
 

Ulm University 

Institute for Psychology and Education 

Department for Clinical and Biological Psychology 

Head: Prof. Dr. Iris-Tatjana Kolassa 

 

The effects of maternal childhood 

maltreatment on the cell composition in blood 

counts of maternal and umbilical cord blood 

 

Dissertation 

 

to attain the Medical Doctor’s degree 

of the Faculty of Medicine 

at Ulm University 

 

by Jana Boms 

born in Würselen 

submitted in 2017  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acting dean: Prof. Dr. T. Wirth 

1st correspondent: Prof. Dr. I. Kolassa 

2nd correspondent: Prof. Dr. F. Reister 

Date of promotion: February 13, 2020



Table of contents 
 

I 

Table of contents 

 

  Table of contents           I 

  List of abbreviations        III 

 

1  Introduction          1 

1.1  Childhood Maltreatment (CM)        1 

1.2  Blood          22 

1.3  The influence of CM on the CBC and its inter-   

  generational transmission      37 

1.4  Hypotheses         41 

2  Methods and material       44 

3  Results         54 

3.1  Descriptive data analysis       54 

3.2  Hypothesis (1)        58 

3.3  Hypothesis (2)        59 

3.4  Hypothesis (3)        60 

3.5  Hypothesis (4)        61 

3.6  Hypothesis (5)        62 

4  Discussion         70 

4.1  Significant associations between CM and maternal MTV  70 



Table of contents 
 

II 

4.2  Significant correlations between maternal and   

infantile counts of leukocytes and absolute neutrophils  71 

4.3  Limitations of this study       72 

5  Compendium        76 

6  Bibliography        77 

7  Curriculum Vitae                110 

 

 

 

 



List of abbreviations 

III 

List of abbreviations 

ACTH   Adrenocorticotropic hormone 

BMI   Body Mass Index 

CBC   Complete blood count 

CM   Childhood maltreatment 

CM- Women without at least moderate childhood 

maltreatment experiences 

CM+ Women with at least moderate childhood maltreatment 

experiences 

COPD Chronic obstructive pulmonary disease 

CTQ Childhood Trauma Questionnaire – Short Form            

(Bader et al., 2009) 

Hb   Hemoglobin 

HbA1c  A form of hemoglobin that binds glucose 

EDTA   Ethylene diamine tetra acetic acid 

E.g.    For example 

FDR   False discovery rate (Hochberg & Benjamini, 1995) 

HDL   High density lipoprotein 

HIV   Human immune deficiency virus 

HPA axis  Hypothalamic–pituitary–adrenal axis 

HPG axis  Hypothalamic–pituitary–gonadal axis



List of abbreviations 

IV 

HPT axis  Hypothalamic–pituitary–thyroid axis

Hk   Hematocrit

hsCRP   High sensitivity C-reactive protein  

KINDEX  Konstanzer Index (Schauer & Ruf- Leuschner (submitted)) 

LDL   Low density lipoprotein 

M   Mean 

MAP   Mean arterial pressure

MCH   Mean corpuscular hemoglobin 

MCHC  Mean corpuscular hemoglobin concentration 

MCV    Mean corpuscular volume 

MPV   Mean platelet volume 

MTV    Mean thrombocyte volume 

N   Number 

N.d.   No date 

PSS-4   four-item version of the Perceived Stress Scale   

   (Cohen et al., 1983) 

PTSD   Post-traumatic stress disorder 

RBC   Red blood cell 

SD   Standard deviation 

WBC   White blood cell



Introduction 

1 
 

1 Introduction 

1.1 Childhood maltreatment (CM) 

As stated in the World Health Organization’s world report on violence and 

health, childhood maltreatment is defined as “all forms of physical and/or 

emotional ill-treatment, sexual abuse, neglect or negligent treatment […] 

that results in actual or potential harm to a child’s health, survival, 

development, or dignity in the context of a relationship of responsibility, 

trust, or power” (Krug et al., 2002). Evidence suggests additionally that 

childhood maltreatment has a causal relationship with a wide range of 

subsequent health consequences for the individual, namely mental and 

physical disorders or a combination of both by initiating a negative 

developmental cascade (Cicchetti, 2016; Min et al., 2013; Norman et al., 

2012; Wade et al., 2016). Next to the personal burden of child abuse, which 

will be explicated later, there is also a socio-economic one. Adults who 

suffered from CM create higher costs for health care, legal costs, more 

absentees from work and consequently loss of productivity (Krug et al., 

2002). Ruth Gilbert and her team summarized that increased investment in 

preventive and therapeutic strategies are needed from early childhood on, 

to meet the long-lasting impact and the high burden of CM (Gilbert et al., 

2009). 

1.1.1 Different forms of child abuse 

Childhood maltreatment (CM) can be sub-classified in physical, emotional 

and sexual abuse, and physical or emotional neglect (WHO, 2016). Hence, 

maltreatment includes an active part named commission or abuse, and a 

passive one termed omission or neglect, respectively (Leeb et al., 2008). 

Defining those different trauma experiences individually is considered very 
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difficult (The Australian Institute of Family Studies, n.d.; Wyatt & Peters, 

1986); nevertheless a solid overview is given by the following specifications:  

1.1.2 Acts of commission  

Physical abuse is defined as “any non-accidental physical injury to the child 

[…] including acts or circumstances that threaten the child with harm or 

create a substantial risk of harm to the child’s health or welfare” (Child 

Welfare Information Gateway, 2016). Physical harm may range from such 

that doesn’t leave any visible marks to such that causes permanent disability 

or even death. Acts applying physical harm include punching, biting and 

shaking, just as burning, scalding or poisoning (Leeb et al., 2008). 

Emotional abuse is considered to be “injury to the psychological capacity or 

emotional stability of the child as evidenced by an observable or substantial 

change in behavior, emotional response or cognition” (Child Welfare 

Information Gateway, 2016). Acts that might cause those kinds of behavioral 

responses of the child are, for instance, terrorizing (threaten the child with 

loss, harm or danger), intimidating and isolating (Leeb et al., 2008). It has to 

be underlined, that emotional or psychological abuse is not only an isolated 

pattern of maltreatment, but it is also recognized as a key factor contributing 

to the high burden of the other types of child abuse (Wolfe & Pierre, 1989, p. 

378). All in all, emotional maltreatment makes the victim feel unloved, 

endangered and worthless, and might violate the child’s development (Leeb 

et al., 2008). 

Sexual abuse of a child is defined by the World Health Organization (1999) as 

the involvement of a child in sexual activity that he or she does not fully 

comprehend and is unable to give informed consent to. Hereby, the 

acknowledgement of a sexual encounter with a child as an act of abuse 
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depends on local laws or social taboos of society. The perpetrator is further 

specified as an adult or another child who by age or development is in a 

relationship of responsibility, trust or power, and seeks only his own 

pleasure and satisfaction. Child sexual abuse extends further to prostitution, 

and to indirect sexual contact, namely any kind of pornographic 

performances (World Health Organization, 1999). 

1.1.3 Acts of omission  

Child neglect is defined as “the failure to provide for the development of the 

child in all spheres” (Violence and Injury Prevention Team & Global Forum 

for Health Research, 1999). More specifically this means “the failure of a 

parent or another person with responsibility for the child to provide needed 

food, clothing, shelter, medical care, or supervision to the degree that the 

child’s health, safety, and well-being are threatened with harm” (Child 

Welfare Information Gateway, 2016). Neglect may present itself as physical 

neglect, for example the lack of appropriate supervision, or as emotional 

neglect, for instance inattention to a child’s needs. In addition, medical and 

educational neglect can be highlighted individually as the failure to make 

adequate use of health care capabilities or cultivation resources (Child 

Welfare Information Gateway, 2013). 

To meet the necessity of gaining even more clarity concerning the definition 

of CM, the Maltreatment Classification System (MAC) was established. Its 

information exceed those of the subtype classification system by regarding 

the frequency of abuse, the onset of traumatization in childhood and the 

relationship to the perpetrator, as well as the occurrence of separation 

(Manly, 2005).  

1.1.4 Prevalence of CM 
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Prevalence of CM in Germany 

Even in the modern world of the 21st century, where an International 

Children’s Rights day is celebrated annually on November 20th and where the 

United Nations adopted the Convention on the Rights of the Child, there are 

still many children who have to suffer from violence and neglect. 

Nonetheless, all kinds of child abuse are statutory criminal acts in western 

countries, like Germany, going along with terms of imprisonment from six 

months to ten years, the frequency of CM in this regions is alarming (§ 225 

StGB-Mißhandlung von Schutzbefohlenen): 

 

A research team around Winfried Häuser (2011) studied the prevalence of 

child abuse experiences in a representative sample of 2504 Germans. It was 

found that 4.6% of the participants endured moderate or more intense 

emotional abuse, 5.5% physical abuse and 6.2% sexual abuse, respectively. 

The percentages for emotional and physical neglect were 13.8% and 28.8% 

(Häuser et al., 2011). Five years later, in an all-women study in Germany, 

5.4% of the sample reported at least moderate emotional pediatric abuse, 

4.2% physical abuse, and 7.1% sexual abuse, as well as 9.6% emotional and 

3.3% physical neglect (Koenig et al., 2016).  

Detailed data regarding childhood maltreatment that brought substantial 

action at law in Germany can be learned from current information published 

by the Statistic Bundesamt (2014): The number of lawsuits evaluating 

children’s welfare rose from 106,623 in 2012 to 124,213 in 2014 by 14. 2%. 

Subdividing those lawsuits into their possible outcome, namely no, latent or 

acute exposure to danger, a total number of 23,242 acute endangered 

children crystallizes. 11,745 (50. 53%) children suffered from neglect, 5,284 
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(22. 73%) endured physical abuse, 5,141 children (22. 12%) were maltreated 

psychic and 1,072 (4. 61%) were sexually abused (Statistiken der Kinder-und 

Jugendhilfe, 2014). The number of temporary preventive measures 

augmented, too. In Germany, the count of provisions by “Kinder-und 

Jugendhilfe” climbed since 1995 almost permanent from 23,432 to 77,645 in 

2015, indicating a gain of 231% (Statistisches Bundesamt, 2015).  

International prevalence of CM 

Pediatric maltreatment challenges and even overwhelms child welfare 

agencies with its case load and the financial means needed to meet the 

demand of assistance (Herrenkohl et al., 2016). 

Learning information from the global status report on violence prevention 

2014, one receives a general impression of the worldwide prevalence of CM. 

Findings indicate that about one quarter of adults (22.6%) endured physical 

abuse in early life, more than one out of three (36.3%) suffered from 

emotional abuse and 16.3% experienced physical neglect. Moreover, the 

prevalence of childhood sexual abuse reached 18% for girls and 7.6% for 

boys. Generally, the risk of CM experiences is higher growing up on the 

African continent (World Health Organization et al., 2014).  

Reading those perturbing numbers of CM prevalence in Germany and on the 

international level, the necessity of early detection or, even more 

advantageous, prevention of CM becomes obvious. Therefore, further 

research on CM is indispensable (Herrenkohl et al., 2016). 

1.1.5 Research on CM 

The interest in CM rose drastically during the 1960’s caused by a publication 

of Kempe, Silverman, Steele, Droegemueller and Silver (1962) on “The 
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Battered-Child Syndrome”, which is recognized as the single most significant 

paper creating awareness of the existence of child abuse and neglect (The 

Kempe Center for the Prevention and Treatment of Child Abuse and Neglect, 

2016). This publication primarily suggested psychiatric factors to be of 

exceptional importance for the pathogenesis of a medical syndrome (Kempe 

et al., 1962) and initiated further profound research. In a meta-analysis on 

the prevalence of childhood maltreatment across the globe, three main 

characteristics of research on this field could be revealed. (1) First, there is a 

dominance of research on childhood sexual abuse, namely in time and in 

number. This means that research seems to have started with the 

examination of sexual abuse and the total quantity of studies on this field 

outnumbers the studies on all other types of maltreatment. (2) Furthermore, 

the majority of all studies in this meta-analysis were executed by and in 

North American and European countries, suggesting a higher interest in 

psychological research there. (3) Finally, research concentrates on self-report 

studies on CM. Possible reasons are that recruiting informants is more 

expensive and that there is usually a need for a government-driven data 

collection (Stoltenborgh, 2012). The national contribution to the overall data 

corpus concerning childhood maltreatment and the involvement of public 

facilities, like social services and the judiciary, remains relatively marginal 

(Jud et al., 2013). Considering this dissertation, the latter points apply, since 

this study originates in Germany and the collection of data concerning CM 

was operated with a self-report questionnaire, but the examined trauma is 

not restricted to sexual abuse. This copes with mounting evidence that 

neglect can be as or even more damaging to the child and his adulthood than 

the trauma types of commitment (Gilbert et al., 2009).  

1.1.6 Identifying cases of CM 
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Detecting traumatized children and offering adequate intervention requires 

the cooperation of many sectors, for example, the youth welfare service, the 

public health system and educational institutes, as well as the justice system 

and the police. The health care sector, including doctors and midwifes, takes 

on a main part of the responsibility, due to their contact to parents and 

children at once (Bayrisches Staatsministerium für Arbeit und Soziales, 

Familie und Integration, n.d.). In hospitals, 2% of the stationary registered 

children present themselves with physical signs that might be attributed to 

abuse and neglect. At ambulant pediatricians, the detection of childhood 

maltreatment occurs in 4 out of 100,000 patient contacts suspecting physical 

abuse, in 17 out of 100,000 patient contacts suspecting emotional abuse and 

in 3 out of 100,000 patient contacts on spec of sexual abuse (Deutsche 

Gesellschaft für Sozialpädiatrie und Jugendmedizin, 2008/2009).  

The Administration on Children, Youth and Families (ACYF) of the U.S. 

Department of Health and Human Services identified “four basic domains of 

well-being: cognitive functioning, physical health and development, 

behavioral/ emotional functioning, and social functioning” (ACYF, 2012). The 

problem in revealing childhood maltreatment is, rather than witnessing the 

actual crime, consequences of abuse on the functions named above have to 

be detected and traced back to the mistreatment again 

(Bundesärztekammer, n.d.). In this connection, clarifying all differential 

diagnoses is fundamental (Herrmann et al., 2010). Besides, confronting the 

parents and risking the loss of a well-established physician-patient-

relationship should only be dared on a reasonable suspicion, since parental 

cooperation is needed regarding (tertiary) prevention (Thyen, 2014).  

The fact that criminal actions of child abuse are usually executed in domestic 

environment and the problem that the victims (often newborns and infants) 
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are not able to call attention to themselves, forces us to estimate a high 

number of unreported cases (Bundesärztekammer, n.d.). Moreover, it is 

obvious that early detection of maltreated children could save them from 

chronic traumatization. All the more, it is important to get acquainted with 

the diverse indicators of acute and former events of the different childhood 

maltreatment types. Those can be dichotomized in rather acute indicators 

and in latent factors that are connected to the child’s socio-demographic 

background. 

1.1.7 Acute alarm signals  

Either anamnesis or clinical examination of mental and physical health status 

can lead to a reasonable ground for suspecting CM: 

The cardinal clue might often be that the actual diagnostic findings are not 

explained satisfactorily by the given anamnestic background (Herrmann et 

al., 2010; Jacobi et al., 2010). In 40% of all reported cases of CM, there is 

actually no anamnesis at all, sometimes there are more relevant physical 

injuries than mentioned by the child’s supervisor and in other cases one 

becomes suspicious due to changing stories concerning one and the same 

trauma. Moreover, a history of multiple visits in various clinics and at several 

ambulant doctors points out possible child abuse (Deutsche Gesellschaft für 

Sozialpädiatrie und Jugendmedizin, n.d.).  

In terms of physical assault and battery, common diagnoses are hematoma 

or fractures, making the child avoid revealing shorts and shirts. Therefore, a 

mark in the child’s behavior can be eviting public showers, for example 

during physical education at school. Changing behavior might also be an 

indication for psychic abuse, for instance some children become more 

aggressive or isolate themselves from social contacts, others become 
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conspicuous because of their performance at school. Neglect can be 

detected at school, too. Children, missing adequate care at home, often 

present themselves scruffier and lack appropriate clothes, food and teaching 

aids (Polizeiliche Kriminalprävention der Länder und des Bundes, n.d.). 

1.1.8 Latent alarming signs-determining factors for CM    

In “Duale Reihe-Pädiatrie” (2012) CM’s etiology is characterized as 

multifactorial. Some conditions provoking abuse are listed in three 

subdivisions, one alluding to the child, another to the parents and one is 

about characteristics of the family:  

(1) Risk factors concerning the child might establish when it is not even born 

yet, for example if the pregnancy itself is unwanted or when the child 

develops deformities intrauterine. Moreover, a low birth weight is 

associated with a higher probability of CM, too. Those conditions are neither 

controllable by the child, nor are they dictated by his/ her character. Other 

risk factors unfold themselves during the years subsequent to child birth, for 

instance pervasive development disorders or deviant behavior (Remschmidt 

et al., 2012, p.804). Especially the latter, behavioral problems, contributes 

significantly to a perceived family dysfunction (Herring et al., 2006). 

