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ABSTRACT

Background. Pregnancy on dialysis is increasingly being
reported. This study evaluates the behavioural profile of the
children of mothers on dialysis and the parental stress their
mothers undergo when compared with a group of mothers
affected by a different chronic disease (microcythaemia) and
a group of healthy control mothers.
Methods. Between 2000 and 2012, 23 on-dialysis mothers gave
birth to 24 live-born children in Italy (23 pregnancies, 1 twin
pregnancy, one of the twins deceased soon after delivery); of
these, 16 mothers and 1 father (whose wife died before the in-
quiry) were included in the study (1 mother had died and the
father was unavailable; 2 were not asked to participate because
their children had died and 3 were unavailable; children:
median age: 8.5, min–max: 2–13 years). Twenty-three mothers
affected by transfusion-dependent microcythaemia or drepa-
nocitosis (31 pregnancies, 32 children) and 35 healthy mothers
(35 pregnancies, 35 children; median age of the children: 7,
min–max: 1–13 years) were recruited as controls. All filled in

the validated questionnaires: ‘Child Behaviour Checklist’
(CBCL) and the ‘Parental Stress Index-Short Form’ (PSI-SF).
Results. The results of the CBCL questionnaire were similar for
mothers on dialysis and healthy controls except for pervasive
developmental problems, which were significantly higher in
the dialysis group, while microcythaemia mothers reported
higher emotional and behavioural problems in their children
in 8 CBCL sub-scales. Two/16 children in the dialysis and 3/
32 in themicrocythaemia group had pathological profiles, as as-
sessed by T-scores (p: ns). PSI-SF indicated a normal degree of
parental stress in microcythaemia subjects and healthy con-
trols, while mothers on dialysis declared significantly lower
stress, suggesting a defensive response in order to minimize
problems, stress or negativity in their relationship with their
child.
Conclusions. According to the present analysis, the emotional
and behavioural outcome is normal in most of the children
from on-dialysis mothers. A ‘positive defence’ in the dialysis
mothers should be kept in mind when tailoring psychological
support for this medical miracle.

© The Author 2015. Published by Oxford University Press
on behalf of ERA-EDTA. All rights reserved.
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INTRODUCTION

Since the first report by Confortini et al. who described a suc-
cessful pregnancy in 1971, pregnancy on dialysis is still a rare
and meaningful event that has been described as a clinical chal-
lenge, a miraculous occurrence or a revenge of life versus a
chronic, intrusive, life-long disease [1–3].

Although epidemiological data are scant, there are a few
basic tenets on pregnancies on dialysis. Results have greatly im-
proved over time, with a gain in fetal survival of ∼25% per dec-
ade, resulting in up to over 90% of live-births being reported in
a recent Canadian series thanks to high efficiency, long-
nocturnal haemodialysis, thus pointing to increasing dialysis
efficiency as a tool for success [4–12]. Despite the overall
improvement in results, placental insufficiency and pre-term
delivery—often with fetal growth restriction (FGR)—are fre-
quent, if not the rule. Thus, while there is overall agreement re-
garding the absence of increased risks of malformations in
‘dialysis children’, the long-term consequences of prematurity
may represent important challenges for a child and a family
that is already challenged by a chronic disease [4–12].

The issue of prematurity and of small babies is complex, as
both situations are heterogeneous and may reflect different
pathological events, in turn affecting the long-term develop-
ment of the offspring differently. In fact, a small baby may be
adequate for gestational age, and thus not exposed to the con-
sequences of hypoxia or placental insufficiency, ormay be small
for gestational age (SGA), and slowly and harmonically growing
along his/her own growth curve, or may develop progressive
intrauterine growth retardation. All of these conditions usually
reflect pathologic acute or sub-acute interference with the
physiological growth [13–15].

To the best of our knowledge, however, the only available
studies regarding the children of dialysis mothers have mainly
been aimed at assessing the risks of kidney disease in the off-
spring [16–19].

The pathophysiological challenges of prematurity on the de-
veloping kidneys and on the developing brain are increasingly
acknowledged; however, the effect of prematurity on the overall
well-being of children born tomothers on dialysis is not known.
This overall view is crucial, as it may reflect the balance between
the extraordinary power of compensation of human beings and
the psycho-social effects of a chronic disease in a family mem-
ber [20–25].

In this context, the aim of the present study is to evaluate the
emotional and behavioural profile of the children and adoles-
cents of mothers on chronic dialysis and the parental stress
their mothers undergo as compared to a group of mothers af-
fected by a different chronic disease (i.e. microcythaemia) and a
group of healthy control mothers. We selected transfusion-
dependent microcythaemia patients as the main control group.
This choice was based upon the presence of several similarities
(life-long disease, shorter life expectancy, frequent and regular
admission to the hospital, frequent fertility impairment) and

differences (mothers on dialysis have a prospective of transplant-
ation, dialysis is more time consuming than periodic transfu-
sions, end-stage renal disease is not genetically transmitted),
that might help us highlight the peculiarities of adaptation and
response of on-dialysis mothers and their children [26–28].

MATERIALS AND METHODS

Patient selection: on-dialysis mothers

The present study was planned in the context of a nation-
wide analysis of the long-term results of pregnancy in dialysis
patients who delivered between 2000 and 2012. In the absence
of Registry data on pregnancy on dialysis, subjects were identi-
fied on the basis of capillary phone interviews with all the public
dialysis centres in Italy as well as with the main private. The
analysis was cooperative and was carried out by the Italian
Study Group on Kidney and Pregnancy (Gruppo di Studio
Rene e Gravidanza della Società Italiana di Nefrologia), in co-
operation with the Italian Registry of Dialysis and Transplant-
ation, and the National Association of Dialysis and Transplant
patients (ANED), as described elsewhere in detail [29]. All data
were acquired during 2013.

At this time, all the available mothers, and in case of the
mother’s death, the father, were contacted and asked to partici-
pate to the study. Between 2000 and 2012, 23 ondialysismothers
had 23 pregnancies, resulting in 24 live-born babies (1 twin
pregnancy, one of the twin deceased soon after delivery), at
the time of the study 21 mothers were alive. In the case of the
2 deceased mothers, 1 father completed the interview, while the
other had moved back to his homeland and was not found
at time of study. Of the 21 remaining mothers, 2 declined par-
ticipation; the questionnaire was not proposed to 2 mothers
whose children had died soon after birth and to 1 mother
who had severe psychiatric problems antedating dialysis. The
mother of twins was asked to fill the questionnaire for the living
child.

