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Abstract

:

This study aimed to assess the relationships between routine and compensatory restraints and body mass index (BMI), as well as to explore the mediating role of emotional and external eating in the relationships between routine and compensatory restraints and BMI. Chinese adults aged ≥18 years with different weight statuses were invited to fill out an online questionnaire. Routine and compensatory restraints and emotional and external eating were assessed using the validated 13-item Chinese version of the Weight-Related Eating Questionnaire. Mediation analyses tested the mediation effects of emotional and external eating on the relationship between routine and compensatory restraints and BMI. In total, 949 participants (26.4% male) responded to the survey (mean age = 33 years, standard deviation (SD) = 14, mean BMI = 22.0 kg/m2, SD = 3.8). The mean routine restraint score was higher in the overweight/obese group (mean ± SD = 2.13 ± 0.76, p < 0.001) than in the normal weight (2.08 ± 0.89) and underweight (1.72 ± 0.94) groups. However, the normal weight group scored higher in compensatory restraint (2.88 ± 1.03, p = 0.021) than the overweight/obese (2.75 ± 0.93) and underweight (2.62 ± 1.04) groups. Routine restraint was related to higher BMI both directly (β = 0.07, p = 0.02) and indirectly through emotional eating (β = 0.04, 95% confidence interval (CI) = 0.03, 0.07). Compensatory restraint was only indirectly related to higher BMI through emotional eating (β = 0.04, 95% CI = 0.03, 0.07).
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1. Introduction


Obesity is a major public health concern worldwide. According to the World Health Organization (WHO), more than 650 million adults were obese in 2016 [1]. China has the largest number of obese adults, with approximately 46% of adults being overweight or obese [2]. More than one in seven individuals were obese in China in 2018 [3], and the prevalence of overweight and obesity is predicted to increase to 690 million by 2030 [4]. Obesity is linked to reduced life expectancy and quality of life [5,6]. Moreover, it is a major risk factor for non-communicable diseases (NCDs), such as type 2 diabetes mellitus (T2DM) and cardiovascular diseases [1]. It accounted for 17.7% of all-cause deaths and 20.9% of the global burden of NCDs’ disability-adjusted life years (DALYs) in 2017 [7]. Finding effective weight control strategies is a priority in obesity research. A positive energy balance, which occurs when energy intake exceeds energy expenditure, is the main driver of obesity [1,8]. Energy intake is partially regulated by perceived sensations of hunger and fullness [9,10]. However, what and how much we eat is not solely determined by physiological demands. Eating behaviors, including food choices and the amount of food consumed, are also influenced by psychological and social factors [9].



Previous studies [11,12,13] showed that the psychological dimensions of eating behaviors could impact food choices and food consumption, leading to obesity. Emotional eating, external eating and dietary restraint are the three main constructs of psychological eating behaviors. Emotional eating refers to overeating in response to negative emotions such as depression and anxiety [14]. A review of emotional eating showed that a higher level of emotional eating is positively related to weight gain [15]. External eating refers to eating in response to external food-relevant cues, such as sight, smell and taste, rather than internal hunger or satiety state [16]. External eating was found to be significantly associated with higher body mass index (BMI) [17]. In brief, it is known that emotional and external eating are both positively associated with high energy intake and obesity [11,12,17,18].



Dietary restraint refers to the perceived restriction or control of food consumption [19]. Weight loss programs usually require participants to use dietary restraints to restrict their energy intake to promote weight loss. However, the relationship between dietary restraint and body weight has been inconsistent in the current literature. Some cross-sectional studies have reported that dietary restraint is positively related to higher body weight [20,21], and other studies have found that people with higher body weight tend to have lower levels of dietary restraint [18,22,23]. This may be because dietary restraint includes different constructs: routine and compensatory restraints.



Routine restraint refers to the perceived strict and regular restriction of energy intake [24]. Compensatory restraint refers to a more flexible restriction of energy intake, particularly following an episode of overeating [24]. There is mixed evidence on the relationship between routine and compensatory restraints and weight control. A cross-sectional study of multi-ethnic (white, Asian/Asian mixed and native Hawaiian/Pacific Islanders) adults (aged 18–81 years) found that only compensatory restraint was positively associated with weight loss [25]. However, a longitudinal (12-month) study demonstrated that both routine and compensatory restraints were negatively related to weight gain in women enrolled in a weight loss trial [26]. Therefore, it is unknown whether dietary restraint is beneficial for weight loss.



Additionally, a recent study reported that emotional and external eating could mediate baseline dietary restraint and a four-year increase in BMI in female patients with newly diagnosed T2DM [27]. This finding suggests that dietary restraint may be related to long-term weight gain through emotional and external eating. However, no study has tested whether emotional or external eating mediates the relationship between routine and compensatory restraints and BMI.



Clarifying the relationship between dietary restraint and BMI could provide insights into the development of appropriate and more effective weight control strategies to combat obesity epidemics. Therefore, this study aimed to explore the relationship between different constructs of dietary restraint (i.e., routine and compensatory restraints) and BMI among Chinese adults, as well as to assess whether emotional and external eating are the mediators between routine and compensatory restraints and BMI.




2. Methods


2.1. Study Design


This was a cross-sectional study, and participants were recruited using convenience sampling via social media. Before conducting the study, ethical approval was obtained from the Institutional Review Board of the University of Hong Kong/Hong Kong West Cluster (reference number: UW19-122) and the Hospital Authority in Hong Kong.




