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Abstract

Stress and negative moods, which are thought to be partly mediated by reduced brain serotonin function, often increase emotional eating in dieting women
(restrainers). Because the short (S) allele polymorphism in the serotonin transporter gene (5-HTTLPR) is associated with serotonin dysfunction, S allele
compared to long (L) allele 5-HTTLPR genotypes may be more susceptible to stress-induced emotional eating. Consequently, serotonin challenge via tryptophan
(TRP)-rich protein hydrolysate (TPH) may alleviate stress-induced emotional eating particularly in S/S allele carriers.

We tested whether acute stress affects emotional eating in women with high or low dietary restraints depending on their 5-HTTLPR genotype and
TPH intake.

Nineteen female subjects who were homozygous for the short-allele 5-HTTLPR genotype (S′/S′=S/LG, LG/LG: restrainers vs. nonrestrainers) and 23 female
subjects who were homozygous for the long-allele 5-HTTLPR genotype (L′/L′=LA/LA: restrainers vs. nonrestrainers) were tested in a double-blind, placebo-
controlled crossover study of stress-induced emotional eating following intake of TPH or a placebo.

TPH intake significantly increased the plasma TRP/large neutral amino acid ratio (Pb.0001) in the L′/L′ group (70%) compared to the S′/S′ group (30%). TPH
reduced food intake in both groups, but in the L′/L′ group, it also reduced stress-induced negative mood (P=.037) and the desire for sweet, high-fat foods
(P=.011) regardless of dietary restraint. Conclusions: Since TPH caused a greater increase in the plasma TRP/large neutral amino acid ratio in the L′/L′ group
compared to S′/S′ group, the exclusive beneficial effects of L′/L′ genotype may be due to enhanced brain 5-HT function.
© 2012 Elsevier Inc. All rights reserved.
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1. Introduction

Stress often deteriorates mood and affects food preference and
intake [1]. Although stress can cause hypophagia [2,3], abundant
studies have consistently revealed that mild to moderate acute stress
and/or negative moods increase the preference for and intake of
sweet (SW), high-fat foods [4-9]. This so-called ‘emotional eating' in
response to negative moods or distress has a clear female prepon-
derance [10,11] because women try to restrain food intake to
maintain or lose body weight more often than men [5,12].

Stress-induced emotional eating may be attributed to diminished
serotonergic (5-HTergic) neurotransmission or function [13]. Re-
duced brain 5-HT function is associated with maladaptive stress
coping and depressive moods [14-18] and with an increased appetite
and intake of SW, high-fat foods [19,20]. 5-HT vulnerability or an
enhanced sensitivity to dysregulation in the 5-HTergic system has a
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genetic basis [15,21]. Most genetic research has focused on a
polymorphism in the promoter region of the 5-HT transporter (5-
HTTLPR) gene, including a short (S) and a long (L) allele [22,23]. The S
allele has lower transcriptional efficiency than the L allele [22,23],
which is subsequently thought to promote 5-HT dysfunction [22-24].
Based on the notion that reduced 5-HT function is associated with
reduced stress coping, negative moods and excessive energy intake,
previous studies have found that the S allele of 5-HTTLPR is associated
with stress-related depression [25,26], increased risk for obesity
[27,28] and an increased effect of depression on emotional eating [29].

Based on the relationship between stress, 5-HT dysfunction and
eating behavior, S-allele carriers of the 5-HTTLPR genotype may be
particularly susceptible to emotional eating under acute stress
exposure. This interaction between acute stress, 5-HTTLPR and
emotional eating has not yet been experimentally investigated.
Moreover, since S-allele 5-HTTLPR genotypes are thought to be 5-
HT vulnerable for the negative effects of stress, brain 5-HT
augmentation in these subjects may be beneficial in reducing
stress-related emotional eating. Brain 5-HT can be augmented by
increasing the availability of its precursor, tryptophan (TRP) [30]. A
recent dietary method to increase TRP availability and 5-HT synthesis
involves the administration of TRP-rich protein hydrolysate (TPH).
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TPH and less effective, intact TRP-rich proteins have previously been
found to increase the ratio of plasma TRP to the sum of the other large
neutral amino acids (the TRP/LNAA ratio) by 70%–220% [17,31-34] and
to increase brain 5-HT synthesis and release [31,35]. Recently, TRP
augmentation was found to improve mood, particularly in S-allele
carriers [36].