Hence, overall, 17 interviews were available for assessment
(completed from 16 mothers and 1 father), but one of the ques-
tionnaires (Child Behavior checklist, CBCL) was too incom-
plete to be assessed.

Controls: microcythaemia patients

Mothers with transfusion-dependent beta thalassaemia and
drepanocytosis were selected from the two largest Italian
centres for the care of microcythaemia patients (Turin and
Cagliari), both of which are reference centres for large areas.
Selection criteria included having delivered a live-born baby
in the 2000–2012 period, being transfusion-dependent, and
being willing to participate. In both settings, all women with
these characteristics were contacted and all of them agreed to
participate. Ten mothers having a total of 14 pregnancies
(and 14 children, i.e. 14 questionnaires) were recruited from
the Turin Unit; however, due to the larger number of cases
available at the Cagliari Unit, in order to balance the data be-
tween the two settings, only the first mothers who agreed to
participate were included in the present analysis (13 mothers,
17 pregnancies, 1 twin, i.e. 18 children, 18 questionnaires).
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Twenty-one women (29 children) had transfusion-dependent
thalassaemia major and 2 women (3 children) transfusion-
dependent drepanocytosis. Overall, 31 questionnaires were
available for the final evaluation, but one of the questionnaires
(CBCL) was too incomplete to be assessed.

Controls: healthy population

A control group made up of 35 mothers was selected. This
subset of subjects was recruited from among the hospital work-
ers and their families and friends on a volunteer basis. Selection
criteria included having a pregnancy between 2000 and 2012,
had a live-born, healthy baby and the absence of any known
chronic disease. Each mother filled one questionnaire for one
child aged 18 months to 18 years (35 questionnaires).

Questionnaires
The Child Behaviour Checklist. The CBCL was used to rate
children and adolescents’ behavioural and emotional problems
[30]. The CBCL is an extensively used questionnaire that has
also been validated for Italian children [31,32]. Chronbach’s
α is 0.8, witnessing acceptable internal consistency. There are
two versions of the checklist: the pre-school checklist (CBCL
1½–5 years) for children aged 18 months to 5 years and the
school-age version (CBCL 6–18) for children aged 6–18 years.
Mothers are asked to complete the checklist on the basis of their
perception of their child’s behaviour. Each item is evaluated on
a 3-point Likert scale (from 0 = ‘not true’ to 2 = ‘very true or

often true’). The questionnaire provides scores for three broad-
band scales: internalizing symptoms, externalizing symptoms
and total behavioural problems and also for Diagnostic and
Statistical Manual (DSM)-oriented scales. Definitions and ex-
amples of symptoms of the syndrome and DSM-oriented
CBCL scales are shown in Table 1.

Raw scores for each clinical factor were transformed into
T-scores based on published norms [30, 33, 34]. T-scores >63
were considered indicative of clinical impairment for the three
broad-band scales, T-scores ≥70 were considered indicative of
clinical impairment for syndrome scales.

The choice of the CBCL questionnaire, involving the parents
without need for involving the children, was in line with a min-
imally invasive approach, and ensured, given the small number
of cases, a homogeneous approach.

Parent Stress Index-Short Form. The Parent Stress Index-
Short Form (PSI-SF) is a 36-item validated questionnaire on a
5-point scale showing good validity and reliability [35–38]. It
measures parental stress through three sub-scales: parental dis-
tress (PD), measuring an impaired sense of parental competence
and depression, parent–child dysfunctional interaction (P-CDI),
intended to measure unsatisfactory parent–child interactions
and difficult child (DC), measuring behavioural characteristics
of the child that make him/her easy or difficult to manage.

Each item is evaluated on a 4-point Likert scale (from 0 =
‘not true’ to 3 = ‘very true or often true’).

Table 1. Syndrome scales and DSM-oriented scales of Child Behaviour Checklist (CBCL): definitions and symptoms

Syndrome scales: examples of typical problems by syndrome subcategory
Internalizing symptoms
Emotionally reactivea Twitching, sulking, whining, worry, panic, rapid shifts in mood, upset by new situations/change
Anxious/depressed Dependent, feelings easily hurt, upset by separation, looks unhappy, nervous, self-conscious, fearful, sad
Somatic complaints Complains of aches and pains, headaches, stomachaches, diarrhoea, nausea, vomiting, not eating
Withdrawn Acts immature, avoids eye contact, does not answer, little emotional expression or reaction, little interest

Externalizing symptoms
Aggressive behaviour Difficulty concentrating, wanders, can’t sit still, clumsy, shifts quickly
Attention problemsa Defiant, demanding, destructive, disobedient, no guilt, frustrated, fights, angry moods, stubborn, uncooperative,

attention-seeking, can’t wait
Rule breaking behaviourb Drinks alcohol, no guilt breaks rules, hangs around with others who get in trouble, lying or cheating, prefers being with

older children, runs away from home, sets fires, sexual problems, steals, obscene language
Total behavioural problems Combination of both internalizing, externalizing symptoms and 30 additional items for the CBCL 1½–5 or 17 for the

CBCL 6–18 that do not load for any of the individual scales, plus the following standalone items
Sleep problemsa Difficulty sleeping alone, nightmares, resists going to bed, talks in sleep, wakes often, general loss of sleep
Social problemsb Dependent on adults, complains of loneliness, not get along, easily jealous, feels others out to get him, gets hurt a lot, teased

a lot
Thoughts problemsb Can’t get mind off certain thoughts, attempt suicide, hears sounds or voices that aren’t there, twitching, picks skin, repeats

acts, sees things
Attention problemsb Defiant, demanding, destructive, disobedient, no guilt, frustrated, fights, angry moods, stubborn, uncooperative,

attention-seeking, can’t wait
Diagnostic Statistical Manual (DSM)-oriented scales: examples of typical problems by diagnostic code
Affective problems Cries, sleep problems, looks unhappy, over or under eats, tired, low sleep, sad, little interest, underactive
Anxiety problems Dependent, difficulty sleeping alone, fearful, nervous, upset by separation, worries, panic, nightmares
Somatic problemsb Physical problems such as aches, headaches, nausea, rashes or skin problems, problems with eyes, stomachaches, vomiting
Attention deficit/hyperactivity

problems
Poor concentration, can’t sit still, can’t wait, demanding, gets into things, shifts quickly