2.2. Participants


The participants were aged ≥18 years (by self-report) with different weight statuses (underweight, normal weight, overweight and obese) and were able to read Chinese in order to complete an online questionnaire. Individuals were not eligible if they self-reported that they (1) were pregnant or lactating during the investigation; (2) had a history of or a current clinical diagnosis of eating disorder (such as anorexia nervosa); or (3) required dietary restrictions, owing to health conditions, such as diabetes mellitus, hypertension, cancer or food allergies.




2.3. Data Collection and Measurements


Data were collected using an online questionnaire via Qualtrics, which included demographic data and self-reported height and weight and the psychological aspects of eating behaviors: routine and compensatory restraints and emotional and external eating, respectively.



Routine and compensatory restraints and emotional and external eating were assessed using the 13-item Chinese version of the Weight-Related Eating Questionnaire (WREQ-C). The validity and reliability of the WREQ-C were examined among Chinese adults [28]. Compared to the other two commonly used tools for assessing the psychological aspects of eating behavior, that is, the Three-Factor Eating Questionnaire (TFEQ) [19] and the Dutch Eating Behavior Questionnaire (DEBQ) [29], the WREQ-C is a shorter scale that assess the two distinct types of dietary restraint: routine and compensatory restraints. The original English version of the 16-item WREQ has been shown to have convergent validity with the TFEQ [26], TFEQ18 [25] and DEBQ [25]. The 13-item WREQ-C consists of three items for routine restraint, three items for compensatory restraint, four items for emotional eating and three items for external eating. Each item was scored between 1–5 (1 = not at all, 2 = sometimes, 3 = half of the time, 4 = most of the time, 5 = always). A higher score indicates a higher level of eating behavior. The final score for each construct was the average of the subscale items. To improve the questionnaire completion rate, responders were reminded to answer skipped or missed questions before proceeding to the next step.



BMI (kg/m2) was calculated according to the participants’ self-reported height and weight. Weight status was categorized using the Asian- BMI classification from the WHO [30]. A BMI of <18.5 kg/m2 is underweight. Normal weight was defined as a BMI between 18.5 and 22.9 kg/m2. A BMI between 23 and 24.9 kg/m2 indicates overweight. A BMI of 25 kg/m2 or higher was considered obese.




2.4. Sample Size Determination


A percentile bootstrap was used in PROCESS macro (version 4.1) to conduct the mediation analysis. According to the guidelines on sample size for mediation analysis [31], a sample size of ≥558 is required to achieve 80% statistical power in a percentile bootstrap when the mediation effect is small.




2.5. Statistical Analysis


We used SPSS Statistics for Windows (version 25.0, IBM Corp, Armonk, NY, USA) and PROCESS macro to perform data analysis. Statistical significance was set at a p value < 0.05. Descriptive statistics were used to summarize participant characteristics. Continuous and categorical variables are presented as means ± standard deviations (SD) and proportions, respectively. Pearson’s correlation coefficient was used to assess the relationship between routine and compensatory restraints and emotional and external eating with BMI. Independent sample t-tests and one-way analysis of variance were conducted to compare the scores of routine and compensatory restraints and emotional and external eating in males and females and individuals of different age groups (18–40 years vs. ≥40 years) and different weight statuses (underweight vs. normal weight vs. overweight/obese). In addition, sensitivity analysis was conducted by excluding older adults (aged >60 years) to compare the scores of routine and compensatory restraints and emotional and external eating between young and middle-aged adults (18–39 years vs. 40–60 years). The PROCESS macro of SPSS was developed by Hayes [32] to perform mediation and moderation analyses. Model 4 in the PROCESS was used to test whether emotional and external eating could mediate the relationship between routine restraint (independent variable) and BMI (dependent variable) and the relationship between compensatory restraint (independent variable) and BMI (dependent variable), respectively. Bootstrapping with 5000 samples was used, and sex and age were controlled for in the models. Mediation effects were calculated using the percentile bootstrap, and the indirect effect was considered significant when the 95% bootstrap confidence intervals (95% CI) did not contain zero [32].





3. Results


In total, 949 participants (73.6% females) aged 18–72 years (mean age = 33 years, SD = 14) were included. The participants’ characteristics are listed in Table 1. Approximately half (53.5%) of the participants were normal weight, 31.8% were overweight or obese, and 14.6% were underweight. Most participants (88.2%) had tertiary or higher educational attainment (males: 87.3%, females: 88.5%). About half (48.3%) of the participants had full-time jobs. Moreover, 71.6% of the participants had a monthly household income of more than HKD 20,000 (≈USD 2548) (males: 74.9%, females: 70.4%).



The mean routine restraint score was significantly higher in the overweight/obese group (mean ± SD = 2.13 ± 0.76, p < 0.001; Table 2) than in the normal weight (2.08 ± 0.89) and underweight (1.72 ± 0.94) groups. However, the normal weight group (2.88 ± 1.03, p = 0.021; Table 2) scored higher in compensatory restraint than the overweight/obese (2.75 ± 0.93) and underweight (2.62 ± 1.04) groups. The emotional and external eating scores did not differ between the underweight, normal weight and overweight/obese groups. The scores for routine and compensatory restraints and for emotional and external eating were significantly higher in females than in males (Table 2). There was no significant difference in the routine and compensatory restraint scores between the participants aged below and above 40 years, although young adults (<40 years old) had higher emotional (2.06 ± 0.97, p = 0.002) and external eating (2.62 ± 0.86, p < 0.001) scores than middle-aged and older adults (1.85 ± 0.83, 2.27 ± 0.76, respectively) (Table 2).



