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Abstract
Compensatory Health Beliefs (CHBs), defined as beliefs that an unhealthy behavior can be compensated for by engaging in another healthy behavior, are assumed to hinder health behavior change. The aim of the present study was to investigate the role of CHBs for two distinct eating behaviors (increased fruit and vegetable consumption and eating fewer unhealthy snacks) with a mixed method approach. Participants (N = 232, mean age = 27.3 years, 76.3% women) were randomly assigned to a fruit and vegetable or an unhealthy snack condition. For the quantitative approach, path models were fitted to analyze the role of CHBs within a social-cognitive theory of health behavior change, the Health Action Process Approach (HAPA). With a content analysis, the qualitative approach investigated the occurrence of CHBs in smartphone chat groups when pursuing an eating goal. Both analyses were conducted for each eating behavior separately. Path models showed that CHBs added predictive value for intention, but not behavior over and above HAPA variables only in the unhealthy snack condition. CHBs were significantly negatively associated with intention and action planning. Content analysis revealed that people generated only a few CHB messages. However, CHBs were more likely to be present and were also more diverse in the unhealthy snack condition compared to the fruit and vegetable condition. Based on a mixed method approach, this study suggests that CHBs play a more important role for eating unhealthy snacks than for fruit and vegetable consumption.
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Introduction
[bookmark: _CTVP0011e1450c013a84ed6afabde666b60b4d3][bookmark: _CTVP0013b82bc472d194694bc643ebb4d2b1f3b][bookmark: _CTVP0018ef5215946c34fdbab26cdaece61c4ad][bookmark: _CTVP001aaa45cf1db6045109af96c2bc9bfdacc][bookmark: _CTVP001afd08a7f080740bb917d77b069933d31][bookmark: _CTVP001090cace724eb4239b054fa57bfeaa9c6]Following a healthy diet is linked to better health. For example, fruit and vegetable consumption is associated with a lower risk of stroke (He, Nowson, & MacGregor, 2006; Hu, Huang, Wang, Zhang, & Qu, 2014) and type 2 diabetes (Wang, Fang, Gao, Zhang, & Xie, 2016). In contrast, it has been estimated that inadequate fruit and vegetable consumption is responsible for 2.6 million deaths per year worldwide (Lock, Pomerleau, Causer, Altmann, & McKee, 2005). Similarly, high sugar and fat intake can increase blood glucose, which is a main risk factor for heart attack, stroke and obesity (World Health Organization, 2014). Obesity in turn is associated with cardiovascular disease, type 2 diabetes, cancer, osteoarthritis and psychological illnesses such as depression (Dixon, 2010). As obesity rates are increasing worldwide (Doytch, Dave, & Kelly, 2016), understanding mechanisms to promote healthy eating is crucial for prevention.
[bookmark: _CTVP001a0318553225f4bf9b63965de3c8fd258][bookmark: _CTVP001a42550bb13384cd9be4039afa4e242a3]Healthy eating comprises several different behaviors. The World Health Organization (2014) recommends limiting the intake of sugar or fat, for example by reducing the amount of unhealthy snacks, and increasing the numbers of fruits and vegetables consumed. These two eating behaviors represent different forms of behavioral change: Eating more fruits and vegetables requires striving for and promoting a healthy behavior. In contrast, eating fewer unhealthy snacks requires reducing and inhibiting an unhealthy behavior. There is evidence that different determinants underlie the prediction of these eating behaviors (Allom & Mullan, 2014). Thus, investigating different eating behaviors and their relevant predictors separately might be of special advantage to promote a healthy diet.
Compensatory Health Beliefs and health behavior change
[bookmark: _CTVP001feabb50bbc2444c996564503fb093cbd][bookmark: _CTVP001f0bdd0e0871d4ce09775973f4ca726b5][bookmark: _CTVP0014c37fd1a330445d594a489ba597b1bb3][bookmark: _CTVP001424bdea9147b42e1baf43f34aae23205][bookmark: _CTVP00126f8772afe30432e8f74e467a5fe11c1][bookmark: _CTVP001c0e263db9d144c0da15269d36e9c5a8d][bookmark: _CTVP001b91c3be4e16d42fa92d50fc19816310f][bookmark: _CTVP001e727e6c95896456c988eec26bf3fef9f][bookmark: _CTVP001c4f1f2a744c14ae9927011d5bcd97b8c][bookmark: _CTVP001d4dd7aaadf07473ea8213a4bf41c7ace]Following a healthy diet can be difficult, and only a few individuals can successfully change their eating behavior in the long run (e.g. Wing & Phelan, 2005). Having a long-term goal for healthy eating (e.g. eating less sugar) but then getting the offer of a delicious cake, individuals may experience a motivational conflict and cognitive dissonance (Festinger, 1962) resulting in a bad feeling. It is assumed that individuals activate Compensatory Health Beliefs (CHBs; Knäuper, Rabiau, Cohen, & Patriciu, 2004) to mitigate such unpleasant states (Rabiau, Knäuper, & Miquelon, 2006) and to justify indulgence (Rabiau et al., 2006). CHBs are beliefs that the negative consequences of an unhealthy behavior (e.g. eating chocolate) can be compensated for with the assumed positive effects of an executed healthy behavior (e.g. exercise). Thus, the activation of CHBs can lower intentions to resist the desire for unhealthy food (Knäuper et al., 2004), which in turn can help to explain the occurrence of unhealthy eating (Kronick, Auerbach, Stich, & Knäuper, 2011) despite the intention to eat healthily. There is evidence that CHBs are negatively associated with intention for different health behaviors such as physical activity (Berli, Loretini, Radtke, Hornung, & Scholz, 2014), smoking (Berli et al., 2014; Fleig et al., 2015; Radtke, Scholz, Keller, & Hornung, 2012) and unhealthy eating (Radtke, Inauen, Rennie, Orbell, & Scholz, 2014).
[bookmark: _CTVP00189be8fd210fa45729996fa989aacc54d][bookmark: _CTVP001eeaf4fc4f760436987af54906332f854][bookmark: _CTVP0016d94b77e9df649a182c8d0fecadf2de3][bookmark: _CTVP0016396b062fce04483977417dee2c7854f][bookmark: _CTVP0013b373478330340ef8cd93e15c36e98db][bookmark: _CTVP0012fb2e2d2a4174621ae54f9805660e964][bookmark: _CTVP001084558a6f5b0441e80001ceab28dadda]To provide a stronger test for the predictive value of CHBs in eating behavior, recent studies have investigated CHBs as an additional predictor to a widely established health behavior model: the Health Action Process Approach (HAPA; Berli et al., 2014; Fleig et al., 2015; Radtke et al., 2012; Radtke, Kaklamanou, Scholz, Hornung, & Armitage, 2014; Schwarzer, 2008; Storm et al., 2016). The HAPA distinguishes between a motivational phase of intention formation and a volitional phase of translating the intention into behavior. The motivational phase includes self-efficacy, outcome expectancy, and risk awareness to predict intention. The volitional phase includes action planning and action control as predictors for behavior and as mediating constructs between intention and behavior (Sniehotta, Scholz, & Schwarzer, 2005). However, recent study results on CHBs and HAPA point in different directions regarding the predictive value of CHBs for intention and behavior. On the one side, no relation was found for fruit and vegetable consumption and the intention to eat fruits and vegetables (Storm et al., 2016). A further study showed no relation between CHBs and the intention and behavior for fat and sugar intake (Radtke et al., 2014). On the other side, there is evidence for a positive relation between CHBs and calorie intake (Kronick et al., 2011; Radtke et al., 2014) and for a negative relation between diet-specific CHBs and intention to diet (Fleig et al., 2015). In addition to the direct effects of CHBs on intention and behavior, secondary analyses were conducted to investigate whether individuals with higher CHBs show a lower application of action planning and action control (Fleig et al., 2015; Radtke et al., 2012; Radtke et al., 2014).
