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ABSTRACT

PURPOSE Dexamethasone, the preferred corticosteroid in most treatment protocols for pe-
diatric acute lymphoblastic leukemia (ALL), can induce undesirable side effects.
Neurobehavioral and sleep problems are frequently reported, but the interpatient
variability ishigh.Wethereforeaimedto identifydeterminants forparent-reported
dexamethasone-induced neurobehavioral and sleep problems in pediatric ALL.

METHODS Our prospective study included patients with medium-risk ALL and their parents
during maintenance treatment. Patients were assessed before and after one 5-day
dexamethasone course. Primary endpointswereparent-reporteddexamethasone-
induced neurobehavioral and sleep problems, measured with the Strengths and
Difficulties Questionnaire and Sleep Disturbance Scale for Children, respectively.
Analyzed determinants included patient and parent demographics, disease and
treatment characteristics, parenting stress (Parenting Stress Index and Distress
Thermometer for Parents), dexamethasone pharmacokinetics, and genetic vari-
ation (candidate single-nucleotide polymorphisms rs41423247 and rs4918). Sta-
tistically significant determinants identified in univariable logistic regression
analyses were incorporated in a multivariable model.

RESULTS Weincluded105patients:medianagewas5.4 years(range,3.0-18.8)and61%were
boys. Clinically relevant dexamethasone-induced neurobehavioral and sleep
problemswerereportedbyparentsin70(67%)and61(59%)patients,respectively.
In our multivariable regression models, we identified parenting stress as a sig-
nificant determinant for parent-reported neurobehavioral (odds ratio [OR], 1.16;
95% CI, 1.07 to 1.26) and sleep problems (OR, 1.06; 95% CI, 1.02 to 1.10). Fur-
thermore, parents who experienced more stress before start of a dexamethasone
course reportedmore sleep problems in their child (OR, 1.16; 95%CI, 1.02 to 1.32).

CONCLUSION We identified parenting stress, and not dexamethasone pharmacokinetics,
genetic variation, patient/parent demographics, or disease/treatment charac-
teristics, as a significant determinant for parent-reported dexamethasone-
induced neurobehavioral and sleep problems. Parenting stress may be a
modifiable target to reduce these problems.

INTRODUCTION

Dexamethasone is currently the preferred corticosteroid in
most treatment protocols for pediatric acute lymphoblastic
leukemia (ALL).1-3 However, dexamethasone has various
undesirable side effects. Patients and parents often report
neurobehavioral problems as harmful side effects, which
generally negatively affect quality of life.4-6 These neuro-
behavioral problems include mood swings and behavioral
changes but also depression or psychosis, and occur in 5%-

75% of patients.7-10 Sleep problems, such as insomnia and
hypersomnia, are also well-established adverse effects of
supraphysiologic steroid treatment in children, with an
estimated prevalence between 19% and 87%.11-14

For better understanding of the differences between patients
and parents who do and do not report dexamethasone-
induced neurobehavioral or sleep problems and to develop
targeted interventions, it is important to identify con-
tributing determinants. Our recent systematic review
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recognized younger patient age as a potential determinant
for dexamethasone-induced neurobehavioral problems,
whereas older patients are at risk of sleep problems.15 Fur-
thermore, single-nucleotide polymorphisms (SNPs) may con-
tribute to interindividual differences.16 Two small studies
suggested an association between the Bcl-1 polymorphism
(glucocorticoid receptor [GR] gene) and depressive symptoms.17,18

The rs4918 polymorphism (alpha2-HS glycoprotein [AHSG] gene)
was suggested to be associated with impaired sleep during
dexamethasone treatment in patients with ALL.19 However,
these results remain to be replicated. Furthermore, in adults, a
higher steroid dose appears to increase the risk of steroid-
induced mental disorders.20 Younger children have a higher
dexamethasoneclearance21;however, the roleofdexamethasone
pharmacokinetics in the occurrence of neurobehavioral or sleep
problems remains unclear. Other possible determinants such as
parenting stress, parental coping, or (medical) background have
only been suggested in case reports and series.15 Besides, a large
drawback of most studies that investigated prognostic factors
for dexamethasone-induced side effects are their retrospective
nature and/or use of unvalidated outcome measurement tools.

