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1 Introduction 

Dropout, also referred to as attrition or withdrawal, is a serious problem in lifestyle 

interventions as it causes loss of statistical power, weakens the reliability and validity 

of results, decreases generalizability of outcomes, and deteriorates the accuracy of 

given recommendations. In addition, dropout is associated with poorer intervention 

outcomes, that is, unsuccessful weight loss and weight maintenance, and more 

importantly unadaptedness to new lifestyle skills. In addition to academic, societal and 

individual ramifications, attrition leads to wasted resources.  

 

Withdrawal has been associated with, for example, younger age, lower socio-economic 

status (SES), poorer initial treatment response, not being married, immigrant status or 

non-Caucasian ethnicity. However, no clear and consistent set of predictors have been 

found. The reasons for this include the lack of a uniform definition of attrition, the 

inadequacy or lack of dropout analysis, the large variety of explanatory variables 

studied and the vast differences in study designs and populations.  

 

The aim of this thesis is to identify features predicting dropout in the PREVIEW trial. 

Understanding the phenomenon of attrition increases academic knowledge, and can 

be utilized in the development of design, methods and tools of lifestyle interventions 

to come and in programs of public healthcare.   
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2 Literature review 

2.1 Introduction 

Dropout is a serious problem in lifestyle and dietary interventions aiming at weight loss 

and weight maintenance (Miller and Brennan 2015, Moroshko et al. 2011). Dropout is 

inadequately analyzed and inconsistently reported in weight loss and lifestyle 

intervention literature even though it is considered to be one of the most important 

aspects in assessing trial success. Attrition causes loss of statistical power, weakens the 

reliability and validity of results, decreases the generalizability of outcomes, and 

deteriorates the accuracy of given recommendations. Dropout is associated with 

poorer intervention outcomes both in weight loss and weight maintenance, and more 

importantly lifestyle skills being taught in the trials are not adopted. In addition to 

academic, societal and individual ramifications, attrition leads to wasted resources. 

The phenomenon of attrition is important to understand since it is the dropout rather 

than the study completer who will in the long run be the typical patient in the 

treatment of chronic illness (Baekeland and Lundwall 1975). 

 

A systematic review on weight loss interventions reported attrition rates from 7 to 

90 % depending on the type and setting of the intervention (Moroshko et al. 2011). 

Another review on lifestyle modification programs reported attrition rates from 20 to 

82 % (Leung et al. 2017). To date, no reliable or consistent set of predictors of dropout 

(Moroshko et al. 2011) or adherence (Leung et al. 2017, WHO 2003) have been found 

(the association of dropout and adherence is discussed in chapter 2.2.4). The 

inconsistent findings might reflect differences in study population or design, different 

behavioral methods used in the studies, or differences in dropout definition and 

measurement (Miller and Brennan 2015). In addition, the inconclusive findings reflect 

the large number of variables analyzed and diversity of methodologies used across 

studies, and the small number of studies analyzing each variable (Moroshko et al. 

2011). 
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All in all, dropout affects the quality of academic research and publishing, hinders the 

improvement of lifestyle skills and weight management of individual participants, 

wastes resources, and influences the societal recommendations of academic research. 

 

2.2 The phenomenon of dropout 

2.2.1 Definition of dropout 

Even in studies of comparable design, methods and participants, the diversity, or in the 

worst case the lack of dropout definition, makes a just comparison of dropout rates 

between studies nearly impossible. Baekeland and Lundwall (1975) define a dropout as 

a) the participant who fails to return, b) the participant who refuses to return, or c) the 

participant who is expelled from the program due to lack of cooperation, poor 

response, adverse event or the like. Miller and Brennan (2015) define dropouts as 

participants who fail to complete all aspects of treatment, including the treatment 

follow-up. In addition, they continue by saying that defining dropouts as a 

homogenous group might lead to inconsistent findings as early and late dropouts 

might differ from one another. 

 

2.2.2 Comparing definitions of dropout 

Miller and Brennan (2015) reviewed definitions of attrition and attrition rates in 27 

weight loss interventions and found that there is little consistency across studies. The 

studies compared were of varying length, for example, from 10 weeks to four years, 

and of varying intensity, for example, from 10 group meetings in two years versus a 

very low-calorie diet combined with weekly meetings for two years. Most of the 

studies analyzed were behavioral modification programs aiming at healthier lifestyles. 

They found that duration and research demands were not consistently related to 

attrition. 

 

According to Miller and Brennan (2015), eleven studies defined attrition according to 

visit non-attendance, however most studies used different definitions. For example, in 

three studies missing the last visit, and in one study attending less than 75 % of visits, 
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was considered as attrition. Eight studies defined withdrawal according to time: In six 

studies, dropout was defined as withdrawing at any given time point before the end of 

trial, and in two studies cutoff times were used to define early and late dropouts. 

 

In six studies not completing the entire or part of the treatments/tasks was used for 

defining dropouts. For example, in one study attrition was defined as noncompletion 

of both treatment and maintenance phases, and in another study as discontinuation of 

treatment before completing phase I of III. Two studies used more than one criteria in 

the definition: The other study defined it as either failing to attend certain number of 

visits or incompletion of required tasks, and the other as active withdrawal or visit 

non-attendance.  

 

In sum, it is evident that with such a diverse set of definitions, dropout rates are 

inconsistent, fair comparison between studies cannot be done, studies with more 

stringent definitions subject to ‘poorer’ outcomes, and studies with looser definitions 

seem to be more effective (Miller and Brennan 2015). A coherent and uniform 

definition and measurement of attrition would allow an objective and just assessment 

of studies.  

 

2.2.3 Factors associated with dropout 

Depending on reference, the number of variables collected and the depth and extent 

of data analysis, predictors of dropout can be divided into two or three sets of 

features. According to Baekeland and Lundwall (1975), dropping out results from three 

vectors: 1) intrapsychic factors which include demographic, clinical and personality 

factors, 2) personality and attitudinal features of the treatment personnel, and 

3) environmental factors, such as family attitudes, intervening life events and 

transportation problems. Today, strict protocols guide the behavior of treatment staff 

and as such attitudinal factors should not influence counselling, investigations or other 

visits attended by the participant. However, this phenomenon cannot be ruled out but 

might be impossible to analyze if specific data of staff is not collected.  
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According to Miller and Brennan (2015), attrition predictors can be divided into pre-

treatment and post-treatment factors. These reasons can be categorized into 

practical/physical, program/treatment specific, and psychological barriers (Table 1). In 

addition to the variables related to participants, treatment related factors such as 

distance to clinic has also been explored as a predictor of dropout. However, findings 

on their ability to predict attrition have been inconsistent. 

 

Pre-treatment factors which are gathered prior to trial include socio-demographic 

variables such as age, gender, education and marital status, psychosocial factors such 

as previous dieting attempts, body image, personality traits and social support, and 

anthropometric factors such as body mass index (BMI), waist-hip ratio, and muscle and 

fat percentage (Miller and Brennan 2015). While some of the pre-treatment factors are 

stable throughout the trial many of them are prone to change, for example, BMI and 

level of motivation. In these circumstances it is the change which might explain the 

dropout and not the initial measurement itself. Post-treatment factors for dropping 

out include self-reported reasons for dropping out. 

 

Theoretically and empirically grounded psychological variables related to dropout 

include self-regulation, motivation, symptoms of depression, and weight loss 

expectations (Miller and Brennan 2015). Preliminary research suggests that these 

variables might predict attrition in a more consistent manner.  

 

Table 1. Categories for reasons of dropout (Miller and Brennan 2015). 

 

 

 

Categories Reasons for dropping out

Practical/physical Logistics, family, work, health

Program/Treatment related

Demands of the research, unsatisfactory results, dissatisfaction of 

treatment or staff

Psychological

Lack of motivation and self-confidence, resistance to change, 

feelings of abandonments
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2.2.4 Dropout versus non-adherence 

Dropout is not a direct synonym for non-adherence instead it represents the most 

severe form of non-adherence. WHO (2003) defines adherence as “the extent to which 

a person’s behavior – taking medication, following a diet, and/or executing lifestyle 

changes, corresponds with agreed recommendations from a healthcare provider.” For 

any adherence to occur, the symptoms of the condition to be treated must be severe 

enough to evoke the need to adhere. The condition must also be seen as resolvable 

and acute. 

 

Dropout is the most common indicator used for analyzing adherence in lifestyle and 

weight loss studies (Stoutenberg et al. 2015). However, adherence is a multifactorial 

phenomenon, and reporting merely dropout rates can be considered inadequate. 

Hadžiabdić et al. (2014) suggested that attrition and weight loss should be analyzed 

simultaneously in order to achieve a more comprehensive overview of adherence (see 

chapter 2.4.5).  

 

As with analyses of dropout, adherence analyses continue to focus on patient-related 

predictors of adherence, when it has previously been proven that treatment-related 

factors have a major effect on adherence (WHO 2003). Identifying participants who are 

more likely to adhere to treatment does not merely result in more successful weight 

loss, weight maintenance and adoption of new lifestyle skills but will at the same time 

decrease attrition, enable more efficient use of resources, and increase the quality of 

data analysis and preciseness of recommendations. Looking at this from another 

perspective, identifying features related to higher dropout risk enables the 

development of a more comprehensive set of tools directed at increasing adherence to 

the protocol and increasing retention in the treatment. 
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2.3 Dropout in two pooled systematic reviews 

2.3.1 Background 

In this chapter, the results of two systematic reviews are pooled together: 1) Factors 

associated with adherence to lifestyle modification (Leung et al. 2017), and 

2) Predictors of attrition in weight loss interventions (Moroshko et al. 2011). In these 

reviews there were two overlapping studies, which is accounted for in the following 

tables. Most variables were analyzed in both reviews, and this is indicated in the 

tables. Factors associated with adherence were categorized into psychosocial, socio-

demographic, behavioral, and physical factors.  

 

Moroshko et al. (2011) found that older age and higher education were associated 

with increased retention. On the other hand, greater body dissatisfaction, poorer body 

image and mental health, higher number of previous dieting attempts, lower level of 

physical activity (PA), lower self-efficacy, lower social support, lower initial weight loss, 

and higher initial weight loss expectations were associated with increased attrition. In 

addition, greater travel distance, financial difficulties, and the need to pay for 

treatment were associated with higher attrition. Moroshko et al. (2011) concluded 

that psychological and behavioral variables seemed to be the most predictive variables 

of dropout. 

 

According to Leung et al. (2017), limited evidence suggested that older age, higher 

education, healthier eating, a physically active lifestyle, greater initial weight loss, and 

greater stage-of-change at baseline predicted greater adherence. Stage-of-change 

refers to the change in diet and PA-related behavior. In contrast, depression, stress, a 

higher number of previous weight loss attempts, being unemployed and having a 

strong body shape concern associated with higher dropout. In this review, motivation, 

male gender, and self-efficacy were inconsistently associated with attrition.  
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2.3.2 Studies included in the reviews 

Leung et al. (2017) studied nineteen lifestyle modification programs, out of which nine 

were randomized controlled trials, eight were pre- or post-interventions and two were 

longitudinal studies. The studies varied from eight weeks to six years. All studies 

concentrated on weight and had varying levels of attrition analysis. In the systematic 

review of Moroshko et al. (2011), sixty-one studies discussing attrition in weight loss 

interventions for overweight or obese adults were identified. Of these studies, forty-

two were lifestyle/behavioral interventions, eight were surgical and seven were 

dietary studies. Single studies concentrated on exercise, pharmaceutical treatment or 

monetary incentives. The duration of the studies varied from seven weeks to four 

years.  

 

2.3.3 Psychosocial factors 

In most studies, there was no clear set of psychosocial factors predictive of dropout or 

non-adherence (Table 2, Leung et al. 2017, Moroshko et al. 2011). About half of the 

studies found no association between self-efficacy (47 %), motivation (50 %), stage-of-

change (50 %) or anxiety (57 %) and attrition. However, stress, stage-of-change, and 

motivation showed conflicting results, for example, higher stress levels were 

associated with increased dropout in 57 %, but lower in 29 % of the studies. Lower self-

efficacy (41 %), greater depression (50 %), and lower social support (57 %) were also 

associated with increased dropout.  

 

Only two studies looked into body shape concerns, quality of life, self-esteem or 

perceived hunger, and other variables such as history of mental disorders, 

perfectionism, and disinhibition were analyzed in single studies only, thus these are 

not discussed here.  
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Table 2. Psychosocial factors associated with decreased adherence/increased attrition 

in reviews of Leung et al. (2017) and Moroshko et al. (2011).  

 

 

2.3.4 Socio-demographic factors 

Presented in Table 3, in at least half of the studies age (50 %), gender (68 %), 

employment status (67 %), education (71 %), SES (83 %), marital status (76 %), and 

ethnicity (50 %) were not found to be statistically significantly associated with dropout 

(Leung et al. 2017, Moroshko et al. 2011).  Being younger (43 %), unemployed or 

having a part-time job (33 %), having lower education (29 %) or lower SES (17 %), being 

married (18 %) and being African-American or non-Caucasian (38 %) were associated 

with increased attrition in a few studies only. Gender showed conflicting results; no 

association was found in 68 % of the studies, and male and female genders each were 

found to predict dropout in 16 % of the studies.  

 

  

Negative [N (%)]  None [N (%)] Positive [N (%)]

Self-efficacy ¹ 17 7 (41) 8 (47) 2 (12) Leung et al. (2017), Moroshko et al. (2011)

Depression 16 1 (6) 7 (44) 8 (50) Leung et al. (2017), Moroshko et al. (2011)

Motivation 8 2 (25) 4 (50) 2 (25) Leung et al. (2017)

Stress 7 2 (29) 1 (14) 4 (57) Leung et al. (2017), Moroshko et al. (2011)

Stage-of-change ² 4 2 (50) 2 (50)  - Leung et al. (2017)

Anxiety 7  - 4 (57) 3 (43) Leung et al. (2017), Moroshko et al. (2011)

Social support 7 4 (57) 3 (43)  - Leung et al. (2017), Moroshko et al. (2011)

² Stage-of-change refers to the change in diet and PA-related behavior.

Direction of the correlation between variable and 

increased attrition (or decreased adherence).
Studies 

analyzing 

variable [N]

Variable Reference

¹ For example self-efficacy: In seven studies lower self-efficacy and in two studies higher self-efficacy were associated with increased 

attrition. In eight studies no asscociation was found.
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Table 3. Socio-demographic factors associated with increased attrition or decreased 

adherence in reviews of Leung et al. (2017) and Moroshko et al. (2011). 

 

 

2.3.5 Behavioral factors 

In almost half of the studies (44 %) eating behavior, and in more than half of the 

studies (60 %) PA was not associated with dropout (Table 4, Leung et al. 2017, 

Moroshko et al. 2011). Less healthy eating habits (50 %), less PA (40 %), and higher 

number of previous weight loss attempts (60 %) were associated with increased 

attrition. Smoking increased the risk of dropout in 56 % of the studies. None of the 

studies found an association between drinking habits and dropout.  

 

Table 4. Behavioral factors associated with increased attrition or decreased adherence 

in reviews of Leung et al. (2017) and Moroshko et al. (2011). 