The aimof the present studywas twofold. The first objectivewas to
examine the effects of acute stress on mood and emotional eating in
female S/S- and L/L-allele carriers of the 5-HTTLPR genotype (both
groups were divided into dietary restrainers and nonrestrainers).
Second, a related goalwas to explore the effects of 5-HT augmentation.
The following was hypothesized: (a) only S/S allele carriers (partic-
ularly restrainers) would be susceptible to a debilitated mood and an
increased desire for SW, high-fat foods after acute stress, and (b)
administration of TPH would increase the plasma TRP/LNAA ratio and
hence alleviate stress-induced emotional eating in S allele carriers.

2. Methods and materials

2.1. Participants

Undergraduate students at Maastricht University (N=550) completed a question-
naire screening package concerning general information (health, personal or family
history of medical or psychiatric complaints, smoking and drinking habits, caffeine
consumption, weight and height, use of psychoactive drugs) and several question-
naires concerning relevant symptoms, psychopathology and restrained eating styles.
Participants were excluded from further evaluation if they reported chronic or current
physical or psychiatric illness; family history of psychiatric illness; medication use;
metabolic, hormonal or intestinal diseases; a body mass index N24 kg/m2; irregular
diets or deviant eating habits; excessive use of alcohol (N2 units a day), coffee (N10
units a day), cigarettes or other drugs; aversion for certain foods and pregnancy.
Fig. 1. General design (A) and schedule (B) of the experiment. (A) During two experimental ac
low (LR) restrained eating patterns were monitored for mood and urge for food before and a
groups. (B) During two experimental sessions, cortisol (cort), mood and urge for food were me
induction, also actual food intake was measured. Blood drawing for plasma amino acid meas
Following this first selection, 400 participants attended a buccal sample extraction
session to genotype for 5-HTTLPR (resulting in 26% S/S, 47% S/L and 27% L/L). Since
brain 5-HT vulnerabilities for stress are mainly found in homozygotes S compared to
homozygotes L allele carriers [25,37,38], only homozygous S allele (S/S, S/LG, LG/LG;
classified as S′/S′) and homozygous L allele (LA/LA; classified as L′/L′) (both divided
into the highest vs. lowest restrained eaters) were then invited to participate in the
experimental study. (After selection for restrained eaters and invitation, a large
number of 88 S′/S′ and 85 L′/L′ subjects could not be included in the study due to
their median scores on restrained eating styles, summer holiday or other
nonspecified reasons.)

Nineteen female S′/S′ carriers (10 restrainers with the highest quartile scores of the
“Three Factor Eating Questionnaire” or TFEQ [39]; 9 nonrestrainers with the lowest
quartile TFEQ scores) and 23 female L′/L′ carriers (10 restrainers with the highest
quartile TFEQ scores; 13 nonrestrainers with the lowest quartile TFEQ scores) were
included in the study. Participants were between 18 and 25 years of age (M=19±2
years), and all were in the normal range of the body mass index (M=22±2 kg/m2).
Participants were matched for contraception and participated during their mid–late
follicular phase (days 4–10) or when actually using the contraception pill. The study
was approved by the Medical Ethics Committee of the Academic Hospital Maastricht
(CTCM azM, Maastricht, the Netherlands), and the procedures followed were in
accordance with the Helsinki Declaration of 1975 as revised in 1983. All participants
gave their informed consent to participate and were paid for participation.