Therefore, our current study aimed to identify possible
determinants for dexamethasone-induced parent-reported
neurobehavioral and sleep problems, in a prospective na-
tional cohort of pediatric patients with ALL, using validated
questionnaires. In addition, we explored parental coping
during dexamethasone treatment, since this may be an
important and modifiable factor for possible interventions.

METHODS

Study Design and Participants

This prospective study was pursued in the setting of a
randomized controlled trial, of which the design was pre-
viously reported.22 Additional relevant methods are available

as Data Supplement. In brief, patients age between 3 and
18 years, treated according to the Dutch Childhood Oncology
Group ALL-11 protocol who received dexamethasone during
medium-risk group maintenance treatment and their par-
ents were asked to participate.

All included patients were assessed on the first day (T1),
before the start of a dexamethasone course, and after 5 full
days (T2) of dexamethasone (6 mg/m2/d). Peripheral blood
samples were obtained on both days. Parents were asked to
complete questionnaires on both days (Fig 1). All parents
and/or patients provided written informed consent to par-
ticipate. The study was approved by the Medical Ethical
Committee of Rotterdam (NL62388.078.17).

Outcome Measures

Neurobehavioral Problems

We used the validated Dutch version of the parent-reported
Strengths and Difficulties Questionnaire (SDQ) to assess
neurobehavioral problems.23-27 This questionnaire measures
psychological adjustment of children and adolescents using
five subscales: emotional symptoms, conduct problems,
hyperactivity-inattention, peer problems, and prosocial be-
havior. The total difficulties score was calculated by adding the
first four subscales; a higher score reflects more problems.
Outcomemeasureswere dichotomized: an increase of≥5 points
after 5 days of dexamethasone was considered as clinically
relevant dexamethasone-induced neurobehavioral problems.11

The SDQ is also available as self-report for children age 11 years
and older and was therefore offered to these patients.27

Sleep Problems

Sleep quality was assessed with the parent-reported Sleep
Disturbance Scale for Children (SDSC).28,29 This validated

CONTEXT

Key Objective
Patient, parent, or treatment characteristics, parenting stress, genetic susceptibility, or dexamethasone kinetics: which
determinants may explain the variability in dexamethasone-induced neurobehavioral and sleep problems in children with
acute lymphoblastic leukemia (ALL)?

Knowledge Generated
Parenting stress was identified as significant determinant for both parent-reported dexamethasone-induced neuro-
behavioral and sleep problems. We did not establish an association between dexamethasone pharmacokinetics, genetic
variation, patient or parent demographics, or disease and treatment characteristics, and behavioral or sleep problems.

Relevance
Neurobehavioral and sleep problems, which are reported by parents in the majority of patients, are burdensome side effects
of dexamethasone treatment. Targeting parenting stress may be a useful intervention to decrease neurobehavioral and
sleep problems in children with ALL.
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questionnaire yields six subscales: disorders of initiating and
maintaining sleep (DIMS), sleep breathing disorders (SBD),
disorders of arousal (DA), sleep-wake transition disorders
(SWTD), disorders of excessive somnolence (DES), and sleep
hyperhidrosis (SHY). The sum provides a total sleep score; a
higher score reflects more problems. An increase of ≥7 points
on this total score, after 5 days of dexamethasone, was
considered as clinically relevant sleep problems.11 The SDSC is
not available as self-report.

Determinants

Patient and Parent Demographics, Disease, and Treat-
ment Characteristics

Patient, treatment, and disease characteristics taken into
account were age, sex, week in maintenance phase, ALL
subtype (B-cell ALL or T-cell ALL), concurrent asparaginase
use,21 andCNS involvement. Both the SDQ total difficulties and
the SDSC total score at T1 (ie, pre-existing neurobehavioral or
sleep problems) were evaluated as possible determinants.
Family characteristics taken into account were number of
siblings and parental factors such as age, nationality, highest
level of education of both parents, and which parent com-
pleted the questionnaires.