Oppositional defiant problems Defiant, disobedient, angry moods, stubborn, hot-tempered, uncooperative
Conduct problemsb Cruel to animals, cruelty, bulling, destroys things belonging to others, no guilt, breaks rules, fights, vandalism
Pervasive developmental

problemsa
Upset by new things/change, avoids eye contact, does not answer, does not get along with others well, rocks head, little
emotional expression or reaction, speech problem, strange behaviour, withdrawn

aOnly for CBCL 1½–5.
bOnly for CBCL 6–18.
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The total PSI-SF score is an indicator of the overall experi-
ence of parenting stress [35, 36, 38]. For each sub-scale, a score
between the 15th and 85th percentile is considered normal; a
score ≥85th percentile represent a ‘clinically significant’ level
of parenting stress.

Moreover, the PSI-SF comprises a sub-scale defined as
‘Defensive Responding’, which evaluates the extent to which
the parent is trying to answer in a way he/she thinks may be
rated as ‘the best’. Parents with low scores on this scale may
be trying to minimize problems and stress in their relationship
with their child. A score of 10 or less indicates a defensive re-
sponse and suggests caution in interpreting the stress scores.

Definitions and statistical analysis
Definitions. SGA babies were defined according to the Para-
zzini scores, as described elsewhere in detail [39]. Height and
weight were assessed by the WHO internationally validated
charts (www.who.int) and the classical Tanner–Whitehouse
charts. The latter were chosen because of their widespread
use throughout the study period [40]. Severe clinical problems
in pregnancy were defined as those requiring at least two hos-
pitalizations, beside those for delivery.

Statistical analysis. Normally distributed variables were ex-
pressed as mean and standard deviation, non-normally distrib-
uted data as median and 25th and 75th percentile, and binary
data as percentage. Comparisons between two independent
groups were made by T-test (normally distributed data),
Mann–Whitney U-test (non-normally distributed data) or χ2

test (binary data), with Fisher correction when appropriate.
Comparisons between the three groups for non-normally

distributed data were made by Kruskal–Wallis analysis. A P <
0.05 was considered statistically significant. Data were analysed
using IBM-SPSS (©IBM).

Ethical issues

The study protocol was approved by the ethics committee of
the University of Turin (Azienda Sanitaria Ospedaliera San
Luigi; delibera del Direttore Generale n.364, 17 June 2013).

All participants provided informed consent protecting the
anonymity of the data; when the mother was unavailable, the
father, asked to participate, provide consent.

RESULTS

Baseline data

Table 2 provides the main clinical characteristics of the two
groups of mothers. In both cohorts, median age was not signifi-
cantly different from the healthy control mothers (median 35
years; 25th centile: 31 years; 75th centile 35 years).

None of the women on dialysis had more than one
pregnancy. Conversely, eight transfusion-dependent women
had two pregnancies during the study period, one was a twin
pregnancy.

Pregnancy occurred spontaneously in all the on-dialysis
mothers and in the healthy controls. Conversely, assisted pro-
creation procedures were needed in 11 transfusion-dependent
women: 5 in Cagliari and in 6 in Turin.

The prevalence of pre-term and early pre-term babies was
higher in on-dialysis mothers (all of the children, except one,
were born pre-term) when compared with microcythaemia

Table 2. Main clinical features of the mothers and children included in the study in the dialysis-dependent and transfusion-dependent cohorts

On-dialysis mothers Microcythaemia mothers P

Mothers
No. of subjects 17 23 –
No. of pregnancies 17 31
Age at start of dialysis or of blood transfusions: years (mean ± SD) 28 ± 5 2 ± 2 <0.001
Age at delivery: years (mean ± SD) 33 ± 6 32 ± 4 0.899
Maternal problems requiring at least two hospitalizations in pregnancy (%) 58.8 21.9 0.013
Early pre-term <34 weeks (%) 58.8 6.3 <0.001
Late pre-term 34–37 weeks (%) 35.3 21.9 0.498
All pre-term (%) 94.1 28.2 <0.001
Birth weight (median (min–max) 1450 (900–2250) 2450 (1200–3750) <0.001

Children
Subjects (questionnaires) 17 32
Male (n) 8 16 0.998
Age (at the time e of interview) median (range) 8.5 (2–13) 7 (1–13) 0.701
No. of pre-school children, aged <6 years (CBCL 1½–5) 6 8 0.448
No. of children in grades 1–8th (CBCL 6–13) 11 24
Centile: median (min–max) 33 (1–93) 38 (1–97) 0.580
SGA [<10th Centile (%)] 29 25 0.356
NICU (%) 64.7 6.3 <0.001
Main problems after birth (%) 11.8 9.4 0.294
Height <3rd centile (%) 5.9 6.3 0.615
Weight <3rd centile (%) 11.8 6.3 0.574
Weight and height <3rd centile 5.9 9.4 0.568

SGA: small for gestational age baby (Parazzini scales); NICU: Neonatal Intensive Care Unit; centiles in children are calculated according to the Tanner–Whitehouse scores.
Note: by definition, all healthy controls are born at term from physiological pregnancies.
None of the children had chronic disease or permanent disability, except for minor arm dysplasia in one child from on-dialysis mother (premature−26 weeks, male child, 10 years old at the
time of study).
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mothers. Conversely, the prevalence of SGA babies was not
higher in children of on-dialysis mothers when compared
with the children of microcythaemia mothers (Table 2).

In both cohorts, pregnancy resulted in an intensification of
care: dialysis was increased in all patients, from a median of 3
times per week to a median of 6 times per week. Likewise, the
frequency of transfusions increased during pregnancy in 11/13
cases in Cagliari (from amedian of every 21 days to 10–15 days,
reaching once aweek in two cases) and in all cases in Turin (me-
dian transfusion interval: every 10 days).

As a reflection of the high incidence of prematurity, the chil-
dren of on-dialysis mothers had more initial hospitalizations in
the neonatal intensive care unit. However, the majority of pa-
tients were above the third percentile for age (height and
weight) (Table 2).

All of the children from controlmothers were healthy and born
at term and all were above the third centile for height and weight.

