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ABSTRACT

Aim of the study: Measurement of 24-hour urinary free cortisol in children with paralytic syndromes with
or without chronic pain. Hypothesis: urinary excretion of free cortisol in children with paralytic syndromes
and chronic pain differs from urinary excretion of free cortisol in healthy children and children with paralytic
syndromes without chronic pain.

Material and methods: 92 children were involved in the study. The age of the children ranged from 1 to 7
years. Study group included 64 children (40 boys, 24 girls) with paralytic syndromes, among them 38 children
(24 boys, 14 girls) with chronic pain and 26 children (15 boys, 11 girls) without pain. Control group included
28 children (17 boys, 11 girls).

Results: Tetraparesis was observed more often among the children with paralytic syndromes. The ROC-anal-
ysis identified the relationship between low and high levels of cortisol in the 24-hour urinary free cortisol in
children with paralytic syndromes and especially in those who have chronic pain only in the age group 0-2
years. In 13 children with paralytic syndromes and chronic pain, the trajectory of 24-hour urinary free cortisol
was determined, 11 children among them have V level of GMFCS, 5 have pharmacological treatment and all
children have more than two sources of pain.

Conclusions: We speculate that in some children with paralytic syndromes, the release of free cortisol in
the urine may indicate increased cortisol production as a response to chronic stress (pain), and in some chil-
dren, adrenal depletion. This opens the prospect of further research in this direction. Therefore, a non-invasive
measurement of cortisol in daily urine will affect optimization of environment and monitoring of the child.
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INTRODUCTION

Acute and chronic pain has recently been considered
as the most relevant health care problem. Pain in chil-
dren is a particularly important health care issue all over
the world. In 2008, the global paediatric community es-
tablished the Initiative on Methods, Measurement, and
Pain Assessment in Clinical Trials in order to develop
common methods of assessment of pain in children [1].
A study conducted in Ukraine in 2010 showed that in

ADDRESS FOR CORRESPONDENCE:

most cases the goal of long-term chronic pain treatment
was not achieved; the expected level of successful analge-
sia was not achieved in 80-90% of people [2].

To diagnose the pain, evaluation scales are usually
used because of the behavioural signs of pain in chil-
dren [3]. Pain assessment provides information about
the location, duration, and characteristics of pain, as
well as the impact of persistent pain on various aspects
of a child’s life, such as sleep, emotional state, relation-
ships, development, and functional status [3].
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With the aim of psychoendocrine substantiation
of stress management in pain, the mechanisms of the re-
lationship between chronic stress, cortisol dysfunction,
and pain in adult patients were studied [4]. Patients gen-
erally complain of poor pain control and report that they
receive little or no assistance with a variety of therapeutic
options, such as non-opioid medications and physical
therapy [5].

The long-term effect of chronic stress remains un-
changed in chronic pain: the level of cortisol increases
or decreases. Chronic stress-induced hyper- or hypocor-
tisolism leads to various effects on tissues, and its results
are confirmed and associated with pain [6].

AIM OF THE STUDY

Measurement of 24-hour urinary free cortisol in chil-
dren with paralytic syndromes with or without chron-
ic pain. Hypothesis: urinary excretion of free cortisol
in children with paralytic syndromes and chronic pain
differs from urinary excretion of free cortisol in healthy
children and children with paralytic syndromes without
chronic pain.

MATERIAL AND METHODS

STUDY DESIGN AND SETTING

A non-invasive, descriptive, single-centred, case-con-
trol study was conducted. We evaluated clinical and de-
mographic data, determined the Gross Motor Function
Classification System (GMFCS) level, and assessed pain,
possible sources of pain, daily cortisol excretion (urinary
free cortisol), and trajectories of changes in urinary cor-
tisol [7].

ETHICAL APPROVAL

This study was approved by the Ethics Committee
(protocol Ne 9 as of 16 October 2018), which was con-
ducted with the involvement of underage patients and
did not contain measures that could harm their health.
The patients’ parents were informed about the methods
and scope of the study and gave their consent for their
children to participate in this study.