 

 

Variable Studies 

analyzing 

variable [N]

Studies in which no 

significant was 

association found [N (%)]

Studies [N (%)] and variable feature 

associated with increased attrition (or 

decreased adherence). 

Reference

20 (43): Younger

2 (4): Older

1 (2): Younger women

4 (16): Male

4 (16): Female

Employment status 12 8 (67) 4 (33): Unemployed or part-time job Leung et al. (2017), 

Moroshko et al. (2011) 

Education 24 17 (71) 7 (29): Lower education Leung et al. (2017), 

Moroshko et al. (2011) 

SES 6 5 (83) 1 (17): Lower SES Leung et al. (2017), 

Moroshko et al. (2011) 

3 (18): Married
1 (6): Not having a partner
3 (38): Non-Caucasian or African-American
1 (12): Immigrant status

* For example gender: In 17 studies no association was found. In four studies male gender and in another four studies female gender was 

associated with increased attrition. 

8Ethnicity Leung et al. (2017), 

Moroshko et al. (2011) 

13 (76)17

4 (50)

Age

Leung et al. (2017), 

Moroshko et al. (2011)

Marital status Leung et al. (2017), 

Moroshko et al. (2011) 

46 23 (50) Leung et al. (2017), 

Moroshko et al. (2011)

25Gender* 17 (68)

Negative [N (%)]  None [N (%)] Positive [N (%)]

Healthy eating behavior* 18 9 (50) 8 (44) 1 (6) Leung et al. (2017), Moroshko et al. (2011)

Physical activity 15 6 (40) 9 (60) Leung et al. (2017), Moroshko et al. (2011)

Previous weight loss attempts 15 1 (7) 5 (33) 9 (60) Leung et al. (2017), Moroshko et al. (2011)

Smoking habit 9  - 4 (44) 5 (56) Leung et al. (2017), Moroshko et al. (2011)

Drinking habit 5  - 5 (100)  - Leung et al. (2017), Moroshko et al. (2011)

ReferenceDirection of the correlation between variable and 

increased attrition (or decreased adherence).

* For example healthy eating behavior: in nine studies less healthy eating and in one study healthier eating were associated with increased attrition (or 

decreased adherence). In eight studies no association was found. 

Studies 

analyzing 

variable [N]

Variable
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2.3.6 Physical factors 

Baseline weight/BMI/fat was not associated with attrition in most studies (67 %), and 

the rest showed somewhat conflicting results: Twenty-two percent of the studies 

found higher initial weight/BMI/fat, and 11 % found lower initial weight/BMI/fat to be 

associated with higher dropout (Table 5, Leung et al. 2017, Moroshko et al. 2011). In 

88 % of the studies lower initial treatment response and in 67 % higher or unrealistic 

weight loss expectations were predictive of dropout. Age at the onset of obesity 

showed conflicting results. Only two studies looked into glucose intolerance and found 

impaired glucose tolerance to be associated with increased attrition. No association 

between blood pressure and dropout was found.  

 

Table 5. Physical factors associated with decreased adherence/increased attrition in 

reviews of Leung et al. (2017) and Moroshko et al. (2011). 

 

 

2.3.7 Conclusions 

Lower self-efficacy, greater depression, and lower social support were associated with 

increased attrition. Being younger, unemployed or having a part-time job, having lower 

education or lower SES, being married, and being African-American or non-Caucasian 

were associated with increased dropout in a few studies only. Gender showed 

conflicting results. Unhealthy eating habits, less or no PA, higher number of previous 

weight loss attempts, and smoking were associated with increased attrition. Lower 

initial treatment response, and higher and unrealistic weight loss expectations also 

related to increased dropout risk.   

Negative [N (%)]  None [N (%)] Positive [N (%)]

8 (22)

1 (3)²

Initial weight loss/ 

treatment response

8 7 (88) 1 (12) Leung et al. (2017), 

Moroshko et al. (2011)

Weight loss expectation 9 1 (11) 2 (22) 6 (67)³ Moroshko et al. (2011)  

Age of onset of obesity 5 1 (20) 3 (60) 1 (20) Moroshko et al. (2011)  

² In one study higher initial weight was associated with higher dropout only in women.

³ Includes one study with 'unrealistic expectations'.

¹ For example initial weight/BMI/fat: in four studies lower and in eight studies higher initial weight/BMI/fat mass were associated with 

increased attrition/decreased adherence. In 24 studies no association was found. 

24 (67)Initial weight/BMI/fat¹ 36

Variable Studies 

analyzing 

variable [N]

Direction of the correlation between variable and 

increased attrition (or decreased adherence).

Reference

4 (11) Leung et al. (2017), 

Moroshko et al. (2011)
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2.4 Dropout in lifestyle interventions 

This chapter presents a review on lifestyle interventions primarily aimed at 

prediabetics and/or overweight and obese adults. The purpose of this review is to sum 

up results of studies which are more comparable to the data used in this thesis.  

 

A systematic review by Laws et al. (2012) focused on lifestyle interventions aimed at 

diabetes prevention. They found that most studies and reviews today concentrate 

largely on the efficacy and effectiveness of programs and thus focus on internal validity 

only. The importance of external validity should not be overlooked since it represents 

the generalizability of the findings to population beyond the study participants. Laws 

et al. (2012) concluded that although dropout rates were reported in almost all studies 

(29/31), subgroup analysis on attrition was lacking in most studies and merely four 

reported on factors predicting dropout. This underlines the inconsistency in reporting, 

the questionability of reporting quality, and the difficulty of study comparison. Besides 

Laws et al. (2012), also Moroshko et al. (2011) found that the majority of weight loss 

interventions neglect to report attrition rates and/or predictors of attrition.  

 

Due to these shortcomings, the review in this chapter concentrates on summarizing 

attrition results from studies more precisely comparable to data analyzed in this thesis. 

Criteria for study inclusion were as follows:  

1. Design: lifestyle intervention (diet and exercise included), aim at weight loss 

and/or maintenance. 

2. Study participants: prediabetics and/or overweight and obese adults with no 

major chronic illnesses, such as diabetes or coronary heart disease. 

3. Duration of study: ≥ 1 year. 

4. Dropout analysis: preferably includes an in-depth dropout analysis, minimum 

requirement is, however, that dropout rate is reported or can be concluded 

from figures provided.  
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The literature search was performed mainly in PubMed during January and February of 

2018. The key search terms included attrition, dropout, withdrawal, intervention, 

lifestyle, prediction, prevention, type 2 diabetes (T2D), overweight, obese, obesity, and 

randomized controlled trial, and combinations of the former. Restrictions in publishing 

years were not used.  

 

After excluding most articles found, the search yielded 21 articles matching the above-

mentioned criteria (see Appendix 1). The rejected articles included, for example, diet-

only-interventions and observational intervention programs, participants with severe 

obesity and/or comorbidities and/or were less than a year in duration. A few studies 

were rejected due to missing dropout rates or figures from which these could have 

been concluded.  

 

All studies were either lifestyle interventions or included a lifestyle intervention group, 

and all participants were prediabetic and/or overweight or obese. The duration of the 

studies varied from one to six years, and the number of participants ranged from 32 to 

2553. The dropout rates varied from 4 to 59 %. Dropout rates were not directly 

reported in three articles; however, they could be concluded from figures given. 

Altogether thirteen articles included some analysis on factors associated with attrition; 

only statistically significant variables are discussed in the following sections. Fifteen 

studies included prediabetic participants, however, only six of these included dropout 

analyses.  

 

As in the systematic reviews by Leung et al. (2017) and Moroshko et al. (2011), the 

definitions of dropout were not unified in these articles. For further information, see 

Appendix 2. 
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2.4.1 Predictors of dropout in reviewed articles 

Psychosocial and behavioral factors 

Greater depressive symptoms, binge eating and previous weight loss attempts were 

related to increased attrition in two studies (Table 6). According to single studies, 

increased stress and increased hunger-satiety scores were associated with higher 

dropout. Single studies analyzing psychological health score, quality of life score and 

body image satisfaction found a negative correlation between the variable and 

attrition, that is, lesser scores were associated with increased attrition. History of 

weight cycling was not associated with dropout. 

 

Socio-demographic factors 

Five studies found age to correlate negatively with attrition, and four studies found no 

association (Table 6). Three studies found no association between gender and dropout, 

yet another three found that male participants had a higher dropout risk. One study 

found marital status not to be related to attrition, however another study found that 

being divorced, separated or widowed associated with increased attrition. A single 

study analyzing SES found no association between the variable and dropout. One study 

found no correlation between education and dropout, and another study found that 

the less educated were more likely to drop out. Being unemployed or retired related to 

increased attrition in single studies, yet in a third study work status was not association 

with attrition. Lower income level was related to greater attrition in a single study. 

 

Physical factors 

Five studies found baseline BMI not to be related to dropout, however another five 

studies found that greater baseline BMI associated with increased dropout risk 

(Table 6). Greater early weight loss predicted longer retention time in one study. Single 

studies found that greater baseline weight, waist circumference and number of 

comorbidities were associated with increased attrition. Chronic pain was seen as a risk 

for dropout in one study. Two studies found that greater 2-h plasma glucose levels at 
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baseline predicted earlier dropout, however, one study found no association between 

them.  

 

Treatment related factors 

Single analyses found that exercise minutes, VO2max and carbohydrate, energy and 

fiber intake correlated negatively with dropout, that is, for example, less time devoted 

to PA and lower energy intake increased dropout risk (Table 6). Not possessing a 

healthcare insurance and poorer group attendance related to increased attrition in 

single studies. One study analyzing clinic-related factors found that younger staff and 

large or small user populations associated with increased dropout. 

 

Table 6. Factors associated with attrition in 13 of the 21 reviewed studies. 

 

 

  

Factors with positive, negative or no association with increased attrition Reference

Baseline BMI +, waist circumference +, unemployment +, retirement -. Absetz et al. 2007

No association in baseline BMI. Age -. Andersson and 

Rössner 1997

No association in baseline values (BMI, tricep skin-fold index, oxygen uptake, diastolic blood 

pressure, systolic blood pressure, cholestrol, triacylglyserides, hypertention medication).

Eriksson et al. 1991

Baseline depression symptoms +, age -,  early weight loss -. Fabricatore et al. 2009

Baseline BMI +, previous weight loss attempts +, not possessing health insurance +, BES¹ +, 

BDI² +, HSS³ +, age -, education -, group attendance -.

Goode et al. 2016

BMI +, education -. Hadžiabdić et al. 2014

Short-term predictors: Male +, age -, household income -, comorbidity +, chronic pain +, 

small/large site user population +, staff age -.                                                                         

Long-term predictors: Male +, age -, chronic pain +, small/large site user population +, staff 

age -, marital status (separated, divorces, widowed) +.

Jiang et al. 2016

No association in age, gender, baseline BMI, baseline fasting glucose or 2-h plasma glucose 

concentrations.

Mensink et al. 2003

No association in gender, age, BMI, history of weight cycling, education, work or marital 

status. Stress +.

Michelini et al. 2014

No association in age, gender and major risk factors. Oldroyd et al. 2006

3-year results: Baseline BMI +, 2-h plasma glucose level +, VO2max -.                                          

6-year results: BMI +, 2-h plasma glucose level +, VO2max - and SES - .

Roumen et al. 2007 

and 2011

No association in age and BMI. Male +. Sakane et al. 2011

Previous weight loss attempts +, weight outcome evaluation strictness +,  baseline weight +, 

binge eating +, carbohydrate and energy intake at baseline -, quality of life scores -, exercise 

minutes -, fiber intake -, psychological health score -, body image satisfaction -.

Teixeira et al. 2004

No association means that the variable was not associated with dropping out on a statistically significant level. 

 +  = positive association means increase in variable associates with increased attrition.

 - = negative association means decrease in variable associates with increased attrition.

¹ Binge Eating Scale, ² Beck Depresion Inventory, ³ Hunger Satiety Scale 
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2.4.2 Reasons for withdrawal 

Thirteen studies reported on reasons to drop out (Table 7). The most common reasons 

were medical (mentioned in 10 studies), fail to respond/loss of contact or unknown 

reason (8), death (6), refusal/unwillingness to continue (4), personal reasons (4), 

moving from the area (4), dissatisfaction (3), work commitment (3), lack of time (2), 

switching medical care/treatment program (2), lack of motivation (2), transportation 

issues (1), pregnancy (1) and family issues (1).  

 

Table 7. Reasons for dropping out were reported in 13 of the 21 reviewed articles. 

 

 

2.4.3 Incentives 

In most articles (18/21) no incentives to increase participant retention were 

mentioned. In one study a discount card for the city’s public leisure facilities was 

offered in order to induce PA (Oldroyd et al. 2006), however, it is questionable if this 

incentive actually decreased withdrawal as the dropout rate was 21 % at year one and 

31 % at year two. In another study pedometers or exercise T-shirts were given after 

Reasons for dropout Reference

7 personal problems (such as an ill wife or alcohol problems), 5 no wish to participate, 9 

unknown reasons, 4 diseased, 3 moving from the area, and 1 going into another treatment 

program. 

Andersson and 

Rössner 1997

6 switched medical care, 4 died, 2 moved away, and the others failed to respond to further 

invitations. 

Eriksson et al. 1991

15 % unmotivated, 8 % health-related issues, 6,5 % unknown reasons, and 2,5 % 

dissatisaction with the program.

Hadžiabdić et al. 

2014

6 for time commitment and 3 for medical reasons (arthritis symptoms, back pain, and 

thrombocytosis).

Liao et al. 2002

5 medical reason and 17 subjects refused to attend the annual visits. Mensink et al. 2003

35 unspecified reasons, 4 for acute illness, 3 pregnancies and 2 for unforseen job difficulties. Michelini et al. 2014

14 participants, reasons for withdrawing were family problems, work commitments or ill 

health.

Oldroyd et al. 2006

7 people refused  follow-up, 29 left the area (for work), and 11 died Pan et al. 1997

17 lost to follow-up, 9 unwilligness to continue and 2 died. Ramachandran et 

al. 2006

10 medical reasons, 7 lack of time, 7 lack of motivation, 3 dissatisfaction, 2 unkonown 

reasons, 1 no response, 1 no transportation, and 1 death.

Roumen et al. 2007 

and 2011

40 loss of contact, 20 reason related to the centers (closure of a center etc.), 18 personal 

reasons (moving etc.), and 5 medical reasons. 

Sakane et al. 2011

35 % lack of time, 22 % dissatisfaction with the program/staff, 17 % personal life issues, and 

17 % health limitations. 

Teixeira et al. 2004

9 could not be contacted, 3 withdrew due to severe illness, 1 died, and 27 withdrew for 

personal reasons.

Tuomilehto et al. 

2001
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the participant completed each assessment (Jiang et al. 2016). The attrition rate of this 

study was 43 % at year one. Given the high dropout rates in these studies, it seems 

unlikely that the incentives used biased retention. 