2.2. Design and procedure

The study was conducted in accordance to a double-blind, placebo-controlled
crossover design. During two experimental sessions, participants visited the laboratory
to monitor their mood, food liking and food intake before and after acute stress
exposure and following either TPH or placebo protein (PLC) intake. The order of the
dietary condition was counterbalanced over the two test days with a washout period of
at least 1 week.

Before each test day, participants were instructed to refrain from alcohol for at
least 36 h and to fast 12 h before the sessions; only water or caffeine-free tea without
sugar was permitted. Fig. 1 shows a schematic diagram of the experimental protocol.
ute stress sessions, healthy female S′/S′ and L′/L′ 5-HTTLPR genotypes with high (HR) or
fter stress following intake of TPH and PLC. Order of treatment was balanced between
asured before and after acute stress (TSST) following TPH or PLC. Before and after stress
ure was conducted 90 min after TPH or PLC intake.



Table 1
Composition of the standard PLC and TPH condition

Source Product TRP (mg) TRP/LNAA (mol/mol)

PLC 4 g/200 ml 32 0.02
THP 4 g/200 ml 235 0.21

Amino acid profile (g) TPH PLC

Isoleucine 143 152
Leucine 231 300
Phenylalanine 105 148
Tyrosine 137 176
Valine 131 204
TRP 235 32
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On each experimental test day, three pairs of participants arrived at the laboratory
at respectively 0900, 1000 and 1100 AM. After arrival, a first saliva sample was taken,
immediately followed by consumption of the TPH or PLC drink. Then, participants were
enabled to rest (reading or watching TV) for 90 min. Next, 1½ h after consumption, a
second saliva sample was taken followed by a blood sample, to measure the effect of
TPH compared to PLC on the plasma TRP/LNAA ratio. Following a 15-min relaxation
period, participants provided a third saliva sample and were brought into their own
separated laboratory room to conduct a test battery assessing mood and food liking.
Directly after this test battery, still in their separated room, each participant was
instructed to prepare for an interview to an unknown University staff-member panel.
During this 5-min preparation phase, participants had free access to preweighed
portions of snack foods and were instructed to eat as much as they wish. After the
preparation phase, each pair of participants was brought together in a larger
experimental room to conduct a 15-min stress-inducing interview (see “Stress
manipulation”). After completion of the stress-inducing interview procedure,
participants provided a final saliva sample and completed a second version of the
mood and food liking test battery and had 5 min of free access to preweighed portions
of snack foods.

2.3. Stress manipulation

The experimental stress procedure consisted of an adapted version of the Trier
Social Stress Test (TSST) [40]. The TSST is an often used method to induce acute,
psychological stress under laboratory conditions. The current task primarily consists of
two phases: an individual preparation phase and a public speaking task including a
competitive interview task performed in front of an audience.

2.4. Preparation phase

During a brief standardized written introduction, participants were separately
informed that they must prepare for an interview–presentation about their personal
strong points concerning academic career and personal life in front of a trained
audience for 15 min. To increase stressfulness in the current adjusted version of the
TSST, participants were required to give their interview–presentation in English and in
competition with a peer participant. Furthermore, participants were led to believe that
the participant with the highest score, as decided by the trained audience, would
obtain an additional financial compensation of 75 Euro. Participants were additionally
informed that during the interview also, their mathematical fluency would be tested by
occasional serial subtraction tasks and that their performance would be video- and
audio-taped in order to construct a profile of their personality and to relate this to their
general performance.

2.5. Public speaking phase

After the preparation phase, both participants were joined in a large experimental
room and physically separated (using a mobile wall-screen between participants) in
front of a panel of three senior university staff members (two males and one female),
and a video camera and voice recorder. The panel was introduced as being experts in
the evaluation of nonverbal behavior, and participants were again told that their
performance would be video- and audio-taped. For a total period of 15 min,
participants were interviewed about their positive and negative personal character-
istics and academic skills. The panel gave verbal and nonverbal indications of
frustration over the quality of the interview. They displayed nonverbal signs of
boredom and exchanged glances with each other that communicated mutual negative
assessments. During interviewing, at four different unpredictable 120±30-s time
interval occasions, participants were instructed to count backwards out loud by seven
as quickly and accurately as possible starting from a certain number (403, 425, 530 or
840; counterbalanced within-subjects). Participants were urged by the experimenter
to go faster, and when participants made a mistake, they were interrupted and had to
start over.