(2) The parents’ ontogenesis might imply risk factors, too, particularly when 

parents experienced maltreatment in their own childhood. Research 

indicated that a parental history of abuse is transmitted intergenerational, 

forcing their children to endure such traumatization again (Pears & Capaldi, 

2001). Furthermore, a low grade of education achieved by the adults is 

associated with elevated danger of maltreating their children (Sidebotham & 

Golding, 2001). There are also certain streaks of personality contributing to a 

predisposition concerning maltreatment, for example a deficit in impulse 
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regulation and frequent aggressive comportment. This interrelation clarifies, 

why some psychiatric disorders or alcohol abuse, going along with lost 

control and correspondence to reality, are acknowledged to provoke abuse 

and neglect (Remschmidt et al., 2012, p.804).  

(3) Further, there are various risk factors of the family as a whole, for 

example poverty (low income), living in an area embossed by income 

inequality, or parental unemployment (Eckenrode et al., 2014; Gilbert et al., 

2009; Sidebotham et al., 2002). Beyond the economic status, there are other 

familial characteristics associated with the appearance of CM, like a large 

number of children and matrimonial controversies. Besides, a keen tendency 

of the family members to isolate themselves, as might be evident in the lack 

of social contacts, is found to increase the risk of pediatric abuse, whereby 

the total contrast (numerous friends in the neighborhood with whom the 

family socializes perpetually) might promote CM, too (Freisthler et al., 2014; 

Remschmidt et al., 2012, pp. 804, 805). 

Some psychological and physical marks are already exemplified above, since 

they represent indicators for CM that might be sensed by the child’s social 

environment, health care and educational facilities, or the police. Others 

need a psychologically trained expert’s eye to cause attention or are not 

noticed at all:  

1.1.9 Psychological findings 

From a psychological point of view, variegated abnormalities in the child’s 

behavior can be identified, for example pronounced anxiety, no seeking of 

parental protection or high conformity (Remschmidt et al., 2012, p.805). 

Furthermore, sleep disturbances, dispiritedness and learning disorders can 

give a hint towards CM experiences (Diagnose: Gewalt!, n.d.), next to mood 
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lability, retarded development and the characteristic state of “frozen 

watchfulness”. This means that the child observes his/ her surrounding 

keeping still and starts moving only when he/she feels not noticed 

(Berufsverband der Kinder-und Jugendärzte e. V. (BVKJ) et al., 2016). 

Learning about those indicators, it is noticeable, that they are rather non-

specific and unrestricted. This underlines the necessity of sensitizing the 

adults who spend most of the time with children (teachers) or meet them 

regularly (doctors), because otherwise they miss out on these psychological 

changes.  

1.1.10 Physical indicators  

The considerate and systematic exploitation of traumatized children is 

essential to state the severe diagnosis of maltreatment (Herrman et al., 

2010), whereby most types of bodily harm are rather suggesting than 

proofing CM (Kinderschutz-Zentrum Berlin, 2009, p.53). 

One typical hint is non-accidental bruising. Alerting are bruises on children 

who are not mobile yet and bruises on soft body parts, for instance the 

abdomen, genital area or buttocks. Eye-catching are also multiple 

hematomas concentrated on one body part, and those reflecting the 

instrument or hand used by the perpetrator (National Society for the 

Prevention of Cruelty to Children (NSPCC) & Cardiff University, 2012a). Other 

harm that can be detected superficially, are scalding and burns, especially 

those that are symmetric and have clear-cut margins (Kinderschutz-Zentrum 

Berlin, 2009, p.61). 

Concerning fractures of abused children, 80% happen to be in children less 

than 18 months of age. Alarming are multiple broken bones in a short period 

of time, fractures in children who are not mobile yet, rib fractures without 
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any major accident in the given anamnesis, and some more specific 

fractures, like spiral or metaphyseal ones. Noteworthy is the fact, that x-rays 

might be needed to exhibit broken extremities, accepting the potential harm 

of radiation to safe the child from possible continuing abuse (National 

Society for the Prevention of Cruelty to Children (NSPCC) & Cardiff 

University, 2012b). 

Additionally, the “Shaken-Baby-Syndrome” is one of the key terms in 

detecting CM. In context of this syndrome, untypical fracture locations 

(posterior fractures of the rips, close to the vertebral column), hemorrhage 

into the retina or under the dura mater of the brain, as well as unspecific 

symptoms, like numbness, nausea and loss of consciousness, occur (Budenz 

et al., 1994; Polizei dein Partner. Gewerkschaft der Polizei, 2016). 

1.1.11 Secondary disorders after CM 

There are different forms of childhood maltreatment considered in this 

dissertation, namely physical, emotional and sexual abuse, just as physical 

and emotional neglect. Consequences arising out of these trauma 

experiences can not only be immediate and obvious, but, as research has 

detected, those consequences can also have far-reaching impact on the 

adult’s physical and mental health (Fergusson et al., 2008; Min et al., 2013; 

Norman et al., 2012; Wade et al., 2016). 

1.1.12 Secondary mental diseases 

Childhood abuse has a wide range of associated psychological/ psychiatric 

disorders later in life, which will be exemplified in the following sections. 

Ultimately, such traumata even augment the risk for the most detrimental of 

all acts, namely suicide (Sugaya et al., 2012).  
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Handling emotions-difficulties with socializing  

Generally, literature suggests that those who endured child abuse present 

rather often with difficulties concerning emotion regulation (Burns et al., 

2010). Research found, that adults who suffered from abuse during 

childhood tend to be more aggressive and have more often problems with 

anxiety than adults without such experiences (Fergusson et al., 2008; 

Lansford et al., 2002). Besides, CM is also associated with higher levels of 

hostility and problems with anger management, which complicates social 

interactions. Referring to interpersonal contacts, adults reporting CM also 

tend to be more sensitive to criticism, have more problems with the 

acceptance of other’s opinions and spend a hard time standing up for 

themselves (Cloitre et al., 2005). To conclude, research indicates that 

pediatric abuse handicaps the ability to socialize later in life. Since social 

support is found to mediate the relationship between child abuse or neglect 

and anxiety or depression in adulthood, the lack of social contacts might be 

one pathway connecting CM and preservative mental health outcomes 

(Sperry & Widom, 2013).  

Psychologic clinical pictures – CM as an environmental risk factor 

Major psychiatric diseases, like schizophrenia and personality or eating 

disorders are considered complex diseases, due to their combined genetic 

and environmental pathogenesis (Caspi & Moffitt, 2006; Kendler et al., 1995; 

Tsuang, 2000). Literature documents CM’s contribution to the multifactorial 

genesis of mental diseases as one of those environmental risk factors; more 

precisely, research found evidence for a linkage between reported CM and 

the occurrence of schizophrenia in adulthood (Gould et al., 2012; Norman et 

al., 2012). Further, child abuse is associated with borderline and conduct/ 
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anti-social personality disorder, as well as obsessive-compulsive personality 

disorder (Afifi et al., 2014; Fergusson et al., 2008; Rogosch & Cicchetti, 2005). 

As stated above, research also suggests a correlation between childhood 

adversities and eating disorders (Afifi et al., 2014; Handa et al., 2008), 

especially bulimic ones (Brewerton, 2007). Those diagnoses, enumerated in 

this section, involve changes in behavior, for instance regarding affectivity 

and motivation, the perception of oneself and the surrounding, as well as the 

way of thinking. To summarize, they integrate exceptionally pronounced 

personality traits, which impair not only the evaluation of oneself but also 

the way one integrates in a social network, or fulfills occupational demands 

(Deister, 2009). Since CM increases the risk for the development of all 

disorders mentioned, yet another pathway to perseverative interference 

with self-perception and interpersonal relationships might be revealed. 

Cognitive functions – advance in education and career 

Neurocognitive alteration was the variable of main interest in a study by 

Felicia Gould and her team (2012). Their results demonstrate that a history 

of CM is associated with cognitive deficits in adulthood, whereby the specific 

impairment varies according to the kind of trauma that was endured: In 

terms of visual memory, executive functioning and spatial working memory, 

there was a stronger connection to abuse than neglect, concerning 

emotional processing it was the other way around (Gould et al., 2012). 

Especially regarding education, cognitive modifications due to abuse and 

neglect might have a negative impact. A study, concentrating on the effects 

of CM with varying intensity on academic performance, revealed that more 

frequent CM experiences were associated with an increased risk of general 

underachievement at school and more difficulties completing assignments at 

home. Besides, attention problems were found to mediate this relationship 
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(Slade & Wissow, 2007). Mirroring these findings about general 

underachievement, research could provide evidence for a connection 

between CM and lower grades, just as a delay in language development 

(Romano et al., 2015). Associations between child abuse and attention 

deficit disorder, just as learning disabilities and discipline problems could be 

detected, too (Afifi et al., 2014; Eckenrode et al., 1993). Combining all those 

facts, it becomes obvious, why pupils with a history of abuse and neglect 

face a higher risk of grade repetition and the need for special education 

services (Jonson-Reid et al., 2004; Romano et al., 2015), which might cause 

those adolescents to be less likely anticipating to attend college (Lansford et 

al., 2002). Inevitably, this attitude contributes to the occupation of rather 

menial jobs later in life (Gilbert et al., 2009). 

Abusive behavior – losing control at the child’s expense 

Scientific examination exhibited that women with a history of physical 

neglect or abuse, or sexual abuse present themselves with a higher risk of 

alcohol problems (Widom et al., 2007). In fact, childhood maltreatment 

experiences do not only predict risky behavior concerning alcohol but also 

heavy polysubstance use, and drug abuse or dependence by women (Ellis & 

Wolfe, 2009; Fergusson et al., 2008; MacMillan et al., 2001; Shin et al., 

2010). In this context, it is noteworthy to highlight findings by a research 

group around Karen Appleyard (2011), who detected a significant mediation 

of the pathway from own traumatizing experiences to victimization of one’s 

offspring by substance use problems (Appleyard et al., 2011). This indicates a 

possible aspect contributing to the transgenerational circle of early life 

traumatization.  

Mood disorders – suicidality  
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There is a substantial amount of references illustrating the connection 

between pediatric maltreatment and mood dysregulation in adulthood 

(Nemeroff, 2016; Scott et al., 2010). Bipolar disorder and major depression 

represent examples for such imbalanced disposition of the mind: A research 

group around Jessica Garno (2005) spotted, that in their sample of patients 

who were treated for bipolar disorder, a proportion reaching up to 50% 

reported a history of childhood abuse. Additionally, such a traumatizing past 

was associated with early onset of the disease and rapid cycling during the 

year prior to the examination (Garno et al., 2005). Next to the early onset, a 

longer duration of the disease is described, too (Romero et al., 2009), 

illustrating the variable effects of CM on the etiopathology of bipolar 

disorder. Regarding the impact of abuse and neglect on the course of major 

depression and its response to treatment, research provides evidence for 

effects mirroring those known from cases of bipolar disorder. In fact, CM is 

associated with earlier onset and longer duration (Klein et al., 2009), as well 

as overall elevated rates of depression (Kaufman & Charney, 2001). 

Furthermore, the risk for depressive mood disorder after experiencing CM 

exhibits some graduation with the type of abuse, its frequency and the kind 

of relationship between offender and victim (Fryers & Brugha, 2013). 

Alluding to therapeutic options, patients carrying the burden of CM tend to 

respond poorer to psychotherapy, medication or their combination 

(Nemeroff, 2016).  

Both, bipolar disorder and major depression are mental health problems 

that predispose to suicide (Shain, 2016), and as exemplified above either 

might be associated with CM. What is more, a history of abuse per se is 

already associated with suicide ideation and an increased lifetime prevalence 

of suicide attempts (Brown et al., 1999; Romero et al., 2009; Salzinger et al., 



Introduction 

17 
 

2007). Recapitulatory, pediatric adverse experiences contribute to suicidal 

behavior, either as an independent risk factor or mediating the effects of 

psychic diseases.  

1.1.13 Secondary physical findings 

Not only psychologists or psychiatrists deal with clinical conditions 

associated with a history of CM but also other medical specialists, like 

internists (cardiologists, oncologists or endocrinologists), as well as 

gynecologists.  

The metabolic syndrome 

First of all, factors related to the “metabolic syndrome” are highlighted. This 

syndrome integrates a combination of four main cardio-vascular risk factors, 

namely visceral obesity, dyslipidemia, hyperglycemia and hypertension 

(Alberti et al., 2005). All of those can be associated with childhood traumata: 

Waist circumference, reflecting visceral obesity, is higher in adults who were 

sexually or physically abused as children (Boynton-Jarrett et al., 2012). These 

two trauma types augment the risk of obesity and higher BMI in adulthood, 

too (Power et al., 2015). Furthermore, a 30-year follow-up study of child 

abuse and neglect highlighted the connection between childhood physical 

abuse and significant higher BMI scores in adulthood, even after adjusting 

for demographic criteria, alcohol consumption and smoking (Bentley & 

Widom, 2009). Besides, a link between mental and physical abuse and 

underweight, as well as mental abuse and obesity, is found (Veldwijk et al., 

2012). Dyslipidemia, embodied by measurements of high-density lipoprotein 

(HDL) and low density lipoprotein (LDL), was investigated by a research 

group around Sarah J. Spann (2014). They described a significant relationship 

between moderate and severe childhood trauma and decreasing HDL levels, 
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just as HDL/LDL ratios (Spann et al., 2014). What is more, childhood 

maltreatment predicts heightened HbA1c, a hemoglobin subtype indicating 

the risk of developing Diabetes, and further, a dose-response association of 

physical and sexual abuse with the risk of establishing Diabetes mellitus type 

II is spotted (Rich-Edwards et al., 2010; Widom et al., 2012). Furthermore, 

there is a higher number of women with than without experiences of CM 

who suffer from hypertension, whereby the BMI is a significant mediator; 

and stressor-evoked changes in the mean arterial pressure (MAP) can be 

predicted significantly by physical abuse in early childhood (Banihashemi et 

al., 2015; Riley et al., 2010). To conclude, childhood maltreatment is related 

to the “metabolic syndrome”, which connects it to other cardiovascular risk 

factors that promote atherosclerosis and its complications, like cardiac 

infarction and stroke (Erbel et al., 2008). 

Other biologic systems affected 

Next to the alterations on the circulatory and metabolic system, childhood 

adversities have an extensive impact on respiratory, muscular-skeletal, 

reproductive, endocrine and neurologic systems, as well as on the immune 

system (Farley & Patsalides, 2001; Hillis et al., 2016): 

Exemplary for its detrimental influence on the respiratory system, it was 

found that adverse childhood experiences lead to a higher prevalence of 

chronic obstructive pulmonary diseases (COPD), and both the hospitalization 

incidence and the prescription rate appeared higher for this sample. Here, 

adjusting for smoking diminished the effect of abuse only marginally (Anda 

et al., 2008). Also, a recent study could show a positive correlation between 

CM, including emotional, physical and sexual abuse, and asthma in 

adulthood (Iniguez & Stankowski, 2016). 
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 Moreover, research showed that physical abuse of children is connected to 

unspecific symptoms, like general chronic pain, in adults, and sexual abuse is 

primary linked to chronic pelvic pain (Lampe et al., 2003). Back problems, 

migraine headaches and bowel diseases are associated with childhood 

trauma, too (Afifi et al., 2016). Finally the risk for all-cause mortality in 

women who survived physical or emotional child abuse is higher than for 

those without such trauma experience (Chen et al., 2016).  

Reproductive system 

Women who suffered from pediatric abuse were found to be more likely to 

engage in prostitution and test positive for HIV, and they have a significant 

higher risk of premenstrual syndrome in their middle/ late reproductive 

years (Bertone-Johnson et al., 2014; Widom & Kuhns, 1996; Wilson & 

Widom, 2008). Regarding women who experienced physical and sexual 

abuse, receiving a recent Papanicolaou (Pap) test, which is part of the 

preventive care at the gynecologist, is less likely, which is a possible 

mechanism contributing to their increased risk of developing cervical cancer 

(Alcalá et al., 2016). That there is an augmented risk of being diagnosed with 

different other types of cancer is already known, too (Morton et al., 2012). 

Summing up, the prevalence of comorbidities has a strong relationship with 

adverse childhood experiences (Anda et al., 2006; Danese et al., 2009). 

Endocrine system 

As stated above, childhood adversities are associated with dysregulations in 

the endocrine system. First, the attention should be drawn to three neuro-

endocrine axes. One example is the hypothalamic-pituitary gland-adrenal 

(HPA) axis. Adults with a history of CM present disruptions in the HPA axis 

and an increase of neuroendocrine stress reactivity (Heim et al., 2002; Van 
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Voorhees & Scarpa, 2004). For instance, adults with childhood adversities 

are found to have lower basal cortisol and to respond with more 

adrenocorticotropic hormone (ACTH) to stressors (Heim et al., 2000; Tarullo 

& Gunnar, 2006). Another axis affected by CM is the hypothalamic-pituitary-

thyroid axis (HPT axis): A research group around C. Sinai (2014) found that 

“severe childhood trauma related stress may promote lasting altered thyroid 

levels” (Sinai et al., 2014). This has an extreme impact on the entire body, 

since thyroid hormones are essential for long-term physical and mental 

development (Lüllmann-Rauch&Paulsen, 2012, p. 456). At last, the 

hypothalamic–pituitary–gonadal axis (HPG axis) is found to be affected by 

early life stress. This is illustrated by altered pubertal timing and tempo, as 

well as modified pubertal maturation (Li et al., 2014; Negriff et al., 2015). 

