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Abstract

Background Orthostatic intolerance (Ol), which is common in children and adolescents, negatively impacts their
quality of life (QOL) due to physical symptoms that limit work, school, and daily activities. The purpose of this study is
to explore the association of physical and psychosocial factors with QOL scores in children and adolescents with Ol.

Methods A cross sectional observational study was conducted. The study participants included 95 Japanese pedi-
atric patients of age 9-15 years who were diagnosed with Ol from April 2010 to March 2020. The QOL scores and the
QOL T-scores of children with Ol assessed using the KINDL-R questionnaire at the initial visit were compared with con-
ventional normative data. The associations of physical and psychosocial factors with the QOL T-scores were examined
using multiple linear regression.

Results Pediatric patients with Ol had significantly lower QOL scores than healthy children in both elementary
(50.7+13.5vs.67.9+13.4,p<0.001) and junior high schools (51.8+14.6 vs. 61.3+12.6, p<0.001). This finding was
observed in the physical, mental, self-esteem, friends, and school domains. Total QOL scores were significantly associ-
ated with school nonattendance (3= — 3.2, 95% confidence interval [CI]= — 5.8 to— 0.5, p=0.022) and poor relation-
ship with school (3= —5.0,95% Cl= —9.8 to—0.4, p=0.035).

Conclusions These results suggest that the assessment of QOL, including both physical and psychosocial aspects,
especially school factors, needs to be implemented earlier in children and adolescents with Ol.

Keywords Quality of life, Orthostatic intolerance, Psychosomatic factors, School nonattendance, Postural orthostatic
tachycardia syndrome, School-aged children, Adolescence

Background
Orthostatic intolerance (OI), which is common in chil-
dren and adolescents, can be defined as having difficulty
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hypotension (OH), and vasovagal syncope (VVS), which
are evaluated based on chronic symptoms and orthos-
tatic tests, either the active standing test or the head-up
tilt test [2, 5, 6].

OI is not life-threatening and 86% of patients with
POTS reported improved Ol symptoms after 5 years
from diagnosis [7]. In contrast, it can severely impair
work, school, and daily activities [7-9] and reduce QOL
[8-13]. Early psychological support is likely to be impor-
tant in preventing QOL deterioration and associated sec-
ondary factors, such as reactive depression, avoidance,
and physical deconditioning [14].

In adult studies, multiple physical symptoms have
been implicated in reduced QOL [10-12]. Compared to
physical factors, the relationship between QOL and psy-
chosocial factors in patients with OI has not been fully
elucidated. Moreover, all previous studies included adult
or adolescent patients, and the QOL in children and ado-
lescents with OI remains unclear.

This study aimed to quantify QOL scores and deter-
mine the association of physical and psychosocial factors
with QOL in children and adolescents with OL

Methods

Participants and measures

In this cross sectional observational study, the medical
records of 95 outpatients aged between 9-15 years who
were diagnosed with OI at the Department of Child Psy-
chosomatic Medicine in the Okayama University Hospi-
tal, Japan from April 2010 to March 2020 were reviewed.
Basic clinical information at the initial visit was extracted
from the electronic medical records, including age, sex,
school year, the period from the onset, subtypes and
severity of OI, experiences already diagnosed with OI,
and comorbidities.