The results of the sensitivity analysis (by excluding participants aged over 60 years) were similar to the main analyses. When excluding older adults (n = 32), there was no significant difference between young and middle-aged adults in routine (young adults: 2.05 ± 0.93; middle-aged adults: 2.03 ± 0.67, p = 0.724) and compensatory restraints scores (young adults: 2.81 ± 1.00; middle-aged adults: 2.77 ± 1.02, p = 0.588), but young adults scored higher in emotional (2.06 ± 0.97, p = 0.015) and external eating (2.62 ± 0.86, p < 0.001) than middle-aged adults (emotional eating: 1.89 ± 0.93, external eating: 2.30 ± 0.77).



3.1. Correlation between Routine and Compensatory Restraints and BMI


Pearson’s correlation analyses showed that routine restraint (r = 0.090, p = 0.005) and emotional eating (r = 0.131, p < 0.001; Table 3) were positively correlated with BMI in the total sample. However, there was no significant correlation between compensatory restraint (r = −0.100, p = 0.763) or external eating (r = 0.049, p = 0.133) and BMI. Emotional eating was positively correlated with routine restraint (r = 0.251, p < 0.001), compensatory restraint (r = 0.239, p < 0.001) and external eating (r = 0.497, p < 0.001). Similarly, external eating was positively correlated with routine (r = 0.151, p = 0.001) and compensatory (r = 0.190, p < 0.001) restraints. In addition, routine restraint was positively correlated with compensatory restraint (r = 0.506, p < 0.001).



Gender-specific correlations between psychological eating behavior and BMI were observed. In males, routine and compensatory restraints and emotional and external eating were positively correlated with BMI (r = 0.186, p = 0.003; r = 0.136, p = 0.031; r = 0.235, p < 0.001; and r = 0.198, p = 0.002, respectively). However, in females, only routine restraint and emotional eating were positively correlated with BMI (r = 0.100, p = 0.009 and r = 0.160, p < 0.001, respectively). Compensatory restraint (r = −0.001, p = 0.968) and external eating (r = 0.030, p = 0.423) were not correlated with BMI in females. In addition, a positive correlation between routine restraint and external eating was only observed in males (r = 0.177, p = 0.005).




3.2. Mediation Analysis between Routine Restraint and BMI


Figure 1 shows the mediation model of routine restraint, emotional and external eating and self-reported BMI with adjustment for age and sex. The overall mediation model explained 19% (R2 = 0.19) of the variance in self-reported BMI (F = 75.66, p < 0.001). Routine restraint was related to higher levels of emotional eating (β1 = 0.24, p < 0.001). In this routine restraint mediation model, the total (β = 0.12, p < 0.001), direct (β = 0.07, p = 0.02) and indirect effects of emotional eating (β = 0.04, 95% CI = 0.03, 0.07) were all statistically significant. This means that emotional eating was a mediator in the relationship between routine restraint and self-reported BMI. In other words, routine restraint was directly associated with higher self-reported BMI and indirectly associated with higher self-reported BMI through emotional eating behaviors.



As for external eating, although routine restraint is related to higher levels of external eating (β1 = 0.09, p < 0.001), external eating is not related to self-reported BMI (β1 = 0.05, p < 0.001). In the routine restraint mediation model, the indirect effect of external eating was not significant (β = 0.0050, 95% CI = −0.0016, 0.01). This means that external eating was not a mediator in the positive relationship between routine restraint and self-reported BMI.




3.3. Mediation Analysis between Compensatory Restraint and BMI


The mediation model of compensatory restraint, emotional and external eating and self-reported BMI with adjustment for age and sex explained 18% (R2 = 0.18) of the variance in self-reported BMI (F = 69.50, p ≤ 0.001; Figure 2). Similar to routine restraint, compensatory restraint is positively related to emotional eating (β1 = 0.22, p < 0.001). However, in this compensatory restraint mediation model, the total (β = 0.04, p = 0.18) and direct (β = −0.01, p = 0.64) effects were not significant, but the indirect effect of emotional eating was significant (β = 0.04, 95% CI = 0.03, 0.07). This means that emotional eating is a mediator in the relationship between compensatory restraint and self-reported BMI. Compensatory restraint was not directly related to self-reported BMI but was indirectly correlated with higher self-reported BMI through emotional eating behaviors.



Similar to the mediation model of routine restraint, compensatory restraint is related to higher levels of external eating (β1 = 0.17, p < 0.001), and the indirect effect of external eating was not significant (β = 0.01, 95% CI = −0.0029, 0.02). This means that external eating is not a mediator between compensatory restraint and self-reported BMI.





4. Discussion


To our knowledge, this is the first study to investigate the relationships and underlying pathways between routine and compensatory restraints and body weight (based on BMI) and to examine whether emotional and external eating mediate the associations between routine and compensatory restraints and self-reported BMI among Chinese adults. We found that individuals with overweight/obesity reported a higher level of routine restraint compared to the normal weight and underweight groups, whereas the self-reported levels of compensatory restraint were higher in the normal weight group than in the underweight and overweight/obese groups. The results of the mediation analyses showed that routine restraint was related to higher self-reported BMI both directly and indirectly (through emotional eating), whereas compensatory restraint was only indirectly related to higher self-reported BMI through emotional eating.



