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Abstract
Background
Identifying as someone who engages in health promoting behaviors like healthy eating and exercising may be associated with sustained engagement in those behaviors, but reliable and valid instruments are needed to improve the rigor of this research. Two studies were conducted to (1) examine the psychometric properties of a four-item exerciser identity measure (4-EI) and an adapted healthy-eater identity measure (4-HEI) and (2) examine differences in identity strengths across categories of weight loss success.

Methods
Data from 1,709 community dwelling adults in the International Weight Control Registry (IWCR) were used. A random half of the sample was used to assess the proposed unidimensional factor structure of the 4-EI and 4-HEI and examine convergent and discriminant validity using Spearman rank-order correlations. One-way ANOVA was used in the other random half of the sample to compare 4-EI and 4-HEI scores (-3 to + 3) across three self-defined weight loss categories (‘Successful’, ‘Regain’, and ‘Unsuccessful’) and those maintaining ≥ 5% weight loss for > 1 year vs. not.

Results
Results support the unidimensional factor structure with all four items (eigenvalue scores > 2.89) as well as convergent and discriminant validity for both measures. Exercise identity was strongly correlated with self-reported physical activity (r (735) = 0.52, p <.001) and measures of autonomous motivation. Healthy eating identity was moderately correlated with cognitive restraint in eating (r (744) = 0.42, p <.001) and other measures predictive of eating behavior. 4-EI and 4-HEI are stronger in Successful (4-EI: M = 0.90, SD = 1.77; 4-HEI: M = 1.56 SD = 1.37) vs. Regain (4-EI: M=-0.18, SD = 1.68; 4-HEI: M =.57, SD = 1.48) and Unsuccessful (4-EI:M=-0.28, SD = 1.62; 4-HEI: M = 0.51, SD = 1.33) and those maintaining ≥ 5% weight loss (4-EI:M = 0.47, SD = 1.78; 4-HEI: M = 1.13, SD = 1.49) vs. not (4-EI:M=-0.27, SD = 1.66; 4-HEI: M = 0.53, SD = 1.47), p’s < 0.001.

Conclusions
The 4-EI and 4-HEI have acceptable psychometric properties and can advance understanding of the role of identity in exercise and dietary behaviors and weight loss maintenance.

Trial registration
The parent observational study, International Weight Control Registry (IWCR), for these sub-studies is registered in ClinicalTrials.gov (NCT04907396).