OI was diagnosed based on symptoms and the active
standing test, defined by the Japanese Clinical Guide-
lines [5, 15]. Other disorders that could cause simi-
lar clinical symptoms of orthostatic intolerance were
excluded based on the guidelines. In the active standing
test, blood pressure and heart rate were measured three
times after 10 min of rest in the supine position and
five times upon standing (after 1, 3, 5, 7, and 10 min),
and the initial recovery time of blood pressure from
the fall after standing up was measured. We evaluated
subtypes depending on the result of the active stand-
ing test. The subtypes included the following four forms
[5]: (1) instantaneous orthostatic hypotension (INOH),
(2) POTS, (3) neurally mediated syncope (NMS), and
(4) delayed orthostatic hypotension (delayed OH). If
the patients had orthostatic symptoms but did not meet
the four subtypes, cerebral blood flow was measured
using near-infrared spectroscopy in the active standing
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test. The orthostatic cerebral hypoperfusion type was
evaluated in which cerebral oxygenated hemoglobin
decreases by more than 4 pmol/l [15]. According to the
severity, it is divided into severe or mild forms. In the
Japanese guidelines, only INOH and POTS are defined
as severe and mild forms, depending on the degree of
heart rate increase or initial recovery time of blood
pressure using the active standing test [5]. Participants
with severe forms of INOH and POTS were assigned
to the severe group, whereas those with mild forms of
INOH and POTS, delayed OH, and orthostatic cerebral
hypoperfusion were assigned to the mild group. Physi-
cal diseases as comorbidities were diagnosed based on
the ICD-10 [16]. Psychiatric disorders and neurodevel-
opmental disorders as comorbidities were diagnosed
using the fifth edition of the Diagnosis and Statistical
Manual of Mental Disorders [17].

Quality of life questionnaire

We used the Japanese version of KINDL-R to assess
the health-related QOL [18, 19]. The self-administered
KINDL-R questionnaire [20] is a German-language tool
designed to study the health-related QOL in children
and adolescents by evaluating the following subscales:
physical wellbeing, emotional wellbeing, self-esteem,
and family-, friend-, and school-related QOL. Each of
these six subscales consists of four items that are each
rated on a 5-point Likert scale. The mean scores for
each subscale and a total QOL score are calculated on
a scale from 0 to 100, with higher values correspond-
ing to better/higher QOL. The KINDL-R questionnaire
is validated in Japanese. The following versions of the
KINDL-R questionnaire are available as self-report
measures for different age groups: Kid-KINDL [18] for
children in elementary schools, and Kiddo-KINDL [19]
for adolescents in junior high schools (Japanese ver-
sion). The data were standardized for 3702 and 2306
students, respectively, out of 4607 students from 19 ele-
mentary schools and 2926 students from 9 junior high
schools in Japan, who responded that they had no dis-
ease currently under treatment at a hospital.

Children and adolescents filled in the KINDL-R ques-
tionnaire at the first visit. A total of 21 patients out of
95 did not answer enough items on each subscale. Thus,
blank subscale and total QOL scores could not be calcu-
lated, and only subscale scores answered were included
in the results. We also converted the QOL scores to age-
and sex-matched T-scores with a mean of 50 and stand-
ard deviation (SD) of 10 using reference values from 6008
healthy Japanese children and adolescents [3702 elemen-
tary school students by Kid-KINDL [18] and 2306 junior
high school students by Kiddo-KINDL [19].
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Evaluation of psychosocial factors

The following psychosocial factors were selected from
the reference to the psychosocial evaluation for pediat-
ric psychosomatic disorders [21]. The psychosocial sta-
tus, which includes the number of parents living with
children, family psychiatric disorders, academic grades,
relationship with school, school nonattendance, social
problems, and activities outside of school, were taken
from the parents’ medical interview sheet at the time
of the initial visit. The number of parents living with
children was defined by the number of parents living
together. Academic grades and relationship with school
were divided into good or not-good based on the par-
ents’ subjective responses in the initial medical ques-
tionnaire. Social problems were divided by whether
or not they had bullying or interpersonal problems.
School nonattendance was considered if the OI patient
was absent from school for more than half of the past
month.

