders. First, there is a lower retention of females in the high fiber group, as 

well as considerably more study related toxicities (SRTox) reported by 

females (16.7% versus 8.9%). These differences suggested a possible 

gender effect as well as interactions with group and/or study-related toxicities, 

all of which were checked and found not-significant. 

Males and females also showed different smoking patterns consistent with 

those reported for this cohort (Martinez, 1996), with 74.3% of the males and 

only 45.9% of the females reporting ever having smoked (Table 2). There was 

no noticeable age difference between groups, genders or status on study. 

Unfortunately the change in the randomization pattern affected the mean 

time on the study by group confounding other potential effects. As shown on 

Table 2, mean time on study is 560 days (SD=299) for the high fiber group 

versus 727 days (SD=273) for the low fiber group. 
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Table 2. Distribution (%) of participants presenting some of the explanatory 
variables by group and gender. 

High Fiber 
n=455 

Low Fiber 
n=304 

Total 

Males 
n=300 

Females 
n=155 

Males 
n=205 

Females 
n=99 

n=759 

ON Study 83.3% 75.5% 87.3% 85.8% 83.1% 

Never 
Smoked 

25% 53% 26.6% 56.4% 35.2% 

Toxicities 
NSR (none) 

93.14% 96.15% 99.52% 100% 96.36% 

Toxicities SR 
(none) 

91.2% 83.3% 90.3% 79.2% 87.8% 

SMI (50%tiie) 

high 
51.6% 49.4% 50.2% 43.6% 49.6% 

Mean time 
on study 

570 
± 298 

539 
± 301 

737 
± 261 

708 
± 296 

626 
± 300 

Mean age 66 ± 9 66 ± 9.7 66 ± 9 65 ± 9 

When the data were broken down by status on the study (Table 3), some 

interesting differences were also observed. More participants who went off 

study were smokers, with scores on the SMI below the 50th percentile, 

reported more study-related toxicities (SRTox), and, as expected, showed a 

lower mean time on study. Interestingly, not-study-related toxicities (NSRTox) 

are about the same (0-3.3%) for the people on the low fiber group (on/off) 

and people who remain on study from the high fiber group, while those who 

went off-study from the high fiber group reported considerably more (17%). 

This difference suggests that high fiber intake might exacerbate previous 
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gastrointestinal ailments. Also the adherence level seems to be different only 

for those persons who went off fi^om the low fiber group (87% vs roughly 95% 

for high fiber on/off and low fiber on). These differences point to the 

importance of the side effects associated with each group, suggesting that if 

we were to have a treatment with absolutely no side effects, baseline 

adherence and smoking might be strong predictors of attrition. 

Table 3. Distribution (%) of participants presenting some of the explanatory 
variables by group and status on study. 

N=759 

High Fiber 
n=455 

Low Fiber 
n=304 

N=759 ON 
n=367 

OFF 
n=88 

ON 
n=264 

OFF 
n=40 

SMI (50%tile) 

high 
53.5% 34.5% 49.6% 38.5% 

Toxicity SR 
(none) 

93.2% 68.2% 89.0% 70.0% 

Toxicity NSR 
(none) 

96.7% 83% 100% 97.2% 

Never smoked 36% 30.7% 38.6% 22.5% 

BL Adherence 
^75 

95% 94.5% 95% 87.5% 

Mean time on 
study 

629 
± 275 

269 
± 208 

779 
± 230 

398 
± 281 

Table 4 below presents the mean, and standard deviations for the whole 

group and for males and females separately for all variables utilized for the 
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final multivariate Weibull model. Only minimums and maximums for the whole 

group are included. 

