
The time-varying association between perceived stress and 
hunger within and between days

Jimi Huha, Mariya Shiykob, Stefen Kellerc, Genevieve Duntona, and Susan M. Schembred,*

aInstitute for Prevention Research, University of Southern California, Los Angeles, CA, USA

bBouve College of Health Sciences, Northeastern University, Boston, MA, USA

cHealth Sciences and Psychology, Hawaii Pacific University, Honolulu, HI, USA

dDepartment of Behavioral Science, The University of Texas MD Anderson Cancer Center, 
Houston, TX, USA

Abstract

Objective—Examine the association between perceived stress and hunger continuously over a 

week in free-living individuals.

Methods—Forty five young adults (70% women, 30% overweight/obese) ages 18 to 24 years 

(Mean = 20.7, SD = 1.5), with BMI between 17.4 and 36.3 kg/m2 (Mean = 23.6, SD = 4.0) 

provided between 513 and 577 concurrent ratings of perceived stress and hunger for 7 days via 

hourly, text messaging assessments and real-time eating records. Time-varying effect modeling 

was used to explore whether the within-day fluctuations in stress are related to perceived hunger 

assessed on a momentary basis.

Results—A generally positive stress–hunger relationship was confirmed, but we found that the 

strength of the relationship was not linear. Rather, the magnitude of the association between 

perceived stress and hunger changed throughout the day such that only during specific time 

intervals were stress and hunger significantly related. Specifically, the strength of the positive 

association peaked during late afternoon hours on weekdays (β = 0.31, p < .05) and it peaked 

during evening hours on weekend days (β = 0.56, p < .05).

Conclusion—This is the first empirical study to demonstrate potentially maladaptive, nonlinear 

stress–hunger associations that peak in the afternoon or evening hours. While we are unable to 

infer causality from these analyses, our findings provide empirical evidence for a potentially high-

risk time of day for stress-induced eating. Replication of these findings in larger, more diverse 

samples will aid with the design and implementation of real-time intervention studies aimed at 

reducing stress-eating.
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Introduction

Nearly 70% of adults in the United States are overweight or obese (Ogden, Carroll, Kit, & 

Flegal, 2014). Although the causes of obesity are complex (McAllister et al., 2009), one 

potential contributor is psychosocial stress. A recent report by the American Psychological 

Association indicated that nearly all Americans have felt “moderately stressed” in the past 

month and 22% felt extremely stressed, with nearly 70% reporting altering their eating 

behavior in response to stress (American Psychological Association, 2012). The report 

revealed that 39% have a tendency to overeat when under high stress, and another 29% skip 

meals. These findings were consistent with other research showing changes in eating 

behavior and food choice in response to stress (Greeno & Wing, 1994). Furthermore, when 

examining the impact of psychosocial stress on weight change, Block, He, Zaslavsky, Ding, 

and Ayanian (2009) demonstrated that perceived stress was positively related to weight gain 

among U.S. adults, and among those classified as obese, in particular. While the biological 

mechanisms of this relationship are not completely understood, evidence suggests that 

psychosocial stress can trigger an overactive stress response leading to the increased 

production of cortisol and insulin, and to subsequent food intake, particularly among high 

cortisol reactors (Adam & Epel, 2007; Epel, Lapidus, McEwen, & Brownell, 2001). Thus, 

there is initial evidence that supports the adverse effects of stress on food intake and the 

growing rates of obesity in the U.S.

The stress-induced eating hypothesis has been supported by various laboratory studies in 

humans that demonstrate subjective feelings of hunger increase in intensity as perceived 

stress increases (Raspopow, Abizaid, Matheson, & Anisman, 2014; Sarker, Franks, & 

Caffrey, 2013). While of great value, it is unclear how generalizable these studies are to 

real-life conditions in which both perceived stress and hunger change in response to daily 

events. Preliminary studies support the notion of changing levels of stress throughout a day 