The Child Behaviour Checklist
Overall data. Table 3 reports the results of the CBCL ques-
tionnaire. The three broad-band scales (internalizing, external-
izing and the combination of these two, i.e. total problems)
show a significant difference in total problems among the
three groups; the difference is mainly due to a higher prevalence
of anxiety/depression in microcythaemic mothers when com-
pared with on dialysis and control mothers.

Other significant differences among the three groups are
recorded in the three sub-scales affective, anxiety and attention
deficit/hyperactivity problems (ADHD) shared by the two
CBCL forms (age ½–5 and age 6–18 years), on pervasive devel-
opmental problems, specific for children aged ½–5 years and
on social problems and problems regarding thoughts for
older children (age 6–18 years).

In more detail, the mothers in the microcythaemia group re-
ported a higher degree of anxiety on two DSM-oriented CBCL
sub-scales (i.e. affective problems, anxiety problems) when
compared with healthy mothers and to on-dialysis mothers.
The differences between social, thought, affective and ADHD
problems are significant between mothers in the microcythae-
mia group and healthy controls.

Conversely, the parents in the dialysis group were overall
similar to the healthy controls. The only statistically significant
difference between these two groups was observed for pervasive
developmental problems that are characterized by delays in the
development of socialization and communication; autism is the
best known of these disorders (Figure 1).

Schooling was within the normal range for all children of
on-dialysis and microcythaemic mothers. However, two of the
children of dialysis mothers and one child born to a transfusion-
dependent mother were reported to have socialization problems
at school (versus none of the control children p: ns).

CBCL single profiles. Two children from on-dialysis
mothers presented a T-score indicative of clinical impairment:
one child presented a wide range of behavioural and emotional
problems (i.e. withdrawn, social problems, attention problems,
internalizing symptoms, externalizing symptoms, total pro-
blems, anxiety problems and ADHD) and one child was re-
ported with less severe problems (i.e. attention problems,
internalizing symptoms, total problems and ADHD).

The prevalence was not significantly different in the children
of microcythaemia mothers, where three children had T-scores
indicative of clinical impairment: one presented a wide range of
problems (i.e. anxious/depressed, somatic complaints, atten-
tion problems, internalizing problems, total problems, affective
problems and anxiety problems) and two less severe problems

Table 3. Results of the Child Behaviour Checklist (score)

Problems rated by the scale On-dialysis mothers
Median (25th and 75th pct)

Microcythaemia mothers
Median (25th and 75th pct)

Healthy control mothers
Median (25th and 75th pct)

P

Internalizing 48.0 (39.50–60.50) 56.0 (48.00–63.00) 50.0 (37.00–58.00) 0.061
Externalizing 47.0 (41.50–51.00) 49.0 (44.00–56.00) 49.0 (37.00–56.00) 0.498
Total behavioural problems 48.5 (39.25–57.25) 53.0 (46.00–58.00) 49.0 (36.00–54.00)**(0.010) 0.031
Emotionally reactive1 50.5 (50.00–56.00) 50.0 (50.00–55.00) 50.0 (50.00–50.75) 0.648
Anxious/depressed 50.0 (50.00–59.75) 54.0 (51.00–63.00)*(0.029) 51.0 (50.00–57.00)**(0.005) 0.010
Somatic complaints 53.0 (50.00–60.75) 57.0 (53.00–62.00) 53.0 (50.00–59.00) 0.172
Withdrawn 51.0 (50.00–61.25) 51.0 (50.00–58.00) 50.0 (50.00–54.00) 0.334
Aggressive behaviour 50.0 (50.00–53.75) 51.0 (50.00–57.00) 51.0 (50.00–55.00) 0.581
Attention problems 51.0 (50.00–59.75) 52.0 (50.00–57.50) 51.0 (50.00–57.00) 0.752
Rule breaking behaviour2 51.0 (50.0–55.50) 50.5 (50.00–52.25) 50.0 (50.00–51.00) 0.449
Sleep problems1 54.5 (50.00–60.25) 53.0 (50.50–59.00) 52.5 (50.00–63.50) 0.920
Social problems2 51.0 (50.00–61.50) 53.5 (51.00–61.25) 51.0 (50.00–54.00)**(0.008) 0.035
Thought problems2 50.5 (50.00–53.50) 52.0 (50.00–64.00) 50.0 (50.00–51.00)**(0.010) 0.031
Affective problems 50.0 (50.00–52.00) 52.0 (51.00–63.00)*(0.007) 50.0 (50.00–54.00)**(0.001) 0.001
Anxiety problems 50.0 (50.00–60.00) 59.0 (51.00–68.00)*(0.035) 51.0 (50.00–58.00)**(0.004) 0.009
Somatic problems2 50.0 (50.00–51.50) 56.0 (50.00–64.25) 50.0 (50.00–56.00) 0.051
Attention deficit/hyperactivity problems 50.5 (50.00–55.75) 51.0 (50.00–60.00) 50.0 (50.00–52.00)**(0.005) 0.023
Oppositional defiant 51.5 (50.00–54.25) 51.0 (50.00–55.00) 51.0 (50.00–52.00) 0.550
Conduct problems2 50.5 (50.00–55.25) 50.0 (50.00–53.25) 50.0 (50.00–51.00) 0.321
Pervasive developmental problems1 56.0 (50.75–60.75)***(0.005) 50.0 (50.00–54.00) 50.0 (44.25–50.00) 0.005

1 only for CBCL 1½–5 2 only for CBCL 6–18.
*MW (Mann–Whitney test): microcythaemia versus dialysis significant P < 0.05.
**MW: microcythaemia versus healthy controls significant P < 0.05.
***MW: Dialysis versus healthy controls significant P < 0.05.
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(i.e. one with attention problems, affective problems and
ADHD and onewith anxious/depressed and anxiety problems).
None of the control children had pathologic profiles.

Parent Stress Index-Short Form

Table 4 summarizes the results of the PSI-SF.
The results show significant differences among the three

groups with regard to PSI total score (P < 0.001) and to all
PSI sub-scales (PD, P-CDI and DC).

Specifically, the microcythaemia mothers experience similar
levels of parental stress as healthy mothers, and both groups
perceive a higher degree of parental stress when compared
with mothers on dialysis.