Support and Parental Coping

We developed a short survey regarding received support (see
Data Supplement). Questions concerned whether a child and/
or parent received psychological or other support and why.
Furthermore, since it is known from literature that copingwith
dexamethasone pulses in maintenance treatment can be

extremely stressful,4 we askedparents to qualitatively describe
how they cope with the dexamethasone treatment: how do
they prepare their family and how do they manage during the
treatment days. The qualitative responses were collected and
predefined keywords were highlighted (eg, nothing/normal or
resting). If a response which was not predefined was noted
more than five times, this was also highlighted (eg, lax par-
enting). The highlighted keywords were totaled.

At T2, one question regarding received support during the
dexamethasone course was included.

Parenting Stress

To measure parenting stress at T1 and T2, we used the
Nijmeegse Ouderlijke Stress Index Korte versie (NOSI-K),30

an adapted version of the Parenting Stress Index.31 This
validated 25-item questionnaire measures stress experi-
enced within the parenting role. A higher score reflects
higher stress levels (range, 25-150).

We also used the Distress Thermometer for Parents (DT-P).32

This validated questionnaire consists of three parts: (1) a
thermometer (visual analog scale) ranging from 0 (no distress)
to 10 (extreme distress), (2) a total score on the basis of a
problem list about everyday problems, and (3) additional
questions concerning support, lack of understanding, and pa-
rental chronic illness. The total questionnaire and thermometer
were completed by parents at T1, and the thermometer at T2.

Dexamethasone Pharmacokinetics

At T1, a peripheral blood sample was obtained approximately
2 hours after the first dexamethasone dose on day 1 (peak
level). The exact time of intake and blood sampling was
registered. For the measurement at T2 (trough level), par-
ents were asked to document the exact time of the last
dexamethasone administration the evening before. The
moment of T2 blood sampling was registered. To calculate
AUC of dexamethasone, we selected patients with both a
peak and trough measurement concentration value within
24 hours after dexamethasone administration.We calculated
slope and intercept values of the concentration and time
after dose (0-24 hours) plots for each patient using a linear
regression method. We then used these values to get the
extrapolated intercept on both x-axis and y-axis and cal-
culated the triangle area as the AUC in each patient (Eq 1).

AUC5
interceptx*intercepty

2
(1)

Candidate SNP Assessment

We used a candidate SNP approach, analyzing whether Bcl1
(rs41423247 G>C, GR gene) and rs4918 C>G (AHSG gene) poly-
morphisms were associated with dexamethasone-induced
neurobehavioral or sleep problems, respectively.17-19 We

T1

ALL MR 
patients

T2

Evaluation of 
dexamethasone-induced 

side effects

SDQ
SDSC

NOSI-K
DT-P

Support

Questionnaires

Time (days) 5

Dexamethasone
6 mg/m2/d

Blood samples

SDQ
SDSC

NOSI-K
DT-P (thermometer only)

Support (short)

FIG 1. Study design. Patients with ALL were included during
maintenance therapy. Before (T1) and after (T2) 5 days of dexa-
methasone treatment, peripheral blood samples were collected and
validated questionnaires were filled in by parents. At T2, the DT-P
consisted of only the thermometer, and the support questionnaire
was one additional question. ALL, acute lymphoblastic leukemia;
DT-P, Distress Thermometer for Parents; MR, medium risk; NOSI-K,
Nijmeegse Ouderlijke Stress Index Korte versie (shortened Dutch
version of the Parenting Stress Index); SDQ, Strengths and Diffi-
culties Questionnaire; SDSC, Sleep Disturbance Scale for Children.
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analyzed both dominant models (eg, CC v CG 1 GG: hetero-
zygous carrier status) and recessive models (eg, CC1 CG v GG:
homozygous carrier status). Details about themethodology are
available in the Data Supplement documents.