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12966-024-01573-y.
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Introduction
Maintaining a healthy body weight, consuming a healthy diet, and engaging in regular physical activity reduce the occurrence of heart disease, type 2 diabetes mellitus, and several types of cancers [1, 2]. Despite the many well-known benefits of such health-promoting behaviors, sustaining regular engagement in healthy dietary and physical activity behaviors beyond six months, a common threshold for behavior change maintenance, is difficult for most individuals [3–5]. Similarly, behavioral weight loss trials that emphasize changes in dietary and/or physical activity behaviors are characterized by initial and clinically meaningful weight loss at six months (i.e., ≥ 5% mean weight loss) followed by a predictable pattern of weight regain in most participants [5, 6]. At the population level, physical inactivity in US adults is increasing (up to 47.7% in 2020- 7), only 10% of American adults consume the recommended amount of fruits and vegetables [8], and 90% of American adults consume too much sodium [2] despite serious efforts to improve engagement with these health promoting behaviors. The consistency of the observed inability for most people to sustain healthy dietary and physical activity behaviors demonstrates that innovative approaches for sustaining health behavior motivation and change are urgently needed.
There is an increasing recognition in the fields of health psychology and behavioral medicine that self-categorization with a health-related behavior, or identity (e.g., exerciser, healthy-eater, or smoker), can influence the sustainability of engaging in health promoting behaviors and cessation of health-risk behaviors [9–12]. A growing body of research has demonstrated that identifying as an exerciser is associated with physical activity engagement, inclusive of exercise, and identifying as a healthy-eater is associated with healthy eating behaviors. According to social identity theory, this occurs as identities include pre-defined standards of behavior that can reflexively regulate behavior through positive affect when behavior aligns with identity, and negative affect when there is discordance between behavior and identity [13–15]. Most research examining the role of identity on behavior has been conducted in the domain of exercise. A meta-analysis of 32 independent datasets found that exercise identity had a moderate association with self-reported exercise behavior [16], including predicting the frequency of weekly exercise, exercise maintenance (i.e., weeks of previous engagement), as well as intentions to exercise (e.g., 17,18). Identity also emerged as a factor that moderated the intention-behavior gap in a recent systematic review [19]. Although there are limited longitudinal studies on the development of exercise identity, a 16-week exercise intervention study in women demonstrated that participants experienced significant increases in exercise identity during the intervention, and those changes positively predicted exercise maintenance six months later [20].
Healthy-eater identity is less well-studied but has been shown to predict both intentions to eat healthfully (e.g., 21) as well as actual eating behaviors, including lower fat consumption, higher fiber consumption [22], and higher fruit and vegetable consumption [11]. Considering these promising associations between identity and health-promoting behaviors, a call has been made to advance the rigor of this research through instrument development and psychometric evaluation of existing measures [23].
The Exercise Identity Scale is the most widely used validated measure of health-behavior identity [17, 23]. Although it only includes nine items, previous psychometric analysis in college students suggests the items assess two distinct factors: exercise-related identity and beliefs. A shorter, four-item measure that has also been used to measure exercise identity [24] may only have one factor and has been shown to be adaptable to other health-related behaviors as it was initially developed to measure identifying as a green consumer [25] and was subsequently adapted to measure other aspects of consumer identity [26] and smoking identity [27]. Using this four-item measure, those with stronger exercise identities were shown to have higher intentions to exercise and were more successful at following through with their intentions compared to those with weaker exercise identities [24, 28]. These results align with those obtained using the nine-item Exercise Identity Scale. However, the psychometric properties of the four-item measure have not been evaluated.
The purpose of the present research is two-fold. First, Study 1 was designed to assess the proposed unidimensional structural validity as well as the convergent and discriminant validity of the four-item exercise identity scale and an adaptation for measuring healthy-eater identity in a large community sample of adults from across the United States. Second, in Study 2 these measures were used to examine the association between weight loss maintenance and exercise and healthy-eater identity as new models of behavior change, including the Maintain IT Model of Health Behavior Change and Maintenance and the Multi-Process Action Control model emphasize the importance of identity formation for transitioning from healthy behavior adoption to long-term maintenance [9, 10]. Thus theoretically, identity should predict long-term maintenance of both exercise and healthy eating, which are predictive of weight loss maintenance [29–31]. Therefore, it was hypothesized that individuals who have successfully maintained weight loss would have stronger exercise identity and healthy-eater identity. Method for Studies 1 and 2.
This article reports how sample size, all data exclusions, manipulations, and all measures that were included in each study were determined (see Fig. 1; Tables 1, 2 and 3) following the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE Statement) [32]. All analyses were conducted in SPSS v28.0.1. The parent observational study, International Weight Control Registry (IWCR), for these sub-studies is registered in ClinicalTrials.gov (NCT04907396) and the parent study was approved by the institutional review board at Tufts University, but the hypotheses tested in the presented sub-studies were not pre-registered prior to data collection. All participants provided informed consent prior to study participation.
Table 1Study 1: Descriptive Statistics and Correlations for Exercise Identity (n = 735)


	Variable
	N
	Mean
	SD
	Median
	IQR
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	1. Exercise identity
	735
	0.10
	1.70
	0.00
	2.75
	-
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	2. Healthy eating identity
	730
	0.70
	1.51
	0.75
	2.50
	0.46**
	-
	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	3. Total leisure activity (MET a minute/week)
	735
	1279.61
	2171.79
	328.50
	1638
	0.52**
	0.25**
	-
	 	 	 	 	 	 	 	 	 	 	 	 	 
	4. Leisure walking (MET minute/week)
	732
	453.03
	787.29
	99.00
	594.00
	0.36**
	0.23**
	0.78**
	-
	 	 	 	 	 	 	 	 	 	 	 	 
	5. Leisure vigorous physical activity (MET minute/week)
	735
	570.18
	1310.91
	0.00
	360.00
	0.47**
	0.17**
	0.71**
	0.30**
	-
	 	 	 	 	 	 	 	 	 	 	 
	6. Leisure moderate physical activity (MET minute/week)
	731
	259.67
	651.13
	0.00
	160.00
	0.38**
	0.19**
	0.64**
	0.37**
	0.50**
	-
	 	 	 	 	 	 	 	 	 	 
	7. BREQ3b Identified regulation
	729
	2.59
	1.02
	2.75
	1.75
	0.75**
	0.43**
	0.50**
	0.36**
	0.42**
	0.35**
	-
	 	 	 	 	 	 	 	 	 
	8. BREQ3 Integrated regulation
	727
	1.98
	1.30
	2.00
	2.00
	0.81**
	0.47**
	0.55**
	0.40**
	0.45**
	0.38**
	0.85**
	-
	 	 	 	 	 	 	 	 
	9. BREQ3 Intrinsic regulation
	730
	2.08
	1.22
	2.25
	2.00
	0.66**
	0.36**
	0.45**
	0.31**
	0.37**
	0.31**
	0.74**
	0.79**
	-
	 	 	 	 	 	 	 
