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Abstract:  

Background: Intra-individual variability of the characteristics of children with attention-

deficit hyperactivity (ADHD) may reflect compromised glial energy supply in the synapse. We 

reported recently that while serum levels of a glial marker, the cytokine S100B, were not 

seriously altered, levels of other cytokines and tryptophan metabolites related to symptoms, 

attention and variability. Here we explore with a regression analysis whether levels of these 

substances were associated with features of the index pregnancy of potential aetiological 

significance.   

Methods: Serum was taken from 35 children with DSM-IV ADHD (14 on medication) and 21 

typically-developing controls to measure 8 cytokines (S100B, IL-2, IL-6, IL-10, IL-13, IL-16, 

TNF-α and IFN-γ) and 5 metabolites (Tryptophan, Kynurenine, Kynurenate [KA], 3-hydroxy-

kynurenine [3HK], 5-hydroxyindole acetic acid [5-HIAA]). The mothers received a 124-item 

questionnaire on features surrounding the pregnancy.  

Results:  

1) For children with ADHD a shorter pregnancy and smaller birth weight was associated 

statistically with increased 3HK, IFN-γ and, for obstetric problems with decreased TNF-α 

levels.  

2) Maternal smoking related to decreasing kynurenine and increasing 3HK and S100B levels 

in ADHD children. Paternal smoking was associated with increased tryptophan in the 

controls and increased IL-6 levels in ADHD children.  

3) The taking of supplements often related to decreasing TNF-α, increasing IL-10 and lower 

5-HIAA levels in the ADHD children. Less 5-HIAA but more tryptophan was associated with 

earlier and later life events, respectively.  

4) Increased IL-16 and 5-HIAA levels in the ADHD group related to reports of poorer infant 

health. Unexpectedly, more child care (seafood and time-together) in ADHD than healthy 

families was implicated by lower tryptophan levels and an altered balance of pro-

inflammatory cytokines. Across measures control families generally showed either non-

significant associations or the opposite to those of the ADHD group.  

Conclusions: In ADHD children more than controls, the balance of potentially toxic or 

protective kynurenine metabolites and of pro- over anti-inflammatory cytokines may reflect 

the perinatal experience associated with stress, but not with maternal illness. 
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Introduction 

A diagnosis in childhood of attention-

deficit and hyperactivity disorder (ADHD) 

is likely also to include impairments such 

as cognitive and behavioural impulsivity, 

poorly developed executive functions and 

comorbid internalizing and/or external-

izing characteristics. Most prevalent is a 

clinical impairment of the combined type 

(around 5%: Polanczyk et al. 2007). A 

potential endophenotype of the disorder 

is the variability of expression of these 

symptoms and of the responses on 

neuropsychological tests in the laboratory 

(Castellanos and Tannock 2002; Klein et al. 

2006; Kuntsi et al. 2005; Uebel et al. 

2010). Russell et al. (2006) proposed that 

an altered aspect of the metabolic activity 

of glia may underlies this variability. This 

report explores the potential relationships 

of some perinatal and pregnancy-related 

features to the development of possible 

molecular and inflammatory under-

pinnings of this explanation of variability 

in offspring who develop ADHD. 

Russell and colleagues (2006) proposed 

that the intra-individual varia-bility of 

response may reflect an impaired supply 

of energy from glial cells to maintain the 

neuronal firing necessary to sustain 

responses (the lactate shuttle: Gallagher 

et al. 2009). We investigated recently 

whether a marker of the integrity of glial 

function was compromised (Oades et al. 

2010a). Serum levels of the cytokine 

S100B, that is largely but not exclusively 

produced by astrocytes (Steiner et al. 

2007), proved not unusual or tended to be 

decreased slightly in those with 

internalizing symptoms.  

Our pilot study (Oades et al. 2010a, b) 

also looked at tryptophan/kynurenine 

metabolism that largely takes place in glia 

(Kiss et al. 2003) and some other cytokines 

that influence this metabolism (Myint et 

al. 2007). Kynurenine metabolites are of 

interest as they can have neuroprotective 

(kynurenic acid, KA) or potentially neuro-

toxic properties (3-hydroxy-kynurenine, 

3HK), as a glutamate antagonist and 

agonist respectively, with the predomin-

ant pathway modulated by the balance 

between pro- and anti-inflammatory 

cytokines (Myint et al. 2007). Allergies and 

related inflammatory conditions (e.g. 

atopic eczema) with a prevalence of up to 

50% in children with ADHD underscore the 

interest in the cytokines contributing to 

such immunological reactions (Blank and 

Remschmidt 1994; Romanos et al. 2010). 
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We described a modest increase of 

some cytokines in patients with ADHD 

(e.g. interferon-γ, IFN-γ) that normalised 

in a medicated group (Oades et al. 2010a). 

Increased levels of IFN-γ, IL-13 and IL-16 

related respectively to increased reaction-

time variability, inattention and hyper-

activity. In addition, IL-16 levels correlated 

with reported allergy sensitivity. Although 

most tryptophan metabolites were not 

significantly related to symptoms, 

increased levels of tryptophan and its 

breakdown products were associated with 

continuous performance accuracy and 

reaction time (Oades et al. 2010b). 

However, lower levels of the potentially 

toxic 3HK in the ADHD than the healthy 

group were interpreted speculatively as 

consistent with developmentally delayed 

neural pruning processes (Bourgeois and 

Rakic 1993; Huttenlocher 1984). 

Although some modest genetic 

associations for cytokines with ADHD have 

been reported (Lasky-Su et al. 2008) we 

concentrate in this report on exploring 

whether serum levels of tryptophan 

metabolites in the serotonin or 

kynurenine pathway or the cytokines that 

influence them were related to 

environmental events immediately before, 

during or just after the index pregnancy.  

Human studies have shown that a wide 

variety of prenatal stressors (e.g. anxiety,  

partner relationship problems, natural 

disasters) increase the risk for a diverse 

range of adverse neurodevelopmental 

outcomes in the child (O’Donnell et al. 

2009). For example, Stöber et al. (2009) 

pointed out relationships between 

maternal infection, cytokine changes and 

the risk for schizophrenia in the offspring. 

King et al. (2010) review a large range of 

environmental experiences of the foetus 

and developing child that have been 

associated with the eventual diagnosis of 

psychosis and its biochemical concomit-

ants. Animal models have elaborated 

details on how stress in utero may be 

reflected in the bases underlying later 

cognitive difficulties of the offspring (e.g. 

the expression of the SNAP-25 protein in 

the hippocampus: Fatemi et al. 1998).  The 

present study is based on the premise that 

the biochemical bases underlying the 

cognitive and symptomatic characteristics 

of ADHD may likewise reflect some of the 

difficulties the mother experienced in the 

pregnancy and perinatally.  

Numerous studies have reported that 

pre-/perinatal adverse environments and 

experience, (e.g. stress and deprivation), 

can not only delay the experience-

dependent maturation of the CNS in the 

foetus and infant, but also induce 

permanent changes in prefrontal cortical 

wiring patterns and the metabolism 

underlying their function (Bock and Braun 

2011; Boksa 2010). A potential mechanism 

was addressed by Hsaio and Patterson 

(2011) who pointed out that: maternal 

immune responses can alter placental 

endocrine factors that influence the 

nature of foetal development. Indeed, a 

range of mechanisms may mediate the 

maternal experience to the developing 

infant: for example the reduced size of the 

hippocampus and associated behavioural 

impairments in the infant that result from 

intrauterine growth restriction may reflect 

maternal corticosteroid hormone 

exposure, hypoxemia, and micronutrient 

deficiency (Lodygensky et al. 2008). In 

addition, McClelland et al. (2011) have 

described the epigenetic mediation of the 

long-lasting effects of early experience on 

learning and memory abilities. 