 

In the third article three studies by the same author and same research facility were 

reviewed, and incentives were used in two of these studies (Goode et al. 2016). In the 

first one (SMART trial) participants were compensated for their time at the 

assessments (6, 12, 18, and 24-month), however, the compensation was not specified 

(Burke et al. 2009). In another study (PREFER trial) all subjects received $50 for each 

assessment attended, and a magazine subscription (Burke et al. 2006). Participants 

were also compensated for completing paper-and-pencil instruments and three-day 

food records, and for their time at the appointments (6, 12, 18, and 24-months). The 

compensation in the latter was not specified. With no incentives (SELF trial) the 

dropout rate was 20 % at 18 months (Burke et al. 2015), with monetary and other 

incentives (PREFER trial) the dropout rate was 18 % at 18 months, and with unspecified 

incentives (SMART trial) the dropout rate was 10 % at 24 months. Thus, it seems that 

in these trials incentives decreased attrition.  

 

In conclusion, it is possible that strong incentives affect retention rates, thus further 

complicating the comparison of dropout rates across studies and the analysis of 

predictors of dropout.  

 

2.4.4 Dropout rates and their increase during trial 

The range of dropout in the studies reviewed varied from 4 to 59 %. Dropout rates 

were not directly reported in three articles, however could be concluded from figures 

provided. The average unweighted cumulative attrition rate was 23 % at year one, 

26 % at year two and 35 % at year three.  

 

Dropout is rarely stable over the course trials.  In a two-year weight loss and weight 

maintenance lifestyle intervention the end of trial attrition rate was 51 % (Rothenberg 
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et al. 2015). (This study was left out from the review due to including participants with 

severe comorbidities.) The authors concluded that attrition was greatest between six 

and twelve months, after the transition from a very low-calorie-diet to regular food. 

This is an interesting finding since most lifestyle intervention studies fail to analyze the 

absolute attrition rates at different times during trial and report merely the final 

dropout rate.  

 

The 21 studies included in this review lacked analysis of the absolute dropout rates at 

different times during trial. Only seven studies included specific attrition rates over the 

course of the trials (Table 8). It was found that on average (6/7), attrition was strongest 

during the first year of trial, and the absolute dropout rate declined towards the end of 

the trial. However, in one trial (Absetz et al. 2007) the cumulative rate of attrition at 

year one was 11 % and at year three was 33 %, which might reflect a stable dropout 

throughout the trial. In another study, the absolute dropout was highest in the first 

year, after which there was fluctuation rather than a steady decline (Penn et al. 2009). 

However, no proper conclusion of dropout rate development can be drawn from such 

limited data. 

 

Table 8. Cumulative attrition rates at specific times in 7 of the 21 reviewed studies.   

 

 

 

  

Cumulative attrition rates at specific times during trial Reference

Year 1: 11 %, year 3: 33 %. Absetz et al. 2007

Year 1: 23 %, year 2: 31 %. Bourn et al.  1994

Month 6: 14 %, month 18: 18 %. Goode et al. 2016

Year 1: 25 %, year 2: 27 %. Mensink et al. 2003

Year 1: 21 %, year 2: 31 %. Oldroyd et al. 2006

Year 1: 22 %, year 2: 31 %, year 3: 43 %, year 4: 45 % and year 5: 59 %. Penn et al. 2009

Year 1: 15 %, year 2: 28 %. Roumen et al. 2007
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2.4.5 Association of weight and dropout 

Attendance and completion correlate positively with weight loss outcomes, that is, 

dropouts tend to have poorer outcomes in regards to weight loss and weight 

maintenance (Moroshko et al. 2011). Factors associated with attrition may also predict 

the level of weight maintenance success. According to a review by Elfhag and Rössner 

(2004), successful weight maintenance was associated with more initial weight loss, 

reaching a self-determined weight goal, physically active lifestyle, regular meal rhythm, 

healthier eating, self-monitoring behavior, control of over-eating, internal motivation, 

and social support. In addition, psychological strength and stability, better coping 

strategies and ability handle stress, self-efficacy, autonomy, and responsibility were 

also associated with successful weight maintenance.  

 

As with varying definitions of attrition, one challenge in comparing studies is the 

varying definitions of ‘weight maintenance’. In Elfhag and Rössner’s (2004) review, 

weight maintenance implied an initial weight loss that had been maintained for at 

least six months. In addition to positive predictors, they found that history of weight 

cycling, disinhibited eating and binge eating, higher level of hunger, negative emotions 

and stress-related eating, and passive problem solving were associated with weight 

gain. 

 

Thus, when assessing the success of weight loss and lifestyle interventions, it is 

important to a) analyze both the weight outcomes and the dropout, and b) understand 

that both unsuccessful weight loss/weight maintenance and increased dropout may be 

explained by the same variables and are thus interconnected. 
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2.5 The Health Belief Model 

2.5.1 Background 

The Health Belief Model (HBM) is a widely used psychological approach explaining 

health-related behavior. The HBM was originally developed by Hochbaum (1958) and 

Rosenstock (1960, 1966), and later extended to apply to people’s responses to 

symptoms (Kirscht 1974) and to their behavior in response to diagnosed illness (Becker 

et al. 1974). 

 

The HBM is based on value-expectancy concepts, that is, a) the desire to avoid illness 

or recover from illness (value), and b) the belief that specific actions will prevent or 

ameliorate illness (expectation) (Strecher and Rosenstock 1997). The expectancy is 

further defined as the individual’s estimate of personal susceptibility to illness, severity 

of illness, and the likelihood of being able to decrease threat by personal action.  

 

Starting from 1952 Hochbaum assessed the readiness of more than 1200 adults invited 

to a free-of-charge tuberculosis screening with a mobile X-ray unit and demonstrated 

with considerable accuracy that the probability of a person to be screened was 

strongly associated with the perceived susceptibility and perceived benefits of that 

person (Strecher and Rosenstock 1997). Eighty-two percent of those who had a belief 

in their own susceptibility and a belief that early detection would be beneficial, 

volunteered for at least one scanning. On the other hand, only 21 % of those who 

exhibited neither of these beliefs volunteered for the X-ray.  

 

2.5.2 Elements of the Health Belief Model 

It is now believed that individuals will take action if they; 

1) regard themselves as susceptible to the illness, 

2) believe that serious consequences exist, 

3) believe that certain available actions are beneficial in either reducing their 

susceptibility or severity of illness, and  
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4) believe that barriers of taking action are outweighed by its benefits (Becker et 

al. 1974, Kirscht 1974) 

 

Perceived threat 

Perceived severity refers to the subjective assessment of the severity of the illness and 

its potential medical, clinical and social consequences (Strecher and Rosenstock 1997). 

That is, the model proposes that individuals who consider the illness more severe, are 

more likely to take action to prevent it.  Perceived susceptibility refers to the 

individual’s subjective perception of the risk of getting ill, and includes the acceptance 

of diagnosis, personal estimates of susceptibility and susceptibility to illness in general. 

That is, individuals who perceive themselves as high-risk individuals are more likely to 

take action to prevent it. Altogether perceived severity and perceived susceptibility are 

referred to as perceived threat.  

 

Cost-benefit analysis 

Perceived benefits refer to the beliefs regarding the effectiveness of the available 

actions aimed at reducing the threat of illness (Strecher and Rosenstock 1997). 

Perceived barriers refer to the possible negative aspects of the former action, that is 

the health action itself may be time-consuming, upsetting, difficult, and unpleasant. 

The individual will consciously or un-consciously weight the costs of the action against 

the benefits, and only then decide if any actions are taken.  

 

Cues to action 

Although never studied empirically by Hochbaum, he suggested that the readiness to 

take action could only be potentiated by other factors, cues, such as bodily events or 

by environmental events, such as the media (Janz and Becker 1984). Janz and Becker 

(1984) concluded that these necessary triggers may be internal, such as physiological 

symptoms, or external, such as information, illness of a friend or family member, or a 

health warning label. The intensity of cues needed to produce action varies between 

individuals, and is affected by perceived threat, benefits and barriers.  
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Other variables  

Demographic, sociopsychological and structural variables can affect the individual’s 

perceptions and thus indirectly influence health behavior (Strecher and Rosenstock 

1997). Especially sociodemographic factors, particularly education, are believed to 

influence perceived threat, benefits and barriers, and thus affect the actions taken. 

Self-efficacy was added to the HBM model in 1988. Self-efficacy refers to the 

conviction that one can successfully execute the behavior required to produce the 

outcome. From the elements discussed above a model for assessing health action was 

created (Figure 1).  

 

 

Figure 1. The Health Belief Model for assessing outcome action (modified from Janz 

and Becker 1984). 

 

As an example, let us consider an obese prediabetic individual with moderate self-

efficacy and a family history of T2D. According to the HBM, if this person a) perceives 

their personal threat of T2D to be high, b) believes that a regular meal-rhythm and 

exercising will lead to weight loss and reduced disease risk, and c) believes that the 

benefits of such actions outweigh the barriers, it is likely that they will take actions to 

prevent the disease from emerging. The decision to take action would indicate better 

adherence to program and decreased risk to drop out.   
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2.6 Summary of the literature findings 

Dropout rates vary from 7 to 90 % in weight loss interventions (Moroshko et al. 2011). 

Attrition is inadequately analyzed and inconsistently reported in weight loss and 

lifestyle intervention literature (Miller and Brennan 2015, Moroshko et al. 2011). 

Dropout causes loss of statistical power, weakens the reliability, validity and accuracy 

of the results and recommendations, decreases generalizability of outcomes, and 

wastes resources. In addition, dropout is associated with poorer intervention 

outcomes in weight loss, weight maintenance and lifestyle skills. The phenomenon of 

attrition is important to understand since it is the dropout rather than the study 

completer who will in the long run be the typical patient in the treatment of chronic 

illness (Baekeland and Lundwall 1975). 

 

Two systematic reviews found that lower self-efficacy, greater depression, and lower 

social support were associated with increased attrition (Leung et al. 2017, Moroshko et 

al. 2011). Being younger, having lower education, unhealthy eating habits, less or no 

PA, more previous weight loss attempts, and smoking were associated with increased 

attrition. In addition, lower initial treatment response, higher and unrealistic weight 

loss expectations and greater body dissatisfaction also related to higher dropout risk. 

Being unemployed or having a part-time job, lower SES, being married, and being 

African-American or non-Caucasian were associated with increased attrition in a few 

studies only. Gender showed conflicting results.  

 

In the review of 21 lifestyle interventions, it was found that greater depressive 

symptoms, binge eating and higher number of previous weight loss attempts were 

associated with increased dropout. Younger age, male gender, greater baseline 

BMI/weight, lower initial treatment response or being divorced, separated or widowed 

were also related to increased dropout risk. Lower education, unemployment, 

retirement, and lower income level were associated with increased attrition in single 

studies.  
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3 Objectives 

3.1 Objectives of this study  

The main objective of this study was to analyze if dropout could be predicted using 

easily, objectively and affordably collected variables. Detecting participant features 

associated with dropout is valuable from at least two perspectives: a) potential 

participants in high attrition risk categories may be ruled out of treatment or study, 

and b) more precise tools may be developed in order to decrease withdrawal in all 

participant groups. 

 

Reporting on attrition and analyzing predictors of dropout have only been done in a 

few studies of similar design before. Unlike general weight loss studies, most 

PREVIEW-comparable lifestyle interventions lack dropout analysis. One systematic 

review addressing external validity in diabetes prevention studies found that only four 

out of thirty-one studies included analysis of attrition (Laws et al. 2012). Thus, due to 

these shortcomings, and to add academic knowledge, this thesis focused on attrition. 

Unlike most studies using complete data sets only, this thesis included imputed values 

for the analysis of overall weight maintenance success and dropout. 

 

The data used in this study included the first two years of a three-year intervention 

trial (PREVIEW), and due to this the word ‘completer’ refers to all participants who 

participated at least two years. The variables analyzed in the prediction of dropout 

included socio-demographic variables and weight data, that is, variables which can be 

easily collected and measured in any setting and in any country. In addition to finding 

possible predictive features, the results were compared to other similar studies.  

 

The socio-demographic variables used in this thesis included age, gender, ethnicity, 

country, education, employment and marital status. The clinical variables included 

baseline BMI (and weight), low-energy diet (LED) weight loss percent (WLLED), two-year 

weight loss percent (WL2-YEAR), and diabetes risk score (DRS).  The behavioral variables 
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included previous weight loss attempts, smoking and drinking habits. In addition to 

these, reasons for ending trial were looked into.  

 

The research questions of this thesis were: 

1. Are the examined variables (age, gender, ethnicity, country, education, 

employment status, marital status, baseline BMI (and weight), WLLED, DRS, 

previous weight loss attempts (Y/N), number of previous weight loss attempts, 

number of successful weight loss attempts, smoking, and alcohol consumption) 

found similar across dropouts and completers? 

2. Can dropout be predicted using the variables mentioned above? 

a. How well does the model predict the odds for dropping out? 

b. Which explanatory variables remain in the final model? 

3. Does WL2-YEAR predict dropout? 

4. What are the main reasons for ending trial? 

 

3.2 Hypotheses 

The following hypotheses were based on the findings in literature and were tested in 

the statistical analysis of this thesis. 

 

1. It was hypothesized that the dropouts are more likely younger, men, less educated, 

single, unemployed, of ethnic minority, and smoke more than the completers. It was 

also hypothesized that multiple previous weight loss attempts predict earlier 

withdrawal. 

 

2. It was hypothesized that completers lose more weight during the LED phase and 

maintain their weight more successfully in the weight maintenance phase than the 

dropouts.  
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4 Data and methods 

4.1 Data 

4.1.1 The PREVIEW trial 

The study has been described in detail elsewhere (Fogelholm et al. 2017). In short, the 

PREVIEW trial was a randomized, controlled, multinational lifestyle intervention for 

prediabetic adults conducted over a period of three years through group meetings. 

PREVIEW began with a low-energy diet (LED) phase lasting for eight weeks. A minimum 

of 8 % weight reduction was required for the eligibility for the following 148-week 

weight maintenance phase.  

 

The trial was setup in a 2 x 2 factorial design with two different diets and two different 

exercise regimes resulting in four study groups. The diets included a high-protein 

(25 E%), moderate-carbohydrate (45 E%), low-glycemic index diet (GI < 50) and a 

moderate-protein (15 E%), high-carbohydrate (55 E%), medium-GI diet (GI > 56). The 

exercise regimes used were high intensity (> 6 MET) and moderate intensity (3-6 MET), 

in which MET is the metabolic equivalent of task (energy expenditure compared to 

resting energy expenditure). Block randomization with stratification by gender and age 

group was used for the grouping of participants.  

 

PREVIEW differed from previous studies alike in study population size, internationality, 

design and methods. The objective of PREVIEW was to identify the most effective 

lifestyle (diet and exercise) in the prevention of T2D. The primary endpoint of the 

study was the incidence of the disease.  

 

4.1.2 Data collection and variables 

Participants were recruited via multiple methods, for example, newspaper, radio and 

TV advertisements, and direct contact with healthcare providers (Fogelholm et al. 

2017). Interested individuals were pre-screened in a phone-interview in which 

inclusion and exclusion criteria were queried, including the Finnish Diabetes Risk Score 
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assessment (Silventoinen et al. 2005). Potential participants were given written and 

oral information. Signed informed consent was required prior to laboratory screening 

which included measurements of weight, height, resting blood pressure, 

electrocardiography (for 55-year-olds and older), and an oral glucose tolerance test.  