Table 4. Summary statistics for all covariates 

Variable Mean (SD) Mean (SD) Mean (SD) Minimum - Maximum 
Males/Females for Males for Females 
(n=770) {n=513) (n=257) 

Smoking .352 (.478) .257 (.438) .541 (.499) 0- 1 

SMI .007 (.594) .050 (.590) -.080 (.595) -1.910 - 1.472 

Interaction 
SMI/smoking .020 (.371) .046 (.333) -.032 (.433) -1.863 - 1.472 

Gender .334 (.472) 0 - 1 

Group .4 (.490) .403 (.491) .393 (.489) 0 - 1 

BL Adherence 90.56 (8.937) 90.68 (8.808) 90.32 (9.202) 31 -• 123.5 

Exercise -.027 (.996) -.006 (.993) -.068(1.002) -.999 -1.991 

Expectation 1.844 (.691) 1.852 (.660) 1.829 (.751) 1 - 5 

Toxicities SR .182 (.533) .127 (.430) .292 (.682) 0- 3 

Toxicities NSR .047 (.261) .056 (.291) .027 (.185) 0- 3 

Variable Definitions; Smoking O=smoker. 1=never, Gender 0=males. 1=females: Group 0=high, l=low; Exercise 
1=never, 4=daiiy; Expectation 1=none. 5=very much. Toxicity O=none 3=severe. SMI is a continuous variable, a unit 
is 1. Adherence is expressed in percentages, thus a unit is 1. 
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RESULTS 

Initially all variables with theoretical value included in the Life-Stvie 

Questionnaire were tested (See Appendix A): Adherence Behavior. Self-

Motivation. Exercise. Social Network and Demoaraohic characteristics. Also 

tested were Smokino. Body Mass. and the mean of self-recorded adherence 

and box count at baseline, as well as cross products to evaluate potential 

interactions. Smoking was obtained from two questions asked at baseline 

"Are you currently smoking?" and "Are you an ex-smoker?", persons who 

answered YES to these questions were grouped together, thus the smoking 

variable splits those who NEVER smoked and those who were ex or current 

smokers. Toxicities experienced during the study were classified according to 

4 different levels; O=none, 1=mild, 2=moderate and 3=severe. Toxicities were 

also coded in a 5 point scale from definitely study related to definitely not 

study related. For these analyses all toxicities classified as definitely, probably 

and possibly study related were collapsed as study related (SRTox). 

Toxicities classified as definitely not, and probably not study related were 

collapsed into the not-study related category (NSRToxV 

Variables with p values larger than .10 in the univariate analyses were 

excluded. The tables below contain the results of survival analyses. The first 

column shows the hazard ratio, which indicates the increased risk associated 

with a unit increase of the corresponding explanatory factor. For example, 

from Table 6, a unit increase in the expectation variable results in the hazard 



rate being increased by 30%. Thus, the hazard rate is increased by 1.30 for 

each unit added to expectation (1.3^ 1.3^; 1.3^; 1.3^). The next columns 

include the Standard Error, t values that indicate the direction of the 

relationship, and the corresponding values. The last column contains 95% 

confidence intervals (CI). A CI range that does not include zero provides 

evidence that the hazard ratio is not one, thus the null hypothesis can be 

rejected. 

Univariate Analyses 

We calculated first the univariate relationship between each explanatory 

variable and time to drop-out. Smoking history. SMI, baseline adherence, self-

reported exercise, expectations and toxicities (SRTox and NSRTox) when 

considered alone were strongly related to time to drop-out. Smoking history 

(p=.02), SMI (p=.000), baseline adherence (p=.034) and self-reported 

exercise (p=.047) were negatively related to time to drop-out. While negative 

expectations (p=.037) about the study interfering with their life-style was 

positively associated. When looking at the post-randomization variables, it 

was found that group (p=.001) and experiencing toxicities (p=.000) were also 

strongly related to time to drop-out. Table 5 presents the results of the 

univariate analyses for all variables with a p value ^.1 that were later entered 

into the multivariate model. 
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As depicted in figure 3 females are dropping at a faster rate than males 

(37% faster from Table 5). 