Statistical Analyses

Descriptive statistics with either means and standard de-
viations or medians with IQRs were calculated. The differ-
ence between SDQ and SDSC scores at T1 versus T2was tested
with a Wilcoxon signed-rank test. The intraclass correlation
coefficient (ICC) was calculated to compare SDQ data of
parents and children (two-way mixed-effects model, single
measures, absolute agreement).

Univariable logistic regression models were estimated to
explore associations between the potential determinants and
either neurobehavioral or sleep problems. Odds ratios (ORs)
with 95% CIs were estimated. Significant determinants with
a P value <.20 and four or more patients in each cell of the
contingency table were included in the multivariable model.
Furthermore, variables that were clinically relevant on the
basis of reported literature (patient age and sex15,33,34 and
maintenance week35,36), as well as T1 SDQ score (for neu-
robehavioral problems) and T1 SDSC score (for sleep prob-
lems), were included in the multivariable logistic regression
model. Multicollinearity was checked as described before.37

All analyses were performed using IBM SPSS Statistics
version 26.0.

ALL-11 MR patients
(n = 277)

Eligible patients
(n = 163)

Informed consent
(n = 105)

Enrolled patients
(n = 105)

Exclusion (41%)

  Age (<3 or >18 years)
  Language barrier
  No/less dexamethasone
  Participation in related study
  Mental retardation
  Hydrocortisone use
  Risperidone use
  Othersa

(n = 114)

(n = 17)
(n = 14)
(n = 17)
(n = 12)
(n = 9)

(n = 18)
(n = 4)

(n = 23)

Refusal (35%)

  Burden/effort
  No time
  Few side effects
  Child refuses
  Too many studies
  Not interested
  Others
  Unknown

(n = 58)

(n = 17)
(n = 10)
(n = 10)
(n = 5)
(n = 3)
(n = 5)
(n = 5)
(n = 3)

Dropouts (n = 0)

Patients with ALL
(N = 388)

Exclusion (29%)

  SR group
  HR group
  Not ALL‐11

(n = 111)

(n = 69)
(n = 25)
(n = 17)

Missing data on

  Neurobehavioral problems          (n = 0)
  Sleep problems                             (n = 1)

aOther reasons for exclusion

    Still on doxorubicin
    Deceased
    Rarely in the Máxima
    No permission oncologist
    Others

(n = 3)
(n = 2)

  (n = 7)
(n = 5)
(n = 6)

Neurobehavioral

problems

Yes   (n = 70; 67%) 
No   (n = 35; 33%)

Sleep

problems

Yes   (n = 61; 59%)
No    (n = 43; 41%)

FIG 2. Flow diagram. Eligible patients with ALL were approached for inclusion after approval of the treating
pediatric oncologist. Reasons for refusal were stated by parents or patients. Patients with a rise of five
points on the SDQ or seven points on the SDSC after 5 days of dexamethasone treatment were classified as
having clinically relevant dexamethasone-induced neurobehavioral or sleep problems, respectively. ALL,
acute lymphoblastic leukemia; HR, high risk; MR, medium risk; SDQ, Strengths and Difficulties Ques-
tionnaire; SDSC, Sleep Disturbance Scale for Children; SR, standard risk.
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RESULTS

In this nationwide study, patients and their parents were
recruited in the Princess Máxima Center for pediatric
oncology in the Netherlands between May 17, 2018, and
March 27, 2021. Of 163 eligible patients, 105 were included
in our study (Fig 2). Nonresponders did not differ signif-
icantly on baseline characteristics compared with included
patients. The median age of the included patients was
5.4 years (range, 3.0-18.8) and 61% were boys. All parents
completed the SDQ at T1 andT2; the SDSCwasmissing in one
case. The SDQ increased from median 5 points (IQR, 3-10) to
16 points (IQR, 11-20; P < .001). The SDSC score increased
frommedian 37 points (IQR, 32-46) to 48 points (IQR, 38-59;
P < .001; Fig 3). Clinically relevant dexamethasone-induced
neurobehavioral or sleepproblemswere reportedbyparents in
70 (67%) and 61 (59%) of the patients, respectively. In 53
patients (50%), both problems were reported, whereas in 27
patients (26%), no clinically significant problems occurred
(Fig 4). Baseline characteristics did not differ between groups
(Table 1).

