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Abstract

Introduction

Little is known about the achievement of developmental milestones (i.e. course of life, 
COL) after pediatric liver transplantation. The aim of this study was to examine the COL of 
young adults who underwent a liver transplantation during childhood and to compare it 
to healthy peers. Furthermore, we studied factors possibly related to their COL. 

Methods

COL was assessed using the Course of Life Questionnaire (CLQ), which assesses the 
achievement of developmental milestones (autonomy, psychosexual, social, and antiso-
cial development) and risk behavior (substance abuse and gambling). Sociodemographic 
characteristics and clinical data were collected using the prospective institutional liver 
transplantation database. 

Results

A total of 39 young adults who underwent a liver transplantation at the UMCG in their 
childhood completed the CLQ. They achieved fewer milestones with regard to autonomy, 
psychosexual, and social development compared to healthy peers, and they reported less 
risk behavior. Neither age at the time of study nor age at the time of transplantation was 
significantly correlated with any of the COL subscales. 

Conclusion

Young adults show delay in reaching developmental milestones in every dimension after 
a liver transplantation during their childhood. Male recipients and those who had needed 
a re-transplantation are more at risk.
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Introduction

The long term results after orthotopic liver transplantation (OLT) are good. Overall 10-year 
survival rates of 66% to 80% have been reported (1-3). However, after transplantation, 
young adults still experience transplant related symptoms and they need lifelong immu-
nosuppressive medication (4). Although liver transplantation improves the quality of life 
in children and adolescents, previous studies have shown that liver transplant recipients 
perform poorer in some areas such as physical, psychological and social functioning 
compared to the healthy population (5). 

The course of life (COL) of young adults after pediatric OLT could also be hampered. In 
general, the COL of adolescents and young adults having grown up with a chronic dis-
ease is delayed (6). They reach fewer milestones or fulfill these milestones at an older age 
when compared to adolescents and young adults of the general population. In contrast, 
risk behavior may be diminished in these patients (6). Little is known about the effect of a 
major life events such as OLT in childhood on the COL. Gaining insight into the COL and 
factors associated with a delay in COL is important since impediment in the COL during 
childhood may affect participation in social and professional activities in adulthood (7, 8). 
Several recent studies showed that younger children, those with a shorter duration of ill-
ness and children who are physically more developed prior to OLT have a better prognosis 
regarding mental development (9-12). Theoretically, an early OLT after diagnosis might 
impede COL less when compared to a late OLT as the chronic liver disease is corrected. In 
those patients who are not yet transplanted the liver condition continues to affect their 
lives. During puberty, female adolescents develop physically, psychologically and socially 
faster than male adolescents (13). It might be that this earlier physical development and 
maturation leads to less delay in the adolescent women’s COL after OLT.

The present study examined the hypothesis that COL in young adults after liver 
transplantation in childhood is delayed. In addition, we examined factors possibly related 
to COL, namely gender, age, age at transplantation, time since transplantation, and re-
transplantation.
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Patients and methods

All patients who had undergone a pediatric liver transplantation at the University Medical 
Center Groningen (UMCG) between 1982 (when the first pediatric OLT was performed in 
our center) and 2007 were eligible to participate. Patients had to be 18 years old or older 
at the time of this study and follow-up had to be at least 1 year. Patients who did not 
sufficiently command the Dutch language and those suffering from a psychiatric disorder 
were excluded.

Eligible patients were informed about the goal of the study and invited to participate 
by letter. The Course of Life Questionnaire (CLQ) and an informed consent form were 
included. Those wishing to participate were asked to fill in the CLQ and informed con-
sent form and return these by pre-stamped envelope within 2 weeks. Non-responders 
were contacted by phone after four weeks to remind them of this survey. This study was 
performed according to the guidelines of the Medical Ethical Committee of the UMCG.

