
 

 

 

Sucrose preload reduces snacking after mild mental
stress in healthy participants as a function of 5-
hydroxytryptamine transporter gene promoter
polymorphism
Citation for published version (APA):

Markus, C. R., Jonkman, L. M., Capello, A., Leinders, S., & Husch, F. (2015). Sucrose preload reduces
snacking after mild mental stress in healthy participants as a function of 5-hydroxytryptamine transporter
gene promoter polymorphism. Stress-the International Journal on the Biology of Stress, 18(2), 149-159.
https://doi.org/10.3109/10253890.2014.990880

Document status and date:
Published: 01/03/2015

DOI:
10.3109/10253890.2014.990880

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.3109/10253890.2014.990880
https://doi.org/10.3109/10253890.2014.990880
https://cris.maastrichtuniversity.nl/en/publications/be9ac893-f272-4537-bd0d-6867a0d1dffd


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ists20

Stress
The International Journal on the Biology of Stress

ISSN: 1025-3890 (Print) 1607-8888 (Online) Journal homepage: https://www.tandfonline.com/loi/ists20

Sucrose preload reduces snacking after mild
mental stress in healthy participants as a function
of 5-hydroxytryptamine transporter gene
promoter polymorphism

C. Rob Markus, Lisa M. Jonkman, Aimee Capello, Sacha Leinders & Fabian
Hüsch

To cite this article: C. Rob Markus, Lisa M. Jonkman, Aimee Capello, Sacha Leinders & Fabian
Hüsch (2015) Sucrose preload reduces snacking after mild mental stress in healthy participants as
a function of 5-hydroxytryptamine transporter gene promoter polymorphism, Stress, 18:2, 149-159,
DOI: 10.3109/10253890.2014.990880

To link to this article:  https://doi.org/10.3109/10253890.2014.990880

Published online: 29 Dec 2014.

Submit your article to this journal 

Article views: 188

View related articles 

View Crossmark data

Citing articles: 2 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=ists20
https://www.tandfonline.com/loi/ists20
https://www.tandfonline.com/action/showCitFormats?doi=10.3109/10253890.2014.990880
https://doi.org/10.3109/10253890.2014.990880
https://www.tandfonline.com/action/authorSubmission?journalCode=ists20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ists20&show=instructions
https://www.tandfonline.com/doi/mlt/10.3109/10253890.2014.990880
https://www.tandfonline.com/doi/mlt/10.3109/10253890.2014.990880
http://crossmark.crossref.org/dialog/?doi=10.3109/10253890.2014.990880&domain=pdf&date_stamp=2014-12-29
http://crossmark.crossref.org/dialog/?doi=10.3109/10253890.2014.990880&domain=pdf&date_stamp=2014-12-29
https://www.tandfonline.com/doi/citedby/10.3109/10253890.2014.990880#tabModule
https://www.tandfonline.com/doi/citedby/10.3109/10253890.2014.990880#tabModule


http://informahealthcare.com/sts
ISSN: 1025-3890 (print), 1607-8888 (electronic)

Stress, 2015; 18(2): 149–159
! 2014 Informa UK Ltd. DOI: 10.3109/10253890.2014.990880

ORIGINAL RESEARCH REPORT

Sucrose preload reduces snacking after mild mental stress in healthy
participants as a function of 5-hydroxytryptamine transporter gene
promoter polymorphism
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Abstract

Brain serotonin (5-hydroxytryptamine, 5-HT) dysfunction is considered to promote food intake
and eating-related disturbances, especially under stress or negative mood. Vulnerability for
5-HT disturbances is considered to be genetically determined, including a short (S) allele
polymorphism in the serotonin transporter gene (5-HTTLPR) that is associated with lower
serotonin function. Since 5-HT function may be slightly increased by carbohydrate consump-
tion, S-allele 5-HTTLPR carriers in particular may benefit from a sugar-preload due to their
enhanced 5-HT vulnerability. The aim of the current study was to investigate whether a sugar-
containing preload may reduce appetite and energy intake after exposure to stress to induce
negative mood, depending on genetic 5-HT vulnerability. From a population of 771 healthy
young male and female genotyped college students 31 S/S carriers (8 males, 23 females) and
26 long allele (L/L) carriers (9 males, 17 females) (mean ± S.D. 22 ± 1.6 years; body mass index,
BMI, 18–33 kg/m2) were monitored for changes in appetite and snacking behavior after stress
exposure. Results revealed an increased energy intake after mild mental stress (negative mood)
mainly for high-fat sweet foods, which was significantly greater in S/S carriers, and only in these
genotypes this intake was significantly reduced by a sucrose-containing preload. Although
alternative explanations are possible, it is suggested that S/S participants may have enhanced
brain (hypothalamic) 5-HT responsiveness to food that makes them more susceptible to the
beneficial satiation effects of a sucrose-preload as well as to the negative effects of mild mental
stress on weight gain.
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Introduction

The frequencies of overweight and obesity have resulted in an

alarmingly increasing epidemic worldwide, and these condi-

tions are considered to be two of today’s most severe threats

to human health. Among the various risk factors involved in

susceptibility to weight gain, stress is the most commonly

suggested. Although the typical eating-related response to

physical stress is a loss of appetite, people may increase their

food intake when feeling stressed or depressed (Epel et al.,

2001; Greeno & Wing, 1994; Heatherton et al., 1991;

Mitchell & Epstein, 1996; Rutters et al., 2009) and this is

particularly found for high-fat high sugar snack foods (Rutters

et al., 2009; Oliver et al., 2000; Zellner et al., 2006).

