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What this presentation will not do

- Explain all nutritional components relevant for your patients

- Tell you how to put a meal together for your patients

- Tell you how to run your service regarding diet composition for patients

- Explain all psychopathology by nutritional changes only

- Provide a full causality model for mental health problems



But I will try…

-To introduce you to the concepts of nutrition in mental health and nutritional
psychiatry

-To show you some brief examples of research findings

-To demonstrate how simple nutritional modifications can have a significant
impact on behaviour and brain function

-To articulate and summarize implications for service development

Overall goal for today:

To demonstrate how exciting and yet difficult research in this area is 
(role of confounders…)
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Why look at nutrition in mental health?

Role of nutrition

- Nutrition is part of everyday life

- In comparison to the frequency with which people consume foods rather
little is known about the impact of nutrition on mental health

Examples

In clinical files the medication chart is critically reviewed by treating team

Apart from patients with eating disorders dietary aspects are often neglected
or not always monitored in sufficient detail



Why look at nutrition in mental health?

Questions to think about

Do you know your patients’ nutritional intake?

If so, to what degree / in what detail? Quantity? Quality? How regularly?

What are potential clinical implications?



Concept of nutritional psychiatry (NP)

• The field of ‘nutritional psychiatry’ has evolved with rapidity over the past
several years

• Increasing amount of dietary or nutrient-based (nutraceutical)
intervention studies being initiated

• More preclinical and epidemiological data becoming available

Sarris, 2019



Nutritional psychiatry – Selected findings

• Data suggest that severe maternal macronutrient deficiencies during
critical developmental periods of pregnancy may be implicated in the
pathogenesis of

> Depressive disorders
> psychotic disorders

in the offspring!

Brown et al., 1995; Sarris, 2019; Steenweg-de Graaff et al., 2014



Nutritional psychiatry – Selected findings

• Epidemiological studies, including longitudinal studies (in maternal
cohorts and their offspring, children, adolescents, and adults)
demonstrated

à significant associations between healthy dietary patterns and a reduced
risk and prevalence of symptoms (in particular depression)

Lassale et al., 2018; O�Neil et al., 2014; Sarris, 2019;



Nutritional psychiatry – Selected findings

•Systematic reviews have tentatively found a relationship between

à ‘unhealthy’ dietary patterns and poorer mental health in children,
adolescents, and adults

Lassale et al., 2018; O�Neil et al., 2014; Sarris, 2019;



Nutritional psychiatry – Selected findings

• Examples:

European PREDIMED study demonstrated a reduced risk for incident
depression in people with type 2 diabetes who were randomised to a
Mediterranean diet with nuts, compared with a low-fat diet control
group

Paans et al., 2018; Sanchez-Villegas et al., 2013; Sarris, 2019;



Nutritional psychiatry – Selected findings

• Examples:

MoodFOOD prevention study shows that in a sample of participants (N =
990)

à Subjects with subsyndromal depressive symptoms and a history of
depression have higher levels of emotional and uncontrolled eating

à These subjects also have lower levels of cognitive restrained eating
compared with those without a former depression diagnosis

Paans et al., 2018; Sanchez-Villegas et al., 2013; Sarris, 2019;



Concept of nutritional psychiatry (NP)

• NP involves the clinical consideration (where appropriate) of prescriptive
dietary modification or intervention

• NP covers improvement, and/or the select use of nutrient-based
supplementation to prevent or manage psychiatric disorders

• So far the role of nutrition in the diagnostic process has been rather poorly
considered (with the exemption for eating disorders)

Sarris, 2019



Concept of nutritional psychiatry (NP)

• In the last several years, significant links have increasingly been
established between dietary quality and mental health

• However, not all data are supportive

• Maternal and early-life nutrition may also affect the mental health
outcomes in offspring

Sarris, 2019



Concept of nutritional psychiatry (NP)

• In nutraceutical research, like with many recent conventional drug studies,
results are fairly mixed

• In many cases there is not clear evidence to support the use of
nutraceuticals in patients with various psychiatric disorders

• Such findings may in part be due to a preponderance of recent studies
within the field revealing marked placebo effects

• Because current indicators pointing towards mental disorders having an
increasing burden of disease, new and innovative approaches on a societal
level are now required

Sarris, 2019



Concept of nutritional psychiatry (NP)

• There is a common use of nutrient supplements by people with and
without mental disorders