Next to those neuroendocrine systems, other hormones can be imbalanced, 

too, for example Leptin. This hormone, as most signaling molecules, affects 

not only a single cell or organ but the entire organism, particularly its energy 

homeostasis and its immune system’s regulation (Brennan & Mantzoros, 

2006; Mantzoros et al., 2011). Research detected that maltreated children 

show a dampened elevation of leptin levels associated with an increasing 

BMI (Danese et al., 2014). This might be one cause for the metabolic 

dysregulation exemplified earlier.  

What is more, the production and activity of oxytocin is altered. Oxytocin is 

known to have central and peripheral properties. On the one hand, oxytocin 

affects smooth muscles. Concerning the uterus, oxytocin stimulates 

contraction during child birth; regarding lactiferous ducts, the hormone 

stimulates the ejection of milk to nourish the newborn. On the other hand, 

oxytocin diminishes fear and stress, regulates social behavior in a positive 

way and stimulates maternal care after child birth (Deutzmann, 2012, pp. 
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351, 352). Research showed that childhood traumata are associated with 

higher oxytocin concentrations, and that CM moderates the effects of 

oxytocin on social behavior, memory and reaction to stress in adults 

(Bhandari et al., 2014; Grimm et al., 2014; Mizuki & Fujiwara, 2015). Since 

adults who were maltreated in early life don’t present with more intense 

influences of oxytocin, the mounting concentrations of this effector 

hormone may suggest an effort of the human body to compensate the long-

lasting effects of child abuse and neglect. 

Central nervous system 

Further secondary physical changes associated with CM are found in the 

central nervous system, whereby the effects on anatomy, connectivity and 

activity of the limbic system will be foregrounded. This system is composed 

of several brain structures that share the same or related functions, for 

example they take a major role in navigating memory and learning, 

motivation, impulse and emotions, as well as digestion and reproduction 

(Trepel, 2015, p. 219). First, there are structural brain abnormalities, such as 

hippocampus atrophy or reduced gray matter volume in the cingulate gyrus, 

amygdala and other parts of the brain (Edmiston et al., 2011; Lu et al., 2013; 

Teicher, Anderson, & Polcari, 2012). Next to neuro-anatomic changes, there 

are others in the connectivity of different regions belonging to the limbic 

system, for instance, the connection between amygdala and hippocampus or 

other brain structures is more intense in adults reporting CM (Jedd et al., 

2015). Moreover, alterations in the activity of the limbic system were found, 

for example the amygdala response to visual stimuli is exaggerated after 

physical maltreatment in early life (Grant et al., 2011). In accordance with 

this finding, a research group around Salvatore Insana (2016) just detected 

increased and decreased brain activity in several regions of the brain, among 
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those is the limbic area (Insana et al., 2016). Summing up, the impact on the 

central nervous system reflects one element of a cascade that was initiated 

by pediatric traumata and continues throughout life.  

1.2 Blood  

A sufficient amount of blood with adequate proportions of its constituent 

parts and unobstructed execution of their functions are essential 

requirements to meet the demands that humans have on their own body. 

The blood’s duties and responsibilities reach from the transportation of 

gases and hormones to the regulation of the immune and coagulation 

system, as well as the maintenance of an appropriate pH value and body 

temperature. It is composed of two components, liquid plasma and the cells 

in there. Plasma includes water, electrolytes, proteins and glucose, urea and 

creatinine. The cellular elements will be the key issue of the following 

sections (Hoth & Wischmeyer, 2012a, pp. 165, 166; Löffler, 2008, p. 365).  

1.2.1 The blood cell count-main characteristics  

The total blood count, giving quantitative information about the cellular 

components of the blood, is a screening instrument for various medical 

conditions, like defects in hematopoiesis or hemostasis, systemic diseases, 

infections or malign degenerations (Neumeister& Besenthal, 2009, pp. 463-

494). The CBC is a cheap implement employed for primary, secondary and 

tertiary prevention, hence it is used to screen, verify, diagnose and monitor a 

variety of medical conditions (George-Gay & Parker, 2003). At Ulm 

University, the CBC is considered routine diagnostic and it is analyzed daily. 

Standardly, it needs four hours to receive a result, in urgent cases one hour 

and in life-threatening situations 10 minutes, respectively (Klinische Chemie 

Universitätsklinikum Ulm, 2016). The CBC’s advantages are not limited to 
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cost effectiveness and a short analyzing time but also there is only a minimal 

risk of complications that come along with the needed blood donation, and 

these intricacies are rather harmless, like a hematoma (Newman, 2013). 

Since it is already a very common and beneficial diagnostic instrument, the 

CBC becomes also interesting for the examination of CM’s effects that reach 

into adulthood. 

1.2.2 Examining the cellular contents of the blood 

The complete/full blood count (CBC) gives information about the counts of 

numerous blood cells and their indices’ dimensions. Those elements can be 

segmented into three subgroups, namely the white blood cells (WBC), the 

platelets and the red blood cells (RBC), the latter with their corresponding 

indices. The following enumeration clarifies the belonging of each cell type 

to one of those groups, lists whether the absolute or relative count is 

measured and presents the cell indices examined in this dissertation. 

Additionally, the cell types that constitute the differential blood count of 

WBC are specified. 

1.2.3 Constituent parts 

WBC  

Leucocytes (absolute count), differentiated in  

• Eosinophils (absolute and relative count) 

• Basophils (absolute and relative count) 

• Neutrophils (absolute and relative count) 

• Monocytes (absolute and relative count) 

• Lymphocytes (absolute and relative count) 
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Platelets/ Thrombocytes 

Thrombocytes (absolute count) 

• Mean Platelet Volume (MPV/ MTV) 

RBC 

Erythrocytes (absolute count) 

• Mean Corpuscular Volume (MCV) 

• Mean Corpuscular Hemoglobin Concentration (MCHC) 

• Mean Corpuscular Hemoglobin (MCH) 

• Hematocrit (Hk) 

• Hemoglobin (Hb) 

1.2.4 Alterations in the CBC 

Numerous physiologic and pathologic conditions may lead to increases or 

decreases in the cell populations and their corresponding indices (The 

Association for Clinical Biochemistry and Laboratory Medicine, 2015). This 

dissertation is targeted to expose those alterations that can be associated 

with maternal childhood maltreatment, and to uncover transgenerational 

changes in their newborns’ blood, respectively. To familiarize with the topic, 

the following sections introduce each cell type with its function along with 

conditions that are already known to modify its population, whereby known 

associations with CM are emphasized. To complete, there is an overview on 

the effects that those transformations may have on the human organism.  

1.2.5 Leukocytes  
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Leucocytes can be divided into five subpopulations consisting of 

heterogeneous nucleated cells that share a vital role in human immunity. 

Generally, quantitative changes in this blood cell count are detected in 

context with inflammation and infection, hence reactions to save or regain 

our body’s health (Blumenreich, 1990). Leukocytosis is associated with 

physiological stress, chronic inflammatory diseases, infectious diseases and 

other clinically relevant states; leukopenia, on the other hand, is associated 

with the latter, too (Hallbach, 2011, pp. 427, 428). A research group around 

Andrea Danese (2007) detected in their study that adverse early life events 

predict an increase in the WBC count and they could proof a dose-response 

relationship between the severity of maltreatment and inflammation later in 

life, independent of many correlated risk factors. Further, they could show 

that this relationship generalized to other systemic inflammation markers 

than the leucocyte count, for example to high sensitivity C-reactive protein 

(hsCRP) and fibrinogen (Danese et al., 2007). Inflammatory processes 

marked by an increased leukocyte count are involved in the development of 

several cardio-vascular diseases that can lead via atherosclerosis to life-

threatening events, like a stroke, and in general, heightened leukocyte 

counts are associated even with all-cause mortality (Karino et al., 2015; 

Margolis et al., 2005; Minić, 2016; Packard et al., 2000; Wildman et al., 

2005). Since childhood maltreatment is a predictor for an increase in WBC 

counts, it has indirect impact on those medical conditions, too.  

Eosinophil granulocytes 

This subset of cells represents the part of our immune system that has been 

long noticed for its influence on hypersensitivity reactions and allergies, and 

its main function in the defense of parasite or helminthes infections (Long et 

al., 2016). Alterations in the eosinophil count, whereby only increases are 
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clinically relevant, are also observed during the healing of bacterial infections 

and in association with myeloproliferative neoplasms and auto-immune 

diseases, like vasculitis (Hallbach, 2006, p.426). Research found recently that 

“the eosinophil count showed an inclination to increase and the percentage 

of eosinophils was significantly higher” in blood samples from adults with a 

history of sexual abuse in early life compared to adults without such a 

traumatizing past (Ayaydin et al., 2016), suggesting a predisposition for 

eliciting hypersensitivities.  

Basophil granulocytes 

Basophils, like the other granulocytes, secrete their granola after activation 

to mediate inflammation and defend the human organism against 

microbiologic substances (Roers, A., 2014, p. 102). An increase in this cell 

count can be diagnosed in cases of reaction to infection, allergic reactions, 

for example, to food, and chronic inflammatory diseases, such as ulcerative 

colitis. Decreases in this count are clinically irrelevant (Hallbach, 2006, p. 

425). Since their granola contain a considerable amount of histamine, 

basophile granulocytes are responsible for redness and turgor that come 

along with allergic reactions (Huppelsberg & Walter, 2013, p. 39). 

Neutrophil granulocytes 

These granulocytes are vital for our bodies’ fight against microbes that 

surround us permanently, especially bacteria and fungi. In a situation of 

trauma or infection, the human tissues induce an augmented production and 

recruitment of neutrophils. Their granola is not only an efficient microbicide 

but also it contributes to the tissue damage in the course of an immune 

reaction. Dead neutrophils and destroyed tissue make up the purulence that 

might harm the encircling tissue even more (Roers, A., 2014, p. 102). 
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Mobilization out of vascular walls follows stress amongst others, while 

release from bone marrow happens during the acute phase of antibacterial 

activity. Hence, both circumstances lead to an increased cell count in 

peripheral blood probes. In contrast, a decreased count is found together 

with special infectious diseases, like tuberculosis, and alcoholism or auto-

immune diseases (Hallbach, 2006, pp. 423, 424). Neutrophils, being part of 

the innate immune system, build also a first barrier against viral attacks. 

They phagocyte infectious organisms and devitalize them with highly 

reactive conjunctions, like free oxygen radicals, which explains how tissue 

damage may develop in course of neutrophils’ activation (Löffler, 2008, pp. 

293, 382). A recent study on the effects of academic psychological stress on 

neutrophils’ release of superoxide showed that it was mediated by cortisol in 

an inhibiting way (Ignacchiti et al., 2011), suggesting that stress restrains the 

functioning of the human immune system. This raises different questions, for 

example, whether psychological stress in early childhood, such as examined 

in this dissertation, influences neutrophils, too, and whether such impact 

might be measureable in form of quantitative changes in the CBC. 

Monocytes 

This subset of cells and the above-mentioned three types of granulocytes 

belong to the unspecific cellular part of the human immune system, whereby 

monocytes occupy the protagonist’s role in phagocytosis. Moreover, they 

support inflammation by releasing pro-inflammatory cytokines and they 

present antigens to T cells, which ties the innate to the adaptive immune 

system (Hoth & Wischmeyer, 2012b, pp. 197, 199, 200). An alteration in this 

cell count can be noticed in association with sub-acute chronic bacterial 

infections (e.g. tuberculosis or endocarditis), in connection with a non-

bacterial inflammatory status (rheumatoid arthritis), and in line with 
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leukemia, which links all leukocytes (Hallbach, 2011, p. 432). A research 

group around Aoife O’Donovan (2011) , who compared monocyte gene 

expression in groups with and without Posttraumatic Stress Disorder (PTSD) 

after trauma experiences, like physical and sexual abuse, found “that PTSD is 

associated with altered transcriptional control of monocyte gene expression, 

specifically with increased inflammatory signaling, that could plausibly 

contribute to increased physical disease risk” (O’Donovan et al., 2011). Even 

though the sample size was small and adverse experiences were not limited 

to those on which this thesis concentrates, the findings of this study raise 

interest to detect further trauma effects on monocytes.  

Lymphocytes 

“Lymphocytes” is an umbrella term for about one billion circulating cells, 

namely T and B lymphocytes and natural killer cells (T/ B/ NK cells). NK cells 

are part of the innate immune system, since they react to infection but their 

response is not antigen specific. On the contrary, both other cell types are 

part of the antigen specific adaptive immune system. Those cells have 

diverse functions in the framework of the immune system’s complexity. 

Simplified, one can record the following: NK cells, as the name adumbrates, 

kill infected cells by releasing cytotoxic granola; B cells contribute to the 

human immune reaction producing antibodies that mark infected cells, 

which activates various defense mechanisms; T cells, in turn, have different 

functions depending on the given subtype. For example, cytotoxic T cells kill 

infected cells, whereby T helper cells activate B cells and macrophages 

(Murphy et al., 2014a, pp. 125; Murphy et al., 2014b, pp. 966, 967) Summing 

up, lymphocytes play a main role in human immunity from a quantitative 

and qualitative point of view. Reasons for a climbing lymphocyte count may 

be viral infects, chronic infectious diseases (Syphilis) or hyperthyroidism; a 
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falling count might be associated with acute stress, therapy with corticoids 

or different immunodeficiency syndromes (Hallbach, 2011, p. 430). 

Regarding possible effects of child abuse experiences in early life on this cell 

count, Bielas et al. (2012) found that “percentages and absolute numbers of 

activated (HLA-DR+) CD4+helper and CD8+cytotoxic T cells were significantly 

higher in maltreated children” (Bielas et al., 2012). In addition, it was 

revealed that, even though total numbers and percentages of T lymphocytes 

did not differ, the sample with abuse-related PTSD had significant higher 

percentage of cytotoxic T cells with an early activation marker than the 

samples reporting CM without PTSD and the sample without adverse 

experiences at all. Further, it was discovered, that the symptom severity of 

CM predicts the degree of T cell activation (Lemieux et al., 2008). Also 

percentages of NK cells were higher in samples of male depression patients 

with a history of early life stress, whereby in another study counts of T 

lymphocyte subpopulations were found to be lower in association with 

depression and PTSD after CM (Bielas et al., 2015; Pace et al., 2006). The 

above mentioned findings indicate an imbalance in the counts and 

functioning of the immune system after childhood abuse, biologically 

manifested in lymphocytes. In the dissertation at hand, such an impact is 

further examined. 

1.2.6 Thrombocytes and their mean volume (MTV) 

Thrombocytes are akaryote cells that play a major role in hemostasis and 

blood coagulation. This is pathologically relevant in terms of thrombosis, 

when intravascular blood clotting narrows the vessel’s diameter and reduces 

the blood supply of the distal tissue. The development of thrombosis is 

promoted, for example by hyper viscosity of the blood or a damage of blood 

vessels, as it is in the context of atherosclerosis, which in turn is also 
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associated with alterations of leucocytes as stated above (Hoth & 

Wischmeyer, 2012a, p. 188). Uncontrolled thrombocyte activation might 

have drastic or even life-threatening consequences, like pulmonary 

embolism, ischemic stroke or acute coronary artery events (Davì & Patrono, 

2007; Huppelsberg & Walter, 2013, p.37). MTV, giving information about the 

platelets’ volume and thereby about the platelets’ age (younger cells are 

bigger), is found to be a prognostic biomarker for cardio-vascular events: An 

elevated mean volume of platelets is associated with acute myocardial 

infarction, the following mortality rate and even restenosis after coronary 

angioplasty (Chu et al., 2010). Besides, elevated counts of thrombocytes are 

connected to surgery, immense blood loss or infection, and the contrary, 

thrombocytopenia, might be the result of an ineffective cell production due 

to a vitamin deficiency, which can lead to hemorrhage (Hoth & Wischmeyer, 

2012a, p. 177). Even though literature tends to link childhood abuse rather 

by leucocytes than by thrombocytes to later medical conditions as indicated 

above, there still might be biological effects of CM on the platelet count and 

on the MTV.  

1.2.7 Overview on the correlation between Erythrocytes, Hb and Hk and 

the erythrocytes’ indices MCV, MCHC, MCH 

Primarily, the blood’s cellular compartment consists of red blood cells, the 

erythrocytes. Due to their high number, erythrocytes are the cells that 

contribute the most on the hematocrit, which is the volume fraction of cells 

in relation to the total blood volume. Their main function is the 

transportation of oxygen, which they bind via hemoglobin. The erythrocytes’ 

indices can be calculated out of those three (Erythrocytes, Hb, Hk) measured 

values: The mean corpuscular hemoglobin (MCH) is the mean mass of 

hemoglobin in one erythrocyte; the mean corpuscular hemoglobin 
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concentration (MCHC) is the hemoglobin concentration in relation to the 

hematocrit; and the mean corpuscular volume (MCV), which is the mean 

volume of one erythrocyte, can mathematically be described as the 

hematocrit divided by the erythrocyte count. In this context, it becomes 

obvious that a change in one of the measurements leads inevitably to 

alterations in their indices, whereby the latter offer valuable clues about the 

actual cause of the initial imbalance (Huppelsberg & Walter, 2013, pp. 27-29; 

Sarma, 1990). 