Consequently, the vulnerability to eat in response to negative

mood (‘‘emotional eating’’), increases the risk of obesity and

eating disorders (Bennett & Cooper, 1999; Racine et al.,

2009; Van Strien et al., 2005).

Emotional eating may be partly attributed to reduced

functionality of the brain serotonergic (5-HTergic) system.

Reduced brain 5-HT function has been associated with

reduced stress resilience and, hence, with a greater risk of

experiencing negative mood or depression symptoms (Gotlib

et al., 2008; Jans et al., 2007; Markus, 2008) and with

increased snacking for high-fat sweet foods particularly

(Brewerton, 1995; Simansky, 1996). In addition, 5-HT

function is directly involved in the regulation of eating

behavior (Lucki, 1998). For instance, reduced brain 5-HT

levels are associated with negative mood and with an

increased urge for binge eating (Bruce et al., 2009), whereas

increasing brain 5-HT through the use of 5-HT releasing

agents is used as a pharmacological treatment strategy for

obesity (Hoy, 2013). In addition, pharmacological studies

have revealed that 5-HT function in hypothalamic food

intake-control areas is involved in the selective intake of fatty,

sweet or savory foods and is therefore involved in controlling

body weight (Leibowitz & Alexander, 1998; Leibowitz

et al., 1989; Stallone & Nicolaidis, 1989; Simansky, 1996).
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Consequently, there is increasing evidence that reduced brain

5-HT function plays a key role in the neurobiology of eating

disorders (Kaye, 2008).

Considering the role of 5-HT in mood and stress resilience,

genetic variation in 5-HT function has been found to be a

vulnerability factor for the negative effects of stress exposure.

In this respect, the 5-HT transporter gene (SLC6A4) is the most

likely candidate because it mediates pre-synaptic reuptake

of 5-HT and thus terminates 5-HTergic neurotransmission.

A common functional polymorphism in the promoter region

of the 5-HT transporter gene (5-HTTLPR), which includes

one short (S) allele and one long (L) allele, influences 5-HT

function. The S-allele variant is associated with lower

transcriptional efficiency of 5-HTT than the L-allele variant

(Heils et al., 1996) and is associated with lower 5-HTT mRNA

expression, less 5-HT binding and reuptake, and therefore with

5-HT dysfunction and vulnerability (Lesch et al., 1996).

Accordingly, the S-allele 5HTTLPR has been associated with

increased affective symptoms in response to life events (Caspi

et al., 2003; Karg et al., 2011; Uher, 2008) and with increased

stress responsiveness to laboratory stressors (Alexander et al.,

2009; Gotlib et al., 2008; Markus & De Raedt, 2011; Way &

Taylor, 2010). Thus, assuming that stress may disturb energy

intake, particularly by increasing preferences for high-fat sweet

foods, and that 5HTTLPR mediates stress resilience, it is

hypothesized that the effect of stress on food preferences

depends on the 5-HT transporter gene. Indirect support is based

on a few association studies, which either show direct

associations between 5-HTTLPR and weight gain (Calati

et al., 2010; Erritzoe et al., 2010; Sookoian et al., 2007a, 2008)

or an inter-relationship between 5-HTTLPR, past adverse

events and problematic eating behaviors (Akkerman et al.,

2012; Stoltenberg et al., 2012; Van Strien et al., 2010).

However, the interaction between 5-HTTLPR and affective

stress responses and its effect on eating-related behavior have

not yet been experimentally investigated.

Brain 5-HT vulnerability or susceptibility for serotonin

disturbances and/or manipulations, appears to mediate the

influence of stress on energy intake; brain 5-HT levels in turn

may be increased by carbohydrate-rich, protein-poor food

intake. Consequently, carbohydrate intake has sometimes

been found, yet not consistently, to improve mood (Benton,

2002) and/or affective stress adaptation in vulnerable subjects

(Markus, 2008b). Hence, carbohydrate intake (depending on

its proportional ratio with protein) may increase the plasma

concentration of the 5-HT precursor amino acid tryptophan

(TRP) relative to the combined concentration of the other

large neutral amino acids (LNAAs), giving TRP a competitive

advantage for access to the brain (Fernstrom & Wurtman,

1971; Wurtman et al., 2003). A carbohydrate-induced

increase in the plasma TRP/LNAA ratio is caused by a

glucose increase that triggers insulin secretion and facilitates

the uptake of the LNAAs, but not TRP, into the skeletal

muscles (Fernstrom & Wurtman, 1971; Wurtman et al.,

2003). These dietary effects of carbohydrates on the TRP/

LNAA ratio have been often reported (Markus, 2008; Markus

et al., 1998, 1999; Wurtman et al., 2003).

