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Abstract

with PKU using the random forest (RF) method.

effective predictors.
Keywords: Random forest, Phenyl ketonuria, Mental health

Background: Parents of children with chronic medical conditions, including those with phenylketonuria (PKU), face emotional
stress. In this study, we will focus mainly on the social relationships, social participation, and quality of life of mothers of children

Method: In this cross-sectional study, data were collected from the Association for the Protection of PKU in Hamadan province.
We utilized the RF method for data analysis using the packages “Metrics” and “random forest SRC” in R software (version 3.2.2).
Results: In total, 201 mothers who had children with PKU were included in this study. More than half (52.2%) of the mothers
were aged between 18 and 35 years. Based on the random forest method, the most important predictors of the social interactions
and social participation of mothers who had children with PKU were, in order, environmental health, social relationships, mental
health, physical health, income, the number of family members, educational status, mothers’ job status, and age of mothers.

Conclusion: The first four variables (environmental health, social relationships, mental health, and physical health) were the most
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Introduction

Phenylketonuria (PKU) is a scarce inherited chronic
untreatable disorder associated with intellectual disability
and neurological abnormalities (1). The incidence is
estimated as 1:21000 (2), 1:10000 (1), and 1.5:10000 (3)
in Latin America, Europe, and Iran, respectively.

Recent studies have mentioned that the parents of a
child with chronic medical conditions, such as PKU, face
enormous emotional stress (4,5). These studies indicate
that babyhood, social functioning, general health,
physical functioning, parental impact-time, emotional
functioning, physical health, psychosocial health, quality
of life, etc. can raise special challenges for the parents of
children with PKU (1-5). In fact, caregivers’ physical and
mental health is important for the success of therapeutic

interventions delivered to PKU patients. Previous studies
have pointed out the importance of the emotional burden
of the diagnosis of PKU (6) and other parameters related
to parental psychological performance with regard to
PKU (7).

Simon et al used the Wilcoxon Test for the analysis of
the quality of life and social services offered to 67 PKU
patients over 17 years old in Germany in 2008 (8). In the
cross-sectional study of Fidika et al, 89 parents completed
the self-report measures of PQoL, family stress, social
support, and parental coping scale. Regression and
mediation analyses were performed to determine the
impact of these potential predictors on PQoL (9). Alavi
et al conducted a study on 39 children and adolescents
with thalassemia major children and their parents, who
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completed a quality-of-life questionnaire (PedSQL)
assessing four dimensions, including physical, emotional,
social, and school performance using inferential statistics
(paired t-test, Mann-Whitney, and Spearman Solidarity)
(10).

Theoretically, there are several advantages for
random forest (RF) models over regression. First, the
RF algorithm automatically selects important variables
(11) and has no restrictions on the number of variables
entering the model, which is different from stepwise
variable selection in logistic regression. Second, missing
values and imbalanced data can be handled automatically
by RF. Third, RF works better than logistic regression in
large data sets, where numerous variables are present.
Nevertheless, RF has a main disadvantage. Unlike the
decision Trees analysis, the Tree structure in RF is highly
complex and an invisible “black box”. So, there is an
unknown relationship between a particular level of a
variable and the outcome (11).

In this study, the main goal was to identify the
predictors of social participation and QoL of mothers
who had PKU children using an RF model in an Iranian
population, Hamadan.

Materials and Methods

In this retrospective study, 201 women who had PKU
children were included. The data were collected from the
Protection of Phenylketonuria Patients’ Association in
Hamadan Province. The response variable in this study
was social participation. We also used the World Health
Organization Quality of Life (WHOQOL) questionnaire
(12) to assess mothers’ physical health, psychological
health, social relationships, and environmental health.
Additional information included premature birth,
maternal health (physical and mental), mother’s age,
mother’s job status (employed or housewife), marital
status (married, single), marital condition (peaceful,
discordant, divorced, and widowed), mother’s education
(illiterate, high school diplomas, bachelor’s degrees or
higher), monthly income of the family members, number
of PKU children, social participation (the degree of
participation in a community or society, measured by the
female social participation questionnaire), physical health
(overall physical well-being as the most visible health
dimension, measured by the WHOQOL), psychological
health (emotional, behavioral, and social maturity of a
person, measured by the WHOQOL), social relations
(relationships established in a company, organization,
etc., determined by the WHOQOL), and environmental
health (environmental public health, etc. determined by
the WHOQOL).

