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The Zurich Project on the Social Development of

Children and Youths (z-proso)

• In 2004, 1,675 children from 56 primary schools in the Zurich area were selected using a cluster-
stratified randomized sampling approach.

• Regular follow-up assessments were carried out until 2022, when the participants were 24 years old 
(n=1,160).

• Since 2018 (W8), computer-administered self-interviews (CASI) were conducted with most participants 
in a university laboratory environment (38 participants were interviewed via telephone). 

Social
decision-making

Ribeaud et al 2022, J Dev Life Course Criminology

2018 2022



Substance use among young adults – 
12-months prevalence

   

   

   

    

   

   

   

   

    

    

   

    

    

    

    

    

            

               

             

      

                     

       

       

        

        

               

              

                  

       

       

          

                      

           

        

            

       

      

                 

                                            

N= 1180 

Quednow et al. 2022, Eur Addict Res

Laut MonAM
Letzt-Jahres-Präv. bei

20-24 Jährigen in 2017:

Cannabis: 19.3%

Andere Illegale 
Substanzen: 4.2% 
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Age of substance use onsets in z-proso

Median: Cocaine 18.0 y.Median: Cannabis 15.5 y.

Quednow et al. 2022, Eur Addict Res 



Subjective and objective 3-months prevalence

Steinhoff et al. 2023, J Am Acad Child Adolesc Psychiatry
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Hair data on codeine and opioids corrected for medical use. For 
MDMA/ecstasy, 3-month-self-reports were not available and the self-report 
prevalence was therefore estimated
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Substance use among young adults –
3-months hair analysis

N= 1003 

*reflecting only
highly regular use

Opiate and Opioids Stimulants and Empathogens Dissociatives Cannabinoids

Steinhoff et al. 2023, J Am Acad Child Adolesc Psychiatry
Janousch et al. 2024, Eur Addict Res

N= 880 



Change of substance use in hair at age 20→24

© L. Eggenberger



• In z-proso, 94 of 1003 (9.4%, age 20) and 191 of 887 (21.5%, age 24) were confirmed 
positive for cocaine in hair, from which 29 and 40 participants (30.8% and 20.9% of the 
users), respectively, showed at least moderate regular use including 9 and 8 individuals, 
respectively, who were likely addicted at test date.

Intensity of cocaine use in z-proso

Eggenberger, Quednow et al. in preparation

W8 (20 year olds; n=1,002)

W9 (24 year olds; n=887)

Mean cocaine concentration of
positive cases: 1645 pg/mg



Wave 9 (age 24, n=887)

A substance in hair rarely comes alone

© L. Eggenberger



Cambridge Neuropsychological Test Automated Battery (CANTAB)

• RVP: Rapid Visual Processing        →   Sustained attention/vigilance

• SWM: Spatial Working Memory   →   Visuo-spatial working memory

• PAL: Paired Associates Learning   →    Visuo-spatial learning and declarative memory

PALRVP SWM

Computerized assessment of cognition

Neuropsychological assessment in z-proso



Recreational drug use and cognition

Eggenberger et al. submitted

Multivariable models include sex, household SES, migration status, education, gaming 
experience, daily tobacco use, and daily alcohol use as control variables

Total N=850 

(with hair 

samples 

and 

cognition)

Cocaine 
positive
in hair:

n=197

Cohens d
= 0.20-0.24

Polysubstance-Use Severity Index

Ketamine 
positive
in hair:

n=53

Cohens d
= 0.06-0.59



Social decision-making 
and neuroeconomics

Social Cognition

1. Baseline (cross-sectional)

73 recreational users
35 dependent users
96 stimulant-naïve controls
204 participants

Neuropsychology  + 
Psychophysiology  +
Genetics

Neuropsychology + 
Psychophysiology

12 month

2.  Follow-up (longitudinal)

64 recreational users
17 dependent users
51 stimulant-naïve controls
132 participants

Study design: Zurich Cocaine Cognition Study

Decision-making and 
impulsivity

Genetics and

gene expression

Psychometrics

Glutamate PET + MRS (cross-sect.)
   18 chronic users

18 stimulant-naïve controls
   36 participants

fMRI + resting-state + ASL (cross-sect.)
  25 chronic users
25 stimulant-naïve controls

  50 participants

Structural MRI + resting-state (longitud.)
  41 chronic users
43 stimulant-naïve controls

  84 participants

PET + MRS + MRI
Figure 2

[11C]-ABP688 PET

[1H]NMR spectroscopy

Functional MRI

Resting-state connectivity

Early information 
processing

Classical 
neuropsychology

http://jnm.snmjournals.org/content/vol48/issue2/images/large/247fig2.jpeg


Sample characteristics ZuCo2St

Mean and SD,
Stimulant-naive 
controls 

Recreational cocaine 
users 

Dependent cocaine 
users F/Chi2/t df/dferr P

numbers (n=68) (n=68) (n=30)