Based on the relationships between stress and eating

behavior and between 5-HT, carbohydrate intake and

stress resilience, it is suggested that the consumption of a

sucrose-containing preload may reduce the negative effects of

stress exposure on mood and eating behavior as a function of

genetic 5-HT vulnerability. The current study investigated this

relationship, testing the hypothesis that individuals with

5-HTTLPR S/S genotypes will show greater stress responsive-

ness and hence greater craving for high-fat sweet foods

compared to high-fat savory foods. Furthermore, due to the

assumed 5-HT vulnerability in S-allele genotype carriers and

the previously identified effects of sugar challenge on mood

and stress resilience, a sucrose-containing preload was

expected to reduce the negative effect of stress on mood and

subsequent increase in high-fat sweet food intake compared to

high-fat savory food craving and intake, particularly in S/S

allele genotypes.

Methods

Participants

From a recently obtained DNA 5-HTTLPR database of

N¼ 771 undergraduate students at Maastricht University

(21% S/S, 51% S/L and 28% L/L) homozygous S-allele

carriers (carrying the S/S, S/Lg or Lg/Lg allele) and L-allele

carriers (carrying the La/La allele) were invited to participate.

Only homozygous S or L-allele carriers were included in order

to maximize the potential differences between the genotypes

(Caspi et al., 2010; Sookoian et al., 2008; Zalsman et al., 2006).

All these participants completed a questionnaire 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 completed several question-

naires concerning relevant symptoms, psychopathology

and eating styles. These S/S and L/L allele carriers were

encouraged to participate if: (1) they were able to join near

springtime (April–May 2012), and (2) they reported the

absence of chronic or current physical or psychiatric illness;

family history of psychiatric illness; medication use; meta-

bolic, hormonal or intestinal diseases; irregular diets or deviant

eating habits; excessive use of alcohol (42 units a day), coffee

(410 units a day), cigarettes or other drugs; aversion for certain

foods; and pregnancy. Following this selection, 31 S/S carriers

(8 males, 23 females) and 26 L/L carriers (9 males, 17 females)

were included in the study. Participants were between 20 and

27 years of age (mean age ± S.D.¼ 22 ± 1.6 years) with a body

mass index between 18 and 33 (mean BMI¼ 22.4 ± 3.0 S.D.).

The study was followed in accordance with the Helsinki

Declaration of 1975 as revised in 1983 and participants gave

their written informed consent and were paid for participation.

Design and procedure

In order to prevent ‘‘learned satiation’’ as often found in

dietary within-subjects designs (Brunstrom, 2007; Gibson

et al., 2006), the current study was conducted in accordance

with a double-blind placebo-controlled between-subjects

design. Participants visited the laboratory in the morning

between 09:00 and 11:00 h to monitor their mood, appetite

and liking for food before and after acute stress exposure as

well as their actual food intake after stress completion

following a sucrose (CHO) containing or placebo (PLC)

150 C. R. Markus et al. Stress, 2015; 18(2): 149–159



preload. Participants were instructed to refrain from alcohol

for at least 36 hours and to fast 12 hours before onset of the

test sessions; only water or caffeine-free tea without sugar was

permitted. Participants were told that a compliance check

would be included during their first visit; by way of a baseline

salivary sample (which was actually not used for this

purpose). Figure 1 shows a schematic diagram and time

table of the experimental procedure.

On each laboratory test day, 5–8 participants arrived at the

laboratory waiting room at 09:00 h. Five minutes after arrival

and a little rest, a first saliva sample and mood measurement

were taken, immediately followed by supervised consumption

of a CHO or PLC preload. Then, participants filled in a

general information form (checking compliance and com-

plaints) and then were allowed to rest and to read magazines

for 30 min. Next, 25 min after CHO or PLC consumption, a

second saliva sample was taken after which all participants

were brought into their own separated test compartment (as

part of a large experimental room) to conduct a test battery

including a mental arithmetic stress task preceded and

followed by tests measuring mood, appetite and liking for

foods (see detailed description below). Directly after this test

battery (approximately 11:30 h), participants were told that

the main experiment was over and that they only needed to

acclimatize for 15 min (while filling in some final question-

naires) still in their own isolated test compartment. During

this acclimatization period, they had free access to pre-

weighed portions of snack foods and were allowed to eat as

much as they wished before leaving. All parts of the

procedure were conducted under (indirect-) guidance by a

test assistant blind to the test or experimental conditions (to

assure complete compliance to test adherence to dietary

restriction regulations by participants). After completion,

participants went home and were instructed not to share

details of the tests to others until they receive a debriefing by

mail.

Preload

Participants were administered a 400 ml blackcurrant juice

drink that differed in energy content (CHO or PLC; gener-

ously supplied by United Soft Drinks BV, Utrecht; The

Netherlands). The experimental sucrose (CHO) condition

contained a sucrose-containing 400 ml juice drink (178 kcal)

whereas the placebo (PLC) condition contained a zero-energy

artificially sweetened (aspartame, saccharine) 400 ml juice

drink (3.6 kcal). Both drinks were manufactured to reach

equal taste, appearance and pleasantness. To ensure double-

blinding; the drinks were daily (re)labeled (D1 and D2,

respectively for CHO and PLC in random order) and allocated

to the participants by their identification number by a staff

member not directly involved in daily measurements or in

contact with the participants. In addition, the labeled drinks

were prepared by two research assistants blind to experimen-

tal (dietary, genotype) conditions by mixing 70 ml of the

labeled PLC or CHO syrup and 330 ml of tap water. Each test

day, one of the research assistants supervised the preload

intake to make sure that the drinks were consumed within

5 min (see Table 1 for nutrient constitution).