Dietary restraint includes rigid and flexible control of eating behaviors [33,34]. Rigid control refers to strict dieting with “all or nothing” eating approaches. This is related to high disinhibition and is similar to routine restraint. Conversely, flexible control is a flexible approach to control weight in which “fattening food” is allowed in limited quantities. Flexible control is related to low disinhibition and similar to compensatory restraint [24,33,35]. We found that overweight and obese Chinese adults reported a higher level of routine restraint than the normal weight adults. Routine restraint was associated with higher BMI in both males and females. This finding is consistent with those of previous studies, indicating that rigid control was related to higher BMI or weight gain [24,36,37,38]. This can be explained by the restraint theory, which suggests that restrained eaters might lose control and overeat (i.e., disinhibition), which could lead to higher BMI [39,40,41]. Another possible explanation is that individuals with a higher BMI are more likely to restrict eating to control weight. Some large sample sizes and longitudinal studies have shown that a higher baseline BMI is a predictor of higher levels of dietary restraint [42,43]. The findings of our study, together with those of other studies, confirmed that routine restraint might not be an effective approach to weight management.



Importantly, the results of the mediation analyses provided useful insights into the potential mechanisms of dietary restraint and obesity. We found that emotional eating partially mediated the association between routine restraint and BMI. The model suggests that the higher BMI of routine restraint eaters may be explained by emotional eating. This is consistent with the theory of restrained eating, which explains that restrained eaters would overeat because of negative emotions (similar to emotional eating) [44,45,46,47]. In addition, previous experiments have shown that negative emotions could lead restrained eaters to consume more food than non-restrained eaters [45,48].



However, we did not find a significant association between compensatory restraint and BMI. Similar results have been reported in a diverse population [25]. Compensatory restraint is not related to body weight, possibly because this kind of flexible dietary restraint eating is less strict and might offset the consequences of external eating. Additionally, compensatory restraint eaters are allowed to adjust their energy intake, which could avoid the negative effects of rigid dietary restraint, such as disinhibition and overeating [36,37,40,49].



A novel finding of our study is that the mediation model of compensatory restraint and self-reported BMI suggests that compensatory restraint eaters may have a higher BMI, which could be explained by emotional eating. This could explain the inconsistencies in the current literature regarding the relationship between dietary restraint and body weight [18,20,21,22,23]. A previous study assessed the mediation effects of emotional and external eating on restrained eating and change in BMI and reported that dietary restraint was positively associated with increased BMI after four years through subsequent emotional and external eating in female patients with newly diagnosed T2DM [27]. Our study extended this evidence to the general population and confirmed that both routine and compensatory restraints were associated with higher self-reported BMI through emotional eating. Longitudinal studies are needed to investigate the impact of routine and compensatory restraints on weight changes.



Our study showed that the associations between routine and compensatory restraints and BMI differed. Obesity researchers should use appropriate tools to enable assessment of the different constructs of dietary restraint and investigate the role of routine and compensatory restraints in long-term weight loss and weight maintenance. The positive association between routine restraint and BMI suggests that routine restraint may not be an effective way to control body weight. Weight loss programs could teach participants to adopt a more flexible approach to controlling their dietary intakes. Mediation analyses identified that both routine and compensatory restraints could be positively related to BMI through emotional eating. Therefore, clinicians should assess the levels of dietary restraint and emotional eating in overweight/obese participants and incorporate strategies to address emotional eating in all weight loss programs.



Gender-specific correlations between psychological dimensions of eating behavior and BMI were observed in our study. In males, compensatory restraints and external eating were positively correlated with BMI. In addition, a positive correlation between routine restraint and external eating was observed in males. This implies that gender-specific strategies may be needed to address the impact of psychological eating behavior and weight management.



Our study had several limitations. Owing to the nature of the cross-sectional study design, our results could not provide causal inferences between routine and compensatory restraints and BMI. Further studies are warranted to test the causality of the relationships between the WREQ-C subscales and BMI. Moreover, this study was limited by the use of self-reported body weight and height to calculate BMI and estimate weight status. Using measured health metrics to assess the relationship between dietary restraint and body weight is recommended in future studies. Another limitation is that only Hong Kong Chinese adults were included, and they were recruited through convenience sampling in Hong Kong, which may have reduced the generalizability of the findings to other populations. Furthermore, we did not collect data on the menopausal status of participants, which may affect the levels of dietary restraint [50]. However, the results of the sensitivity analysis by excluding participants aged >60 years was similar to the main analyses. Moreover, the data were collected using an online questionnaire; hence, the findings of our study may not be generalized to individuals with lower digital literacy.



To our knowledge, this is the first study to comprehensively investigate the relationships and underlying pathway between routine and compensatory restraints and body weight among a large sample of Chinese adults with different weight statuses. Our results provide insights for resolving the inconsistencies in the relationship between dietary restraint and body weight and enhancing the effects of weight loss programs.