Overall, research on the role of CHBs in health behavior change shows mixed results for different eating behaviors. No study so far has investigated the role of CHBs for different behaviors simultaneously in the same health domain. To bridge this gap, this study investigated the role of CHBs in eating behavior change by making a distinction between two different eating behaviors: increasing fruit and vegetable consumption and avoiding unhealthy snacks.
Situation-specific CHBs to excuse unhealthy eating
[bookmark: _CTVP0012607020033e4479fab9efa822085a18b][bookmark: _CTVP0010950add0606b4a578b17c829cade8ba6][bookmark: _CTVP0013633ef425a9843f29304fa3e005a9c20][bookmark: _CTVP0013cbb9d1cdd934b99adb436a5d9d6756d][bookmark: _CTVP001e87e173aebcc4059a2961708847a0739]To date, most studies have assessed CHBs with generally formulated items in order to capture overall beliefs about compensation (e.g. Ernsting, Schwarzer, Lippke, & Schneider, 2013). As hypothesized from the CHBs model (Rabiau et al., 2006), such beliefs arise in situations where people are facing a motivational conflict. Thus, a recent study about snacking behavior has focused on state CHBs, which are situation-specific and address a specific behavior (Radtke et al., 2014). The authors have found that exercise-related state CHBs (e.g. “I do not need to keep myself from snacking, because I will engage in physical activity later on today”) are positively associated with calories consumed. However, state CHBs were only marginally predictive for snacking behavior and it is assumed that people may have different thoughts about and excuses for their unhealthy behavior (Kaklamanou, Armitage, & Jones, 2013; Radtke et al., 2014). Another approach to examine such excuses or justifications for unhealthy eating is asking participants to recall situations where they have indulged in unhealthy eating and to report their thoughts (Taylor, Webb, & Sheeran, 2014; Verhoeven, Adriaanse, De Vet, Fennis, & De Ridder, 2015). Using this approach, however, retrospective and response biases can occur. No study so far has focused on situations where people indulge in unhealthy behavior to investigate situation-specific CHBs. Further, previous studies about excuses have assessed unhealthy eating with snacking behavior only. Research about excuses for low fruit and vegetable consumption is missing. As eating behaviors underlie different forms of behavior change, we assume that situation-specific CHBs depend upon the health behavior people engage in. Therefore, this study aims to examine situation-specific CHBs for two eating behaviors: fruit and vegetable consumption and eating unhealthy snacks.
[bookmark: _CTVP00150695ab3228d4adcbf960a3780a58c3c][bookmark: _CTVP001b0f0f35213ac4b7ab81a7bcb8c879ef0][bookmark: _CTVP0019cc0e8238998435c8d25f7767cb7ff17]To investigate situations in which people think about how to compensate for their unhealthy behavior, a real-life setting should be analyzed. It has been shown that individuals seek the internet for health-related information (Rice, 2006) and that they are using forums or chat groups to communicate with others about health to feel better able to cope with the situation they are facing (Tanis, 2008). Further, mobile devices for data collection and interventions in real life settings have been used before (Bernhardt et al., 2009; Gerber, Stolley, Thompson, Sharp, & Fitzgibbon, 2009). Thus, a chat group in a real life setting may serve as a useful way to evaluate individuals’ thoughts about their eating behavior and to investigate situation-specific CHBs.
Aim of the present study
The study’s aim was to investigate the role of CHBs for two different eating behaviors: fruit and vegetable consumption and eating unhealthy snacks. A mixed method approach was chosen for both eating behaviors separately. To assess the association between CHBs and the two eating behaviors, the quantitative analysis investigated the predictive value of CHBs over and above standard motivational and volitional constructs of the HAPA. To analyze situation-specific CHBs for both eating behaviors in the context of pursuing an eating goal, with a qualitative analysis, group messages from smartphone chat groups were rated. This approach was applied to expand existing knowledge about CHBs in order to understand barriers of health behavior change. 
[bookmark: _Toc456674923]Method
[bookmark: _CTVP001ebb28723cf9c4f1f8abcf5bead5b5868]The study was approved by the Faculty of Arts and Social Sciences of the University of Zurich and was carried out in accordance with the ethical guidelines of the Helsinki Declaration (World Medical Association, 2001).
[bookmark: _Toc456674924]Study design 
[bookmark: _CTVP001367c2fd82b0740c6a484129c80b82530][bookmark: _CTVP0019890c6d0007545babf3dc7c1fd5064db]This study was part of a larger randomized controlled trial on the effects of social support groups on healthy eating (see Inauen et al., 2017). The study was designed to address individuals who wanted to eat a healthier diet. All participants were randomly assigned to four experimental groups in a 2x2 study design (different eating goals vs. intervention conditions). Eating goals included either increasing fruit and vegetable consumption (fruit and vegetable condition) or eating fewer unhealthy snacks (unhealthy snack condition). Intervention conditions contained either a social support or a control condition. In the social support condition, participants joined smartphone chat groups with other study participants. The purpose of the smartphone chat groups was creating a social environment that supports the participant in pursuing their eating goals. Control group participants did not join smartphone chat groups. The four experimental groups are illustrated in Figure 1. For more information on study methods and on the intervention in particular, please see Inauen et al. (2017).
[bookmark: _Toc456674925]Procedure
Individuals were eligible for study participation if they had not joined any weight loss programs, were not on a diet, were at least 18 years old, were fluent in German and owned a smart phone with internet access. Recruiting took place at the University of Zurich, through flyers, e-mailing lists and social networks. For study participation, individuals could choose between either receiving study credit or participating in two lotteries: 1) The chance to win one out of eight shopping vouchers (worth 100 US-Dollars) or 2) either a helicopter flight or a wellness weekend (worth 1000 US-Dollars).