The level of parental stress is slightly higher in microcythae-
mia mothers, although it is still within the normal range (clin-
ical impairment is considered to be present only above the 85th
percentile).

Furthermore, in the dialysis group, 8/16 parents with evalu-
able questionnaires (50%) reported a score of 10 or less in the
PSI sub-scale that is considered indicative of a defensive
response, when compared with 4/23 mothers in the

microcythaemia group and to 3/35 of the healthy mothers
(Fisher’s exact test: P = 0.041 dialysis versus microcythaemia; P
= 0.002 dialysis versus controls). This pattern suggests a defen-
sive tendency of the on-dialysis mothers to minimize problems,
stress, or negativity in their relationship with their child. The
answers of the father whose wife died were in line with the
other answers of the dialysis group, including also the defensive
response that may have been motivated by his still recent loss.

DISCUSSION

In the care of chronic diseases affecting young women, many
patients and physicians consider the goal of pregnancy a crucial
one, since a successful pregnancy demonstrates both the attain-
ment of a physical balance good enough to support the devel-
opment of a new human being, and the attainment of the
‘physiological’ social goal of creating a new family [1–3]. This
may also be the case both for women on dialysis, for whom
pregnancy may be considered a new clinical and social frontier,
and for transfusion-dependent microcythaemia patients [41].

F IGURE 1 : Median score of CBCL items significantly different among the three groups. MW test: microcythaemic versus dialysis;
MW, microcythaemic group versus normal controls; MW, dialysis versus normal controls.

Table 4. Parent Stress Index-Short Form (percentiles)

On-dialysis mothers
Median (25th and 75th pct)

Microcythaemia mothers
Median (25th and 75th pct)

Healthy control mothers
Median (25th and 75th pct)

P

Parental distress 10.0 (3.00–30.00) 50.0 (35.00–70.00)*(0.002) 50.0 (35.00–60.00)**(0.001) 0.002
Parent–child dysfunctional interaction 10.0 (5.00–35.00) 50.0 (31.25–70.00)*(<0.001) 50.0 (35.00–55.00)**(<0.001) <0.001
Difficult child 20.0 (5.50–35.00) 50.0 (35.00–65.00)*(0.005) 45.0 (30.00–55.00)**(0.007) 0.007
Total score 10.0 (1.00–27.50) 47.5 (21.25–70.00)*(<0.001) 45.0 (30.00–50.00)**(<0.001) <0.001

*MW (Mann–Whitney test): microcythaemia versus dialysis significant P < 0.05.
**MW: microcythaemia versus healthy controls significant P < 0.05.
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The latter were chosen since their chronic disease causes them
to share several characteristics with patients on dialysis, such as
a life-long disease and the need for hospital care, both of which
also affect the odds of getting pregnant [9–12, 26–28].

The mother–child dyad is very complex. Even when it is
considered a medical miracle, pregnancy in chronic diseases
should not be expected to be ‘without a price’, both in terms
of clinical risk and of psychological burden for the mother,
which may be worsened by the presence of intellectual or be-
havioural problems in the child. The issue of parental stress,
however, has never been extensively studied in most chronic
diseases, including end-stage kidney disease. Very few studies
have addressed this issue for other chronic illnesses, such as
Thalassaemia, HIV positivity or rheumatic disorders [41–45].
The issue of behavioural problems in the children of these
mothers is even more complex, as it may be influenced, to vari-
ous degrees, by the underlyingmaternal disease, by prematurity
and other related issues, such as very low birth weight or ‘small
for gestational age’ and, not least, by maternal-familial stress
[45–50]. To date, this complex problem has never been studied
in pregnancy on dialysis, also because of the rarity of this event
[7–11, 29].

The main results of our study are encouraging: the overall
outcome of the children of on-dialysis mothers is good, both
from the physical and from the psychological point of view
(Tables 2–4). In fact, at the time of our inquiry, we observed
a low prevalence of children of on-dialysis mothers in low
height and/or weight centiles despite the high prevalence of
babies who were born pre-term and, most importantly, we ob-
served no severe disabilities among the children we analysed
(Tables 2 and 3) [29].

With regard to behavioural problems, the answers to the par-
enthood questionnaires that were given by the dialysis mothers
were similar to those given by the healthy control group: the
only statistically significant difference was recorded for pervasive
developmental problems (Table 4). The pervasive disorders are
characterized by delays in the development of several basic func-
tions including socialization and communication and are closely
related to autism, the best-known disease of this group [51, 52].

It may be worth mentioning that this family of behavioural
disorders has been associated with pre-term delivery, very low
birth weight, maternal hypoxia and various maternal problems
in pregnancy [53–55]. The long-term consequences of mater-
nal diseases and of placental dysfunction have only recently
started to be unravelled; hence, while it is probably too early
to include information in routine counselling, the uncertainties
on this issue should probably be mentioned [56].

However, the presence of a higher score is not per se syn-
onymous of overt disease, and, indeed, only two children
from on-dialysis mothers had overall pathologic profiles at
the test (one severe, one mild). The prevalence of pathologic
scores is similar in children of transfusion-dependent micro-
cythaemia mothers (three children, one with severe and two
with milder problems).

Despite the above-mentioned similarities between dialysis
dependency and transfusion dependency, the results differed
significantly between the two groups, the latter reporting great-
er emotional and behavioural problems in their children

(Table 3). Again, the presence of higher scores is not per se syn-
onymous of overt disease, but the typology of problems may
suggest the need for support interventions for the families.

An analysis of parental stress offers some further interesting
insights (Table 4). According to the results of the PSI-SF,
mothers on dialysis declared a significantly lower degree of par-
ental stress when compared with both control groups; the over-
all scores are, however, within the normal range.

Interestingly, half of the parents in the on-dialysis group
reported a score of 10 or less in the PSI sub-scale, which is
indicative of a defensive response. An analogous response
was present in only 4/23 mothers in the microcythaemia
group (P = 0.041) and in 3/35 healthy mothers (P = 0.002).
This finding suggests that on-dialysis mothers may tend tomin-
imize the problems they may encounter in their relationship
with their children. A straightforward interpretation of this
response is not possible at present. It may highlight a form of
defence by denying the problems, in this specific case, related
to the stress of parenthood. This type of defence was described
in dialysis patients at the start of the renal replacement therapy
era, more than four decades ago, and was recently reconfirmed
in dialysis patients, as well as in patients affected by other
chronic diseases [57–62]. On the other hand, pregnancy on
dialysis is exceptional and we cannot exclude that this response
is simply part of the personality of strong women who are able
to face difficult problems and who may rate difficulties in a
different way, when compared with women who did not experi-
ence dialysis. Whatever the reason, this attitude should be taken
into consideration when offering tailored psychological help
to mothers on dialysis, and should be kept in mind during pre-
conception counselling, together with the fact that, in line with
the results of the overall dialysis cohort, long-term maternal
mortality is still high (8.9% over the 13 years of follow-up) [63].