 

The inclusion criteria used in screening are presented in Table 9. In brief, participants 

eligible for the study were overweight or obese prediabetics between the ages of 25 to 

70 years. Serious existing medical conditions, such as diabetes mellitus, significant 

cardiovascular disease and chronic renal impairment were used as exclusion criteria. 

More specific inclusion and exclusion criteria are described elsewhere (Fogelholm et al. 

2017). 

 

Table 9. The inclusion criteria used for participant screening in the PREVIEW trial. 

 

 

The data analyzed in this thesis comprised of the first two years of the three-year 

intervention, that is, from screening (visit 1) to visit 17 (CID6). Visit 2 (CID1) was 

baseline, and weight data collected at this visit was used as the baseline weight of 

participants. Additional data on ‘last visit attended’ and ‘end of trial reason’ were used 

for the categorizing of the participants. Data was retrieved from Open Clinica’s 

Age 25-70 years

Weight BMI ≥ 25 kg/m²

Prediabetes

The criteria from WHO/IDF (International Diabetes Foundation) for assessing 

prediabetes will be used as the formal inclusion criteria, i.e. having: 

•  Impaired Fasting Glucose: Fasting venous plasma glucose concentration 5.6 - 6.9 

mmol/l or  

•  Impaired Glucose Tolerance: Venous plasma glucose concentration of 7.8 - 11.0 

mmol/l at 2 h after oral administration of 75 g glucose (OGTT), with fasting plasma 

glucose less than 7.0 mmol/l.  

Due to potential between-lab variation (local assessments), HbA1c is not used as 

an inclusion criteria in the screening.   

Informed consent Required

Smoking

Smoking is allowed, provided subjects have not recently (within 1 month) changed 

habits. However, smoking status is monitored throughout the study and used as a 

confounding variable.  

Motivation

Motivation and willingness to be randomized to any of the groups and to do 

his/hers best to follow the given protocol.

Other Able to participate at clinical investigation days (CID) during normal working hours. 
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electronic case report forms and included all eight study sites: Bulgaria, Denmark, 

Finland, the Netherlands, Spain, the United Kingdom, Australia and New Zealand.  

 

The socio-demographic variables analyzed in this thesis included age, gender, 

ethnicity, country, education, employment and marital status. The biological/ 

anthropometrical variables included weight, BMI, DRS, WLLED and WL2-YEAR. Other 

variables included smoking, drinking and previous weight loss attempts. The 

differences in these variables between participant groups were analyzed. In addition, 

the variables were further analyzed as possible explanatory factors in the prediction 

model for dropout. 

 

4.1.3 Study flow 

The intervention was carried out as a fading visit approach, that is, the frequency of 

meetings and supervision gradually declined towards the end of the study (Table 10). 

The purpose of this approach was to accustom the participants back to normal living 

conditions. In the first six months (screening and until week 26) there were 11 visits, 

and in the second half of the first year there were three visits. In the second year there 

were three visits altogether. 

 

Table 10. The number, timing and details of visits in the first two years of the three-

year intervention. 

 

 

Number of visits

Visit No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Time [months] 0 1 2 3 4 5 6 8 10 12 15 18 24

Time [weeks] 0 2 4 6 8 10 12 16 20 26 32 44 52 64 78 104

Prescreening x

Screening x

LED phase x x x x

CID 1 2 3 4 5 6

Weight data x x x x x x x x x x x x x x x x

11                                                          3                   3     
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4.2 Categorizing participants 

Altogether 2326 participants were eligible to enter the LED phase. Of these two 

participants were removed due to lack of screening data (height needed for BMI), 103 

were removed due to lack of baseline weight (weight needed for BMI and weight loss 

percent) and 133 were removed due to missing end of trial information (needed for 

group categorizing). Thus, the total number of participants analyzed in this thesis was 

2088.  

 

4.2.1 Dichotomous outcome status 

In the PREVIEW protocol a completer was officially defined as a participant who 

remains in the trial for the full three-year-intervention period, or who is diagnosed 

with T2D before the end of trial (Fogelholm et al. 2017). Since the data used in this 

thesis comprised of the first two years of the intervention, completers were defined as 

participants who did not end the trial before the two-year mark (visit 17), and those 

who were diagnosed with T2D. Dropouts were defined as participants whose last visit 

was visit 16 or less. Participants whose last visit was less than visit 17 (CID6) and who 

lacked the end of trial information were ruled out of the analysis, as there could be no 

just conclusion on their outcome status. This categorization resulted in a dichotomous 

status of completers and dropouts.  

 

4.2.2 Precise outcome status 

Participants in this study were further divided into LED dropouts (last visit less or equal 

to visit 6), early weight maintenance dropouts (last visit between visits 7 and 11), late 

weight maintenance dropouts (last visit between visits 12 and 16), and completers 

(last visit at least visit 17). This categorization resulted in four outcome categories, that 

is, LED dropouts (LED DO), early weight maintenance dropouts (early WM DO), late 

weight maintenance dropouts (late WM DO), and completers (Figure 2). These specific 

categories enabled a more precise analysis of the participants as the difference 

between the weight loss phase and weight maintenance is rather extreme. 
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Figure 2. Flow chart of the participants analyzed in this thesis. 

 

4.3 Methods 

4.3.1 Statistical analysis 

The statistical analyses were computed with IBM Statistical Package for Social Sciences 

(SPSS, version 24). The normality of all continuous variables was examined using 

normality tests. The distribution of non-normal continuous variables was examined 

using Mann-Whitney U test for the dichotomous outcome status of participants and 

Kruskal-Wallis test for the more precise outcome statuses. The frequency of 

categorical variables across all outcome statuses was examined using Pearson Chi-

Square test. 

 

The prediction model for the dichotomous outcome was carried out with logistic 

regression model. This was done first separately for individual variables after which all 

significant variables were examined together. For the multivariate model, two 

methods were used; 1) the enter method in which all selected variables were forced 

into the model, and 2) the forward stepwise method with likelihood ratio in which only 

significant variables remain in the model. 
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4.3.2 Imputation of missing weight data 

For the analysis of weight maintenance success, missing weight data was imputed. 

Imputation was only carried out for missing weight data at visit 17. Participants 

included in the weight maintenance phase, that is, early WM DOs, late WM DOs and 

completers, were considered here. Five different methods of imputation were used. 

Thus, five different variables for weight loss percent at year two (WL2-YEAR) were 

calculated with weights at the baseline (visit 2) and at visit 17. These new imputation-

based variables reflected the overall weight loss success of the participants. 

 

In baseline observation carried forward (BOCF) the baseline weight (visit 2 weight) was 

imputed for all those who were missing visit 17 weight. In last observation carried 

forward (LOCF), the last observed weight was imputed for all missing visit 17 weights. 

In the two LOCF+ methods, two different weight gains were expected: 1) 0.2 kilos per 

month absent (Teixeira et al. 2004), and 2) 0.3 kilos per month absent (Fabricatore et 

al. 2009).  In these methods, weight gain was calculated by multiplying the kilos 

indicated by the months the participant was absent, and weight at visit 17 was 

calculated as the sum of the participants last observed weight and the weight gain. 

 

The last method was data-based. In this method, the average observed weight loss 

percent (in the maintenance phase) was calculated from existing data for each group 

(early WM DO, late WM DO and completers). The imputed weight was calculated by 

multiplying last observation of any given participant by the group’s average weight loss 

percent.  Thus, five imputation-based variables were created: WL2-YEAR BOCF, WL2-YEAR 

LOCF, WL2-YEAR LOCF+0.2, WL2-YEAR LOCF+0.3, and WL2-YEAR DATA-BASED.  
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5 Results 

5.1 Baseline characteristics  

5.1.1 Participant statuses 

Altogether 2088 participants were included in the analysis. The number of dropouts 

was 918, making the dropout rate 44 % at year two. Eighteen percent of participants 

were LED DOs, 11 % were early WM DOs and 14 % were late WM DOs (Figure 3).  

 

 

Figure 3. Participants according to their outcome status. 

 

5.1.2 Socio-demographic features 

There were some missing values in certain variables, and thus the number of 

respondents (Nvariable) is indicated only if it deviates from 2088. The baseline 

characteristics are presented in tables in Appendix 3.  

 

About two thirds (67 %) of participants were women. The age at the start of trial was 

52 ± 11.5 years (Figure 4) with a range from 25 to 70 years. The gap between the ages 

from 46 to 54 stemmed from the original inclusion criteria. The inclusion criteria for 
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age was from 18 to 45 and from 55 to 70 years for about first two years, after which 

ages from 46 to 54 were also included.  

 

 

Figure 4. The age histogram of the participants. 

 

Most participants were Caucasian (88 %). Participants who identified themselves as 

Pacific Islanders or Polynesian or as both are referred to as Pacific-Polynesian, and 

participants who identified themselves as Maori or Maori and another ethnicity are 

referred to as Maori/Maori-mixed. Besides Caucasians each of the remaining ethnicity 

represented on average 2 % of participants. That is, there were 60 Asian, 47 Pacific-

Polynesian, 44 Maori-Maori-mixed, 41 Hispanic, 37 Black, and 5 Arabic participants. In 

addition, 25 participants were from other diverse and mixed ethnicities, referred to as 

‘other’.  

 

The participants came from eight countries: Denmark (N = 353), New Zealand (N = 

285), Bulgaria (N = 280), Finland (N = 276), Spain (N = 269), the UK (N = 254), the 

Netherlands (N = 202), and Australia (N = 169).  

 

Thirty-eight percent had a university degree, 18 % had higher vocational education, 

19 % had secondary vocational education, 14 % had secondary school, 2 % had 
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primary/junior school, less than 1 % had no formal education, and 4 % had education 

indicated as ‘other’. About three percent were missing, Neducation = 2003. 

 

There were 12 categories for employment status, and only the most significant ones 

are mentioned here. Sixty-one percent were in paid-work, 18 % were wholly retired, 

5 % were unemployed, 4 % were looking after the home, and entrepreneurs, ‘doing 

something else’ and in full-time education each represented 2 %. Less than three 

percent were missing, Nemployment = 2028.  

 

Sixty-one percent of participants were married, 12 % were single (never married), 11 % 

were divorced, 7 % were in civil partnership, 4 % were widowed, 2 % were separated, 

and 2 % were category ‘other’. About two percent were missing, Nmarital status = 2043. 

 

5.1.3 Biometric characteristics  

The biometric variables examined included baseline BMI, baseline weight, height, 

weight loss (kg), WLLED and diabetes risk score (DRS). The baseline characteristics of all 

participants are shown in Table 11. The baseline weight was 100 ± 21.3 kg, height was 

168 ± 9.3 cm, baseline BMI was 35 ± 6.5, weight loss was 11 ± 3.8 kg, WLLED was 11 ± 

3.1 %, and DRS was 16 ± 3.6. The minimum weight loss (minus 5 kg) represented a five-

kilo weight gain in the LED phase and was an example of serious non-adherence to the 

program. Baseline weight, BMI, WLLED and DRS were not normally distributed. 

 

Table 11. Selected baseline characteristics and weight loss in the LED phase. 

 

  

Variables N Min Max Mean SD

Weight [kg] 2088 58 238 100 21.3

Height [cm] 2088 139 198 168 9.3

BMI [kg/m²] 2088 25 77 35 6.5

Weight loss [kg] 1887 -5 25 11 3.8

WLLED [%] 1887 -6 20 11 3.1

Diabetes risk score 2076 4 65 16 3.6
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5.2 Characteristics associated with dropout 

The characteristics statistically significantly associated with dropout were age, baseline 

BMI, WLLED, DRS, ethnicity, country, employment status, education, marital status, 

smoking, alcohol use and WL2-YEAR. Variables that were not statistically significantly 

associated with dropout are not presented. These included gender, three variables 

related to previous weight loss attempts and two variables related to amount of 

alcohol used. All original and modified variables according to both status categories 

(dichotomous and precise) are presented in tables in Appendix 4. 

 

The results of the precise outcome categories (LED DO, early WM DO, late WM DO and 

completer) are not discussed in this thesis. In sum, the distributions of the continuous 

variables were not the same between the precise groups (Kruskal-Wallis test p < 0.001 

for age, baseline BMI and WLLED, and p < 0.05 for DRS). In addition, the frequencies of 

the categorical variables were not the same across the precise groups (Pearson Chi-

Square test p < 0.001 for ethnicity, country, education, marital status, smoking and 

alcohol use, and p < 0.05 for employment status). This indicates that even across 

specific dropout categories there are differences between participants. However, the 

precise categories are not further discussed here as the main focus of this thesis was 

the prediction of dropout as a dichotomous variable (see chapter 5.3). Precise dropout 

categories should be analyzed in more detail in future studies. 

 

5.2.1 Continuous variables 

Age, baseline BMI, weight lossLED and diabetes risk score 

The distribution of age, baseline BMI, WLLED and DRS was not the same across 

completers and dropouts (Mann-Whitney U test p < 0.001 for all others except for DRS 

p < 0.05). Dropouts were statistically significantly younger than the completers (49 ± 

12.2 vs. 54 ± 10.4, p < 0.001), had a higher baseline BMI (37 ± 7.3 vs. 34 ± 5.6, 

p < 0.001), lost less weight in the LED phase (9 ± 3.7 vs. 12 ± 2.3, p < 0.001), and had a 

lower DRS (16 ± 3.3 vs. 16 ± 3.8, p < 0.05) than the completers.  
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Age, baseline BMI, WLLED and DRS were statistically significantly associated with 

dropout in logistic regression. All variables were analyzed in separate models, and the 

results are combined in Table 12. The Nagelkerke R² for dropout prediction varied from 

0.4 % (DRS) to 17.4 % (WLLED), that is, out of the examined four variables the weight 

loss percent achieved in the LED phase was the strongest predictor of dropout.  

 

For every one-percent increase in WLLED, the odds for dropout decreased 24.3 % 

(p < 0.001), that is, the likelihood of dropping out was less the more weight was lost. 

For every one-year increase in age, the odds for dropout decreased 4.1 % (p < 0.001), 

that is, the likelihood of dropping out was lesser the older the participant was. For 

every one-unit increase in baseline BMI, the odds for dropout increased 6.7 % 

(p < 0.001), that is, the likelihood of dropping out was greater with greater baseline 

BMI. And last but not least, for every one-unit increase in DRS, the odds for dropout 

decreased 3 % (p < 0.05), that is, the likelihood of dropout was lower with higher DRS. 

 

Table 12. Explaining dropout with age, baseline BMI, WLLED and DRS in separate logistic 

regression models.  

 

  

Lower Upper

WLLED 0.174  -0.279 0.020 200.094 1 0.000 0.757 0.728 0.787

Age 0.072 -0.042 0.004 109.812 1 0.000 0.959 0.951 0.966

Baseline BMI 0.053 0.065 0.007 76.887 1 0.000 1.067 1.051 1.082

Diabetes risk score 0.004  -0.031 0.013 5.775 1 0.016 0.970 0.946 0.994

Exp(B)
95% C.I.for EXP(B)Nagelkerke 

R²

Variables in the equation, 

analyzed individually
B S.E. Wald df p
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5.2.2 Categorical variables 

Ethnicity, country, employment, education, marital status, smoking and alcohol use 

A few variable modifications were computed: 1) Ethnicity: Due to the fact that most 

participants were Caucasian (1829 vs. 259) and due to similarity in the dropout 

behavior of the other ethnicities, Caucasians were compared to non-Caucasians. 