5. Conclusions


Routine and compensatory restraints are related to BMI in different ways. Emotional eating mediated the relationship between routine and compensatory restraints and higher BMI, which may explain the positive association between dietary restraint and weight control. Routine restraint is directly related to higher BMI and indirectly related to BMI through emotional eating. However, compensatory restraint is only indirectly related to a higher BMI through emotional eating. Effective strategies should be identified to reduce the impact of routine restraint and emotional eating behaviors on BMI. Future studies should assess the long-term effects of routine and compensatory restraints and the mediating effects of emotional eating on body weight change and maintenance.







Author Contributions


M.H., P.-H.C. and D.Y.T.F. designed the research. M.H. conducted the research; Y.W. analyzed data. Y.W. and M.H. drafted the paper and had primary responsibility for final content. All authors critically reviewed the manuscript for important intellectual content and approved the final manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


The study was funded by the Health and Medical Research Fund, Hong Kong (Ref. No.: 16172861). Y.Q.W. was supported by the Postgraduate Scholarships, the University of Hong Kong.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of the University of Hong Kong/Hong Kong West Cluster, the Hospital Authority in Hong Kong (reference number: UW19-122, 4 February 2019).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data used for the current study will be available from the corresponding author upon reasonable request.




Acknowledgments


The authors are grateful to all the participants for completing the questionnaires. This study was financially supported by the Health and Medical Research Fund of the Food and Health Bureau, Hong Kong (Ref. No.: 16172861). Y.Q.W. was supported by the Postgraduate Scholarships, the University of Hong Kong.




Conflicts of Interest


The authors declare that they have no conflict of interest.




Abbreviations


WHO: World Health Organization; NCDs: non-communicable diseases; T2DM: type 2 diabetes mellitus; disability-adjusted life years (DALYs); BMI: body mass index; WREQ-C: Chinese version of the Weight-Related Eating Questionnaire; TFEQ: Three-Factor Eating Questionnaire; DEBQ: Dutch Eating Behavior Questionnaire; SD: standard deviation; CI: confidence interval.




References


	



WHO. Obesity and Overweight. 2021. Available online: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight (accessed on 20 August 2022).

	



Wang, Y.; Xue, H.; Sun, M.; Zhu, X.; Zhao, L.; Yang, Y. Prevention and control of obesity in China. Lancet Glob. Health 2019, 7, e1166–e1167. [Google Scholar] [CrossRef] [PubMed]

	



Mu, L.; Liu, J.; Zhou, G.; Wu, C.; Chen, B.; Lu, Y.; Lu, J.; Yan, X.; Zhu, Z.; Nasir, K.; et al. Obesity Prevalence and Risks Among Chinese Adults: Findings from the China PEACE Million Persons Project, 2014–2018. Circulation. Circ. Cardiovasc. Qual. Outcomes 2021, 14, e007292. [Google Scholar] [CrossRef] [PubMed]

	



Bai, R.; Wu, W.; Dong, W.; Liu, J.; Yang, L.; Lyu, J. Forecasting the Populations of Overweight and Obese Chinese Adults. Diabetes Metab. Syndr. Obes. Targets Ther. 2020, 13, 4849–4857. [Google Scholar] [CrossRef] [PubMed]

	



Chu, D.T.; Minh Nguyet, N.T.; Dinh, T.C.; Thai Lien, N.V.; Nguyen, K.H.; Nhu Ngoc, V.T.; Tao, Y.; Son, L.H.; Le, D.H.; Nga, V.B.; et al. An update on physical health and economic consequences of overweight and obesity. Diabetes Metab. Syndr. 2018, 12, 1095–1100. [Google Scholar] [CrossRef]

	



Chu, D.T.; Minh Nguyet, N.T.; Nga, V.T.; Thai Lien, N.V.; Vo, D.D.; Lien, N.; Nhu Ngoc, V.T.; Son, L.H.; Le, D.H.; Nga, V.B.; et al. An update on obesity: Mental consequences and psychological interventions. Diabetes Metab. Syndr. 2019, 13, 155–160. [Google Scholar] [CrossRef]

	



Lin, X.; Xu, Y.; Xu, J.; Pan, X.; Song, X.; Shan, L.; Zhao, Y.; Shan, P.F. Global burden of noncommunicable disease attributable to high body mass index in 195 countries and territories, 1990–2017. Endocrine 2020, 69, 310–320. [Google Scholar] [CrossRef]

	



Hill, J.O.; Wyatt, H.R.; Peters, J.C. Energy balance and obesity. Circulation 2012, 126, 126–132. [Google Scholar] [CrossRef]

	



Grimm, E.R.; Steinle, N.I. Genetics of eating behavior: Established and emerging concepts. Nutr. Rev. 2011, 69, 52–60. [Google Scholar] [CrossRef]

	



Ahima, R.S.; Antwi, D.A. Brain regulation of appetite and satiety. Endocrinol. Metab. Clin. N. Am. 2008, 37, 811–823. [Google Scholar] [CrossRef]

	



Klesges, R.C.; Haddock, C.K.; Stein, R.J.; Klesges, L.M.; Eck, L.H.; Hanson, C.L. Relationship between psychosocial functioning and body fat in preschool children: A longitudinal investigation. J. Consult. Clin. Psychol. 1992, 60, 793–796. [Google Scholar] [CrossRef]

	



Canetti, L.; Bachar, E.; Berry, E.M. Food and emotion. Behav. Process. 2002, 60, 157–164. [Google Scholar] [CrossRef] [PubMed]