The CLQ is a validated and reliable self-report questionnaire used to assess the 
achievement of developmental milestones (6). The questionnaire contains 5 subscales; 
autonomy development (6 items assessing the degree of independency at home and 
outside), social development (12 items on social contacts at school and in leisure time), 
psychosexual development (4 items regarding sexual relations), anti-social behavior (4 
items on misbehavior in and outside of school) and risk behavior (12 items on alcohol, 
tobacco and substance abuse, and on gambling). One point was endorsed for each item 
if the milestone was not achieved and two points if the milestone was achieved. Higher 
scores on the subscales autonomy, social and psychosexual indicate the accomplishment 
of more developmental milestones. Higher scores on the subscales anti-social and risk 
behavior represent a higher degree of anti-social behavior or more substance abuse and 
gambling, thus a less favorable COL. Comparison data of the CLQ of a reference group 
were described previously (7). This group consisted of young adults aged 18 to 30 years 
with no history of cancer, selected at random by general practitioners in the Netherlands. 
In addition, socio-demographic characteristics were obtained from patients. Clinical data 
were collected using the prospective institutional OLT database. 

Student’s t-tests for continuous variables and Chi-square tests for categorical variables 
were performed to compare: 1) demographic and illness characteristics of respondents 
and non-respondents, and 2) demographic characteristics of the young adults after 
pediatric OLT and the reference group. Unpaired t-tests were conducted to compare COL 
subscale scores between the study and reference groups. Effect sizes were calculated by 
dividing the difference between the means of the study group and the reference group 
by the pooled standard deviation. Effect sizes of less than 0.2 were considered negligible, 
those between 0.2 and 0.3 small, those between 0.3 and 0.8 medium, and >0.8 as large 
(14). The study and reference groups were compared on CLQ item level by using the Chi-
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square test. Analysis of variance (ANOVA) was conducted to examine the effect of gender. 
If the ANOVA test was significant, we performed independent t-tests with a Bonferroni 
correction to address multiple testing (p-level was set at <0.006). Associations between 
continuous variables and COL were analyzed using the Pearson’s correlation analysis. 
Correlations with coefficients less than 0.30 were considered weak, between 0.30 and 
0.50 moderately strong, and greater than 0.50 strong (14). P-levels <0.05 were considered 
statistically significant. The Statistical Package for the Social Sciences (SPSS, Inc., Chicago, 
IL) version 16.0 was used for all analyses.

Results

Between January 1982 and June 2007, 226 children underwent an OLT at our center (fig-
ure 1). There were 159 surviving patients at the time of this study, 71 (45%) of whom were 
18 years or older at the time of the study and eligible to participate. Five patients could 
not be contacted because they had moved abroad (n = 2) or received follow-up care 
elsewhere (n = 3). Twenty-seven of the remaining 66 refused to participate. Reasons for 
not participating in this study were neither given nor asked. The remaining 39 (response 

 

Figure 1 | Flow diagram showing patient selection
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rate 59%) patients returned a completed questionnaire. There were no significant dif-
ferences in patient characteristics between participants and non-participants (table 1). 
The male to female ratio of the participants was 1.2:1. Mean age at the time of the study 
was 23.1 years and the mean age at the time of OLT was 9.0 years. Mean follow-up was 
14.1 years. Mean age in the reference group was 24.2 years (range 18.0 - 30.9) and the 
percentage of females was 53%. The ethnic background of the group of participants was 
homogenous (36 Dutch, 1 Moroccan, 1 Ukrainian, and 1 unknown). The reference group 
did not significantly differ from our study group in these variables (table 2). 

A significantly higher percentage of young adults after pediatric OLT (51% vs. 35%, p 
= 0.05) are living with their parents and a lower percentage (23% vs. 39%, p = 0.05) are 
married or cohabiting as compared to young adults in the reference group (table 2). Two 
men (5%) of the study population had children which was similar to the reference group 
(7.6%). None of the women of the study group had children compared to 16% in the 
reference group (p < 0.001). Two women (5%) were pregnant at the time of study (age 
23 and 29 years). 