The data were analyzed using the packages of “Metrics”,
and “random forest SRC” in R software (version
3.2.2). The metrics of the RF package in R software are
commonly used in supervised machine learning. This

method works in such a way that it fits into multifaceted
data gathered using different sampling and by choosing
different cut-points and combining the input of the
independent variable. Finally, the model that has the best
sensitivity and specificity is selected as the final model. In
order to select the most important variables, we used the
%IncMSE index.

Results
Table 1 shows the demographic characteristics of
mothers who had children with PKU. As Table 1 shows,
72.7% of the mothers had premature birth; 90.9% of the
mothers were healthy, and 52.2% of them had an age
between 18 and 35 years. Most (76.1%) of the mothers
were housewives; 93.0% lived with their husbands, and
83.3% of these mothers enjoyed a peaceful life with their
spouses. The highest frequency of maternal education
was diploma (42.9%), and 41.4% of them were illiterate.
The highest frequency of monthly income was 400-900
thousand tomans; 50.5% of the families had 1-3 members;
36.3% of the mothers had just one child with PKU, and
3.0% of them had two children with PKU.

In this study, the mean £ SD of the social participation
score of mothers was 81.51 £6.74; the mean+SD of the

Table 1. Demographic characteristics of mothers who had children with PKU

Predictors Number Percent

1 144 72.7
Premature birth

54 27.3

Yes 178 90.9
Mother's good health

No 18 9.1

18-35 105 52.2
Mother's age 35-55 82 40.8

>55 11 5.5

Employed 45 22.4
Mother's job status

Housewife 153 76.1

Married 187 93.0
Marital status

Single 11 5.5

Peaceful 165 83.3

With conflicts 22 11.1
Marital condition

Divorced 6 3.0

Widowed 5 2.5

Illiterate 82 41.4
Mother's education Diploma 85 429
status

Bachelor's degree 31 15.7

and higher '

<400 47 23.7
Income status
(monthly, Tomans) 400-900 76 38.4

>900 75 37.9

1-3 100 50.5
Number of family 16 65 198
members

6-9 33 16.7
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physical health score was 9.86+2.23; the mean+SD
of the psychological health score was 19.21+3.46; the
mean + SD of the social relationship score was 25.41 + 3.94;
the mean+SD of the environmental health score was
25.54+5.25, and the mean+SD of the environmental
health score was 80.01 +12.81.

Based on the RF method, the following variables
could predict the status of the social participation of
the mothers of children with PKU. The most important
ordered predictors were environmental health, social
relationships, mental health, physical health, income,
number of family members, maternal educational status,
maternal job status, and maternal age (Table 2).

According to the RF method, variables had a meaningful
relationship with social participation (Figure 1). When
the physical health score ranged from 4 to 8, social
participation showed a decline; for a physical health score
between 8 and 11, social participation increased, and
again participation declined when the physical health
score exceeded 12. Regarding the mental health score,
when the score was between 9 and 17, social participation
showed a decline, and in cases where the mental health
score was above 15, social participation increased. With
regard to social communication, a direct association was
observed between this variable and social participation.
The environmental health scores of 11-14 and>14
predicted a decline and an increase in social participation,
respectively. The average social participation score was
lower in mothers aged 35-55 years than in mothers aged
18-35 years, and the social participation of mothers over
the age of 55 years was greater than that of mothers
under 55 years old. The social participation of employed
mothers was higher compared to that of housewives. Also,
higher maternal education and family income predicted
higher social participation. On the other hand, the social
participation of mothers seemed to remain unchanged by
increasing the number of family members.

Discussion

This study was performed to identify the factors
influencing the social participation and life quality of
mothers of children with PKU. For this purpose, we
used the RF model. This model disclosed a total of
nine variables, including four quantitative variables
(environmental health, social relationships, physical
health, and mental health) and five qualitative variables
(mother’s job, mother’s education, mother’s age, number
of family members, and monthly income). Among
four quantitative variables (Figure 1), maternal social
participation showed the strongest association with
mental health and environmental health, displayed
by their clear and distinct climax points. At first,
the effectiveness patterns of both variables showed a
declining trend, which subsequently increased. The
index of the mental health variable was 17. The social

Table 2. Ordered variables based on their effects on social participation (i.e.,
the response variable)

Random forests

Variables
Order %IncMSE

Mother's age (year) IX 1.03
Mother's job status Vil 1.11
Mother's education status Vil 2.02
Income \% 2.12
Number of family members \ 2.88
Physical health v 12.07
Mental health 1] 14.74
Social relationships 1l 24.02
Environmental health | 40.01

The order of importance of the variables, the variable with a higher numerical
value is more important.
Effective variables are Bold.

relationship variable (i.e., the third strongest predictor of
social participation) showed an increasingly influential
pattern, while the pattern related to physical health (the
fourth effective predictor) revealed a downward trend.
The effectiveness patterns of the five qualitative variables
were almost equal, except for maternal jobs, where higher
levels of this variable predicted higher maternal social
participation.