Stress manipulation

The Markus-Peters arithmetic stress-task (MPA) (Markus et al.,

1998) was used as an uncontrollable stress situation.

Participants were placed in front of a computer screen and

N=771 DNA 5-HTTLPR
(21% S/S, 51% S/L, 28% L/L)

158 S/S,  217 L/L

N=57

31 S/S 26 L/L

16 CHO 15 PLC 13 CHO 13 PLC

0 5--10--15 35-------------------------------75--------------95 97-----------------------------13730 142--------157 min

Stress task
CortCort

Mood
Snacking

Cort Cort

Mood, Apetite
Urge, Mood

Mood, Apetite
UrgeCho vs plc

manipulation

measure

Figure 1. Design of the experiment. From a large DNA 5-HTTLPR (5-HT Transporter Linked Polymorphic Region) database S/S (N¼ 31, 8 males)
and L/L (N¼ 26, 9 males) genotypes were selected and divided into a sucrose-containing (CHO) or placebo (PLC) preload condition. During the acute
laboratory stress exposure session, subjects were monitored for changes in salivary cortisol concentration (Cort), mood, appetite and attention for food
cues before and after stress, and for snacking after stress, following intake of a sucrose (CHO) containing or placebo (PLC) preload.
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camera. Then they were exposed to 20 successive 1-min trials

during which they had to solve a specific number of multiple

choice mental arithmetic problems (the criterion) under time-

constraints, while at the same time continuous 80 dB industrial

noise was presented to them through headphones. They were

led to believe that the presence or absence of the noise depended

on their performance: if they failed the criterion, noise would be

present during the next trial; if they met the criterion, noise

would be absent. In addition, they were told that their

performance and facial expressions were recorded, and that

the best and worst performing participant would be announced

after completion. In fact, the criterion was manipulated so that

all participants continued to fail on each trial. The criterion was

always set at one sum above what the participants could manage

as calculated from the average time per sum needed on previous

trials. Moreover, recordings and measurements of performance

were not made; after completion participants were told that this

did not work due to instrumental problems.

Measurements

Mood

Changes in mood were measured using the Dutch shortened

version of the Profile of Mood States (POMS) questionnaire

(Wald & Mellenbergh, 1990), offered as a 100-unit compu-

terized 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.

Appetite

Changes in subjective sensations of appetite were measured

using a computerized 100-mm visual analogue scale proced-

ure to assess: (1) appetite to start a meal, (2) appetite for a

sweet snack, (3) appetite for a savory snack, (4) hunger or (5)

satiety (fullness). Responses to 1, 4 and 5 were combined into

a general score for general appetite to start a meal (1 + 4

minus 5), whereas the scores on 2 and 3 were separately

analyzed to indicate appetite for a sweet or savory snack.

Food liking computer test

An adapted version of the computerized food hedonic test

procedure (Finlayson et al., 2007) was used to assess the

rewarding value, i.e. liking, for photographic images of

different foods. Sixteen photographic food stimuli were

presented on a computer screen. The foods were arranged

into separate categories of sweet (SW), savory (SA), high-fat

(HF) and low-fat (LF) food items and combined to form high-

fat sweet (HFSW), low-fat sweet (LFSW), high-fat savory

(HFSA) and low-fat savory (LFSA) categories. Each food

picture was presented one at a time and rated according to a

100-unit VAS scale combined with the statement ‘‘How

pleasant would it be to taste this food right now?’’ Mean

ratings for each of the four food categories HFSW, HFSA,

LFSW and LFSA were calculated.

Snacking

To measure actual snacking, participants were separately

presented (in their own separate test compartment) with four

food trays during a 15 min after-test acclimatization period.

The food trays contained pre-selected and weighed portions of

the experimental foods high-fat sweet (HFSW) and high-fat

savory (HFSA), as well as low-fat sweet (LFSW) and low-fat

savory (LFSA) foods. Directly after completion (after

leaving), the food containers were weighed to determine the

total amount of food intake per category. See table 2 for

detailed information of the food constituents.

Biochemical analysis

Genotyping

Buccal cell samples for measuring tri-allelic variants of the

5-HTT-linked polymorphic region (5-HTTLPR) of the ori-

ginal database (N¼ 771) 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 (PCR) protocol according to Glatz et al. (2003). In

compliance with previous work (Markus & De Raedt, 2011;

Markus & Firk, 2009; Neumeister et al., 2006; Walderhaug

et al., 2007); tri-allelic variants were reclassified into a

Table 2. Constitution and energy content (per 100 g) of the snacks
offered as four different food categories.

Carbohydrates
(g)

Protein
(g)

Fat
(g)

Energy
(kcal)

HFSW
Mini syrop wafles 70 4 19 473
M&Ms (choco peanuts) 70 5 21 4S7

HFSA
Peanuts 14 25 51 626
Crisps 52 6 33 542

LFSW
Raisins 76 3 1 326
English liquorice 82 4 5 394

LFSA
Salted sticks 70 12 5 382
Rice crackers

(cheese flavour)
82 7 2 383

HFSW, High-fat sweet; HFSA, high-fat savory; LFSW, low-fat sweet;
LFSA, low-fat savory.

Table 1. Total nutrient composition (grams) of the sucrose (CHO)
containing and placebo (PLC) preload.