More study participants were held back during primary and/or secondary education 
than in the reference group (63% vs. 44%, p = 0.03) However, no significant difference 
in the accomplished educational level was found between both groups. Almost half of 
the young adults in the study group were unemployed whereas the vast majority in the 
reference group was employed (49% vs. 93%, p < 0.001). Employment rate was not sig-
nificantly different between men and women in the study population (43% versus 61%). 
Education levels appeared significantly associated with employment (r = 0.46, p = 0.005). 
Thirty-two percent of adults with a low level of education were employed compared to 
60% and 100% of those who completed a middle or high level of education, respectively. 

Table 1 | Patients characteristics

Responders Non-responders p-value

Number 39 27

Gender female, n (%) 18 (46%) 16 (59%) 0.29

Age in years mean (range) 23.1 (18.8 – 30.4) 25.4 (19.0 – 38.5) 0.21

Age at transplantation in years (range) 9.0 (0.7 – 17) 10.2 (1.0 – 16.9) 0.37

Weight at transplantation in kg (range) 31.7 (6.9 -70.0) 32.2 (6.4 – 65.0) 0.89

Primary diagnosis, n (%)
Biliary atresia
Other

15 (38%)
24 (62%)

11 (44%)
13 (56%)

0.85

Re-transplantation n (%) 7 (18%) 5 (18%) 1.00

Follow-up in years, mean (range) 14.1 (2.8-25.8) 14.7 (3.7-26.5) 0.92
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Participation in household tasks during childhood was not significantly correlated to later 
employment (r = 0.15, p = 0.93).

The study population had significantly lower mean scores on autonomy, psychosexual 
and social development than the reference group (table 3). Furthermore, they reported 
less substance abuse and gambling. A tendency for less antisocial behavior was found (p 
= 0.06). Effect sizes were all medium. The largest effect sizes were found in psychosexual 
development and substance abuse and gambling (table 3).

On item level in the autonomy subscale, fewer young adults in our study population 
performed regular tasks within the family during primary school (25.6 vs. 46%, p = 0.04) 
and they also reported fewer paid jobs during secondary school (74 vs. 87%, p = 0.02) 
as compared to the reference group. Social development subscale items showed that a 
higher percentage of young adults in the study group had less than four friends during 
secondary school than in the reference group (72 vs. 30%, p < 0.001) and fewer belonged 
to a group of friends (61 vs. 81%, p = 0.004). Also, they were less likely to belong to a sport 
club during and after secondary school (46 vs. 73%, p < 0.001 and 31 vs. 49%, p = 0.03, re-
spectively). Furthermore, the study group reported lower antisocial behavior in the items 

Table 2 | Respondents’ sociodemographic characteristics and comparison between study and 
reference groups

Study group Reference Group p-value

N = 39 N = 508

Age mean ± SD (range) 23.1 ± 3.7 (18.8 – 30.4) 24.2 ± 3.8 (18.0-30.9) 0.96

Gender female N (%) 18 (46) 269(53) 0.41

Living with parents N (%)

yes 20 (51) 180 (35) 0.05

no 19 (49) 328 (65)

Marital status N (%)

married/living with partner 9 (23) 192 (39) 0.05

single 30 (77) 299 (61)

Educational level accomplished
N (%)

low 16 (44) 143 (29) 0.14

middle 15 (42) 246 (51)

high 5 (14) 97 (20)

missing 3 (7)

Employment status N (%)

employed 20 (51) 295 (93) <0.001

unemployed 19 (49) 22 (7)
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breaking the law (3 vs. 17%, p = 0.02) and being refused admission to a class (28 vs. 34%, p 
= 0.012) compared to the reference group. Lastly, they exhibited less risk taking behavior 
(substance use and gambling subscale). This was particularly true after secondary school. 
On item level, they reported lower levels of alcohol consumption (5 vs. 50%, p < 0.001), 
use of soft drugs (13 vs. 29%, p = 0.03), smoking (26 vs. 48%, p = 0.007) and gambling (21 
vs. 38%, p = 0.03). Three out of four psychosexual development item scores (age of first 
boy/girlfriend, sexual intimacy and intercourse) were significantly decreased in our study 
population. Only age when patients first fell in love (before or after 18 years old of age) 
was comparable to the reference group.