All participants completed three measurement time points (see Figure 1). At Time 1, participants were invited to the lab, and obtained study information and a factsheet of health consequences about the respective eating goal. They signed the informed consent, completed the baseline questionnaire, and trained research assistants measured participants’ weight and height. The intervention group received additional information about joining a smartphone chat group and hence provided their phone number. The aim of the intervention group was to exchange experiences about eating behavior and to provide social support. Three days after Time 1, smartphone chat groups started and lasted for seven days. To ensure a minimum of social support for the intervention group, a trained female confederate of the experimenters attended the smartphone chat groups and acted as a participant. Thirty-two smartphone chat groups were created with a minimum of three participants and one confederate. One month (Time 2) and two months (Time 3) after Time 1, participants received an online follow-up questionnaire. Lastly, a debriefing was sent via email after study participation.
[bookmark: _Toc456674926]Sample characteristics and participants flow
For the quantitative part of the study, all participants from all four experimental groups were included in the analyses (see Figure 1). As the focus was not on the intervention effect, the intervention condition was included as a control variable for all further analyses. Figure 1 shows that of the 286 persons who signed up for a lab appointment, 50 did not show up, 2 did not consent to participate and 2 were excluded because their BMI was below 18. The final sample (N = 232) included 177 women (= 76.3%) with an overall mean age of 27.3 years (SD = 8.5 years, range: 18-63 years) and a mean body mass index (BMI) of 23.5 (SD = 4.1, range: 18-46.9). Difference statistics between the fruit and vegetable and the unhealthy snack condition are displayed in Table 1. One hundred-fifty-nine participants (68.5%) reported being single, 69 (29.7%) were married or in a committed relationship, five (1.5%) were divorced, and 22 participants (9.5%) reported having children. The majority of participants reported being university students (65.9%), 46.1% reported having a job or an internship, 6.9% reported being doctoral students, 2.2% reported being a homemaker, also 2.2% being a pupil, 0.9% reported having no job and 0.4% being retired. 12.1% followed a vegetarian diet and 0.4% reported to be vegan. Sample characteristics for each condition are displayed in Table 1. Age, sex and BMI did not differ between conditions at Time 1.
In contrast to the quantitative analyses, the qualitative analyses only focus on participants in the intervention condition as they participated in smartphone chat groups (see Figure 1). The final sample in the smartphone chat groups (n = 79) included 54 women (68.4%), with a mean age of Mfruits and vegetables = 26.26 (SD = 8.84) and Munhealthy snacks = 28.09 (SD = 10.05), t(76) = 0.82, p = .413, d = 0.19, and mean BMI of Mfruits and vegetables = 23.12 (SD = 3.36) and Munhealthy snacks = 23.88 (SD = 3.92), t(77) = 0.97, p = .334, d = 0.22.
A dropout analysis on the following main variables under study was conducted: CHBs, risk perception, outcome expectancy, self-efficacy, intention, action control, action planning, unhealthy snacks, fruits and vegetables, BMI, age and gender (see detailed dropout analysis in the supplementary material). For the unhealthy snack condition, there were no differences between completers and dropouts. For the fruit and vegetable condition, there is a tendency that self-efficacy appeared to be lower for dropouts (M = 6.18, SD = 1.59) compared to completers (M = 6.86, SD = 1.75), t(106) = 
-1.97, p = .051, d = 0.40. Further, dropouts (M = 24.42, SD = 3.72) were significantly younger than completers (M = 28.90, SD = 9.24, t(98.23) = -3.54, p = .001, d = 0.58).
[bookmark: _Toc456674927]Measures
All items were phrased in two versions for the respective eating goal condition and presented in German. Scores ranged from “not at all true” (1) to “exactly true” (9). CHBs, motivational variables (risk perception, self-efficacy and outcome expectancies) and covariates were assessed at baseline (Time 1). Intention, action planning and action control were assessed at Time 2 and eating behavior at Time 3. Cronbach’s Alpha were added to all measures with multiple items. Pearson product-moment correlations were reported for measures with two items.
[bookmark: _CTVP00125a77b05de06479aaa773f9745b6ca96]Compensatory Health Beliefs. CHBs (adapted from Radtke et al., 2014) were measured with one item that captures overall compensation: “I can compensate for the negative effects of [my high-calorie snack consumption (e.g. cake or peanuts) / eating too few fruits and vegetables] by generally behaving healthily”.
[bookmark: _CTVP0010260f8a5b0874bf5b8647ca59878539e]Risk perception. Risk perception (adapted from Scholz, Ochsner, Hornung, & Knoll, 2013) was measured with three items: E.g. “To what extent do you think that eating [unhealthy snacks / too few fruits and vegetables] can harm your health?”. Reliability was good in both conditions: unhealthy snack condition α = .82, and fruit and vegetable condition α = .81. 
[bookmark: _CTVP0016b6003ff7f834d83b842b0e564c159a1]Self-efficacy. Self-efficacy (adapted from Scholz et al., 2013) was measured with one item for fruit and vegetable consumption and two items for eating unhealthy snacks: E.g. “How certain are you that you can [avoid unhealthy snacks / eat fruits and vegetables] even if it will be difficult?”. Bivariate correlation for unhealthy snacks was r(122) = .48. 
[bookmark: _CTVP0017cd3c0e1da634921aa236a908791629d]Outcome expectancies. Outcome expectancies (adapted from Scholz et al., 2013; Scholz & Berli, 2014) was measured with one item: “To what extent do you think that you will feel bad when eating [unhealthy snacks / low amount of fruits and vegetables]?”.
[bookmark: _CTVP001bca75ed4b6184b678b0f5affb35efe04]Intention. Intention (Inauen, Shrout, Bolger, Stadler, & Scholz, 2016) was measured with two items: E.g. “For the next seven days, to what extent do you intend [to avoid unhealthy snacks / to eat more fruits and vegetables]?”. The bivariate correlation for unhealthy snacks was r(70) = .77 and for fruits and vegetables r(69) = .80
[bookmark: _CTVP001458800bee5c64ffdac56181660a29ae3]Action planning. Action planning (Allan, Sniehotta, & Johnston, 2013) was measured with three items. E.g. “For the next seven days I have made a detailed plan [how to avoid unhealthy snacks / which kind of fruits and vegetables I am going to eat].” Reliability was high in both conditions: unhealthy snacks (α = .92) and fruits and vegetables (α = .92). 
[bookmark: _CTVP0018d1e05c1a03d48f2a496b70ea95857e5][bookmark: _CTVP001d2173015a9a641488d621b04ff7ecda6][bookmark: _CTVP00113881a0b50164cec86298013ed1ab2e3]Action control. Action control (Scholz et al., 2013) was measured, with three items representing the three dimensions of action control: awareness of standards, self-monitoring, and self-regulatory effort (Sniehotta et al., 2005). An example item asked “In the last seven days have you monitored your intentions for [eating unhealthy snacks / your fruit and vegetables consumption?]”. Reliability was high in both conditions: unhealthy snack α = .84 and fruit and vegetable α = .90.