	10. BREQ3 Introjected regulation
	732
	2.04
	1.17
	2.00
	1.88
	0.35**
	0.16**
	0.20**
	0.11**
	0.20**
	0.12**
	0.50**
	0.47**
	0.39**
	-
	 	 	 	 	 	 
	11. BREQ3 Amotivation
	731
	0.45
	0.78
	0.00
	0.75
	-0.39**
	-0.21**
	-0.25**
	− 0.019**
	-0.18**
	-0.16**
	-0.51**
	-0.46**
	-0.44**
	-0.23**
	-
	 	 	 	 	 
	12. BREQ3 External regulation
	729
	0.69
	0.88
	0.25
	1.00
	0.02
	-0.01
	0.06
	0.06
	0.05
	0.05
	-0.01
	0.03
	-0.08*
	0.24**
	0.24**
	-
	 	 	 	 
	13. Age (years)
	660
	52.09
	13.90
	53.00
	21.50
	0.02
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	 	 	 
	14. Worry about infected with COVID-19
	665
	2.72
	0.97
	3.00
	1.00
	0.05
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-0.02
	-
	 	 
	15. Numbers of people live in household
	731
	1.93
	1.55
	2.00
	2.00
	-0.05
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-0.25**
	0.03
	-
	 
	16. Height (meters)
	733
	1.66
	0.08
	1.65
	0.13
	-0.10**
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.00
	0.03
	-0.03
	-


aMET = Metabolic Equivalent Task
b BREQ-3 = Behavior Regulations in Exercise Questionnaire-3, *p <.05. **p <.01



Table 2Study 1: Descriptive Statistics and Correlations for Healthy Eating Identity (n = 834)


	Variable
	N
	Mean
	SD
	Median
	IQR
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1. Healthy eating identity
	834
	0.70
	1.50
	0.75
	2.50
	-
	 	 	 	 	 	 	 	 
	2. TFEQa Cognitive restraint
	774
	10.86
	4.47
	11.00
	6.00
	0.42**
	-
	 	 	 	 	 	 	 
	3. TFEQ Uncontrolled eating
	779
	8.79
	3.95
	13.00
	6.00
	-0.30**
	-0.15**
	-
	 	 	 	 	 	 
	4. TFEQ Emotional eating
	777
	5.77
	3.70
	2.00
	6.00
	-0.28**
	-0.20**
	0.65**
	-
	 	 	 	 	 
	5. Food Craving
	800
	47.77
	16.96
	50.00
	23.00
	-0.27**
	-0.17**
	0.77**
	0.67**
	-
	 	 	 	 
	6. Age (years)
	741
	51.90
	13.90
	53.00
	22.00
	0.18**
	-
	-
	-
	-
	-
	 	 	 
	7. Worry about infected with COVID-19
	663
	2.73
	0.97
	3.00
	1.00
	0.02
	-
	-
	-
	-
	-0.02
	-
	 	 
	8. Numbers of people live in household
	830
	1.93
	1.55
	1.00
	2.00
	-0.02
	-
	-
	-
	-
	-0.25**
	0.03
	-
	 
	9. Height (m)
	832
	1.67
	0.09
	1.65
	0.13
	-0.03
	-
	-
	-
	-
	0.00
	0.03
	-0.03
	-


aTFEQ = Three-Factor Eating Questionnaire; b Food Craving = Food Craving Questionnaire Trait– Reduced, *p <.05. **p <.01



Table 3Study 2: Identity and weight loss by weight loss categories


	 	Weight Loss Category

	Self-defined

	 	Successful
	Regain
	Unsuccessful

	Exercise identity strength
	0.90 (1.77)
	− 0.18 (1.68)
	− 0.28 (1.62)

	Healthy-eater identity strength
	1.56 (1.37)
	0.57 (1.48)
	0.51 (1.33)

	Weight loss (%)
	-19.09 (12.26)
	-6.79 (11.67)
	-5.21 (7.95)

	Maintaining ≥ 5% WL, n (%)
	268 (94%)
	243 (51%)
	27 (38%)

	Not maintaining ≥ 5% WL, n (%)
	17 (6%)
	229 (49%)
	45 (63%)

	 	Defined by Reported Weights

	 	Maintaining ≥ 5% WL
	Not maintaining ≥ 5% WL

	Exercise identity strength
	0.47 (1.79)
	− 0.34 (1.65)

	Healthy-eater identity strength
	1.13 (1.48)
	0.49 (1.46)

	Weight loss (%)
	-16.41 (10.51)
	− 0.67 (10.93)