2.6. Dietary manipulation

During both experimental sessions, a 200-ml drink was consumed containing
different TRP or LNAA concentrations from TRP-rich protein hydrolysate (TPH; DSM
Delft, the Netherlands) or placebo casein protein hydrolysate (PLC; DSM Delft). Key
characteristics of the product are given in Table 1. All drinks were prepared and
encoded by the supplier (DSM Delft) and contained 0.10 g sweetener (acesulfame) to
improve palatability. A research assistant blind to the dietary and experimental
conditions conducted the administration of the drinks.

2.7. Measurements

2.7.1. Mood
Changes in mood were measured using the Dutch shortened version of the Profile

of Mood States (POMS) questionnaire [41], offered as a 100-unit visual analogue scale
ranging from ‘not at all′ to ‘extremely.’ The POMS comprises five different subscales for
mood, ranging from anger, tension, depression and fatigue that refer to a negative
mood state, to vigor concerning a positive mood.
2.7.2. Food liking
Food liking was defined as the anticipated pleasure derived from tasting a food and

was assessed by a computer task [42]. Sixteen photographic food stimuli were
presented on a computer screen. The foods were arranged into separate categories of
SW, savory (SA), high fat (HF) and low fat (LF), or they could be combined to form
high-fat sweet (HFSW), low-fat SW (LFSW), high-fat SA (HFSA) and low-fat SA (LFSA)
categories. Each food picture was presented one at a time and rated according to a 100-
unit visual analogue scale anchored at each end with ‘not at all′ to ‘extremely’
combined with the statement ‘How pleasant would it be to taste this food now?’
Participants were asked to move a centered cursor along the line to indicate their
response. Mean liking ratings for each food category were calculated.

2.7.3. Food intake
Tomeasure snacking behavior, participants were presented with a food tray before

(preparation) and after stress exposure, containing preweighed portions of snack foods
(minicandy bars, pretzels and nuts). Each time after preparation and after completion
of the public speaking (interview) task, the food container was weighted to determine
the total amount of food intake.

2.8. Biochemical analysis

2.8.1. Genotyping
Buccal cell samples for measuring triallelic variants of the 5-HTT-linked

polymorphic region (5-HTTLPR) were obtained using sterile swabs (Omni Swabs;
Whatman's Hertogenbosch, the Netherlands). Genomic DNA was isolated from buccal
swabs using QIamp DNA Mini Kits from Qiagen (Westburg, Leusden, the Netherlands)
for determination of the 5-HTTLPR genotype. Genotyping was performed using the
polymerase chain reaction protocol according to Glatz et al. [43]. In compliance with
previous work [36,43-45], triallelic variants were reclassified into a biallelic model as
follows: S/S, S/LG and LG/LG were classified as S′/S′ and LA/LA as L′/L′.

2.8.2. Plasma amino acids
Blood samples were collected using 5-ml Vacutainer tubes (half-filled) containing

sodium heparin for amino acids and in a tube containing gel and clot activator for
glucose analysis. The sodium–heparin tube was centrifuged at 5000 rpm for 5 min at
4°C. Subsequently, the supernatantswere stored at−80°C until analysis. Before storage,
the supernatant (2× 100 μl) wasmixedwith 4mg sulfosalicylic acid. Plasma amino acid
analysis was conductedwith high-performance liquid chromatography (HPLC), making
use of a 2- to 3-μm Bischof Spherisorb ODS II column. The plasma TRP ratio was
ultimately calculated by dividing the plasma TRP concentration by the sum of the other
large neutral amino acids, that is, valine, isoleucine, leucine, tyrosine and phenylalanine.