CHO-preload
(400 ml)

PLC-preload
(400 ml)

Sugar (sucrose) 43.7 –
Sodium saccharin – 0.006
Ascorbic acid 0.007 0.007
Natrium cyclamate – 0.025
Potassium sorbate 0.028 0.028
Aspartame – 0.046
Acesulfame K – 0.046
Raspberry flavor 0.035 0.084
Elderberry concentrate 0.28 0.28
Lemon acid 0.63 0.63
Energy (kcal/kJ) 178/745 3.6/15
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bi-allelic model as follows: S/S, S/Lg and Lg/Lg were

classified as S0/S0 and La/La as L0/L0.

Salivary cortisol

Saliva 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� Celsius) immediately on collection (Figure 1).

Salivary free cortisol levels were determined in duplicate by a

commercially available luminescence immunoassay (IBL,

Hamburg, Germany). The lower limit of detection was

0.5 nmol/L and mean intra- and inter-assay coefficients of

variation were less than 4% and 8%, respectively.

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 data-base

(N¼ 771) using �2 tests, revealing that the genotype

frequencies of S0/S0 (N¼ 158, 21%), S/L (N¼ 396, 51%)

and L0/L0 (N¼ 217, 28%) did not depart significantly from

Hardy–Weinberg equilibrium (�2
ð1Þ ¼ 0.87, p40.351).

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 15.0 for Windows) with Genotype

(S0/S0 vs. L0/L0) and Diet (CHO vs. PLC) as between-subjects

factor and Time (BaselineT1, after dietT2, beforeT3- and afterT4

stress) or Stress (beforeT3 vs. afterT4 stress) as within-subjects

factors on the several dependent measures. For measuring

effects on Liking for Foods (including four different food

categories HFSW, HFSA, LFSW and LFSA) and Mood

(including five different levels of the POMS), multivariate

analyses of variance were performed. Strictly significant main

or interaction effects revealed by these procedures were

further examined by univariate tests. In the initial analyses,

gender, body-mass index and depression (BDI) were included

(separately) as covariates; although excluded from the final

analyses due to their insignificance. Huynh–Feldt or

Greenhouse–Geisser corrected p values, their corresponding

epsilons as well as the original, i.e. uncorrected, degrees of

freedom are reported when the sphericity assumption was not

met. All statistics were evaluated at a significance level of 5%

(two-tailed). Data are reported as mean ± SD in the text and as

mean ± SEM in the figures.

Results

Demographics

Table 3 shows that the two genotypes (S0/S0 and L0/L0) did not

differ across a range of demographic measures and assess-

ments including body mass index (BMI), depression, three-

factor eating questionnaire (TFEQ) (including subscales) or

pre-experiment sleep complaints (SKS-S).

Cortisol

Repeated measures analysis of variance with Genotype (S0/S0

vs. L0/L0) and Diet (CHO vs. PLC) as between-subjects factor

and Time (BaselineT1, after dietT2, beforeT3- and afterT4

stress) as within-subjects factors on salivary cortisol concen-

tration only revealed a main effect of Time [F(3,46)¼34.31;

p50.001]. Cortisol concentrations (nmol/L) declined

from early morning baseline (t1¼ 23.4 ± 9.1) across dietary

intake (t2¼ 22.4 ± 11.3), pre-stress task performance

(t3¼ 13.2 ± 6.4) and stress exposure (t4¼ 12 ± 6) regardless

of dietary condition or genotype. There were no other main or

interaction effects after separate post-hoc tests before- and

after dietary intake or stress exposure.

Table 3. Demographic and clinical characteristics (mean ± SD) for the 5-HTTLPR genotype participants.

Women Men

S0/S0 (S/S, S/Lg, Lg/Lg) L07L0 (La/La) S0/S0 (S/S, S/Lg, Lg/Lg) L0/L0 (La/La)

23 17 8 9
Age 22.3 ± 1.6 22 ± 1.5 21.9 ± 1.3 22.2 ± 1.9
BMI 23 ± 3.5 22 ± 3.2 22 ± 1.8 22.2 ± 1.8
BDI 4.5 ± 3.5 3.4 ± 3.5 4.9 ± 3.5 2.3 ± 2.7
SKS-S 2.2 ± 2 2.4 ± 2.5 3.1 ± 2.8 3.1 ± 1.4
TFEQ 84.2 ± 7.8 80.3 ± 11.5 72.4 ± 8.6 77.6 ± 7

Disinhibition 24 ± 3.6 22.9 ± 4.9 19.9 ± 3.7 23.1 ± 4.5
Hunger 25 ± 4 25.5 ± 4 25.5 ± 4.9 27.1 ± 3.7
Restrain 34.7 ± 7.8 32 ± 7.8 27 ± 5 27.3 ± 6.7

Snacking (PLC)
HFSW 51.5 ± 24.9 39.8 ± 46.1 87.3 ± 44.8 43.7 ± 27.8
LFSW 14 ± 20 12.6 ± 14.1 11.8 ± 10 2.7 ± 4.6
HFSA 14.3 ± 18.3 21.6 ± 19.4 25.5 ± 17.7 39.8 ± 40.2
LFSA 9.7 ± 12.6 13 ± 15.2 5.5 ± 9.7 12.7 ± 18.7