Abbreviations: Weight loss (WL)
Mean (SD) presented unless otherwise noted
Exercise identity: n = 254 self-defined ‘Successful’, n = 417 self-defined ‘Regain’, n = 65 self-defined ‘Unsuccessful’; n = 477 maintaining ≥ 5% WL; n = 259 not maintaining ≥ 5% WL
Healthy-eater identity: n = 283 self-defined ‘Successful’; n = 472 self-defined ‘Regain’, n = 72 self-defined ‘Unsuccessful’; n = 536 maintaining ≥ 5% WL; n = 291 not maintaining ≥ 5% WL
Weight loss: n = 284 self-defined ‘Successful’; n = 470 self-defined ‘Regain’; n = 72 self-defined ‘Unsuccessful’; n = 536 maintaining ≥ 5% WL, n = 290 not maintaining ≥ 5% WL



[image: ]
Fig. 1STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) Diagram



Population
Data for these studies were collected among adults who enrolled in IWCR (described in detail in 33) between December 2020 and October, 2021. The IWCR is a weight control registry that includes individuals from the United States (US), Kuwait, Italy and Greece who have been involved or interested in weight loss. Inclusion criteria for IWCR were at least 18 years of age and have attempted or are planning weight loss. Only participants resided in the US were included in the presented studies. Participants were recruited through email, flyers and social media posts from clinical trials relevant to obesity, recruitment databases, affiliated primary care networks and weight management centers, and community partners. Some participants also entered the IWCR directly from the public IWCR study website (https://​internationalwei​ghtcontrolregist​ry.​org/​). After providing informed consent and enrolling, participants completed a large battery of self-report online questionnaires to measure weight history, dietary and exercise behaviors, psychosocial predictors of both eating and exercise, and weight loss/management, including the measures in the presented studies. Data were collected and managed using REDCap electronic data capture tools hosted at the University of Alabama at Birmingham [34, 35]. For the present studies, participants were excluded if they reported age below 18 years and implausible data on height (< 121.9 cm and > 218.4 cm) and weight (< 13.6 kg and > 453.6 kg) [36, 37]. The full sample included 1,709 participants who completed either the healthy eating identity questionnaire and/or the exercise identity questionnaire. See Fig. 1. for data selection. A stratified random sample was completed by selecting cases at random for inclusion in either study 1 or 2. Approximately half of the sample was used for the psychometric validation study, Study 1 (n = 839), and the other half for Study 2 (n = 870).

Study 1 method
Measures
Identity
Exercise identity was assessed using a four-item scale (4-EI; 24) and the four items were adapted to create a healthy eating identity scale (4-HEI; e.g., “I see myself as someone who engages in ‘sufficient exercise’/’healthy eating’” (see Table 4 for all four items). Responses on the 7-point Likert scale range from − 3 (strongly disagree) to + 3 (strongly agree). Scores from the four items were averaged and scale scores range from − 3 to + 3.
Table 4Study 1: Exploratory Factor Analysis for Exercise Identity and Healthy Eating Identity


	 	Factor Loading
	Extraction Communality

	Exercise Identity Items (n = 735)
	 	 
	 ‘Engaging in sufficient exercise is something that fits the way I want to live’
	0.472
	0.223

	 ‘Engaging in sufficient exercise is something that fits who I am’
	0.734
	0.539

	 ‘I see myself as someone who engages in sufficient exercise’
	0.944
	0.894

	 ‘I am a typical person who engages in sufficient exercise’
	0.934
	0.876

	Health Eating Identity Items (n = 834)
	 	 
	 ‘Engaging in healthy eating is something that fits the way I want to live’
	0.546
	0.298

	 ‘Engaging in healthy eating is something that fits into who I am’
	0.808
	0.652

	 ‘I see myself as someone who engages in healthy eating’
	0.933
	0.871

	 ‘I am a typical person who engages in healthy eating’
	0.888
	0.789





Physical activity
The International Physical Activity Questionnaire (IPAQ) long form was used to measure physical activity as it has demonstrated reliability and validity in 12 countries worldwide [38]. Only physical activity in the leisure domain was used in the present study, including total leisure activity (Metabolic Equivalent Task [MET] minutes/week), leisure walking (MET minutes/week), leisure vigorous physical activity (MET minutes/week), and leisure moderate physical activity (MET minutes/week). The leisure domain was the sole focus as it captures intentional physical activity (i.e., “exercise”), which is conceptually distinct from utilitarian or obligatory physical activity for work or transportation. Calculations of MET min/week for each category were based on the IPAQ scoring protocol [39]. First, any activity that was engaged in for fewer than 10 min was re-coded to 0 min. Second, time spent on leisure walking (minutes/day), leisure vigorous physical activity (minutes/day), and leisure moderate physical activity (minutes/day) were truncated to 180 min/day per activity if participants reported time spent on these activities were over 180 min/day. Third, MET minutes/week were calculated by multiplying MET values to minutes/week of physical activity for each category (leisure walking, leisure moderate physical activity, and vigorous physical activity [39]. MET values were 3.3 for walking, 4.0 for moderate intensity, and 8.0 for vigorous intensity physical activity (IPAQ, 2005).