2.8.3. Saliva cortisol
Cortisol samples were obtained by using the Salivette sampling device (Sarstedt,

Etten-Leur, the Netherlands). With this procedure, saliva was collected in small
polyester swabs and stored (−25°C) immediately upon collection until centrifugation.
Saliva samples were centrifuged at 2650gmax for 3 min at 20°C. Salivary-free cortisol
levels were determined in duplicate by direct radioimmunoassay (University of Liège,
Belgium), including a competition reaction between 125iodohistamine–cortisol and
anticortisol serum made against the 3-carboxymethyl-oxime-bovine serum albumin
(3-CMO-BSA) conjugate. After overnight incubation at 4°C of 100 μl of saliva,
separation of free and antibody-bound 125iodohistamine–cortisol was performed via
a conventional ‘second antibody’ method. In order to reduce sources of variability, all
samples were analyzed in the same assay.

2.9. Statistical analyses

Data were first examined for accuracy of data entry, missing values and normal
distributions. Hardy–Weinberg equilibrium was determined on the original 5-HTTLPR
database (N=400) using χ2 tests, revealing that the genotype frequencies of S′/S′
(n=104, or 26%), S/L (n=188, or 47%) and L′/L′ (n=108, or 27%) did not depart
significantly from Hardy–Weinberg equilibrium (χ²(1)=1.56, PN.21).
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Fig. 3. Mean changes in salivary cortisol concentrations after intake of TPH and PLC in
female S′/S′ (■) and L′/L′ (□) genotypes across morning baseline (1), treatment (2)
and before (3) and after (4) stress exposure. Morning baseline cortisol significantly
declined across time until prestress exposure (3), and then significantly increased
poststress exposure (4) without any effect of dietary condition or 5-HTTLPR.
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The main research questions were analyzed by means of repeated-measures
multivariate and univariate analyses of variance (MANOVA and ANOVA) by using the
General Linear Model (GLM; SPSS 12.0 for Windows) with “genotype” (S′/S′ vs. L′/L′)
and Restrained Eating Style (high vs. low) as between-subjects factor and “treatment”
(TPH vs. PLC) and “stress” (prestress vs. poststress) as within-subjects factors on the
several dependent measures (mood, food liking, food intake and cortisol). For
measuring effects on the five different levels of the POMS, MANOVAs were performed.
Significant results revealed by these procedures were further examined by univariate
tests. Huynh–Feldt or Greenhouse–Geisser corrected P values, their corresponding
epsilons and the original, that is, uncorrected, degrees of freedom are reported when
the sphericity assumption was not met. The study, including validation of the group
size, was designed to detect a large effect size (μ2=0.20) for a power of 0.80 at α=.05.
All statistics are evaluated at a significance level of 5% (two-tailed). Data are reported as
means±S.D.

3. Results

3.1. Plasma TRP/LNAA

Repeated-measures ANOVA with Genotype (S′/S′ vs. L′/L′) and
Restrained Eating Style (high vs. low) as between-subjects factor
and Treatment (TPH vs. PLC) as within-subjects factor on the
plasma TRP/LNAA ratio revealed a significant main effect of
Treatment [F(1,35)=140; Pb.0001] and a significant interaction
effect of Treatment×Genotype [F(1,35)=12; Pb.001]. As shown in
Fig. 2, there was a significant increase in plasma TRP/LNAA after
TPH (0.14±0.03) as compared with PLC (0.09±0.02), but this
increase was significantly higher in L′/L′ (from 0.09±0.02 to 0.15±
0.03) than in S′/S′ genotypes (from 0.10±0.01 to 0.13±0.02). No
other effects where found.

3.2. Cortisol

Repeated-measures ANOVA with Genotype (S′/S′ vs. L′/L′) and
Restrained Eating Style (high vs. low) as between-subjects factors
and Treatment (TPH vs. PLC) and Stress (prestress vs. poststress) as
within-subjects factors only revealed a significant main effect of
Stress [F(1,40)=4.8; P=.03]. As shown in Fig. 3, there was a
significant increase in cortisol concentrations after stress exposure
without differences for genotype, restrained eating style or
treatment condition.

