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Abstract

The aim of this observational study was to examine how lifestyle health behaviors hypothesized 

to influence attunement to internal cues (breakfast consumption frequency, physical activity, yoga 

practice, sleep, and recreational screen time) are cross-sectionally related to intuitive eating (IE). 

Data from 765 men and 1,009 women (Mage = 31.1±1.7 years) who participated in Project 

EAT-IV (Eating and Activity in Teens and Young Adults) were analyzed with sex-stratified linear 

regression models adjusted for age, race/ethnicity, socioeconomic background, and parent status. 

Sociodemographic-adjusted mean levels of each health behavior by sex were generated at low 

(one standard deviation below the mean), average (at the mean), and high (one standard deviation 

above the mean) levels of IE to facilitate interpretation of regression results. Among women only, 

more frequent breakfast consumption (p = .02), more time spent practicing yoga (p = .03), more 

sleep (p = .004), and less recreational screen time (p = .01) were each significantly associated 

with higher IE after adjusting for sociodemographic characteristics. Compared to women with low 

IE, women with high IE reported, on average, eating breakfast 0.3 more days a week, practicing 

12 more minutes of yoga per week, getting 12 more minutes of sleep per night, and engaging 

in 18 fewer minutes of recreational screen time per day. Results suggest that these modifiable 

health behaviors may be valuable targets for interventions to increase IE among women, though 

longitudinal research is needed to elucidate the temporality of these associations.
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Introduction

The intuitive eating (IE) framework emphasizes eating according to internal hunger and 

satiety cues (versus external rules; Tribole & Resch, 2020). Growing cross-sectional, 

longitudinal, and intervention research demonstrates promising associations between IE 

and health-related indices and behaviors. For instance, IE is cross-sectionally associated 

with less recurrent binge eating (Linardon et al., 2020), as well as with greater fruit and 

vegetable intake and self-reported weight stability in adults (Christoph et al., 2021; Tylka 

et al., 2020). Longitudinally, higher IE in adolescence predicts lower odds of depressive 

symptoms, poor self-esteem, body dissatisfaction, unhealthy weight-control behaviors, 

and binge eating in young adulthood (Hazzard et al., 2021). Similarly, IE interventions 

have reduced disordered eating and weight-bias internalization and improved emotional 

functioning, body appreciation, and life satisfaction (Burnette & Mazzeo, 2020; Schaefer & 

Magnuson, 2014; Van Dyke & Drinkwater, 2014). Thus, IE appears to confer a range of 

psychosocial benefits, but less is known regarding potential determinants of IE.

Although perhaps best known for its focus on using hunger and satiety cues to guide 

eating, IE is a ten-principle framework that emphasizes cultivating attunement to all 

bodily sensations (e.g., feeling tired, having a full bladder) and removing obstacles to 

this attunement (Tribole & Resch, 2020). For example, one of the ten principles of the 

IE framework focuses on encouraging physical activity that feels good (Tribole & Resch, 

2020). In the IE model, general body cue awareness is considered to be important cross-

training for strengthening one’s ability to detect biological hunger and satiety cues (Tribole 

& Resch, 2020). According to Tribole and Resch, the authors who introduced the IE 

framework, adequate self-care is fundamental to the cultivation of body cue awareness, 

such that when basic needs are not met, the ability to notice, respond to, and discriminate 

between internal cues can be disrupted (Tribole & Resch, 2020). For instance, inadequate 

sleep could lead to eating in the absence of hunger to regulate emotions or gain energy 

(Tribole & Resch, 2020). Similarly, excess recreational screen time can divert attention away 

from internal cues and lead to distracted eating or missed meals (Tribole & Resch, 2020). 

Conversely, adequate sleep, consistent meals (e.g., regular breakfast consumption), and 

regular, enjoyable physical activity may improve emotional and physical functioning and 

enhance attunement (Tribole & Resch, 2020). Yoga represents a form of physical activity 

that may be particularly important for cultivating attunement to internal cues, given that 

mindful attunement to the body during practice is a central aspect of the practice of yoga 

(Piran & Neumark-Sztainer, 2020).