• Critical that scientifically rigorous methodologies are used to assess the
efficacy of such supplements

• Important to determine if, or what dose of, a nutrient supplement is
required, for whom, and when, and under what circumstances

• Simplified studies of additional isolated nutrients are not of great benefit
to the field (unless studied in for example supra-dosage in an
individualised, biomarker-guided manner)

Sarris, 2019
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Diet, food & neuroscience – The beginning 
of a journey



Tryptophan = Precursor of serotonin



Relevance of serotonin (5-HT)

- Mood: Affective disorders 

- Cognition: Attention processes

- Appetite regulation: Eating disorders

- Behavioural inhibition: Aggressive behaviour

à Serotonin is a neurotransmitter who’s availability is regulated by the diet

Serotonin (5-Hydroxy-tryptamine, 5-HT)



Breakfast



Lunch



Dessert



How can you study the effects 
of tryptophan & serotonin in people?



Ways of studying a specific neurotransmitter
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Serotonin

Tryptophan Depletion

Ways of studying a specific neurotransmitter



How to study serotonin in humans

- Assessment of serotonergic metabolites (5-HIAA)

- Update of 5-HT in platelets

- Prolactin-Fenfluramine-Challenge

- SSRIs

- Tryptophan Depletion-Test

Zepf, F.D., et al., The Lancet Psychiatry Vol. 2: e19, 2015

Dingerkus, V.L.S., ..., Zepf, F.D. Journal of Neural Transmission 119(9): 1037-45, 2012 

Zepf, F.D. In: Amino Acids in Human Nutrition and Health. D'Mello J.P.F. (Ed). CABI 

Publishing, Oxfordshire, 418-426, 2012
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Acute Tryptophan Depletion (ATD)
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ATD = Acute Tryptophan Depletion

= Mixture of essential amino acids (LNAAs)

à PHE, LEU, ILE, MET, VAL, TRE, LYS*

à Mechanism principle: Tryptophan (TRP) is physiological precursor of 5-HT

à Goal: Short-term reduction in brain 5-HT synthesis

*semi-essential

Zepf et al., 2008a; Human Psychopharmacology: Clinical and Experimental

ATD challenge
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ATD Moja-De

Dosage per 10 kg body weight

à PHE: 1.32g
à LEU: 1.32g
à ILE: 0.84g
à MET: 0.5g
à VAL: 0.96g
à TRE: 0.6g
à LYS: 0.96g

à Without TRP = ATD

à With TRP = Control condition / balanced amino acid load (BAL)

Zepf et al., 2008a; Human Psychopharmacology: Clinical and Experimental



TRP & body weight

Correlation (Pearson, 95% error interval)
between body weight (kg) & plasma TRP
(nmol/ml) (rxy = 0.8 ; p = 0.001) under
baseline conditions

Kewitz 2002; 
Demisch et al., Eur Arch Psych Clin Neurosci, 2002

TRP & Körpergewicht 

Korrelation (Pearson, 95% Fehlerintervall) 
zwischen Körpergewicht (kg) & TRP im 
Plasma (nmol/ml) (rxy = 0.8 ; p = 0.001) unter 
Basalbedingungen 

Kewitz 2002;  
Demisch et al., Eur Arch Psych Clin Neurosci, 2002 
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ATD Moja-De vs. 
other ATD protocols

- Methionine

- Phenylalanine

- Lower total amino acids

- Body weight adapted dosing regime

à fewer side effects (nausea, vomiting, etc.)

Zepf et al., 2008a; Human Psychopharmacology: Clinical and Experimental



Animal research

Advantage:

à Invasive methods can be used

à Post-mortem data

à Combination of knock-out mice or hypomorph rodents (z.B. Balb c/J 
mice) with neurochemical challenge techniques



C57 mice (controls)

Balb c/J mice (TPH-2 hypomorph mice)

• Standard mouse model
• Often used as baseline in strain 

comparison

• TPH-2-Mutation, reduced brain 
serotonin synthesis

• Often used as a model for 
depression or social anxiety

Prinzip des ATD-Test 
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Brain regions

- Hippocampus

- Prefrontal cortex

- Frontal cortex

Prinzip des ATD-Test 
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Biskup, C.S., ..., Zepf, F.D. PLoS One 7(5): e35916, 2012 
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C57 mice