A decrease in the erythrocyte’s number, with or without alterations in the 

hemoglobin concentration or the hematocrit, defines the medical condition 

of anemia. There are different forms of anemia, each with characteristic 

changes in the blood count. Iron deficiency anemia is the most common one 

(80%). A shortage of iron can emerge from blood loss, an inefficient 

resorption, an increased demand (pregnancy) or any kind of disruption of the 

physiologic distribution, for instance in states of infection or chronic 

inflammation. Since iron is required for its generation, the hemoglobin 

production is diminished in iron deficiency anemia, which results in 

decreased values of Hb, Hk, MCH and MCV and later in lower erythrocyte 

counts, too (Hoth & Wischmeyer, 2012a, pp. 172, 173; Ott et al., 2012).  

On the contrary, values of MCH and MCV are higher and measurements of 

erythrocyte count and Hb are lower in the megaloblastic anemia. This 

anemia is caused by deficits in vitamin B12 (cobalamin) or vitamin B9 (folic 

acid) in the context of malnutrition (severe alcoholism) or insufficient 

resorption. Missing those vitamins, not enough DNA can be generated for a 

regular rate of mitosis, which results in lower cell counts. Hemoglobin’s 

synthesis being not impaired, the few mature cells are stocked with more 
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hemoglobin than usual, which explains the altered erythrocyte’s indices 

(Walzog & Fandrey, 2014, p. 275).  

There are other types of anemia that are not specifically listed in this 

dissertation, because they all have the same consequence for the human 

organism, namely a reduced oxygen provisioning for its tissues. Therefore, 

anemia is a systemic disease and every organ of the human body is affected. 

Indicators of anemia reach from pale skin and dizziness to degraded general 

physical performance with dyspnea and palpitations. Additional symptoms 

might be head ache, depression or cognitive impairment/ attentiveness 

disorder (Macciò & Madeddu, 2012; Matzdorff & Fritze, 2009, p. 1157; 

Zuccalà et al., 2005).  

Next to the wide field of anemias, there are also polycythemias with an 

elevated red blood cell count which comes along with augmented 

hematocrit and hemoglobin values. Because of the pathologic hematocrit, 

the blood becomes more viscous, which may lead to elevated blood pressure 

and circulatory disorders. Concerning the central nervous system, the 

disturbed blood flow may impair vision and hearing, or provoke head ache 

and dizziness. Regarding the heart, an impaired blood flow may trigger 

angina pectoris and, generally, the risk for thromboembolic events climbs. 

The causes for polycythemia are associated with oxygen deficiency (smoking, 

pulmonary diseases, habitation in extreme heights or impaired hemoglobin 

functioning) and tumors. Moreover a relative rise of the cellular portion 

might be attributed to dehydration, for example due to low liquid intake, 

vomiting or emesis (Matzdorff & Fritze, 2009, pp. 1159, 1160).  

Knowing the effects of alterations in the RBC count and its indices, the 

question arises if a modification of this system might be one possible 
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pathway from adverse pediatric experiences to the secondary physical and 

psychological findings in adulthood. More specifically phrased, it has to be 

examined if CM influences one of the listed parameters in a dimension that 

is distinct enough to explain a causal relationship between childhood abuse 

or neglect and common medical conditions that are stated above, for 

example head aches and high blood pressure. 

1.2.8 Potential influence factors on the CBC 

There are alterations in blood cell counts that are caused by the personnel 

who draw the blood or who were responsible for its transportation. 

Moreover cell counts are naturally influenced by the donators’ 

characteristics. Thus, uncontrollable factors, like age or ethnicity, and factors 

that come along with the donators’ lifestyle, for example nicotine abuse, 

coexist. In addition, alterations in the CBC might be induced by diseases or 

generated by their medical treatment: 

Technicality  

Errors and modifications might happen during every step in the course of 

events until a blood cell count’s result is achieved. Already the time of the 

day, when the blood drawing takes place, might have an impact on the cell 

count, since some parameters underlie a circadian rhythmicity. This applies 

to hemoglobin and the total eosinophil count. Furthermore, the position of 

the patient might alter some parameters. Moving from a lying to an upright 

position induces an increased intravascular pressure which in return causes 

the blood’s liquid fraction to evade into the interstitial tissue. Consequently, 

the cells’ relative portion (hematocrit) is elevated. The equivalent occurs if 

the pressure increases not due to movement but because of prolonged 

blood congestion. Hereafter, the transportation from blood donor to 
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laboratory in charge is studded with potential sources of irritation. Both an 

inadequate temperature and the duration of the transport might modify the 

CBC (Fiedler & Thiery, 2004). 

Socio-demographic data 

Regarding the socio-demographic background, significant influences of age, 

sex and ethnicity are manifest.  

Knowing the gestational or postnatal age is indispensable for the evaluation 

of newborns’ and children’s CBC, since there are already considerable 

differences in reference values needed when adjusting for only small 

alterations of age (Christensen et al., 2009). Age-dependent trends for 

children more than 10 years of age to adults in their seventies include 

platelet count, and granulocyte and lymphocyte percentages. Further, sex-

dependent trends involve hemoglobin values, whereas race related trends 

concentrate on mononuclear and lymphocyte percentages, as well as the red 

blood cell indices (Cheng et al., 2004). 

Lifestyle 

Influences on the CBC pertaining to one’s lifestyle integrate food and sport 

patterns, as well as alcohol and nicotine abuse. Moreover, specific situations, 

like stressful periods of time (pregnancy and child birth), alter quantitative 

blood parameters.  

A striking example for the effect of diet on blood elements is the 

consumption of sufficient amounts of iron needed to maintain a physiologic 

hemoglobin value (Deutsches Rotes Kreuz, n.d.). The positive effects of 

athleticism on CBC crystallize regarding hematocrit, and other red blood cell 

indices. Thanks to endurance sports, the blood approaches its optimum in 
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terms of oxygen transportation. Hence, hemoglobin values climb, although 

the number of erythrocytes and hematocrit decrease (Mairbäurl, 2013).  

In terms of abusive behavior, it crystallizes that both smoking and drinking 

alcohol are associated with alterations in WBC (Jensen et al., 1998; Lakshmi 

et al., 2014; Nakanishi et al., 2003). Regarding WBC subpopulations, namely 

total leukocyte, lymphocyte and neutrophil count, even a dose-response 

relationship with cigarette smoking was detected (Jensen et al., 1998). 

Besides, the RBC is biased by abusive behavior, too, which becomes obvious 

considering the association between increasing hemoglobin and hematocrit 

values and smoking (Lakshmi et al., 2014). 

As stated above, altered cell counts, particularly of the WBC, might indicate 

stressful phases of life. Those episodes affect the numbers of neutrophils 

and lymphocytes contrarily. Hence, neutrophils present with elevated 

counts, whereby lymphocytes appear with decreased parameters (Davis et 

al., 2008).  

Other exceptional circumstances in life associated with stress for the human 

body and characterized by changes in the CBC are pregnancy and childbirth. 

In course of the gestation period, the body achieves some hematologic 

adjustments to meet the emerging demands as illustrated by a review of 

Surabhi Chandra and colleagues (2012). Consequently to the more intense 

rising plasma volume, the number of erythrocytes and hematocrit decrease, 

even though the mass of red blood cells increases. Regarding the erythrocyte 

indices, MCV is elevated as a matter of course, since the enhanced 

production implies a greater extend of young, thus bigger, red cells in the 

peripheral blood. Hemoglobin values fall, respectively, because the iron 

balance can’t cope with the needs. After delivery, the parameters adapt at 
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individual velocities to the common reference values for non-pregnant 

women.  

Concerning the WBC, there are heterogeneous variations caused by stress. 

Mirroring the effects of stress in general, the extraordinary encroachment of 

gravidity induces a fall in lymphocyte counts and a climbing neutrophil 

count. Additionally, the total leukocyte and monocyte counts rise, however, 

basophils and eosinophils count stay for the most part unimpaired. Post-

partum, a reactive leukocytosis with varying intensity is anticipated, since 

child birth confronts women with a level of outstanding stress.  

Platelets, in the wake of hemodilution, are stamped by an occurrence called 

gestational thrombocytopenia, but without the usual bleeding disorders. 

Compensating for the increased consumption during delivery, the 

thrombocyte count increases, and peripheral blood counts reveal high 

numbers of young and bulky cells. Therefore, the mean platelet volume 

rises, too (Chandra et al., 2012). 

Concerning the period after childbirth, the parameters of the CBC might also 

be influenced by the different ways of nourishing the newborn. For instance, 

breastfeeding might alter immune and inflammatory markers in both 

maternal and infantile peripheral blood probes (Ballard & Morrow, 2013; 

Wimberly-Groer et al., 2005). 

Anamnesis of diseases and medication 

The following section offers a brief overview on various medical states or 

their subsequent pharmacologic treatment that influence the CBC. Self-

explanatory, quantitative blood cell alterations might be seen due to 

imbalances concerning the bone marrow, which is the main location of blood 

cell production. Either endogenous determinants, like acute or chronic states 
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of leukemia, or exogenous factors, such as a radical medical intervention 

(e.g. anti-neoplasm therapy) might cause modifications of a degree that 

might affect all cell lines.  

In the course of acute or chronic infection, just as acute or chronic 

inflammation, there are imbalanced blood counts, too (Tamura, 2015). 

Common examples are diseases of the rheumatic specialist field and 

(chronic) inflammatory bowel diseases, like Crohn’s disease or ulcerative 

colitis (Deutsche Gesellschaft für Rheumatology e.V., n.d.; Harlan et al., 

2016). In terms of infection and inflammation, also the scheduled medication 

might have relevant influence on cell counts. Generally employed are drugs 

that modulate or suppress the immune system, for instance corticosteroids 

that are known to affect the WBC’s sub-populations (Barak et al., 1992; 

Solano et al., 2016). 

Further, pathologic coagulation disorders or pharmacotherapy that affects 

the blood’s clotting ability, for example heparin, modify the CBC, particularly 

the thrombocyte count (Dabiri et al., 2016; Linkins et al., 2012; Rote Liste® 

Service GmbH, 2016). 

1.3 The influence of CM on the CBC and its intergenerational 

transmission  

Gaining an overview on the findings enumerated in the last sections, a 

paucity of research concerning CM’s effects on adult blood counts becomes 

apparent; however, research on the consequences concentrating on their 

offspring’s cell counts is missing entirely.  

Nevertheless, there is a considerable body of literature about pathways by 

which parental childhood traumata influence the upcoming generation, a 

process that is called transgenerational circle of maltreatment. One potential 
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outcome might be the victimization of the following generation, investigated 

by Lisa Berlin and colleagues amongst others. They found a direct prediction 

of offspring victimization by maternal early life physical abuse, which was 

mediated by social isolation and aggressive response bias. De facto, mothers 

reporting child abuse were 19% more likely to have infants who were 

victimized at the age of 26 months than mothers not affected by CM. 

Hereby, special attention should be drawn to the fact that the proportion of 

mothers with adverse pediatric experiences who do not have offspring that 

becomes victimized by the age of 26 months reaches 83%, indicating a 

higher risk of victimization but not an unavoidable or unescapable prognosis 

(Berlin et al., 2011). Since the majority of mothers reporting CM doesn’t 

victimize their children, the circle of maltreatment might be extenuated or 

even broken. Next to the mediators named above, namely social isolation 

and aggressive response bias, the link between CM experiences in 

consecutive generations might also be mediated by psychologic diseases, like 

substance use problems (Appleyard et al., 2011).  

In addition to those direct or mediated ways of maltreatment continuity, 

there are also rather oblique paths that not necessarily end up with the 

resumption of abusive behavior. Examples might be the transmission of 

adverse experiences to infants via typical parent-child-relationships 

associated with former parental adverse experiences, or the dissemination 

of psychologic/ mental diseases whose prevalence is connected to CM: 

One link between parental childhood traumatization and transgenerational 

effects might be the nature of attachment between parents and their 

children in different generations. Dante Cicchetti (2016) summarized in his 

review that the endurance of adverse treatment in early life results in 

insecure and disorganized attachment patterns of the victim, which elevate 
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the risk for relational dysfunction throughout life (Cicchetti, 2016). Thereby, 

even the establishment of a familiar network and the attachment to one’s 

own children might be impaired. Establishing healthy relationships is not 

only a problem for the victim him-/herself but also for the offspring. In fact, 

sons and daughters of parents with a history of maltreatment tend to attach 

insecurely, too, leading to externalizing problems with emotional and 

behavioral peculiarities (Bosquet-Enlow et al., 2016; Pasalich et al., 2016). 

Moreover, facing physical and psychological abuse in early life was found to 

predict maternal warmth later in life, representing further impact on the 

mother-child-relationship (Levendosky & Graham-Bermann, 2000). 

Furthermore, research revealed associations between CM and later income, 

as well as income and parenting style (Gilbert et al., 2009; Holt et al., 2008). 

Concerning the way parents raise their children, it was detected that parents 

of the first generation, who engage in harsh parenting, produce later parents 

(2nd generation), who face a high risk of using practices resembling those 

experienced by themselves to rise their own offspring (3rd generation) 

(Simons et al., 1991). In turn, undergoing abrasive uprising methods might 

predict poorer subjective evaluation of physical health later in life (Schofield 

et al., 2016), suggesting a possible subliminal pathway of multigenerational 

effects of CM.  

Besides, another route from adverse childhood experiences to influences on 

the next generation might progress via intimate partner violence. 

Investigations exhibited CM as an independent risk factor for re-victimization 

in adulthood (Anderson et al., 2016; Arias, 2004) and a subsequent higher 

frequency of daily parenting hassles (Ahlfs-Dunn & Huth-Bocks, 2016). 

Additionally, witnessing domestic violence is considered a risk factor for 

cognitive, emotional, social and behavioral problems of the observing child 
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(Holt et al., 2008), resulting amongst others in underperformance at school 

(Kiesel et al., 2016), depressive symptoms, difficulties developing empathy 

and aggressive behavior bias (Holt et al., 2008). 

Another subgroup of chains in the transgenerational circle of maltreatment 

might be watched in the transmission of psychic disorders. As exemplified a 

few chapters above, CM is associated with an elevated risk for various 

mental pathologies, for instance schizophrenia, personality and mood 

disorders. The risk to develop those diseases is found to be higher if family 

members are affected, too (Cross-Disorder Group of the Psychiatric 

Genomics Consortium, 2013). Thus, adverse early life experiences might 

trigger an intergenerational cascade of psychic morbidities.  

What is more, there have to be profound biologic changes, called biologic 

memory, underlying all those secondary psychic, social and physical 

peculiarities demonstrated in the introduction of this thesis, enabling the 

phenomenon of intergenerational transmission as perseverative mediators. 

Scientific investigations already revealed the protagonist role of genetic 

imprinting, for example DNA methylation and acetylation (Nemeroff, 2016). 

Exerting influence on epigenetic mechanisms enables adverse experiences to 

resist not only as personal elusive memories but as biologically traceable 

marks that might even be bequeathed to the next generation. Since the DNA 

carries information for fundamental procedures in the human body, 

potential alterations of gene expression profiles cause dramatic 

consequences that concern the entire organism. Utilizing genetic imprinting, 

the vulnerability for various diseases associated with CM, including mood 

and anxiety disorders, might literally be programmed (Nemeroff & Seligman, 

2013). 
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1.4 Hypotheses 

As clearly represented in chapter 1, perseverative effects of childhood 

trauma extend from psychological to physical disorders or their combination. 

Knowing the alarming current prevalence rates of CM, it is imperative to 

conduct further research on its implications concerning the individual victim, 

its familiar surroundings and even society. An auspicious approach, regarding 

the development of primary to tertiary prevention programs, constitutes the 

investigation of multifaceted biological correlates, merged in the term 

biologic memory. This dissertation integrates in a growing body of literature 

on long-lasting natural scientific outcomes of CM, concentrating on the 

biologic effects of childhood abuse and neglect manifested at the level of 

blood cell counts.  

Although considered a routine medical instrument and coming along with 

multiple advantages (e.g. prompt results, harmless intervention), only 

negligible importance is placed on the complete blood cell count within the 

scope of diagnosing, monitoring or preventing aftermath initiated by adverse 

early life experiences. Recapitulating the CBC findings specified above, the 

deficiency of data examining offspring of maltreated women crystallizes.  

As presented within the first chapters of this thesis, the evaluation of victims 

themselves centers on cell count alterations emphasizing dysregulations in 

the human immune system, suggesting a promotion of hyper sensibility 

reactions (allergies) and chronic pro-inflammatory conditions in adults 

reporting CM. Ergo, higher cell counts of parameters that are associated with 

inflammation (WBC and thrombocytes) can be expected in the CM+ sample 

compared to the CM- sample. Moreover, higher counts of RBC and their 

indices can be expected for the CM+ sample compared to the CM- sample, 
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since childhood maltreatment-related physical problems, like head aches 

and circulatory disorders, are related to a higher blood viscosity.  