Our study has some strengths: first of all its novelty, and
more importantly the enrolment of a control group made up
of subjects with a different chronic disease, indirectly suggesting
that dialysis patients may respond to their limitations in very
specific ways.

Our study also has several limitations: it includes a relatively
small number of subjects; nonetheless, it is one of the largest
series published to date that includes children born in the
new millennium to on-dialysis mothers [2–12, 29]. The small
number of subjects impairs stratification for clinical determi-
nants, such as the degree of prematurity, birth weight or peri-
natal complications, maternal disease, or educational income
levels. Such a detailed analysis could be the next step, further
extending the study to other countries, possibly enrolling also
different controls groups of mothers with other chronic dis-
eases and/or of premature babies.

Furthermore, the choice of a questionnaire filled in by the
parents, such as the Child Behaviour Checklist, does not
allow us to distinguish between the pathologic responses of par-
ents and children, and may be considered less ‘objective’ than a
test that is directly performed with the children. However, we
decided to implement this validated tool in order to minimize
the intrusiveness of our inquiry, also keeping in mind that in
such a new field a first study is mainly aimed at identifying
the issues that future analyses should focus on.
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CONCLUSIONS

The emotional and behavioural outcome of children of on-
dialysis mothers is within the normal range in most cases, a re-
sult that is shared with the other chronic disease chosen as the
control (transfusion-dependent microcythaemia). However,
despite a good general outcome, 2/17 children of on-dialysis
mothers versus 3/32 children of microcythaemia mothers had
pathologic profiles, thus underlining the need for planning tai-
lored support interventions during and after pregnancy in
women affected by chronic diseases.

Particular attention should be paid to pervasive develop-
mental disorders, mainly involving communication skills, in
children of on-dialysis mothers and to anxiety in the children
of microcythaemia mothers.

The lower rate of parental stress in on-dialysis mothers may
at least be partly due to a ‘positive defense’, resulting in denial of
the children’s problems: further studies are needed on this issue,
employing also different psychological scales, and psychomet-
ric tools. Such behaviour should also be kept in mind when tai-
loring psychological support for this ‘medical miracle’.
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(See related article by Groothoff. Pregnancy during dialysis: still a
challenge to get there, but worth the effort. Nephrol Dial Trans-
plant 2015; 30: 1053–1055.)

REFERENCES

1. Confortini P, Galanti G, Ancona G et al. Full-term pregnancy and success-
ful delivery in a patient on chronic hemodialysis. Proc Eur Dial Transplant
Assoc 1971; 8: 74–80

2. Jim B, Hou S. Pregnancy and kidney disease—themiracle continues against
all odds. Adv Chronic Kidney Dis 2013; 20: 206–208

O
R
IG

IN
A
L
A
R
T
IC

L
E

1200 G.B. Piccoli et al.

 at B
IB

L
IO

T
E

C
H

E
 B

IO
M

E
D

IC
H

E
 U

N
IV

E
R

SIT
A

' D
E

G
L

I ST
U

D
I D

I T
O

R
IN

O
 on N

ovem
ber 26, 2016

http://ndt.oxfordjournals.org/
D

ow
nloaded from

 

http://ndt.oxfordjournals.org/


3. Hou S. Pregnancy in women treated with dialysis: lessons from a large series
over 20 years. Am J Kidney Dis 2010; 56: 5–6

4. Piccoli GB, Conijn A, Consiglio V et al. Pregnancy in dialysis patients: is the
evidence strong enough to lead us to change our counseling policy? Clin J
Am Soc Nephrol 2010; 5: 62–71

5. Successful pregnancies in women treated by dialysis and kidney transplant-
ation. Report from the Registration Committee of the European Dialysis
and Transplant Association. Br J Obstet Gynaecol 1980; 87: 839–845

6. Romão JE, Jr, Luders C, Kahhale S et al. Pregnancy in women on chronic
dialysis. Nephron 1998; 78: 416–422

7. Bagon JA, Vernaeve H, De Muylder X et al. Pregnancy and dialysis. Am J
Kidney Dis 1998; 31: 756–765

8. Shahir AK, Briggs N, Katsoulis J et al. An observational outcomes study
from 1966–2008, examining pregnancy and neonatal outcomes from
dialysed women using data from the ANZDATA Registry. Nephrology
(Carlton) 2013; 18: 276–284

9. Hladunewich M, Hercz AE, Keunen J et al. Pregnancy in end stage renal
disease. Semin Dial 2011; 24: 634–639

10. Luders C, CastroMC, Titan SM et al. Obstetric outcome in pregnant women
on long-term dialysis: a case series. Am J Kidney Dis 2010; 56: 77–85

11. Jesudason S, Grace BS, McDonald SP. Pregnancy outcomes according to
dialysis commencing before or after conception in women with ESRD.
Clin J Am Soc Nephrol 2014; 9: 143–149

12. Hladunewich MA, Hou S, Odutayo A et al. Intensive hemodialysis associ-
ates with improved pregnancy outcomes: a Canadian and United States co-
hort comparison. J Am Soc Nephrol 2014; 25: 1103–1109

13. Trilla CC,MedinaMC, Ginovart G et al. Maternal risk factors and obstetric
complications in late preterm prematurity. Eur J Obstet Gynecol Reprod
Biol 2014; 179C: 105–109

14. Chan E, QuigleyMA. School performance at age 7 years in late preterm and
early term birth: a cohort study. Arch Dis Child Fetal Neonatal Ed 2014; 99:
F451–F457

15. Manuck TA, Sheng X, Yoder BA et al. Correlation between initial neonatal
and early childhood outcomes following preterm birth. Am J Obstet Gyne-
col 2014; 210: 426.e1–9