Significant effects of gender on autonomy, psychosexual development, antisocial 
behavior and risk behavior were found (table 4). Consequent t-tests using the Bonferroni 
correction (p < 0.006) showed that young men in the study population had lower mean 
scores in autonomy, psychosexual development and risk behavior compared to young 
men in the reference group. No statistically significant differences for these subscales 
were found for women compared to the reference population.

Table 3 | Scores for the subscales of course of life questionnaire in the study group and the refer-
ence group

Study group Reference group

 Subscales mean (SD) N = 39 N = 449 p-value Effect size

Autonomy 8.7 (1.5) 9.4 (1.5) 0.004 0.49

Psychosexual development 6.3 (1.4) 7.2 (1.1) <0.001 0.76

Social development 20.1 (2.8) 21.0 (2.5) 0.03 0.36

Antisocial behavior 4.4 (0.6) 4.7 (1.0) 0.06 0.32

Substance use and gambling 13.4 (1.9) 15.1 (2.6) <0.001 0.66

Table 4 | Course of life subscale scores by gender

 Study group Reference group ANOVA Male vs. Male
Female vs 
Female

Male 
n=21

Female 
n=18

Male 
n=203

Female 
n=246 p-value p-value p-value

Autonomy 8.4 (1.2) 9.1 (1.6) 9.4 (1.5) 9.4 (1.5) 0.01 0.002 0.35

P Psychosexual 6.0 (1.3) 6.6 (1.5) 7.1 (1.2) 7.2 (1.1) <0.001 <0.001 0.028

Social 
development

20.1 
(2.8)

20.0 
(2.7) 21.0 (2.3)

20.9 
(2.6) 0.18

Antisocial 
behavior 4.4 (0.6) 4.3 (0.6) 5.1 (1.1) 4.4 (0.7) <0.001 0.02 0.86

Risk behavior
13.6 
(2.2)

13.2 
(1.5) 15.9 (2.8)

14.4 
(2.3) <0.001 <0.001 0.03
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Age at the time of OLT was weakly and not significantly correlated with the subscales 
autonomy (r = -0.10), psychosexual (r = 0.01) and social development (r = -0.01), and 
substance use and gambling (r = -0.08). Age at OLT was moderately strongly but not 
significantly associated with antisocial behavior. (r = -0.30, p= 0.06). Time elapsed since 
OLT and age at the time of the study were not significantly correlated with any of the COL 
subscales (r = 0.01 - 0.27). Only young adults after re-OLT (n=7) reported a significantly 
lower mean score on psychosexual development as compared to those after one OLT 
(n=32) (5.1 ± 0.7 vs. 6.5 ± 1.4, p = 0.01).

Discussion

The first aim of our study was to compare COL of young adults who underwent OLT 
in childhood to that of healthy peers. The results confirm our hypothesis. Young adults 
who underwent OLT in childhood achieve fewer milestones with respect to autonomy, 
psychosexual and social development than a randomly selected group of young adults. 
They also display less risk taking behavior. The results of our study are comparable to 
findings in young adults with a history of chronic disease as a child (e.g. end stage re-
nal disease; inflammatory bowel disease) and survivors of childhood cancer (6, 7, 15). 
However, the effect sizes, indicating the clinical relevance of differences, reported in the 
study on childhood cancer survivors were small to medium (range 0.18 – 0.45) whereas 
the effect sizes in our OLT population were all medium (range 0.32 - 0.76). This suggests 
that OLT might have more impact on the COL than childhood cancer. An explanation 
may be that children after OLT are burdened with continuous immunosuppressant use, 
lifelong follow-up and uncertainty about future survival (1). In fact, the COL of our study 
population is more comparable to children suffering from end-stage renal disease who 
also need frequent and time consuming dialysis with a strict medical regime (6). 