[bookmark: _CTVP0015f661b4fc8f549ac9213bb47c39e4b00][bookmark: _CTVP001539c9596f5544fd5b886379180d627ec]Eating behavior. Fruit and vegetable consumption and eating unhealthy snacks were measured with the same food frequency questionnaire (Strassburg, 2010). Participants were asked to imagine a typical day during the last week and to indicate their food consumption for different categories. Fruit and vegetable consumption was computed with the categories fruits and vegetables. Eating unhealthy snacks was computed with nine categories of unhealthy foods (the non-core foods of Kelly, King, Bauman, Smith, and Flood (2007), e.g. sweets, fast food). For each category, participants indicated whether they have eaten the described food for breakfast, lunch, dinner or between meals. Categories were summed in both conditions. The outcome was the number of fruit and vegetable servings (fruit and vegetable goal condition) or the number of unhealthy snacks (unhealthy snack goal condition) consumed on a typical day during the last week.
[bookmark: _CTVP0018cefc04758c64f63ac6cf9a935cd71cd]Covariates. Covariates included age, sex and body mass index (BMI, objectively measured). These covariates were hypothesized to be associated with eating behavior (Dehghan, Akhtar-Danesh, & Merchant, 2011; Westenhoefer, 2005). Sociodemographic characteristics were assessed at Time 1 including the questions of being a vegetarian or a vegan.
[bookmark: _CTVP0010891b6bf98634dffbcd7281cb3ac8688]CHB messages exchanged in smartphone chat groups. CHB messages included two categories: 1) compensation within eating behavior and 2) between different health behaviors. Definitions and descriptions of the categories were adapted from Radtke et al. (2014). Examples for compensation within eating behavior are “Eating no fruits and vegetables is ok as long as I am not eating any unhealthy snacks” or “I am allowed to eat a dessert if I skip a main meal”. Examples for compensation between different health behaviors are “Eating fast food (e.g. burgers, kebab) is ok, as long as I exercise regularly” or “I can eat this chocolate now because I am going to exercise later”.
[bookmark: _Toc456674928]Data Analysis
[bookmark: _CTVP0010a4fb215900d4288a18e35c0ebaba7cb]Quantitative analysis. To analyze the role of CHBs within the HAPA model, we conducted a saturated manifest path analysis (see Graham, 2003) with IBM AMOS 23.0 for each eating behavior separately. The model included CHBs, self-efficacy, outcome expectancies and risk perception measured at Time 1, intention, action planning and action control measured at Time 2 and eating behavior (fruit and vegetable consumption and eating unhealthy snacks) measured at Time 3. Further, the control variables age, BMI, sex, intervention condition (intervention vs. control group), baseline eating behavior at Time 1 and the identified missing mechanisms were included.
[bookmark: _CTVP001fccbb5be02644fe99d8f34ca23ef5363][bookmark: _CTVP00128460efa866b49dd835d5bb9b8950f44][bookmark: _CTVP001049a8a64081f428b89cf6dc4ccdf635d][bookmark: _CTVP0018c30e57638164fae87d221fc07e1acc0]To deal with missing data, a Full Information Maximum Likelihood (FIML) estimation method was used (Graham, 2009). This method considers the role of auxiliary variables that can reduce estimation bias and restore power due to missing data but does not affect parameter estimates, standard errors, or estimates of quality of fit (Graham, 2003, 2009). Due to the fact that AMOS does not report significance levels or confidence intervals when missing data occur, we analyzed indirect effects with the PROCESS macro in SPSS (Hayes, 2013). It is important to note that the PROCESS macro requires complete data and does not account for missing mechanisms (Hayes, 2016).
[bookmark: _CTVP0016500fc7de4a049c48a47e9d03c9c84d7]Outliers higher than 1.5 times the interquartile range were changed into the next closest value that was no outlier (Osborne & Overbay, 2004; Rousseeuq & Croux, 1993). 
[bookmark: _CTVP00187a5ad4695494f8c815f23a61305bb11][bookmark: _CTVP001ce038f41b60d42019eefb1d98d128961]Qualitative analysis. To analyze situation-specific CHBs in chat group messages, two independent raters each classified two different CHB categories: CHBs within eating behavior and CHBs with other health behaviors. They received instructions with detailed information and examples of CHB categories (see Table 2). Raters attended a training session on how to rate chat group communication. They rated test messages several times and discussed categories in order to reach high agreement. Neuendorf (2002) recommends a two-step procedure for content analyses. Step 1 comprised a pilot rating and step 2 a final rating. For step 1, raters rated a pilot sample. As the pilot sample should not be included in the analysis (Neuendorf, 2002), the pilot sample included chat messages from participants who were excluded from the final sample (see study flow in Figure 1).
[bookmark: _CTVP001af73e8dfac964c78baf40154cdaf26da][bookmark: _CTVP001554bc822b89840cdb79f5a62a9c8e41f][bookmark: _CTVP0019ed1be33f6464d92b8ba2f864fd5502a]As interrater-reliability was low for the pilot sample, two new independent raters received revised instructions and a new training session based on discussed improvement from the first rating. For step 2, these new raters rated the final sample. Interrater agreement for both categories CHBs within eating behavior and CHBs with other health behaviors was 99%. In line with recommendations (Lombard, Snyder-Duch, & Bracken, 2002), we calculated Krippendorff’s Alpha (Krippendorff, 2011) in addition to percent agreement. Interrater-reliability for CHBs within eating behavior was 0.67 and for CHBs with other health behaviors was 0.44 (Krippendorff’s Alpha). Note, however, that Krippendorff’s Alpha may become very small when only a few categories are rated, despite few mistakes being made by the raters (De Swert, 2012). In a consensus procedure with both raters, the final sample of messages for each category was defined.
[bookmark: _Toc456674929]Results
[bookmark: _Toc456674930]Preliminary analyses
Table 1 provides an overview of all main variables under study for both conditions including means, standard deviations, and group difference statistics. At baseline, individuals in the fruit and vegetable condition showed lower values for CHBs compared to the unhealthy snack condition. Values for self-efficacy were higher in the fruit and vegetable condition. At Time 1, participants in the fruit and vegetable condition ate M = 2.58 
(SD = 1.29) servings of fruits and vegetables on a typical day. This did not change significantly by Time 3 (t = 0.34, p = .738, d = 0.05). In the unhealthy snack condition, participants consumed M = 1.33 (SD = 1.04) unhealthy snacks at Time 1. Again, this did not change by Time 3 (t = -.39, p = .700, d = 0.05).
[bookmark: _Toc456674931]Table 3 presents inter-correlations between main study variables and control variables for both conditions. In the fruit and vegetable condition, CHBs negatively correlated with risk perception (r(105) = -.25, p = .010) and in the unhealthy snack condition with action planning (r(69) = -.33, p = .005). 
CHBs within the HAPA
The path model for eating unhealthy snacks (Figure 2) shows a negative relation between CHBs and intention (β = -.21, p = .033) and action planning (β = -.22, p = .009). No association between CHBs and eating unhealthy snacks were found. The path model for fruit and vegetable consumption indicated no relation between CHBs and any of the HAPA variables (Figure 3). Additionally, results of the path models show more hypothesized relations between HAPA variables for the prediction of eating unhealthy snacks than for fruit and vegetable consumption. In both conditions, no indirect effects for CHBs on intention, action control, action planning or behavior were found.
[bookmark: _Toc456674932]Situation-specific CHBs in smartphone chat groups