Biskup et al., 2012, PLoS One

ATDBAL



Animal data - Summary

- BAL mixture is a valid control condition

- ATD was effective in both strains of mice

- No effects on dopamine



Data on TRP & serotonin in humans - Adults



ATD - methodological aspects

Exclusion criteria:

- Somatic disorders

- Psychotic disorders

- Abnormal BMI

- Substance abuse

- Severe developmental disorders



Diet:

- Overnight protein fast

- Standardised breakfast (no TRP)

- Vitamin/Niacin supplementation

à Co-enzymes NAD+, NADH, NADP+, NADPH

ATD - methodological aspects



Tryptophan influx into the brain

Dingerkus, V.L.S., ..., Zepf, F.D. 
Journal of Neural Transmission 119(9): 1037-45, 2012 

Influx von Tryptophan 
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Comparison of ATD challenge protocols

Demisch et al., 
Eur Arch Psych Clin Neurosci, 2002

Vergleich verschiedener ATD-Protokolle 

TRP-Influx in das ZNS für die ATD-Tests 
n a c h M o j a - D e ,  Yo u n g - 5 0 ( - ) , 
Young-100(-), Placebo & Young-100(+) 
im Zeitverlauf (min.) 

Demisch et al.,  
Eur Arch Psych Clin Neurosci, 2002 
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Serotonin, tryptophan & behaviour

How do changes in diet affect our behaviour 
via tryptophan supply and serotonin?



Behavioural inhibition / disinhibition

Diminished brain serotonin synthesis led to lower punishment-induced
behavioural inhibition

Crockett, M.J.et al. 
J Neurosci. 23;29(38):11993-9, 2009

BAL ATD
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Hormones

Serotonin

Affective Disorders
BPS

Impulsivity

2

3

4

Gender 1

Punishment & inhibition - Role of serotonin



Methods – Study sample

N Study days Gender Age BMI IQ I7-Eysenck
(impulsivity at 
baseline)

18 2 Female M = 24.22
SD = 2.9

M = 23.58
SD = 3.7

M = 110.28
SD =10.5

M = 42.93
SD = 8.6

Helmbold, K., ... Zepf, F.D. Effects of serotonin depletion on punishment processing in the orbitofrontal and anterior 
cingulate cortices of healthy women. Eur Neuropsychopharmacol. 2015 Jun;25(6):846-56.



Punishment & inhibition - Role of serotonin

Goal: Investigating the neuronal correlates of punishment-induced behavioural
inhibition and their serotonergic modulation

Important: Controlling for the individual menstrual cycle

Menstrual 
phase

BAL ATD

Early follicular 
phase (34/36)
or last days of luteal 
phase (2/36)

Mean= 
2.72
SD=2.37

Mean= 
3.89
SD=1.74

10 
!

Tab. S2: Hormone levels of estradiol, FSH and LH for BAL and ATD conditions 

 Estradiol 
[pmol/l] 

FSH [U/l] LH [U/l] Day of 
menstrual 
cycle 

BAL 155.22±100.25 4.83±2.11 5.74±2.83 2.7±2.4 
ATD 148±61.11 5.65±1.21 7.79±4.17 3.9±1.74 
z- or t- value z = -.544 t(17) = -1.74 z = -1.26 t(17) = -1.69 
p-value .586 .099 .206 .110 

 
Legend for Tab. S2: Provided are the baseline hormone levels for the BAL and ATD 

conditions. Data are presented as the means +/- standard deviation. Comparison of the two 

test conditions was performed using t-tests (t) or Wilcoxon’s test (z) values with  p-values (p). 

This table can also be found in (Helmbold et al, 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Helmbold, K., ... Zepf, F.D. 
Eur Neuropsychopharmacol. 

25(6):846-56, 2015

BAL
ATD



Study design

• BE (TRP, 
FSH, LH, 
17ß-
Estradiol)

7:30

• ATD / BAL

8:00
• Questionnaires
• Resting

8:45

• Go/NoGo
Task

11:00
• BE (TRP)

12:15

- Double-blind within subject cross-over design

- 2 study days (spaced at least 1 individual menstrual cycle apart)

- “Overnight protein fast” before ATD / BAL

Helmbold, K., ... Zepf, F.D. 
Eur Neuropsychopharmacol. 

25(6):846-56, 2015

Influx von Tryptophan 
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Findings – Tryptophan influx into the brain

Helmbold, K., ... Zepf, F.D. 
Eur Neuropsychopharmacol. 