16. Abou-Jaoude P, Dubourg L, Bessenay L et al. What about the renal function
during childhood of children born from dialysed mothers? Nephrol Dial
Transplant 2012; 27: 2365–2369

17. Willis FR, Findlay CA, Gorrie MJ et al. Children of renal transplant recipi-
ent mothers. J Paediatr Child Health 2000; 36: 230–235

18. Banerjee I, Powis S, Shevlin M et al. Health outcomes of children born to
mothers with chronic kidney disease: a pilot study. Pediatr Rep 2010; 2: e7

19. Blowey DL, Warady BA. Outcome of infants born to women with chronic
kidney disease. Adv Chronic Kidney Dis 2007; 14: 199–205

20. Bapat R, Narayana PA, Zhou Y et al. Magnetic resonance spectroscopy at
term-equivalent age in extremely preterm infants: association with cogni-
tive and language development. Pediatr Neurol 2014; 51: 53–59

21. Ball G, Srinivasan L, Aljabar P et al. Development of cortical microstructure
in the preterm human brain. Proc Natl Acad Sci USA 2013; 110: 9541–9546

22. Lee H, Dichtl S, Mormanova Z et al. In adolescence, extreme prematurity is
associated with significant changes in the microvasculature, elevated blood
pressure and increased carotid intima-media thickness. Arch Dis Child
2014; 99: 907–911

23. Gubhaju L, Sutherland MR, Yoder BA et al. Is nephrogenesis affected by
preterm birth? Studies in a non-human primate model. Am J Physiol
Renal Physiol 2009; 297: F1668–F1677

24. Luyckx VA, Brenner BM. The clinical importance of nephron mass. J Am
Soc Nephrol 2010; 21: 898–910

25. Black MJ, SutherlandMR, Gubhaju L et al. When birth comes early: effects
on nephrogenesis. Nephrology (Carlton) 2013; 18: 180–182

26. Leung TY, Lao TT. Thalassaemia in pregnancy. Best Pract Res Clin Obstet
Gynaecol 2012; 26: 37–51

27. Skordis N, Petrikkos L, ToumbaM et al. Update on fertility in thalassaemia
major. Pediatr Endocrinol Rev 2004; 2(Suppl 2): 296–302

28. Thompson AA, Kim HY, Singer ST et al. Pregnancy outcomes in women
with thalassemia in North America and the United Kingdom. Am J Hema-
tol 2013; 88: 771–773

29. Piccoli GB, Cabiddu G, Daidone G et al. The children of dialysis: live-born
babies from on-dialysis mothers in Italy-an epidemiological perspective

comparing dialysis, kidney transplantation and the overall population.
Nephrol Dial Transplant 2014; 29: 1578–1586

30. Achenbach TM, Eofbrock C. Manual for the Child Behaviour Checklist.
Burlington, VA: University of Vermont, 1983

31. Frigerio A, Cattaneo C, Cataldo MG et al. Behavioral and emotional pro-
blems among Italian children aged 4–18 years as reported by parents and
teachers. Eur J Psychol Assess 2004; 20: 124–133

32. Frigerio A, Rucci P, Goodman R et al. Prevalence and correlates of mental
disorders among adolescents in Italy: the PrISMA study. Eur J Psychol
Assess 2009; 18: 217–226

33. Achenbach TM, Rescorla LA. Manual for the ASEBA School-Age Forms &
Profiles. Burlington, VT: University of Vermont, Research Center for Chil-
dren, Youth, & Families, 2001

34. Achenbach TM, Rescorla LA. Manual for the ASEBA Preschool Forms &
Profiles. Burlington, VT: University of Vermont, Research Center for Chil-
dren, Youth, & Families, 2000

35. Abidin RR. Parenting Stress Index: Professional Manual, 3rd edn. Odessa,
FL: Psychological Assessment Resources, Inc., 1995

36. Guarino A, Di Blasio P, D’Alessio M et al. Parenting Stress Index—Forma
Breve. Firenze: Giunti Organizzazioni Speciali, 2008

37. Zaidman-Zait A, Mirenda P, Zumbo BD et al. Factor analysis of the Parent-
ing Stress Index-Short Form with parents of young children with autism
spectrum disorders. Autism Res 2011; 4: 336–346

38. Abidin RR. The Parenting Stress Index-Short Form. Test Manual. Charlot-
tesville, VA: Pediatric Psychology Press, 1990

39. Piccoli GB, Fassio F, Attini R et al. Pregnancy in CKD: whom should we
follow and why? Nephrol Dial Transplant 2012; 27(Suppl 3): iii111–8

40. Tanner JM, Whitehouse RH. Clinical longitudinal standards for height,
weight, height velocity, weight velocity, and stages of puberty. Arch Dis
Child 1976; 51: 170–179

41. Tong A, Jesudason S, Craig JC et al. Perspectives on pregnancy in women
with chronic kidney disease: systematic review of qualitative studies. Ne-
phrol Dial Transplant 2014; pii: gfu378

42. Kaaja RJ1, Greer IA. Manifestations of chronic disease during pregnancy.
JAMA 2005; 294: 2751–2757

43. Messina G, Colombo E, Cassinerio E et al. Pregnant women affected by
thalassemia major: a controlled study of traits and personality. J Res Med
Sci 2010; 15: 100–106

44. Ndlovu U, Ion A, Carvalhal A. “My children and my home”: the most re-
cent and challenging stressors of HIV-positive women. Arch Womens
Ment Health 2010; 13: 215–222

45. Neri F, Chimini L, Filippini E et al. Pregnancy in patients with rheumatic
diseases: psychological implication of a chronic disease and neuropsycho-
logical evaluation of the children. Lupus 2004; 13: 666–668

46. Ross G, Sammaritano L, Nass R et al. Effects of mothers’ autoimmune dis-
ease during pregnancy on learning disabilities and hand preference in their
children. Arch Pediatr Adolesc Med 2003; 157: 397–402

47. Benzies KM, Magill-Evans JE, Hayden KA et al. Key components of early
intervention programs for preterm infants and their parents: a systematic re-
view and meta-analysis. BMC Pregnancy Childbirth 2013; 13(Suppl 1): S10

48. Spittle A, Orton J, Anderson P et al. Early developmental intervention pro-
grammes post-hospital discharge to prevent motor and cognitive impair-
ments in preterm infants. Cochrane Database Syst Rev 2012; 12: CD005495