Of total 608 messages written in the chat groups, introduction messages at the beginning of each chat group were excluded (n = 78). In total, 530 messages written by 79 participants in 28 groups were rated (fruit and vegetable condition = 245; unhealthy snack condition = 85). The total number of messages written in groups ranged from 17 – 98 
(M = 40.57; SD = 21.43). Number of messages written per person ranged from 1 to 29 
(M = 7.69; SD = 6.80).
Seven women (= 8.8% of all participants) wrote in total eight CHB messages (= 1.5% of all messages). No men wrote any CHB message. Five messages were categorized in CHBs within eating behavior and three messages in CHBs with other health behaviors. Seven messages were written in the unhealthy snack condition and one in the fruit and vegetable condition. 
For CHBs within eating behavior, participants reported that they compensated for their own unhealthy eating with less eating at a later time point. Participant 288 (age 27, 
BMI = 21.0, unhealthy snack condition), for example, wrote: “I'm excited too... I had some cake for breakfast and then didn’t have one for coffee time. It is some kind of self-deception isn't it?”. Or, participant 212 (age 19, BMI = 21.9, unhealthy snack condition), wrote: “…I have eaten a little [unhealthy snack at that moment] but not that much…” with the justification that eating a little bit is fine. Participant 211 (age 45, BMI = 21.3, unhealthy snack condition) also reported to compensate for unhealthy eating with the idea that the next time she will do better: “Yes, [I have eaten] too much. When I am starting, I cannot eat only a little bit. In such situations, I always think that I can do better the next day…”. Participant 263 (age 28, BMI = 23.5, unhealthy snack condition) talked about her own unhealthy eating (cake) and justified it with the statement that she had not eaten any cake so far “Yes, but streusel cake! Hmm… Anyway, I hadn't had any [unhealthy] snacks so far…”. Participant 103 (age 21, BMI = 23.8, fruit and vegetable condition) talked about doing better the next week “…from now up to a week I'll have some salads and fruits…”
For CHBs with other health behavior, participants talked about compensating for their unhealthy eating with physical exercises. Participant 212 (age 19, BMI = 21.9, unhealthy snack condition), for example, stated: “…and now I'm going to the gym to compensate for it again”, and participant 234 (age 23, BMI = 24.0, unhealthy snack condition) said: “I don't experience eating snacks like chocolate bars as extremely unhealthy as long as I eat healthily in general and do enough exercise.” One person justified her unhealthy eating with the statement that she already compensated for it with a sauna session (participant 243, age 56, BMI = 23.2, unhealthy snack condition): “…I just ate a lot from the dessert buffet but with no guilty conscience after a day in the sauna…”.
[bookmark: _Toc456674933]Discussion
This study investigated the role of CHBs for two different eating behaviors with a mixed method approach. Quantitative findings showed that within the HAPA framework CHBs are significantly negatively related to intention and action planning only in the unhealthy snack condition but not in the fruit and vegetable condition. No significant relations were found between CHBs and the two eating behaviors. 
The qualitative findings indicated that overall, individuals hardly communicate about situation-specific CHBs in group chats with strangers. If CHBs are included in chat groups, individuals communicate more often and more diversely when trying to reduce their unhealthy snack consumption compared to increasing their fruit and vegetable consumption. In the unhealthy snack condition, participants communicated CHB messages on the following topics: compensating unhealthy snack consumption with healthy eating at a later point in time; intending to do better another day; compensating for current unhealthy eating with previous healthy eating or another previously performed health behavior; and intending to do physical exercise in the future. In the fruit and vegetable condition, one individual communicated the intention to do better at a later stage. Overall, our study indicates a more prominent role for CHBs in the context of unhealthy snacks than of fruit and vegetable consumption.
[bookmark: _CTVP00143e37a12909f4ed3a9dcf71f6a4e9d37][bookmark: _CTVP0019c5a0bfd03be4e2e8236baa8ba7303f6]These findings are in line with other research showing that fruit and vegetable consumption and eating unhealthy snacks underlie different explanatory mechanisms. For example, inhibitory self-control was a superior predictor for an undesired behavior and initiatory self-control a better predictor for a desired behavior indicating a difference in executive functions between fruit and vegetable consumption and eating unhealthy snacks (Allom & Mullan, 2014; De Ridder, Lensvelt-Mulders, Finkenauer, Stok, & Baumeister, 2011; Limbers & Young, 2015). Further, implementation intentions are more effective to promote healthy eating than giving up unhealthy eating (Adriaanse, Vinkers, De Ridder, Hox, & De Wit, 2011). Thus, a separate analysis of each behavior to better understand eating behaviors is essential.
[bookmark: _CTVP001b7e37d3a1b344acaa30c6440eb3f0deb][bookmark: _CTVP0010079496b322f4ac2b1cac8de836cc7f3][bookmark: _CTVP001b955e143d5c649399ff5e2f208df1e28][bookmark: _CTVP0018666f22f07c84a8db85572ba07516585]Further, the CHB model claims that CHBs are activated only if individuals are facing a motivational conflict (Knäuper et al., 2004; Rabiau et al., 2006). Conflict situations can occur when exposed to food cues, as it has been shown that chocolate pictures activate the appetitive motivational system (Rodriguez, Fernandez, Cepeda-Benito, & Vila, 2005). Recent literature demonstrated that food cue reactivity, such as craving, has been linked to food-related outcomes including eating and weight gain (Boswell & Kober, 2016). We assume that people evaluate situations differently when exposed to food cues in terms of their eating goal. Eating less unhealthy snacks is an avoidance goal and thus, people need to inhibit the tendency to eat when exposed to a food cue. In contrast, eating more fruits and vegetables is an approach goal. Here, no inhibition of the behavior is needed, but the cue might be rather welcome in that it triggers the intended behavior. However, experimental studies on food cues are mainly based on unhealthy food such as the exposure to the smell of cookies (e.g. Larsen, Hermans, & Engels, 2012). Therefore, future research may want to analyze whether CHBs are less activated due to a lower association between food cues of fruits and vegetables and conflicting situations.
Further, eating unhealthy snacks and fruit and vegetable consumption differ in terms of the reaction after showing the unintentional behavior (e.g. eating the chocolate bar or not eating a fruit). Only for eating unhealthy snacks, it may be interpreted as a real failure because for fruit and vegetable consumption, the behavior might still be shown at a later point in time during the day.