25(6):846-56, 2015

Methoden: Tryptophan-Influx nach ATD / BAL 

* 
*
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Helmbold, K., ... Zepf, F.D.  
Eur Neuropsychopharmacol.  

25(6):846-56, 2015 

BAL 

ATD 

Typtophan depletion:

T0 vs. T1: 67,27 % reduction
t(17)=17.5, p < 0.001

T1 ATD vs. BAL
t(17)=17.3, p < 0.001



Methods - Crockett-Paradigm

Crockett, M.J.et al. 
J Neurosci. 23;29(38):11993-9, 2009



Methods - Crockett-Paradigm
Condition Blocks Feedback

correct 
answer

Feedback
wrong 
answer

Reward Go Reward Only positive,
winning points

0 points

NoGo Reward

Punishment Punish Go 0 points Only negative,
loss of pointsNoGo Punish

Critical condition:

NoGo-trials with punishment

(= wrongly pressed a button à punishment)

Punishment-induced behavioural inhibition = Ability to inhibit in aversive 
contexts



Data analysis

- ANCOVA: Contrast between BAL / ATD during NoGo-trials with
punishment

- Whole brain correlation maps: Contrast BAL minus ATD (NoGo-
punishment) with

1) Depletion magnitude (depletion magnitude)

1) Trait-impulsivity (Eysenck I7)

Helmbold, K., ... Zepf, F.D. Effects of serotonin depletion on punishment processing in the orbitofrontal and anterior 
cingulate cortices of healthy women. Eur Neuropsychopharmacol. 2015 Jun;25(6):846-56.



Results:

a) Left ventral and 
right subgenual 
ACC

b) Right OFC 

c) Left inferior 
temporal area

Whole brain correlation - Contrast NoGo-trials “BAL
punished” vs. “ATD punished” with “Depletion
magnitude”

Helmbold, K., ... Zepf, F.D. 
Eur Neuropsychopharmacol. 

25(6):846-56, 2015



Results:

a) Right and left 
OFC and ACC 

b) Right superior 
temporal area

c) Left superior 
temporal area

a

b

c

Whole brain correlation - Contrast NoGo-trials “BAL
punished” vs. “ATD punished” with trait-impulsivity

Helmbold, K., ... Zepf, F.D. 
Eur Neuropsychopharmacol. 

25(6):846-56, 2015



- Reduced dietary tryptophan availability in the brain impacted brain
activation in the context of behavioural inhbition and punishment

Activation was modulated by

à Tryptophan depletion magnitude

à Trait-impulsivity (baseline impulsiveness)

Results - Summary



Data on TRP & serotonin in humans –
Children & adolescents



Serotonin & ADHD

- ADHD symptoms & comorbid symptoms impacted by serotonin

à Affective and emotional processes

à Impulsive behaviour

à Aggressive behaviour



Attention Deficit Hyperactivity Disorder (ADHD)

or also known as the

Kramer-Pollnow Syndrom

First publication in Germany in 1932 by Franz Kramer 
and Hans Pollnow, Charité Berlin

ADHD as a syndrome



- Hyperactive behaviour

- Onset in childhood

- Attention problems

- Developmental problems

- Emotional problems / affective dysregulation

- Impulsivity / aggression

Characteristics
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Relevance of serotonin (5-HT)

- Mood: Affective disorders 

- Cognition: Attention processes

- Appetite regulation: Eating disorders

- Behavioural inhibition: Aggressive behaviour

Serotonin (5-Hydroxy-tryptamine, 5-HT)

àAggressive responding

à Physiological response

à Mood



Effects of serotonin on impulsivity, 
aggression & mood

Animal research & adults

- Serotonin-hypothesis for aggressive behaviour

ADHD

- Because of impulsive and aggressive behaviour (comorbid conduct disorder)
patients with ADHD are a population that allows studying the impact of 5-HT on
these parameters



Serotonin & ADHD

- Symptoms of ADHD & comorbid symptoms suggested to be
modulated by 5-HT (ATD / BAL)

à Aggressive / impulsive behaviour

à Physiological parameters (heart rate)

à Affective and emotional processes (mood)



Study

- 22 patients with ADHD

- Double-blind within-subject crossover design (randomised)

- Point Subtraction Aggression Game (PSAG)

Questions:

- Impact of changed serotonergic neurotransmission (ATD / BAL) on

àAnger / aggression
àHeart rate
àMood related parameters?