Therefore, in theory, greater use of behaviors that may cultivate attunement to internal 

cues (e.g., yoga practice) and lower use of attunement-disrupting behaviors (e.g., excess 

screen time) would be associated with greater IE. Despite this theoretical framework, 

however, no research to our knowledge has examined such health behaviors as correlates 

of IE. Investigating how lifestyle health behaviors that are theorized to have the potential 

to influence body cue awareness are associated with IE is important, as doing so may 

provide evidence for the original IE model introduced by Tribole and Resch (Tribole & 

Resch, 2020) and could inform future health promotion efforts. Therefore, the objective 

of this observational study was to examine cross-sectional associations between health 

Hazzard et al. Page 2

Eat Behav. Author manuscript; available in PMC 2023 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



behaviors that may have the potential to influence attunement to internal cues (i.e., breakfast 

consumption frequency, moderate-to-vigorous physical activity [MVPA], yoga practice, 

sleep, and recreational screen time) and IE in men and women. As previous research 

suggests that IE’s associations with other health attitudes and behaviors differ by sex (e.g., 

Smith et al., 2020), we examined associations between health behaviors and IE separately 

among men and women. We expected more frequent breakfast consumption, more MVPA, 

yoga practice, and sleep, and less recreational screen time to correlate with higher IE. 

However, given that IE had not previously been examined in relation to the lifestyle health 

behaviors examined in the present study, we did not have specific hypotheses regarding sex 

differences.

Methods

Participants

Data for the present study were collected as part of Project EAT-IV (Eating and Activity in 

Teens and Young Adults), the fourth wave of a population-based study following adolescents 

into young adulthood. A total of 4,746 middle school and high school students at 31 public 

schools in the Minneapolis-St. Paul metropolitan area of Minnesota participated at the 

original assessment in 1998–1999 (Neumark-Sztainer, Croll, et al., 2002; Neumark-Sztainer, 

Story, et al., 2002). In 2015–2016, when participants were young adults, those who had 

responded to at least one of two previous follow-up surveys were invited to complete the 

Project EAT-IV survey (Larson et al., 2018; Neumark-Sztainer et al., 2018). Survey data 

at EAT-IV were collected from 1,830 of the initial participants (66.1% of those with valid 

contact information). After excluding 56 participants (3.1% of those who participated in 

EAT-IV) who did not provide sufficient item-level data for the present analyses, the final 

analytic sample for this study included 1,774 participants (765 men and 1,009 women). 

Study protocols were approved by the University of Minnesota’s Institutional Review Board 

Human Subjects Committee, and participants provided informed consent.

Attrition across waves of the Project EAT study did not occur at random. Thus, in all 

analyses, inverse probability weighting (IPW) based on response propensities (Little, 1986) 

was used to account for missing data due to attrition. IPW is the recommended method 

for handling missing data due to attrition in cohort studies, where individuals have missing 

values for all items on surveys they do not respond to (Seaman & White, 2013). IPW 

minimizes potential response bias due to missing data and allows for extrapolation back 

to the original EAT-I school-based sample. Response propensities (i.e., the probability of 

responding to the Project EAT-IV survey) were estimated using a logistic regression of 

response at EAT-IV on several predictor variables from the baseline Project EAT-I survey, 

including demographics, weight status, and parental living situation. Weighting resulted 

in estimates representative of the sociodemographic make-up of the original school-based 

sample, thereby allowing results to be more generalizable to the population of young people 

in the Minneapolis-St. Paul metropolitan area. In the weighted analytic sample for the 

present study, the mean age at EAT-IV was 31.1±1.7 years, and participants were 49.6% 

Non-Hispanic White, 18.8% Non-Hispanic Black/African American, 18.6% Asian/Asian 

American, 5.9% Hispanic/Latinx, and 7.2% mixed or other race/ethnicity. The weighted 
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distribution of the analytic sample across categories of socioeconomic background based 

primarily on parental educational attainment (assessed at baseline) was: 18.1% low, 18.8% 

low-middle, 26.6% middle, 23.3% high-middle, and 13.2% high. Roughly half (51.7%) of 

participants had children at EAT-IV.