[bookmark: _CTVP001f93cfec6b4b24e388a458bb0de185985][bookmark: _CTVP001d89cf1719d23431980b2e52bb9d0cfc7][bookmark: _CTVP001300e3097f7f04d9d89a031c8d8fdab14][bookmark: _CTVP001c84ebc1430d741bb857dfd6f25a4b1d0]Our results that CHBs are related to the intention of unhealthy but not of healthy eating are in line with recent studies on CHBs (Radtke et al., 2014; Storm et al., 2016). However, there are studies finding no relation between CHBs and unhealthy eating (Radtke et al., 2014) and a significant negative association between CHBs and the intention for healthy eating (Fleig et al., 2015). In contrast to our study, those studies used different approaches to measure CHBs. In the present study, CHBs were measured with a general item in order to capture overall compensation. For a consistent and homogeneous measurement of CHBs, further improvements to assess CHBs are necessary as the original scale shows unsatisfying internal consistency (Radtke, Scholz, Keller, Perren, & Hornung, 2013). Based on the present findings, future studies may compare a general CHB item with more specifically formulated items of compensatory beliefs, for example compensating for an unhealthy behavior with a healthy behavior at a later time point.
[bookmark: _CTVP001f0a514897c53469691061476bbe009f9]It is worth noticing that at Time 1, individuals reported significantly lower CHBs in the fruit and vegetable condition compared to the unhealthy snack condition. Thus, people may have stronger beliefs that they can compensate for the indulgence in an unhealthy behavior than for the failure to implement a healthy behavior. This is also emphasized by the results of this study showing a more prominent role of CHBs in the unhealthy snack condition compared to the fruit and vegetable condition. However, it needs to be noted that even if people use CHBs to justify their behavior, it might be difficult to measure them explicitly. The reason is that most people might not be aware of using CHBs as a self-regulatory strategy. Thus, future studies should add implicit measures to the study design (cf. Glock, Müller, & Krolak-Schwerdt, 2013).
[bookmark: _CTVP001e9b0a1f5b97c43188e99322eb18a8fb7][bookmark: _CTVP0010bdd88bfe239498c9d7a78b2c0162157]To the best of our knowledge, this is among the first studies that investigated CHBs with a qualitative approach showing, which CHBs people communicate when talking about their eating behavior. Although different compensatory beliefs were communicated by persons wanting to avoid unhealthy snacks, in total less than 2% of all message were CHB messages. This small number may have resulted because the focus of the mobile chat groups was on social support for successful eating behavior change, which might not include sharing compensatory beliefs about health behaviors. Further, previous studies asked people directly about their CHBs (Kaklamanou et al., 2013; Knäuper et al., 2004), which might be another explanation for the higher levels of CHBs reported than observed in natural behavior. It is also possible that people generate CHBs, but they do not communicate them to others. Or it could be that they might talk about CHBs with close others, but not with strangers in a chat group setting as in this study. There is evidence that people share more information when they feel close to the other persons and when they think that the exchange of information stays between the two persons (Wiese et al., 2011). For a valid assessment of people’s beliefs, future studies should attempt to answer such questions by comparing different settings or social groups and investigate how group communication between strangers can be stimulated to reach higher interpersonal closeness. However, in the qualitative part, this study set out to examine whether there are different compensatory statements for unhealthy snacks compared to fruits and vegetables. This aim could not be met due to the low frequency of such statements in the data.
[bookmark: _CTVP0011bd4becae1fd4b00a13d103dbb13cfc0][bookmark: _CTVP0013b8ad69f4f584383aa194df345edd679]Further, it should be noted that contrary to previous findings for fruit and vegetable consumption (Schwarzer et al., 2008), risk awareness was the only significant predictor for intention and none of the HAPA variables were associated with fruit and vegetable consumption. In addition, we found a negative correlation between CHBs and risk awareness for fruit and vegetable consumption. Renner and Schwarzer (2005) state that risk awareness acts as a distal antecedent within the motivational phase and that risk awareness sets the stage for a process to think about consequences that may lead to intention. As our individuals were less aware of risks for low fruits and vegetables consumption at T1 compared to the unhealthy snack condition, they may have profited more from information about health consequences at T1. 
Contrary to the assumed relation, there was a negative correlation between self-efficacy and intention in the unhealthy snack condition (see Table 3). Further, participants in the unhealthy snack condition reported significantly lower self-efficacy compared to participants in the fruit and vegetable condition. Thus, one potential explanation for this unexpected negative association could be that with regard to this particular behavior, people with very high intentions to avoid snacking are rather relying their intentions on positive outcome expectancies than on their self-efficacy. In fact, especially in the challenging area of avoiding one’s unhealthy eating habits, people might have a history of negative experiences (which negatively impact self-efficacy), but still want to change their behavior due to assumed advantages (e.g., weight loss). Thus, especially those with higher intention might nonetheless have the lowest self-efficacy in this very special context. 
[bookmark: _CTVP00199a3d875a1be4227b52024353fbe21c0][bookmark: _CTVP0018c5f15f3a86040f2ab8d28b3fcf178d9]Strengths of the present study include analyzing two randomly assigned distinct behaviors within the same health behavior domain and analyzing situation-specific CHBs in a real life setting. However, this study was not without limitations: The collected data were based on self-reported measures and there is evidence that under- and over-reporting can occur for energy intake (Black & Cole, 2001; Rennie, Coward, & Jebb, 2007). Future studies may measure eating behavior with stronger measures such as food diaries that allow for multiple entries per day (e.g. Gratton, Povey, & Clark-Carter, 2007) or assessing eating behavior with objective measures such as a photo diary. Another limitation is that the results may be representative only for people who are highly motivated to change their eating behavior due to the recruitment strategy of this study. Thus, generalizability to people without strong intentions to change their diet may be limited. Further studies may investigate whether Compensatory Health Beliefs are stronger associated with intention and behavior for people who are less motivated to change their behavior.
Conclusion
To conclude, this is the first mixed-method study indicating a more prominent role of CHBs when aiming to eat fewer unhealthy snacks compared to aiming for eating more fruits and vegetables. The results suggest that especially people actively trying to eat fewer unhealthy snacks would benefit from an intervention to reduce CHBs to successfully change their eating behavior. Understanding the mechanisms of CHBs, especially how people think they can compensate for their eating behavior and when these thoughts appear, could be helpful for promoting a healthy diet. 
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Table 1. Summary of sample characteristics and main study variables for unhealthy snack and fruit and vegetable condition.
	 