Exercise motivation
The Behavioral Regulations in Exercise-3 (BREQ-3) subscales were used to measure exercise motivation types along the amotivation-autonomous continuum as defined by Self Determination Theory [40–43].

Eating behaviors
Self-reported eating behaviors were assessed with the widely used three-factor eating questionnaire [44], which includes three subscales: cognitive restraint, unrestrained eating, and emotional eating, as well as the short version of the Food Craving Questionnaire– Trait [45].

Discriminant validity variables
Self-reported height, age, number of household co-residents, and worry about contracting COVID-19 were used as continuous or ordinal variables that were not predicted to be related to either exercise or healthy eating identity. Worry about contracting COVID-19 was assessed with one item, “How worried have you been about becoming infected with COVID-19?” on a scale from 1 (Extremely worried) to 5 (I have wanted to get infected). This question included “Not Worried” as response option #4 to represent a typical range of range of responses to a Likert-style question. The extreme option of “I have wanted to get infected” was included in the questionnaire packet because some individuals early in the pandemic considered using intentional exposure to the SARS-CoV-2 virus to induce natural immunity [46].

Socio-demographic characteristics
Socio-demographic characteristics included age in years (calculated as differences between years of birth and year of baseline assessment in 2021), biological sex (male and female), education (12th grade or GED, some college/associate degree, college degree(s), nondoctoral graduate degree, and doctoral degree), body mass index (BMI) (kg/m2), race (American Indian/Alaska Native, Asian, Native Hawaiian/other Pacific Islander, Black/African American, White/Caucasian, more than one race, and other), ethnicity (Hispanic or Latino, Hispanic/Latino), household income (less than $25,000, $25,000–$49,999, $50,000–$79,999, $80,000–$130,000, and greater than $130,000), and US census region (Northeast, West, South, and Midwest). Quintiles of household income were created based on the quantile of national household income in 2019 [47]. US census region was grouped based on the zip codes reported by participants. Participants had the option to choose response including “decline to answer”, “prefer not to specify”, and/or “unknown” for questions about biological sex, race, and ethnicity. Missingness of data were minimal (between n = 1 to n = 13), and in a sample of this size is reasonable to assume was missing at random.


Statistical analyses
A maximum likelihood exploratory factor analysis was conducted using parallel analysis and an oblique (i.e., correlated) rotation to determine whether the four exercise identity items and four healthy eating identity items should each be combined into one scale. Due to several variables having a skewed distribution, convergent and discriminant validity were assessed with Spearman rank-order correlations between exercise identity and healthy eating identity with factors that were predicted to be associated with each identity, and measures predicted to be less strongly associated, or not associated, with each identity (predictions outlined in Supplemental Table 1).


Study 1 results
Participants
Sample characteristics for participants who completed the identity questionnaires are shown in Table 5. For Study 1, participants were on average 52 (SD = 14) years of age and had an average Body Mass Index (BMI) of 33.6 kg/m2 (SD = 8.4). A majority of participants identified as female (87%) and reported race/ethnicities included 74% White, 18% Black, and 7% Hispanic.
Table 5Participant Characteristics


	 	Study 1
n = 839
	Study 2
n = 870

	Age, mean (SD)
	52 (14)a
	52 (14)b

	BMI, mean (SD) kg/m2
	33.6 (8.4)a
	32.8 (8.3)

	Weight Loss Category, n (%)
	 	 
	 Successful
	226 (27)
	285 (33)

	 Regain
	502 (60)
	472 (54)

	 Unsuccessful
	74 (9)
	72 (8)

	 First Time Attempting Weight Loss
	37 (4)
	41 (5)

	Sex, n (%)
	 	 
	 Female
	730 (87)
	728 (84)

	Race, n (%)
	 	 
	 White
	621 (74)
	642 (74)

	 Black
	154 (18)
	149 (17)

	 Other
	63 (8)
	78 (9)

	Ethnicity, n (%)
	 	 
	 Not Hispanic or Latino
	773 (93)
	904 (93)

	Education, n (%)
	 	 
	 12th grade or GED
	61 (7.3)
	46 (5.3)

	 Some college/Associate degree
	194 (23.2)
	218 (25.1)

	 College degree(s)
	300 (35.8)
	302 (34.8)

	 Non-doctoral graduate degree
	194 (23.2)
	210 (24.2)

	 Doctoral degree
	88 (10.5)
	91 (10.5)

	Household Income, n (%)
	 	 
	 Less than $25,000
	63 (8)
	89 (10)

	 $25,000-$49,999
	160 (19)
	154 (18)

	 $50,000-$79,999
	218 (26)
	221 (26)