2) Employment status: Due to the large number of different levels of employment, the 

variable was analyzed according to three groups: in paid work/entrepreneurs, 

partly/wholly retired, and ‘other’. 3) Marital status: Since the majority of participants 

were married (1269 vs. 774) and due to similarity in the dropout behavior of the other 

statuses, married participants were compared to ‘others’.  

 

All variables were analyzed in separate logistic regression models, and the results are 

combined in Table 13. The Nagelkerke R² for predicting dropout varied from 1.0 % 

(ethnicity) to 9.9 % (country). The frequency of none of the variables was the same 

across completers and dropouts (for all variables Pearson Chi-Square test p < 0.001).  

 

Fifty-eight percent of Caucasians and 45 % non-Caucasians were completers, that is, 

more than half of Caucasians were completers and more than half of non-Caucasians 

were dropouts. Compared to Caucasians, non-Caucasians had 68 % higher odds to 

drop out (p < 0.001). 

 

As for variable country, 75 % of Finns, 73 % of Australians, 66 % of Dutch, 56 % of New 

Zealanders, 56 % of Brits, 54 % of Danes, 48 % of Spaniards, and 30 % of Bulgarians 

were completers. In the logistic regression model, participants in Bulgaria had 6.4, in 

Spain 2.9, in Denmark 2.4, in New Zealand 2.2 and in the UK 2.2 times higher odds for 

dropout compared to Australia (all with p < 0.001). Finland and the Netherlands did 

not show any significant difference to Australia.  

 

Fifty-seven percent of participants in paid work/entrepreneurs, 66 % of wholly/partly 

retired and 45 % of category ‘other’ were completers. Compared to participants in paid 
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work/entrepreneurs, participants wholly/partly retired had 32 % lower odds (p < 0.05), 

and ‘others’ had 63 % (p < 0.001) higher odds for dropout.   

 

As for education, for example, 65 % of participants with higher vocational, 58 % with 

university education, 49 % with secondary school and 33 % with no formal education 

were completers. In the logistic regression model, participants with higher vocational 

education had 24 % lower odds, secondary vocational education had 31 % higher odds, 

and secondary school education had 46 % higher odds for dropout compared to 

university education (all with p < 0.05). The other education levels did not show 

statistically significant difference to university education. 

 

Sixty-one percent of married participants and 48 % of participants not married were 

completers. Compared to married participants, the ‘others’ had 71 % higher odds for 

dropout (p < 0.001). 

 

Fifty-nine percent of non-smokers, 50 % of participants who smoke less than weekly 

and 35 % of participants who smoke at least daily were completers. Compared to non-

smokers, participants smoking at least daily had 2.6 times higher odds for dropout 

(p < 0.001). Less than weekly smokers showed no difference to non-smokers.  

 

Sixty percent of participants who use alcohol and 48 % of abstinent participants were 

completers. Compared to participants who reported not to use alcohol, alcohol users 

had 38 % lower odds for dropout (p < 0.001). That is, according to this data smokers 

and non-drinkers were more likely to drop out. 
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Table 13. Explaining dropout with ethnicity, country, employment, education, marital 

status, smoking and use of alcohol in separate logistic regression models. 

 

 

 

  

95% C.I.for EXP(B)

Lower Upper

Ethnicity (Non-Caucasian) 0.010 0.517 0.134 14.957 1 0.000 1.677 1.290 2.178

Country (base = Australia) 0.099 144.438 7 0.000

Bulgaria 1.861 0.217 73.224 1 0.000 6.430 4.198 9.847

Denmark 0.860 0.204 17.757 1 0.000 2.364 1.584 3.527

Finland -0.104 0.223 0.219 1 0.640 0.901 0.582 1.395

New Zealand 0.781 0.211 13.703 1 0.000 2.184 1.444 3.302

Spain 1.081 0.213 25.847 1 0.000 2.946 1.943 4.469

The Netherlands 0.335 0.229 2.143 1 0.143 1.398 0.893 2.191

The United Kingdom 0.792 0.215 13.577 1 0.000 2.208 1.449 3.366

Employment status (base = 

In paid work…)

0.022 32.485 2 0.000

Wholly/partly retired  -0.385 0.122 10.034 1 0.002 0.680 0.536 0.863

Other 0.489 0.123 15.817 1 0.000 1.631 1.282 2.075

Education (base = Univ…) 0.017 25.079 6 0.000

Higher vocational educ. -0.279 0.129 4.679 1 0.031 0.757 0.588 0.974

Secondary vocational educ. 0.267 0.123 4.695 1 0.030 1.306 1.026 1.664

Secondary school 0.377 0.136 7.703 1 0.006 1.458 1.117 1.903

Primary/Junior school 0.133 0.296 0.200 1 0.654 1.142 0.639 2.040

No formal education 1.030 0.869 1.406 1 0.236 2.802 0.510 15.390

Other 0.314 0.229 1.884 1 0.170 1.369 0.874 2.142

Marital status (Other) 0.022 0.538 0.092 34.041 1 0.000 1.712 1.429 2.051

Smoking (base = No) 0.027 40.406 2 0.000

Yes, but less than weekly 0.361 0.244 2.189 1 0.139 1.434 0.889 2.313

Yes, at least daily 0.961 0.153 39.211 1 0.000 2.613 1.935 3.530

Drink alcohol (Yes) 0.016   -0.479 0.095 25.421 1 0.000 0.619 0.514 0.746

Variables in the equation, 

analyzed individually
B Exp(B)p

Nagelkerke 

R² 
S.E. Wald df
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5.2.3 Imputed variables 

Only the logistic regression model for imputation-based variables is considered in this 

section. Results of the WL2-YEAR variables according to different statuses can be found 

in Appendix 4. All variables generated from imputed weight data were analyzed 

separately and the results are combined in Table 14. For more information on the 

imputation methods see chapter 4.3.2. The number of participants analyzed here was 

NWL 2-YEAR = 1705. 

 

With LOCF (WL2-YEAR LOCF) and the data-based (WL2-YEAR DATA-BASED) methods, it seemed 

that participants who lost more weight had higher odds to drop out (42 % and 57 %, 

respectively, both with p < 0.001). These imputation methods cannot be considered 

just and logical as both overestimate the weight maintenance success of dropouts. 

Typically, after an energy-restricted-diet weight tends to increase with time. Since the 

participation of dropouts is cut short, their last observed weight seems lower than that 

of the completers. The interpretation of the data-based method is the same, as it is 

merely a modification of the LOCF method. In conclusion, these methods overestimate 

the weight maintenance success of dropouts, and thus, these results have to be 

interpreted with extreme caution.   

 

As for the BOCF (WL2-YEAR BOCF), the results relate to the findings of baseline BMI. As 

greater baseline BMI predicted increased odds for dropout, so does lower WL2-YEAR BOCF.  

The more weight a participant lost the less likely they were to drop out. The odds for 

dropout decreased 27 % (p < 0.001) for every one percent increase in weight lost. 

 

According to both LOCF+ methods (WL2-YEAR LOCF+0.2 and WL2-YEAR LOCF+0.3), the less weight 

a participant lost the more likely they were to drop out. Since these methods might be 

closer to real life weight development, the results could be considered more reliable 

than the first two methods discussed. According to ‘LOCF+ 0.2 kg/month absent’ 

method, for every one-percent increase in weight loss the odds for dropout decreased 
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3.2 % (p < 0.001). According to ‘LOCF+ 0.3 kg/month absent’ method, for every one-

percent increase in weight loss the odds for dropout decreased 6.9 % (p < 0.001). 

 

Table 14. Explaining dropout with five imputed WL2-YEAR variables in separate logistic 

regression models. 

 

 

In sum, according to two imputation methods the more weight a participant lost the 

more likely they were to drop out, and according to three imputation methods the 

more weight a participant lost the less likely they were to drop out. Due to the fact 

that these conclusions are drawn from fabricated data the results must be considered 

cautiously. In addition, note that none of the WL2-YEAR variables are considered in the 

multivariate logistic model as they are not based on measured data. 

 

  

Lower Upper

WL2-YEAR LOCF 0.021 0.041 0.008 25.067 1 0.000 1.042 1.026 1.059

WL2-YEAR DATA-BASED 0.027 0.056 0.010 32.027 1 0.000 1.057 1.037 1.078

WL2-YEAR BOCF 0.332 -0.311 0.021 216.784 1 0.000 0.733 0.703 0.764

WL2-YEAR LOCF+0.2 0.013 -0.033 0.009 14.946 1 0.000 0.968 0.952 0.984

WL2-YEAR LOCF+0.3 0.057 -0.072 0.009 63.123 1 0.000 0.931 0.914 0.947

WaldS.E.
Nagelkerke 

R² 
Exp(B)

95% C.I.for EXP(B)
df p

Variables in the equation, 

analyzed individually
B
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5.2.4 Reasons for ending trial 

The reasons for ending trial are presented in Figure 5 (NEnd reason = 1798). Besides trial 

completion (34 %), the most common reasons for ending trial included withdrawal for 

personal reasons (22 %), lost-to-follow up (11 %), other reasons (9 %), significant non-

compliance with the protocol (5 %) and diagnosis of T2D (3 %). The most common 

reasons in category other were not achieving the required 8 % weight loss, time 

restrains, medical reasons, moving from the area and pregnancy. 

 

 

Figure 5. The reasons for ending trial. 
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5.2.5 Summary of the single explanatory variable models 

In conclusion, dropouts were younger, had a higher baseline BMI, lost less weight in 

the LED phase, had a lower diabetes risk score, were more likely to be non-Caucasian, 

daily smokers and abstinent from alcohol. Compared to Australians, Bulgarians, Danes, 

Spaniards, New Zealanders and Brits were more likely to drop out, and there was no 

significant difference between Australians and Finns, and Australians and Dutch.  

 

As for the employment status, compared to participants in paid work/entrepreneurs, 

participants wholly/partly retired were less likely, and participants with employment 

status ‘other’ were more likely to drop out. Compared to married participants, 

participants not married were more likely to drop out. In addition, compared to 

university education, participants with higher vocational education were less likely to 

drop out and participants with secondary vocational education or secondary school 

education were more likely to drop out. 

 

The most common reasons for ending trial prematurely were withdrawal for personal 

reasons, lost-to-follow up and significant non-compliance with the study protocol. 

Reasons identified as ‘other’ included not achieving the required weight loss, time 

restrains, medical reasons, moving from the area and pregnancy.  
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5.3 Prediction model for dropout 

Dropout can be predicted with five variables 

The final model computed with forward likelihood ratio method resulted in a model 

including five predictive variables: age, baseline BMI, WLLED, country and education 

(Table 15). All these explanatory variables were statistically significant even though 

some of the individual dummy variables in education were not significant. 

 

The Nagelkerke R² for predicting dropout with age, baseline BMI, WLLED, country and 

education was 29 %. For every one-unit increase in age the odds for dropout 

decreased 3 %, in baseline BMI increased 4.5 %, and in WLLED decreased 25 % (for all 

p < 0.001). Compared to Australia, the odds for participants to drop out were higher in 

other countries: Finland and New Zealand 1.8 times (p < 0.05), the Netherlands 2.0 

times (p < 0.05), Bulgaria 3.1 times (p < 0.001), the UK 3.3 times (p < 0.001), Spain 4.7 

times (p < 0.001), and Denmark 4.9 times (p < 0.001). Compared to university 

education, participants with secondary vocational education or secondary school had 

44 % (p < 0.05) and participants with education ‘other’ had 87 % (p < 0.05) higher odds 

to drop out. 

 

Table 15. The final logistic regression model in which dropout is predicted using age, 

baseline BMI, WLLED, country and education. 

 

Lower Upper

Age -0.030 0.005 32.192 1 0.000 0.970 0.960 0.981

Baseline BMI 0.044 0.010 20.913 1 0.000 1.045 1.025 1.064

WLLCD -0.288 0.023 151.772 1 0.000 0.750 0.716 0.785

Country Base = Australia 69.688 7 0.000

Bulgaria 1.136 0.282 16.238 1 0.000 3.115 1.792 5.413

Denmark 1.586 0.268 34.877 1 0.000 4.883 2.885 8.264

Finland 0.592 0.285 4.304 1 0.038 1.807 1.033 3.161

New Zealand 0.607 0.273 4.931 1 0.026 1.835 1.074 3.135

Spain 1.537 0.276 31.111 1 0.000 4.652 2.710 7.984

The Netherlands 0.676 0.308 4.800 1 0.028 1.965 1.074 3.597

The United Kingdom 1.207 0.282 18.269 1 0.000 3.343 1.922 5.813

Education Base = University education 16.941 6 0.010

Higher vocational education -0.124 0.166 0.561 1 0.454 0.883 0.638 1.222

Secondary vocational education 0.368 0.161 5.216 1 0.022 1.444 1.054 1.980

Secondary school 0.367 0.173 4.510 1 0.034 1.444 1.029 2.026

Primary/Junior school 0.279 0.361 0.599 1 0.439 1.322 0.652 2.680

No formal education 1.386 1.004 1.905 1 0.168 4.001 0.559 28.652

Other 0.627 0.285 4.841 1 0.028 1.871 1.071 3.270

Variables in the Equation
B S.E. Wald df p Exp(B)

95% C.I.for EXP(B)
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Compared to the individual analyses of the explanatory variables in the previous 

sections, the coefficients were generally similar. Variables age, baseline BMI, and WLLED 

each had the same sign in the B coefficient and were of similar magnitude.  

 

Considering the explanatory variable country, all but one country retained the sign in 

the B coefficient compared to having country as the single explanatory variable. The 

sign for B for Finland changed from negative to positive and become significant. In 

addition, the Netherlands changed from being insignificant to significant. Thus, all 

countries compared to Australia were significant in predicting dropout in this final 

multivariate model. The odds for dropout changed most dramatically for Bulgaria 

(from 6.4 to 3.1), Denmark (from 2.4 to 4.9), and Finland (from 0.9 to 1.8). These 

changes show that considering multiple explanatory variables in the regression model 

is important as it changes the interpretation of the individual explanatory variables.  

 

Variable education did not show significant difference compared to having it as the 

single explanatory variable in the model. All the B coefficients retained their sign and 

were approximately of similar magnitude. Higher vocational education lost its 

significance, and thus compared to university education showed no difference in 

regards to dropout in the final model. Education ‘other’ become significant, thus 

showing a difference compared to university education. Hence, the interpretation of 

education in the multivariate model can be considered more logical than the 

interpretation of the single explanatory model in which none of the lowest education 

levels (primary/junior school, no formal education, and ‘other’) showed difference to 

university degree but the second highest education did.  

 

A prediction model for dropout with a forced enter method is not discussed here due 

to its method and is only presented in Appendix 5.   
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5.4 Country analysis 

Due to the changes observed in the interpretation of country variable between the 

single and multivariate models, and due to great differences in the odds ratios 

between countries in the multivariate model (Table 16), a more thorough analysis was 

executed and is presented in this section. 

 

First, between the models (single versus multivariate model) can the other significant 

variables, i.e., age, baseline BMI, WLLED and education, explain the rather great 

changes observed in the odds ratios for Bulgaria, Denmark and Finland? 