Table 5. Univariate Survival Analyses using a Weibull model. Results of 
covariates with p values ^0.1 

Explanatory Variables Hzd 
ratio 

Std 
Error 

t P>t 95% CI 

Smoking* .64 .122 -2.32 .020 .44 .93 

Self-Motivation** .57 .080 -3.88 .000 .43 .76 

Gender 1.37 .238 1.82 .069 .98 1.93 

Group** .55 .099 -3.32 .001 .38 .78 

BL Adherence* .98 .008 -2.13 .034 .97 1.00 

Self-Reported 
Exercise* 

.84 .075 -1.99 .047 .70 1.00 

Expectation/ 
Interference* 

1.30 .150 2.08 .037 1.01 1.59 

Toxicities SR** 1.88 .194 6.09 .000 1.53 2.30 

Toxicities NSR** 3.07 .491 7.01 .000 2.24 4.20 

"p<.001 
Variable Definitions: Smoking O=smoker, 1=never; Gender 0=nnales. 1=females; Group 0=high, 
1=low; Exercise 1=never, 4=daily; Expectation 1=none, 5=very much, Toxicity O=none 3=severe. 
SMI is a continuous variable, a unit is 1. Adherence is expressed In percentages, thus a unit is 1. 

Multivariate Analyses 

The next step was to evaluate, using a Weibull model, the effect of 

covariates on the hazard function while simultaneously taking into account the 

effects of other variables. It was found that smoking historv. self-motivation. 
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baseline adherence, expectation of interference, group and both SRTox and 

NSRTox are associated with time to drop-out. Table 6 shows the results of 

the survival analysis for all explanatory variable in the model. Those 

participants who never smoked dropped-out of the study at half the rate of 

those who smoked. Furthermore, persons who never smoked and showed 

high levels of Self-Motivation were more likely to remain on study longer 

(hazard ratio=.50). Those persons with negative expectations regarding study 

interference with the nomfial routine were also more likely to drop, with a 30% 

faster rate than for those who expected a little interference and about three 

times the rate for those who expected a great deal of interference (2.87 hz 

ratio). Self-reported exercise and gender have some predictive value, but 

were not statistically significant. 

Baseline Adherence has a range of 31 to 123% (mean 90.5%, SD=8.8). 

The hazard ratio indicates that there is a 2% increased risk for each 

percentage decrease of the adherence score, thus participants whose 

baseline adherence was 50% (Hzd ratio=.70), were going off-study 43% 

faster than those with perfect (100%) adherence (Hzd ratio=.27). Participants 

in the low fiber oroup dropped-off at only 57% the rate of those in the high 

fiber group. Interestingly, as shown in Table 3, there is a high percentage 

(12.5%) of participants from the low fiber group that showed adherence levels 

below 75% during the run-in, as compared to participants in the high fiber 

group, and to those from the low fiber group still on study (5%). 
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The two most significant predictors of attrition, however, are both SRTox 

and NSRTox. Interestingly, NSRTox is by far the best predictor of dropping-

off the study. Those persons who experienced NSRTox were three times 

more likely to drop, with a 3.25 times faster rate for those who experienced 

mild toxicities and 34.45 times faster for those who experienced severe 

toxicities. Table 7 presents the Hazard Ratios for different values of the 

explanatory variables in the model. 
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Table 6. Results of the final multivariate Weibull regression model. 

Explanatory Variables Hzd 
ratio 

Std 
Error 

t P>t 95% CI 

Smoking* .49 .111 -3.12 .002 .32 .77 

Self-Motivation .75 .129 -1.69 .092 .53 1.05 

Interaction 
SMI/smoking* 

.50 .17 -2.09 .037 .26 .96 

Gender 1.42 .268 1.87 .062 .98 2.06 

Group* .57 .107 -2.98 .003 .39 .82 

BL Adherence* .98 .008 -2.21 .027 .96 1.00 

Self-Reported 
Exercise 

.87 .076 -1.54 .124 .74 1.04 

Expectation/ 
Interference* 

1.3 .16 2.09 .037 1.02 1.67 

Toxicities SR** 1.92 .214 5.89 .000 1.55 2.39 

Toxicities NSR** 3.25 .549 7.00 .000 2.34 4.53 
*p<.05 
"p<.001 

Variable Definitions: Smoking O=smoker. 1=never; Gender 0=males, 1=females: Group 0=high, 
1=low; Exercise 1=never, 4=daily; Expectation 1=none, 5=very much, Toxicity O=none 3=severe. 
SMI is a continuous variable, a unit is 1. Adherence is expressed in percentages, thus a unit is 1. 

When the model was tested separately for males and females some 

interesting differences came about. It should be pointed out, though, that 

some of these differences may be a product of a reduced sample. 