Snacking (CHO)
HFSW 18 ± 26.6 48-3 ± 41.3 44.5 ± 32.3 46 ± 12
LFSW 6.5 ± 10.9 12.5 ± 20 18 ± 16.8 5.3 ± 6.8
HFSA 7.7 ± 11 17 ± 17.4 50.8 ± 25.3 7.7 ± 7
LFSA 13.5 ± 26.3 10.3 ± 10.2 3.8 ± 5 15.7 ± 15.5

BMI, Body-mass Index; BDI, Beck Depression Inventory; SKS, Sleep Quality Scale Specific; TFEQ, Three Factor Eating
Questionnaire (with subscales): Snacking after placebo (PLC) and sucrose (CHO) for high-fat sweet (HFSW), low-fat
sweet (LFSW), high-fat savory(HFSA) and low-fat savory (LFSA) snacks.
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Mood

A first overall repeated measures multivariate analysis of

variance (MANOVA) with Genotype (S0/S0 vs. L0/L0) and Diet

(CHO vs. PLC) as between-subjects factor and Time

(BaselineT1, after dietT2, beforeT3- and afterT4 stress) as

within-subjects factors on the five subscales (measures) of the

POMS only revealed an effect of Time [F(15,39)¼9.780;

p50.001]. As shown in Figure 2, mood (anger, tension and

depression) declined after arrival but increased from pre- to

post-stress task exposure. Indeed, two separated repeated

measures MANOVAs again only revealed a main effect for

Time (BaselineT1 vs. pre-test/after dietT2) [F(5,49)¼13.880;

p50.001] and for Stress (pre-stressT3 vs. post-stressT4)

[F(5,49)¼11.921; p50.001], indicating that participants

became less angry (p¼ 0.003), less tense (p50.001) and

less depressed (p¼ 0.003) 30 min after arrival, but then

became more angry (p50.001), tense (p50.001) and

depressed (p¼ 0.001) after stress task exposure. No effects

of diet or genotype – or any other main or interaction effects –

were found.

Appetite

A first repeated measures ANOVA with Genotype (S0/S0 vs.

L0/L0) and Diet (CHO vs. PLC) as between-subjects factor and

Stress (beforeT3- and afterT4 stress) as within-subjects factors

on ‘‘appetite to start a meal’’ only revealed a main effect of

Stress [F(1,53)¼20.342; p50.001]. As indicated in Figure 3,

appetite to start a meal increased between before stress task

exposure to after stress task exposure.

A second repeated measures ANOVA with Genotype (S0/S0

vs. L0/L0) and Diet (CHO vs. PLC) as between-subjects factor

and Type-of-snack (sweet vs. savory) and Stress (beforeT3- and

afterT4 stress) as within-subjects factors on ‘‘appetite for a

snack’’ only revealed a main effect of Type-of-snack

[F(1,53)¼9.0; p¼ 0.004] and a main effect of Stress

[F(1,53)¼28.56; p50.001]; indicating that appetite for a

sweet snack was greater than appetite for a savory snack and

that stress task exposure increased general appetite for a

snack; for a sweet snack (p¼ 0.002) as well as for a savory

snack (p50.001) (Figure 3). No effects of diet or genotype –

or any other main or interaction effects – were found.

Liking for foods

Repeated measures MANOVA with Genotype (S0/S0 vs. L0/L0)
and Diet (CHO vs. PLC) as between-subjects factor and Stress

(beforeT3- and afterT4 stress) as within-subjects factors on

liking for foods for the four food categories HFSW, HFSA,

LFSW and LFSA only revealed a main effect of Stress

[F(4,50)¼12.888; p50.001] that appeared to originate from

increases in liking for high-fat foods including HFSW

(p50.001) and HFSA (p50.001) but not for the low-fat

foods (p40.68 and p40.25 respectively). Indeed, a second

repeated measures analyses also including Food Type (HFSW,

HFSA, LFSW, LFSA) as an additional within-subjects factor

again revealed a main effect of Stress [F(1,53)¼28.305;
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p50.001] and an interaction of Stress � Food-type

[F(3,51)¼11.156; p50.001]. As shown in Figure 4, stress

task exposure only increases liking for HFSW (p50.001) and

HFSA (p50.001) but not for low-fat foods (LFSW p40.65;

LFSA p40.21). No effects were found including genotype

or diet.

Food intake

A first overall repeated measures ANOVA with Genotype

(S0/S0 vs. L0/L0) and Diet CHO vs. PLC) as between-subjects

factor and Food Type (HFSW, HFSA, LFSW, LFSA) as within-

subjects factor on food snacking revealed a main effect of

Food-Type [F(3,51)¼15.837; p50.001] and an interaction of

Gene�Diet�Food-Type [F(3,51)¼3.215; p¼ 0.03]. As indi-

cated in Figure 5, snacking was greater for total High-fat foods

(64 ± 29 g) than for total low-fat foods (10.5 ± 15 g) [p50.001]

and only for high-fat foods there was an increased preference

for consuming sweet (44 ± 36 g) compared to savory

(20 ± 22 g) snacks [p50.001]. Moreover, this increased

snacking for high-fat sweet foods significantly differed in

S0/S0 compared to L0/L0 depending on dietary (preload) intake.