 

Second, in the final multivariate model, can cumulative disadvantageous features of 

the other variables, i.e., ethnicity, employment, marital status, DRS, smoking and 

alcohol use, explain the highest dropout odds (Denmark, Spain, the UK and Bulgaria)?  

 

Table 16. Country coefficients in the single and multivariate model. 

 

 

5.4.1 What explains the changes in dropout odds?  

Since the dropout odds for Bulgarians more than halved (from 6.4 to 3.1), and for 

Danes and Finns more than doubled (from 2.4 to 4.9 and from 0.9 to 1.8) these 

countries were looked into more precisely. Only the significant variables, that is, age, 

baseline BMI, WLLED and education, are presented as the remained in the final model.  

 

B p Exp(B) B p Exp(B)

Base = Australia 0.000 0.000
Bulgaria 1.861 0.000 6.430 1.136 0.000 3.115
Denmark 0.860 0.000 2.364 1.586 0.000 4.883
Finland -0.104 0.640 0.901 0.592 0.038 1.807
New Zealand 0.781 0.000 2.184 0.607 0.026 1.835
Spain 1.081 0.000 2.946 1.537 0.000 4.652
The Netherlands 0.335 0.143 1.398 0.676 0.028 1.965
The United Kingdom 0.792 0.000 2.208 1.207 0.000 3.343

Country in the multivariate 

model

Country in the single 

explanatory variable model
Variables in the equation
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The means and standard deviations of age, baseline BMI and WLLED according to 

country are presented in Table 17. The distributions of the variables were not the same 

across countries (for all Kruskal-Wallis test p < 0.001).  

 

According to the model, younger age increased the odds for dropout. Bulgarians were 

younger than any other nation (p < 0.001) except for Spaniards and New Zealanders. 

This partly explains the decrease in their dropout odds (from 6.4 to 3.1). Danes were 

statistically significantly older than Spaniards, Bulgarians and New Zealanders. Finns 

were older than any other nationality (p < 0.001) except for the Dutch to whom there 

was no statistical difference. Older age of Danes and Finns partly explains the increase 

in their dropout odds (from 2.4 to 4.9) and (from 0.9 to 1.8) moving from the single to 

the multivariate model.  

 

Higher baseline BMI increased risk for dropping out. Bulgarians had statistically higher 

baseline BMI than Finns, Dutch, Spaniards and Danes, partly explaining the more than 

halving of their dropout odds in the multivariate model. Danes had statistically lower 

baseline BMI only compared to Bulgarians and New Zealanders, and no difference to 

Australians, Spaniards or Brits. On its own this does not explain the increase in their 

dropout odds. Finns had the second lowest baseline BMI with the Dutch having the 

lowest and with no significant difference to the Spaniards. Low baseline BMI partly 

explains the increase in dropout odds for Finns.   

 

WLLED had the strongest effect on dropout with one-unit increase decreasing dropout 

odds by 25 % in the multivariate model. Bulgarians had the lowest WLLED compared to 

any other nationality (p < 0.001) and this variable may on its own explain the halving of 

their dropout odds between the models. Danes had the second highest WLLED and thus 

this might explain the increase in their dropout odds. Finns had higher weight loss only 

compared to Bulgarians and Dutch, that is, this would not on its own explain the 

increase in the dropout odds for Finns.  

 



48 
 

Table 17. Mean and standard deviation of age according to country. 

 

  

The frequency of different educations across countries is presented in Table 18. The 

frequencies were not the same across countries (Pearson Chi-Square test p < 0.001). 

Compared to university education, the odds for dropping was higher for participants 

with secondary vocational, secondary school and ‘other’ education in the multivariate 

model.  

 

Bulgaria had more university educated participants than any other country except 

Australia, and thus an increase in their dropout odds would have be expected when 

moving from the single explanatory variable model to the multivariate model. 

However, as the opposite occurred, education does not explain the change in the odds 

ratio for Bulgaria. In contrast, Denmark had the lowest level of university educated 

participants compared to any other country except to the UK and the Netherlands, and 

thus a decrease in their dropout odds would have be expected. Again however, as the 

opposite occurred, education cannot explain the change in the odds ratios for Danes. 

The percentage of university educated Finns equaled the average of all participants, 

and thus the increase in their dropout odds is not explained by education. In the 

multivariate model the significance of education as a whole was lower than that of the 

other explanatory variables (p < 0.05 versus p < 0.001), hence it does not have equal 

power to explain the changes observed in the odds ratios. 

 

  

Mean SD Mean SD Mean SD

Australia 169 53 10.5 36 6.8 152 11 2.6

Bulgaria 280 47 11.9 37 8.3 237 7 3.5

Denmark 353 54 10.7 35 5.2 344 12 2.5

Finland 276 58 9.0 33 4.6 260 12 2.1

New Zealand 285 47 11.3 39 7.5 246 11 2.7

Spain 269 47 10.3 34 6.2 244 12 2.7

The Netherlands 202 57 10.0 32 4.1 187 11 3.1

The United 254 52 12.1 35 5.7 217 12 3.0

Total 2088 52 11.5 35 6.5 1887 11 3.1

* for age and baseline BMI

** for WLLED

Baseline BMI [kg/m²]Age [y]Country
N*

WLLED [%]
N**
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Table 18. Education levels percentagewise according to country. 

 

 

In sum, age partly explained the changes in the odds ratios between the models for 

Bulgarians, Danes and Finns. Baseline BMI partly explained only the changes for Finns 

and Bulgarians, but not for Danes. WLLED might on its own have explained the changes 

observed for Bulgarians, and partly for Danes, however, could not account for the 

changes observed for Finns. Education could not explain any of the changes observed 

in the odds ratios, as the directions of the changes were opposite to what occurred. 

 

5.4.2 What explains the highest dropout odds? 

The possible cumulation of disadvantageous features in ethnicity, employment, marital 

status, DRS, smoking and alcohol use are presented in this section (Tables 19 and 20). 

Age, baseline BMI, WLLED and education remained in the final model and thus their 

confounding effect was accounted for. Thus, they are not analyzed in this section.  

 

The frequency of ethnicity, employment, marital status, smoking and alcohol use was 

not the same (for all Pearson Chi-Square test p < 0.001), and the distribution of DRS 

was not the same (Kruskal-Wallis test p < 0.001) across countries. The analysis in this 

section emphasizes the highest odds for dropout, that is, Denmark (4.9), Spain (4.7), 

the UK (3.3) and Bulgaria (3.1).  

 

The odds for dropping was higher for non-Caucasians. The percentage of non-

Caucasians might partly explain the odds for the UK and Spain but certainly not for 

Denmark and Bulgaria. Also, it is noteworthy that almost half of the participants from 

New Zealand were non-Caucasians, however, the odds for New Zealanders to drop out 

were one of the lowest (1.8). 

Education

Australia Bulgaria Denmark Finland

New 

Zealand Spain

The 

Netherlands

The United 

Kingdom Total

University education 59 65 20 39 49 38 17 30 39

Higher vocational education 20 6 22 18 14 14 32 31 19

Secondary vocational education 4 20 36 30 8 21 22 8 20

Secondary school 15 7 6 10 24 19 12 29 15

Primary/Junior school 0 1 5 2 0 5 6 0 2

No formal education 0 0 1 0 1 0 0 0 0

Other 2 1 11 1 3 2 12 2 4

Total 100 100 100 100 100 100 100 100 100
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Compared to working or retired, participants with employment status ‘other’ were 

more likely to drop out. The share of ‘others’ might partly explain the dropout odds for 

Bulgaria and Spain, however, is unlikely to explain that of Denmark and the UK. Again, 

it is noteworthy that the highest percentage of ‘others’ was observed in the 

Netherlands, which had one of the lowest (2.0) dropout odds. 

 

The odds for dropping out was higher for participants who were not married. The 

higher percentage of participants not married might partly explain the odds for 

Bulgaria and Denmark. However, this did not seem to be the case for Spain and the UK. 

 

Smoking at least daily increased the odds for dropping out. The percentage of non-

smokers was about or above 90 % for all other countries except for Bulgaria and Spain. 

Thus, this might partly explain their dropout odds, however, it does not explain the 

odds for Denmark and the UK.  

 

Abstaining from alcohol increased the odds for dropout. Spain and Bulgaria had the 

highest number of non-alcohol users, 58 % and 42 % respectively, which might partly 

explain their higher odds for dropout. However, Denmark and the UK had lower than 

average number of non-alcohol users, which does not explain their dropout odds. 
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Table 19. Ethnicity, employment status, marital status, smoking and alcohol use 

percentagewise according to country. 

 

 

The mean DRS according to country is presented in Table 20. Lower DRS increased the 

odds to drop out. Brits had lower DRS than any other nationality except for the New 

Zealanders, which might partly explain their dropout odds. DRS did not explain the 

dropout odds for Bulgaria, Spain and Denmark as their DRS was close to the average. In 

the pairwise comparison, these countries showed no difference to three other 

countries. Again, it is noteworthy that the Dutch had the lowest DRS, however, they 

had one the lowest dropout odds (2.0).  

 

Table 20. Means and standard deviations of DRSs according to country. 

 

Variables Australia Bulgaria Denmark Finland

New 

Zealand Spain

The 

Netherlands

The United 

Kingdom Total

Caucasian 83 100 98 100 54 85 99 81 88

Non-Caucasian 17 0 2 0 46 15 1 19 12

Total 100 100 100 100 100 100 100 100 100

In paid work/entrepreneur 69 65 67 54 79 70 44 64 65

Wholly/partly retired 19 15 22 36 5 8 26 21 19

Other 11 20 11 10 16 21 31 15 17

Total 100 100 100 100 100 100 100 100 100

Married 66 55 53 67 62 66 74 61 62

Other 34 45 47 33 38 34 26 39 38

Total 100 100 100 100 100 100 100 100 100

No 96 66 89 89 91 82 91 94 87

Yes, but less than weekly 2 2 5 5 2 6 4 1 3

Yes, at least daily 2 32 7 7 7 12 4 5 10

Total 100 100 100 100 100 100 100 100 100

No 25 42 25 19 36 58 24 26 32

Yes 75 58 75 81 64 42 76 74 68

Total 100 100 100 100 100 100 100 100 100
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Country N Mean SD

Australia 169 17.5 3.4

Bulgaria 269 15.7 2.2

Denmark 353 16.1 3.2

Finland 276 18.1 4.2

Spain 285 15.2 2.8

New Zealand 269 16.6 3.3

The Netherlands 201 11.5 3.4

The United Kingdom 254 14.9 2.3

Total 2076 15.8 3.6
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In sum, there was little evidence that the variables analyzed here explain the higher 

dropout odds for Denmark, Spain, the UK and Bulgaria. The share of non-Caucasians 

and having lower DRS might have explained some small part of the odds (3.3) for Brits. 

The percentage of non-Caucasians, lower DRS, higher number of smokers, lower 

number of non-alcohol users and having employment status ‘other’ might have partly 

explained the higher dropout odds (4.7) for Spaniards. And smoking, employment 

status, marital status, alcohol use and DRS might have partly explained the higher 

dropout odds (3.1) for Bulgarians. However, the highest odds for dropping out, 4.9 for 

Danes, cannot be explained with these variables as the only ‘disadvantage’ was seen in 

marital status.  This analysis goes to show that there is much more to be investigated 

for a better understanding of the differences in dropout across countries. 

 

5.5 Recommendations for further studies  

The country samples in this study were not entirely comparable. The characteristics of 

the samples, be it age, education, marital status etc., were a) not evenly reflective of 

the populations of the individual countries, and b) not the same between countries. 

That is, there is a possibility that the country samples were either cumulated with 

beneficial characteristics associated with increased retention or disadvantageous 

characteristics associated with higher dropout. However, the statistical methods used 

in the analysis took into account the effects of multiple explanatory variables, and as 

such the study of significance of the other explanatory variables not included in the 

final model was analyzed. These variables would have been included in the final model 

had they provided significant explanatory power; however, it is known that in stepwise 

modelling the resulting model depends on the order in which the individual 

explanatory variables are included to and removed from the model. Thus, there 

remains some uncertainty in the final model resulting from the stepwise procedure. 

 

The differences observed between countries in age, education, baseline BMI and WLLED 

were accounted for in the final multivariate model as they remained statistically 

significant and were thus included in the model. The possible cumulative effects of the 
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other variables, not significant enough to be incorporated in the regression model, was 

also analyzed. However, this analysis showed no clear explanation to the differences 

observed in the odds for dropping out between countries. This suggests that further 

analysis of participants, countries and sites is warranted.   

 

As comparing countries, sites or staff was not the main focus of this thesis, no in-depth 

analysis of these areas was carried out. However, as Baekeland and Lundwall wrote in 

1975, dropping out results from three vectors: 1) participant, 2) treatment personnel, 

and 3) environmental variables. Thus, truly understanding the phenomenon of dropout 

would require the analysis of all three vectors (see chapter 2.2.3). Further analysis 

should include the study of a) the cumulation of other disadvantageous features 

affecting dropout, b) psychological, social and behavioral variables of the participants, 

c) cultural differences between countries, d) other environmental factors, and e) 

paradata on sites and staff. Here paradata refers to, for example, data on flow and 

means of recruitment, accessibility of study site, number of participants per staff, and 

socio-demographic and behavioral variable of staffs, such as age, education, attitudinal 

issues and preciseness of following protocol.  
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6 Discussion 

6.1 Findings versus literature 

6.1.1 Five variables predict dropout 

Age, baseline BMI, WLLED, country and education could be used for predicting dropout, 

as these explanatory variables remained significant in the final multivariate model. The 

Nagelkerke R² for predicting dropout with these variables was 29 %. The reference of 

this section includes the 21 studies found to be comparable to data used in this thesis 

(see chapter 2.4), and the pooled results of two systematic reviews (Leung et al. 2017, 

Moroshko et al. 2011).   

 

In this thesis younger age predicted dropout. This is in line with the results of four 

similar studies (Andersson and Rössner 1997, Goode et al. 2016, Jiang et al. 2016, 

Fabricatore et al. 2009) and with 43 % of the pooled systematic reviews (Leung et al. 

2017, Moroshko et al. 2011). On the other hand, half of the pooled studies found no 

association between age and dropping out, and two studies found that older age 

predicted dropout. According to this cumulative evidence it seems likely that a) either 

age does not predict dropout, or b) younger age does but only in certain samples. 

Confounding factors, participant recruitment regime, study design and data analysis 

might affect the inconsistency seen in the results.   

 

In this thesis higher baseline BMI increased the odds to drop out. Higher baseline 

BMI/weight was also associated with attrition in six similar studies (Absetz et al. 2007, 

Goode et al. 2016, Hadžiabdić et al. 2014, Roumen et al. 2007, Roumen et al. 2011, 

Teixeira et al. 2004) and in 23 % of the pooled systematic reviews (Leung et al. 2017, 

Moroshko et al. 2011). On the other hand, most studies (67 %) in the pooled analysis 

found no association between baseline BMI/weight and dropping out, and 11 % found 

that lower baseline BMI was associated with dropout. Thus, it is still unclear if baseline 

BMI can be used universally as a dropout predictor. According to the results of this 

study and others, it seems that baseline BMI might predict dropout in at least studies 

in which BMI is an issue, that is, in weight loss and lifestyle interventions aimed at 
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overweight and obese individuals. Again, there are a lot of confounding factors, such 

as age, SES, and study design.  