Indeed, a number of features of the 

pregnancy have been claimed already to 

be associated with the later development 

of ADHD in the offspring. For example, 

maternal smoking (Gustafsson and Källen 

2010), alcohol consumption and low birth 

weight may put a child at risk for 

developing ADHD (Das Banerjee et al. 

2007; Knopik et al. 2005, 2009; contrast 

O'Callaghan et al. 1996). Mothers who 
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experience and produce high levels of 

certain cytokines are more likely to have 

infants who produce high levels of the 

same cytokines (Djuardi et al. 2009), 

whereby a pro-inflammatory surge in 

gestation can have negative effects on 

neurogenesis in the offspring (Graciarena 

et al. 2010). Preterm birth is a further risk 

factor for the disorder (Rice et al. 2010) 

and for reduced cortical thickness later in 

adolescence (Nagy et al. 2011), where this 

reduction itself is a feature of ADHD (Shaw 

et al. 2007). Indeed risk factors at birth for 

the development of ADHD may also 

include maternal stress, eclampsia, and 

prolonged labour (Biederman 2005; 

contrast Barkley et al. 1990).  In human 

and animal models virus infection or 

exposure to bacterial endotoxins in 

pregnancy have been associated with 

altered serotonin metabolism (Winter et 

al. 2008), increased KA levels (Holtze et al. 

2008) and a range of cytokine changes 

(Romero et al. 2007).  

We hypothesised that in peripubertal 

children with ADHD an echo of some 

apparent insults on development may still 

be found with immunological and 

biochemical measures. This was explored 

by comparing the retrospective report of 

features of the pregnancy from mothers of 

children with and without ADHD, and a 

preliminary investigation of whether the 

distribution of these data was in part 

explained by serum levels of metabolites 

and cytokines in the offspring. 

The results are organized to illustrate 

first the main group comparisons (group 

characteristics and symptoms, features of 

the birth and pre/post-pregnancy periods, 

and pregnancy-related features). Then, 

the associations of the metabolite and 

cytokine levels in the groups of children 

are considered in turn with a) features of 

the birth, b) parental smoking habits and 

alcohol consumption at the time of the 

pregnancy, c) maternal problems before, 

during (trimesters 1-3) and after the 

pregnancy, and d) postnatal child care. 

Methods: 

Subjects 

A group of 21 normally developing 

children were recruited by advertisement 

to compare with children diagnosed with 

ADHD combined type (DSM-IV): 21 were 

newly diagnosed, consecutively referred 

and medication naïve, while 14 more 

children had been diagnosed 4y earlier 

(Müller et al. 2011) and were receiving 

medication: One was receiving 

Atomoxetine, one Ritalin and the others a 

retard formulation (Concerta or 

Medikinet, 30-40 mg). Exclusion criteria 

included a history of encephalitis, autism, 

epilepsy, Tourette syndrome, bipolar 

disorder, IQ≤80, brain damage and any 

genetic or medical condition associated 

with externalizing behaviours that might 

mimic ADHD. The protocol, respecting the 

Declaration of Helsinki, was approved by 

the ethics committee of the medical 

faculty of the University of Duisburg-

Essen. Verbal and written information 

about the study was given to the children 

and the parents or guardians who gave 

written consent to the procedures. 

Diagnosis was based on a semi-

structured interview of the parents 

(Parental Account of Children’s Symptoms; 

Chen and Taylor 2006; Taylor et al. 1991) 

on mood disorders, ADHD/hyperkinetic 

syndrome, disruptive behaviour and 

additional problems of the children in 

various structured and unstructured 

situations (details in Oades et al. 2010a). 

Symptoms were assessed with the 

Conners parent and teacher ratings scales 

(CPRS-R:L, CTRS-R:L: (Conners 2002). 

Comorbid internalizing and externalizing 

problems were rated on the anxiety and 

oppositional subscales: for each group the 

numbers with T>65 on either the CTRS or 

CPRS, were 9/14 [ADHD], 6/2 [controls], 

and 6/9 [medicated ADHD] children, 

respectively. 
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Data on gender, age, body-mass index, 

IQ, socio-economic index (SES), reported 

allergic sensitivities and Conners rating 

scales are presented in table 1. The IQ was 

assessed with the standardized version of 

the CFT-20-R (Weiss 1996) or with the 

Kaufman battery for children (Kaufman 

and Kaufman 2001) for those younger 

than 9 years. The socio-economic scale of 

the father and mother for profession/ 

qualification (current and at-birth) were 

assessed on a scale of 1-7 (Brauns et al. 

1997). Allergies of the children in the past 

(>12 months) and currently experienced 

were recorded and rated for severity (0-3). 

The children with ADHD showed >50% 

higher coefficient of reaction time vari-

ance on a continuous performance task 

than the controls (Oades et al. 2010a). 

Questionnaire on perinatal features 

The questionnaire concerns the health 

of the mother and child, and covers 29 

features of the course of pregnancy, birth 

and post-natal circumstances with a total 

of 124 items that can be scored (Chen et 

al. 2005). We modified the scoring process 

by lumping features and rating them from 

normal over mild and moderate to severe 

on a scale from 0 to 3 (illustrated in square 

parentheses in the following). Thus, the 

course of birth covered interventions (e.g. 

planned [1] or emergency caesarean 

section [2], 7 items), the duration of birth 

(5 stages: [0-3]), foetal complications (e.g. 

meconium [1], accelerated heart rate [2], 

resuscitation [3], 4 items) and intensive 

care (4 stages: [0-3]). The summed ratings 

for the 4 features were divided by 4. Three 

items referred to the doctors’ concern 

over foetal growth and 3 items the 

potential complications from the mother’s 

side per trimester (e.g. seizures [2], 

vaginal bleeding [2]). Two items 

concerned the mother’s health before and 

after pregnancy (e.g. diabetes, hypo-

/hyperthyroidism, depression [3 each]). 

Life events that occurred during pregnancy 

were scored for each trimester (e.g. 

moving house, loss of loved ones [2]). 

Dietary supplements during pregnancy 

were rated as one item (e.g. iron [1], folic 

acid [2]). No other medications were 

recorded during pregnancy. There were 2 

items on postnatal bottle-feeding and 

mixed breast/bottle feeding. Lengths of <3 

months or >1 year were scored as ‘1’; and 

periods in between as ‘0’. An item on the 

infant’s health referred to the periods <5 

months, <5 years and > 6 years (e.g. 

jaundice [1], fits [2] and meningitis [3]). An 

item about the family diet concerned the 

regularity of eating sea food (0 [1+/week] - 

3 [never]). Smoking (0 [never] – 3 [>16/d]) 

and drinking alcohol (0 (never) – 3 [>10 

units/week]) by both the mother and the 

father were scored separately for before, 

during and after pregnancy. A question on 

recreational drugs revealed only two 

positive answers and was not included in 

the analysis. The final question concerned 

the regularity of a parent reading bedtime 

stories and helping later with school work 

(0 [1+/week] – 3 [never]). 

Biochemistry 

Briefly, 20 ml fasting venous blood was 

drawn (8:00-9:00 a.m.), the serum 

separated and stored at -80°C for analysis 

blind to the sample’s origin (Myint et al. 

2007; Oades et al. 2010a). S100B were 

measured by an immunoluminometric 

assay (detection limit 0.02 µg/L: ELECSYS 

S100
TM

, Roche Diagnostics, Switzerland). 