Study task

- PC-based provocation of anger / 
aggression

- Fictive opponent

- Winning & loosing trials were pre-
arranged



Pressing a button when a stimulus (soccer ball) appeared

Study task



Provocation

High provocation (HP) – Opponent subtracts 80-100 points
Low provocation (LP) – Opponent subtracts 20-40 points



Response of participants

High provocation (HP) – Opponent subtracts 80-100 points
Low provocation (LP) – Opponent subtracts 20-40 points

High provocation

Loosing trial

Response / point 
subtraction after HP

Winning trial



Response of participants

High provocation (HP) – Opponent subtracts 80-100 points
Low provocation (LP) – Opponent subtracts 20-40 points

Low provocation

Loosing trial

Response / point 
subtraction after LP

Winning trial

Dependent variables after ATD / BAL:

Point subtraction, heart rate, mood



Results – Point subtraction

Zepf et al., 2008a; 
Human Psychopharmacology: 

Clinical and Experimental

children. The study was assessed and approved by the
Ethics Commission of the Faculty of Medicine of the
J.W. Goethe University, and was carried out in accor-
dance with the Helsinki declaration.

RESULTS

Demographic data

The demographic characteristics of the analysed study
sample and trait-behavioural data are presented in
Table 2.

RTD effect and impulsive trait-behavioural
characteristics

A paired t-test was performed in order to investigate if
the RTD test had a main effect on aggression after a LP
in the whole study sample, indicating no significant
effect for the LP (p¼ 0.092; t¼ 1.766; df 1, 21) and
HP (p¼ 0.878; t¼"0.155; df 1, 21) conditions.
However, the zero effect in the whole study sample
indicated that IMP and AGG could serve as moderator
variables as regards reactive aggression after RTD/
placebo intake.

In a further step, Pearson correlations between IMP/
AGG as moderator variables and DLP/DHP were
performed, indicating a negative correlation between
IMP and DLP (rxy¼"0.519; p0 ¼ 0.026) with IMP
explaining approximately 27% of the shared variance.
This significant relationship is depicted in Figure 1.
Following this an experimentally reduced central
nervous 5-HT synthesis rate increased levels of
aggressive responses in low impulsive patients and
reduced reactive aggression in high impulsive sub-
jects. There was no significant correlation between
IMP and DHP (rxy¼"0.115; p¼ 0.615). Moreover,
there were no significant relationships between AGG
andDLP (rxy¼ 0.102; p¼ 0.652) orDHP (rxy¼ 0.255;
p¼ 0.253). Thus, the excess of the provoked
aggressive reaction after a LP was dependent on

self-reported trait-impulsivity, and the underlying
neurophysiological process of reactive aggression
was modulated by 5-HT-mechanisms.

DISCUSSION

The aim of the present paper was to investigate the
influence of RTD on aggression in regard of trait-
impulsive characteristics. Low impulsive patients
showed higher rates of reactive aggressive behaviour
under depleted conditions compared to placebo. Thus,
the excess of the provoked reaction was dependent on
self-reported trait-impulsivity. However, in past
studies using the competitive reaction time game
(Pelham et al., 1991) or modified settings (Wasch-
busch et al., 2002) no clear relationship between the
response in the competitive reaction time game and
impulsivity was found. Another difference in this
present study compared to past research is that
trait-impulsivity assessment was based on a self-report
personality questionnaire, but not necessarily on
clinical presentations. The ICD-10 does not imply
impulsivity as a separate syndrome, but only gives
guidelines to physicians for obtaining a differential
diagnosis as regards to disorders related to disinhibited

Table 2. Demographic and behavioural characteristics of the study
sample

Parameters Mean# SD

Age (yrs) 10.9# 1.8
Weight (kg) 40.9# 9.2
BMI 17.6# 2.1
T-score ‘impulsivity’ (IMP) 58.1# 9.1
Aggression-score (AGG) 10.1# 2.4

Demographic and trait-behavioural (impulsivity, aggression)
characteristics of the analysed study sample (n¼ 22).

Figure 1. Correlation between trait-impulsivity and RTD effect on
aggression. Correlation (Pearson) between self-reported trai-
t-impulsivity and the RTD effect (¼ difference in point-subtraction
fromRTD to placebo in the competitive reaction time game after low
provocation, ~LP) with 95% error interval.