49. Huhtala M, Korja R, Lehtonen L et al. Associations between parental psy-
chological well-being and socio-emotional development in 5-year-old pre-
term children. Early Hum Dev 2014; 90: 119–124

50. Howe TH, Sheu CF, Wang TN et al. Parenting stress in families with very
low birth weight preterm infants in early infancy. Res Dev Disabil 2014; 35:
1748–1756

51. Juul-Dam N, Townsend J, Courchesne E. Prenatal, perinatal, and neonatal
factors in autism, pervasive developmental disorder-not otherwise speci-
fied, and the general population. Pediatrics 2001; 107: E63

52. Hofheimer JA, Sheinkopf SJ, Eyler LT. Autism risk in very preterm infants
—new answers, more questions. J Pediatr 2014; 164: 6–8

53. Pyhälä R, Hovi P, Lahti M et al. Very low birth weight, infant growth, and
autism-spectrum traits in adulthood. Pediatrics 2014; 134: 1075–1083

54. Froehlich-Santino W, Londono Tobon A, Cleveland S et al. Prenatal and
perinatal risk factors in a twin study of autism spectrum disorders. J Psy-
chiatr Res 2014; 54: 100–108

O
R
IG

IN
A
L
A
R
T
IC

L
E

A n e m o t i o n a l a n d b e h a v i o u r a l p r o f i l e o f c h i l d r e n b o r n t o m o t h e r s o n d i a l y s i s 1201

 at B
IB

L
IO

T
E

C
H

E
 B

IO
M

E
D

IC
H

E
 U

N
IV

E
R

SIT
A

' D
E

G
L

I ST
U

D
I D

I T
O

R
IN

O
 on N

ovem
ber 26, 2016

http://ndt.oxfordjournals.org/
D

ow
nloaded from

 

http://ndt.oxfordjournals.org/


55. Kuzniewicz MW, Wi S, Qian Y et al. Prevalence and neonatal factors asso-
ciated with autism spectrum disorders in preterm infants. J Pediatr 2014;
164: 20–25

56. Raikkonen K, Kajantie E, Pesonen AK et al. Early life origins cognitive de-
cline: findings in elderly men in the Helsinki Birth Cohort Study. PLoS One
2013; 81: e54707

57. Short MJ, Wilson WP. Roles of denial in chronic hemodialysis. Arch Gen
Psychiatry 1969; 20: 433–437

58. Yanagida EH, Streltzer J, SiemsenA. Denial in dialysis patients: relationship
to compliance and other variables. Psychosom Med 1981; 43: 271–280

59. Carvalho AF, Ramírez SP, Macêdo DS et al. The psychological defensive
profile of hemodialysis patients and its relationship to health-related quality
of life. J Nerv Ment Dis 2013; 201: 621–628

60. Kaltsouda A, Skapinakis P, Damigos D et al. Defensive coping and
health-related quality of life in chronic kidney disease: a cross-sectional
study. BMC Nephrol 2011; 12: 28

61. Telford K, Kralik D, Koch T. Acceptance and denial: implications for
people adapting to chronic illness: literature review. J Adv Nurs 2006; 55:
457–464

62. López-Navas A, Ríos A, Riquelme A et al. Coping styles of patients on the
liver transplant waiting list. Transplant Proc 2010; 42: 3149–3152

63. Bramham K, Lightstone L. Pre-pregnancy counseling for women with
chronic kidney disease. J Nephrol 2012; 25: 450–459

Received for publication: 12.1.2015; Accepted in revised form: 7.4.2015

Nephrol Dial Transplant (2015) 30: 1202–1208
doi: 10.1093/ndt/gfv205
Advance Access publication 9 May 2015
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ABSTRACT

Background. Patients on renal replacement therapy experience
higher rates of morbidity and mortality, infection being the se-
cond commonest cause of death. In our haemodialysis popula-
tion, we identify the pathogens, sensitivity patterns, sources of
infection and outcomes of Gram-negative bacteraemia.
Methods. Data from the NHS Greater Glasgow & Clyde and
NHS Forth Valley haemodialysis population were collected
July 2011 to April 2014 through an interrogation of the renal
unit electronic patient record, and confirmed by an independ-
ent search of the Microbiology database.
Results. Over 544 377 haemodialysis days, 84 patients experi-
enced 95 Gram-negative bacteraemia events, a rate of 0.175
events per 1000 haemodialysis days, which varied with dialysis
modality: non-tunnelled central venous catheters 4.77, arterio-
venous grafts 0.24, tunnelled central venous catheters 0.21, and
arteriovenous fistulae 0.11 per 1000 haemodialysis days. The
commonest sources of bacteraemia were central venous cathe-
ters (CVCs) (16.8%, n = 16), infected ulcers (14.7%, n = 14),
urinary (10.5%, n = 10), biliary (9.5%, n = 9) and intra-abdominal
(9.5%, n = 9).

The principal organismswereEscherichia coli (49.5%,n = 47),
Enterobacter spp. (13.1%, n = 13),Klebsiella spp. (11.1%, n = 11),

Proteus mirabilis (6.1%, n = 6) and Pseudomonas aeruginosa
(5.1%, n = 5). Of the Enterobacteriaceae (n = 84), 88% were sen-
sitive to gentamicin, 81% to ciprofloxacin, 91% to piperacillin-
tazobactam and 100% were sensitive to meropenem.

Three-month case mortality was 25.3% (n = 24). Ten pa-
tients (11.9%) had more than one Gram-negative bacteraemia;
of these, nine patients (90.0%) were the same causative organ-
ism, predominantly E. coli.
Conclusions. CVCs and diabetic foot ulcers remain significant
risk factors for Gram-negative bacteraemia, highlighting the
importance of vascular access planning. Despite good levels
of antibiotic sensitivity, the early mortality following Gram-
negative bacteraemia remains high, supporting aggressive treat-
ment of such pathogens.

Keywords: bacteraemia, Gram-negative, haemodialysis, sensi-
tivity, vascular access

INTRODUCTION

It is well established that the rates of morbidity and mortality
are significantly higher for patients on renal replacement ther-
apy (RRT) in comparison to the general population; for ex-
ample, in the UK the mortality rate for RRT patients aged
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