Age 30.3 (9.2) 28.7 (6.2) 32.5 (9.0) 2.38 2/163 0.10

Sex (m, f) 47 / 21 50 / 18 22 / 8 0.38 2 0.83

Years of school education 10.7 (1.8) 10.5 (2.0) 9.5 (1.2) 4.82 2/163 <0.01

Verbal IQ (MWT-B) 104.4 (9.7) 103.2 (9.6) 99.7 (9.1) 2.46 2/163 0.09

Smoker/non-smoker 53 / 15 53 / 15 24 / 6 0.06 2 0.97

Cocaine Craving (CCQ) - 19.0 (9.1) 20.3 (11.4) 0.36 96 0.55

Cocaine self report

g/week - 1.1 (1.0) 7.9 (15.8)

Duration (years) - 6.5 (4.0) 9.4 (6.5)

Cumulative lifetime dose (g) - 520 (751) 5501 (9635)

Last consumption (days) - 27.5 (37.6) 21.0 (33.6)

Quantitative hair toxicology

Cocaine (pg/mg) - 2739 (4628) 22164 (32609)

Benzoylecgonine (pg/mg)    - 546 (919) 5048 (7711)

Cocaethylene (pg/mg)    - 276 (318) 2006 (3656)

Norcocaine (pg/mg)  - 62.4 (100) 586 (758)

Alcohol (g/week) 116.8 (122.6) 167.8 (117.5) 188.5 (260.6)

Amphetamine (g/week) - 0.1 (0.2) 0.0 (0.2)

MDMA (tablets/week) - 0.1 (0.3) 0.4 (1.8)

Cannabis (g/week) 0.5 (1.0) 0.9 (2.1) 1.2 (3.7) Vonmoos et al. 2013, Br J Psychiatry
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Vonmoos et al. 2013, Br J Psychiatry
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• From a cumulative lifetime dose of 500-1000g cocaine ~50% of the users display subclinical 

deficits (>1 SD), while ~20% show clinically relevant cognitive decline (>1.5 SD).

Cognitive impairment in cocaine users
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The role of ADHD and age of onset

Vonmoos et al. 2013, Br J Psychiatry

• Comorbid ADHD had an additional 

impact on cognition but did not 

explain the impairment in general.

• Early age of cocaine use onset had 

a great impact on cognitive 

performance.

Sidak post hoc tests: *p<.05; **p<.01; ***p<.001



ADHD, cocaine, and cognition

Wunderli et al. 2016, Drug Alcohol Depend



Empathy in cocaine users

• Emotion recognition is not impaired in cocaine 

users but implicit and explicit Emotional 

Empathy seem to decrease with increasing 

cocaine consumption.

• Implicit Emotional Empathy was correlated with 

cumulative lifetime cocaine dose (r=.23, p<.05) 

and with cocaine g/week  (r=.33, p<.01). 

Cognitive Empathy Emotional Empathy

**
*

*

Sidak post hoc Test: *p<.05, **p<.01Preller et al. 2014, Addict Biol
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Baseline (t1) Follow-up (t2)

Longitudinal change of cocaine use

The criterion for group assignment was a combination of absolute and relative changes in cocaine concentration 

in hair samples between baseline (t1) and follow-up (t2):

•  Absolute criterion: shift in cocaine concentration of at least ±500 pg/mg

•  Relative criterion: minimal increase of 20% or a minimal decrease of 10% in cocainetotal concentration

    (= cocaine + benzoylecgonine + norcocaine concentrations)

Change in cocaine concentration in hair

Baseline Follow-up

Vonmoos et al. 2014, NPP

+297%

-70%

0



Values corrected for test-retest effects in the control group

Baseline Follow-up

Longitudinal change of cognition

Vonmoos et al. 2014, NPP

Time*group: p<.05

Time*group: p=.09



Vonmoos et al. 2014, NPP

Longitudinal change of cognition



r=.54, p<.01

Cocaine decreasers

Vonmoos et al. 2014, NPP

Longitudinal change of cognition



Emotional Empathy

• Social and non-social cognitive deficits as well as associated cortical 
changes are at least in part drug-induced in cocaine users!

Vonmoos et al. 2019, Front Psychiatry

Longitudinal change in empathy

Time*group: p<.05



Summary

• Prevalence of cocaine use is high in young adults 
from Zurich.

• Recreational and dependent cocaine use is 
associated with cognitive impairments.

• Cognitive functions are correlated with subjective 
and objective cocaine intake parameters.

• Emotional empathy and social network size are 
reduced in cocaine users.

• Basal cognitive functions, and emotional empathy, 
covary with changing cocaine use. Thus, they are 
probably, at least in part, drug-induced. → 
Neuroplasticity!

• ADHD, age of onset, and adulderants are important 
contribution factors for impairment and recovery in 
cocaine users. 

Conrad Felixmüller (1925), Der Tod des Dichters Walter Rheiner
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