3.3. Mood

A repeated-measures MANOVA with Genotype (S′/S′ vs. L′/L′) and
Restrained Eating Style (high vs. low) as between-subjects factor and
Stress (prestress vs. poststress) and Treatment (TPH vs. PLC) as
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Fig. 2. Mean changes in plasma TRP as compared with the other LNAAs after intake of
TPH and PLC in female S′/S′ (■) and L′/L′ (□) 5-HTTLPR genotypes. There was a
significant increase in plasma TRP/LNAA after TPH as compared to PLC, but this increase
was significantly higher in L′/L′ (70%) than in S′/S′ genotypes (30%).
within-subjects factors revealed a significant main effect of Stress
[F(5,34)=13,78; Pb.0001], a significant interaction of Stress×Genotype
[F(5,34)=3.06; P=.022] and a significant interaction of Treatment×
Stress×Genotype [F(5,34)=2.7; P=.037]. Further analysis revealed
that this three-way interaction effect originated from significant
changes in anger [F(1.38)=4.58; P=.039]. As indicated in Fig. 4, a
stress-induced increase in feelings of anger following PLC was
prevented following TPH only in the L′/L′ group, whereas in the
S′/S′ group, no treatment differences were found.

Analysis also revealed a significant interactive effect of Stress×
Restrained Eating Style [F(1.38)=4.58; P=.013] that originated from
feelings of depression (P=.05), fatigue (P=.004) and vigor (P=.006).
Subjects with high restrained eating styles were less affected by
acute stress exposure than subjects with low restrained eating styles.
3.4. HFSW or LFSW food liking

Two separate repeated-measures ANOVAs with Genotype (S′/S′ vs.
L′/L′) and Restrained Eating Style (high vs. low) as between-subjects
factors and Treatment (TPH vs. PLC) and Stress (prestress vs.
poststress) as within-subjects factors were conducted on liking for
HFSW foods and for LFSW foods. Analyses revealed a significant effect
of Stress [F(1,34)=5.17; P=.029] and a Treatment×Stress×Genotype
Anger
(PLC) (TPH)(PLC) (TPH)

20

15

10

5

0

Before
stress

After
stress

Before
stress

After
stress

L’/L’

S’/S’

Fig. 4. Acute stress increased negative mood following PLC in female S′/S′ (■) and L′/L′
(□) 5-HTTLPR genotypes. This stress-induced negative mood only in S′/S′ was
prevented by intake of TPH.
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interaction [F(1,34)=7.96; P=.008] on liking for HFSW foods
indicating that treatment differently affected liking for HFSW foods
after stress depending on genotype. As indicated in Fig. 5, only in L′/L′-
allele genotypes TPH compared to PLC significantly reduced liking for
HFSW foods after stress,whichwas not found in S′/S′-allele genotypes.
No other effects were found.

3.5. High- or low-fat SA food liking

Two separate ANOVAs with Genotype (S′/S′ vs. L′/L′) and Res-
trained Eating Style (high vs. low) as between-subjects factors and
Treatment (TPH vs. PLC) and Stress (prestress vs. poststress) as
within-subjects factors were conducted on liking for high-fat protein
foods and low-fat protein foods. Analyses did not reveal any main or
interaction effects on liking for HF or LF protein foods.

3.6. Food intake

Two separate ANOVAs with Genotype (S′/S′ vs. L′/L′) and Res-
trained Eating Style (high vs. low) as between-subjects factors and
Treatment (TPH vs. PLC) and Stress (prestress vs. poststress) as
within-subjects factors on food intake did not reveal any main or
interaction effects. To explore whether effects might have
particularly appeared during stress preparation, two additional
analyses were conducted with Genotype (S′/S′ vs. L′/L′) and Res-
trained Eating Style (high vs. low) as between-subjects factors and
Treatment (TPH vs. PLC) as within-subjects factor on total food
intake during preparation. Analyses revealed a main Treatment
effect [F(1,35)=4.73; P=.037], indicating a total reduction of food
intake of 21g after the TPH (34±27 g) compared to PLC (55±50 g)
(see Fig. 6). No other effects were found.