The results from all questionnaires were low to moderately
correlatedwith each other at T1 (Pearson correlation 0.3-0.7;
Data Supplement [Supplemental Table 1]).

Of the 105 included patients, 19 (18.1%) were age 11 years or
older and therefore offered the SDQ self-report. Twelve
patients (63%) completed the SDQ at both time points, four
patients (21%) at one time point, and three patients (16%)
did not complete any SDQ. The T1 ICC was 0.40 (95% CI,
–0.11 to 0.72). For T2, the ICC was 0.73 (95%CI, 0.34 to 0.91).
The ICC of the delta SDQ score was 0.30 (95% CI, –0.24
to 0.72).

Dexamethasone-Induced Neurobehavioral Problems

In univariable regression analyses, child age, SDQ T1 score,
maternal age and nationality, paternal age and nationality,
and NOSI-K and DT-P delta and T2 scores (reflecting par-
enting stress during a dexamethasone course of the child)
were associated with parent-reported clinically relevant
dexamethasone-induced neurobehavioral problems (Data
Supplement [Supplemental Table 2]).

Dexamethasone levels (AUC estimated values) were assessed
in 86 patients. We did not find an association between
dexamethasone AUC and neurobehavioral problems, even

10

20
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SDQ Total Difficulties

T1 (points)

T2
 (p
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s)

0 10 20 30 40 40 60 80 100

40

60

80

100

SDSC Total  Score

T1 (points)

T2
 (p
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nt

s)

A B

FIG 3. (A) SDQ and (B) SDSC scores before (T1) and after (T2) a 5-day dexamethasone course. Each dot
depicts one patient. Overall, the SDQ and SDSC scores rise between T1 and T2. SDQ, Strengths and Dif-
ficulties Questionnaire; SDSC, Sleep Disturbance Scale for Children.

N
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ro
b
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avioral problem

s

Sleep problem
s

No problem
s

27

5317 8

FIG 4. Venn diagram of dexamethasone-induced neurobehavioral
and sleep problems. Neurobehavioral problems were reported in
70 patients and sleep problems in 61 patients. In 27 patients, no
clinically relevant problems were reported.
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after adjusting for concomitant asparaginase use, whichmay
influence dexamethasone pharmacokinetics.21

Genetic susceptibility data were available for all 105 patients.
Neither homozygous nor heterozygous carrier status of the
Bcl-1 polymorphism was associated with neurobehavioral
problems in our cohort (Data Supplement [Supplemental
Table 2]).

The multivariable model (Table 2) included patient age
and sex, maintenance week, SDQ T1 score, maternal age
and nationality, and parenting stress (NOSI-K delta
score). In multivariable analysis, parenting stress (OR, 1.16;
95% CI, 1.07 to 1.26) remained statistically significantly
associated with parent-reported neurobehavioral problems.
A one-point increase on the NOSI-K delta score (range,
–125 to 125) led to 16% higher odds of parent-reported

TABLE 1. Baseline Characteristics

Characteristic Total Group (n 5 105)

Outcomes

Neurobehavioral Problems Sleep Problems
No Clinically Significant

Problems (n 5 27)No (n 5 35) Yes (n 5 70) No (n 5 43) Yes (n 5 61)

Age, years, median (IQR) 5.4 (4.1-8.9) 5.8 (4.3-13.1) 5.3 (4.0-8.4) 5.5 (4.0-9.8) 5.3 (4.1-8.4) 5.4 (4.0-12.1)

Sex, No. (%)

Boy 64 (61) 23 (65.7) 41 (58.6) 28 (65.1) 35 (57.4) 17 (63)

Girl 41 (39) 12 (34.3) 29 (41.4) 15 (34.9) 26 (42.6) 10 (37)

Week maintenance, median (IQR) 34 (22-43) 37 (27-43) 33 (21-44) 33 (22-43) 37 (28-48) 34 (25-43)