Table 7. Hazard Ratios indicating the effect of selected participant 
characteristics on time to drop-out. 

Explanatory 
Variable Hazard ratio 

Smoking 
Current or ex 1.00 
Never .49 

Self-Motivation 
Lowest score 
Mean 
Highest score 

Gender 

Group 

BL Adherence 

-1.86 
.006 
1.47 

Males 
Females 

High 
Low 

31% 
75% 
100% 

1.00 
.28 
.10 

1.00 
1.42 

1.00 
.57 

1.00 
.43 
.27 

Expectation/ 
Interference 

Toxicities SR 

Toxicities NSR 

None 1.00 
A little 1.3 
Very Much 2.87 

None 1.00 
Level 1 1.92 
Level 2 3.71 
Level 3 7.14 

None 1.00 
Level 1 3.25 
Level 2 10.59 
Level 3 34.45 
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Table 8. Results of the final multivariate Weibull regression model for 
males (n=508). 

Explanatory Variables Hzd 
ratio 

Std 
Error 

t P>t 95% CI 

Smoking .61 .188 -1.59 .112 .33 1.69 

Self-Motivation* .62 .121 -2.43 .015 .42 .91 

Group* .57 .140 -2.28 .023 .35 .92 

BL Adherence* .97 .009 -2.84 .005 .95 .99 

Self-Reported 
Exercise 

.85 .098 -1.39 .165 .68 1.07 

Expectation/ 
Interference 

1.18 .22 0.92 .356 .82 1.69 

Toxicities SR** 2.20 .356 4.89 .000 1.60 3.02 

Toxicities NSR** 3.14 .605 5.95 .000 2.15 4.59 

"p<.001 

Variable Definitions; Smoking O=smoker. 1=never; Gender 0=males, 1=females: Group 0=high. 
1=low; Exercise 1=never, 4=daily; Expectation 1=none, 5=very much, Toxicity O=none 3=severe. 
SMI is continuous variable, a unit is 1. Adherence is expressed in percentages, thus a unit is 1. 

As shown in Table 8, in the case of the male participants, two variables 

showed a drastic difference, smoking and expectations, neither of which was 

significant. The interaction effect of smoking and SMI was not significant 

either and was removed from the model. Baseline adherence showed a 

higher t value with a slight increase in the hazard ratio (from 2% to 3% 

increase for each percent of adherence decrease). SRTox showed also a 

28% reduction of the hazard ratio (2.20 to 1.92). Group showed no difference, 

SRTox showed a slight increase (1.92 to 2.2) and NSRTox showed only 

minor decrease (3.25 to 3.14). 
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In essence, males in the low fiber group dropped at 57% the rate of those 

in the high fiber group. Males who experienced NSRTox were dropping at 

3.14 times faster rate than males with no toxicities. Those who experienced 

SRTox dropped at more than twice (2.2) the rate of those with no toxicities. 

Finally, males with low SMI also dropped at a faster rate than those with high 

scores (Hzd ratio=.67). 

For females, the significant variables were smoking, expectations. SMI-

Smokina interaction, and both SRT and NSRT. As Table 9 shows, for women 

baseline adherence and self-reported exercise turned to be not good 

predictors of risk of dropping-out On the other hand expectations had an 

increase of 20% (from hazard ratio of 1.3 to 1.5). This means that females 

with negative expectations were dropping-off at a 50% faster rate. Smoking 

also shows an increased risk with females smokers dropping-off at almost 

60% faster rate than those who never smoked. Finally, the hazard ratio for 

those who experienced SRTox showed a dramatic increase from 1.92 to 5.99 

more than three times the hazard of the whole sample, implying that women 

who experienced SRTox go-off study at 600% faster rate than those who 

experienced no SRTox. The risk is close to 3 times higher for females than 

for males, suggesting females might be less tolerant or have more difficulties 

managing side effects than males. 
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Table 9. Results of the final multivariate Weibull regression model for 
females (n=255). 