4. Discussion

The aim of the present study was to examine the effects of acute
stress on emotional eating in healthy female S′/S′ and L′/L′ allele
carriers of the 5-HTTLPR genotype and to investigate whether
administration of TPH would alleviate stress-induced emotional eating
in S′/S′ allele carriers; subjects were divided into restrained and
nonrestrained eaters. TPH significantly reduced the negative effects of
stress on mood and the desire for SW, high-fat foods in the L′/L′ allele
carriers and lowered general food intake regardless of 5-HTTLPR
genotype and restrained eating.

4.1. TRP/LNAA

Stress-induced emotional eating, particularly in S′/S′ allele
carriers, was expected to be affected by TPH due to enhanced 5-HT
vulnerability (see “Introduction”). Changes in plasma TRP/LNAA
ratios were assessed to measure the effects of TPH on brain TRP
availability. Previous data have shown that as little as 50%–70%
variation in the plasma TRP/LNAA ratio is sufficient to cause
meaningful changes in brain TRP and 5-HT levels [17,31,35,46,47],
and N70% increases in plasma TRP/LNAA ratios have been observed in
response to TPH or intact TRP-rich protein intake [31,34,35].
Surprisingly, TPH caused a meaningful (70%) increase in the plasma
TRP/LNAA ratio in L′/L′ allele carriers, whereas in S′/S′, the increase
was less significant (30%). Based on previously mentioned findings,
this suggests that TPHwas able to cause ameaningful increase in 5-HT
only in individuals with the L′/L′ genotype. The intriguing question is
why TPH causes a greater increase in the plasma TRP/LNAA ratio in L′/
L′ than in S′/S′ genotypes. No other studies have yet examined
changes in the plasma TRP/LNAA ratio following TRP augmentation,
although data obtained from acute TRP depletion studies did not
reveal 5-HTTLPR-related differences in the attenuating effects of this
plasma amino acid ratio [45,48]. It may be suggested that the
commonly assumed enhanced stress vulnerability of S′/S′ individuals
is accompanied by faster TRP uptake or metabolism in peripheral
tissue, which may reduce the availability of plasma TRP for uptake
into the brain. One possible mechanism involves the kynurenine
(KYN) pathway, which is initiated by the enzyme indoleamine 2,3-
dioxygenase and that metabolizes most plasma TRP after dietary
intake [49]. Immunological challenges, such as proinflammatory
cytokines and stress experiences, have been found to increase
peripheral TRP metabolism by inducing indoleamine 2,3-dioxygenase
and increasing glucocorticoids [50]. Since S′/S′ allele genotypes are
more prone to stress, this might be an involved mechanism. This then
suggests that stress vulnerability in S allele genotypes is partly
mediated by enhanced peripheral TRP metabolism (reducing its
uptake into the brain), which is an interesting hypothesis that should
be explored in future studies.

4.2. Acute stress induction

Acute stress exposure caused a significant cortisol stress response
and negative mood regardless of 5-HTTLPR genotype and showed
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successful acute stress induction by the current stress protocol.
Previous studies investigating the mediating effects of 5-HTTLPR on
stress-induced hormonal or affective changes revealed mixed results.
Some studies reported acute stress-induced cortisol responses only in
S′/S′ compared to L′/L′ subjects [18,51], whereas others could not
replicate such interactions [36,52,53]. A likely explanation for these
conflicting results might be the presence of an additional (cognitive)
stress vulnerability factor that mediates the effect of 5-HTTLPR on
stress vulnerability [54,55].