One of the factors that affects the QoL of parents with
PKU children is the condition of the disease. Several
studies have suggested that QoL in PKU patients is lower
than that of healthy people (13). The existence of a sick
child increases the prevalence of physical illnesses such
as pain (14) and psychiatric problems such as depression,
stress, and anxiety in family members, especially mothers
(15). In some studies, the life quality of mothers of ill
children has been reported to be lower than that of
mothers of healthy children (10,13). Some studies have
shown that there is a correlation between the life quality
of these mother and the severity of their children’s
disabilities, where more severe disabilities foretell poorer
QoL (14,16,17). In a study in Italy, it was found that
mothers of children with apathy disorders had relatively
poor QoL (16). In the current study, we witnessed that
with an increase in the mental health of mothers, their
social participation also increased. In a 2011 study on the
parents of PKU children by Mahmoudi-Gharaei et al,
stress, depression, and anxiety levels were higher in these
parents, and the birth of a PKU child was considered to
impose a heavy burden on these parents since they had to
be highly vigilant about the special dietary requirements
of their child (18). In 2010, Dijkers evaluated the factors
affecting the social interactions and participation, as
well as familial relationships of families with members
suffering from hereditary illnesses, reporting that the
mental health of individuals was linked with their social
participation (19).
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Figure 1. Mean score of the social participation of mothers of children with
method

In the present study, an improvement in environmental
health was observed to enhance maternal social
participation. Studies have shown that the level of
social participation is related to social and physical
environment, as well as excessive physical activities
and individual and environmental factors (19,20). In
line, people who have higher physical health scores
generally show less social participation. Many studies
have also shown that the social participation of physically
healthy people is higher than individuals suffering

PKU and its correlation with selected variables according to the Random Forests

from physical illnesses (21-23). As suggested by Xiang
and colleagues’ study, QoL is linked with the low social
participation of the parents of underpaid and overactive
children with specific medical conditions (24,25). The
discrepancy between these findings may be due to the
fact that mothers of PKU children do not care about
their illnesses. As Bourke-Taylor and colleagues asserted,
most mothers often sacrifice themselves for their children
and prefer their children’s happiness to their own (26).
Individuals aged between 35-55 years had the lowest
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social participation rate, and mothers over 55 years old
had the highest social participation. Mothers who worked
outside reported higher social interactions, especially
with home caregivers. Also, increased levels of education
and income predicted higher levels of social participation.

In previous studies investigating the parents of
children with hyperactivity, attention deficit disorder,
asthma, and diabetes, a positive relationship was noticed
between parents’ education and social participation. In
explanation, it can be said that individuals with higher
education have better career choices, so their needs
and expectations are better met depending on their
conditions. On the other hand, educated people have
access to necessary information about the disease and its
therapeutic modalities (25). Previous studies acknowledge
that higher monthly income is associated with the life
quality of parents of children with disabilities. Of course,
other than income, health-related and non-health costs,
such as housing and other household expenditures, also
affect QoL (26). Fazer’s assessment of life revealed a direct
and meaningful relationship between QoL and income,
where lower income intensified the feeling of misery,
leading to isolation and lack of social participation (27).
Gunduz and colleagues suggested that low-income
families suffered from stress and depression due to the
pressure imposed by the high costs of specific diets, which
could negatively affect the mother’s social partnership
(28). With an increase in the number of family members,
social participation has increased. The results of studies
by Ozel et al and Alaea et al (30,31) confirmed that PKU
children’s condition was directly influenced by their
families” knowledge and maternal quality of care. More
opportunities for studying about the disease and gaining
knowledge in the field can help provide better familial
care to these patients.

We observed a significant negative relationship
between the number of PKU children in a family and
providing satisfactory familial care. With an increase in
the number of PKU children in a family, the focus on
nutritional control on the level of dietary phenylalanine
becomes harder and weaker, exacerbating physical,
psychological, and financial stress on family members
(29,31). However, with a higher number of family
members and their participation in the care process, it
is expected that the physical and mental pressure on the
mother can be diminished, increasing the opportunity
for maternal social participation. Therefore, in order to
improve maternal QoL, appropriate programs should
be considered to help these mothers better care for their
children along with having opportunities for participating
in social events.
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