(Gellman & Turner, 2013). Research using momentary assessment techniques has shown 

that minor stressful daily events are associated with within-day changes in mood and 

perceived stress (Gellman & Turner, 2013). Similarly, levels of perceived hunger fluctuate 

considerably throughout a day as a function of a variety of homeostatic, hedonic, and 

conditioned or psychological factors that underlie a natural circadian rhythm. Peaks in 

hunger tend to occur around “mealtimes”; however, they may vary between individuals or 

days (weekdays vs. weekend days) and even within individuals (e.g., across time-sensitive 

contexts such as high- and low-stress valence). Collectively, these findings suggest that the 

relationship between perceived stress and hunger is likely better described as a non-constant, 

nonlinear association, and that it may vary in its magnitude and strength throughout the day 

in real life; however, this has yet to be tested empirically.
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Research on within-person variations in the effects of psychosocial stress on perceived 

hunger in natural settings is generally limited (Newman, O’Connor, & Conner, 2007; 

O’Connor, Jones, Conner, McMillan, & Ferguson, 2008; Stone & Brownell, 1994). Using 

traditional assessment (daily diaries) and (linear) statistical methods, two studies conducted 

by O’Connor and colleagues (Newman et al., 2007; O’Connor et al., 2008) showed that 

daily stressors were significantly associated with high fat/high sugar snacking during the 

same day with the strongest effects among women with high cortisol reactivity (Newman et 

al., 2007). Though these studies have significantly contributed to our understanding of the 

association between stress and daily food intake, the use of modern assessment and non-

linear statistical methods could enhance our understanding of the stress–hunger relationship. 

Using momentary assessment methods and an advanced statistical approach for intensive 

longitudinal data, one can determine whether the magnitude and direction of stress–hunger 

relationship is constant, independent of the contextual factors such as circadian rhythms 

(e.g., time of the day) or days of the week (e.g., week days, weekends). Contextual dynamics 

combined with biological fluctuations in hormonal cycles and circadian rhythms may 

manifest in novel, time-varying relationship patterns that can contribute to a deeper 

understanding of the effects stress has on eating behaviors.

Therefore, the overarching goal of the current study was to examine the association between 

perceived stress and hunger based on measures taken in situ several times a day over the 

course of a week (Shiffman, 2009). We compared this hunger–stress association between 

weekdays and weekends and tested the association using more traditional (i.e., constantly 

linear) and novel, nonlinear statistical approaches. We hypothesized (1) that a generally 

positive association between perceived stress and hunger would be detected via the 

traditional, general linear mixed and, via nonlinear time-varying effect modeling, (2) that the 

strength of the association would vary within a typical day, and (3) that the dynamics would 

manifest differently between weekdays vs. weekends.

Methods

Project TwEATs

Project TwEATs (Text with Ease Appetite Tracking System) was launched with an 

objective to test the use of Ecological Momentary Assessment (EMA) methodologies to 

collect hourly records of appetitive states and eating events. Results from Project TwEATs I 

demonstrated that automated text-messaging is an acceptable method to monitor perceived 

hunger ratings in a sample of adults over a consecutive week (Schembre & Yuen, 2011) 

representing an improvement over previously validated methodologies (Almiron-Roig et al., 

2009; Mattes, Hollis, Hayes, & Stunkard, 2005; Stratton et al., 1998; Stubbs et al., 2000; 

Yeomans, Gray, Mitchell, & True, 1997). For Project TwEATs II we recruited a new sample 

of participants to explore the relationships between perceived psychological and 

physiological states, and eating behavior.

Participants

A convenience sample of 51 college students 18 to 24 years of age was recruited during the 

two weeks prior to the start of a spring semester. Eligibility requirements included being free 
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from chronic diseases that could affect eating patterns (e.g. diabetes, Celiac disease), no 

history of a diagnosed eating disorder, no current pregnancy or lactation, and access to an 

unlimited text messaging plan with a personal mobile telephone service carrier. As part of 

Project TwEATs II, pre-prandial blood glucose data were collected via commercially 

available glucometers. Students who reported being unwilling to monitor their blood glucose 

levels prior to meals were additionally excluded.1 Two students, who initially met the 

screening requirements, were later deemed ineligible to participate in the study due to the 

impaired fasting blood glucose concentrations (>99 mg/dl). Of the 49 enrolled participants, 

four (8%) failed to provide momentary eating records. The final analytical sample included 

45 participants. All participants provided informed consent, and study protocols were 

approved by the Institutional Review Board at the University of Hawaii Cancer Center, 

Honolulu, Hawaii.