SAMPLING

Ninety-two children were involved in the study.
The age of the children ranged from 1 to 7 years.
The study group included 64 children (40 boys, 24 girls)
with paralytic syndromes, including 38 children (24 boys,
14 girls) with chronic pain and 26 children (15 boys, 11
girls) without pain. The control group included 28 chil-
dren (17 boys, 11 girls) of the appropriate age range, who
were recruited as volunteers from the out-patient depart-

ment with routine paediatric observation without acute,
chronic, genetic, or congenital diseases.

Inclusion criteria: children aged 1-7 years with par-
alytic syndromes according to ICD-10 (cerebral palsy G
80, hemiplegia G 81, paraplegia and tetraplegia G 82, oth-
er paralytic syndromes G 83) associated with CNS dam-
age caused by hypoxia, bleeding, thrombosis, trauma, or
congenital brain defects.

Exclusion criteria: malignant neoplasms; HIV/AIDS;
degenerative diseases of the nervous system; demyelinat-
ing disorders; chromosomal diseases; diseases with im-
paired renal function; orphan diseases; and those who did
not agree to participate in the study.

DATA COLLECTION

The study included a detailed scrutiny of medical
history and analysis of medical documents to determine
the sources of pain (the child’s diagnosis; paralytic syn-
dromes; possible source and presence of pain; the degree
of pain syndrome), a detailed assessment of the child’s
objective examination, and anthropometric measure-
ments — height, weight, and movement disorders accord-
ing to the GMEFCS [7].

To determine a possible source of pain or a combina-
tion of pains a specially designed “Checklist” was used,
which included 4 categories: somatic pain (5 points),
visceral pain (9 points), neuropathic pain (5 points), and
protein-energy malnutrition (2 points). During a child’s
physical assessment, the data about a possible source
of pain marked as “Yes” entered a specifically developed
card (“Checklist”) - refer to Supplementary Materials
(Supp. 1) [8].

In order to determine the degree of chronic pain in
children with impaired communication skills, i.e. nonver-
bal children, we used the r-FLACC rating scale (Revised —
Face, Legs, Activity, Cry, and Consolability Scale). It is
freely available on the Internet and does not require per-
mission for its use [9]. The scale is based on determin-
ing the degree of pain by the sum of points: 0 points —
relaxed/comfortable; 1 — 3 points — mild discomfort;
4 — 6 points — moderate pain; 7 — 10 points — severe pain.
Pain evaluation with the r-FLACC scale was performed
by parents accompanied by a physical therapist and a pae-
diatrician.

Determination of free cortisol in the 24-hour urine
collection from children was performed by enzyme
immunoassay on a Labline-90 analyser (Austria) using
a commercial test system manufactured by LDR (LABOR
DIAGNOSTIKA NORD GmbH & Co., KG, Germany)
according to the provided instruction. A total of 118
portions of urine were collected during the examination
of the observation groups: 92 portions of urine in chil-
dren only once and 26 portions in 13 children with para-
lytic syndromes and chronic pain twice in order to deter-
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mine the trajectory of cortisol secretion in the urine (first
point and last point), within an interval of 6 to 36 months.

The 24-hour urinary free cortisol in the children with
paralytic syndromes with pain and without pain was com-
pared with the 24-hour urinary free cortisol of the healthy
children, and with reference values depending on the age
of other children tested aged from 0 to 2, and > 2-8 years
old [10, 11].

ANALYSIS

Statistical analysis was performed with the program
MedCalc version 14.8 — © 1993 — 2014 MedCalc Soft-
ware bvba (Acacialaan 22 B — 8400 Ostend, Belgium).
Descriptive analysis and comparison of 2 proportions by
Fisher test were performed. We used the Kruskal-Wallis
test to compare more than 2 independent samples and
Receiver Operating Characteristic (ROC) curve analysis
to calculate the sensitivity and specificity, relative risk
(RR), and their 95% confidence interval (CI). The differ-
ence in parameters was considered statistically significant
at p <0.05.

RESULTS

Table 1 presents clinical and demographic character-
istics of the children with paralytic syndromes.

Tetraparesis was observed more often among the chil-
dren with paralytic syndromes.

In the children with paralytic syndromes and chronic
pain, the frequency of V level motor dysfunction was sig-
nificantly increased, while in the children with paralytic

syndromes without chronic pain it was at level II and III
(RR =2.90;95% CI: 1.63-5.21; p = 0.0004).