Survey Measures

The EAT-IV survey was based on the initial Project EAT survey (Neumark-Sztainer, Croll, 

et al., 2002; Neumark-Sztainer, Story, et al., 2002) and modified based on life-course theory 

(Maternal and Child Health Bureau, 2010) to assess sociodemographic and behavioral 

variables related to eating practices and physical activity. The EAT-IV survey was also 

modified to include emerging topics of interest, such as IE, that were not assessed in the 

initial Project EAT survey. Scale psychometric properties (i.e., Cronbach’s alphas) were 

examined in the full analytic sample, and test-retest reliability was assessed in a subgroup 

of 103 participants who completed the EAT-IV survey twice within a period of one to four 

weeks. Measures used in the present study are described in Table 1.

Statistical Analysis

Descriptive statistics were calculated, and t-tests were conducted to examine differences by 

sex in health behaviors and IE. Cross-sectional associations between health behaviors and IE 

were examined in linear regression models, with health behaviors examined as independent 

variables in separate models and IE examined as the dependent variable. While interactions 

between sex and health behaviors were not statistically significant (p=.07 for breakfast 

consumption frequency, p=.29 for MVPA, p=.20 for yoga practice, p=.53 for sleep, p=.28 

for recreational screen time), prior research suggests that there are sex differences in how IE 

is related to other health attitudes and behaviors (e.g., Smith et al., 2020). Based on prior 

evidence of such sex differences, an a priori decision was made to stratify all regression 

models by sex. Age, race/ethnicity, socioeconomic background, and parent status were 

included in regression models as covariates to account for potential confounding. These 

covariates were hypothesized a priori to be potential confounders, as prior literature suggests 

that lifestyle health behaviors and IE differ by age (Ruzanska & Warschburger, 2017; Tan 

et al., 2018), race/ethnicity (Denny et al., 2013; Krueger et al., 2011), socioeconomic 

background (Denny et al., 2013; Lantz et al., 1998), and parent status (Dinkel et al., 

2021). Distributions of residuals were inspected visually and did not indicate any substantial 

deviations from normality. To aid in interpretation of results, effect sizes were assessed via 

Cohen’s f 2, where an effect size of 0.02 is considered small, 0.15 is medium, and 0.35 

is large (Cohen, 1988). To further facilitate meaningful interpretation of regression results, 

adjusted mean levels of health behaviors at low (defined as one standard deviation below 

the mean), average (defined as the mean), and high (defined as one standard deviation 

above the mean) IE levels were then computed from analogous regression models in which 

IE was included as the independent variable and health behaviors were examined as the 

dependent variables. The orientation of regression models was reversed for the computation 

of adjusted means in order to present differences across variables with meaningful units 

(e.g., hours of sleep per night) rather than presenting differences across IE scores. All 

analyses incorporated IPWs to account for missing data due to attrition across survey waves; 

missing data at the item level were not imputed given that the item-level missing rate was 
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less than 5% and thus considered nominal (Dong & Peng, 2013). Analyses were conducted 

using Stata 16.1, with the threshold for statistical significance set at p<.05.

Results

The mean IE score in this sample was 2.9±0.6 (possible range: 1–4), with similar 

scores across men and women (p=.70). Men reported, on average, more MVPA (5.0±4.1 

hours/week versus 3.6±3.4 hours/week among women, p<.001) and recreational screen 

time (3.3±1.9 hours/day versus 3.0±1.9 hours/day among women, p=.02) than women. 

Conversely, women reported, on average, more frequent breakfast consumption (4.8±2.3 

days/week versus 4.1±2.5 days/week among men, p<.001), more time spent practicing 

yoga (0.4±0.9 hours/week versus 0.2±0.7 hours/week among men, p<.001), and more sleep 

(8.1±1.1 hours/night versus 7.9±1.2 hours/night among men, p<.001) than men.

Cross-Sectional Associations Between Health Behaviors and Intuitive Eating

Among women only, more frequent breakfast consumption, more time spent practicing 

yoga, more sleep, and less recreational screen time were each significantly associated with 

higher IE after adjusting for age, race/ethnicity, socioeconomic background, and parent 

status (Table 2). Effect sizes were less than small for each of these associations, as indicated 

by Cohen’s f 2 values of 0.01. Compared to women with low IE, women with high IE 

reported, on average, eating breakfast 0.3 more days a week, practicing 12 more minutes 

of yoga per week, getting 12 more minutes of sleep per night, and engaging in 18 fewer 

minutes of recreational screen time per day. No significant associations were observed for 

MVPA or among men.