Explanatory Variables Hzd 
ratio 

Std 
Error 

t P>t 95% CI 

Smoking* .41 .134 -2.73 .007 .22 .78 

Self-Motivation .97 .280 -0.11 .911 .55 1.71 

Interaction 
SMI/smoking* 

.28 .14 -2.53 .012 .11 .76 

Group* .51 .141 -2.53 .012 .11 .76 

BL Adherence 1.00 .014 -0.01 .992 .97 1.02 

Self-Reported 
Exercise 

.96 .134 -0.27 .785 .73 1.02 

Expectation/ 
Interference* 

1.5 .27 2.61 .025 1.05 2.14 

Toxicities SR** 5.99 2.58 4.15 .000 2.56 14.02 

Toxicities NSR** 3.25 .549 7.00 .000 2.34 4.53 

"p<.001 
Variable Definitions: Smoking O=smoker, 1=never, Gender 0=males, 1=females; Group 0=high, 
1=low; Exercise 1=never, 4=daily; Expectation 1=none, 5=very much, Toxicity O=none 3=severe. 
SMI is a continuous variable, a unit is 1. Adherence is expressed in percentages, thus a unit is 1. 

To characterize the complexity of adherence in the WBFS, the hazard 

ratios for different participant-profiles were calculated based on the 

multivariate models obtained for females (Table 9) and males (Table 8). Two 

possible values were used for each variables. The values for SMI, and 

Negative Exoectations were calculated using the mean ± 2(SD). 

For adherence 75% and 100% were selected as the low and high values 

respectively. In the case of SRTox and NSRTox values of none (0), or level 1 

(1) were used, given that level 1 toxicity was reported in 62% of the none 
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zero toxicity assessments (15.84%). In the case of women the significant 

variables explaining the drop-out rate were Negative Expectations. Smoking 

Historv. SRTox and NSRTox. Tables 10-11 showed the hazard ratios for 

different types of toxicities experienced across rows and different levels of the 

baseline explanatory variables across columns (i.e. smoking history, negative 

expectations, smi/smoking interaction, smi and adherence). Table 10 shows 

the potential profiles for females in both groups, the highest hazard ratio is for 

the group of women with smoking history, who had negative expectations 

about the study, and who experienced both study related and not-study 

related toxicities (Hzd. Ratio=24.32). When there was no smoking history, no 

negative expectations, and the level of toxicities experienced were held 

constant at 1, the hazard went down to 0.11. These results show the 

multifactorial nature of adherence in the WBFS, they also indicate the 

important role of smoking and toxicities in the drop-out rate of female 

participants. When no toxicities were experienced, the hazard is 2.43 for the 

smokers with negative expectations and only 0.01 for those who never 

smoked, had high levels of self-motivation and had low negative expectations. 

For both males and females in the high fiber group, the hazards are only 57% 

and 51% of the hazard of the high fiber group (See figures 4-7). 
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Table 10. Hazard ratios for different female profiles in the high and low fiber 
groups 

HIGH FIBER GROUP 

SR Tox/ NSR Tox 

Smoking history/ 
Neg Expectations/ 
SMI-Smoking* 

1/1 0/1 1/0 0/0 

Yes/High/No 24.32 14.56 4.06 2.43 

Yes/Low/No 7.95 4.76 1.33 0.79 

Never/High/Low 2.77 1.66 0.46 0.28 

Never/Low/Low 0.90 0.54 0.15 0.09 

Never/High/High 0.34 0.20 0.06 0.03 

Never/Low/High 0.11 0.07 0.02 0.01 

LOW FIBER GROUP 

Yes/High/No 12.33 7.38 2.06 1.23 

Yes/Low/No 4.03 2.41 0.67 0.40 

Never/High/Low 1.40 0.84 0.23 0.14 

Never/Low/Low 0.46 0.27 0.08 0.05 

Never/High/High 0.17 0.10 0.03 0.02 

Never/Low/High 0.06 0.04 0.01 0.005 

Low and high values=Mean ± 2SD 

For the male participants Baseline Adherence. SMI. SRTox. and NSRTox and 

Group were the variables explaining the drop-out rate. As can be appreciated 

(Table 11), the worst scenario for males is in no-way comparable to that for 

females (3.57 vs 38.83). The group of men in the high fiber group with the 

highest hazard was one with low SMI scores, who also showed low 
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adherence levels at baseline and experienced toxicities (3.57). As the scores 

of baseline adherence and the SMI go up, the hazard decreases (0.43), 

despite keeping toxicities at level 1. The hazard for those who had high levels 

of SMI, showed excellent baseline adherence, and experienced no toxicities 

is negligible (0.06). The hazards for the different profiles are reduced by about 

40% for the males in the low fiber group (See Table 11). 
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> 
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0.0 

180 270 360 450 540 630 720 810 900 990 0 90 

Days 

Figure 3. Survival function by gender. 
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Table 11. Hazard ratios for different male profiles in the high and low fiber 
groups. 