4.3. Emotional eating

Contrary to the negative effects on mood, stress exposure did not
increase any signs of emotional eating regardless of 5-HTTLPR
genotype or restraint eating styles. As indicated in “Introduction,”
previous studies have reported that mild to moderate stress
increases emotional eating, particularly the desire and intake of
SW, high-fat foods, especially in females with high scores on dietary
restraint [4-9]. This absence of effect of acute stress exposure on
emotional eating may be due to the inability of the current stress
task to cause severe changes in depressive mood. In a previous study,
5-HTTLPR was found to mediate emotional eating only when it was
associated with depressive feelings [29]. In addition, the absence of
an effect of stress on emotional eating may also be due to the relative
small group sizes of restrained and unrestrained S′/S′ and L′/L′
groups because restrained females appeared to be more vulnerable
to the negative mood effects of stress exposure compared to
restrained females [5,12].

As expected, administration of TPH significantly reduced negative
moods and signs of stress-induced emotional eating depending on
the 5-HTTLPR genotype. However, contrary to our expectations, the
beneficial effects of TPH were exclusively found in L′/L′ individuals;
this was demonstrated by a reduction in stress-induced feelings of
anger and hence a reduced desire for SW, high-fat foods. This
exclusive effect of TPH on mood improvement and reduced attention
to carbohydrate-rich food cues in L′/L′ genotypes are likely caused by
its greater enhancing effect on plasma TRP/LNAA ratios in L′/L′
individuals compared to S′/S′ individuals. As a 50%–70% increase in
TRP/LNAA ratio has already been found to increase brain TRP and 5-
HT [17,31,35], the current exclusive beneficial effects of TPH in L′/L′
individuals are in line with previously demonstrated findings of an
enhanced preference for carbohydrate-rich SW foods as a conse-
quence of reduced brain 5-HT function [56,57]. Contrary to the
exclusive effects of TPH in L′/L′ individuals on mood and attention to
SW, high-fat food cues, TPH did reduce general food intake (even
though all subjects had been fasting before they began the study)
regardless of 5-HTTLPR genotype. This apparent contradiction of TPH
may be in line with the inadequate rise in plasma TRP/LNAA ratio in
S′/S′ individuals; this explains the absence of a TPH effect on
cerebral-related changes in mood and food preferences in S′/S′
individuals (by lower brain TRP uptake and 5-HT synthesis) and
supports the role of TPH in reducing general food intake in L′/L′ and
S′/S′ individuals (a minimal increase in peripheral TRP may have
increased peripheral signals for satiation in both groups [58]).

4.4. Limitations

The results of the current study should be considered in the
context of three methodological limitations. First, no measurements
of differences in SW or SA food intake were included in the study.
Because TPHs were found to reduce attention to and urges for SW,
high-fat foods, it may be likely that it also reduced actual intake of
such foods. This is in line with previous findings of an enhanced
preference for carbohydrate-rich, SW foods as a consequence of
reduced brain 5-HT function [56,57,59]. Second, because group sizes
for restrained versus unrestrained eaters were rather small, findings
(as well as nonfindings) related to restrained eating should be
interpreted with caution. Third, because only female participants
were examined, current findings should not be generalized to males.
In the current study, only female participants were included because
of the higher prevalence of stress-induced eating in females and to
increase the homogeneity of the sample. However, to explore possible
gender differences, further studies should include male participants.

5. Conclusion

The current findings reveal that hydrolyzed proteins rich in TRP
may reduce nonspecific food intake regardless of 5-HTTLPR
genotype, but may diminish the negative effects of stress on mood
and preference for SW, high-fat foods in only L′/L′ individuals.
Because TPH caused a meaningful rise in plasma TRP/LNAA ratios
only in L′/L′ individuals, the exclusive beneficial effects of TPH on
mood and preference for SW foods in L′/L′ individuals may be
related to a more enhanced brain 5-HT function. Further investiga-
tion is needed to explore the effects of dietary TRP manipulation on
stress and 5-HTTLPR-mediated actual intake of specific SW and SA
foods in a larger population of restrained and unrestrained male and
female subjects. In addition, it might also be interesting to explore
the effects of TRP protein manipulation on food intake among obese
emotional overeaters.
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