Respecting former research, which disclosed imbalances that are caused by 

or related to a history of pediatric abuse and neglect surveying the CBC, and 

bearing the biologic entity of an intergenerational transmission of CM in 

mind, the following hypotheses can be generated:  

Hypothesis (1)  

There is a relation between CM experiences as quantified by the CTQ and the 

CBC parameters of mothers. 

 

Hypothesis (2)  

There is a relation between maternal CM experiences as quantified by the 

CTQ and the CBC parameters of newborns. 

 

Hypothesis (3)  

In contrast to mothers without CM experiences, mothers with such a history 

exhibit higher cell counts of 

• leukocytes (eosinophil, neutrophil and basophil granulocytes, 

lymphocytes and monocytes) 

• erythrocytes and elevated values of their indices (Hb, Hk, MCV, MCH, 

MCHC) 

• thrombocytes and an elevated MTV. 

 

Hypothesis (4)  

In contrast to offspring of non-maltreated women, infants of mothers who 

endured abuse and neglect in their childhood present themselves with 

higher cell counts of  
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• leukocytes (eosinophil, neutrophil and basophil granulocytes, 

lymphocytes and monocytes) 

• erythrocytes and elevated values of their indices (Hb, Hk, MCV, MCH, 

MCHC) 

• thrombocytes and an elevated MTV. 

 

Hypothesis (5)  

The child’s cell numbers in all three cell lines are correlated with the 

corresponding mother’s cell counts. 
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2 Methods and material  

2.1 General information about the study 

The sample of this dissertation was recruited within the BMBF-funded study 

“My Childhood-Your Childhood”, which was designed in order to detect and 

analyze the influences of childhood experiences on mothers and their 

newborns from a psychological and biological point of view. In this context, it 

is already assumed that traumatizing pediatric events have perpetuating 

effects on the women’s physiology, but further investigation on the impact 

concerning pregnancy and intergenerational transmission is rare. The project 

“My Childhood-Your Childhood” targets this barely charted connection, 

aiming to identify missing elements of the momentous cascade that is 

initiated at the beginning of a life and progresses perennially. 

There are three surveys to collect psychological data and biological probes 

during the first year after childbirth. The first one (t0) was during the first 

week after childbirth, the second one (t1) three months after childbirth and 

the last one (t2) took place 12 months after childbirth, respectively. The 

relevant biological probes (blood samples) and the psychological data that 

are employed in this doctor’s thesis were collected and assessed at t0. 

The study “My childhood-Your childhood”, including the collection of 

biologic material from human beings, was approved by the Ethics Committee 

of Ulm University (application number 133/13).  

2.2 Exclusion criteria 

Reasons for exclusion from the study, before the screening interview took 

place, were insufficient knowledge of the German language, maternal age 

under 18 and immature newborns with a birth weight under 2700g. Further 
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reasons were a child given up for adoption, as well as an instable health 

status of the mother or the newborn. Moreover, some women were 

released from the clinic before any contact could be established. 

2.3 Procedure  

Recruitment took place at Ulm University’s gynecological hospital at 9:00 am 

and 1:00 pm each day from October 2013 until December 2015. A total 

amount of 5,428 women gave birth during this time. After checking for 

exclusion factors (excluded: N=1,049 (19. 3%)), all women were addressed 

but three who were released without in-patient treatment (N=4,376). First, 

the women were informed about the study, then they could voluntarily 

participate in an about 25 minutes lasting screening interview, either at a 

private room at the hospital or in form of a telephone interview at home. 

Either way, written consents about both taking part in the study and giving 

biological samples needed to happen while in the clinic. The women, who 

were addressed, gave either no reason for not participating (N=897 (16. 5%)) 

or stated the following: No interest (N=1,216 (22. 4%)), no time (N=836 (15. 

4%)), release from hospital (N=357 (6. 7%)), too much confrontation with 

various studies (N=75 (1. 4%)) or other reasons (N=399 (7.4%)). Moreover 

there is no specification at all from 46 women (0. 8%) and 17 women (0. 3%) 

were unavailable for the arranged telephone interview. Altogether 533 

women (9. 8%) attended an interview. 

2.4 The screening interview 

The screening interview took place in a private room, where other people 

than the mother, her newborn/-s and the psychologically skilled interviewer 

were excluded. In addition, telephone interviews were offered to those 

mothers who would rather not be interviewed in the clinic. The interviewer 
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read the questions in a standardized way to the mother and marked her 

answer on the questionnaire. All women were informed about the possibility 

of receiving psychological help, in case that the interview causes any kind of 

indisposition or disturbance. 

Purpose of the interview was gaining a first general insight into the mother’s 

childhood until her 18th birthday and her experiences during pregnancy. 

First, socio-demographic data were recorded and psycho-social risk factors 

were determined by KINDEX (Schauer & Ruf- Leuschner, submitted), which 

includes also the Perceived Stress Scale-4 (Cohen et al., 1983). Both are 

important considering potential confounders for the statistical analysis. 

Regarding statistics, it also had to be assessed whether the women had 

experienced childhood trauma or not, which was done utilizing the 

Childhood Trauma Questionnaire-Short Form (Bader et al., 2009). 

2.5 Instruments 

2.5.1 Childhood Trauma Questionnaire-Short Form (CTQ) 

For this study, the German version of the Childhood Trauma Questionnaire-

Short Form (CTQ; Bader et al., 2009) was employed, because of its high test-

retest reliability over time and its high validity (Bernstein et al., 1994; 

Bernstein et al., 1997). This widely-used and internationally accepted 

screening instrument consists of 28 items subdivided into five classes with 

five items each. The five-factor model assesses different types of childhood 

trauma, namely physical, emotional and sexual abuse, just as physical and 

emotional neglect. The scale about physical abuse provides information 

about physical violence by the family against the child. Moreover, the 

elements about emotional abuse highlight the dimension of rejection and 

verbal injury; and the extent of sexual abuse is detected, respectively. 
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Furthermore, there are statements to inquire the degree of physical neglect, 

for instance a lack of parental care; and different levels of emotional neglect, 

for example the missing of feelings, like love and belonging, are uncovered. 

Additionally, there are three elements creating a denial/ trivialization scale 

to detect someone’s tendency to express exaggerated, desirable answers.  

Possible responses to each item, reflecting the subjective experienced 

frequency of childhood trauma, reach from 1 “never true” to 5 “very often 

true”. Hence a sum for each subscale can be calculated, whereby a result of 

0 means no trauma at all, 1 stands for minimal trauma experiences, 2 

represents moderate and 3 massive childhood maltreatment. To allow the 

dichotomization into two groups, a cut-off was established at moderate 

trauma experience. Consequently, the women who had results between 0 

and 1 qualified for CM- (no childhood maltreatment group), whereas the 

women who reached at least moderate trauma in one of those five 

subclasses were defined as CM+ (childhood maltreatment group). 

2.5.2 The Perceived Stress Scale-4 (PSS4) 

With the PSS4 (Cohen et al., 1983), a four item version of the Perceived 

Stress Scale which is included in KINDEX (Schauer & Ruf- Leuschner, 

submitted), a survey on the maternal endured stress during the last four 

weeks (the month prior to child birth) was performed. Its items being rated 

on a five-point Likert Scale, this self-report questionnaire assesses maternal 

self-estimation on her recent capability to retain control of her life and to 

manage upcoming problems. Aiming to prevent maternal exhaustion during 

the screening interview and avoiding to max her patience out, this brief 

version of the original PSS represents a suitable tool, even though its 

Cronbach’s alpha is only marginally acceptable (Lee, 2012). 
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2.6 Biological probes  

With written maternal consent, umbilical cord blood and/ or maternal blood 

was taken stationary, unless no infection with HIV, Hepatitis B or Hepatitis C 

was documented. Drawing umbilical cord blood ended on April 30th, 2015. 

Samples of women reporting any blood transfusion during pregnancy or 

labor were dismissed. The umbilical cord blood samples, which are mixed 

arterial and venous, were taken in the delivery room by qualified personnel, 

and mothers contributed their venous blood samples at the ward into EDTA 

tubes. The probes were purified by the biological laboratory of the Clinical 

and Biological Psychology Department of Ulm University. After that, whole 

blood counts were generated mechanically by the Institute for Clinical 

Chemistry at Ulm University. 

2.7 Blood cell count items 

In the dissertation at hand, 19 items of the blood cell counts were utilized for 

statistical analysis, namely  

• Leucocytes (absolute count) 

• Eosinophils (absolute and relative count) 

• Basophils (absolute and relative count) 

• Neutrophils (absolute and relative count) 

• Monocytes (absolute and relative count) 

• Lymphocytes (absolute and relative count) 

 

• Erythrocytes (absolute count) 

• Mean Corpuscular Volume (MCV) 

• Mean Corpuscular Hemoglobin Concentration (MCHC) 
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• Mean Corpuscular Hemoglobin (MCH) 

• Hematocrit 

• Hemoglobin 

 

• Thrombocytes (absolute count) 

• Mean Platelet Volume (MPV/ MTV) 

The data of blood cell counts are either measured or calculated from 

measured elements. Hence, if one measurement failed, there might be other 

items missing that would have been calculated from it. 

2.8 Sample  

In an interview at t0, socio-demographic and psychological data were 

collected, in particular with the Childhood Trauma Questionnaire (Bader et 

al., 2009) which enabled the assignment of mothers to the CM+ or CM- 

group based on the cut-off score for moderate abuse and neglect. 

Additionally, blood was drawn from women and umbilical cord blood was 

collected from their children. 

A total amount of 307 women provided blood at t0 and was checked for 

diseases and medication that could affect the blood cell counts. 

Consequently 23 blood samples had to be excluded (N=4: Acute illness; N=8: 

Chronic diseases; N=5: Medical risk factors, like coagulation disorders; N=6: 

Medication), resulting in a pool of 284 women with whom correlation 

analyses could be performed. Regarding covariates for the further intended 

statistical analyses (ANOVA, regression analyses), one woman’s information 

about the perceived recent stress was missing and the questionnaires of 

three other women lacked information about the way of delivery (caesarian 
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or spontaneous delivery). Thus, those four participants had to be excluded. 

Moreover, three of the remaining 280 women had to be dismissed because 

information on their psychologic diagnoses (depression) was missing. To 

summarize, a sample consisting of N=277 women remained for ANOVA and 

regression analyses.  

The drawing of umbilical cord blood was ceased on April 30th, 2015. Until 

then, 248 blood cell counts were collected. Eight counts were dismissed, 

because they came from twins, two counts were excluded, because they 

were both assigned to the same child and it was unclear, which one was the 

right one. From the residual 238 blood cell counts, 20 were not usable for 

statistical analysis, since the socio-demographic and psychological data were 

missing, and nine children had to be excluded because of their mother’s 

medication during pregnancy which might cause blood count alterations. An 

actual count of N=209 newborns built the pool with which correlation 

analyses could be realized. Furthermore, one neonate’s data collection was 

lacking the mother’s perceived stress information, in two cases it was not 

determined by which kind of delivery process the child was born and two 

children’s mothers’ questionnaires provided no information on past 

psychologic diagnoses. In sum, a sample of N=204 resulted for ANOVA and 

regression analyses.  

Given the two forecited pools for correlation analyses that could be searched 

for corresponding maternal and neonatal blood cell counts, an actual 

amount of 126 mother-child-pairs crystallized. 101 mother-child-pairs (80. 

2%) were allocated to the CM- group and 25 couples (19. 8%) to the CM+ 

group, respectively.  

2.9 Data analysis 
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Data analysis was conducted with IBM SPSS Statistics 21 (IBM Corp., 2012) 

for the descriptive statistics and correlation analyses between mother-child-

pairs; ANOVA and regression analyses were operated using R 3.2.3 (The R 

Foundation, 2015). For hypothesis testing, the level of significance was 

defined as 5% (α=0.05). To counteract the problem of multiple testing, the p-

values were adjusted employing the false discovery rate (FDR; Hochberg & 

Benjamini, 1995). Throughout this thesis, decimal places are rounded off to 

two digits, unless the value is lower than .005, then it is rounded off to three 

digits. 

2.10 Operationalization 

The parameters of the CBC were the dependent variables, whereby the 

reported CM experiences were the independent variable. There are two 

characteristic features of the independent variable, namely being burdened 

with a history of childhood abuse and neglect (CM+), or being not affected 

by childhood maltreatment (CM-), both mathematically separated by the 

aforementioned moderate cut-off. Moreover, without artificially splitting the 

sample, the sum scores reached in the CTQ also represent a continuous 

independent variable. Potential covariates that might have influenced the 

quantity of blood cells consisted of maternal age (in years), pregnancy 

duration (in days), the child’s sex (female or male), the nature of child birth 

(spontaneous, caesarean, emergency caesarean), recent cigarette smoking 

(yes or no) and recent subjectively perceived maternal stress (cumulative 

total sum of scores on the PSS4 (Cohen et al., 1983)), as well as a past 

diagnosis with depression.  

2.11 Testing the requirements for parametric analyses  
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Analysis of variance, correlation and regression analyses are usually based on 

the assumption that the residuals examined follow a normal distribution. 

Investigating the given samples with Shapiro-Wilk-tests and Breusch-Pagan 

(BP)-tests, it became obvious that various variables were non-normally 

distributed. However, the central limit theorem, which indicates that 

violating this requirement will not cause major effects if the sample 

investigated is large enough, permitted nevertheless implementing those 

parametric statistical models in this dissertation (Ghasemi & Zahediasl, 

2012). Exclusively the selection of the correlation coefficient (Pearson’s r or 

Kendall’s τ) depended on the check for a normal distribution. 

2.12 Statistical analyses  

To examine the relationship between CM (CTQ sum score) and the 

parameters of the CBC, namely leucocytes (absolute count), eosinophils 

(absolute and relative count), basophils (absolute and relative count), 

neutrophils (absolute and relative count), monocytes (absolute and relative 

count), lymphocytes (absolute and relative count), erythrocytes (absolute 

count), mean corpuscular volume (MCV), mean corpuscular hemoglobin 

concentration (MCHC), mean corpuscular hemoglobin (MCH), hematocrit, 

hemoglobin, thrombocytes (absolute count) and mean platelet volume 

(MPV/ MTV) linear regression analyses were conducted. Covariates in the 

context of the mothers’ sample were: Maternal age (in years), pregnancy 

duration (in days), the nature of child birth (spontaneous, caesarean, 

emergency caesarean), recent cigarette smoking (yes or no) and recent 

subjectively perceived maternal stress (cumulative total sum of scores on the 

PSS4 (Cohen et al., 1983)), as well as a past diagnosis of depression. 

Covariates considered in the analysis of the offspring’s data were equal to 

their mother’s, but further included the child’s sex. 
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Realizing the group comparisons between CM+ and CM- women and their 

infants, respectively, ANOVA of type II were conducted. When working with 

imbalanced samples and assuming the absenteeism of interactions, 

particularly this type of ANOVA is appropriate. Hereby, two nested models 

were compared to obtain information about the main effect of CM, while 

correcting for the covariates enumerated above (Scholer, 2016).  

Additionally, correlation analyses were performed to explore the extension 

of the relationship between maternal and infantile items of the blood count. 

Three parameters (Hb, relative Lymphocyte count and MTV) revealed no 

deviance from normality for both maternal and infantile values; hence, they 

could be further analyzed applying Pearson’s correlation coefficient. For the 

remaining parameters Kendall’s τ correlations were used.  
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3 Results 

3.1 Descriptive data analyses 

Mothers 

Regarding the total CTQ sum score, the N=284 women reached a mean 

count of 32.15 points (SD=10.54; Range: [25; 96]) (Figure 1). Applying the 

moderate cut-off of the CTQ, a total of N=228 women (80.3%) without at 

least moderate maltreatment experiences in one subscale of the CTQ 

crystallized. In turn, N=56 (19.7%) were integrated in the CM- group.  

Children 

Concerning the children’s sample (N=209), the mean maternal CTQ sum 

score was 32.60 points (SD=11.09; Range: [25; 85]) (Figure 2). With respect 

to the moderate cut-off, a quantity of N=164 children (78.47%) was assigned 

to the CM- group, while N=45 infants (21.53%) were matched to the CM+ 

group, respectively.  