HIGH FIBER GROUP 

SR Tox/ NSR Tox 1/1 0/1 1/0 0/0 

SMI/ BL Adherence 

1/1 0/1 1/0 0/0 

Low/Low 1.44 0.65 0.46 0.21 

High/Low 0.53 0.24 0.17 0.09 

Low/High 0.47 0.21 0.15 0.07 

High/High 0.17 0.08 0.05 0.02 

LOW FIBER GROUP 

Low/Low 0.82 0.37 0.26 0.11 

High/Low 0.30 0.14 0.10 0.05 

Low/High 0.27 0.12 0.09 0.04 

High/High 0.10 0.05 0.03 0.01 

Low and high values=Mean ± 2SD 

The shape of the hazard function (or=1/<r-1) is almost flat, with a slightly 

higher risk early into the study for both males (a=-0.0548) and females (a=-

0.0206). Figure 3 depicts the survival function by gender. 

Figure 4 shows the hazard functions for females in the high fiber group. As 

can be seen women with smoking history who experienced toxicities have the 

highest hazard (starting at 3.5), followed by those with no smoking history 

who experienced toxicities (starting at 1.4), and finally those who did not 

experience toxicities. Figure 5 shows the hazard for the same groups in the 

low fiber group. As can be seen, the hazard functions for the four groups 
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have the same shape, but the height is about half of the hazard in the high 

fiber group. 

3.5 

Smoking & Toxicity 
2.5 

Smoking & No tox 

Never & Toxicity 
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0.5 
n • a n 

Days after Randomization 

Figure 4. Hazard functions for females in the high fiber group, grouped by 
smoking history and toxicity experienced during the trial. 

Figure 6 depicts the hazard for males in the high fiber groups. Males with 

low adherence (75%), low SMI scores and who experienced toxicity showed 

the highest hazard (0.004). The hazards are very similar for those with low 

adherence (75%), low SMI scores and no toxicity, and those with high 

adherence (100%), high SMI scores, and toxicity (0.0005). Males with high 

adherence (100%), high SMI scores and no toxicity have a negligible hazard 
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(0.0001). As shown in Figure 7, the hazard functions for males in the low fiber 

group are rather inconsequential. 

As can be appreciated by comparing Figures 4-7, hazard ratios for females 

are considerably greater than those for males. 
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Figure 5. Hazard functions for females in the low fiber group, grouped by 
smoking history and toxicity experienced during the trial. 
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Figure 6. Hazard functions for males in the high fiber group, grouped by 
baseline adherence, level of SMI and toxicity experienced during the trial. 
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Figure 7. Hazard functions for males in the fiber group, grouped by 
baseline adherence, level of SMI and toxicity experienced during the trial. 
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One major source of strength in this study is the systematic analysis of 

multiple factors determining a time-to event phenomenon (attrition). Although 

the multi-factorial nature of attrition is well established, very little research has 

been published. 

The two most important predictors of attrition in this study, for both males 

and females, were exposure to high fiber, and experiencing side effects, 

whether or not study related. There are several differences between the low 

and high fiber supplements, besides producing different gastrointestinal side 

effects, in terms of taste, texture, and solubility. The high fiber cereal 

palatability disadvantages could be what the group variable is capturing, 

besides the physiological changes captured by the toxicity assessment. 

Self-motivation turned out to be a good predictor of risk, finding that is 

explicable in terms of the characteristics of the study, that is a long term 

community trial with limited contact with study participants. In this regard, also 

of interest was the interaction effect between self-motivation and smoking 

observed in women. It will be interesting to evaluate if there is a difference in 

self-motivation between smokers and non-smokers in the general population. 