Serum cytokines IL-2, IL-6, IL-10, IL-13, IL-

16, IFN-γ and TNF-α were analysed with 

DuoSet ELISA test kits from R&D systems, 

UK. Detection limits were 62.5 pg/ml and 

intra-assay coefficients of variation were 

3.2-5.6% (details in Oades et al. 2010a). 

Analyses for tryptophan, kynurenine 

and their metabolites (KA, 3HK and 5-

HIAA) were run in a Waters 2695 

chromatograph on a 250 mm x 4 mm 

Supersphere 60 RP-select B, C8 column at 

35°C (Merck, Darmstadt, Germany) with a 

2487 dual-λ UV detector and a 2475 

fluorescence detector. A gradient elution 
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for the samples (at 4°C) used a mixture of 

sodium acetate (pH4.8 to 3.65), 

acetonitrile and methanol. Tryptophan 

and 5-HIAA were measured by 

fluorescence detection (λex: 300 nm; 

λem: 350 nm and λex: 300 nm; λem: 340 

nm) and kynurenine, KA and 3HK were 

measured by UV detection at 365, 330 and 

365 nm, respectively (further details in 

Myint et al. 2007; Oades et al. 2010a) 

Data analysis 

Demographic characteristics and 

subgroup symptom ratings for the ADHD 

and control groups are presented in table 

1 and compared with corrected 2-tailed 

Student t-tests. (For a more complete 

analysis of these data and the biochemical 

markers see Oades et al. 2010a, b).  

Comparisons between ADHD and 

control groups for the 18 features 

recorded for the birth, pre/post-

pregnancy and child care periods are 

shown in table 2. Table 3 concerns the 9 

pregnancy-related items of which 5 had 

scores relating to each trimester. As there 

were considerable differences in the 

homogeneity of variance between these 

features the group comparisons were 

examined with t-tests (as above). But the 

5 items examined for each trimester 

(foetal growth, maternal complications 

and illness, life-events and the taking of 

medical supplements) were subjected to 

repeated measures ANOVA for between 

and within subject changes. Differences at 

α ≤ 5% are accepted as significant and at α 

= 5-10% are described as trends or 

tendencies. A few missing values were 

replaced by the mean. 

Associations for pregnancy-related 

features with metabolite and cytokine 

measures were sought separately and 

step-wise with linear backward 

regressions. Significant contributions in 

the regression will be referred to as 

associations or relationships. Significant 

explanations (F-test, R
2
 and beta) from the 

biochemical data (tryptophan/metabolites 

and cytokines) are given for the 

distribution of birth-related features (table 

4), smoking and drinking (table 5), illness, 

complications, supplements and life-

events during the pregnancy (table 6) and 

early child care (table 7) reported. Here 

analyses for the combined ADHD groups 

(vs. healthy controls) are shown along 

with the medication-naive group alone 

(“no med”) to illustrate that despite 

treatment differences there were often 

similarities based on the diagnosis rather 

than differences reflecting medication.  

Results are listed if α ≤ 10% and should 

be seen in conjunction with the R
2
 

estimates of the variance of the 

pregnancy-related feature explained in the 

regression equation by the biochemical 

item. The R
2
 values are measures of effect 

sizes (coefficients of determination) and 

are given for each analysis in the tables 4-

7. Where outliers drive the statistical 

significance of the result this is denoted by 

a footnote in the table with the 

biochemical feature identified in the 

legend. Due to the descriptive character of 

this preliminary, pilot-study corrections 

for the number of regression analyses 

performed are not reported.  

Results 

Group comparisons – group 

 characteristics and symptoms 

The ADHD and control groups did not 

differ significantly on age, body mass 

index, experience of allergy or gender 

representation. As would be expected the 

ADHD group did show a lower prorated IQ 

and a tendency to come from families 

with a lower SES (table 1). The ADHD 

groups showed significantly more severe 

symptoms on both parental and teacher 

ratings according to oppositional, 

inattentive, hyperactive-impulsive and 

total scores: but, higher ratings of anxiety 

in the ADHD group attained only 

borderline significance (table 1). 
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Table 1:  

Characteristics of the ADHD and control groups  

(mean, standard deviation, SD) and the Conners’  

parent (CPRS) and teacher (CTRS) symptom  

ratings (mean, standard error, SEM) 
----------------------------------------------------------------------------- 

     ADHD   Control   

      mean   mean   t-test1  
      n=35 SD  n=21 SD  p value 

----------------------------------------------------------------------------- 

Gender (m/f)    26/9   20/1  
Age (y)     10.4 2.5  11.0  1.5  

IQ      100.2 12.4  114.1 14.4  p < .001 

Body mass index   18.1 3.9  17.9  3.1  
Allergy (N/grade)  10/0.6 1.1  11/0.8 0.9 

SES M birth    4.0  1.5  3.6  0.8  

SES M current   4.1  1.6  3.3  1.4  p = .06 
SES F birth    4.3  2.1  3.3  2.0  p = .07  

SES F current   4.2  2.1  3.5  2.1                          

------------------------------------------------------------------------------ 
CPRS     mean SEM mean SEM t-test2 

      n=34   n=21 

- Opposition   71.4 1.7  51.7  1.2  p < .000 
- Anxiety    57.0 1.9  51.1  1.9  p = .04 

- DSM-IA    71.0 1.9  47.8  1.0  p < .000 

- DSM-HI    76.2 1.8  48.1  0.9  p < .000 
- DSM-sum    74.9 1.6  48.0  0.9  p < .000 

CTRS 

- Opposition   60.4 2.3  50.8  2.1  p = .004  
- Anxiety     61.1 2.2  54.8  2.5  p = .06 

- DSM-IA    63.5 2.3  48.6  1.5  p < .000 

- DSM-HI    61.2 2.7  48.4  1.9  p = .001 
 - DSM-sum    63.7 2.3  48.5  1.7  p < .000 

------------------------------------------------------------------------------ 

SES = socio-economic scale (rated 1-7):  

Bonferroni correction of α=5%: 1. p=0.0063,  

2. p=0.005 
 

Group comparisons – features of the 

birth and pre/post-pregnancy periods 

At birth there were modest trends for 

the children with ADHD to have been 

borne sooner, to have weighed less and 

experienced more complications at birth 

than the healthy controls (table 2). APGAR 

values did not differ significantly. In the 

period before the pregnancy mothers of 

ADHD children consumed more alcohol 

and after the pregnancy the fathers of 

ADHD children smoked more than their 

control counterparts. There were no 

group differences between the mothers’ 

history of stillbirths, incidence of illness 

before or after pregnancy nor in the 

mothers’ post-pregnancy consumption of 

alcohol or nicotine. In the postnatal child 

care period there were no differences in 

infant health, for coarse measures of the 

duration of breast-feeding or the 

proportion of bottle-feeding. Unexpected-

ly, the degree of time spent together (e.g. 

reading) was descriptively less in control 

families, and similarly fish tended to be 

represented less in the diet of control 

families.  

Group comparisons – pregnancy-

related features 

Repeated measures analyses showed 

no within or between group differences 

for foetal growth, life events or maternal 

illnesses across the 3 trimesters (table 3). 

Smoking and drinking habits across the 

pregnancy did not differ between the two 

family groups.  Marginally more frequent 

in T1 were pregnancy-complications for 

control mothers and the prescription of 

supplements or medications for mothers 

in the ADHD group.  