The largest effect sizes were seen on psychosexual development followed by risk 
behavior. Psychosexual development seems to be most affected by childhood disease, as 
has been reported earlier (6, 7). This topic should be addressed during follow-up of these 
children and young adults. 

Displaying less risk behavior is a different COL from that found in the group of healthy 
peers but this is not necessarily unfavorable. It might signify that our study population 
perceives themselves as more vulnerable after OLT. Fear of complications or the risk of 
graft rejection might prevent them from undertaking risk behavior. This is also in line with 
previous studies showing that children with chronic diseases in general report less risk 
behavior during childhood (6, 7). Also in accordance with our results, less regular alcohol 
consumption has been reported in recent study on young adults after pediatric OLT (16). 
The main difference with our study is that Dommergues et al assessed the current lifestyle 
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of young adults at the time of their study (16), whereas we investigated the milestones 
reached during development in childhood and adolescents. In contrast with our study 
the above mentioned study showed no differences in substance abuse such as smoking 
or cannabis consumption when compared with healthy peers (16). A worrisome finding 
in that study was that young adults had a poor compliance with their immunosuppres-
sive medication (16). Medication compliance was not addressed in our study. 

It is not only important to understand if delays in development and behavior occur 
in these young adults, it is also important to know when this delay or deviant behavior 
occurs. For example, in the OLT group, the delay in social development occurred during 
secondary school. Young adults in our study reported that they had fewer friends, were 
less likely to belong to a group of friends and were a less active member in sports clubs at 
that time. Perhaps these children felt physically vulnerable after an OLT which may inhibit 
them to participate in play and sports. Additionally, it may be that parents of children 
with a chronic diseases exhibit overprotective behavior (17). Understanding the gaps in 
development enables health professionals and parents to focus on a favorable COL and 
encourage these children and adolescents to be more independent, stimulate them to 
make friends and participate in activities with their peers especially during secondary 
school. In particular, we think that there should be no restrictions for young adults to 
participate in sport or other physical activities. We recommend that children after OLT 
should be encouraged to be more autonomous and participate in social activities.  

Our study group was less autonomous than the comparison group. More young adults 
in our study group lived with their parents (51%), were single (77%) and unemployed 
(49%). Dommergues et al reported an even higher percentage (70%) of young adults after 
OLT living with their parents, though this was not significantly higher than in the French 
reference population (16). An explanation for the difference found with the study of Dom-
mergues et al might be a socio-cultural difference. Dommergues et al studied subjects in 
France where it is more common for young adults in general to live with their parents 
compared to their peers in the Netherland (58% vs 28%). Both Dommergues et al and the 
present study do, however, demonstrate a decrease in autonomy in young adults after 
OLT.  

Less young adults in our study were employed compared to the reference group, 
which is not in line with a study of young adults surviving childhood cancer showing that 
an equal percentage was employed as in the reference group (7). This suggests that OLT 
may confront young adults with other problems and challenges than childhood cancer. 
It may be that our study population continue to suffer from physical consequences and is 
therefore less well able to function in daily life as their healthy peers. Among adults it has 
been reported that half of them were employed after OLT and that predictors of post-OLT 
employment were pre-OLT employment status, level of education, disability status and 
income level before transplantation (18). However, because this study was done in adults, 
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these factors do not directly apply to our study group, except for the level of education. 
In our study, chances of employment were significantly lower in young adults having 
completed only lower education. Lower education levels tend to lead to jobs that involve 
physically demanding labor. Transplant recipients might not feel safe in these jobs and 
prefer unemployment if no other alternative is available. Whether these lower employ-
ment rates are actually due to avoidance of physically or mentally challenging jobs or 
selection by employers is unknown. The educational level of our study group did not 
differ from the reference group. Although our young adults achieve fewer developmental 
milestones, OLT does not seem to affect their educational performance in our study. This is 
in contrast with previous studies from the Studies of Pediatric Liver Transplantation Research 
Group (SPLIT), reporting that the achieved academic level of children and young adults 
after OLT was lower than the general public (19-21). Reasons for why the achieved level 
of education of the current study population does not appear to be affected are unclear 
and will need to be identified in future studies. 