Analysis for the hypothesized changes regarding sweet from

savory high-fat foods (HFSA vs. HFSW) indeed revealed an

interaction of Genotype�Diet�Food-Type for high-fat food

[F(1,53)¼9.340; p¼ 0.004]. This was not found for Low-fat

(LFSA vs. LFSW) foods (p40.3). As indicated in Figure 6, the

increased preference for HFSW over HFSA food intake is

significantly greater in S0/S0 than in L0/L0 genotypes and only in

S0/S0 HFSW is snacking reduced after CHO intake compared to

PLC intake (p¼ 0.027).

Discussion

The aim of the present study was to investigate whether a

sucrose-containing preload would reduce negative effect of

stress task exposure and, hence, negative mood on increasing

appetite and craving for foods and therefore reduce high-fat

sweet food intake compared to high-fat savory food intake

based on the 5-HTTLPR genotype. Although stress task

exposure increased negative mood and appetite and craving

for high-fat food regardless of preload condition or

5-HTTLPR, the subsequent increased intake of high-fat
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sweet food was significantly greater in S0/S0 than in L0/L0

individuals, and this was significantly reduced by a sucrose

preload in only S0/S0 individuals.

Acute stress

Although cortisol responses were not observed, the MPA

stress task significantly increased feelings of anger, tension

and depression. However, contrary to expectations, this

negative affective response was not mediated by 5-HTTLPR

or preload condition. Regarding cortisol, previous acute stress

studies report mixed results, including stress-induced cortisol

responses in only S/S individuals or stress cortisol responses

that were greater in S/S subjects compared to L/L subjects

(Gotlib et al., 2008; Mueller et al., 2010; Way & Taylor,

2010), greater in L-allele subjects compared to S-allele

subjects (Mueller et al., 2011) or no 5-HTTLPR-dependent

changes in stress-induced cortisol responses at all (Firk, 2009;

Markus & Firk, 2009; Markus et al., 2012; Verschoor &

Markus, 2011a,b, 2012; Wust et al., 2009). The absence of

cortisol responses in the current study most likely indicates

that this stress task was not severe enough to activate a

physiological hypothalamo-pituitary adrenal cortisol

response. However, in previous studies, the same task did

cause cortisol stress responses often accompanying compar-

able mood changes as found in the current study (Markus

et al., 1998; Merens et al., 2005; Verschoor et al., 2010).

Considering that pre-stress task cortisol measures in the

current design were taken 40 min before onset of the stress

task, this time point might have been too early to detect the

cortisol responses as cortisol concentrations could have

further declined below post-stress task levels at the time of

stress task onset.

Of the studies that explored 5-HTTLPR differences in

affective stress reactivity (Markus & De Raedt, 2011; Markus

& Firk, 2009; Verschoor & Markus, 2011a,b; Way & Taylor,

2010), only a few revealed that a more pronounced stress task

induced negative mood in S/S compared to L/L participants

(Markus & De Raedt, 2011; Verschoor & Markus, 2011). By

contrast, negative mood and depression symptoms have

consistently been found to be a function of increased past

stressful life events in individuals with the S-allele 5-HTTLPR

genotype (Karg et al., 2011). Evidently, compared to a series of

natural daily hassles, exposure to a brief mild laboratory stress

task does not always induce an adequate response to indicate

5-HTTLPR interference. Interestingly, 5-HTTLPR interfer-

ence on acute affective stress task responses might become

more vivid when also controlling for the frequency of past

stress experiences (Alexander et al., 2009; Verschoor &

Markus, 2011b) and/or trait neuroticism (Verschoor &

Markus, 2011b).

Appetite and food craving

The subjective sensation of appetite was significantly

increased after the stress task exposure compared to before

the stress task exposure. In addition, the computerized food

craving task, including high-fat and low-fat sweet and savory

food pictures, revealed a stronger increase in the preferences

for high fat food cues after stress task exposure. Although

these findings partly support previous reports of stress related

changes in sensations of appetite and food preferences in

healthy subjects (Newman et al., 2008; Verschoor et al., 2010)

and in subjects with a vulnerability to increase their food

intake due to negative external events (Newman et al., 2008)

or overweight subjects (Lemmens et al., 2011), craving for

food was not stronger for the high-fat sweet food cues, did not

depend on 5-HTTLPR and was not influenced by preload

condition. However, even though subjective sensations of

appetite for food words or pictures were influenced by stress

task exposure, a 5-HTTLPR effect might only be induced

when the more appealing impact of actual palatable food that

can be consumed is presented. Indeed, the current findings

revealed a 5-HTTLPR-dependent preload effect on actual

food intake.

Real food intake

As expected, the increase in negative mood after stress task

exposure primarily increases high-fat food intake compared to

low-fat food intake, particularly when these high-fat foods

were sweet instead of savory. Interestingly, this apparent

negative mood induced increase in HFSW food intake was

more pronounced in S/S- compared with L/L-allele partici-

pants, and it was only reduced by the sucrose preload in S/S

Figure 6. The increased intake of high-fat
sweet (HFSW) snacks over high-fat savory
(HFSA) snacks was significantly greater in
N¼ 31 S/S (g) than in N¼ 26 L/L (œ)
genotypes (ANOVA p¼ 0.03) and only in S/S
participants was prevented by CHO
compared to PLC intake (ANOVA
p¼ 0.027).
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participants. It is important to note, however, that the current

experiment did not include baseline food intake measures.