Metabolite and cytokine associations – 

features of the birth 

Increasing levels of 3HK (and no other 

metabolite) related consistently to shorter 

periods of gestation, lower birth weight 

and lower APGAR values in the full ADHD 

group, supported by data from the non-

medicated group. There were no 

associations of tryptophan metabolites 

with problems experienced at birth or for 

a history of stillbirths, and there were no 

relationships for the controls (table 4a). 

These results should be seen against the 

background of 3HK levels being on 

average about 10% lower in the ADHD 

than in the control children. 

Among the cytokines, decreasing levels 

of TNF-α contributed prominently to the 

distribution of reports of a shorter 

gestation, decreased birth weight and 

more problems at birth in the ADHD group 

(table 4b). This influence was modestly 

supported by associations with increasing 

levels of IFN-γ for shorter gestation and 

lower APGAR values. Some of these effects  
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Table 2   Maternal assessment of birth problems, pre- and post-pregnancy features  

(Mean and standard error, SEM) 
-------------------------------------------------------------------------------------------------------------------------------------------------- 

   Group:     ADHD       Controls     

Measure:      mean (n=33-35)  SEM   mean (n=21)   SEM significance  

--------------------------------------------------------------------------------------------------------------------- 

Pregnancy (weeks)   38.86    0.34   39.70    0.24  p = .050 

Birth weight (class) 
1
   0.34    0.12   0.10    0.07  p = .068 

APGAR (first)     9.38    0.20   9.74    0.13    

Course of birth 
2
    0.58    0.08   0.37    0.09  p = .099 

History of still-births 
3
  0.42    0.14   0.57    0.20   

 

Pre-pregnancy 

Illness (M) 
4
     0.39    0.17   0.10    0.10   

Alcohol (M) 
5
     0.55    0.12   0.19    0.09  p = .018 

Smoking (M) 
6
    1.30    0.24   0.81    0.26   

Smoking (F) 
6
     1.87    0.25   1.2     0.31   

 

Post-pregnancy 

Illness (M) 
4
     0.58    0.20   0.48    0.20 

Alcohol (M) 
5
     0.49    0.11   0.52    0.13  

Smoking (M) 
6
    0.91    0.22   0.57    0.23  

Smoking (F) 
6
     1.58    0.25   0.81    0.27  p = .044 

 

Child care 

Infant health 
7
     0.91    0.14   0.67    0.21   

Breast/bottle     0.53    0.09   0.48    0.11   

Bottle-feed 
8
     0.18    0.07   0.24    0.09   

Fish-in-diet 
9
     1.03    0.14   1.52    0.22  p = .056 

Read-together 
10

    0.27    0.11   0.43    0.19   
------------------------------------------------------------------------------------------------------------------------------------------------------ 

1. >2800 [rated 0], - 2300 [1], -1800 [2], <1800 g [3] 

2. Rated 0-3 e.g. duration, forceps, suction, breach birth, heart rate, meconium, umbilical cord, planned caesarean   

3. Previous miscarriages, no/yes [rated 0 / 2] 

4. Illnesses e.g. diabetes, hypo/hyperthyroidism, depression, anxiety [rated 3 each] 

5. 0, 1-2, 3-10, >10 units/week [rated 0-3] 

6. 0, -5, -15, >15/day [rated 0-3] 

7. Infant health e.g. jaundice [1], fits, anaemia, growth problems [2], encephalitis/meningitis [3] 

8. Mixed breast & bottle or only bottle feed: 3-12 months [0], < 3 months / > 12 months [1] 

9. Sea food eaten: ca. daily/weekly [0], monthly [1], 1-2x/year [2], not at all [3]  

10. Reading together was rated as for ‘9’ above: M – Mother, F - Father 

were partially confirmed in the smaller, 

non-medicated group. These results may 

be viewed against a background where 

TNF-α and IFN-γ levels were marginally 

increased in the ADHD group but were 

lower in the medicated group (matching 

control levels). S100B levels tended to 

increase with low birth weight and short 

gestation, but there was a modest 

negative trend in controls suggesting a 

protective relationship for decreasing 

S100B levels with a history of stillbirths. 

Metabolite and cytokine associations – 

smoking habits and alcohol consumption 

Although maternal alcohol 

consumption at any stage was unrelated 

to levels of tryptophan metabolites in the 

children, smoking habits showed 

differential associations depending on 

parent and group (table 5a). In the ADHD 

group increased maternal smoking during 

pregnancy was associated with increasing 

3HK levels and decreasing kynurenine 

levels in the children. The opposite effect 

seemed to emerge in controls, although 

the regressions were driven by outliers. In 

contrast, paternal smoking in control 

families was associated with increasing 

tryptophan levels. 

Levels of a number of cytokines 

appeared to relate to alcohol 

consumption, but most results were 

driven by outliers (table 5b). There was an 



Table 3   Maternal assessment of features of each pregnancy trimester (T1, T2 and T3)  

(Mean and standard error, SEM) 
------------------------------------------------------------------------------------------------------------------------------------------------------ 
   Group:       ADHD       Controls 

Measure:      mean (n=33-35)  SEM   mean (n=21)  SEM  significance 

------------------------------------------------------------------------------------------------------------------------ 

Child growth
1
  

 T1        0      0    0.05    0.05   

 T2        0.03     0.03   0.05    0.05   

 T3        0.06     0.06   0.05    0.05   

Life events
2 

 T1        0.36     0.14   0.24    0.14   

 T2        0.48     0.15   0.48    0.19   

 T3        0.39     0.14   0.24    0.14   

Maternal complications
3 

 T1        0.12     0.08   0.48    0.19  p = .06 

 T2        0.24     0.12   0.43    0.20   

 T3        0.36     0.14   0.57    0.20   

Illnesses
4 

 T1        0.52     0.17   0.38    0.19   

 T2        0.36     0.16   0.48    0.21   

 T3        0.39     0.15   0.29    0.17   

Medical supplements
5 

 T1        1.00     0.17   0.57    0.13  p = .05 

 T2        0.97     0.17   0.67    0.16   

 T3        0.85     0.17   0.62    0.18   

M smoking
6
      0.52     0.15   0.48    0.20   

F smoking       1.77     0.26   1.14    0.30   

Alcohol
6
       0.09     0.05   0.10    0.07   

Substance use
7
     0.09     0.09   0.05    0.05   

---------------------------------------------------------------------------------------------------------------------------------------------------------- 

1. Concern over foetal growth: none/minor/serious [rated 0-2] 

2. Life events (move house, accident, loss of loved ones, trauma) [rated 2 if present] 

3. Potential pregnancy complications (seizures, blood pressure, vaginal bleed, anaemia [rated 2 if present] 

4. Minor illness: influenza [1], several [2], or more serious [3] e.g. diabetes, hypo/hyperthyroidism, depression 

5. Prescribed supplements or medications: iron, vitamins [1], folic acid [2], psychotropic agents [3] 

6. Smoking and alcohol intake frequency (see table 2) 

7. Recreational drug-use (THC-elated [1], amphetamine related [2], cocaine/heroin-related [3] 

M – Mother, F - Father 

indication that increased drinking after the 

pregnancy was associated with increasing 

IL-16 and IFN-γ levels in the ADHD group, 

with decreasing IL-16 levels being relevant 

for the controls.   

The most consistent relationship for 

maternal smoking in the ADHD groups (at 

each stage) was a positive one with S100B. 

For paternal smoking in ADHD families the 

most consistent relationship at each stage 

was positive with IL6 levels. There were no 

clear-cut relationships for smoking in 

control families, with tendencies being 

driven by outliers (table 5b). 

Metabolite and cytokine associations – 

trimester-related problems and pre-

/post-pregnancy illness 

Considering other features that might 

directly relate to foetal health, at the 

group level only two tended to distinguish 

mothers of ADHD and control children. 