Biological parameters 

Table 1 and 2 give an overview on the total number, minimum and maximum 

values, as well as their mean and SD. It has to be emphasized that deviations 

from the total sample size (mothers: N=284; children: N=209) developed due 

to failed measurements. Especially in the context of the infantile blood 

counts, there was no blood count that was not missing any parameter, 

resulting in a maximum N=208 in the final analyses.  
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Figure 1. Frequency distribution of the CTQ (Childhood Trauma Questionnaire-

Short Form) sum score within the maternal sample (all data were collected at Ulm 

University’s gynecological hospital between October 2013 and December 2015)                     

Figure 2. Frequency distribution of the maternal CTQ (Childhood Trauma 

Questionnaire-Short Form) sum score within the infant’s sample (all data were 

collected at Ulm University’s gynecological hospital between October 2013 and 

December 2015)    
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Table 1. Descriptive data on the maternal sample (CBC=complete blood cell count, N=number, Min/ Max=smallest/highest value, SD=standard deviance, CM-/ CM+=group 

without/with reported childhood maltreatment, rel.=relative, m=million, MCV=mean corpuscular volume, MCHC=mean corpuscular hemoglobin concentration, MCH=mean 

corpuscular hemoglobin, MTV=mean thrombocyte volume; all data were collected at Ulm University’s gynecological hospital between October 2013 and December 2015) 

(reference ranges from Foerster, 1999, pp. 2738, 2742) 

Cell type 
Maternal CBC 

N Min  Max Mean SD N  
(CM-) 

Min 
( CM-) 

Max 
(CM-) 

Mean 
( CM-) 

SD 
( CM-) 

N  
( CM+) 

Min 
(CM+) 

Max 
(CM+) 

Mean 
(CM+) 

SD 
(CM+) 

Reference 
range 

Leucocytes (*1000/ µl) 284 4.3 19.0 10.27 2.58 228 4.3 18.2 10.20 2.54 56 6.7 19.0 10.58 2.72 4.4-11.3 

Eosinophils absolute 
(*1000/ µl) 

282 0.00 0.74 0.22 0.12 226 0.00 0.74 0.21 0.13 56 0.03 0.44 0.22 0.09 0.00-0.30 

Eosinophils rel. (%) 282 0.0 7.9 2.17 1.17 226 0.0 7.9 2.16 1.21 56 0.4 4.9 2.20 0.97 0.0-4.4 

Basophils absolute 
(*1000/ µl) 

282 0.00 0.10 0.03 0.02 226 0.0 0.10 0.03 0.16 56 0.0 0.08 0.03 0.01 0.01-0.09 

Basophils rel. (%) 282 0.0 1.1 0.27 0.15 226 0.0 1.1 0.27 0.15 56 0.0 0.8 0.28 0.15 0.2-1.2 

Neutrophils absolute 
(*1000/ µl) 

282 2.7 14.4 7.42 2.12 226 2.7 14.4 7.39 2.15 56 4.1 14.2 7.56 2.04 1.31-6.71 

Neutrophils rel. (%) 282 49.5 88.8 71.86 5.95 226 49.5 88.8 71.96 6.06 56 57.4 82.9 71.45 5.48 45.5-73.1 

Monocytes absolute 
(*1000/ µl)  

282 0.2 1.7 0.61 0.23 226 0.2 1.7 0.61 0.22 56 0.2 1.5 0.63 0.24 0.0-0.5 

Monocytes rel. (%) 282 2.1 10.3 5.99 1.57 226 2.1 10.3 5.98 1.60 56 2.7 9.8 6.01 1.43 0.7-7.5 
Lymphocytes absolute 

(*1000/ µl)  
282 0.4 6.5 1.99 0.66 226 0.4 6.0 1.96 0.60 56 0.9 6.5 2.13 0.85 1.2-3.5 

Lymphocytes rel. (%) 282 6.4 38.6 19.71 5.11 226 6.4 38.6 19.63 5.17 56 10.5 36.6 20.06 4.88 22.3-49.9 
Erythrocytes (m/ µl) 284 2.3 5.1 3.74 0.53 228 2.3 5.1 3.73 0.50 56 2.4 5.1 3.78 0.64 4.5-5.1 

MCV (fl) 284 66.1 116.9 90.17 7.44 228 66.1 116.9 90.44 7.48 56 73.8 108.9 89.07 7.22 80-96 
MCHC (g/dl) 284 23.8 35.5 32.17 1.79 228 23.8 35.5 32.24 1.74 56 25.3 34.6 31.88 1.95 33.4-35.5 

MCH (pg) 284 18.6 33.9 28.97 2.35 228 18.6 33.9 29.11 2.27 56 21.8 32.3 28.37 2.57 27.5-33.2 
Hematocrit (%) 284 0.21 0.51 0.34 0.05 228 0.22 0.50 0.34 0.05 56 0.21 0.51 0.33 0.06 36-45 

Hemoglobin (g/dl) 284 6.6 15.2 10.79 1.59 228 7.1 15.2 10.83 1.54 56 6.6 14.7 10.65 1.78 12.3-15.3 

Platelets (*1000/ µl) 284 122.0 511.0 246.62 62.52 228 122.0 425.0 243.06 61.05 56 167.0 511.0 261.13 66.82 150-450 
MTV (fl) 276 7.7 13.4 10.99 1.00 223 7.7 13.1 10.93 0.98 53 9.2 13.4 11.25 1.07 6,8-10 
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Table 2. Descriptive data on the infantile sample (CBC=complete blood cell count, N=number, Min/ Max=smallest/highest value, SD=standard deviance, CM-/ CM+=group 

without/with reported childhood maltreatment, rel.=relative, m=million, MCV=mean corpuscular volume, MCHC=mean corpuscular hemoglobin concentration, MCH=mean 

corpuscular hemoglobin, MTV=mean thrombocyte volume; all data were collected at Ulm University’s gynecological hospital between October 2013 and December 2015) 

(reference ranges from 1Bartmann et al., 2012, p. 97; 2Children’s Minnesota, n.d.; 3Foerster, 1999, pp. 2739, 2743; 4Kulozik & Kunz, 2012) 

Cell type 
Infantile CBC 

N Min Max Mean SD N  
(CM-) 

Min 
(CM-) 

Max 
(CM-) 

Mean 
(CM-) 

SD 
(CM-) 

N 
(CM+) 

Min 
(CM+) 

Max 
(CM+) 

Mean 
(CM+) 

SD 
(CM+) 

Reference 
range 

Leucocytes (*1000/ µl) 208 3.9 26.3 14.85 4.13 163 6.0 26.3 15.09 4.11 45 3.9 24.7 14.00 4.14 18.0-30.0 

Eosinophils absolute 
(*1000/ µl) 

171 0.0 1.4 0.42 0.25 135 0.0 1.4 0.43 0.26 36 0.0 1.0 0.36 0.23 10.02-0.85 

Eosinophils rel. (%) 171 0.0 9.3 2.89 1.63 135 0.5 9.3 2.95 1.62 36 0.0 7.8 2.64 1.67 20-2 

Basophils absolute 
(*1000/ µl) 

173 0.00 0.63 0.07 0.08 135 0.00 0.63 0.07 0.08 38 0.00 0.25 0.06 0.06 10-0.64 

Basophils rel. (%) 173 0.0 4.9 0.51 0.60 135 0.0 4.6 0.50 0.54 38 0.0 0.49 0.52 0.79 20-1 

Neutrophils absolute 
(*1000/ µl) 

170 1.6 19.9 8.63 3.00 134 1.6 19.9 8.67 3.02 36 2.0 18.4 8.46 2.96 16.0-26 

Neutrophils rel. (%) 170 32.1 74.8 58.61 8.54 134 32.1 74.8 58.43 8.81 36 44.8 74.4 59.29 7.57 242-80 

Monocytes absolute 
(*1000/ µl) 

171 0.1 3.2 1.28 0.56 135 0.1 3.0 1.29 0.55 36 0.5 3.2 1.23 0.60 10.40-3.9 

Monocytes rel. (%) 171 1.2 19.8 8.70 2.69 135 1.2 19.8 8.70 2.61 36 4.0 18.7 8.71 3.00 25-7 

Lymphocytes absolute 
(*1000/ µl) 

170 1.2 8.4 4.20 1.44 134 1.2 8.0 4.23 1.39 36 1.3 8.4 4.08 1.62 12.0-11 

Lymphocytes rel. (%) 170 12.5 51.0 29.27 7.72 134 12.5 51.0 29.39 7.96 36 14.6 43.8 28.86 6.81 219-29 

Erythrocytes (m/ µl) 208 3.4 5.7 4.44 0.43 163 3.4 5.6 4.46 0.42 45 3.5 5.7 4.36 0.45 14.1-7.5 
MCV (fl) 208 103.8 134.5 117.64 5.93 163 103.8 134.5 117.60 6.01 45 105.2 128.4 117.76 5.67 4101-119 

MCHC (g/dl) 208 25.0 34.6 30.03 1.40 163 26.4 34.6 30.08 1.36 45 25.0 33.3 29.87 1.54 330-36 
MCH (pg) 208 31.4 39.2 35.28 1.41 163 31.9 39.2 35.32 1.34 45 31.4 38.8 35.12 1.65 331-37 

Hematocrit (%) 208 0.40 0.64 0.52 0.05 163 0.40 0.64 0.52 0.05 45 0.42 0.64 0.51 0.05 10.44-0.64 

Hemoglobin (g/dl) 207 11.0 19.8 15.64 1.55 162 12.2 19.8 15.73 1.52 45 11.0 19.3 15.33 1.66 116-22 
Platelets (*1000/ µl) 208 104.0 470.0 279.26 61.33 163 128.0 442.0 275.97 59.18 45 104.0 470.0 291.20 67.92 1140-190 

MTV (fl) 165 7.9 14.1 10.94 0.90 132 9.0 14.1 10.92 0.88 33 7.9 13.3 10.99 0.98 36.8-10 
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3.2 Hypothesis (1) 

Relationship between maternal CM experiences and her CBC’s parameters 

Table 3 (pp. 62-63) presents the results of the multiple linear regression 

analyses on the maternal CBC’s values in response to the sum of scores 

obtained in the CTQ, making allowance for the effects of covariates. A 

significant positive association between CM and maternal MTV (p=0.04, 

b=0.02) was found, but none of the other CBC parameters was significantly 

influenced by the CTQ sum of scores.  

 

 

Figure 3. Significant positive association between the maternal CTQ (Childhood Trauma 

Questionnaire-Short Form) sum score and the maternal MTV (mean thrombocyte volume, 

fl=femtoliter, ẞ=beta coefficient=standardized regression coefficient, p=significance, 

pBH=significance after the correction of p-values for multiple comparisons employing the false 

discovery rate; all data were collected at Ulm University’s gynecological hospital between October 

2013 and December 2015) 
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Moreover, significant influence on the absolute numbers of leukocytes, 

lymphocytes and basophils was observed for caesarian; and significant 

impact on the absolute count of thrombocytes and eosinophils was observed 

for pregnancy duration. No other covariate (smoking, maternal age, 

emergency caesarian, maternal stress, depression) was significantly 

associated with any parameter of the CBC. 

3.3 Hypothesis (2) 

Relationship between maternal CM experiences and her offspring’s CBC 

The results of the regression analyses undertaken are shown in Table 4 (pp. 

64-66). Refuting hypothesis (2), the CTQ’s sum score did not predict any 

parameter of the CBC in the sample of newborns. 

 

Figure 4. No significant association between the maternal CTQ (Childhood Trauma Questionnaire-

Short Form) sum score and the infantile MTV (mean thrombocyte volume, fl=femtoliter, ẞ=beta 

coefficient=standardized regression coefficient, p=significance, pBH=significance after the 

correction of p-values for multiple comparisons employing the false discovery rate; all data were 

collected at Ulm University’s gynecological hospital between October 2013 and December 2015) 
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Regarding covariates, the pregnancy duration was a significant predictor of 

the absolute count of neutrophils and leukocytes, as well as the relative 

count of neutrophils and basophils. Caesarian was observed to have 

significant impact on the leukocyte count; and emergency caesarian did 

significantly predict the absolute lymphocyte and monocyte count, just as 

the relative counts of lymphocytes and neutrophils. The other covariates 

(smoking, maternal age, maternal stress, the child’s sex, maternal 

depression) did not significantly influence any parameter of the CBC.  

3.4 Hypothesis (3) 

Comparisons between CM+ and CM- women regarding their CBC 

 

 

Figure 5. Distribution of the mean thrombocyte volume (MTV; fl=femtoliter) comparing women 

with a history of childhood maltreatment (CM+ sample) to women without such traumata (CM- 

sample) presented in beanplots with overlaying boxplots (all data were collected at Ulm 

University’s gynecological hospital between October 2013 and December 2015) 
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For results of ANOVA type II see Table 5 (p. 67). Comparing the two groups of 

women, a significant influence of CM on the MTV (p=0.02, partial η2=0.02, 

F(1, 260)=0.02) was found within the framework of the explorative data 

analyses. The MTV was significantly higher for CM+ women (M±SD: 

10.92±0.98 fl) compared to CM- women (M±SD: 11.29±1.07 fl). However, 

this effect would not survive a correction of p-values for multiple 

comparisons employing the FDR. All ANOVA were calculated accounting for 

the same covariates as in the respective regression analyses (see 3.2). 

3.5 Hypothesis (4) 

Comparisons between children of CM+ and CM- women regarding their 

CBCs 

Note Table 6 for all results (p. 68). Prior to and after the correction for 

multiple testing employing the FDR, no significant differences between the 

samples regarding their CBCs were found. The covariates accounted for are 

analogue to those in the regression analyses (see 3.3). 
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3.6 Hypothesis (5) 

Correlating mothers’ and children’s CBCs 

Table 7. Results of the correlation analyses between corresponding maternal and infantile 

parameters of the CBC (N=number of mother-child-pairs, r=Pearson’s correlation coefficient, 

τ=Kendall’s τ, p=significance, abs.=absolute count, rel.=relative count, MCV=mean corpuscular 

volume, MCHC=mean corpuscular hemoglobin concentration, MCH=mean corpuscular 

hemoglobin, MTV=mean thrombocyte volume; all data were collected at Ulm University’s 

gynecological hospital between October 2013 and December 2015) 

 

Cell type N  τ r p 
Leucocytes 125 0.15  0.01 

Eosinophils (abs.) 108 0.03  0.66 
Eosinophils (rel.) 108 0.07  0.27 
Basophils (abs.) 108 -0.001  0.99 
Basophils (rel.) 108 0.07  0.36 

Neutrophils (abs.) 108 0.15  0.02 
Neutrophils (rel.) 108 0.06  0.34 
Monocytes (abs.) 108 0.05  0.45 
Monocytes (rel.) 108 0.07  0.32 

Lymphocytes (abs.) 108 0.03  0.63 
Lymphocytes (rel.) 108  0.05 0.62 

Erythrocytes 125 -0.07  0.30 
MCV 125 -0.01  0.88 

MCHC 125 0.08  0.18 
MCH 125 0.05  0.39 

Hematocrit 125 -0.12  0.07 
Hemoglobin 124  -0.10 0.27 

Thrombocytes 125 0.004  0.95 
MTV 100  0.11 0.26 

 

Since the tests for normality (Shapiro-Wilk) showed that Hb, relative 

lymphocytes’ count and MTV do not deviate from normality in both the 

maternal and the infantile CBCs, Pearson’s correlation coefficient r was 

employed here. For the remaining analyses, Kendall’s τ was utilized. 

A significant positive correlation was found between maternal and infantile 

leukocytes’ counts (N=125, τ=0.15, p=.01) and their absolute quantity of 

neutrophils (N=108, τ=0.15, p=.02). 
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Table 3. Regression analyses with maternal data (CTQ sum=maternal CTQ sum score, smoking=mother smoked cigarettes recently, caesarian=the latest child was delivered by a caesarian, 

maternal stress=perceived recent stress examined with the Perceived Recent Stress Scale-4, depression=maternal life-time diagnosis of depression, CBC=complete blood cell count, abs.=absolute 

count, rel.=relative count, MCV=mean corpuscular volume, MCHC=mean corpuscular hemoglobin concentration, MCH=mean corpuscular hemoglobin, MTV=mean thrombocyte volume, 

est.=estimate=b, p.BH=p value adjusted for multiple testing using the procedure of Benjamini-Hochberg; all data were collected at Ulm University’s gynecological hospital between October 2013 

and December 2015) 

 

 CTQ sum       Smoking    Maternal 
age 

   Caesarian    

Cell type 
(maternal CBC) 

est. t p p.BH F R²  R² 
adj. 

est. t p p.BH est. t p p.BH est. t p p.BH 

Basophils (abs.) 0.000 1.35 0.18 0.68 2.36 0.18 0.11 0.001 0.30 0.77 0.81 0.000 0.280 0.78 0.85 -0.01 -2.77 0.01 0.04 

Basophils (rel.) 0.001 0.91 0.36 0.72 1.11 0.10 0.01 -0.04 -0.96 0.34 0.54 0.002 0.92 0.36 0.85 -0.03 -1.38 0.17 0.54 

Eosinophils (abs.) 0.000 -0.44 0.66 0.80 1.46 0.12 0.04 -0.02 -0.61 0.54 0.68 0.000 0.22 0.83 0.85 -0.02 -1.01 0.31 0.70 

Eosinophils (rel.) -0.01 -0.89 0.38 0.72 1.59 0.13 0.05 -0.46 -1.54 0.13 0.45 0.01 0.35 0.73 0.85 0.07 0.44 0.66 0.84 

Erythrocytes 0.001 0.31 0.76 0.850 0.57 0.05 -0.04 0.08 0.53 0.59 0.71 0.004 0.49 0.63 0.85 -0.03 -0.44 0.66 0.84 

Hematocrit 0.000 -0.13 0.89 0.94 0.60 0.05 -0.04 0.02 1.19 0.24 0.45 0.001 1.19 0.23 0.85 -0.001 -0.10 0.92 0.92 

Hemoglobin -0.004 -0.42 0.67 0.80 0.33 0.03 -0.06 0.51 1.22 0.22 0.45 0.03 1.39 0.16 0.85 -0.13 -0.55 0.58 0.84 