 

An increase in WLLED was found to be associated with decreased odds to drop out. 

Lower initial weight loss or treatment response was also associated with dropout in 

the study of Fabricatore et al. (2009) and in 88 % of the pooled reviews (Leung et al. 

2017, Moroshko et al. 2011). Only one study in the systematic review by Moroshko et 

al. (2011) found that there was no association between the variables. Thus, there 

seems to be very convincing cumulative evidence that lower initial weight loss or 

poorer early treatment response does in fact predict increased dropout. 

 

Some of the lower level educations were associated with increased odds for dropout, 

which is in line with two reviewed studies (Goode et al. 2016, Hadžiabdić et al. 2014) 

and with 29 % of the of the pooled reviews (Leung et al. 2017, Moroshko et al. 2011). 

However, most studies (71 %) found no association between education and dropout 

(Leung et al. 2017, Moroshko et al. 2011). According to this, lower education may 

predict dropout in certain settings only, and more investigation into education and 

other socio-economic variables is warranted. Education level is the most important 

socio-economic status indicator, as it is not prone to change unlike job titles and 

salaries. The share of individual SES classes and the magnitude of difference between 

the classes vary greatly across countries. Thus, certain countries are not comparable to 

one another as they reflect very differently constructed societies. The predictive power 

of such a variable might be difficult to assess.  

 

According to the present study, compared to Australians, dropping out was more likely 

in ascending order for Finns, New Zealanders, Dutch, Bulgarians, Brits, Spaniards and 

Danes. Leung et al. (2017) and Moroshko et al. (2011) did not report on country 

differences and none of the comparable studies reviewed in this thesis included 

country comparison. Most weight loss and lifestyle intervention studies are conducted 

on a national level, and thus comparable studies for this section could not be found. 
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6.1.2 Reasons for ending trial 

Besides trial completion, the most common reasons for ending trial included 

withdrawal for personal reasons, lost-to-follow up, ‘other’ reasons, significant non-

compliance with the protocol and diagnosis of T2D. The most common reasons in 

category ‘other’ were not achieving the required 8 % weight loss, time restrains, 

medical reasons and moving from the area.  

 

Personal reasons were also reported to be common in the studies of Andersson and 

Rössner (1997), Sakane et al. (2011), Teixeira et al. (2004) and Tuomilehto et al. (2001). 

Eriksson et al. (1991), Ramachandran et al. (2006), Sakane et al. (2011) and Tuomilehto 

et al. (2001) mentioned loss of contact as one of the most common reasons. Refusal to 

attend (Andersson and Rössner 1997, Mensink et al. 2003, Pan et al. 1997, 

Ramachandran et al. 2006), and unknown reasons (Andersson and Rössner 1997, 

Hadžiabdić et al. 2014, Michelini et al. 2014, Roumen et al. 2007 and 2011) were 

mentioned in four studies.   

 

As in this study, medical reasons were found to be a very common reason for ending 

trial in other studies. Ten out of thirteen studies reported on medical reasons (Eriksson 

et al. 1991, Hadžiabdić et al. 2014, Liao et al. 2002, Mensink et al. 2003, Michelini et al. 

2014, Oldroyd et al. 2006, Roumen et al. 2007, Sakane et al. 2011, Teixeira et al. 2004, 

Tuomilehto et al. 2001). 

 

Lack of time was mentioned in two (Roumen et al. 2007 and 2011, Teixeira et al. 2004) 

and moving from the area in four of the comparable studies (Andersson and Rössner 

1997, Eriksson et al. 1991, Pan et al. 1997, Sakane et al. 2011). 

 

That is, the reasons for ending trial prematurely in the PREVIEW trial seem to be in line 

with earlier studies. 
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6.2 Hypotheses versus results 

The first hypotheses stated that ‘dropouts are more likely younger, men, less 

educated, single, unemployed, of ethnic minority, and smoke more than the 

completers’. It was also hypothesized that multiple previous weight loss attempts 

would predict earlier withdrawal. The second hypotheses stated that ‘completers lose 

more weight during the low-energy diet phase and maintain their weight more 

successfully in the weight maintenance phase than the dropouts’. 

 

In the single explanatory variable model dropouts were more likely to be younger, to 

some level less educated, not married, unemployed (rather than working or retired), 

non-Caucasian (in most of the countries studied this is equal to ethnic minority), and 

daily smokers. However, no association between gender and previous weight loss 

attempts and dropping out was found. Losing less weight in the dieting phase also 

predicted dropout. According to imputed weight data, it seemed that the less success 

participants had in maintaining their reduced weight the more likely they were to drop 

out. In the multivariate model younger age, higher baseline BMI, lower education and 

poorer weight loss during LED predicted dropout. 

 

In conclusion, to most parts the hypotheses were proven valid. 

 

6.3 Justification and limitation of studied variables 

The limitations of this study include the lack of investigation of psychological and social 

variables. In addition, out of behavioral variables, only previous dieting, smoking and 

alcohol use were analyzed. That is, some data collected in PREVIEW, such as quality of 

life, perceived stress, mood, self-efficacy, outcome expectation, motives, food and 

physical inactivity temptations, and social support for diet and exercise, were not 

analyzed. This was due to three main reasons: 1) One research center in the study 

group (Stuttgart, Germany) is assigned to analyze psychological and behavioral 

features due to their specific expertise, 2) limited economic and time resources of this 

thesis work, and 3) due to justification of selected variables in the following. 
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The justification of analyzing mostly socio-demographic and weight variables was that 

this data could be collected rather easily, objectively and affordably. For the collection 

and analysis of the variables in this thesis, there was no need for expensive equipment, 

laboratory testing, highly trained staff or professional pre-analysis. That is, these types 

of variables can be collected in almost any setting, and in any country. Since obesity 

and obesity-related diseases are increasing worldwide, a set of affordably, objectively 

and easily collectable and analyzable variables predictive of dropout in lifestyle 

interventions is needed. However, variables that require self-reporting, for example, 

education, smoking and alcohol use, are always subject to untruthful reporting and 

might bias results. 

 

6.4 Strengths and weaknesses 

The strengths of this study include the number of participants and countries, the 

duration of the trial, and the straightforwardness of the dropout prediction model. The 

variables used in this thesis could be collected in any setting regardless of a trained 

staff, and as such preliminary analysis on high dropout risk individuals could be made 

at the early stages of the trial. This indicates that special attention could be directed at 

individuals who might not commit to the program.  

 

There are no other studies of similar design addressing multiple country comparison 

and as such the results of this study are rather unique. Although precise comparability 

of the country samples is difficult to assess, the results indicate that there is difference 

between participant retention across countries. However, since the country samples 

are not entirely reflective of the populations studied, the generalizability of the results 

is weakened. In addition, due to differences between the samples, no definite 

conclusions on trial success between countries can be drawn without further analysis.  

 

Related to the above, gender, education, employment status, and age of the 

participants in this study were not representative of population averages. Gender and 

employment status were not found to be significant in the final prediction model 
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unlike age and education. However, it can always be argued that a different sample 

would produce different results, and thus study repetition and further analysis is 

warranted. 

 

Psychological, social and environmental variables were not analyzed in this thesis, and 

only previous dieting, smoking and alcohol use were studied out of behavioral 

variables. In addition, analysis of site and staff paradata was not conducted.  Further 

analysis on these areas might shed more light on the dropout phenomenon. 

 

Dropout is important to understand since it is the dropout rather than the study 

completer who will in the long run be the typical patient in the treatment of chronic 

illness (Baekeland and Lundwall, 1975). Thus, considering public healthcare policies 

and specific lifestyle programs affecting entire nations, it is worthwhile to emphasize 

the use of methods which increase retention of the masses and at the same time use 

specific tools to increase the retention of the dropout risk groups. 

 

The findings of this thesis may also be utilized in the development of design, methods 

and tools for similar trials to come. In addition, as dropout is not independent of the 

explanatory variables, the results may also benefit the future analysis of the PREVIEW 

data, in which these same explanatory variables may be used in modelling. 
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7 Conclusions 

The dropout rate at year two was 44 %. Dropouts were more likely to be younger, have 

higher baseline BMI, lose less weight in the weight reduction phase, and be less 

educated. These explanatory variables were statistically significantly associated with 

dropout, and the results were to most parts in line with previous studies. These results 

were also in line with the study hypotheses. 

 

Compared to Australians, dropping out was more likely in an ascending order for Finns, 

New Zealanders, Dutch, Bulgarians, Brits, Spaniards and Danes. Differences between 

countries persisted even in the multivariate logistic regression model which accounted 

for a multitude of confounding factors. Investigating the differences between countries 

was an addition to previous literature. 

 

Poorer weight maintenance success may also predict dropout; however, the analysis 

was based on imputed values and thus its accuracy is difficult to assess.  

 

The presented analyses show that dropout can be predicted using socio-demographic 

and weight-related variables which can be collected easily, rather objectively and 

affordably in any setting. That is, special attention can be directed at early stages to 

individuals who might not commit to the program offered. However, further 

investigation of psychological, social, behavioral, treatment, study site and cultural 

factors is recommended.   
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Appendix 2 

Attrition definitions in studies comparable to the PREVIEW trial 

Five studies had specific definitions of attrition (Table A2). These included non-
completion of a) specific number of visits, b) a considerable number of visits in a 
timeframe, c) specific number of consecutive visits, and d) the final assessment of the 
trial. The remaining eleven studies referred to attrition or indicated non-completion as 
simply withdrawal, not completing the trial, or lost to or unavailable to follow-up. 
 

Table A2. Definitions of attrition or non-completion in 16 of the 21 reviewed studies. 

 

 
  

Definitions of attrition/completion or indication for non-completion Reference

Participants who were lost to the 3-year follow-up. Absetz et al. 2009

Men who did not participate for a considerable number of meetings (over a six month period) 

were defined as drop-outs. Also included analysis of according to attendance: men  were 

divided into two groups after one year; those who attended at least 50% of the meeting 

during this first year and those who attended less. 

Andersson and 

Rössner 1997

Withdrawal, not specified. Bourn et al.  1994

Withdrawal, not completing the 5-year trial. Eriksson et al. 1991

Attrition was defined as failure to complete the week 52 assessment visit. Fabricatore et al. 2009

Participants who completed the final trial assessment were considered completers, and those 

who failed to attend the final assessment were non-completers. Attrition was defined as non-

completion of the final end-of-trial assessment.

Goode et al. 2016

Withdrawal, not specified. Hadžiabdić et al. 2014

Program attrition for a participant was defined as not completing all 16 DPP curriculum 

sessions.  Long-term attrition, or loss to follow-up was defined as participant becoming 

inactive, but not by diabetes conversion, death, or pregnancy.

Jiang et al. 2016

Not completing the 6-month interval 4-year follow-up. Kosaka et al. 2004

In standard care group, we defined as dropout patients those who did not attend two 

consecutive visits, whereas in CBT group, a dropout was defined as a subject who did not 

attend four meetings. 

Michelini et al. 2014

Lost-to-follow up, not specified. Pan et al. 1997

Leaving study early, otherwise not specified. Penn et al. 2009

Completers were defined as completing the 3-years.  Roumen et al. 2007 

Completers were defined as completing the 3-year follow-up.  Sakane et al. 2011

Non-completion, not completing the 16-month trial. Teixeira et al. 2004

Withdrawal, not specified. Tuomilehto et al. 2001
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Another five articles included definition of adherence (Table A3). Three studies 
included dietary and physical activity records/measurements in adherence assessment, 
and one study included the afore mentioned and achieving a weight loss goal. In the 
last study adherence was assessed as the percentage of appointments attended. 
 
Table A3. Definitions of adherence in 5 of the 21 reviewed studies. 

 

 

As can be seen from the above, comparing studies of similar design in regards to 
attrition is arduous since no single precise and uniform definition of attrition or 
adherence is being used. In addition to this, some studies lack a specific definition 
altogether, and dropout is referred to in general terms, such as non-completion or lost 
to follow-up.  
 

 

 

  

Definition of adherence Reference

Adherence measured according to achieving weight, exercise and dietary goals.

DPP Research Group 

2002

Maximal aerobic capacity (VO2max ) at 6 and 24 months compared with baseline was used to 

estimate adherence to the exercise protocol. Three-day food records at 3, 6, 9, 12, and 24 

months were used to determine adherence to the prescribed diet. Dropping out, not specified.

Liao et al. 2002

Adherence was definined with dietary and PA adherence, e.g. total fat intake or fiber goal, or 

attending at least 1 h/wk in supervised exercise during two years.

Mensink et al. 2003

Adherence was measured as percentage attended appointments. No definition of attrition.

Oldroyd et al. 2006

Adherence was measured according to PA and dietary records. Attrition according to 

attending follow-up, otherwise not specified.

Ramachandran et al. 

2006
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Appendix 3 

Categorical baseline characteristics of participants 

Table A4. Gender of participants.    Table A5. Ethnicity of participants. 

 

 

Table A6. Site country of participants.    Table A7. Education of participants. 

 

 

Table A8. Employment status of participants. 

 

  

Gender N Percent Ethnicity N Percent

Female 1402 67 Caucasian 1829 88

Male 686 33 Asian 60 3

Total 2088 100 Pacific-Polynesian 47 2

Maori/Maori-mixed 44 2

Hispanic 41 2

Black 37 2

Other 25 1

Arabic 5 0

Total 2088 100

Country N Percent Education N Percent

Australia 169 8 University education 790 38

Bulgaria 280 13 Higher vocational education 385 18

Denmark 353 17 Secondary vocational education 400 19

Finland 276 13 Secondary school 302 14

New Zealand 285 14 Primary/Junior school 49 2

Spain 269 13 No formal education 6 0

The Netherlands 202 10 Other 85 4

The United Kingdom 254 12 Missing 71 3

Total 2088 100 Total 2088 100

Employment status N Percent

In full-time education (not paid for by an employer) 35 2

On government training/ employment program 31 1

In paid work 1264 61

Waiting to take up paid work already accepted 14 1

Unemployed 96 5

Permanently sick or disabled 27 1

Wholly retired from work 366 18

Looking after the home 76 4

Helping a family member 17 1

Doing something else 41 2

Entrepreneur 47 2

Partly retired 14 1

Missing 60 3

Total 2088 100
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Table A9. Marital status of participants. 

 

 

 

 

  

Marital status N Percent

Married 1269 61

In Civil Partnership 151 7

Separated (after being married) 41 2

Divorced 221 11

Widowed 78 4

Single (never married) 246 12

Other 3 0

Cohabitation 25 1

Has a partner/engaged 9 0

Missing 45 2

Total 2088 100
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Appendix 4 

Characteristics associated with attrition 

Table A10. Age according to different outcome statuses. 

 

Table A11. Baseline BMI according to different outcome statuses. 

 

Table A12. WLLED according to different outcome statuses. 