In the group of children with paralytic syndromes
and chronic pain, moderate pain was observed more of-
ten: 1-3 points — 12 (31.6 %), 4-6 points — 20 (52.6 %),
> 7 points — 5 (13.2 %); p = 0.0006.

The analysis of the “Checklist” card results revealed
a statistically significant increase in the frequency of chil-
dren with paralytic syndromes and chronic pain who
had more than 2 sources of pain (p = 0.0001). The types
of pain observed in the children with paralytic syndromes
and chronic pain were somatic, neuropathic, and visceral.
The use of this card allowed us to determine the main
pathophysiological types of pain in children with para-
lytic syndromes and chronic pain [8].

There was no significant difference between 24-hour
urinary free cortisol in the children with paralytic syn-
dromes and chronic pain, those without pain, and
the control group aged 0-2 years and > 2-8 years (Table 2).

We wondered if the 24-hour urine free cortisol val-
ues were outside the normal maximum and minimum
values of healthy children in children with paralytic syn-
dromes.

We used ROC-analysis with cut-off points > 76.67
ng/24 hours (maximal value of control group) and < 0.98
ug/24 hours (minimal value of control group) in children
under 2 years of age.

We obtained an association with variations of 24-hour
urinary free cortisol in children 0-2 years with paralytic
syndromes and chronic pain: for > 76.67 ug/24 hours,
sensitivity 100% (95% CI: 47.8-100) and specificity 100%
(95% CI: 54.1-100), p < 0.001; for < 0.98 ug/24 hours,
sensitivity 100% (95% CI: 47.8-100) and specificity 100%

TABLE 1. Clinical and demographic data of the children with paralytic syndromes

Children with paralytic
syndromes and chronic

pain,
(n=38)

Children with paralytic
syndromes without chronic
pain,

(n=26)

Age, years 5 years 4 months 3 years 3 months
Me [min; max] 3.35[0.3;7] 3.15[0.11; 6.3]
Male 24 (63.2%) 15 (57.7%) 0.6872
Female 14 (36.8%) 11 (42.3%) 0.6872
Spastic paraparesis 3(7.9%) 5(19.2%) 0.1908
Spastic tetraparesis 18 (47.3%) 13 (50.0%) 0.8135
Dyskinetic tetraparesis 7 (18.4%) 5(19.2%) 0.9192
Double hemiplegia 10 (26.3%) 3(11.5%) 0.1716
GMFCS
level 2(5.2%) 11 (42.3%) 0.0003
[l level 2(5.2%) 7 (26.9%) 0.0126
IV level 6 (15.7%) 6(23.0%) 0.4819
Vlevel 28 (73.6%) 2(7.7%) 0.0005
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TABLE 2. The results of statistical analysis of the study of 24-hour urinary free cortisol in the observation groups, Me [min; max]

Indicator Groups of children

0-2 years

Urinary cortisol,

Children with paralytic

Children with paralytic

Healthy children

Kruskal-Wallis test

1g/24 hours syndromes and chronic | syndromes without pain. (n=16)
pain. (n=5)
(n=17)
8.93 6.78 7.15 H=0.71.
[1.81;56.05] [1.57; 64.68] [3.15; 15.69] p =0.6999
> 2-8 years

Urinary cortisol,
1g/24 hours

Children with paralytic

Children with paralytic

Healthy children.

Kruskal-Wallis test

syndromes and chronic | syndromes without pain. (n=22)
pain (n=21)
(n=22)
5.74 421 4.61 H=0.19.
[1.63; 64.68] [0.94;117.29] [1.44;53.97] p=10.9083

TABLE 3. Data on the trajectory of changes of the 24-hour urinary free cortisol in children with paralytic syndromes and chronic pain

GMFCS r-FLACC Analgesic therapy Number of sources The trajectory

(level) (points) of pain of the curve
P1 v 8 Yes 5 Flattened
P2 Vv 9 Yes 6 Flattened
P3 Vv 8 No 5 Flattened
P4 Vv 5 No 2 Increased
P5 v 2 No 3 Flattened
P6 v 4 Yes 1 Increased
P7 Vv 5 Yes 7 Reduced
P8 I 6 No 2 Reduced
P9 1l 1 No 4 Increased
P10 v 5 No 5 Flattened
P11 v 4 No 3 Flattened
P12 v 5 Yes 5 Increased
P13 v 5 No 6 Flattened

(95% CI: 54.1-100), p < 0.001. No such relationship was
found for the age group > 2-8 years.