Copyright # 2007 John Wiley & Sons, Ltd. Hum. Psychopharmacol Clin Exp 2008; 23: 43–51.
DOI: 10.1002/hup
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Results – Heart rate

Zepf et al., 2008b; 
Journal of Neural Transmission 

Ergebnisse (Herzfrequenz) 

 

 

Zepf et al., 2008b;  
Journal of Neural Transmission  

as the data on HR for the placebo condition were not

normally distributed. For a further step of analysis, the
mean RTD-effect on HR was established within the dif-

ference in HR from RTD to placebo. As regards, the

hypotheses on factors of trait-impulsivity influencing
HR with respect to RTD, the data were analysed within

a bivariate correlation (Spearman) between impulsivity

t scores and the RTD-effect on HR (n = 15 because of
1 missing data-set) while the patients played against a

fictitious opponent in a competitive reaction time game
(CRT) in accordance with Pelham et al. (1991) which

provoked aggressive behaviour (see Zepf et al. 2008a). The

results were controlled within a RMANOVA for potential
effects of order as regards administration of the RTD/pla-

cebo with the RTD amino acids being administered on day

1 (n = 7) versus day 2 (n = 9) and the low and high
impulsive subgroups. The analysis indicated no significant

effect on HR as regards interactions with the order of RTD/

placebo administration and the factors impulsivity group
(F = 4.076; P = 0.074; df = 1, 15), RTD/placebo

(F = 9.41; P = 0.357; df = 1, 15), or both of them

(F = 0.065; P = 0.805; df = 1, 15).

Results

In the low impulsive subgroup, there was a significant

difference in HR as indexed by a lowered HR under RTD
compared to placebo (Z = -1.992; P = 0.046). Following

this, in these patients mean HR was reduced under

diminished central nervous 5-HT synthesis compared to the
tryptophan balanced placebo and thus a normalised central

nervous 5-HT synthesis (see Fig. 1). For the high impulsive

subgroup, there was no difference in mean HR under RTD
versus placebo to be detected (Z = -0.676; P = 0.499).

The mean RTD-effect on HR for the time in which the

boys played against a fictitious opponent in the CRT (see
Zepf et al. 2008a) was positively correlated with impul-

sivity t-scores, indicating that low impulsive subjects (who

presented with reactive aggression in the CRT under RTD)
showed a small RTD-effect on HR whereas high impulsive

subjects showed a larger RTD-effect on HR (rxy = 0.748;

P 0.001, Fig. 2).

Discussion

As low impulsive patients, in particular, were shown to be

the most susceptible to present with reactive aggression
under RTD with respect to a diminished 5-HT turnover

(Zepf et al. 2008a, b), the present data support the

hypothesis that lowered HR could also be associated with
aggression in view of changes in 5-HT neurotransmission.

Moreover, the mean RTD-effect on HR during the CRT was

reduced in low impulsive patients, further substantiating the
hypothesis of changes in serotonergic neurotransmission

and physiological parameters with respect to trait-impulsive

characteristics and aggression in patients with ADHD.
The limited sample size must be considered crucial, in

particular because within the median-split procedure,

additional patients had been excluded, and one has to note
that the present results are only preliminary as future

studies with larger samples are mandatory. However, the
positive correlation between the RTD-effect on mean HR

while playing the CRT and impulsivity t-scores (which

included the whole study sample) supports the results of a
lowered HR under RTD in low impulsive patients, in

particular because the reduced RTD-effect in these patients

as indexed by the correlational analysis could be likewise
due to a lowered HR under RTD, with decreased values for
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Fig. 1 Mean heart rate (HR) assessed under reduced central nervous
5-HT availability by means of rapid tryptophan depletion (RTD) and
a tryptophan balanced placebo in low impulsive patients with ADHD
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Fig. 2 Linear correlation/regression between impulsivity t scores and
the RTD-effect on mean heart rate (HR) during a competitive reaction
time game (CRT)
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Results - Mood

Diminished central nervous 5-HT neurotransmission and mood
self-ratings in children and adolescents with ADHD: no clear
effect of rapid tryptophan depletion

Florian Daniel Zepf 1*, Martin Holtmann1,2, Christina Stadler1, Sophie Magnus1, Lars Wöckel1,3 and
Fritz Poustka1

