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Abstract

Inconsistent results of stress induced eating behavior in obesity have been reported. In order to describe the effect of stress on eating
behavior in detail, we investigated microstructural aspects of food intake in a controlled laboratory experiment. Eating behavior of 43
obese women and 42 normal weight controls between 18 and 30 years was assessed twice (one time after participating in the Trier Social
Stress Test and one time after a control session). A universal eating monitor was used to obtain cumulative intake curves with pudding as
laboratory food. Compared to controls, obese showed inhibited eating behavior after stress. The results are interpreted and discussed with
regard to restrained eating.
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Introduction

The identification of factors which can be causally linked to overeating is important to clarify the etiology of obesity. According to
Schachter’s ‘externality theory of obesity’ [1], eating behavior of obese people is more reactive to external cues (time, presence of
food, situational effects) and less sensible to internal hunger and satiety signals than in normal weight people. But the relationship
between high external responsiveness, overeating and weight gain is complex. Emotions and cognitions are also important factors
which influence eating behavior [2-5]. Negative emotions and stress as well as increased cognitive concerns about food intake and
weight regulation may disturb mechanisms of a balanced eating behavior by inhibition or stimulation of food intake, independent
of hunger or satiety. Both play an important role to promote obesity [6].

To investigate eating behavior in detail one has to look at microstructural aspects of food ingestion [7] that represent intake
characteristics during a laboratory meal by measuring cumulative intake of the test meal. Background is a two process theory of
ingestion that separates between the beginnings of a meal, subjectively perceived as hunger and the end of a meal subjectively
perceived as satiety. The measurement tool is a universal eating monitor (UEM) [8] and is of proven reliability [9]. The UEM
generates the following characteristics of the eating style during the laboratory meal: initial eating rate (IER), average eating rate
(AER), change of eating rate (CER) in the sense of acceleration or deceleration, size of spoonfuls (SSF), and total intake (TI).

Studies comparing eating behavior in laboratory obtaining cumulative intake curves by UEM showed differences in eating style
between obese and normal weight subjects [10-12]. Obese people showed higher average eating rates [13-15], higher initial eating
rates, a larger size of spoonfuls and greater food intake [12] compared to normalweight subjects. However, not all studies found
differences in eating style [11,14]. Adams et al. [15] reported neither a greater amount of consumed food nor a higher number of
bites or rates of chewing in obese. Spiegel [16] also found no significant differences between obese and non-obese subjects.

Stress has been hypothesized to lead to high short-term caloric intake which results in weight gain in the long-term. Empirical
data, however, are inconsistent [2,17]. This might be mainly due to looking only at total intake and not to the microstructural
aspects of eating.

As an important moderating factor for Disinhibition of eating behavior after stress restrained eating has been proposed. Dietary
restraint describes the intention of individuals to restrict their food intake in order to achieve weight loss or to prevent weight gain.
Restrained eaters cognitively instead of physiologically control their eating behavior under normal circumstances. The behavioral
strategies involve for example deliberately limiting one’s food intake per day, calculating consumed energy, avoiding high calorie
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dishes, ending a meal before reaching satiety, and frequent weighing. Usually, obese people score high on questionnaires that
measure restrained eating [18].

To understand how stress affects eating behavior of obese and normal weight women the present study investigated the effect of
an acute psychosocial stressor on the microstructure of eating behavior in obese and normalweight women. Furthermore, we
analyzed the influence of restrained eating.

Method

Eighty-five healthy women aged 18 to 30 years were recruited through advertisement at the University of Trier, Germany. 43 were
obese (BMI 31.5 kg/m?” + 1.8) and 42 were normal weight (BMI 21.7 kg/m? + 2.0). Exclusion criteria were smoking, regular alcohol
consumption (more than seven drinks a week), drug or medicine use, because these factors may affect cortisol reactivity [19,20].
To assess the presence of any of these exclusion criteria participants were examined and interviewed by a physician, who also asked
for the present stage of the menstrual cycle of the participants. No systematic differences in cycle phase were detected between
obese subjects and the control group.

All women received € 80 for their participation. The study was approved by the ethics committee of the University of Trier in April
2012. All subjects gave oral and written informed consent.

Procedure

Participants were exposed to two days of two-hour laboratory sessions, starting at 2.00 pm each day. The maximum time period
between the two laboratory sessions was one week. The process of every session was equal except for the condition (stress vs.
neutral). In the stress condition participants took part in the Trier Social Stress Test [21], a standardized laboratory stressor
designed to elicit psychobiological stress responses. The TSST consisted of a three-minute speech preparation period, a five-minute
public speaking task in front of two evaluative, non-responsive audience members and a five-minute mental arithmetic task. In
the neutral condition participants read magazines for the same period of time. The sequence of neutral and stress condition was
randomized. To create standardized internal state of satiety, participants were asked to refrain from eating and drinking (excluding
water) for three hours before each session. On arrival at the laboratory all subjects were asked to confirm that they had followed
the instructions.