Further information regarding age at onset and quitting attempts could 

complement the picture for this interaction effect. 
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One of the most interesting findings Is the difference in risk between males 

and females. The higher hazard for females when toxicities were present 

suggests that women have more difficulties managing side effects. These 

difficulties might not be at a physiological level -in general women are 

considered better equipped to cope with illnesses- but at a social level. 

Passing gas is more acceptable for males than for females. It is considered a 

male "thing". On the other hand, differences in dressing codes and body 

image might make being bloated less tolerable for females than males. 

Another interesting difference is the fact that smoking history was not a 

significant predictor of the hazard for males. Although the reason of such 

difference is unknown, it can be speculated that the motivations for and the 

circumstances under which males and females smoke might be completely 

different. Preliminary results from the European Cancer Prevention Group 

(Hill, 1996) suggest that females smoke usually alone when on a negative 

mood (e.g., depression), while males usually smoke in positive social 

situations. Hence, this early interpretation implies that male and female 

smokers might have very little in common, and that smoking for females might 

be a proxy for behavioral problems such as depression. These potential 

surrogate variables should be explored. 

Other important factors not evaluated in this study that may explain the 

differences between the drop-out rates of males and females are the role of 

the social network on study participation, conflicting responsibilities of female-
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participants as caregivers, and finally, the secondary role many women in the 

50-80 year old cohort play as spouses. Anecdotal data from the WBFS 

indicate that male participants at risk of dropping out receive much support 

from their female partners (e.g., cooking with cereal, reminding, carrying 

cereal/calendar when on vacation, filling out study fomis, attending study 

visits, etc.). On the other hand, when female participants have problems with 

study participation, male partners "support" is in the form of advice, very often 

negative toward the study (e.g., "if it bothers you just drop it"). Interestingly, 

this response has not been reported as lack of support, but as the response 

of an overconcerned supportive husband. 

In summary, one can say that the profile of the perfect participant is 

someone who has never smoked, has high level of self-motivation, high 

adherence levels during the run-in, does not suffer chronic gastrointestinal 

problems and has very positive expectations about the study. For persons 

who do not fulfill this profile adherence enhancement strategies should be 

designed, addressing each particular "shortcoming". For example, introduce 

external support for people with low levels of SMI. Promote health oriented 

activities, such as quitting smoking and increasing exercise. Participants 

should be forewarned and educated about potential side effects. Toxicities 

should be managed immediately and reduced as much as possible. 

Regarding gender, focus groups should be conducted in an attempt to identify 

the critical differences between males and females, as well as between 



females who dropped-out and those who stayed on study, in order to plan 

preventive strategies. 



APPENDIX A. 

LIFESTYLE QUESTIONNAIRE 



COLON CANCER PREVENTION PROJECT 
Lifestyle Questionnaire-Wheat Bran Fiber Project 

(Page 1 of 4) 

PtID: TODAY'S DATE / / 
(mm/dd/yy) 

PARTICIPANT NAME: 
Last Rrst \U 

DATE OF BERTH: / / VISIT: 
(mni/ddi^) 

1. How often do you engage in AEROBIC physical activity? Aerobic means that your heart 
rate is continuously elevated for a period of at least 20 minutes and you are breathing 
heavily during that time. 

D (1) Everyday D (3) 3-5 times per week 

D (2) One or two times per week D (4) Seldom or never 

2. Do you feel you are getting enough exercise? (if YES, go to 3.) 

D Yes D Uncertain D No 

(a) If you answered No or Uncertain above, why? (check all that apply) 

D Lack of Time D No facilities in area 

D Inconvenient D Poor health 

D Not interested D Not enough self-discipline 

• 
Other. 

3. How important do you feel having friends and/or family who support you are/is in achieving 
and maintaining good health? 