	US (n = 122)
	
	FV (n = 106)
	
	Test

	Variables
	M
	SD
	
	M
	SD
	
	t 
	χ2
	df
	p
	d

	Age (years)
	27.3
	8.9
	
	27.3
	8.0
	
	-0.01
	
	229
		.999
	0.00

	Women (%)
	79.8
	-
	
	72.9
	-
	
	
	1.55
	1
		.214
	-

	Body mass index
	23.3
	4.0
	
	23.7
	4.3 
	
	-0.74
	
	230
		.460
	0.10

	Compensatory Health Beliefs
	6.0
	2.4
	
	4.6
	2.4
	
	4.42
	
	229
	<	.001
	0.58

	Risk perception
	5.9
	1.9
	
	5.5
	1.7
	
	1.97
	
	230
		.051
	0.22

	Outcome expectancies
	5.3
	2.3
	
	5.8
	2.4
	
	-1.61
	
	227
		.109
	0.21

	Self-efficacy
	4.9
	2.0
	
	6.6
	1.8
	
	-7.00
	
	230
	<	.001
	0.89

	Intention
	5.6
	2.2
	
	5.4
	2.2
	
	0.39
	
	142
		.694
	0.09

	Action Planning
	3.5
	2.4
	
	2.8
	2.0
	
	1.87
	
	142
		.064
	0.32

	Action Control
	3.1
	1.9
	
	3.5
	1.9
	
	-0.96
	
	142
		.339
	0.21

	Fruit and vegetable consumption
	2.1
	1.3
	
	2.5
	1.3
	
	-1.78
	
	138
		.077
	0.31

	Eating unhealthy snacks
	1.3
	1.0
	
	1.2
	0.7
	
	0.39
	
	118
		.701
	0.12



Running head: COMPENSATORY HEALTH BELIEFS IN EATING BEHAVIOR CHANGE
Note: US = Unhealthy snack condition FV = Fruit and vegetable condition; Age, gender, body mass index, Compensatory Health Beliefs, risk perception, outcome expectancies and self-efficacy were measured at Time 1; Intention, action planning and action control were measured at Time 2; Fruit and vegetable consumption and unhealthy snacks were measured at Time 3.
1