The ROC-analysis identified the relationship be-
tween low and high levels of cortisol in the 24-hour uri-
nary free cortisol in children with paralytic syndromes
and especially in those who have chronic pain only in
the age group 0-2 years. This was confirmed by the results
of studying the trajectories of excretion of 24-hour free
urinary cortisol, which were determined in time.

In 13 (34.2%) children with paralytic syndromes and
chronic pain, the trajectory of 24-hour urinary free corti-
sol was determined; 11 (84.6%) children among them had
level V.GMEFCS, 5 (38.5%) had pharmacological treat-
ment, and all children have more than 2 sources of pain
(Table 3).

Below we provide a series of clinical comparisons with
urinary cortisol trajectories (Fig. 1).

Determination of the trajectories of 24-hour urinary
free cortisol in the children with paralytic syndromes
and chronic pain allowed us to establish the following
trends in adrenal function over time. Thus, 7 (53.8%,
p =0.7790) children had a flattened trajectory at the low
and below normal levels of cortisol. All children had level
V GMFCS and more than 3 sources of pain. Two (15.4 %)
children eventually developed rapid depletion of the ad-
renal glands associated with hypercortisolism. Among
4 (30.7 %) children showing an increase in the trajectory
of daily urine cortisol over time, the next trend was iden-
tified: in 3 children with ultra-low daily cortisol the tra-
jectory increased to normal values, and 1 child showed
an increase in hypercortisolism over time. This can be
explained by different functional states of the children,
different sources of pain, and different rehabilitation in-
terventions. Nevertheless, we believe that in children with
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paralytic syndromes against the background of central
and peripheral nervous systems disorders and chronic
pain, complex mechanisms of regulation of the hypo-
thalamic-pituitary-adrenal system occur. Nine (69.2%,
p = 0.2274) children with paralytic syndromes and chron-
ic pain, judging by the daily excretion of cortisol and
the study of its trajectory, developed depletion of the ad-
renal glands at early and preschool age.

DISCUSSION

Over the past decades, medical science has paid more
and more attention to the diagnosis and study of the pain
mechanism in the paediatric population. According to ex-
perts in chronic pain in children, it occurs in 12% of all
paediatric patients, which negatively affects the quality
of life of children and their families [12]. Chronic pain
is particularly frequently associated with disability [13].

Published research demonstrated changes in the level
of cortisol in biological fluids (saliva, urine, blood) and
hair in children [5, 6]. Research covered different age cat-
egories, nosological forms, and conditions. The content
of serum cortisol in newborns was studied [14]. Urinary
free cortisol is often used by paediatric pulmonologists to
interpret the suppressive effects of inhaled corticosteroids
and adrenal function. It was proven that the daily free
urinary cortisol is more valuable for the diagnosis of hy-
percortisolism than hypocortisolism [15].

However, there are some published studies that asso-
ciated pain with changes in cortisol levels. They also cov-
ered different samples and different types of pain. There
was a long-term increase in the basal level of salivary cor-
tisol in children who were born prematurely and under-
went procedural pain [16]. There is an interesting work by
Ellen W. Yeung et al. concerning long-term measurement
of cortisol and its impaired regulation in children with
abuse, clinical pain (fibromyalgia), and distress [17].

The object of our study was daily urine cortisol in chil-
dren of early and preschool age with paralytic syndromes,
and in particular those who had pain. The development
of paralytic syndromes associated with musculoskeletal
pain as well as other sources of pain accompanying pa-
ralysis in children produces a long-term stress reaction in
the child’s body. Our hypothesis was that in children with
paralytic syndromes and chronic pain, hyper- or hypoco-
rtisolism is observed, in contrast to healthy children and
children with paralytic syndromes without chronic pain.

Regulation of stress reactivity using the hypothalam-
ic-pituitary-adrenal system is a fundamental priority
of all organisms, and stress responses are not only critical
for survival, but can also cause physical harm [18].