Statistical analysis

After the descriptive analysis, we used a t-test to com-
pare the (raw) QOL scores as well as the QOL T-scores
between children with OI and healthy children. The ref-
erence values of the healthy children were obtained from
the above-mentioned references [18, 19] and almost
normally distributed [22]. We also compared the QOL
T-scores separated by demographic groups (i.e., sex,
school levels, and comorbidity) among children with
OI and performed the t-test to examine the difference.
We then examined the associations of physical and psy-
chosocial factors with the QOL T-scores using multiple
linear regression. Multiple regression analysis was per-
formed with QOL T-scores as dependent variables and
each psychosocial factor (binary) as independent vari-
ables, controlling for sex (binary), school levels (binary:
elementary school; junior high school), and presence of
comorbidities (binary). The variance inflation factors
(VIFs) were tested to identify the degree of multicollin-
earity in all models. The VIFs of the nine items as physi-
cal and psychosocial factors, as well as three items related
to characteristics were less than 1.5, indicating no multi-
collinearity. We estimated regression coefficients () with
95% confidence intervals (CIs). All statistical analyses
were performed using JMP 10 (SAS Institute Inc., Cary,
NC, USA). P values less than 0.05 were considered statis-
tically significant.

Ethical approval
This study was approved by the Ethics Committee of
the Okayama University Graduate School of Medicine,
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Dentistry, and Pharmaceutical Science and Okayama
University Hospital (No. 2006—005).

Results

Patient demographics and orthostatic intolerance status

A total of 95 participants were included in this study
(Fig. 1). Patient demographics and OI data are pre-
sented in Table 1. The average age was 12.9+1.4 years,
47 were male, and 19 were enrolled in elementary
school. The mean period from onset to the first visit was
9.9 + 8.3 months. Comorbidities with physical diseases in
28 cases include irritable bowel syndrome, allergic rhi-
nitis, migraine, atopic dermatitis, functional dyspepsia,
chronic sinusitis, obesity, ventricular septal defect, sco-
liosis, precocious puberty, nephropathy IgA, and Marfan
syndrome.

Quality of life and T-scores

Mean and SD for each of the separate KINDL-R subscales
and total QOL scores and T-scores are shown in Table 2.
Patients with OI had significantly lower QOL scores
than healthy children, in both elementary (50.7+13.5
vs. 67.9+13.4, p<0.001) and junior high school students
(51.8+14.6 vs. 61.3+12.6, p<0.001). In the six subscales,
the QOL T-score for physical wellbeing was the lowest,
38.2+14.3. Emotional wellbeing, self-esteem, friend-,
and school-related QOL T-scores were significantly
lower than the healthy group.

Females reported lower QOL T-scores in friend- and
school-related subscales compared with males. Elemen-
tary school students reported more impairment in physi-
cal and friend-related QOL compared to junior high
school students. Patients with comorbid neurodevelop-
mental disorders had lower emotional, self-esteem, fam-
ily, and total QOL scores than those without comorbidity
(Table 3).

Physical and psychosocial factors associated with quality
of life

Table 4 showed the associations of physical and psy-
chosocial factors with the QOL T-scores. Physical
QOL was affected by experiences already diagnosed
with OI (B=-2.9, 95%Cl=-5.8 to—0.1, p=0.044)
and school nonattendance (fp=-3.8, 95%Cl=—-6.9
to—0.7, p=0.016). Emotional QOL was associated with
school nonattendance (p=—2.9, 95%Cl=—5.7 to—0.1,
p=0.048) and social problem (= -3.2, 95%Cl= —6.3
to—0.2, p=0.039). Friend-related and total QOL
was affected by the relationship with school (friend:
p=-10.7, 95%CI=—15.3 to—6.1, p<0.001; total QOL:
p=—5.0, 95%CI=—-9.8 to—0.4, p=0.035) and school
nonattendance (friend: B=—3.7, 95%CI= —-7.0 to—0.4,
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Orthostatic symptom

Active standing test
(n=145)
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Recovery time of BP > 25s of standing

YES

INOH (n = 11)

NO

severe form (n = 0)
mild form (n=11)

standing

reduction of SBP > 20 mmHg or > 15% within 3-7 min of

YES

NO

Delayed OH (n =17)

standing HR > 115 bpm

Increase in HR > 35 bpm within 3-10 min of standing or

YES

POTS (n = 65)