	



Van Strien, T.; Peter Herman, C.; Verheijden, M.W. Eating style, overeating, and overweight in a representative Dutch sample. Does external eating play a role? Appetite 2009, 52, 380–387. [Google Scholar] [CrossRef] [PubMed]

	



Kaplan, H.I.; Kaplan, H.S. The psychosomatic concept of obesity. J. Nerv. Ment. Dis. 1957, 125, 181–201. [Google Scholar] [CrossRef]

	



Frayn, M.; Knäuper, B. Emotional Eating and Weight in Adults: A Review. Curr. Psychol. 2018, 37, 924–933. [Google Scholar] [CrossRef]

	



Schachter, S.; Goldman, R.; Gordon, A. Effects of fear, food deprivation, and obesity on eating. J. Personal. Soc. Psychol. 1968, 10, 91–97. [Google Scholar] [CrossRef]

	



Sung, J.; Lee, K.; Song, Y.M. Dietary restraint is non-genetically associated with change in body mass index: The Healthy Twin Study. Yonsei Med. J. 2014, 55, 1138–1144. [Google Scholar] [CrossRef] [PubMed]

	



Delahanty, L.M.; Meigs, J.B.; Hayden, D.; Williamson, D.A.; Nathan, D.M.; Diabetes Prevenion Program (DPP) Research Group. Psychological and behavioral correlates of baseline BMI in the diabetes prevention program (DPP). Diabetes Care 2002, 25, 1992–1998. [Google Scholar] [CrossRef] [PubMed]

	



Stunkard, A.J.; Messick, S. The three-factor eating questionnaire to measure dietary restraint, disinhibition and hunger. J. Psychosom. Res. 1985, 29, 71–83. [Google Scholar] [CrossRef]

	



Yong, C.; Liu, H.; Yang, Q.; Luo, J.; Ouyang, Y.; Sun, M.; Xi, Y.; Xiang, C.; Lin, Q. The Relationship between Restrained Eating, Body Image, and Dietary Intake among University Students in China: A Cross-Sectional Study. Nutrients 2021, 13, 990. [Google Scholar] [CrossRef]

	



de Lauzon-Guillain, B.; Basdevant, A.; Romon, M.; Karlsson, J.; Borys, J.M.; Charles, M.A.; FLVS Study Group. Is restrained eating a risk factor for weight gain in a general population? Am. J. Clin. Nutr. 2006, 83, 132–138. [Google Scholar] [CrossRef]

	



Williamson, D.A.; Lawson, O.J.; Brooks, E.R.; Wozniak, P.J.; Ryan, D.H.; Bray, G.A.; Duchmann, E.G. Association of body mass with dietary restraint and disinhibition. Appetite 1995, 25, 31–41. [Google Scholar] [CrossRef] [PubMed]

	



Thomas, J.G.; Bond, D.S.; Phelan, S.; Hill, J.O.; Wing, R.R. Weight-loss maintenance for 10 years in the National Weight Control Registry. Am. J. Prev. Med. 2014, 46, 17–23. [Google Scholar] [CrossRef] [PubMed]

	



Schembre, S.; Greene, G.; Melanson, K. Development and validation of a weight-related eating questionnaire. Eat. Behav. 2009, 10, 119–124. [Google Scholar] [CrossRef] [PubMed]

	



Schembre, S.M.; Geller, K.S. Psychometric properties and construct validity of the Weight-Related Eating Questionnaire in a diverse population. Obesity 2011, 19, 2336–2344. [Google Scholar] [CrossRef]

	



James, B.L.; Loken, E.; Roe, L.S.; Rolls, B.J. The Weight-Related Eating Questionnaire offers a concise alternative to the Three-Factor Eating Questionnaire for measuring eating behaviors related to weight loss. Appetite 2017, 116, 108–114. [Google Scholar] [CrossRef]

	



van Strien, T.; Konttinen, H.M.; Ouwens, M.A.; van de Laar, F.A.; Winkens, L.H.H. Mediation of emotional and external eating between dieting and food intake or BMI gain in women. Appetite 2020, 145, 104493. [Google Scholar] [CrossRef]

	



Ho, M.; Smith, R.; Chau, P.H.; Chung, C.Y.; Schembre, S.M.; Fong, D.Y.T. Psychometric Evaluation of the Chinese Version of a Weight-Related Eating Questionnaire Using an Item Response Theory Approach. Nutrients 2022, 14, 1627. [Google Scholar] [CrossRef]

	



Van Strien, T.; Frijters, J.E.R.; Bergers, G.P.A.; Defares, P.B. The Dutch Eating Behavior Questionnaire (DEBQ) for assessment of restrained, emotional and external eating behavior. Int. J. Eat. Disord. 1986, 5, 295–315. [Google Scholar] [CrossRef]

	



World Health Organization (WHO). The Asia-Pacific Perspective: Redefining Obesity and Its Treatment. Regional Office for the Western Pacific. 2000. Available online: https://apps.who.int/iris/handle/10665/206936 (accessed on 22 October 2022).