1Department of Child and Adolescent Psychiatry and Psychotherapy, J.W. Goethe University of Frankfurt am Main,
Frankfurt am Main, Germany
2Department of Child and Adolescent Psychiatry and Psychotherapy, Central Institute of Mental Health, Mannheim, Germany
3Department of Child and Adolescent Psychiatry and Psychotherapy, RWTH University of Aachen, Aachen, Germany

Introduction Research on 5-HT-functioning in adult patients and healthy subjects using rapid tryptophan depletion (RTD) has indicated
weak but stable effects on mood ratings. Altered mood in children and adolescents with attention-deficit/hyperactivity disorder (ADHD) can
confound the differential diagnosis between severe ADHD and mood disorders such as pediatric bipolar disorder. The present study
investigated the effects of RTD induced lowered central nervous 5-HT-levels on mood self-ratings in children with ADHD.
Methods Seventeen boys with ADHD participated in the study in a double-blind within-subject crossover-design. They were administered
RTD within an amino acid drink lacking tryptophan, thus lowering central nervous 5-HT-synthesis. On another day they received a placebo.
Self-rated mood was assessed on both days at baseline conditions and at three different post-drink time-points.
Results RTD had no clear effect on moodwithin thewhole sample. Low scorers on venturesomeness were more strongly affected by RTD in
terms of feelings of inactivity and negative feelings compared to high venture patients.
Conclusions Our data did not show a significant effect of RTD on mood self-ratings. However, the findings must be considered as
preliminary and require further replication, in particular as they could be due to sampling bias. Copyright # 2009 John Wiley & Sons, Ltd.

key words—ADHD; serotonin; mood; rapid tryptophan depletion; self-ratings

INTRODUCTION

With the monoaminergic system being distributed
through various parts of the human brain including the
striatum, the limbic system and the prefrontal cortex,
deficiencies in these monoamine circuits are presumed
to account for different symptoms of mood disorders.
Past research using antidepressant drugs has indicated
that these medications achieve their primary effects by
changing intrasynaptic concentrations of serotonin (5-
HT) norepinephrine and dopamine (Davidson et al.,
2002). Moreover, other studies using neuroendocrine
challenge tests, assessments of neuroceptor and trans-
porter binding or cerebrospinal fluid (CSF) concen-
trations of monoamine metabolites showed abnormal-
ities of monoamine systems in mood disorders (Maes

and Meltzer, 1995; Schatzberg and Schildkraut, 1995;
Willner, 1995).
Since the synthesis rate of 5-HT depends on the

availability of its natural precursor tryptophan (TRP),
rapid tryptophan depletion (RTD) leads to decreased
levels of 5-HT in the central nervous system (CNS) in
animals and humans (Biggio et al., 1974; Delgado
et al., 1990; Gessa et al., 1974, 1975; Moja et al., 1988;
Nishizawa et al., 1997; Young et al., 1989). Recent
research with positron emission tomography (PET) has
demonstrated a decrease in central 5-HT2 receptor
binding after RTD in healthy women (Yatham et al.,
2001). Moreover, RTD lowers CSF concentrations of
5-Hydroxyindolacetic acid (5-HIAA) 8–12 h after
intake of the RTD amino acid mixture (Carpenter,
1998). Because RTD leads to a diminished turnover of
5-HT (Schaechter and Wurtman, 1989; Young et al.,
1989) it can influence a variety of psychological and
physiological parameters (Benkelfat et al., 1994;
Cleare and Bond, 1995; Kent et al., 1996; Menkes
et al., 1994; Moeller et al., 1996; Park et al., 1994;

human psychopharmacology
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- ATD-Test:

à No ATD-effect on mood in children & adolescents
with ADHD (Eigenschaftswörterliste [EWL-KJ, 20-item
Version] nach Janke & Janke, 1998)



Overview of presentation

1. Concept of nutritional psychiatry

First field data

2. Impact of nutrition on psychiatric symptoms – research findings on
the role of amino acids

Study approaches & methodology
Cognitive processes
Mood
Aggression and impulsivity

3. Implications for service development & delivery



Aspects of service delivery

Nutrition & mental health

- Nutrition can impact mental health symptoms

- Example: Amino acid metabolism à impact on disinhbition, aggressive 
behaviour, etc.