	 $80,000-$130,000
	203 (25)
	223 (26)

	 Greater than $130,000
	182 (22)
	171 (20)

	Region, n (%)
	 	 
	 Northeast
	141 (17)
	169 (20)

	 Midwest
	146 (17)
	124 (14)

	 South
	454 (54)
	456 (53)

	 West
	94 (11)
	115 (13)


aFor Study 1 age n = 743 and BMI n = 834 (n = 2 were excluded due to implausible values)
bFor Study 2 age n = 792




Exercise identity
Both the Kaiser-Meyer-Olin Measure of sampling adequacy (0.71), and the Bartlett’s Test of Sphericity (χ2 = 2,017.57, p <.001) suggested that the data were suitable for factor analysis. A parallel analysis [48] revealed that only one factor should be retained. The factor had an eigenvalue score greater than one (i.e., 2.89) and explained 72% of the total variance (Table 4). This factor was composed of all four exercise identity items and factor loadings ranged from 0.47 to 0.94, therefore exceeding the threshold for retention (0.30-0.40) [49], with extracted communalities ranging from 0.22 to 0.89 (see Table 4). The four items had high internal consistency (α = 0.87).
Next, convergent validity of the exercise identity measure was assessed through comparing the association between identity and the self-reported physical activity variables, and the autonomous self-determination theory constructs most strongly predictive of exercise: identified, integrated, and intrinsic motivation. As anticipated (Supplemental Tables 1 and Table 1), exercise identity strength was positively associated with total MET-minutes of physical activity (p <.001), as well as MET-minutes of vigorous intensity physical activity (p <.001), moderate intensity physical activity (p <.001), and walking per week (p <.001). Additionally, as anticipated, exercise identity was strongly and positively associated with identified (p <.001), integrated (p <.001), and intrinsic motivation (p <.001) for exercise.
In addition to convergent validity, discriminant validity of the exercise identity measure was also assessed (Supplemental Tables 1 and Table 1). It was anticipated that exercise identity would be negatively related to or not related to less internalized forms of exercise-regulation. In line with expectations, exercise identity was negatively related to amotivation towards exercise (p <.001) and not related to extrinsic regulation for exercise (p =.54). However, counter to expectations, exercise identity was positively associated with introjected motivation towards exercising (p <.001). It should be noted that this relationship was weaker than the relationship between exercise identity and the more autonomous forms of motivation. In line with predictions, exercise identity was not related to participants worrying about getting COVID-19 (p =.21), the number of co-residents in household (p =.19), or age (p =.55) but was related to height (p =.01).

Healthy-eater identity
A maximum likelihood exploratory factor analysis was conducted using an oblique (i.e., correlated) rotation to determine whether the four healthy eating identity items should be combined into one scale. Both the Kaiser-Meyer-Olin Measure of sampling adequacy (0.77), and the Bartlett’s Test of Sphericity (χ2 = 2,105.98, p <.001) suggest that the data are suitable for factor analysis. A parallel analysis [48] revealed that only one factor should be retained. The factor had an eigenvalue score greater than one (i.e., 2.96) and explained 73% of the total variance (Table 4). This factor was composed of all four healthy eating identity items and factor loadings ranged from 0.55 to 0.93, exceeding the threshold for retention (0.30-0.40) [49], with extracted communalities ranging from 0.30 to 0.87 (see Table 4). The four items had high internal consistency (α = 0.88).
Next, the convergent validity of the healthy-eater identity measure was examined by comparing the association between identity and cognitive restraint, uncontrolled eating, emotional eating, and food cravings (Supplemental Tables 1 and Table 2). As anticipated, healthy-eater identity was positively associated with cognitive restraint (p <.001) and negatively associated with uncontrolled eating (p <.001), emotional eating (p <.001), and food cravings (p <.001).
In addition to convergent validity, the discriminant validity of the healthy-eater identity measure was also assessed (Supplemental Tables 1 and Table 2). As predicted, healthy-eater identity was weakly or not associated with participants worrying about getting COVID-19 (p =.59), the number of household co-residents (p =.49), and height (p =.45), though it was significantly associated with age (p <.001).