NO

severe form (n = 33)
mild form (n = 32)

sudden decrease in BP, HR, and cerebral perfusion

YES

Nearally-mediated

NO

syncope (n = 0)

cerebral oxy-Hb decrease by more than 4 pmol/l during
standing measured using near-infrared spectroscopy

YES

NO

Excluded:
Not OI (n=50)

Orthostatic cerebral
hypoperfusion (n =2)

Fig. 1 Diagnostic criteria for orthostatic intolerance in this study. a: based on reference 5. b: based on references 15. BP, blood pressure; INOH,
instantaneous orthostatic hypotension; SBP, systolic blood pressure; delayed OH, delayed orthostatic hypotension; HR, heart rate; POTS, postural

orthostatic tachycardia syndrome; Ol, orthostatic intolerance

p=0.029; total QOL: p=-3.2, 95%Cl=—5.8 to—-0.5,
=0.022).

Discussion

Quality of life in children and adolescents with orthostatic
intolerance

To our knowledge, this study is the first report that quan-
tifies the QOL scores in children and adolescents with
OL Similar to the results of several previous studies in

adults [8, 9, 12, 13], the QOL of the pediatric patients
with OI was significantly lower than that of the healthy
group. Compared with other chronic diseases [headache
[23], type 1 diabetes [24], asthma [25]] assessed by QOL
with KINDL-R, low scores in OI are noted.

Several previous studies have examined the QOL of
physical versus mental parameters in adult patients
with POTS [8-14]. Physical QOL in patients with
POTS is reduced in these studies. One of them reported
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Table 1 Demographic and clinical characteristics of the patients
with Ol

Characteristics

Patients, n 95
Age (years), Mean (SD) 129 (14)
Sex, n
Male 47
Female 48

School level, n

Elementary school (9-12 years) 19

Junior high school (13-15 years) 76
Period until the first visit (months), Mean (SD) 99(83)
Experience already diagnosed with Ol, n

Yes 43

No 52
Comorbidities, n

Physical diseases 28

Psychiatric disorders 7

Neurodevelopmental disorders 40

Ol Orthostatic intolerance, SD Standard deviation

that physical QOL scores are as low as that in chronic
obstructive pulmonary disease and congestive heart fail-
ure [9]. On the contrary, mental QOL remains contro-
versial. Some studies revealed that mental parameters
did not significantly differ between patients and healthy
subjects [9, 13], and other studies showed significant
impairment in both physical and mental QOL in patients
compared with healthy subjects [8, 10-12].

In this study, we investigated six parameters of QOL.
QOL in children with OI was significantly reduced in
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multiple parameters, including physical wellbeing, emo-
tional wellbeing, self-esteem, friend, and school param-
eters. The results showed that OI had a multidisciplinary
impact on child and adolescent patients. Moreover,
elementary school students and the female group repre-
sented lower QOL scores. Younger adult patients with
POTS were reported to have lower functional capacity
than expected compared to older patients [13]. Similarly,
younger children can be more susceptible to environ-
mental influences.

Therefore, we suggest that QOL should be assessed as
the first step to evaluating both the physical and the psy-
chosocial aspects.

Association of physical and psychosocial factors

with quality of life

In recent years, multiple physical factors associated with
QOL in adult patients with POTS were reported. For
instance, QOL scores were linked to some symptoms,
such as sleep impairment, lightheadedness, dizziness,
headache, and concentration difficulties [10-12]. Addi-
tionally, even patients with mild OI symptoms had signif-
icantly reduced QOL [10]. No correlation of QOL scores
with heart rate or blood pressure was reported [10, 11].
In this study, there was no clear association between
QOL and severity of Ol including the degree of heart rate
increase or initial recovery time of blood pressure.