Asparaginase during study, No. (%)

No 93 (88.6) 32 (91.4) 61 (87.1) 37 (86.0) 56 (91.8) 25 (92.6)

Yes 12 (11.4) 3 (8.6) 9 (12.9) 6 (14.0) 5 (8.2) 2 (7.4)

Type ALL,a No. (%)

B-cell ALL 93 (88.6) 30 (85.7) 63 (90) 39 (90.7) 53 (86.9) 24 (88.9)

T-cell ALL 11 (10.5) 4 (11.4) 7 (10) 3 (7.0) 8 (13.1) 2 (7.4)

CNS involvement,b No. (%)

No 85 (81) 27 (77.1) 58 (82.9) 35 (81.4) 49 (80.3) 20 (74.1)

Yes 20 (19) 8 (22.9) 12 (17.1) 8 (18.6) 12 (19.7) 7 (25.9)

Abbreviations: BPDCN, blastic plasmacytoid dendritic cell neoplasm; MRG, medium-risk group; TLP, traumatic lumbar puncture.
aOne patient with BPDCN.
bPatients with CNS involvement (defined as CNS-3 or other CNS manifestations at diagnosis, or TLP1) receive two additional intrathecal therapy
administrations and are considered as CNS involvement yes. MRG patients without CNS involvement receive 13 intrathecal administrations, and
with CNS involvement 15.

TABLE 2. Multivariable Regression Models

Determinant

Neurobehavioral Problems Sleep Problems

OR 95% CI OR 95% CI

Age, years 1.00 0.80 to 1.26 1.07 0.93 to 1.24

Sex 1.26 0.32 to 5.04 0.89 0.28 to 2.66

Week maintenance 0.99 0.94 to 1.04 1.02 0.98 to 1.06

SDQ/SDSC score T1a 0.82 0.68 to 0.99 0.93 0.87 to 1.00

Parenting stress during dexamethasoneb 1.16 1.07 to 1.26 1.06 1.02 to 1.10

Nationality mother 0.62 0.05 to 7.25 0.54 0.10 to 3.03

Age mother, years 0.90 0.78 to 1.04 — —

Parental stress T1c — — 1.16 1.02 to 1.32

Psychological support child — — 0.24 0.05 to 1.26

NOTE. Values in bold are statistically significant (P < .05).
Abbreviations: DT-P, Distress Thermometer for Parents; NOSI-K, Nijmeegse Ouderlijke Stress Index Korte versie (shortened Dutch version of the
Parenting Stress Index); OR, odds ratio; SDSC, Sleep Disturbance Scale for Children; SDQ, Strengths and Difficulties Questionnaire.
aT1 SDQ and SDSC scores were included for neurobehavioral and sleep problems, respectively.
bParenting stress during dexamethasone is indicated by the NOSI-K delta score (corrected for the T1 NOSI-K score).
cParental stress is indicated by the DT-P total score measured at T1.
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dexamethasone-induced neurobehavioral problems, cor-
rected for the other included variables. SDQ T1 score
also remained statistically significant (OR, 0.82; 95% CI,
0.68 to 0.99), indicating that parents of children who had a
higher SDQ score at T1 reported less dexamethasone-
induced neurobehavioral problems.

Dexamethasone-Induced Sleep Problems

The following determinants had a P value <.20 in univariable
regression analyses for sleep problems: SDSC T1 score,
maternal nationality, NOSI-K delta score and DT-P ther-
mometer T2 score (reflecting parenting stress during
dexamethasone treatment of the child), DT-P total score
(reflecting parental stress before the start of a dexameth-
asone course), and psychological support of the child (Data
Supplement [Supplemental Table 3]). No significant asso-
ciation was found between other determinants, such as
dexamethasone pharmacokinetics or carrier status of
rs4918, and dexamethasone-induced sleep problems in our
cohort (Data Supplement [Supplemental Table 3]).