In our study population, only 2 male patients had children and 2 of the female patients 
were pregnant at the time of this study. Whether women after OLT were less inclined to 
have children or experienced fertility problems is not clear. Several studies showed that 
there is an increased incidence of fetal and maternal complications of pregnancy follow-
ing OLT (22, 23). Nevertheless, successful pregnancies have been reported in women after 
OLT (24). The young adults in our study seem less successful in developing relationships 
which could explain why they have less offspring. 

This second aim of this study was to identify factors associated the delays in COL. 
Several factors for delays in COL were identified. Especially young male patients seem 
prone to hindrance in autonomy and psychosexual development. Furthermore, re-OLT 
was a risk factor for decreased psychosexual development. Re-OLT reflects a complicated 
disease course, often preceded by repetitive hospital admissions. Re-OLT did not affect 
social and autonomy development. Hampering in development was not associated 
with age at the time of study, age at OLT or time since OLT. Others have shown that the 
duration of illness before OLT and not age at the time of OLT is prognostic for mental 
development (10, 12). Whether duration of illness affects autonomy, psychosexual or 
social development remains to be determined. 

Increased anxiety, depression and sleep disorders have previously been reported in 
children after OLT (25-27). These factors might also have a negative impact on the course 
of life. The recently developed disease specific Pediatric Liver Transplantation Quality 
of Life (PeLTQL) questionnaire may allow health care workers to screen for anxiety and 
depression in children after OLT and might help in the early identification of those at risk 
for developmental problems (28).

This study is subjected to some limitations. First of all, this is a retrospective study. 
Responders need to recollect facts from their childhood. It is possible that they over- or 
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underestimate the achievement of milestones. Furthermore, a substantial percentage of 
the young adults after OLT that were invited to participate did not respond. The reasons 
for not participating in this study were not documented. Other studies have shown 
that non-responders are experiencing greater psychological disabilities, neurodevelop-
ment impairment and learning difficulties (16). This could mean an underestimation of 
developmental delays in the present study. Also, our study population is relatively small 
which affects the power of the study. Therefore, we should be careful in interpreting and 
generalizing our results. Finally, cultural differences may interfere when comparing the 
current study to studies from other countries. 

It is not clear whether the delay COL affects perception of the quality of life of these 
young adults. They may achieve fewer milestones, but that does not have to mean that 
their quality of life is poorer. We do not know if specific liver-related physical symptoms, 
stress responses or anxiety have a detrimental effect on the development. This remains 
to be addressed. 

We recommend that both parents and health care providers be aware of developmen-
tal delays and to stimulate autonomy, psychosexual and social development. Especially 
young male adults and those who have undergone a re-OLT are at increased risk of achiev-
ing fewer milestones. During the follow-up of patients these topics should be addressed 
to identify or prevent possible COL developmental delays. In particular, we should 
encourage these young adults to be more independent, stimulate them to make friends 
and participate in peer activities. Therefore, psychologists and social workers should be 
involved during the transition into adulthood. Also, patients should be informed about 
their future perspectives regarding more difficulties to develop relationships and chances 
to fulfill their professional aspirations. 

In conclusion, young adults after liver transplantation in their childhood show delay in 
their developmental milestones in every dimension. Male recipients and those who had 
needed a re-transplantation are more at risk. Fortunately, these young adults display less 
risk behavior during their childhood. Further research should focus on the identification 
of the hurdles that play a role in the developmental delays. This could help to develop 
preventive measures or tools to stimulate children after OLT to develop themselves more 
similar to their peers. 
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