	



Fritz, M.S.; Mackinnon, D.P. Required sample size to detect the mediated effect. Psychol. Sci. 2007, 18, 233–239. [Google Scholar] [CrossRef]

	



Hayes, A.F. Introduction to Mediation, Moderation and Conditional Process Analysis; Guilford Press: New York, NY, USA, 2013; pp. 102–111. [Google Scholar]

	



Westenhoefer, J. Dietary restraint and disinhibition: Is restraint a homogeneous construct? Appetite 1991, 16, 45–55. [Google Scholar] [CrossRef]

	



Westenhoefer, J. The therapeutic challenge: Behavioral changes for long-term weight maintenance. Int. J. Obes. Relat. Metab. Disord. 2001, 25 (Suppl. S1), S85–S88. [Google Scholar] [CrossRef]

	



Sairanen, E.; Lappalainen, R.; Lapveteläinen, A.; Tolvanen, A.; Karhunen, L. Flexibility in weight management. Eat. Behav. 2014, 15, 218–224. [Google Scholar] [CrossRef] [PubMed]

	



Westenhoefer, J.; Stunkard, A.J.; Pudel, V. Validation of the flexible and rigid control dimensions of dietary restraint. Int. J. Eat. Disord. 1999, 26, 53–64. [Google Scholar] [CrossRef]

	



Timko, C.A.; Perone, J. Rigid and flexible control of eating behavior in a college population. Eat. Behav. 2005, 6, 119–125. [Google Scholar] [CrossRef] [PubMed]

	



Westenhoefer, J.; Engel, D.; Holst, C.; Lorenz, J.; Peacock, M.; Stubbs, J.; Whybrow, S.; Raats, M. Cognitive and weight-related correlates of flexible and rigid restrained eating behaviour. Eat. Behav. 2013, 14, 69–72. [Google Scholar] [CrossRef]

	



Lowe, M.R. The effects of dieting on eating behavior: A three-factor model. Psychol. Bull. 1993, 114, 100–121. [Google Scholar] [CrossRef]

	



Westenhoefer, J.; Broeckmann, P.; Münch, A.K.; Pudel, V. Cognitive control of eating behaviour and the disinhibition effect. Appetite 1994, 23, 27–41. [Google Scholar] [CrossRef]

	



Herman, C.P.; Polivy, J. Normative influences on food intake. Physiol. Behav. 2008, 86, 762–772. [Google Scholar] [CrossRef]

	



Snoek, H.M.; van Strien, T.; Janssens, J.M.; Engels, R.C. Restrained eating and BMI: A longitudinal study among adolescents. Health Psychol. 2008, 27, 753–759. [Google Scholar] [CrossRef]

	



Konttinen, H.; Llewellyn, C.; Silventoinen, K.; Joensuu, A.; Männistö, S.; Salomaa, V.; Jousilahti, P.; Kaprio, J.; Perola, M.; Haukkala, A. Genetic predisposition to obesity, restrained eating and changes in body weight: A population-based prospective study. Int. J. Obes. 2018, 42, 858–865. [Google Scholar] [CrossRef]

	



Herman, C.P.; Mack, D. Restrained and unrestrained eating. J. Personal. 1975, 43, 647–660. [Google Scholar] [CrossRef]

	



Herman, C.P.; Polivy, J. Anxiety, restraint, and eating behavior. J. Abnorm. Psychol. 1975, 84, 66–72. [Google Scholar] [CrossRef] [PubMed]

	



Burton, P.; Smit, H.J.; Lightowler, H.J. The influence of restrained and external eating patterns on overeating. Appetite 2007, 49, 191–197. [Google Scholar] [CrossRef] [PubMed]

	



Hill, A.J.; Weaver, C.F.; Blundell, J.E. Food craving, dietary restraint and mood. Appetite 1991, 17, 187–197. [Google Scholar] [CrossRef] [PubMed]

	



Heatherton, T.F.; Herman, C.P.; Polivy, J. Effects of physical threat and ego threat on eating behavior. J. Pers. Soc. Psychol. 1991, 60, 138–143. [Google Scholar] [CrossRef] [PubMed]

	



Teixeira, P.J.; Silva, M.N.; Coutinho, S.R.; Palmeira, A.L.; Mata, J.; Vieira, P.N.; Carraça, E.V.; Santos, T.C.; Sardinha, L.B. Mediators of weight loss and weight loss maintenance in middle-aged women. Obesity 2010, 18, 725–735. [Google Scholar] [CrossRef] [PubMed]

	



Drobnjak, S.; Atsiz, S.; Ditzen, B.; Tuschen-Caffier, B.; Ehlert, U. Restrained eating and self-esteem in premenopausal and postmenopausal women. J. Eat. Disord. 2014, 2, 23. [Google Scholar] [CrossRef]








[image: Nutrients 15 01983 g001 550] 





Figure 1. Emotional and external eating as the mediators in the association between routine restraint and self-reported BMI. Standardized beta coefficients (except for R2) are shown on the arrows. The models are adjusted for age and gender. * p < 0.05 ** p < 0.01. Direct and indirect effect size did not add up to total effect size due to rounding. 
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Figure 2. Emotional and external eating as the mediators in the association between compensatory restraint and self-reported BMI. Standardized beta coefficients (except for R2) are shown on the arrows. The models are adjusted for age and gender. * p < 0.05 ** p < 0.01. 
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Table 1. Characteristics of participants.






Table 1. Characteristics of participants.