 

 

  

Status N Min Max Mean SD

Completer 1170 25 70 54 10.4

Dropout 918 25 70 49 12.2

Completer 1170 25 70 54 10.4

Late WM DO 296 25 70 50 11.8

Early WM DO 239 25 70 48 12.4

LED DO 383 25 70 48 12.4

Total 2088

Status N Min Max Mean SD

Completer 1170 25 70 34 5.6

Dropout 918 25 77 37 7.3

Completer 1170 25 70 34 5.6

Late WM DO 296 25 77 37 7.2

Early WM DO 239 25 64 37 6.8

LED DO 383 25 77 36 7.6

Total 2088

Status N Min Max Mean SD

Completer 1163 7 20 12 2.3

Dropout 724 -6 20 9 3.7

Completer 1163 7 20 12 2.3

Late WM DO 287 1 20 11 2.6

Early WM DO 230 1 19 10 2.7

LED DO 207 -6 18 6 3.4

Total 1887
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Table A13. DRS according to different outcome statuses. 

 

 

Table A14. Ethnicities according to different outcome statuses. 

 

 

 

 

 

 

  

Status N Min Max Mean SD

Completer 1166 4 65 16 3.8

Dropout 910 4 26 16 3.3

Completer 1166 4 65 16 3.8

Late WM DO 296 9 26 16 3.2

Early WM DO 238 4 26 16 3.3

LED DO 376 4 26 15 3.2

Total 2076

N % N % N %

Caucasian 1054 58 775 42 1829 100

Asian 31 52 29 48 60 100

Black 21 57 16 43 37 100

Arabic 3 60 2 40 5 100

Hispanic 15 37 26 63 41 100

Other 10 40 15 60 25 100

Maori/Maori-mixed 18 41 26 59 44 100

Pacific-Polynesian 18 38 29 62 47 100

Total 1170 56 918 44 2088 100

N % N % N % N % N %

Caucasian 1054 58 240 13 217 12 318 17 1829 100

Asian 31 52 10 17 4 7 15 25 60 100

Black 21 57 3 8 3 8 10 27 37 100

Arabic 3 60 2 40 0 0 0 0 5 100

Hispanic 15 37 7 17 5 12 14 34 41 100

Other 10 40 5 20 4 16 6 24 25 100

Maori/Maori-mixed 18 41 11 25 3 7 12 27 44 100

Pacific-Polynesian 18 38 18 38 3 6 8 17 47 100

Total 1170 56 296 14 239 11 383 18 2088 100

Late WM DO Early WM DO LED DO Total

Ethnicity

Ethnicity

Completer Dropout Total

Completer
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Table A15. Countries according to different statuses.  

 

 

Table A16. Employment statuses according to different outcome statuses. 

 

N % N % N %

Australia 124 73 45 27 169 100

Bulgaria 84 30 196 70 280 100

Denmark 190 54 163 46 353 100

Finland 208 75 68 25 276 100

New Zealand 159 56 126 44 285 100

Spain 130 48 139 52 269 100

The Netherlands 134 66 68 34 202 100

The United Kingdom 141 56 113 44 254 100

Total 1170 56 918 44 2088 100

N % N % N % N % N %

Australia 124 73 17 10 4 2 24 14 169 100

Bulgaria 84 30 4 1 70 25 122 44 280 100

Denmark 190 54 49 14 64 18 50 14 353 100

Finland 208 75 36 13 13 5 19 7 276 100

New Zealand 159 56 79 28 14 5 33 12 285 100

Spain 130 48 53 20 43 16 43 16 269 100

The Netherlands 134 66 13 6 13 6 42 21 202 100

The United Kingdom 141 56 45 18 18 7 50 20 254 100

Total 1170 56 296 14 239 11 383 18 2088 100

LED DO Total

Country

Country

Completer Dropout Total

Completer Late WM DO Early WM DO

N % N % N %

In full-time education 12 34 23 66 35 100

On government training… 16 52 15 48 31 100

In paid work 713 56 551 44 1264 100

Waiting to start work (accepted) 5 36 9 64 14 100

Unemployed 42 44 54 56 96 100

Permanently sick or disabled 15 56 12 44 27 100

Wholly retired from work 238 65 128 35 366 100

Looking after the home 35 46 41 54 76 100

Helping a family member 8 47 9 53 17 100

Doing something else 17 41 24 59 41 100

Entrepreneur 30 64 17 36 47 100

Partly retired 12 86 2 14 14 100

Total 1143 56 885 44 2028 100

N % N % N % N % N %

In full-time education 12 34 7 20 5 14 11 31 35 100

On government training… 16 52 2 6 5 16 8 26 31 100

In paid work 713 56 189 15 144 11 218 17 1264 100

Waiting to start work (accepted) 5 36 4 29 1 7 4 29 14 100

Unemployed 42 44 14 15 14 15 26 27 96 100

Permanently sick or disabled 15 56 2 7 3 11 7 26 27 100

Wholly retired from work 238 65 41 11 34 9 53 14 366 100

Looking after the home 35 46 13 17 10 13 18 24 76 100

Helping a family member 8 47 5 29 2 12 2 12 17 100

Doing something else 17 41 4 10 5 12 15 37 41 100

Entrepreneur 30 64 7 15 4 9 6 13 47 100

Partly retired 12 86 0 0 1 7 1 7 14 100
Total 1143 56 288 14 228 11 369 18 2028 100

Employment status Completer Dropout Total

LED DO TotalEmployment status Completer Late WM DO Early WM DO
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Table A17. Education according to different outcome statuses. 

 

 

Table A18. Marital statuses according to different outcome statuses. 

 

 

 

  

N % N % N %

University educ. 461 58 329 42 790 100

Higher vocational educ. 250 65 135 35 385 100

Secondary vocational educ. 207 52 193 48 400 100

Secondary school 148 49 154 51 302 100

Primary/Junior school 27 55 22 45 49 100

No formal education 2 33 4 67 6 100

Other 43 51 42 49 85 100

Total 1138 56 879 44 2017 100

N % N % N % N % N %

University educ. 461 58 100 13 88 11 141 18 790 100

Higher vocational educ. 250 65 50 13 26 7 59 15 385 100

Secondary vocational educ. 207 52 58 15 54 14 81 20 400 100

Secondary school 148 49 64 21 33 11 57 19 302 100

Primary/Junior school 27 55 8 16 3 6 11 22 49 100

No formal education 2 33 1 17 1 17 2 33 6 100

Other 43 51 10 12 18 21 14 16 85 100

Total 1138 56 291 14 223 11 365 18 2017 100

LED DO Total

Education

Education

Completer Dropout Total

Completer Late WM DO Early WM DO

N % N % N %

Married 778 61 491 39 1269 100

In Civil Partnership 68 45 83 55 151 100

Separated (after marriage) 19 46 22 54 41 100

Divorced 113 51 108 49 221 100

Widowed 36 46 42 54 78 100

Single (never married) 115 47 131 53 246 100

Other 2 67 1 33 3 100

Cohabitation 14 56 11 44 25 100

Has a partner/engaged 5 56 4 44 9 100

Total 1150 56 893 44 2043 100

N % N % N % N % N %

Married 778 61 167 13 134 11 190 15 1269 100

In Civil Partnership 68 45 27 18 22 15 34 23 151 100

Separated (after marriage) 19 46 5 12 9 22 8 20 41 100

Divorced 113 51 34 15 21 10 53 24 221 100

Widowed 36 46 17 22 3 4 22 28 78 100

Single (never married) 115 47 40 16 40 16 51 21 246 100

Other 2 67 0 0 0 0 1 33 3 100

Cohabitation 14 56 3 12 2 8 6 24 25 100

Has a partner/engaged 5 56 1 11 2 22 1 11 9 100

Total 1150 56 294 14 233 11 366 18 2043 100

LED DO TotalMarital status

Completer Dropout TotalMarital status

Completer Late WM DO Early WM DO
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Table A19. Smoking according to dichotomous outcome status. 

 

 

Table A20. Alcohol use according to dichotomous outcome status. 

 

 

  

N % N % N %

No 1050 59 732 41 1782 100

Yes, but less than weekly 35 50 35 50 70 100

Yes, at least daily 73 35 133 65 206 100

Total 1158 56 900 44 2058 100

N % N % N % N % N %

No 1050 59 255 14 184 10 293 16 1782 100

Yes, but less than weekly 35 50 13 19 9 13 13 19 70 100

Yes, at least daily 73 35 27 13 41 20 65 32 206 100

Total 1158 56 295 14 234 11 371 18 2058 100

LED DO TotalSmoking

Smoking Completer Dropout Total

Completer Late WM DO Early WM DO

N % N % N %

No 320 48 343 52 663 100

Yes 839 60 557 40 1396 100

Total 1159 56 900 44 2059 100

N % N % N % N % N %

No 320 48 100 15 90 14 153 23 663 100

Yes 839 60 195 14 144 10 218 16 1396 100

Total 1159 56 295 14 234 11 371 18 2059 100

LED DO TotalDrinking

Drinking Completer Dropout Total

Completer Late WM DO Early WM DO
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Table A21. WL2-YEAR (LOCF method) according to dichotomous outcome status. 

 

 

Table A22. WL2-YEAR (data-based method) according to dichotomous outcome status. 

 

 

Table A23. WL2-YEAR (BOCF method) according to dichotomous outcome status. 

 

 

Table A24. WL2-YEAR (LOCF+0.2 method) according to dichotomous outcome status. 

 

 

Table A25. WL2-YEAR (LOCF+0.3 method) according to dichotomous outcome status. 

 

 

  

Status N Min Max Mean SD

Completer 1170 -17 35 6 6.9

Dropout 535 -15 41 8 5.0

Total 1705

Status N Min Max Mean SD

Completer 1170 -17 35 6 6.5

Dropout 535 8 9 8 0.5

Total 1705

Status N Min Max Mean SD

Completer 1170 -17 35 6 6.9

Dropout 535 0 0 0 0
Total 1705

Status N Min Max Mean SD

Completer 1170 -17 35 6 6.9

Dropout 535 -17 38 5 5.0

Total 1705

Status N Min Max Mean SD

Completer 1170 -17 35 6 7.0

Dropout 535 -18 36 3 5.1

Total 1705
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Appendix 5 

Prediction model for dropout with logistic regression model (enter method) 

Table A26. Model summary table of the dropout prediction model (enter method). 

 

 

Table A27. Variables in the prediction model for dropout with forced enter method. 

 

Model Summary

Step1

1899.406a 0.226 0.307

a. Estimation terminated at iteration number 20 because maximum iterations has been reached. Final solution cannot be found.

-2 Log likelihood

Nagelkerk

e R Square

Cox & 

Snell R 

Lower Upper

Step 1a Age  -0.032 0.007 20.413 1 0.000 0.969 0.956 0.982
Baseline BMI 0.043 0.010 18.437 1 0.000 1.044 1.024 1.064
WLLED  -0.285 0.024 138.166 1 0.000 0.752 0.717 0.789
DRS  -0.014 0.019 0.581 1 0.446 0.986 0.950 1.023

Ethnicity Base = Caucasian 6.075 7 0.531
Asian  -0.229 0.374 0.373 1 0.541 0.796 0.382 1.657
Black  -0.895 0.565 2.508 1 0.113 0.408 0.135 1.237
Arabic 0.577 1.118 0.266 1 0.606 1.780 0.199 15.937
Hispanic  -0.107 0.419 0.065 1 0.799 0.899 0.395 2.043
Other 0.719 0.527 1.859 1 0.173 2.053 0.730 5.772
Maori/Maori-mixed  -0.211 0.469 0.203 1 0.652 0.810 0.323 2.029
Pacific-Polynesian 0.329 0.442 0.553 1 0.457 1.390 0.584 3.307

Country Base = Australia 61.862 7 0.000

Bulgaria 1.021 0.305 11.189 1 0.001 2.777 1.526 5.052
Denmark 1.536 0.284 29.311 1 0.000 4.647 2.665 8.104
Finland 0.528 0.300 3.098 1 0.078 1.696 0.942 3.053
New Zealand 0.610 0.303 4.058 1 0.044 1.840 1.017 3.329
Spain 1.582 0.299 27.909 1 0.000 4.865 2.705 8.749
The Netherlands 0.659 0.346 3.623 1 0.057 1.933 0.981 3.810
The United Kingdom 1.328 0.301 19.396 1 0.000 3.772 2.089 6.810

Employment status Base = In full-time education… 10.940 11 0.448
On government  -1.002 0.662 2.291 1 0.130 0.367 0.100 1.344
In paid work  -1.043 0.437 5.705 1 0.017 0.352 0.150 0.829
Waiting to start work (accepted)  -0.244 0.824 0.088 1 0.767 0.783 0.156 3.937
Unemployed  -1.064 0.517 4.242 1 0.039 0.345 0.125 0.950
Permanently sick or disabled  -1.317 0.705 3.493 1 0.062 0.268 0.067 1.066
Wholly retired from work  -0.792 0.475 2.783 1 0.095 0.453 0.179 1.149
Looking after the home  -0.711 0.524 1.840 1 0.175 0.491 0.176 1.372
Helping a family member  -0.870 0.738 1.388 1 0.239 0.419 0.099 1.781
Doing something else  -0.829 0.600 1.910 1 0.167 0.436 0.135 1.414
Entrepreneur  -0.639 0.559 1.309 1 0.253 0.528 0.176 1.578
Partly retired  -1.205 0.919 1.721 1 0.190 0.300 0.049 1.814

Education Base = University educ. 14.047 6 0.029
Higher vocational educ.  -0.103 0.170 0.366 1 0.545 0.902 0.646 1.259
Secondary vocational educ. 0.368 0.165 4.993 1 0.025 1.444 1.046 1.994
Secondary school 0.312 0.179 3.038 1 0.081 1.367 0.962 1.942
Primary/Junior school 0.211 0.374 0.317 1 0.574 1.234 0.593 2.570
No formal education 1.348 1.039 1.683 1 0.194 3.850 0.502 29.495
Other 0.620 0.289 4.594 1 0.032 1.859 1.054 3.277

Marital status Base = Married 9.596 8 0.295
In Civil Partnership 0.430 0.221 3.777 1 0.052 1.538 0.996 2.374
Separated (after marriage) 0.499 0.465 1.153 1 0.283 1.648 0.662 4.101
Divorced 0.260 0.183 2.008 1 0.156 1.297 0.905 1.858
Widowed 0.390 0.296 1.737 1 0.188 1.476 0.827 2.636
Single (never married)  -0.018 0.183 0.009 1 0.924 0.983 0.686 1.407
Other  -19.774 25748.709 0.000 1 0.999 0.000 0.000
Cohabitation  -0.867 0.633 1.877 1 0.171 0.420 0.122 1.453
Has a partner/engaged 0.101 0.747 0.018 1 0.892 1.107 0.256 4.789

Smoking Base = No 4.275 2 0.118
Yes, but less than weekly 0.009 0.297 0.001 1 0.976 1.009 0.564 1.806
Yes, at least daily 0.420 0.204 4.256 1 0.039 1.522 1.021 2.296

Alcohol use Drink alcohol (yes)  -0.016 0.131 0.016 1 0.901 0.984 0.762 1.271
Constant 2.603 0.789 10.877 1 0.001 13.498

p Exp(B)
95% C.I.for EXP(B)

a. Variable(s) entered on step 1: Age, baseline BMI, WLLCD, DRS, Ethnicity, Country, Employment status, Education, Marital status, Smoking, Alcohol 

use.

Variables in the Equation
B S.E. Wald df