Although the measurement of urinary excretion
of corticosteroids has been used to assess adrenal func-
tion for over 50 years, it is mostly used to diagnose
Cushing’s syndrome or adrenal cancer. The advantage
of the method of measuring daily excretion of corti-
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FIGURE 1. The trajectory of 24-hour free cortisol in the urine of chil-
dren with paralytic syndromes and chronic pain

sol in urine over measuring cortisol in serum is that it
gives an integrated index of steroid production during
24 hours, while measurements of serum cortisol provide
information only for a certain point in time. Moreover,
corticotropin and cortisol are secreted by discrete impuls-
es, and due to that their concentration in the blood plas-
ma periodically rises and falls. Urinary cortisol excretion
is the result of normal glomerular filtration of serum free
cortisol. Although the level of cortisol in urine consti-
tutes less than 1% of cortisol excreted per day, it provides
a reliable indicator of its secretion. Accordingly, Jung C et
al. confirmed that cortisol in saliva and urine accurately
reflects the concentration of free cortisol in blood plasma
[19-23].

The next important point for discussion is the vari-
ation in cortisol production at different ages. Stress re-
sponse of the hypothalamic-pituitary-adrenal axis varies
greatly with age, which is associated with the maturation
of the adrenal glands and their sensitivity to corticotropin
[24]. Tt is believed that in the peripubertal period, reac-
tions to stress are more pronounced than in adults, and
they depend on parental work and social stimulation [25].
For that matter, we selected a population of children with
paralytic syndromes that differed from the population
of healthy children both by different levels of parental
care and by a decrease in socialization [26-28].

Our research has shown that daily level of free cor-
tisol in urine in children with paralytic syndromes does
not differ from the one in healthy children. However, dif-
ferences were detected between the age categories. Until
now, published data has suggested that free cortisol in
children aged from 0 to 2 years old in daily urine was
established [10, 11]. We analysed and compared the level
of cortisol in daily urine in children of this age group and
discovered the dependence of its increase and decrease in
children with paralytic syndromes and pain syndrome, in
contrast to their peers. Thus, we rejected the hypothesis
for the children aged from 2 to 8 years and confirmed it
for the children aged from 0 to 2 years.

Moreover, the originality of our study is in the re-
search of the trajectories of changes in cortisol levels over
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time. We discovered similar findings in the study of men-
tal health in children with autism [29]. Of course, those
changes were influenced by various factors such as pro-
gression of paralytic syndrome, maturation of the adrenal
glands, protein-energy malnutrition, medication, central
nervous system disorders, relationships in the family, etc.

We suppose that the adrenal function in children
with paralytic syndromes differs from the adrenal func-
tion in healthy children, especially in non-verbal children
in the age group 0-2 years under medical supervision.
Therefore, a non-invasive measurement of cortisol in
daily urine will affect optimization of environment and
monitoring of the child.

There were some inherent limitations associated
with this study: firstly, the sample size. Our model was
based on single-centre case-control study and was limited
by the time and the number of children. We used only
the first part of study: investigation of the diurnal cortisol
and collection data for trajectory are ongoing. Second-
ly, there were very few prior studies, and there are some
gaps in the studies relevant to diurnal cortisol, which in-
fluenced the methodology of our study. Our study was
limited by the time interval. As a result, ROC-analysis de-
tected a relationship between pain and urine cortisol only
in children under the age of 2 years, which would bias
the results of our overall and subgroup analysis toward
the null hypothesis. Thirdly, we did not establish the re-
lationship between other factors and adrenal function.

CONCLUSIONS

First, the 24-hour urinary secretion of free cortisol
varies in children with paralytic syndromes and chronic
pain. Secondly, the determination of daily free cortisol in
urine is not one of the methods for diagnosing chronic
pain in children with paralytic syndromes, but its varia-
tions may have diagnostic value as an additional criterion
for assessing pain in the age group from 0 to 2 years. We
speculate that in some children with paralytic syndromes,
the release of free cortisol into the urine may indicate in-
creased cortisol production as a response to chronic stress
(pain), and in some children, adrenal depletion. This
opens the prospect of further research in this direction.
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