Themultivariable logistic regressionmodel included age and
sex of the child, maintenance week, SDSC T1 score, maternal
nationality, parenting stress (delta NOSI-K), and parental
stress (DT-P total score; Table 2). Parenting stress during
dexamethasone (delta NOSI-K) remained statistically sig-
nificantly associatedwith parent-reported sleep problems of
the children (OR, 1.06; 95% CI, 1.02 to 1.10). A one-point rise
on the NOSI-K delta score led to 6% higher odds of parent-
reported dexamethasone-induced sleep problems, corrected
for the other included variables. Furthermore, both SDSC T1
score (OR, 0.93; 95% CI, 0.87 to 1.00) and parental stress at
T1 (DT-P total score, OR, 1.16; 95% CI, 1.02 to 1.32) were
significantly associated with sleep problems, indicating that
parents of children who had a higher SDSC score at T1 re-
ported less dexamethasone-induced sleep problems,
whereas parents who experienced more stress before the
start of a dexamethasone course reported more sleep
problems in their child.

Parental Experiences and Coping

Ninety-eight parents (93%; 79 mothers and 19 fathers)
completed two questions concerning their experiences with
dexamethasone and parental coping; multiple responses
were possible. Parents’ ways of managing during the
dexamethasone courses differed fromdoing nothing extra or
acting normal to merely surviving. Phrases like “it is doom
and gloom” and “these 5 days are exhausting” were men-
tioned by parents. Interestingly, 26 parents spontaneously
indicated that they wield lax(er) parenting strategies during
dexamethasone treatment.

DISCUSSION

Our prospective national cohort study in 105 pediatric pa-
tients with ALL identified parenting stress as a significant

determinant for both parent-reported dexamethasone-
induced neurobehavioral and sleep problems. We did not
find an association between dexamethasone pharmacoki-
netics, genetic variation, patient and parent demographics,
or disease and treatment characteristics, and behavioral or
sleep problems.

Parents with higher levels of parenting stress during a
dexamethasone course of their child reported more
dexamethasone-induced neurobehavioral and sleep prob-
lems in their children. In addition, parents with more stress
before the start of a dexamethasone course reported more
sleep problems. The direction of these associations, how-
ever, is unclear: parenting stress may lead to disruptive child
behavior and perceived sleep problems, vice versa, or the
association may be bidirectional. To strengthen our finding,
the association between parenting stress and child problems
during dexamethasone should be established in an inde-
pendent cohort. Moderating factors such as other stressful
life events could play a role in both parenting stress and
child behavioral problems.38 Previous studies showed that
children of parents with higher levels of parenting stress
showed more behavioral adjustment problems after ALL
diagnosis.39,40 Also, parental distress and child distress are
more strongly linked in a pediatric cancer cohort compared
with controls.38 Targeting parenting stress, in individual
cases, may be a useful intervention to decrease behavioral
and sleep problems in children. Fedele et al41 showed that a
randomly allocated psychosocial intervention focusing on
uncertainty, coping, communication, support, and prob-
lem solving for mothers reduced internalizing symptoms
in children with cancer. Similarly, Williams et al42 pursued
a successful evidence-based parenting intervention for
parents with a child in ALL maintenance treatment. Al-
though this study involved only 12 patients, it showed
both an improvement in quantitative difficulties (SDQ)
and qualitative behavioral improvement (indicated by
parents).

Parents of children with a higher SDQ or SDSC score at T1
reported less dexamethasone-induced neurobehavioral and
sleep problems, respectively. This could indicate that, when
parents already notice more problems in their child, the
change during dexamethasone may be less pronounced.
Also, if a child has a higher score at T1, a rise of 5 (SDQ) or 7
(SDSC) points may be more difficult to achieve. Still, pre-
existing problems and parents’ ways of managing these
problems are important to take into account, since targeting
these problems may be beneficial for both parents and their
children.

Although we evaluated numerous and various determinants,
there may still be other mechanisms contributing to be-
havioral problems. Muriel et al found family psychiatric
history as a risk factor of steroid-induced affective symp-
toms in a cohort of 125 patients with ALL.43 In the general
population, factors such as recent parental unemployment
or divorce increased the risk of behavioral or emotional
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problems in children.44 In pediatric patients with cancer,
cumulative exposure to stressful life events was associated
with symptoms of depression and anxiety.38 Screening for
family problems and life events, for example, with the
psychosocial assessment tool (PAT),45 may therefore be
valuable to identify patients and families at risk of (steroid-
induced) behavioral problems.