Design

This was a seven-day observational study. Upon study enrollment, participants completed a 

number of online questionnaires and provided demographic data. Additionally, measures of 

weight, height, waist circumference, and fasting blood glucose concentrations were obtained 

in person. All participants were enrolled within 3 weeks of the start of the semester. To 

control for possible variations in mean stress levels from the beginning to the end of the 

college semester, participants were randomized to one of two cohorts beginning on the 

seven-day monitoring period either 1 week or 8 weeks after study enrollment. Notably, 

neither perceived stress (p = 0.37) nor perceived hunger (p = 0.99) varied significantly 

between the two cohorts. Randomization was stratified by sex and weight status.

EMA data sampling scheme

Interval- and event-contingent sampling methods were used to collect self-reported 

perceived stress and hunger data during the monitoring period. Interval-contingent data were 

collected using automated, reminder text messages delivered to the participant’s personal 

mobile phone at equally-spaced, 1-hour time intervals over the entire week to maximize the 

response rate. A total of 168 text message prompts were sent to each participant over the 

seven day period (24 hours by 7 days). Participants were requested to only respond to texts 

during their waking hours to maximize data collection. At each reminder prompt, 

participants were asked to “Reply with your hunger and stress rating with ‘D projecttweats’ 

(Rate 1–10)” (Shiyko, Lanza, Tan, Li, & Shiffman, 2012). Prior to initiating the study, 

research staff delivered practice prompts to train participants on how to respond correctly. 

Participants were asked to report their perceived hunger (PH) and stress (PS) rating at the 

time of their response with numerical ratings ranging from 1 = not at all to 10 = extremely.

1Students enrolled in the study were encouraged to test their blood glucose concentrations within 5 minutes of every eating event; 
however, they were not required to do so. They were instructed to record all eating events, but could refrain from measuring their 
blood glucose levels if, for any reason, they were uncomfortable or unable to complete the test. This was done to minimize missing 
eating event data as these data were more. Furthermore, the research staff did not disclose the purpose of collecting these data and, 
beyond explaining what the test measured, no other potentially leading information (e.g., possible associations between high/low 
blood glucose concentrations and hunger) was shared with the study participants. The adequate mitigation of any detrimental influence 
of collecting pre-prandial blood glucose data on our findings is evidenced by consistent associations between PS and PH when 
including or excluding data collected at these event-contingent assessment points.
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In addition to hourly prompted responses, participants were instructed to report their stress 

and hunger levels within five-minutes prior to an eating event via paper-and-pen (event-

contingent data). Standardized forms were provided to record eating events. An eating event 

was defined as any occasion a calorie-containing food or beverage, including meal-

replacement beverages (e.g., shakes or smoothies), was consumed (Yannakoulia, Melistas, 

Solomou, & Yiannakouris, 2007). Consistent with previously published literature, eating 

episodes occurring >15 minutes apart were described as distinct, reportable events (Berteus 

Forslund, Torgerson, Sjostrom, & Lindroos, 2005; Yannakoulia et al., 2007). Participants 

recorded the date and time of each eating event and its general size (i.e., meal, snack, or 

smaller). During the monitoring period, participants were discouraged from any moderate-

to-vigorous physical activity to minimize external influences on mood and hunger. 

Compliance with request was self-reported.

Interval-contingent text responses were collected on the Project TwEATs Twitter account, 

and event-contingent paper-and-pen eating records were returned by study participants at the 

conclusion of the monitoring period. All collected data were manually entered by research 

staff into a working database. Accuracy of the data entries was verified by an alternate staff 

member. For this study, all data, both interval- and event-contingent, collected between 

10:00 and 23:59 were used for each day in order to maximize the number of available data 

points from hour to hour given the sparseness of the hour-to-hour data prior to 10:00 (2.8% 

from 7:00 to 7:59; 3.4% from 8:00 to 8:59; 4.0% from 9:00 to 9:59).