Discussion

This study examined a range of health behaviors that the IE framework theorizes may 

influence attunement to internal cues in relation to IE in a population-based sample of men 

and women. Results among women supported our hypotheses that more frequent breakfast 

consumption, more yoga practice, more sleep, and less recreational screen time would 

correlate with higher IE, though our hypothesis that greater levels of MVPA would also 

correlate with higher IE was not supported. Our hypotheses were not, however, supported 

among men.

This study was the first to our knowledge to examine lifestyle health behaviors as correlates 

of IE and therefore provides some preliminary support for the theoretical framework 

underlying IE (Tribole & Resch, 2020), at least among women. That is, women who 

reported greater engagement in activities posited to cultivate internal cue attunement 

(breakfast consumption frequency, yoga practice, and sleep) and lower levels of an activity 

posited to disrupt internal cue attunement (recreational screen time) exhibited higher IE. 

Conversely, we did not find support for this theoretical framework among men. The 

differences in our findings across men and women cohere with prior evidence that IE is 

more strongly associated with dietary restraint and emotional eating among women than 

men (Smith et al., 2020), but the mechanisms underlying these differences are not clear. 

Although IE is theorized to be innate, it is also believed to be susceptible to decline over 
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time secondary to exposure to sociocultural pressures (Tribole & Resch, 2020). Thus, given 

that females generally experience greater sociocultural pressures to conform to the thin 

body ideal than males (Esnaola et al., 2010), one possible explanation for the differences 

observed between men and women in the present study in associations between health 

behaviors/attitudes and IE is that IE may simply be more stable over time among males. 

More specifically, body cue awareness cross-training (i.e., where awareness of body cues 

within one domain facilitates body cue awareness in other domains) in domains such as 

physical activity and sleep may be less relevant in determining males’ abilities to detect 

internal hunger and satiety cues if their attunement to eating-related internal cues is already 

strong. Supporting this idea, men generally report higher IE levels than women (Linardon et 

al., 2021), albeit not in the present study.

Strengths of this study include the population-based nature and the large size of the sample. 

The inclusion of men, who have been included less often in IE research (Van Dyke & 

Drinkwater, 2014), is also a study strength, though results underscore the need for further 

research to identify facilitators and correlates of IE among men. The self-report nature 

of the data is a limitation of the study, however, and all participants were drawn from 

the Minneapolis-St. Paul metropolitan area, limiting the geographic generalizability of our 

findings. Importantly, the relationship between the examined lifestyle health behaviors 

and IE may be bidirectional, and it is also possible that health behaviors which support 

attunement to internal cues simply tend to pattern with IE among individuals who are 

generally more attuned internally. As EAT-IV was the first wave of the study to include a 

relatively comprehensive measure of IE, the cross-sectional nature of the data precludes the 

ability to establish temporality. Therefore, longitudinal research is needed to elucidate the 

directionality of the relationships between the examined health behaviors and IE.

In summary, the present study sheds light on modifiable health behavior correlates of IE 

and provides preliminary evidence supporting the self-care emphasis of the IE framework 

among women (Tribole & Resch, 2020). Findings from this study, along with consideration 

of potential barriers to engaging in attuned care of the body (e.g., limited time or 

financial resources that may impede access to regular breakfast consumption, yoga, and 

sleep), should be used to inform future IE interventions. The relatively small magnitudes 

of average differences in health behaviors corresponding to low versus high levels of 

IE suggest that even small improvements in these health behaviors could potentially 

correspond to meaningful improvements in IE, particularly at the population level. Although 

longitudinal research is needed to elucidate the temporality of the associations observed 

in this study, results point to breakfast consumption, yoga, sleep, and recreational screen 

time as potentially valuable targets to incorporate in interventions aiming to increase IE 

among women. Likewise, findings suggest that interventions aiming to modify these health 

behaviors may incidentally have favorable effects on IE among women.
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Highlights

• Women who ate breakfast more frequently had higher levels of intuitive 

eating (IE)

• Women who practiced more yoga and slept more also had higher IE

• Women who engaged in more recreational screen time had lower levels of IE

• No lifestyle health behavior correlates of IE were identified among men

• Interventions targeting the examined health behaviors may help improve IE in 

women
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