Table 2. Compensatory Health Beliefs coding scheme: Rater instructions with definitions and examples.
	Category
	Definition
	Examples

	Compensation within eating behavior 
	The unhealthy behavior can be compensated for with a healthy behavior at a later point in time, e.g. eating chocolate now and e.g. eating fruits and vegetables later.
[bookmark: _CTVP001a782a05a025346c7b2bf6ed10c7f9687]The justification to show an unhealthy behavior by compensating for it with a healthy behavior (Radtke et al., 2012)
[bookmark: _CTVP0012ce46381490a48b4b1902396ff5411d9]The person beliefs that a unhealthy behavior (= eating unhealthily or not eating healthily) can be compensated for or neutralized if she/he shows a healthy behavior 
(= eating healthily or not eating unhealthily; adapted from Knäuper et al., 2004)
The focus lies on the compensation for the target behavior (attention! Please consider relevant condition).
	Eating no fruits and vegetables is ok as long as I am not eating any unhealthy snacks.
Eating unhealthy snacks is ok as long as I eat fruits and vegetables. 
I can eat whatever I want at night, as long as I have not eaten anything during the day.
I am allowed to eat a dessert if a skip a main meal.
If I have eaten an unhealthy snack / no fruits and vegetables today, it’s okay, because I can change my eating behavior tomorrow.
I am eating this unhealthy snack now. Later, I really won’t eat any more unhealthy snacks.
I am eating this unhealthy snack now but later I will eat a little less.
I am eating this unhealthy snack now but later I will only eat salad.
I am eating this unhealthy snack now but starting tomorrow, I am going to eat less.
Eating cake from time to time is okay, as long as I don’t eat high-calorie dessert.

	Compensation between different health behaviors
	Same as for compensation within eating behavior, but compensation for other health behaviors, e.g. sport, exercise etc. 
The focus lies on the compensation for the target behavior (attention! Please consider relevant condition).
	Eating fast food (e.g. burgers, kebab) is okay, as long as I exercise regularly.
I will eat this chocolate now because I am going to exercise later. 




Table 3. Intercorrelations between variables for fruit and vegetable consumption (below diagonal) and unhealthy snack consumption (above diagonal).
	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1. Compensatory Health Beliefs
		
	 -	.03
	 -	.13
	 -	.00
	 -	.19
	  -	.33**
		.18
		.05
	 -	.13
	  -	.02
	  -	.02

	2. Risk perception
	  -	.25*
	
		.29**
	 -	.13
		.08
		.10
		.20
		.04
		.10
	  -	.02
		.04

	3. Outcome expectancies
	  -	.07
		.44***
	
	 -	.10
		.39**
		.21
		.24*
	 -	.02
	 -	.06
	  -	.29**
		.31**

	4. Self-efficacy
		.11
	 -	.08
	 -	.03
	
	 -	.26*
	  -	.18
	   -	.04
	 -	.10
	 -	.10
	  -	.11
	  -	.16

	5. Intention
	  -	.02
		.48***
		.21
		.03
	
		.67***
		.38**
	 -	.09
		.05
	  -	.11
		.32**

	6. Action Planning
	  -	.02
		.16
		.10
		.01
		.44***
	
		.33**
	 -	.06
		.04
	  -	.02
		.03

	7. Action Control
	  -	.04
		.27*
		.18
	 -	.04
		.50***
		.56***
	
	 -	.24
	 -	.02
		.12
	  -	.15

	8. Behavior 
	  -	.09
		.04
		.15
		.09
		.15
		.22
		.30*
	
		.19
	  -	.25*
		.01

	9. Body mass index
		.18
	 -	.07
	 -	.19*
		.18
		.01
	  -	.01
		.03
	 -	.01
	
		.33***
	  -	.22*

	10. Age
	  -	.13
	 -	.06
	 -	.13
	 -	.06
		.01
		.13
		.04
		.05
		.33***
	
	  -	.21*

	11. Gender
	  -	.04
		.20*
	 -	.01
	 -	.01
		.42***
		.23
		.33**
		.19
	 -	.01
		.09
	



Note: Gender: 0 = male , 1 = female; Number of participants for Time 1: n = 107 in the fruit and vegetable condition and n = 124 in the unhealthy snack condition; for Time 2: n = 70 in the fruit and vegetable condition and n = 71 in the unhealthy snack condition; for Time 3 n = 68 in the fruit and vegetable condition and n = 61 in the unhealthy snack condition; Behavior = fruit and vegetable consumption in the fruits and vegetables condition and unhealthy snacks in the unhealthy snacks condition; * p < 0.05. ** p < 0.01. ***p < 0.001 
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Figure 1. Study flow chart. FV = Fruit and vegetable condition. Study flow differs from Inauen et al. (2017) due to different exclusion criteria.
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Figure 2: Saturated path model for the prediction of eating unhealthy snacks; n = 124; Bold lines indicate significant regression weights; Intention, action planning, action control and eating unhealthy snacks was adjusted for age, BMI, gender and the intervention; Eating unhealthy snacks was additionally adjusted for baseline behavior; Correlations between variables are not displayed; * p < 0.05. ** p < 0.01. ***p < 0.001. R2 = adjusted R2.
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Figure 3: Saturated path model for predicting fruit and vegetable consumption; n = 108; Bold lines indicate significant regression weights; Intention, action planning, action control and fruit and vegetable consumption was adjusted for age, BMI, gender and the intervention; Fruit and vegetable consumption was additionally adjusted for baseline behavior; Correlations between variables were allowed, but are not displayed; * p < 0.05. ** p < 0.01. ***p < 0.001. R2 = adjusted R2.
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