Statistical analysis

Mixed effects modeling of the average association between PH and PS—
Initially, the overall association between PH and PS was examined with general linear 

mixed modeling. PS was included as a person-level predictor (an average of PS for a given 

individual across all time points) and prompt-level predictor (a deviation score from a 

person’s mean at a given moment calculated and standardized) (Tan, Shiyko, Li, Li, & 

Dierker, 2012) while controlling for BMI and gender, which were significantly associated 

with the main predictor, PS (p = .013 and p < .0001, respectively), and the outcome, PH (ps 

< .001). The dependent variable for our models, PH, neared normal distribution with slight 

positive skewness (skewness = 0.55 and kurtosis-3 = −.63). Variable transformation 

normalized the PH data distribution, but did not influence any of our findings. As such, the 

untransformed PH data were included in all of our analyses to aid with the interpretation of 

our findings.

Time-varying effect modeling of PS on PH within and across days—The time-

varying association between PS and PH was examined with time-varying effect modeling 

(TVEM). TVEM is uniquely suitable for analysis of intensive longitudinal data (ILD) (Tan 

et al., 2012) collected with EMA methods that assess two, time-varying variables of interest 

repeatedly over time. The model is semi-parametric and assumes no traditionally used 

shapes (such as linear or quadratic). Rather, the pattern of the association is estimated from 

data and can follow a complex smooth non-linear curve. To accomplish this, the collected 

data are time-stamped. This temporal information is a key element to the TVEM approach. 
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Unequal spacing between observations and unequal number of assessments across 

participants is accommodated.

The following TVEM was fit to the data:

The outcome, PHij, represents momentary assessments of perceived hunger for each person i 

assessed at unique time point j. Model parameters β0 through β3 represent parameter 

functions that change values depending on time (tij) Specifically, β0 (tij) is an intercept 

function that summarizes a level of hunger over the course of a weekday (e.g., continuously 

from 10:00 to 23:59) for individuals with an average level of stress (Wkend = 0 and PS = 0). 

Thus, instead of a single summary, the intercept is a function with gradually changing values 

over the course of a day, from morning to night. β2(tij) is a time-varying function of 

perceived stress (PS), portraying the impact of PS on PH during a weekday. The PS variable 

was centered at person-mean first, and then standardized with a 1 unit shift representing a 1 

SD shift relative to one’s own mean. Further, β2(tij) represents the time-varying effect of 

weekends (Wkend, coded as a dummy variable) on the estimated level of PH, controlling for 

PS. β3(tij) represents differences of the effects of PS on weekends relative to weekdays. 

Gender and BMI were also included as relevant covariates in the model, and β4 and β5 

represent traditional regression weights. The random errors, εij, are assumed to be normally 

and independently distributed.

The model was fitted in SAS 9.3 using the recommended P-spline estimation method with 

10 knots (Yang, Tan, Li, & Wagner, 2012). The P-spline approach yields smoothed 

parameter functions that capture nuances of momentary fluctuations without over fitting the 

model to data. Technical details of model fitting can be found in Tan et al. (2012) and 

Shiyko and colleagues (Shiyko, Naab, Shiffman, & Li, 2013; Shiyko et al., 2012). To align 

the data points based on circadian rhythm, we used clock time (from 10:00 to 23:59) to 

model within-day changes in the associations between PS and PH rather than estimated 

wake time (from the first text response).

Results

Participant characteristics and compliance for EMA data

Participant’s characteristics are summarized in Table 1. A total of 3815 EMAs were 

collected, ranging from 20 to 127 observations per person (Mean = 84.8, Median = 87.0, SD 

= 22.8). A total of 2726 (71.5%) assessments were collected during weekdays, and 1089 

(28.5%) during weekends. From all assessments, 3019 (79.1%) were interval-contingent. 