D (1) Very important [H (3) Little importance 

Q (4) Somewhat important D (4) Not needed 

4. How many people can you call on for help and/or to discuss private matters? 

• None •lor2 Dstos DetoS • 10 or more 
(1) (2) (3) (4) (5) 

5. How many of these people do you see at least once a month? 

• None •lor2 03 to 5 Dstog • 10 or more 
(1) (2) (3) (4) (5) 

3/28/95 



PTID 

Lifestyle Questionnaire—Wheat Bran Fiber Project. 
(Page 2 of 4) 

6. Are you active in any of these groups? 

Yes No 

• • 
• • 
• • 
• • 
• • 

(f) Other group:_ 

7. On the average, how often have you done each of these things during the past 12 months? 

(a) Go to the movies 

(b) Go to a sports event 

(c) Go to concerts, plays, etc. 

(d) Go to museums, fairs, 
zoos, etc 
(e) Go to meetings of 
voluntary groups 
(f) Go to church/synagogue.. 

statement which best describes you. 

Never in 1-5 times Once every Once At least 
the past in the two months every few once a 

year past year (3) weeks week 
(1) (2) (4) (5) 

• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 

itements and for each item, check the box of the 

Disagree Disagree 
strongly 

(a) Members of my immediate family 
think I should participate in this 
study. 

(b) I want to do what members of my 
immediate ^mily think I should do 
about participating in this study. 

(c) My close friends think I should 
participate in this study. 

(1) 

• 

• 

• 

(2) 

• 

• 

• 

Neutral 

(3) 

• 

• 

Agree 

(4) 

• 

• 

Agree 
strongly 

(5) 

• 

• 

• • • 
3/28^5 



PTID 

Lifestyle Questionnaire-Wheat Bran Fiber Project 
(Page 3 of 4) 

(d) I want to do what my close 
^'ends think I should do about 
participating in this study. 

(e) My relatives think I should 
participate in this study. 

(f) I want to do what my relatives 
think I should do about my treatment 
plan. 

Disagree Disagree Neutral Agree Agree 
strongly strongly 

(1) (2) (3) (4) (5) 

• • • • • 

• • • • • 

• • • • • 

(g) The benefits participating in this 
study outweigh any difficulty I might 0 0 0 0 0 
have in following the study 
requirements. 

(h) Participating in this study is too 
much trouble for what I get out of it 0 0 0 0 0 

(0 Because participating in this study 
is too difficult, it is not worth doing. 0 0 0 0 0 

(j) Following the study requirements 
is better for me than not following 
the study requirements. 

(k) Following the study requirements 
will help me to be healthy. 

(I) I'll be just as healthy if I do not 
participate in this study. 

(m) I believe that participating in this 
study will help prevent me from 
getting cancer. 

(n) It's hard to believe that 
participating in this study will help 
me. 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

3/28/95 
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Lifestyle Questionnaire—Wheat Bran Fiber Project 
(Page 4 of 4) 

DEMOGRAPHICS 

9. What is your marital status? (check one) 

D (1) Single D (3) Cohabitating (Not D (4) Widowed 

n (2) Married mamed, but living [] Divorced/Separated 
together as a couple 

10. Please circle the highest grade in school you have completed. 

1 2 3 4 5 6 7 8 
{Elementary School} 

9 10 11 12 
{High School} 

13 14 15 16 
{College} 

17 
{Graduate} 

11. What race or ethnic background do you consider yourself to be? 

n (1) White, not of Hispanic origin D (4) American Indian/Alaskan Native 

D (2) Black, not of Hispanic origin D (5) Asian 

D (3) Hispanic 

12. What is your CURRENT employment status? Check the ONE that applies to the 
GREATEST PERCENTAGE OF YOUR TIME. 

D (1) Employed full or part time 

D (2) Retired 

D (3) Homemaker 

D (4) Disabled, unable to wori< 

D (5) Unemployed but not retired 

D (6) Volunteer Specify: 

13. How many years have you lived in Arizona? 

14. How many people currently live in your household (including yourself)? 

15. What is your current household income level (gross-before taxes)? 

• (1) under $10,000 • (4) $30,000 - $39,999 • (7) $60,000 or more 

G (2) $10,000-$19,999 • (5) $40,000 - $49,999 

• (3) $20,000 - $29,999 • (6) $50,000 - $59,999 

Thank you for completing this questionnaire. You can be assured that your responses are 
confidential and will be used for study-related statistical purposes only. 

3/28/95 
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