Mothers of healthy children exhibited 

more complications in T1, but they took 

fewer supplements or medications in T1 

compared to mothers of children that 

developed ADHD. 

Elements of the “serotonin pathway” 

may be relevant for associations with 

these features. Decreasing levels of the 

metabolite 5-HIAA in children with ADHD 

reflected the early experience of life 

events (T1) and the use of supplements 

(T2) (table 6a). Decreasing levels of the 

precursor tryptophan were associated 

with fewer complications later (T3).  



Table 4 Regressions of birth-related features by a) tryptophan metabolites and b) cytokines 
-------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

A/ Group   Feature  Metabolite  F-test    R
2
   beta     significance (p) 

ADHD   Gestation  3HK    F (1,33)=6.24  0.16  -0.40   .018  

No med       3HK    F (1,19)=5.82  0.23  -0.48   .026  

Controls        --    ns -----  
 

ADHD   Birth weight 3HK    F (1,33)=7.48  0.19  +0.43   .010  

No med       3HK    F (1,19)=3.27  0.30  +0.55   .010  

Controls        --    ns -----  
 

ADHD   APGAR   3HK    F (1,33)=11.93 0.27  -0.52   .002  

No med
1
            

Controls        --    ns …..   
 

ADHD   Course of birth --    ns …..  

No med 

Controls             
 

ADHD   History still-birth –    ns ….. 

No med 

Controls           
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

B/ Group   Feature  Cytokine   F-test    R
2
   beta     significance (p) 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

ADHD   Gestation  TNF-α    F (3,31)=5.41  0.34  +0.54   .003  

         IL-6            +0.40   .011   

         IFN-γ            -0.41   .018   

No med
2
       S100B    F (2,18)=4.72  0.34  -0.52   .016   

Controls        --    ns …..   
 

ADHD   Birth weight TNF-α    F (2,32)=12.46 0.44  -0.53   .001   

         S100B            +0.30   .034   

No med
3
       S100B    F (3,17)=12.03 0.68  +0.58   .001  

Controls         --    ns ….. 
 

ADHD   APGAR   IFN-γ    F (1,33)=4.43  0.19  -0.34   .043   

No med       IFN-γ    F (1,19)=3.21  0.15  -0.38   .089   

Controls
4
  

 

ADHD   Course of birth TNF-α    F (2,32)=3.18  0.17  -0.43   .035  

         IL-13            +0.44   .031  

No med        --    ns …..  

Controls        --    ns ….. 
 

ADHD   History stillbirth --    ns ….. 

No med        --    ns ….. 

Controls       S100B    F (1,19)=3.23  0.15  -0.38   .080 
-------------------------------------------------------------------------------------------------------------------------------------- 

ADHD = the full group of 35, no med refers to the 21 non-medicated ADHD children:  

M = Mother, F = Father; ns = non-significant. Footnotes, significant but characterised by extreme values: 1. 3HK, 2. IFN-γ, 

3. TNF-α, IFN-γ, 4. IL-13 
 

However, increasing levels of the 

neuroprotective metabolite KA in children 

with ADHD was associated with more 

frequent life events late in the pregnancy 

(T3). Maternal illness before or after the 

pregnancy was not related to metabolite 

levels in either group (table 6a).  

Considering the cytokines, the principle 

associations concern the taking of 

supplements by mothers of ADHD children 

in T1 and T3. Children’s levels of the 

proinflammatory TNF-α decreased and of 

the anti-inflammatory IL-10 increased with 

maternal supplement use. These 

associations were supported in the non-

medicated children. Other results (table  

6b footnotes and legend) reflected



Table 5 Regression of smoking and drinking by a) tryptophan metabolites and b) cytokines 
------------------------------------------------------------------------------------------------------------------------------- 

A/ Group  Feature   Metabolite  F-test    R
2
   beta  significance (p) 

------------------------------------------------------------------------------------------------------------------------------- 

ADHD  M smoke        ns ….. 

No med  pre-   

Controls  pregnancy 
 

ADHD   M smoke   3HK     F (1,34)=3.76  0.10   +0.32    .061  

No med  in     3HK    F (1,19)=4.90  0.21  +0.45   .039  

Controls
1
  pregnancy   

 

ADHD  M smoke     --    ns ….. 

No med  post-    kynurenine  F (1,19)=4.77  0.20  -0.45    .042  

Controls
1
  pregnancy   

 

ADHD  F smoke    --    ns ….. 

No med  pre- 

Controls  pregnancy   tryptophan  F (1,19)=14.0  0.43  +0.65   .001   
 

ADHD  F smoke     --    ns ….. 

No med  in 

Controls  pregnancy   tryptophan  F (1,19)=10.7  0.36  +0.60   .004  
 

ADHD  F smoke    --    ns ….. 

No med  post-    kynurenine  F (1,19)=5.80  0.23  -0.48   .026  

Controls  pregnancy   tryptophan  F (1,19)=6.21  0.25  +0.25   .022  
 

ADHD/no med/controls M alcohol pre-, in & post-pregnancy ns …..  
------------------------------------------------------------------------------------------------------------------------------------------------------------- 

B/ Group  Feature   Cytokine   F-test    R
2
   beta  significance (p)  

------------------------------------------------------------------------------------------------------------------------------------------------------------- 

ADHD  M smoke    S100B    F (1,33)=3.64  0.10  +0.32   .065  

No med
2
  pre        

Controls  pregnancy   IL-2    F (1,19)=5.11  0.21  +0.46   .036  
 

ADHD
3
  M smoke   S100B    F (3,31)=7.45  0.42  +0.48   .002    

No med  in     IL-16    F (1,19)=4.24  0.18  +0.43   .053  

Controls  pregnancy    --    ns …..   
 

ADHD  M smoke   S100B    F (1,33)=3.63  0.10  +0.32   .065  

No med  post-     --    ns ….. 

Controls  pregnancy    --    ns ….. 
 

ADHD  F smoke   IL-6    F (1,33)=4.24  0.11  +0.34   .047  

No med  pre-    IL-6    F (1,19)=4.57  0.19  +0.44   .046  

Controls  pregnancy   S100B    F (1,19)=3.19  0.14  +0.38   .090  
  

ADHD  F smoke   IL-6    F (1,33)=5.98  0.15  +0.39   .020  

No med  in     IL-6    F (1,19)=5.73  0.23  +0.48   .027  

Controls
4
  pregnancy 

 

ADHD  F smoke   IL-6    F (1,33)=6.68  0.17  +0.41   .014  

No med  after    IL-6    F (1,19)=6.58  0.26  +0.51   .019  

Controls  pregnancy    --    ns ….. 

 

ADHD
5
/No med

5
/Controls

6
 M alcohol pre- & ADHD

7
/No med

8
/Controls

9 
 M alcohol in  pregnancy 

 

ADHD  M alcohol   IL-16    F 2,32)=5.85  0.27  +0.31   .047  

    post-    IFN-γ            +0.41   .012  

No med
10

  pregnancy     

Controls
11

       IL-16    F (2,18)=14.27 0.61  -0.83   .000  
------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Abbreviations see table 4. 1. kynurenine, 3HK; 2. S100B, IL-13;  3. IL-2, IFN-γ; 4. IL-13; 5. S100B; 6. TNF-α; 7. IL-16; 

S100B; 8. S100B, TNF-α; 9. IL-13; 10. S100B, TNF-α; 11. IFN-γ 
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Table 6 Regression of illness, complications and supplements by a) metabolites, b) cytokines 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

A/ Group     Feature    Metabolite F-test    R
2
  beta significance (p) 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

ADHD     pre-/post-     --   ns ….. 