Over the course of 7 days, we expected a total of 98 assessments per person (14 responses 

by 7 days). On average, participants provided 67 assessments (68.8% compliance rate) 

(Median = 72.4, SD = 19.4, range = 9 to 95).
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The average association between perceived stress and hunger

Using both the event-contingent data (paper-and-pen eating event data) and interval-

contingent data (hourly text responses), we initially used traditional general linear mixed 

models to account for the nested data structure (repeated measures within individual) and 

included gender and BMI as covariates (Table 2). The results confirmed that both the 

average and momentary PS are positively associated with PH. Specifically, those who 

reported higher average PS scores tended to report higher PH scores (β01 = .41, p < .001). In 

comparison, when the participant reported being more stressed than his/her usual level, 

increased PH was reported (β10 = .26, p < .001). Additional analyses showed that effects of 

momentary PS did not differ between weekdays and weekend days (p = .78). These findings 

were consistent when only the interval-contingent prompts were used in the mixed models.

Time-varying levels of perceived hunger: weekdays vs. weekends

Graphical summaries of TVEM intercept parameter functions are summarized in Fig. 1 for 

weekdays (black curve) and weekend days (gray curve). The depicted intercept functions 

represent the mean PH within a day when a person’s PS is at his/her average level (as the 

stress variable was person-centered, then standardized), controlling for BMI and gender. 

Coefficient values ranged from approximately 2.9 to 4.6 on a 1 to 10 scale. Generally, for 

both week-days and weekend days, PH demonstrated strong circadian rhythms with peaks 

prior to noon and again in the evening around 17:00 to 19:00, then tapered off toward the 

end of the day with lowest levels of hunger after 22:00. Higher BMI was positively 

associated with PH (β = .51, p < .001) and men reported significantly lower levels of PH 

than did women (β = −0.86, p < .001). It should be noted that the within-day variation of PH 

was consistent between weekdays and weekend, as shown by the overlapped confidence 

intervals (Fig. 1). Again these findings were consistent when using only the interval-

contingent prompts.

Time-varying effects of stress on hunger: weekdays vs. weekends

Figure 2 shows the momentary association between PS and PH for weekdays (black curve) 

and weekend days (gray curve). The curve for weekdays shows that PS and PH was 

associated in the afternoon and evening hours until about 22:00, represented by the functions 

being above the zero line at magnitudes ranging from β = 0.21 to 0.31. The PS and PH were 

most strongly linked during late afternoon (around 16:00) on weekdays. In contrast, the 

association between PS and PH on weekend days showed a different pattern (gray curve in 

Fig. 2). Overall, the relationship became positive later in the evening from 18:00 to 22:30 

with the strongest association of .56 around 21:00. However, the shapes of the curves on 

weekdays and weekend days were not statically different evidenced by the overlapping 

confidence intervals of depicted slope curves.

Discussion

The described findings empirically confirm our hypothesis that the nature of the association 

between PS and PH is better described as non-constant than as linear, which is most 

typically reported. To our knowledge, this is the first study to use modern EMA and 

statistical approaches to demonstrate the dynamic association between PS and PH during 
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waking hours over a day. This study compliments past research in the area of stress-induced 

eating, which has demonstrated variations in food intake related to the perceived intensity of 

psychosocial stress. Consistent with previously published literature, our findings indicated a 

generally positive association between PS and PH. Yet, over a typical day, the stress–hunger 

association was especially predominant during late afternoon and evening hours. While we 

are unable to infer causality from these analyses, our findings provide empirical evidence for 

a potentially high-risk time of day for stress-induced eating.

As expected based on previous research (Newman et al., 2007; O’Connor et al., 2008; Stone 

& Brownell, 1994), we observed a generally positive perceived stress–hunger association. 

However, the finding that the strength of this association changes throughout a typical day 

with peaks in evening hours is relatively novel. In support of our observation, a recent study 

by Leblanc et al. (2012) demonstrated that emotional eating, which is closely related to 

stress eating, was positively associated with a higher proportion of energy intake from 

snacks after 5:00 pm. It was suggested that “this loss of control (overeating) later in the day” 

(p. 164) was likely related to declines in satiety over the course of the day (de Castro, 2001, 

2004, 2009; de Castro, Bellisle, Feunekes, Dalix, & DeGraaf, 1997), but, from the current 

study, it can be suggested that stress-induced hunger could additionally contribute to 

excessive energy intake in the evening. It should be noted that similar stress–hunger 

association patterns were observed using only signal-contingent (i.e., non-eating) prompts. 