Leukocytes 0.03 1.80 0.07 0.46 4.10 0.28 0.21 1.76 2.68 0.01 0.13 -0.02 -0.49 0.63 0.85 -1.23 -3.42 0.001 0.01 

Lymphocytes (abs.) 0.002 0.53 0.60 0.80 2.93 0.22 0.14 0.36 2.11 0.04 0.23 -0.01 -0.87 0.38 0.85 -0.33 -3.52 0.001 0.01 

Lymphocytes (rel.) -0.03 -1.03 0.31 0.72 0.91 0.08 -0.01 -0.95 -0.71 0.48 0.65 -0.09 -1.18 0.24 0.85 -0.72 -0.97 0.33 0.70 

MCH -0.02 -1.00 0.32 0.72 1.22 0.10 0.02 0.82 1.34 0.18 0.45 0.06 1.71 0.09 0.85 -0.09 -0.26 0.80 0.92 

MCHC -0.01 -0.51 0.61 0.80 0.81 0.07 -0.02 0.02 0.05 0.96 0.96 0.01 0.43 0.67 0.85 -0.27 -1.04 0.30 0.70 

MTV 0.02 3.12 0.002 0.04 1.34 0.12 0.03 -0.19 -0.73 0.47 0.65 -0.003 -0.19 0.85 0.85 -0.09 -0.64 0.53 0.84 

Monophils (abs.) 0.003 2.16 0.03 0.30 2.11 0.17 0.09 0.08 1.38 0.17 0.45 -0.003 -0.81 0.42 0.85 -0.06 -2.01 0.05 0.17 

Monophils (rel.) 0.01 1.06 0.29 0.72 0.19 0.02 -0.08 -0.17 -0.41 0.69 0.77 -0.01 -0.63 0.53 0.85 0.04 0.16 0.87 0.92 

Neutrophils (abs.) 0.02 1.64 0.10 0.49 2.98 0.22 0.15 1.36 2.49 0.01 0.13 -0.01 -0.31 0.76 0.85 -0.77 -2.55 0.01 0.05 

Neutrophils (rel.) 0.03 0.74 0.46 0.79 0.76 0.07 -0.02 1.62 1.03 0.30 0.53 0.09 1.08 0.28 0.85 0.64 0.74 0.46 0.84 

Thrombocytes -0.02 -0.06 0.95 0.95 1.04 0.09 0.004 25.96 1.63 0.10 0.45 0.50 0.59 0.56 0.85 1.59 0.18 0.86 0.92 

MCV -0.03 -0.67 0.50 0.80 1.01 0.09 0.001 2.44 1.25 0.21 0.45 0.15 1.42 0.16 0.85 0.61 0.57 0.57 0.84 
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 Emergency  
caesarian 

   Pregnancy 
duration 

   Maternal 
stress 

   De-
pression 

    

Cell type 
(maternal CBC) 

est. t p p.BH est. t p p.BH est. t p p.BH est. t p p.BH 

Basophils (abs.) -0.01 -1.68 0.09 0.26 0.000 -2.30 0.02 0.14 0.000 -1.09 0.28 0.71 -0.01 -1.52 0.13 0.98 

Basophils (rel.) -0.03 -0.75 0.45 0.61 -0.001 -1.50 0.13 0.37 -0.003 -0.93 0.36 0.71 -0.05 -1.57 0.12 0.98 

Eosinophils (abs.) 0.05 1.30 0.20 0.37 -0.002 -2.92 0.004 0.04 -0.003 -1.14 0.26 0.71 0.01 0.31 0.76 0.98 

Eosinophils (rel.) 0.75 2.30 0.02 0.20 -0.01 -2.15 0.03 0.15 -0.02 -0.77 0.44 0.71 0.07 0.29 0.78 0.98 

Erythrocytes 0.08 0.50 0.62 0.73 -0.003 -1.14 0.26 0.54 -0.03 -2.00 0.05 0.29 0.00 0.03 0.98 0.98 

Hematocrit -0.001 -0.10 0.92 0.92 0.000 -0.48 0.63 0.75 -0.003 -2.34 0.02 0.19 0.00 0.07 0.95 0.98 

Hemoglobin -0.36 -0.81 0.42 0.61 -0.01 -0.60 0.55 0.69 -0.10 -2.58 0.01 0.19 -0.01 -0.04 0.97 0.98 

Leukocytes -1.22 -1.71 0.09 0.26 -0.02 -1.67 0.10 0.31 -0.04 -0.60 0.55 0.74 -0.14 -0.27 0.78 0.98 

Lymphocytes (abs.) -0.29 -1.56 0.12 0.28 -0.01 -2.05 0.04 0.16 -0.003 -0.18 0.86 0.87 0.09 0.63 0.53 0.98 

Lymphocytes (rel.) 0.16 0.11 0.92 0.92 -0.02 -0.63 0.53 0.69 0.09 0.72 0.48 0.71 1.13 1.03 0.30 0.98 

MCH -1.48 -2.23 0.03 0.20 0.01 0.91 0.37 0.58 -0.06 -0.98 0.33 0.71 -0.10 -0.20 0.84 0.98 

MCHC -0.88 -1.75 0.08 0.26 -0.002 -0.21 0.83 0.88 -0.03 -0.70 0.48 0.71 -0.16 -0.43 0.67 0.98 

MTV -0.61 -2.16 0.03 0.20 0.000 0.10 0.92 0.92 -0.03 -1.35 0.18 0.68 0.04 0.20 0.84 0.98 

Monophils (abs.) -0.11 -1.70 0.09 0.26 0.000 -0.30 0.76 0.85 -0.002 -0.41 0.68 0.76 -0.05 -1.07 0.29 0.98 

Monophils (rel.) -0.27 -0.59 0.56 0.70 0.01 0.93 0.35 0.58 0.01 0.17 0.87 0.87 -0.22 -0.64 0.52 0.98 

Neutrophils (abs.) -0.89 -1.51 0.13 0.28 -0.01 -1.29 0.20 0.47 -0.03 -0.54 0.59 0.74 -0.03 -0.07 0.94 0.98 

Neutrophils (rel.) -0.60 -0.35 0.72 0.81 0.02 0.75 0.46 0.67 -0.07 -0.49 0.63 0.75 -0.93 -0.73 0.47 0.98 

Thrombocytes 16.26 0.94 0.35 0.55 -1.18 -4.05 0.000 0.001 2.04 1.35 0.18 0.68 12.78 1.01 0.32 0.98 

MCV -2.01 -0.95 0.34 0.55 0.04 1.05 0.29 0.56 -0.13 -0.71 0.48 0.71 0.28 0.18 0.86 0.98 
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Table 4. Regression analyses with infantile data (CTQ sum=maternal CTQ sum score, smoking=mother smoked cigarettes recently, caesarian=the child was delivered by a caesarian, maternal 

stress=perceived recent stress examined with the Perceived Recent Stress Scale-4, depression=maternal life-time diagnosis of depression, CBC=complete blood cell count, abs.=absolute count, 

rel.=relative count, MCV=mean corpuscular volume, MCHC=mean corpuscular hemoglobin concentration, MCH=mean corpuscular hemoglobin, MTV=mean thrombocyte volume, est.=estimate=b, 

p.BH=p value adjusted for multiple testing using the procedure of Benjamini-Hochberg; all data were collected at Ulm University’s gynecological hospital between October 2013 and December 

2015) 

 

 

 

 

 

 

 

 

 

 

 CTQ sum       Smoking    Maternal 
age 

   Caesarian    

Cell type 
(infantil CBC) 

est. t p p.BH F R²  R²  
adj. 

est. t p p.BH est. t p p.BH est. t p p.BH 

Basophils (abs.) 0.000 -0.75 0.46 0.81 0.79 0.10 -0.03 0.04 1.63 0.11 0.83 0.001 0.84 0.40 1.00 0.02 1.48 0.14 0.29 

Basophils (rel.) -0.01 -1.14 0.26 0.81 1.07 0.13 0.01 0.24 1.42 0.16 0.83 0.01 0.55 0.58 1.00 0.23 2.04 0.04 0.16 

Eosinophils (abs.) -0.004 -2.00 0.05 0.66 0.94 0.12 -0.01 -0.01 -0.07 0.95 0.95 -0.003 -0.80 0.43 1.00 -0.02 -0.32 0.75 0.79 

Eosinophils (rel.) -0.02 -1.83 0.07 0.66 1.4 0.17 0.05 0.11 0.23 0.82 0.92 -0.01 -0.31 0.76 1.00 0.10 0.33 0.75 0.79 

Erythrocytes -0.003 -0.83 0.41 0.81 1.20 0.12 0.02 -0.04 -0.31 0.76 0.92 0.01 1.15 0.25 1.00 -0.10 -1.30 0.20 0.34 

Hematocrit 0.000 -0.73 0.47 0.81 0.94 0.09 -0.01 -0.004 -0.28 0.78 0.92 0.001 0.69 0.49 1.00 -0.003 -0.33 0.74 0.79 

Hemoglobin -0.01 -0.78 0.44 0.81 1.22 0.12 0.02 -0.03 -0.08 0.94 0.95 0.03 1.31 0.19 1.00 -0.32 -1.16 0.25 0.36 

Leukocytes 0.03 1.17 0.24 0.81 1.62 0.15 0.06 0.29 0.28 0.78 0.92 -0.004 -0.07 0.95 1.00 -2.23 -3.23 0.001 0.03 

Lymphocytes (abs.) 0.02 1.39 0.17 0.81 0.72 0.07 -0.03 0.17 0.41 0.68 0.92 0.02 0.62 0.54 1.00 -0.63 -2.34 0.02 0.13 

Lymphocytes (rel.) -0.01 -0.13 0.90 0.95 1.69 0.20 0.08 1.41 0.61 0.54 0.92 0.02 0.17 0.86 1.00 -0.72 -0.48 0.63 0.79 

MCH -0.004 -0.36 0.72 0.91 0.31 0.03 -0.07 0.31 0.81 0.42 0.92 0.02 0.96 0.34 1.00 0.05 0.22 0.83 0.83 

MCHC 0.001 0.06 0.95 0.95 1.36 0.13 0.03 -0.19 -0.50 0.62 0.92 0.03 1.42 0.16 1.00 -0.42 -1.70 0.09 0.24 

MTV -0.003 -0.46 0.65 0.88 1.68 0.18 0.07 0.45 1.67 0.10 0.83 -0.001 -0.05 0.96 1.00 0.29 1.68 0.10 0.24 

Neutrophils (abs.) 0.03 1.14 0.26 0.81 1.89 0.22 0.10 -0.53 -0.61 0.54 0.92 0.003 0.07 0.95 1.00 -0.82 -1.44 0.15 0.29 

Neutrophils (rel.) 0.04 0.64 0.52 0.83 2.08 0.23 0.12 -2.57 -1.03 0.31 0.83 -0.03 -0.21 0.83 1.00 1.03 0.63 0.53 0.72 

Thrombocytes 0.40 0.92 0.36 0.81 1.72 0.16 0.07 -21.00 -1.32 0.19 0.83 -2.26 -2.40 0.02 0.33 -25.63 -2.45 0.02 0.13 

Monocytes (abs.) 0.002 0.55 0.59 0.86 1.42 0.17 0.05 0.12 0.76 0.45 0.92 0.000 0.001 1.00 1.00 -0.23 -2.18 0.03 0.15 

Monocytes (rel.) -0.004 -0.20 0.84 0.94 0.75 0.10 -0.03 0.84 1.03 0.30 0.83 0.01 0.27 0.79 1.00 -0.62 -1.17 0.25 0.36 

MCV -0.01 -0.30 0.77 0.911 0.72 0.07 -0.03 1.74 1.10 0.27 0.83 -0.05 -0.54 0.59 1.00 1.71 1.65 0.10 0.24 
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 Emergency  
caesarian 

   Pregnancy 
duration 

   Maternal 
stress 

   Child’s 
sex 

    

Cell type 
(infantil CBC) 

est. t p p.BH est. t p p.BH est. t p p.BH est. t p p.BH 

Basophils (abs.) -0.05 -1.42 0.16 0.27 0.000 -0.65 0.52 0.58 0.004 -1.54 0.13 0.52 0.003 0.22 0.83 0.93 

Basophils (rel.) -0.30 -1.13 0.26 0.39 -0.02 -3.82 0.000 0.004 -0.03 -1.70 0.09 0.52 0.06 0.68 0.50 0.71 

Eosinophils (abs.) -0.13 -1.11 0.27 0.39 0.001 -0.42 0.68 0.69 -0.01 -1.00 0.32 0.76 -0.08 -2.11 0.04 0.34 

Eosinophils (rel.) 0.23 0.31 0.76 0.84 -0.04 -2.79 0.01 0.04 -0.07 -1.15 0.25 0.76 -0.56 -2.22 0.03 0.34 

Erythrocytes -0.17 -1.00 0.32 0.42 0.01 1.73 0.08 0.23 0.01 0.67 0.50 0.80 -0.05 -0.88 0.38 0.71 

Hematocrit 0.004 0.19 0.85 0.85 0.001 1.49 0.14 0.27 0.001 0.41 0.68 0.86 0.001 -0.19 0.85 0.93 

Hemoglobin -0.51 -0.82 0.41 0.49 0.01 0.83 0.41 0.48 0.01 0.22 0.83 0.92 -0.16 -0.71 0.48 0.71 

Leukocytes -2.20 -1.43 0.15 0.27 0.08 2.69 0.01 0.04 -0.18 -1.49 0.14 0.52 -0.37 -0.66 0.51 0.71 

Lymphocytes (abs.) -2.20 -3.46 0.001 0.01 0.01 1.08 0.28 0.41 -0.04 -0.84 0.40 0.76 -0.24 -1.12 0.27 0.71 

Lymphocytes (rel.) -10.01 -2.81 0.01 0.04 -0.10 -1.48 0.14 0.27 -0.02 -0.06 0.95 0.95 -0.82 -0.67 0.50 0.71 

MCH 0.15 0.26 0.79 0.84 -0.02 -2.25 0.03 0.08 -0.04 -0.97 0.33 0.76 0.06 0.30 0.77 0.93 

MCHC -1.20 -2.18 0.03 0.08 -0.02 -1.48 0.14 0.27 -0.01 -0.23 0.81 0.92 -0.18 -0.89 0.37 0.71 

MTV 0.79 2.10 0.04 0.09 -0.01 -0.92 0.36 0.45 0.02 0.67 0.51 0.80 -0.14 -1.02 0.31 0.71 

Neutrophils (abs.) -1.30 -0.97 0.33 0.42 0.08 3.36 0.001 0.01 -0.06 -0.53 0.60 0.81 -0.48 -1.04 0.30 0.71 

Neutrophils (rel.) 12.82 3.34 0.001 0.01 0.18 2.64 0.01 0.04 0.27 0.92 0.36 0.76 1.04 0.79 0.43 0.71 

Thrombocytes -46.49 -1.98 0.05 0.10 0.42 0.96 0.34 0.45 0.27 0.15 0.88 0.93 -0.05 -0.01 1.00 1.00 

Monophils (abs.) -0.65 -2.59 0.01 0.05 0.01 1.31 0.19 0.31 -0.03 -1.59 0.11 0.52 -0.01 -0.15 0.88 0.93 

Monophils (rel.) -2.74 -2.19 0.03 0.08 -0.03 -1.42 0.16 0.27 -0.16 -1.59 0.11 0.52 0.27 0.64 0.52 0.71 

MCV 5.29 2.28 0.02 0.08 -0.02 -0.40 0.69 0.69 -0.10 -0.58 0.57 0.81 0.86 1.02 0.31 0.71 
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 Maternal 
depression 

    

Cell type 
(infantil CBC) 

est. t p p.BH 

Basophils (abs.) 0.02 0.97 0.33 0.72 

Basophils (rel.) 0.11 0.75 0.46 0.72 

Eosinophils (abs.) 0.16 2.53 0.01 0.24 

Eosinophils (rel.) 0.33 0.81 0.42 0.72 

Erythrocytes -0.08 -0.79 0.43 0.72 

Hematocrit -0.01 -0.91 0.36 0.72 

Hemoglobin -0.33 -0.85 0.39 0.72 

Leukocytes 0.21 0.22 0.83 0.89 

Lymphocytes (abs.) 0.53 1.48 0.14 0.67 

Lymphocytes (rel.) 1.12 0.56 0.57 0.73 

MCH -0.17 -0.50 0.62 0.73 

MCHC -0.05 -0.14 0.89 0.89 

MTV -0.21 -0.85 0.39 0.72 

Neutrophils (abs.) 0.51 0.68 0.50 0.73 

Neutrophils (rel.) -1.97 -0.91 0.36 0.72 

Thrombocytes 22.73 1.57 0.12 0.67 

Monophils (abs.) 0.22 1.56 0.12 0.67 

Monophils (rel.) 0.36 0.52 0.61 0.73 

MCV -0.27 -0.19 0.85 0.89 
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Table 5. ANOVA with maternal data (CBC=complete blood cell count, abs.=absolute count, rel.=relative count, MCV=mean corpuscular volume, MCHC=mean corpuscular hemoglobin 

concentration, MCH=mean corpuscular hemoglobin, MTV=mean thrombocyte volume, CTQ/ cov=this column examines the influence of the CTQ sum score/ covariates, BH=adjusted for multiple 

testing with Benjamini-Hochberg, part. η2=partial eta2 , CM-/CM+=within the non-/ maltreated sample, SD=standard deviance, N. obs.=number of observed women; all data were collected at Ulm 