Salivary cortisol samples were collected at the same time intervals throughout each session at four measurement points: baseline,
+ 20 min, + 30 min, + 60 min after the TSST or control session. In both sessions (stress and neutral condition) participants made
subjective ratings of their current stress level on 100 mm visual analogue scales (VAS; 0: not at all, 100: maximum). After the
TSST or control session, participants had a test meal at the universal eating monitor (UEM) [22]. As test meal participants were
served 500g of chocolate pudding. Nutritional content per 100g was: 158 kcal, 3,1g protein, 15,8g carbohydrate, 9,1g fat). They
were instructed to eat as much of the meal as they liked. Before subjects ate the test meal they rated their hunger feeling by visual
analogue scales (VAS; 0: not at all, 100: maximum) Ratings of subjective stress before and after the TSST were also obtained by
such scales.

Biochemical analysis of salivary cortisol

Saliva samples were collected using salivettes (Sarstedt, Niimbrecht, Germany), plastic vials with cotton dental rolls inside, and
frozen at -20 °C until laboratory analysis. They were assayed using delayed Fluoreszenz-Immunoasseys. Intraassay coefficients of
variation were 4.0 - 6.7 %. The interassay coeflicient of variation was 7.1 - 9.0 % [23].

All samples were tested in duplicate. Values used in data analyses are the averages of duplicate tests. Cortisol data were converted
to nmol/l.

Measurement of eating behavior

The following characteristics of the eating style during the laboratory meal were measured by a universal eating monitor: initial
eating rate (IER), average eating rate (AER), change of eating rate (CER) in the sense of acceleration or deceleration, size of
spoonfuls (SSF), and total intake (TT).

The degree of dietary restraint was assessed by the German version of the Three Factor Eating Questionnaire (factor “cognitive
control of eating”) [18].

Statistical analysis

Salivary cortisol and subjective stress ratings before and after the TSST were analyzed by 2 factorial ANOVA with between subjects
factor “group” (obese vs normalweight) and within subjects factor “stress” (rating before and after TSST; cortisol increase after
TSST).

To analyze the microstructure of eating behavior 2-factorial ANCOVA for repeated measurement was used. Between subjects
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factor was group (obese vs. normalweight), within subjects factor was condition (stress vs. neutral). Dependent variables were
average eating rate (AER), initial eating rate (IER), change of eating rate (CER), size of spoonfuls (SSF) and total intake (TT).
Restrained eating was included as covariate. Significance levels are all 2-tailed. Partial ETA squared served as a measure of effect

size. All statistical analyses were performed using SPSS version 21.

Results

Manipulation check of stress

The rise in subjective stress after the TSST was significant for both comparison groups (F(2,148) = 24,29, p < .001, > = .25). There
was also a significant stress-induced increase in salivary cortisol over all subjects (F(3,240) = 31,88, p <.001, n* = .29).

Eating behavior
Table 1 shows the intake characteristics for the laboratory meal for the obese and normal weight subjects in the stress and neutral
condition.
Obese (stress) Obese (neutral) Nor(r;z;lewsvse)ight No(r:;all:rv:li)ght
AER (g/s) .80 £.36 .89 £.39 96 + .43 .89 +.38
IER (g/s) 111+ .64 1.24 £ .76 119+ .62 1.06 £ .51
CER (g/s%) 1.25 +1.37 1.32+1.82 1.13 + 1.07 81+ 1.06
TI (g) 233.40 + 99.42 29336+ 101.61 | 256.29+133.52 | 275.77 + 125.14
SSF (g) 12.24 £ 391 12.57 £ 4.02 12.48 £ 4.67 12.22 £ 4.38

AER: Average Eating Rate; IER: Initial Eating Rate; CER: Change of Eating Rate); TT: Total Intake; SSF:
Size of Spoonfuls
Table 1: UEM-data of obese and normal weight women (M + SD)

The interaction between group and condition was significant for AER (F(1,64) = 2.94; p < .05; n? = .04). Obese subjects ate slower
after stress than the normal weight women, whereas the obese women ate faster than the normal weights in the neutral condition.
Restrained eating had an influence on AER (F(1,64)=5.27, p < .02, n? = .08). High scores on restrained eating resulted in slower
eating (r = -.37, p<.01).

For IER there was an interaction of group x condition (F(1,64) =4.20, p <.04; n)* = .06). After stress obese subjects had a lower IER
than in the control session, whereas normal weight women had a higher IER after stress than in the control session. Restrained
eating had a significant influence on IER (F(1,64) = 9.69, p < .001, n? = .13). The higher a subject scored on restrained eating, the
slower she ate at the beginning of the test meal (r = -.34, p<.02).