Study 1 discussion
Findings from this large sample of community dwelling adults from across the United States support the internal reliability and structural, convergent, and discriminant validity of four-item measures of exercise identity and healthy-eater identity. Both scales have a unidimensional factor structure containing all four respective items. Nearly all predictions for convergent and discriminant validity were supported, with one exception. Exercise identity correlated positively with introjected motivation from the BREQ-3 questionnaire, which is designed to measure exercising to avoid guilt. Although introjected motivation is a less autonomous form of motivation within self-determination theory, it aligns with the social identity theory perspective that identity helps behavior to be self-reinforcing as a result of the negative emotions that surface when you fail to act in line with the standards of a given identity [13–15].
It should be noted that one item on each scale had a lower factor loading compared to the other three items, suggesting there is still some room for improvement in the measurement of identity (exercise identity: ‘Engaging in sufficient exercise is something that fits the way I want to live’; Healthy-eater Identity: ‘Engaging in healthy eating is something that fits the way I want to live’). However, both items loaded moderately onto their respective factor (i.e., > 0.30), which indicates that there was a moderate correlation between the individual items and the underlying factors [50].
The four-item measure of exercise identity was related to the self-determination theory construct of integrated motivation (r =.81; i.e., internalizing motivation to exercise within one’s self-concept), a construct that was relatively recently added to the autonomous motivation continuum in the third iteration of the BREQ. A standard cut-off for assessing severe multicollinearity between variables is r =.80 [51]. Further work is warranted to determine the extent to which exercise identity and integrated motivation are indeed tapping into different constructs or if this is a case of the jangle fallacy (i.e., two or more constructs having different names when in fact they are measuring the same construct;,52). Indeed, other research has also reported a severe multicollinearity issue between these constructs using the Exercise Identity Scale (e.g., r =.80) [53]. To determine whether exercise-related identity and integrated motivation are separable constructs, more studies are needed to examine the relationship between these variables and whether they are equally predictive of behavior [52]. In this cross-sectional study, the relationships are similar in terms of the outcome of exercise behavior, but integrated motivation had a stronger association with identified motivation than the association between exercise identity and identified motivation (r =.85 vs. r =.76, respectively). More studies are needed to determine the extent to which exercise identity is a separable predictor of behavior from the constructs on the self-determination theory continuum of autonomous motivation.

Study 2 method
Measures
Identity
Exercise identity (4-EI) and healthy-eater identity (4-HEI) were assessed in the other random half of the large sample of US adults using the same measures presented for Study 1 and compared across two types of weight loss categories.

Weight loss categories
IWCR members self-defined belonging to one of four weight loss categories: [1] lost weight and maintained the weight loss for at least a year (‘Successful’), [2] lost weight in the past but regained most or all back, ‘Regain’, and [3] tried losing weight but not been able to (‘Unsuccessful’), and [4] Interested in losing weight for the first time (‘Interested’). ‘Interested’ participants (n = 41) were excluded from this study. Participants also reported their highest adult weight, date they were at highest weight, and current weight. Weight loss category was dichotomously defined as those who were maintaining a clinically meaningful weight loss (≥ 5%) for > 1 year, and those who were not.


Statistical analyses
Univariate ANOVAs were used to compare mean scores for both identities across self-defined weight loss groups with planned contrasts between the category of ‘Successful’ and both the categories of ‘Regain’ and ‘Unsuccessful’. A separate model compared identity scores between those who were maintaining ≥ 5% weight loss from their highest adult weight to those who were not. ANCOVAs were used to examine self-reported biological sex, age, race, and ethnicity as potential covariates in all models. Assumptions underlying ANOVA (normal distribution, equal variances, and independent data) were met for healthy-eater identity in both group comparisons and for exercise identity in the self-reported group comparison (Skewness <|2| and Kurtosis <|7|, Levene’s test for equal variances (p ≥.05); but equal variances was not met in the 5% weight loss group comparison, therefore a Welch t-test was conducted.


Study 2 results
Participants
Participants were 52 (SD = 14) years of age on average, had an average BMI of 32.8 kg/m2 (SD = 8.3). The majority identified as female (84%), and self-reported race/ethnicities included 74% White, 17% Black, and 7% Hispanic (Table 5.). Table 3 has the weight management distribution for Study 2, with 33% self-defining as ‘Successful’, 54% as ‘Regainers’, and 8% as ‘Unsuccessful’. The majority (65%) were maintaining a clinically significant weight loss of at least 5% from their highest adult weight for > 1 year.

Exercise identity
The 4-EI scale was completed by 736 individuals and the four items had high internal consistency (α = 0.89). See Table 3 for identity scores across groups.
There were significant differences across self-defined weight loss categories in exercise identity strength (F(2,733) = 34.14, p <.001) with a medium effect size, η2 = 0.09. This overall difference was followed-up with planned contrasts demonstrating that those in the ‘Successful’ category reported maintaining weight loss for more than one year had stronger exercise identity (M = 0.90) compared to the ‘Regain’ category (M = -0.18), 95% CI for difference (-1.35, − 0.81), p <.001, and ‘Unsuccessful’ (M = -0.28), 95% CI for difference (-1.65, − 0.72), p <.001. Those who were maintaining a ≥ 5% weight loss from their highest weight also had a stronger exercise identity (M = 0.47), compared to those not (M = − 0.34), Welch’s t(566.07) = 37.58, p <.001, 95% CI of difference (0.54, 1.07), and a small effect size, η2 = 0.05. No covariates were significantly associated with exercise identity scores.