For parent-reported dexamethasone-induced sleep prob-
lems, no other determinants besides parenting stress were
identified. In the general population and in childhood
cancer survivors, female sex is a known risk factor for
sleep disturbances.46,47 We did not find a difference be-
tween boys and girls, whichmay be due to the young age of
our cohort, as puberty and hormonal factors seem to play
an important role in sex differences of sleep problems.47

Other factors that could contribute to (dexamethasone-
induced) sleep problems, such as sleep hygiene, comor-
bidities, and pain,14,48 were unfortunately not available in
our cohort.

There was no significant contribution of genetic variation, by
exploring carrier status of two most relevant reported candi-
date SNPs, on dexamethasone-induced neurobehavioral and
sleep problems. This may be due to our relatively small cohort
for exploring genetic variation. Prior work described the ad-
vantage of combining genetic variants to study their effects on
brain structure and function, while solitary SNPs may not be
associated, especially on individual level.49,50 Studying these
combined genetic variants or performing a genome-wide as-
sociation study in a sufficiently large cohort could be of value to
detect patients with an inborn increased risk for steroid-
induced side effects. We did not find an association between
behavioral or sleep problems and dexamethasone pharmaco-
kinetics as well; however, we only measured one peak and one
trough level, and a more extensive pharmacokinetic(-phar-
macodynamic) model, including more time points, may give
more insight in the differences in dexamethasone clearance
and side effects in patients.

Although parenting strategies were not systematically evalu-
ated and the qualitative responses in our study were meant to
gain insight in the ways of managing dexamethasone-induced
problems by parents, 25% of the parents spontaneously in-
dicated that they wielded lax(er) parenting strategies during
the dexamethasone courses. Interestingly, previous studies

showed that parental laxness and inconsistent discipline are
associatedwith increasedbehavioral andemotional difficulties,
as well as parent-reported child sleep problems, in patients
with ALL.51,52,53 Therefore, we anticipate that parenting strat-
egies may be a modifiable target for health care providers,
thereby improving child behavioral and sleep outcomes. Given
the independent value of this factor, we feel that future studies
may include systematic evaluation of parenting strategies in
order to design successful interventions.

The main strength of our study is the fact that we were able
to invite all eligible patients with ALL due to our national
centralized pediatric cancer care. The included study pop-
ulationwas representative and, to our knowledge, the largest
prospective series to date. We were also able to study a broad
range of possible determinants. Limitations are risk of bias in
inclusion, as families of patients who experience more
dexamethasone-induced side effects may have been more
interested to participate. Besides, it may be possible that
certain predisposing factors, for example, differences in
dexamethasone kinetics, were not found to be significantly
associated with the outcomes because of the relatively small
sample size. Additionally, the study was not primarily
powered for themultivariable analyses. Our results are based
on proxy reports, since most included patients were too
young to fill in questionnaires themselves. Only 19 children
were age 11 years and older and therefore offered the SDQ
self-report. When comparing the delta SDQ of the 12 patients
who completed the SDQ on both time points with their
parents, we found a poor agreement between these scores. It
has been described before that parents and children report
side effects differently.54,55 The group of patients who were
able to complete a self-report was very small; therefore, no
conclusions regarding determinants could be made. The use
of proxy reports may also be an explanation for the fact that
we only found parental factors to be associated with the
reported outcomes.

To conclude, we identified parenting stress during dexa-
methasone as a determinant for parent-reported neuro-
behavioral and sleep problems, which may be a modifiable
target. Future studies including larger cohorts that incor-
porate other possible risk factors such as coping with stress,
(family) psychiatric history, stressful life events and par-
enting strategies, as well as more extensive genetic evalu-
ation, may be of value.

AFFILIATIONS
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