No significant group differences in CER after stress were found, but restrained eating had a significant effect on CER (F(1,60) =
5.07; p < .02, > =.08). Higher scores in restrained eating were associated with more acceleration of eating rate towards the end of
the laboratory meal (r= .37, p<.01).

No significant group differences in SSF after stress could be shown, but restrained eating had a significant effect on SSF (F(1,63) =
5.76, p < .01, n? =.08). High scores on restrained eating resulted in smaller SSE. (r = -.33, p<.02).

For T1, the effect of condition was significant (F(1,66) = 11,47, p <.001; n*> = .15). In the control session subjects ate more than in
the stress condition. No significant group differences were detected and there was no significant influence of restrained eating on
total intake.

Discussion

In the present study we investigated whether acute psychosocial stress influences microstructure of eating behavior in obese and
normal weight women. Furthermore, we analyzed the role of restrained eating.

In our study the amount of food intake did not differ between obese and normal weight women. This result confirms studies which
also found no weight related differences [24]. Moreover, we found a stress-induced inhibition of food intake in all subjects. In the
control condition all subjects ate more of the test meal than in the stress condition. Our results are consistent with previous studies
proposing that stress inhibits food intake [25]. But the analysis of microstructural characteristics of eating behavior showed that
stress inhibited eating behavior especially in obese subjects whereas a stress-induced stimulation was detected in normal weight
subjects. With regard to initial eating rate, obese subjects ate slower at the beginning of the meal after stress compared to the
control condition. The normal weight subjects ate faster after the exposure to stress than after the neutral task. Initial eating rate
in the laboratory meal can be interpreted as a behavioral indicator for hunger [7]. Spiegel [16] suggests that obese subjects are
less hungry than lean subjects. Our results confirm this assumption only in part. After stress, obese participants had slower initial
eating rates, so hunger seemed to be inhibited. In the neutral condition, however, obese subjects showed higher hunger through
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faster initial eating rate. The results of total intake are in line with this interpretation. In the neutral condition, obese people ate
more than after stress. On the other hand, in the neutral condition obese subjects showed an adverse eating style through faster
initial and average eating rates. This can promote overconsumption in a single meal, because fast eating may disturb perception
of satiety.

High values on restrained eating did not lead to greater food intake but influenced microstructural characteristics of eating
behavior. Restrained eating was mirrored in an inhibited eating style. High values on restrained eating came along with a smaller
size of spoonfuls, a slower initial eating rate, a lower average eating rate and more acceleration of eating rate towards the end of the
meal. Zandian et al. [26] and Westerterp-Plantenga [14] found a constant eating rate in restrained eaters. This eating style points
to a significant deficit in the adequate perception of hunger and satiety in obese people that is responsible for the maintenance of
the overweight in the long-term.

There are several mechanisms that have been proposed to be involved in the regulation of eating behavior after stress. The models
of stress and eating that have been empirically tested fall into two basic categories. The first type predicts that stress will increase
eating in all exposed organisms. This model has been tested primarily in animals. Positing a general response, this model lends
itself to physiological explanations of stress-induced eating, and most research testing the general model has been directed toward
finding physiological pathways to explain stress-induced eating.

The second type of model focuses on individual differences. This model that has been tested in humans, posits that individual
differences in learning history, attitudes, or biology determine the effects of stress on eating. Models of this type predict that
identifiable groups will differ in their eating when they are stressed. Three ways of identifying individuals who will be predisposed
to stress-induced eating have been proposed. One proposal is that normal-weight individuals decrease their eating while stressed,
whereas eating by obese individuals is unaffected by stress. Another proposal is that people who must work to control their eating
(i.e., “restrained” individuals) increase their eating while stressed, whereas people who do not have to work to control their eating
are unaffected by stress. Finally, it has been proposed that women are more likely to eat under stress than men, particularly certain
food.

This study has limitations that should be taken into account when the results are interpreted. The sample size was small. A
replication with a larger sample is required. Only women were included in the sample because eating disorders and obesity are
more common in females than in males [27]. The study was conducted in a laboratory setting, which has the advantage to control
interfering variables, but the disadvantage of a limited generalization to the natural environment. But there is empirical evidence,
that such laboratory results can be transferred to the eating behavior of clinical eating disorders in their daily environment [28].

The present results imply that treatment programs for obesity should improve the perception of internal cues for hunger and
satiety.

Conclusion

The presented results provide evidence that obese women show inhibition of microstructural aspects of eating behavior during
a laboratory meal after stress. The determining factor was the degree of dietary restraint that was higher in obese compared to
normal weight controls. The study underscores the significance of laboratory stress tests in obesity in particular with regard to
treatment recommendations and prevention of the maintenance of the disease.
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