Healthy-eater identity
The 4-HEI scale was completed by 827 individuals and the four items had high internal consistency (α = 0.89). There were significant differences across self-defined weight loss groups in healthy-eater identity strength (F(2,824) = 44.89, p <.001) with a medium effect size, η2 = 0.10. Those in the ‘Successful’ category who had maintained weight loss for more than one year had stronger healthy-eater identity scores (M = 1.56) compared to the ‘Regain’ category (M = 0.57), 95% CI for difference (-1.20, − 0.77), p <.001, and the ‘Unsuccessful’ category (M = 0.51), 95% CI for difference (-1.42, − 0.68), p <.001. Similarly, those who were maintaining ≥ 5% weight loss had stronger healthy-eater identities (M = 1.13) compared to those who were not (M = 0.49), F(1, 825) = 35.88, p <.001, 95% CI of difference (0.43, 0.85), and a small effect size η2 = 0.04.
Age and biological sex were significantly associated with healthy-eater identity scores when included as covariates in each model, but race or ethnicity were not. Age was positively associated with healthy-eater identity, while women reported higher healthy-eater identities than men. However, including sex and age in the models did not alter the results for the effects of self-defined or objective weight loss category, therefore ANOVA results are reported for clarity.


Study 2 discussion
Findings from a large sample of community dwelling adults residing in the United States supported the hypothesis that participants who self-identified as successful at maintaining weight-loss for at least one year had stronger exercise and healthy-eater identities in comparison with individuals who self-identified as those who had lost weight but regained it, or who were unsuccessful at losing weight. Similarly, those who were maintaining a ≥ 5% weight loss from their highest adult weight for longer than 1 year had stronger exercise and healthy-eater identities. Interestingly, half of those who identified as being in the ‘Regain’ category and over one third who identified as ‘Unsuccessful’ at losing weight were maintaining a clinically meaningful weight loss according to their self-reported highest weight and current weight. These hypotheses were supported even after controlling for the individual differences of age, biological sex, race, and ethnicity, indicating that these differences in health behavior identities relation to weight-loss status are not confounded with demographic differences between groups.
Identity is increasingly being recognized for influencing dietary and exercise behaviors, but to date is relatively understudied in behavioral weight loss trials. Results from this study are in line with the Maintain IT Model [9] and suggest behavior-based identities (i.e., exercise identity and healthy-eater identity) should be further investigated in prospective studies and randomized weight loss and maintenance trials.

General discussion
Findings from these two studies imply important conclusions. First, the findings from Study 1 support the use of the four-item measures of both exercise and healthy-eater identities to help advance the growing literature examining the role of identity in health behavior change and maintenance. Second, the findings from Study 2 support the importance of identity in the process of sustaining dietary and physical activity behavior changes that are predictive of long-term weight loss maintenance. Specifically, stronger healthy-eater identity and exercise identity scores were observed in those who identified as successfully maintaining weight loss compared to those who identified as having regained most of their lost weight and those who identified as never successfully losing weight and were stronger in those who were maintaining ≥ 5% weight loss for > 1 year compared to and those not maintaining ≥ 5% weight loss.
Studies 1 and 2 have limitations that are worth noting. Key among them is that behavior was measured via self-report, and eating behaviors were assessed using the three-factor eating questionnaire and cravings questionnaire rather than detailed reports of dietary intake by 24-hour recalls or food records. However, self-reported measures of physical activity/exercise [54] and dietary intake [55] are notoriously poor, and this limitation extends to nearly all studies in this area of research to date. Thus, more studies are needed that include objective measures of physical activity and eating behavior. Another general limitation of the research is that the cross-sectional observational nature of the study limits causal inferences that can be drawn from these results. More robust longitudinal and randomized experiments will be necessary to establish causality. The IWCR includes a large battery of questionnaires, and those people who completed the full battery may be more conscientious, which could limit the generalizability of the results. However, this limitation is balanced with the strength of having a sample that is larger and more representative of the US population than the convenience samples of college students used in the psychometric validation study of the nine-item exercise identity scale [23].

Conclusions
Preliminary data supports the notion that identity is a modifiable target for behavior change interventions that can support more long-term behavior changes in both quantitative and qualitative studies [10, 19, 56, 57]. This article contributes to efforts to increase the rigor of the quantitative measurement of both exercise and healthy-eater identity using a four-item measure that has reasonable internal reliability, unidimensional factor structure, convergent, discriminant (Study 1), and was significantly higher among those who were successful at maintaining weight loss compared to those who reported not maintaining weight loss or not losing weight (Study 2).
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