- However: Be careful with recommending specific (and sometimes possibly 
exotic) diets for your patients



Aspects of service delivery

Nutrition & mental health

à There is still little evidence (if at all) for specific diets as regards symptom 
remission, in particular in children

à There is a high risk that dietary advice may not be followed as exactly as 
prescribed, which leads to the risk of malnutrition

à Very often there seems to be an impression by some clinicians and the lay 
public that “you cannot do wrong” because “it’s only the diet” à this is not 
the case

à A balanced diet can help to mitigate against malnutrition



Aspects of service delivery

In a nutshell: 

Balanced diet = No evidence for “doing it wrong”, but there could potentially be 
additional benefits once the impact of specific nutrients on symptoms of a 

specific disorders is further clarified 

Exotic diets: No evidence for “doing it right”



Aspects of service delivery

So, what can you do now?

à Be aware of your patient’s dietary intake (or non-intake) à Awareness 
about malnutrition

à Be aware of your patient’s eating habits: Scheduling of meals, fasting, etc.

à Provide high quality foods: High nutritional value (quality)

à Provide sufficient foods: Sufficient dietary intake (quantity)

à Compliance: Make the food taste and look good à This is an important 
strategy for mitigating the risk of malnutrition

à Be reflective: Ask your patients for their opinion about the food provided



Aspects of service delivery

So, what can you do now?

à Improvement: Ask your patients about what they would like to see changed 
(consumer & carer engagement)

à Assessment & monitoring: Have a dietician as part of your mental health 
team

à Use of supplements: Know exactly what your patients are taking (who 
prescribed what, when, and with what rationale?)



Take home messages

Nutrition & mental health

- Nutrition in mental health: Still a blind spot in clinical service delivery, but
there are strategies to make sure that diet is not a negative confounder in
remission

- Specific nutrition as an accelerator for recovery in specific disorders:
There’s still a lot of research needed!

- Be careful about “nutrition Guru’s”: History shows that it is very (!) rare that
only one person on the planet can do a particular thing



Take home messages

Nutrition & mental health

- The interplay between nutrition & MH is complex!

- Research in this area has a lot of confounders (gender, hormones, genetics, 
interactions, other nutrients, etc.)

- Nutritional psychiatry & mental health is an emerging field

- Impact of nutrition cannot be ignored (but it often is)



Take home messages

Nutrition & mental health

- Tryptophan / serotonin pathway: Example for complex interplay

- Tryptophan / serotonin: Impact on behavioural inhibition in adults

- Children & adolescents: Impact of tryptophan on aggression & heart rate

- Reminder: This is only 1 (!) nutritional component, there are many others!

- Other influences: Many other dietary components can impact behaviour, 
mood, sleep, and brain function



Research directions – Intervention & 
diagnostics

Imaging / MRI

Molecular biologyNeurophysiology

Neuromodulation

Dietary neuroscience

- Psychopharmacology
- Immunology
- Animal models
- Genetics

Developmental psychopathology



A next critical step for the field is

designing psychiatric interventional studies for both dietary modification and
nutraceuticals, based on more of a personalised medicine approach, using
biomarkers

> Nutrient deficiencies
> Inflammatory cytokine levels
> Genomic assessment
> Microbiome analysis
> A person’s dietary patterns
> Individual macro/micronutrient requirements

Sarris, 2019

Nutritional psychiatry – An outlook



Nutritional psychiatry – An outlook

• Current indicators point towards mental disorders having an increased
burden of disease that will continue to rise globally over the coming
decades

• Psychiatry and mental health are at a critical juncture

• The current pharmacologically focused model has only achieved modest
benefits in addressing the global burden of poor mental health

Whiteford et al., 2013; Sarris, 2019



- Early intervention research is also needed to study nutritional
interventions at crucial developmental stages

• From this resultant research, the evidence needs to be communicated to
clinicians and the wider public

• Implementation through educational institutions and the latter via public
health campaigns

Sarris, 2019

Nutritional psychiatry – An outlook



• Formal education to clinicians from a broad range of fields should include
training

• Training & education: The role of diet and nutrients on brain function and
mental health

• Nutrition is increasingly being regarded as an important aspect of mental 
health

• Public policy will very likely reflect this evolving recognition in the future 
(if the appropriate and detailed research is done)

Sarris, 2019

Nutritional psychiatry – An outlook
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Thank you for your attention!
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Methods - Crockett-Paradigm