No med     pregnancy illness   --   ns ….. 

Controls            --   ns ….. 
 

ADHD     M T3 illness/   tryptophan F (1,33)=6.44  0.16 +0.41  .016     

No med     complications    --   ns …..  

Controls            --   ns ….. 
 

ADHD     M T1/T2 illness/   --   ns ….. 

No med     complications    --   ns ….. 

Controls            --   ns ….. 
 

ADHD     T2 supplements  5-HIAA  F (1,34)=2.90  0.08 -0.28  .098  

No med            --   ns ….. 

Controls
1
          

 

ADHD     T1/T3 supplements   --   ns ….. 

No med 

Controls 
 

ADHD
2
     T1 life events    

No med           5-HIAA  F (1,19)=6.26  0.25 -0.50  .022 

Controls            --   ns ….. 
 

ADHD/no med/controls  

       T2 life events    --   ns ….. 
 

ADHD     T3 life events   KA   F (1,33)=3.22  0.09 +0.30  .082 

No med
3
/Controls         --   ns ….. 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

B/ Group      Feature   Cytokine  F-test    R
2
  beta significance (p) 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

ADHD/no med/Controls
4
  pre-pregnancy illness   ns …..       

 

ADHD
5
/No med

5
/Controls

6
 post-pregnancy illness      

 

ADHD/No med/Controls
7
  T1 T2 complications    ns …..          

 

ADHD/No med /Controls  T3 complications     ns ….. 
                               

ADHD      T1 supplements TNF-α   F (3,34)=5.76  0.36 -0.38  .024     

              IFN-γ          +0.37  .030   

             IL-10          +0.42  .008  

No med           TNF-α   F (1,18)=3.67  0.16 -0.43  .051   

             IL-10          +0.53  .017  

Controls           --    ns …..   
 

ADHD/No med /Controls T2 supplements     ns ….. 
 

ADHD      T3 supplements TNF-α   F (2,32)=6.83  0.30 -0.42  .009  

             IL-10          +0.43  .008  

No med           TNF-α   F (2,18)=4.99  0.36 -0.58  .009  

             IL-10          +0.41  .056  

Controls           --    ns …..     
 

ADHD/No med /Controls
8
 T1 life events      ns …..         

 

ADHD/No med
9
/Controls T2 life events      ns ...... 

 

ADHD
10

/ No med/Controls T3 life events      ns ….. 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Abbreviations see table 4. 1. 3HK; 2. tryptophan, kynurenine; 3. KA; 4. S100B; 5. IL-13; 6. IL-2; 7. S100B; 8. IFN-γ; 9. 

IL-10; 10. IL-2, IL-6 
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Table 7 Regression of child care features by a) tryptophan metabolites and b) cytokines 
-------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

A/ Group   Feature   Metabolite  F-test    R
2
   beta  significance (p)  

-------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

ADHD   Infant    5-HIAA   F (1,32)=2.97  0.08  +0.29   .094  

No med   health     --    ns …..  

Controls         --    ns ….. 

 

ADHD   Fish in diet  tryptophan  F (1,32)=2.61  0.08  +0.27   .111   

No med         --    ns ….. 

Controls         --    ns ….. 

 

ADHD   Read-together  tryptophan  F (1,33)=3.89  0.11  +0.33   .057  

No med         --    ns ….. 

Controls         --    ns ….. 
-------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

B/ Group   Feature   Cytokine   F-test     R
2
   beta significance (p) 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

ADHD   Infant health    --    ns ….. 

No med 

Controls         IL-16   F (1,19)=4.45   0.19  +0.44  .048  

 

ADHD
1
   Fish in diet   IL-2   F (3,31)=6.46   0.39  -0.43  .011 

           IFN-γ            -0.43  .012  

No med
2
          IFN-γ   F (2,18)=5.71   0.39  -0.59  .006  

Controls         IFN-γ   F (1,19)=3.50   0.16  +0.39  .077  

 

ADHD
3
   Read together   S100B   F (2,32)=4.05   0.20  -0.34  .045  

No med         IL-6   F (1,19)=5.16   0.21  +0.46  .035  

Controls
4
         S100B   F (3,17)=2.66   0.32  +0.56  .025 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Abbreviations see table 4. 1. TNF-α; 2. S100B; 3. IL-6; 4. IL-6 (negative beta), IL-10 

a few extreme cases rather than 

consistent quantitative relationships 

between cytokine levels and complications 

or life events experienced in pregnancy. 

Metabolite and cytokine associations – 

child care 

There were non-significant trends for 

young children from ADHD families to 

experience poorer health as infants, but 

later consume more seafood and spend 

more time together with their parent(s) 

(table 2). There were modest tendencies 

for tryptophan levels to decrease in the 

ADHD group with the consumption of 

seafood and time spent with parents, but 

for 5-HIAA levels to increase with poor 

infant health (table 7a).  

Poor infant health in the ADHD group 

was also modestly related to increasing 

levels of IL-16 (table 7b), a cytokine 

previously related to their sensitivity to 

allergy (Oades et al., 2010b). The 

putatively beneficial increase of fish in the 

diet of these children was reflected by 

modest increases of the pro-inflammatory 

IL-2 and IFN-γ, whereby IFN-γ levels 

decreased in the control group that 

consumed less seafood. There were also 

slight tendencies for IL-6 levels to 

decrease (and S100B levels to increase) 

with more reading together in ADHD 

families and to show the opposite with 

less time together in control families. 

Discussion 

“There is now a compelling case that 

the early environment is specifically linked 

with impaired cognitive function, 

behavioural disorders especially 

hyperactivity/inattention …” (Schlotz and 

Phillips 2009). We showed earlier that 

there are associations between 

metabolites of the tryptophan/kynurenine 

pathway and cytokine activity with the 

symptoms and the attention-related 

performance of children with ADHD 

(Oades et al. 2010a, b). This report 
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explores with a regression analysis 

whether the toxic and protective products 

of tryptophan/kynurenine metabolism, 

that largely occurs in glial cells (Kiss et al. 

2003), and the cytokines that modulate 

the metabolic route relate statistically to 

some of the early potentially adverse 

environmental experiences of the foetus 

and infant. Such associations could 

potentially provide indications of the 

source of an influence in pregnancy that 

could contribute to the aetiology of some 

of the anomalous components of the 

ADHD phenotype. 

The preliminary findings are presented 

and discussed in 4 clusters (the birth, 

smoking and alcohol use, pregnancy 

features and child care: tables 4-7) and 

finally in terms of the metabolites and 

cytokines separately, as follows.  

1: birth) A shorter pregnancy and a 

smaller birth weight (without extreme 

values) for children who later developed 

ADHD was associated with increasing 

levels of the potentially neurotoxic 3HK
1
, 

the pro-inflammatory cytokines IFN-γ and 

particularly with decreasing levels of TNF-

α. The relationship with TNF-α extended 

to obstetric problems at birth. (Both of 

these cytokines belong to the Th1 immune 

response system.) 

There are numerous epidemiological 

reports of an association between low 

birth weight after a short gestation and 

the later development ADHD symptoms 

(O’Callaghan et al., 1996) or indeed a 

diagnosis of ADHD for at least 1 in 6 cases 

(Mick et al. 2002; Whitaker et al. 1997). 