Future EMA research exploring the relationship between stress and eating will need to 

include a measure of dietary intake to confirm this hypothesis.

With regard to the contextual differences in the dynamic nature of the association, we 

observed a relatively constant, positive stress–hunger association during the weekdays 

versus a more dynamic association during the weekend days. One reason for this may be the 

result of PS being more labile on weekend days versus weekdays. This, in part, is evidenced 

by greater daily variation in mean PS levels during weekend days (SD = 1.4) versus 

weekdays (SD = 1.1). The “weekend effect” on decreasing negative moods and increasing 

positive moods is well documented and particularly pronounced in non-stressed samples 

such as this current sample of college students (Mean PS = 2.8 of 10) (Cranford et al., 2006). 

Interestingly, this effect tended to attenuate the strength of the stress–hunger association in 

the morning and enhance the effect in the evening. Unfortunately, we lacked statistical 

power to detect differences in the observed patterns of the stress–hunger association 

between weekdays and weekend days, likely due to the wide confidence intervals resulting 

from unavailable data, particularly on weekend days. To our knowledge, no research has 

been done to examine the specific influence of day (week versus weekend) on stress-eating. 

Future research will be needed to further explore the underlying reasons for this observation.

Despite the novelty of these findings, this study is limited by important factors. Young 

women were overrepresented in this sample (70% women vs. 30% men). Based on the 

gender differences in reported stress eating (Greeno & Wing, 1994) and emotional eating 

(Schembre & Geller, 2011), the strength and pattern of association may not be generalizable 

to populations of men, older adults, non-college or clinical populations. Requests to refrain 

from moderate-to-vigorous intensity activity may have disrupted the use of habitual stress-

reduction strategies or natural circadian rhythms in a manner that could have affected our 
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findings; however, we were unable to account for this in our models. Due to sample size 

restrictions, we were unable to explore differences in the stress–hunger association by sex or 

weight status. However, these covariates were controlled for in our final models. Similarly, 

statistically significant differences in the pattern of the observed stress–hunger association 

between weekdays and weekend days may have been observed with an increased number of 

participants and/or prompt-level observations (e.g., 2-week monitoring period), which would 

have yielded narrower confidence intervals around the function curves. Also, sparseness of 

the observations prior to 10:00 and after midnight prevented us from obtaining meaningful 

estimates of the PS–PH association for those hours, as observed in the wide confidence 

intervals at the both tails of the function curves. We are also unable to infer causality 

between perceived stress and subsequent hunger or eating behavior due to the use of 

concurrently measured perceived stress and hunger and the limited scope of the study as we 

were unable to collect data on dietary intake. Self-report data, as collected in this study, is 

subject to social desirability, reporting biases and measurement errors. However, due to the 

fact that we still found significant associations despite potential measurement error only 

strengthens our conclusion. Unanswered prompts were not recorded, therefore, compliance 

rates could not be directly modeled in terms of relevant predictors and covariates (ps > .46). 

Descriptive statistics showed that the compliance rates did not differ with respect to sex, 

age, race or BMI categories, although those who reported high levels of hunger, on average, 

tended to show lower compliance rates (r = −.49, p = < .001). In future studies, we plan to 

increase the sample to stabilize the estimates (i.e., decreased CI) and to examine between-

subject differences with sufficient statistical power (Shiyko et al., 2012; Tan et al., 2012) as 

well as collect more specific data on dietary intake. Additionally, low reported levels of 

stress that help to assure reactivity bias, which could have falsely inflated an individual’s 

perceived stress ratings, were limited; however, we are unable to generalize our findings to a 

population who may be more stressed. Lastly, we chose to assess perceived hunger as a 

measure of appetite. We purposefully provided little training on the meaning of hunger, as 

we did not want to bias the participants’ personal perception of hunger. Therefore, we are 

unable to distinguish between homeostatic hunger and non-homeostatic hunger (e.g., desire 

to eat). However, a reliable and valid measure of homeostatic vs. non-homeostatic hunger is 

currently not available. Furthermore, the within-person standardization helped to account for 

between person differences in the perception of hunger and stress.