It may thus still be possible that this increased snacking on

high-fat sweet foods also represents an increase in appetite

over the course of the experimentHowever, because the stress

task caused negative affective responses that were also found

in previous studies to increase HFSW food intake (Epel et al.,

2001; Greeno & Wing, 1994; Oliver et al., 2000; Rutters

et al., 2009; Wardle et al., 2000), it is likely that the increases

in HFSW food intake in the current study were caused by the

mild negative mood experience. Furthermore, the increase in

HFSW food has been shown to be greater in S0/S0 subjects

who (1) are found to be stress vulnerable (Caspi et al., 2003;

Gotlib et al., 2008; Karg et al., 2011), (2) have increased risk

for weight gain and eating-related disturbances, such as

obesity (Erritzoe et al., 2010; Sookoian et al., 2007b, 2008),

and (3) are found to report more eating-related disturbances

due to past stressful events or negative mood (Akkerman

et al., 2012; Stoltenberg et al., 2012; Van Strien et al., 2010).

The current study is the first to reveal that individuals with

S/S-allele 5-HTTLPR genotypes might have an increased risk

for HFSW food snacking after negative mood experiences and

that these individuals may be more vulnerable to the satiation

effects of a sucrose preload.

How does sucrose reduce HFSW food intake in S/S
participants?

Sugar (sucrose) consumption is known to reduce postprandial

food intake probably due to increases in blood glucose levels

and increased satiation signals from hypothalamic brain areas

(Leibowitz & Alexander, 1998; Leibowitz et al., 1989). In the

present study, the preload satiety effects were the strongest for

HFSW food intake as a function of 5-HTTLPR, even though

snacking in the current design was only allowed for 15 min in

a non-natural (laboratory) setting.

One might in first instance argue that the sucrose preload

reduced snacking behavior as compared to the PLC because

of its higher caloric value. Although sweetness was controlled

for the PLC, this was not the case for differences in calories.

This however does not explain why the sucrose preload was

only found to reduce HFSW intake. It may be possible that

this exclusive effect of sucrose preload on HFSW snacking is

caused by a preference for HFSW over HFSA. Yet, partici-

pants in the current study nevertheless did consume HFSA

snacks without showing any intent of effect in the same

direction as found for HFSW. Similarly important is the

question of why this sucrose effect on snacking is then

particularly present in S/S carriers. This finding may fit with

the ‘‘bright side-plasticity hypothesis’’ (Belsky et al., 2009)

allowing S/S carriers to become even better adaptors to

environmental changes in the absence of stress; increasing

food intake under a threat of caloric shortage (PLC) and vice

versa after caloric (sucrose) load. However, this may be

expected also for the higher caloric HFSA snacks.

An alternative explanation that better fits with the current

findings is that the sucrose preload may have caused slightly

more profound effects on brain 5-HT synthesis and release in S/

S genotypes due to an enhanced brain 5-HT sensitization and

brain 5-HT vulnerability to compensate for the lower 5-HT

expression (David et al., 2005; Jans et al., 2007; Moore, 2000).

A comparable sugar preload has already been suggested to

slightly increase brain TRP and 5-HT levels by raising the

plasma TRP influx into the brain (Markus, 2008). Dietary

manipulations of brain TRP and 5-HT levels are sometimes

found to have a greater impact on 5-HT-related stress or

affective behavior in S-allele carriers (Neumeister et al., 2002,

2006). Therefore, a sugar-containing preload might be

expected to reduce HFSW compared to HFSA food intake

particularly in S/S individuals, causing enhanced synthesis and

release of hypothalamic 5-HT in areas that selectively control

food intake (Leibowitz & Alexander, 1998; Leibowitz et al.,

1989). Consistent with this suggestion, S/S individuals

consumed more HFSW foods than L/L individuals after

PLC, which supports the assumption of reduced hypothalamic

5-HT function in S/S individuals, while they consumed less

HFSW foods after a sucrose pre-load, which supports the

assumption of increased hypothalamic 5-HT function. The

increased intake of HFSW food in S/S-allele genotypes

following completion of the stress task also supports the

assumption that stress exposure may further reduce brain 5-HT

levels in chronically stressed or 5-HT-vulnerable individual

(Markus, 2008).

Limitation

A possible limitation of the current study may be the

oversampling of female (N¼ 40) compared to male (N¼ 17)

participants, which makes it not possible to decide whether

gender might have influenced the results. Although the

inclusion of Gender as a covariate (or as a full factor) in the

current analyses did not change the initial findings; gender

differences in liking for sweet versus savory/salty foods may

nevertheless be a moderating factor for (differences in) stress-

induced food preferences in much larger database studies. The

design of the current study (small gender group sizes) does not

allow answering such questions; this needs to be addressed in

future studies.

Conclusion

The current findings reveal that increased intake of high-fat

sweet food after the completion of an acute stress task that

causes negative mood was greater in S/S-allele 5-HTTLPR

participants than in L/L-allele 5-HTTLPR participants. This

effect was prevented by a sucrose-containing preload in S/S

participants only. Although alternative explanations are

possible, it is suggested that these effects may be caused by

a more enhanced brain (hypothalamic) 5-HT sensitization in

S/S participants, which would make them more susceptible to

eating-related disturbances and furthermore to the negative

effects of stress exposure on weight gain.
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