However, there have been negative 

                                                           
1
 The potential toxicity may result from the 

agonism of the 3HK metabolite quinolinic acid at 

NMDA receptors (Ribeiro et al. 2006). But, it may 

be noted that further metabolism to NAD(+) could 

in theory facilitate energy metabolism (Costantino 

2009). The putative toxic or protective metabolic 

route is controlled by the indoleamine and 

tryptophan 2,3,-dioxygenases whose activity is 

modulated by the balance of pro-/anti-inflammatory 

cytokines (Myint et al. 2007). 

findings that lead Gustafsson and Källen 

(2010) to emphasize that these features 

constitute a weak risk factor. Nonetheless, 

the present results are of interest as they 

do not include extreme values typical of 

the epidemiological reports.  

The few studies that relate to our 

biochemical findings (and are not primarily 

concerned with the challenge of infection 

or overt pathology) used animals. First, 

activity of the enzyme kynureninase, 

active in 3HK metabolism, is attenuated in 

pregnancy and by reduced availability of 

vitamin B6 (van de Kamp and Smolen 

1995). Thus, the state of the mother 

makes an anomaly in kynurenine 

metabolism in the offspring plausible, 

where, in the present case, ADHD is an 

eventual outcome.  

Secondly, a decrease of pro-

inflammatory cytokines can follow hypoxia 

in newborn rats (Ashdown et al. 2008). 

This is consistent with decreasing TNF-α 

with birth problems and a trend for 

decreasing IFN-γ with poor APGAR indices 

of oxygenation in the present study. 

However, a study of the complication of 

allergy in 12 year-olds reported no 

difference in the cytokine profile following 

term and preterm birth (Mai et al. 2003). 

Clearly more studies of the biochemical 

responses of offspring with different 

outcomes would be helpful. 

2: Smoking) Maternal smoking during 

pregnancy related to decreasing 

kynurenine and increasing 3HK and S100B 

levels in ADHD children, while paternal 

smoking related to increasing tryptophan 

levels in the controls and increasing IL-6 

levels in ADHD children. There was a 

moderate consistency for both sets of 

measures before, during and after the 

pregnancy establishing the long-term 

nature of the habit and its consequences. 

Studies relating parental smoking to 

kynurenine metabolism in the offspring 

have not yet been published. However, as 
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KA is an antagonist of α7 nicotinic 

cholinergic binding sites (Zmarowski et al. 

2009) and considering the 

nicotine/cholinergic effects of smoking, an 

influence on kynurenine metabolism 

might have been expected. But the 

present results suggest that this 

cholinergic aspect was not pertinent for 

ADHD families. Instead there are modest 

signs of increasingly toxic metabolism in 

the ADHD offspring with increasing levels 

of 3HK (Connor et al. 2008, dioxygenase 

induction after inflammatory challenge), 

S100B (Himeda et al. 2006 with MPTP-

treated mice)) and the pro-inflammatory 

IL-6 (Harding et al. 2005 on premature 

children). 

There is a surprising divergence of 

claims about the cytokine status of 

smokers. Levels of all cytokines in 

pregnant women (Tsunoda et al. 2003) or, 

generalizing, at least the inflammatory 

cytokines (Zhang et al. 2008) may be 

suppressed in smokers. Yet, others found 

the responses of pro- and 

antiinflammatory examples to be 

increased in smokers (e.g., IL-6, TNF-α, IL-

13: Noakes et al. 2003; Tappia et al. 1995). 

The one report on the responsiveness in 

neonatal offspring of smokers and non-

smokers found no differences for the Th1 

cytokines (Noakes et al. 2003).  

The present data indicate separate 

associations for S100B (maternal smoking) 

and IL-6 (paternal smoking). Considering 

some similarity in the nature of the 

exposure, this suggests that there is a 

quite separate intervening or mediating 

variable that may relate to the state or 

personality traits of the parents who 

smoked. This idea is supported by studies 

using assisted reproductive technology. 

They showed that the ADHD condition 

depended on inherited features from the 

conceiving mother rather than being 

dependent on the smoking status of the 

mother bearing the child (Thapar et al. 

2009; Rice et al. 2010). One might 

speculate from the current data that a 

feature of the child’s serotonin 

metabolism may be mediating the 

response to their “type” of parent. S100B 

(levels related to maternal smoking) is 

involved in the neurotrophic functions of 

serotonin (Azmitia 2001), and the build up 

of tryptophan (paternal smoking) would 

likely result in reduced metabolism in the 

serotonin pathway.   

3: Pregnancy) For the ADHD families 

the significant regression suggests that an 

effect of the taking of supplements at 

various stages of the pregnancy was 

passed on as an induced anti-

inflammatory response. This consisted of 

decreasing TNF-α (proinflammatory), and 

increasing IL-10 levels (antiinflammatory), 

that were associated with supplement use 

in trimesters 1 and 3. In addition 

decreasing 5-HIAA levels in the children 

related to the use of supplements in T2. 

But, stressful life events (T1), while not 

clearly related to cytokine levels, were 

associated with less 5-HIAA. Maternal 

complications and late T3 life events 

tended to be reflected by a build up of 

tryptophan and KA, respectively. But, on 

the whole, maternal illness or other 

pregnancy-related complications were 

unrelated to metabolite and cytokine 

levels in ADHD children. 

Maternal pregnancy-related complic-

ations and neonatal problems have 

frequently been reported to constitute 

risk factors for the development of ADHD 

(Amor et al. 2005; Biederman 2005). 

However, the present small sample of 

ADHD families here showed no convincing 

relationships with levels of tryptophan 

metabolites or cytokines in the offspring 

(table 6). Indeed, the control families 

reported maternal complications more 

frequently (table 3). It is also worth noting 

that the incidence of illness in the 

pregnant mother was unrelated to an 

ADHD outcome in the offspring. This 

contrasts with severe psychiatric 
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outcomes of infection such as psychosis 

(King et al. 2010) and increases of pro-

inflammatory cytokines in young rodents 

at 6 months following maternal exposure 

to toxins during the pregnancy (Romero et 

al. 2007). 

Stress, particularly in the form of life-

events during pregnancy, can have a 

negative effect on the cognitive and 

emotional characteristics of the offspring 

(Bergman et al. 2007; Grizenko et al. 2008; 

review Talge et al. 2007). Indeed, multiple 

regression analysis showed a significant 

association between maternal stressful 

events and ADHD behaviour (Ronald et al. 

2011). Such life events are reflected by 

changes in the maternal levels of pro- and 

anti-inflammatory cytokines (Entringer et 

al. 2008). Thus, it is surprising that no 

convincing associations with the cytokines 

were observed in the present study. 

Nonetheless, decreased serotonergic 

metabolism along with an increase of KA 

levels in the ADHD children could be 

interpreted as a warning signal and a 

neuroprotective response. 

The sensitivity of the levels of cytokines 

and metabolites in the children to the 

maternal use of supplements is initially 

surprising. However, research does 

suggest that maternal anxiety can be 

moderated by diet (Talge et al. 2007), and 

that the gestational status of 

micronutrients (e.g. iron and folate) can 

have long term consequences for 

cognitive and behavioural problems 

(Schlotz and Phillips 2009). The argument 

is that the perceived need for 

supplements and/or the consequence of 

taking supplements reflects raised levels 

of maternal anxiety. Maternal anxiety 

during pregnancy has been reported to 

account for as much as 22% of the 

variance in ADHD symptoms shown by 8-

9y-old children (Van den Bergh and 

Marcoen 2004). On the question of 

whether the current data are suggestive of 

an especially sensitive period (“the Barker 

hypothesis”: Godfrey and Barker 2001), 

one may note the modest emphasis on 

significant data relating to either early (T1) 

or late (T3) stages in the pregnancy 

4: Child care) In the postnatal period, in 

the absence of meaningful data on 

suckling and features of infant health, 

some diet and socio-familial features were 

considered. Surprisingly, in contrast to 

infant health, child care (seafood 

consumption and time-together) was 

rated descriptively higher in ADHD than 

control families. While poorer infant 

health was associated with increased IL-16 

and 5-HIAA levels in the ADHD group, 

increased child care was related to lower 

tryptophan levels and alterations in the 

balance of pro-inflammatory cytokines, 

(increases of IL-2, IFN-γ, S100B and 

decreases of IL-6). These were very 

modest, yet consistent trends. The 

positive influence of child care should not 

be underestimated.  Recently it was well 

shown how the negative effect of prenatal 

cigarette-exposure on the development of 

executive attention in the offspring was 

countered by the positive effect of 

parenting practices (infant learning 

stimulation: Mezzacappa et al. 2011). 