Despite these limitations, one strength of this research was the use of EMA to collect ILD. 

Repeated measurement of perceived stress and hunger at the micro-level allowed us to 

conduct TVEM analyses. Using this new statistical methodology, we have demonstrated the 

temporal variation of the association between perceived stress and hunger levels that would 

otherwise be overlooked with traditional linear methodologies. We are confident in the 

quality of our data particularly due to the relatively low burden, low recall bias, and 

frequency of prompts. Another strength of this study is the automated text-messaging system 

designed specifically for Project TwEATs (Schembre & Yuen, 2011). The system, which 

was supported by social media websites, utilized the participants’ own mobile phones and 

service plans, which drastically reduced the cost burden that can be associated with EMA 

data collection methods that require application programming on specified platforms that 

quickly become obsolete due to the high-speed pace of technological advancements.
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Using ILD collected by a mobile phone-aided EMA methodology and TVEM, a modern and 

innovative statistical technique, we confirmed that the relationship between perceived stress 

and hunger levels is generally positive but dynamic among free-living individuals in a 

natural setting. We believe this is the first study to empirically demonstrate late afternoon to 

evening peaks in the stress–hunger association supporting this time of day as a high-risk 

window of time for stress-induced eating. Future research using these techniques, in addition 

to real-time assessment of dietary intake, will greatly inform our knowledge about stress 

eating and open doors to the exploration of other related research questions and intervention 

strategies to reduce excessive weight gain and obesity.
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Fig. 1. 
Graphical summary of intercept functions within a day; the average level of perceived 

hunger at a given moment at standardized person-mean stress level in a typical day. The Y-

axis represents the intercept of perceived hunger when stress = 0 over time and the X-axis 

represents time of day.
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Fig. 2. 
Graphical summary of slope function within a day. The Y-axis represents the magnitude of 

momentary association between perceived hunger and stress and the X-axis represents time 

of day.
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Table 1

Sample characteristics (N = 45).

Variable M (SD) or n (%)

Age (years) 20.7 (1.5)

BMI (kg/m2) 23.6 (4.0)

Sex

 Women 29 (64.4%)

 Men 16 (35.6%)

BMI category

 Overweight/obese 14 (31.1%)

 Non-overweight/obese 31 (68.9%)

Race/Ethnicitya

 White 18 (40.0%)

 Asian 16 (35.6%)

 Hawaiian/Pacific Islander 2 (4.4%)

 Biracial/Mixed 9 (20.0%)

 Other 5.1 (4.6%)

Year in college

 Freshman 2 (4.4%)

 Sophomore 12 (26.7%)

 Junior 17 (37.8%)

 Senior 11 (24.4%)

 Other (graduate students) 3 (6.7%)

Living arrangement

 On-campus 30 (66.7%)

 Off-campus 15 (33.3%)

Stress averaged over the week 2.8 (1.1)

Hunger averaged over the week 3.0 (1.0)
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Table 2

General linear mixed model predicting hunger levels.

Estimate SE P

Intercept 3.32 0.40 <.001

Time −0.08 0.01 <.001

Between-subject stress 0.41 0.11 <.001

Within-subject stress 0.26 0.04 <.001

Weekend 0.09 0.07 0.22

Within-subject stress × Weekend −0.02 0.08 0.78

BMI 0.35 0.26 0.20

Gender −0.79 0.27 0.01

General linear mixed model was used to estimate coefficients and standard errors for the model variables. In this model the intercept represents the 
level of hunger at 10:00 AM for a participant whose stress level is average when he/she feels stressed at her/his usual level on a weekday; Time 
represents time passage since 10:00 until 23:59; the between-subject stress represents grand mean-centered stress levels, the within subject stress 
variable represents individual mean-centered stress levels; the weekend variable represents weekend (=1) vs weekdays (=0) the and the Within-
subject stress × Weekend variable represents the interaction between within-subject and weekend binary variable. BMI and gender were also 
included as control variables.
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