	

	
Male (N = 251)

	
Female (N = 698)

	
Total (N = 949)






	
Age (years)

	
35 ± 15

	
32 ± 13

	
33 ± 14




	
Mean BMI (kg/m2)

	
23.5 ± 3.9

	
21.4 ± 3.6

	
22.0 ± 3.8




	
Weight status 1




	
Underweight

	
17 (6.8%)

	
122 (17.5%) 4

	
139 (14.6%) 4




	
Normal weight

	
109 (43.4%)

	
399 (57.2%) 4

	
508 (53.5%) 4




	
Overweight

	
51 (20.3%)

	
85 (12.2%) 4

	
136 (14.3%) 4




	
Obese

	
74 (29.5%)

	
92 (13.2%) 4

	
166 (17.5%) 4




	
Education level

	

	




	
Secondary school or below

	
32 (12.7%)

	
80 (11.5%)

	
112 (11.8%)




	
Tertiary education or above

	
219 (87.3%)

	
618 (88.5%)

	
837 (88.2%)




	
Occupation

	

	

	




	
Full time

	
144 (57.4%)

	
314 (45%)

	
458 (48.3%) 4




	
Part time

	
7 (2.8%)

	
27 (3.9%)

	
34 (3.6%) 4




	
Student/housewives/retired/unemployed

	
100 (39.8%)

	
357 (51.1%)

	
457 (48.2%) 4




	
Monthly Household Income, HKD

	

	

	




	
Below HKD 20,000 2

	
63 (25.1%)

	
205 (29.6%) 3

	
268 (28.4%)




	
HKD 20,000 or above

	
188 (74.9%)

	
488 (70.4%) 3

	
676 (71.6%)








Values are N (%) for categorical variables and mean ± standard deviation for continuous variables. 1 Weight status was categorized using the criteria of the World Health Organization (WHO, 2000): underweight = BMI < 18.5 kg/m2; normal weight = BMI 18.5 kg/m2 to 22.9 kg/m2; overweight = BMI 23 kg/m2 to 24.9 kg/m2; obese = BMI ≥ 25 kg/m2; 2 HKD 20,000 ≈ USD 2548 (September 2022); 3 5 missing pieces of data in this category; 4 percentages did not add up to 100% because of rounding.
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Table 2. The scores of psychological aspects of eating behaviors in individuals with different weight statuses, age and gender.
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	Underweight (N = 139)
	Normal Weight

(N = 508)
	Overweight/Obese (N = 302)
	p-Value
	Male

(N = 251)
	Female

(N = 698)
	p-Value
	Young Adults 1 (N = 678)
	Middle-Aged and Older Adults 2

(N = 271)
	p-Value





	Routine restraint
	1.72 ± 0.94
	2.08 ± 0.89
	2.13 ± 0.76
	<0.001
	1.89 ± 0.80
	2.10 ± 0.89
	0.001
	2.05 ± 0.93
	2.03 ± 0.69
	0.668



	Compensatory restraint
	2.62 ± 1.04
	2.88 ± 1.03
	2.75 ± 0.93
	0.021
	2.50 ± 0.99
	2.91 ± 0.99
	<0.001
	2.81 ± 1.00
	2.78 ± 1.02
	0.631



	Emotional eating
	1.85 ± 0.88
	2.00 ± 0.94
	2.07 ± 1.03
	0.062
	1.75 ± 0.88
	2.10 ± 0.98
	<0.001
	2.06 ± 0.97
	1.85 ± 0.83
	0.002



	External

eating
	2.50 ± 0.85
	2.51 ± 0.84
	2.55 ± 0.86
	0.810
	2.38 ± 0.83
	2.57 ± 0.85
	0.002
	2.62 ± 0.86
	2.27 ± 0.76
	<0.001







1 Age: 18 years to 40 years; 2 age ≥ 40 years. Values are expressed as mean ± standard deviation. p value of one-way ANOVA and independent sample t-tests.
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Table 3. Pearson’s correlations between psychological eating behaviors and BMI.






Table 3. Pearson’s correlations between psychological eating behaviors and BMI.





	

	
Routine Restraint

	
Compensatory Restraint

	
Emotional Eating

	
External Eating

	
BMI






	
Total population

	

	

	

	

	




	
Routine restraint

	
1

	
0.506 **

	
0.251 **

	
0.105 **

	
0.090 **




	
Compensatory restraint

	

	
1

	
0.239 **

	
0.190 **

	
−0.10




	
Emotional eating

	

	

	
1

	
0.497 **

	
0.131 **




	
External eating

	

	

	

	
1

	
0.049




	
Males

	

	

	

	

	




	
Routine restraint

	
1

	
0.490 **

	
0.187 **

	
0.177 **

	
0.186 **




	
Compensatory restraint

	

	
1

	
0.171 **

	
0.359 **

	
0.136 *




	
Emotional eating

	

	

	
1

	
0.534 **

	
0.235 **




	
External eating

	

	

	

	
1

	
0.198 **




	
Females




	
Routine restraint

	
1

	
0.501 **

	
0.253 **

	
0.070

	
0.100 **




	
Compensatory restraint

	

	
1

	
0.231 **

	
0.110 **

	
−0.001




	
Emotional eating

	

	

	
1

	
0.476 **

	
0.160 **




	
External eating

	

	

	

	
1

	
0.030








The results were presented as Pearson’s correlation coefficient. ** p < 0.01. * p < 0.05.
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