Across measures control families showed 

associations that were either non-

significant or the opposite to those of the 

ADHD group. 

Adverse events early in life profoundly 

affect brain development and later 

behaviour, and may contribute to the 

occurrence of psychiatric disorders (Niwa 

et al. 2011). In our sample infant health 

was not especially poor; however, the 

association with increased serotonin 

metabolism would suggest a relationship 

to the potential development of cognitive 

impulsivity (Oades et al. 2002) and with 

increased IL-16 might point to a 

contribution to increased allergy 

sensitivities (Oades et al. 2010a).  

Tryptophan metabolism 
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Most trends in the regression analyses 

of metabolite and cytokine data (87%) 

pertain to the ADHD families. Generalising 

from the metabolite data, a build-up of 

tryptophan and reduced 5-HIAA levels 

(reduced serotonin metabolism) in ADHD 

children reflected that the mother had 

experienced more complications, more 

life-events and taken more supplements 

during the pregnancy. This is consistent 

with maternal anxiety leading to increased 

behavioural impulsivity in these children 

(Oades et al. 2002; 2010b). The 

interpretation is also consistent with 

animal models, where, for example, 

adverse experience of the mother can be 

associated with adult problems in the 

offspring in mice associated with fronto-

amygdaloid metabolism (Niwa et al. 2011). 

Curiously increased tryptophan levels 

were also seen in healthy families where 

the father smoked. In contrast, in ADHD 

families maternal smoking related to 

decreasing kynurenine and increasing 3HK 

in the children. Increasing 3HK levels were 

also associated with a shorter pregnancy, 

lower birth weight and APGAR levels. As, at 

the time of sampling, levels of the 

potentially toxic 3HK were on average 

lower in children with ADHD than in 

controls, any trend towards an increase 

may be viewed as a risk factor for the later 

development of the CNS through 

adolescence, as shown in several species 

of mammal (Cerresoli-Borroni et al. 2007). 

Cytokine levels 

Increasing S100B levels were associated 

with some risk factors for a disorder (e.g. 

shorter pregnancy, smaller birthweight, 

maternal smoking). Within limits this 

could be regarded as a protective 

response. In brain slices S100B activates 

the NFκB signalling cascade essential for 

the development of neural pathways and 

neurites (Villarreal et al. 2011). However 

much higher levels of S100B have a 

negative impact and are associated with 

other major psychiatric disorders such as 

schizophrenia (Zhang et al. 2008) 

Regression analysis showed that 

increasing levels of anti-inflammatory 

cytokines may have resulted from several 

potential problems (e.g. IL-10, -13, -16 in 

supplement use, maternal smoking, 

alcohol consumption and obstetric 

difficulties). This paralleled decreasing 

levels of pro-inflammatory cytokines 

associated with the length of gestation, 

supplement use, birth difficulties (TNF-α), 

and shorter pregnancy (IL-6). However, 

while increased S100B and IFN-γ levels 

were partially explained by maternal 

smoking and drinking, decreasing IL-6 

levels related to paternal smoking. 

Curiously these changes in cytokine levels 

also tended to reflect desirable trends in 

child care. It is notable that there were 

several cases (S100B, IFN-γ, IL-16) where 

the regression result in controls was 

opposite to that found in ADHD families. 

This supports the interpretation of the 

biochemical data in terms of markers of 

the effect of an underlying process 

separating healthy and ADHD children, 

rather than representing indicators of 

direct causal relationships with events or 

symptoms. 

Limitations: 

In this preliminary study the number of 

subjects in each group was far too small 

for giving unequivocal results about the 

relationships between biochemical 

markers in the offspring and problems 

experienced earlier in utero. Considering, 

for example the metabolite measures in 

the 35 cases of ADHD, to achieve α = 5% 

the power improved from 0.4 for a 

relatively small effect size (R
2
 = 0.15) to a 

satisfactory level of ≥ 0.8 with R
2
 ≥ 0.30 

(based on Cohen’s f
2
 statistic). The power 

was less in the smaller subject groups. 

However, the numbers recruited here are 

in line with those studied in other recent 

exploratory reports of these metabolites 

and cytokines in young psychiatric groups 

(N = 28-34 patients: Barry et al. 2009; 
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Condray et al. 2011; Gabbay et al. 2009; 

Olson et al. 2010; Suzuki et al. 2011). An 

increase in the future would incur a 

valuable increase in statistical power and 

reduce the influence of outliers evident in 

some of the present analyses. But the aim 

was to provide an initial exploration of 

whether there were any indications that 

glial metabolites and psychoimmuno-

logical features of children with ADHD 

could possibly reflect in part their earlier 

environment and experience as a foetus.  

The advantage of restricting the study 

group to children with a strict diagnosis of 

ADHD-combined type also incurs a 

constraint on interpreting any of the 

results in terms of contributions from the 

inattentive or hyperactive-impulsive 

subgroups. Inevitably much of the data 

were semi-quantitative and relied on 

retrospective ratings by the mother. This 

also means that the degree to which one 

effect was shown cannot be directly 

compared with a second. Nonetheless, by 

removing effects driven by extreme 

values, more trends and significant 

associations were demonstrated than 

could be explained by chance.  

Conclusions and future work: 

Future studies should, if possible, be 

made prospectively, use more than one 

time point for sample collection and 

recruit many more subjects. Having 

demonstrated associations of glial 

metabolism of tryptophan and kynurenine 

with a number of perinatal experiences 

future studies should extend analysis to 

other potentially toxic metabolites (e.g. 

quinolinate) and energy sources (NAD). As 

the data indicate that some pro- and anti-

inflammatory responses were significantly 

associated with pre- and postnatal 

features future research should extend 

analyses to other members of these 

cytokine families (e.g. IL-1b, IL-4, and IL-

17). Also meriting attention is the NFκB 

signalling pathway that can activate 

cytokine expression and is regulated by 

S100B (Villarreal et al. 2011). A 

prospective study focused on the balance 

of pro- and anti-inflammatory cytokines 

along with a selection of mothers who had 

experienced, preterm birth, infection or 

intra-uterine growth restriction would 

contribute greatly to understanding the 

factors that influence risk for mental 

disability and ADHD (Deverman and 

Patterson 2009). Lastly, in view of the 

increasing validation of the juvenile 

spontaneously hypertensive rat as a 

model for ADHD (Sagvolden et al. 2005), 

there is the potential for teasing out the 

potential pathophysiological pathways 

with markers that are available to in vitro 

as well as in vivo study. In conclusion, the 

present exploration has already indicated 

that tryptophan metabolism and the 

cytokines may moderate the expression of 

symptoms and attention-related function 

in ADHD (Oades et al. 2010a, b): the 

current analysis proposes that the early 

perinatal environment may have 

influenced this development. 
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