University’s gynecological hospital between October 2013 and December 2015) 

Cell type 
(maternal CBC) 

f 
CTQ 

f.df1 
CTQ 

f.df2 
CTQ 

p 
CTQ 

p 
CTQ 

BH 

part. 
η2 

CTQ 

f 
cov 

f.df1 
cov 

f.df2 
cov 

p 
cov 

part. 
η2 

cov 

Mean CM- 
(SD) 

Mean CM+ 
(SD) 

N. obs. N.CM- N.CM+ 

Basophils (abs.) 1.33 1 266 0.25 0.68 0.005 2.24 7 266 0.03 0.06 0.03 (0.02) 0.03 (0.02) 275 221 54 

Basophils (rel.) 1.1 1 266 0.30 0.68 0.004 1.35 7 266 0.23 0.03 0.28(0.15) 0.28 (0.15) 275 221 54 

Eosinophils (abs.) 0.46 1 266 0.50 0.79 0.002 2.05 7 266 0.05 0.05 0.22 (0.13) 0.22 (0.09) 275 221 54 

Eosinophils (rel.) 0.26 1 266 0.61 0.83 0.001 2.26 7 266 0.03 0.06 2.17 (1.21) 2.20 (0.99) 275 221 54 

Erythrocytes 1.18 1 268 0.28 0.68 0.004 0.89 7 268 0.52 0.02 3.73 (0.5) 3.79 (0.64) 277 223 54 

Hematocrit 0.05 1 268 0.82 0.92 0.000 1.14 7 268 0.34 0.03 0.34 (0.05) 0.34 (0.06) 277 223 54 

Hemoglobin 0 1 268 0.96 0.96 0.000 1.57 7 268 0.15 0.04 10.82 (1.54) 10.69 (1.79) 277 223 54 

Leukocytes 0.99 1 268 0.32 0.68 0.004 3.42 7 268 0.002 0.08 10.19 (2.56) 10.70 (2.70) 277 223 54 

Lymphocytes (abs.) 2.07 1 266 0.15 0.68 0.008 3.22 7 266 0.003 0.08 1.96 (0.60) 2.13 (0.87) 275 221 54 

Lymphocytes (rel.) 0.02 1 266 0.90 0.95 0.000 0.56 7 266 0.78 0.01 19.62 (5.18) 19.85 (4.80) 275 221 54 

MCH 3.01 1 268 0.08 0.68 0.01 1.9 7 268 0.07 0.05 29.09 (2.29) 28.39 (2.62) 277 223 54 

MCHC 0.5 1 268 0.48 0.79 0.002 0.75 7 268 0.63 0.02 32.250 (1.76) 31.97 (1.79) 277 223 54 

MTV 5.9 1 260 0.02 0.30 0.02 1 7 260 0.43 0.03 10.92 (0.98) 11.29 (1.07) 269 218 51 

Monophils (abs.) 1.04 1 266 0.31 0.68 0.004 1.45 7 266 0.18 0.04 0.61 (0.22) 0.64 (0.24) 275 221 54 

Monophils (rel.) 0.26 1 266 0.61 0.83 0.001 0.29 7 266 0.96 0.01 5.99 (1.61) 6.09 (1.38) 275 221 54 

Neutrophils (abs.) 0.19 1 266 0.66 0.84 0.001 2.36 7 266 0.02 0.06 7.39 (2.16) 7.65 (2.02) 275 221 54 

Neutrophils (rel.) 0.14 1 266 0.71 0.85 0.001 0.54 7 266 0.80 0.01 71.95 (6.09) 71.58 (5.46) 275 221 54 

Thrombocytes 0.81 1 268 0.37 0.70 0.003 4.03 7 268 0.000 0.10 243655 (61390) 261167 (67990) 277 223 54 

MCV 1.78 1 268 0.18 0.68 0.007 1.01 7 268 0.43 0.03 90.35 (7.53) 88.80 (6.78) 277 223 54 
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Table 6. ANOVA with infantile data (CBC=complete blood cell count, abs.=absolute count, rel.=relative count, MCV=mean corpuscular volume, MCHC=mean corpuscular hemoglobin 

concentration, MCH=mean corpuscular hemoglobin, MTV=mean thrombocyte volume, CTQ/ cov=this column examines the influence of the CTQ sum score/ covariates, BH=adjusted for multiple 

testing with Benjamini- Hochberg, part. η2=partial eta2 , CM-/CM+=within the sample of children with non-/ maltreated mothers, SD=standard deviance, N. obs.=number of observed newborns; all 

data were collected at Ulm University’s gynecological hospital between October 2013 and December 2015) 

Cell type 
(infantil CBC) 

f 
CTQ 

f.df1 
CTQ 

f.df2 
CTQ 

p 
CTQ 

p 
CTQ 

BH 

part. 
η2 

CTQ 

f 
cov 

f.df1 
cov 

f.df2 
cov 

p 
cov 

part. 
η2 

cov 

Mean CM- 
(SD) 

Mean CM+ 
(SD) 

N. obs. N.CM- N.CM+ 

Basophils (abs.) 1.82 1 158 0.18 0.49 0.01 1,53 8 158 0,15 0,07 0.08 (0.08) 0.06 (0.06) 168 131 37 

Basophils (rel.) 0.22 1 158 0.64 0.71 0.001 3,84 8 158 0,000 0,16 0.50 (0.54) 0.52 (0.80) 168 131 37 

Eosinophils (abs.) 2.69 1 156 0.10 0.49 0.02 1,74 8 156 0,09 0,08 0.43 (0.26) 0.37 (0.23) 166 131 35 

Eosinophils (rel.) 0.88 1 156 0.35 0.56 0.01 2,4 8 156 0,02 0,11 2.95 (1.64) 2.64 (1.69) 166 131 35 

Erythrocytes 0.75 1 193 0.39 0.57 0.004 1,09 8 193 0,37 0,04 4.46 (0.42) 4.36 (0.46) 203 159 44 

Hematocrit 0.57 1 193 0.45 0.61 0.003 0,49 8 193 0,86 0,02 0.52 (0.05) 0.51 (0.05) 203 159 44 

Hemoglobin 1.61 1 192 0.21 0.49 0.01 0,68 8 192 0,71 0,03 15.75 (1.52) 15.30 (1.66) 202 158 44 

Leukocytes 1.31 1 193 0.25 0.54 0.01 3,25 8 193 0,002 0,12 15.121(4.12) 14.19 (4.00) 203 159 44 

Lymphocytes (abs.) 2.09 1 156 0.15 0.49 0.01 3,49 8 156 0,001 0,15 4.25 (1.40) 4.13 (1.62) 166 131 35 

Lymphocytes (rel.) 2.15 1 156 0.14 0.49 0.01 1,67 8 156 0,11 0,08 29.44 (8.02) 28.54 (6.63) 166 131 35 

MCH 1.67 1 193 0.20 0.49 0.01 1,11 8 193 0,36 0,04 35.34 (1.34) 35.09 (1.66) 203 159 44 

MCHC 0.92 1 193 0.34 0.56 0.005 1,61 8 193 0,12 0,06 30.06 (1.36) 29.86 (1.560) 203 159 44 

MTV 0.27 1 150 0.61 0.71 0.002 1,92 8 150 0,06 0,09 10.93 (0.88) 10.93 (0.94) 160 128 32 

Neutrophils (abs.) 0.01 1 156 0.94 0.94 0.000 2,31 8 156 0,02 0,11 8.69 (3.04) 8.63 (2.83) 166 131 35 

Neutrophils (rel.) 3.13 1 156 0.08 0.49 0.02 3,04 8 156 0,003 0,13 58.40 (8.90) 59.65 (7.37) 166 131 35 

Thrombocytes 2.5 1 193 0.12 0.49 0.01 2,62 8 193 0,01 0,10 276321 (59640) 293773 (66450) 203 159 44 

Monophils (abs.) 1.1 1 156 0.30 0.56 0.01 2,64 8 156 0,01 0,12 1.29 (0.55) 1.25 (0.60) 166 131 35 

Monophils (rel.) 0.29 1 156 0.59 0.71 0.002 1,48 8 156 0,17 0,07 8.70 (2.63) 8.69 (3.04) 166 131 35 

MCV 0.02 1 193 0.89 0.94 0.000 1,29 8 193 0,25 0,05 117.74 (5.98) 117.72 (5.73) 203 159 44 

 



Discussion 

70 
 

4 Discussion 

This thesis investigated the effects of CM on blood cell counts. A significant 

positive association between former CM and maternal MTV was found 

conducting regression analyses with continuous data; however, conducting 

group comparisons between the CM+ and the CM- sample, this effect was 

found during the explorative data analyses but it did not survive a correction 

of p-values for multiple testing with the FDR. As the study at hand was an 

explorative study, the potential meaning of an increased MTV caused by CM 

will be discussed.  

Furthermore, this study examined the correlations between maternal and 

infantile CBC parameters. Hereby, significant positive correlations were 

observed between maternal and infantile absolute leukocyte and neutrophil 

counts.  

4.1 Significant associations between CM and maternal MTV  

The regression analyses indicated a significant positive association between 

former CM experiences and the maternal MTV measured shortly after child 

birth. Prior to the correction of p-values for multiple comparisons, the 

findings conducting ANOVA supported this result, demonstrating 

significantly higher MTV values in the CM+ sample (M±SD: 11.29±1.07 fl) 

compared to the CM- sample (M±SD: 10.92±0.98 fl).  

Investigating literature, a deficiency of research on the MTV in blood probes 

of women shortly after parturition is noticeable. Additionally, the 

examination of differences between CM+ and CM- women regarding their 

CBC in the period after child birth is the first of its kind. As a matter of fact, a 

physiological hypercoagulable bias develops in the course of pregnancy, 

usually resulting in raising values of the MTV (Han et al., 2014; Juan et al., 
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2011). Furthermore, the MTV increases physiologically in response to the 

blood loss during parturition (Chandra et al., 2012). In summary, a higher 

MTV has to be expected for pregnant women and women after parturition 

than for nonpregnant women. As described in chapter 1.2, a high MTV is a 

characteristic of young platelets. Ergo, a higher MTV in a peripheral blood 

probe indicates an increased turnover of cells, for example due to severe 

bleeding. Relating to the study at hand, this would mean that pediatric 

experiences of abuse and neglect were found to be associated with a higher 

consumption of thrombocytes in the context of childbirth, probably caused 

by an increased blood loss. This might suggest that CM+ women face a 

higher risk of adverse health outcomes caused by excessive bleeding, like 

tiredness, nausea and fainting, which might end up in longer hospital stays 

and even emergency operations in the last resort (The Royal College of 

Obstetricians and Gynaecologists, 2013). Possible reasons for an increased 

cell turnover related to an intensified blood loss might be investigated in 

future studies, speculating about links to modifications in hemostasis or 

wound healing. 

What is more, a higher MTV is associated with an increase in platelet 

activation and thereby it can be linked to a higher risk for thromboembolic 

events (Budak et al., 2016). Regarding the study at hand, these findings 

might indicate a higher risk of childbed thrombosis in the CM+ sample 

compared to the CM- sample. If the findings of this explorative data analyses 

are replicable in future studies, a risk-adapted anticoagulant therapy for CM+ 

women in childbed should be taken into account.  

4.2 Significant correlations between maternal and infantile counts of 

leukocytes and absolute neutrophils 
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Questioning a possible dependence between maternal and infantile 

parameters of the CBC, positive correlations between their leukocytes and 

absolute counts of neutrophils were discovered. These relationships were 

significant but not very strong (τ=0.15 for both cell types). Similar to the 

results at hand, in a study on 404 blood samples of mother-child-pairs in 

Pakistani hospitals, mostly negligible to weak correlations between maternal 

and infantile items of the CBC could be detected (Qaiser et al., 2013). 

Apparently, the neonate’s hematologic system, embodied by the parameters 

of the peripheral blood cell counts, is extensively independent of their 

mother’s, even though several other vital functions of mother and child, like 

respiration and nutrition or essential biologic systems, for instance the 

endocrine or immunologic system are highly connected (Chucri et al., 2010). 

4.3 Limitations of this study 

4.3.1 The assessment of psychological data 

The psychological data searched for CM experiences were ascertained 

retrospectively, employing the CTQ which is a self-report questionnaire. 

Thus, the dichotomization into groups of women with and without 

traumatizing past is based upon subjective perceptions that underlie a 

natural recall bias. Distinguishing between the actual characters of adverse 

early life experiences endured in early life and their cognitive (re-) evaluation 

is impossible. Another disadvantage connected to the CTQ is the lack of 

information about onset and frequency of maltreatment. Moreover, it was 

not profoundly investigated whether there were comforting and functioning 

relationships (e.g. to grandparents, aunts or uncles) that might build a 

counterbalance to the disrupted parental attachment or whether other 
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mechanisms of compensation existed that might attenuate the burden of 

abuse and neglect. 

4.3.2 The assessment of biological data 

Regarding the assessment of blood probes, the exceptional circumstances 

when the blood was drawn (shortly after child birth) imply variations of the 

CBC that cannot be adapted to the common reference values of adult 

women. Furthermore, the point in time, when the maternal blood donation 

took place, was not specified accurately beforehand; however, it happened 

during the stationary residence, which narrows the possible time period 

down to a few days. Women who donated their blood later had more time 

to recover from child birth and to adjust to the non-pregnant state. It would 

be interesting to examine the time needed to attain such a state, comparing 

maltreated and non-maltreated women, which would provide further 

information on the differences of their stress reaction and resilience. In this 

context, it would have been also interesting to keep track of the changes in 

the infantile CBC over a longer period of time, to analyze possible differences 

between the groups. Further, it would have been advantageous to record, 

whether the children were breastfed, since this might influence the CBC as 

explained in the introduction of this dissertation.  

What is more, blood drawing took place in different positions (sitting or 

lying) and at different times of the day, disrespecting the impact of body 

position and circadian rhythmicity. Concerning the processes requested to 

generate results of the CBC, all problems mentioned in chapter two (e.g. 

inadequate temperature during transportation, unswayable functioning of 

laboratory instruments) might arise, in defiance of strict precaution and the 
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accredited reliability of cell counts issued by the responsible institute that 

meets all quality management requirements.  

Another aspect in the context of this study’s limitations is the CBC itself, 

since it includes only quantitative information, no qualitative ones. Meaning, 

for example, women with higher cell volumes might compensate 

quantitative problems by altered functioning, without any chance to be 

assessed within the bounds of this dissertation. Moreover, the exclusion due 

to diseases or medication that might affect the CBC was conducted in a very 

conservative way, due to the vague statements of the interviewed women 

and the non-familiarity of some interviewers with the active ingredients. To 

prevent the unnecessary exclusion of women, studies following this one 

should provide a more accurately organized anamnesis of diseases and 

medication.  

4.3.3 The sample 

An additional discussable factor in the context of this study is the sample 

which consists of women and children only, questioning the generalizability 

to the entire population. The nature of consequences concerning male 

adults might differ from those associated with females, and the dimensions 

of intergenerational transmission might vary by the parent who passes 

her/his experiences on. Even more distinct circles of maltreatment might 

originate in cases with the cumulative influence of both parents reporting 

adverse childhood experiences. Regarding the newborns surveyed in this 

study, there might be some assigned to the non-maltreated group, although 

being biased with a maltreated parent, because fathers were neither 

interviewed themselves nor was there any third-party anamnesis inquiring 

his childhood experiences.  



Discussion 

75 
 

Ethical aspects prohibited the recruitment of newborns weighing less than 

2700g or of women and their children who presented with an instable health 

status, withdrawing the opportunity to detect possible impact of CM on both 

the newborns’ immaturity and the physical maladjustment to pregnancy and 

the birth process.  
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5 Compendium 

Childhood abuse and neglect is associated with persevering psychological 

and physical consequences at the victim’s expense. The phenomenon of a 

biological memory taken into account, there might be biological means that 

enable childhood maltreatment (CM) experiences not only to persist 

throughout life but also to be passed on intergenerationally. This 

dissertation, which was conducted within the study “My childhood-Your 

childhood”, aimed at investigating the effects of maternal childhood 

maltreatment on the cell composition of peripheral blood, more specifically 

blood cell counts of umbilical cord blood and maternal blood. Therefore, 

blood cell counts of mothers who experienced childhood maltreatment and 

of their children are contrasted to mothers without such traumata and their 

children. To allow such an investigation, blood was drawn from mothers and 

their newborns and interviews were conducted to discriminate between 

mothers with and without childhood maltreatment (CM). Drawing the 

children’s blood immediately after birth provides the unique possibility to 

examine transgenerational effects that are still untainted with 

environmental aspects, like uprising methods or attachment patterns.  

This explorative study provided evidence for a significant positive association 

between former CM and the maternal MTV. If this effect can be replicated in 

future studies, an adaption of the anticoagulant therapy of women in 

childbed with a history of CM experiences should be taken into account. 

Besides, performing correlation analyses, it was found that the hematologic 

parameters of newborns are widely independent of their mothers’. 
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