In the adult field, there have been few studies on psy-
chosocial factors related to QOL in patients with OL
In this study, five factors were found to be significantly
related to QOL: experiences already diagnosed with
O, family with psychiatric disorders, relationship with
school, school nonattendance, and social problems. In

Table 2 KINDL-R QOL raw scores and T-scores for Ol patients and healthy controls

n Physical Emotional Self-esteem  Family Friends School Total
Mean (SD)

QOL scores (Kid KINDL: elementary school students)

o] 19 4100182)" 678(18.1)" 254 (284) 674(203) 4510184 441222  507(135)*

Healthy controls® 3702 77.2(169) 793 (17.5) 53.7 (24.6) 689(196)  69.8(180) 584 (20.0) 67.9 (13.4)
QOL scores (Kiddo KINDL: junior high school students)

ol 76 491 (25.3)" 673 (22.1) 206 (21.5)* 715212 606249  445(228)" 518 (14.6)"

Healthy controls® 2306 659 (17.8) 723(17.7) 354 (22.1) 667 (21.1)  71.0(17.0) 526 (12.6) 613 (12.6)
T-scores®

ol 95¢ 382 (143)* 441 (126) 423 (9.7)* 513(10.1) 4210145  450(11.7)" 41201127

Healthy controls® 6008 50 (10) 50 (10) 50 (10) 50 (10) 50 (10) 50 (10) 50 (10)

Significant difference for the t-test: *p < 0.05, **p <0.01, #p <0.001
QOL Quality of life, O Orthostatic intolerance, SD Standard deviation
@ T-score was calculated and compared with age- and sex-matched normative data

b Healthy controls data for reference 18 and 19

€QOL scores include missing data; of 95, 1 in physical, 2 in emotional, 1 in self-esteem, 2 in family, 8 in friends, 16 in school, and 21 in total are missing
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particular, school-related factors severely impaired the
QOL of multiple parameters and total scores. One rea-
son for this is that pediatric patients with OI who have
difficulty attending school are deprived of opportuni-
ties to learn and built friendships. As a result, their
academic performance and social functioning may be
adversely affected. This is thought to be a characteristic
of pediatric patients with OI. It has been reported that
children with psychosomatic disorders have lower self-
esteem [26], especially in the academic area [27]. There-
fore, in addition to physical treatment, a psychosocial
approach should be emphasized to improve the QOL of
Ol patients.

In this study, 42.1% of OI patients had comorbid neu-
rodevelopmental disorders. Neurodevelopmental dis-
orders such as autism spectrum disorder (ASD) and
attention-deficit/hyperactivity disorder (ADHD) have
been reported to be associated with a high prevalence
of comorbidity with migraine, asthma, and other physi-
cal disorders [28, 29]. In OI, adult patients with POTS
were reported to score significantly higher than con-
trols on the inattention and ADHD subscales [30]. ASD
is linked to autonomic dysfunction [31]. However, the
relationship between OI and neurodevelopmental dis-
orders has not been well reported. The poor QOL in
multiple domains could be the result of the addition of
physical symptoms and difficulties caused by OI to the
difficulties in their lives caused by neurodevelopmen-
tal disorders. Further investigation into the association
of OI with neurodevelopmental disorders is therefore
needed.

Limitations of this study and future directions

There are several limitations to this study. First, all
patients were recruited from a single hospital, so there
may be a problem with the generalizability of the find-
ings. Since this hospital deals with referral patients, the
target patients may be severely ill and have significant
psychosocial factors. Second, about one-fourth of the
participants did not completely answer the KINDL-
R questionnaire, resulting in missing values. This may
have resulted in overestimation or underestimation of
QOL scores. Third, in this study, we did not consider the
parental economic status or educational level as psycho-
social factors. Further research is needed in the future.

Conclusions

This study found that QOL in children and adolescents
with OI was significantly lower scores than in healthy
children in multiple categories, including physical,
emotional, self-esteem, friend, and school. Moreover,
investigations of psychosocial factors revealed that not-
good relationships with school, nonattendance school,

Page 8 of 9

social problems, and family psychiatric disorders were
associated with reduced QOL. These findings suggest
that the assessment of QOL including physical and psy-
chosocial factors is valuable. In pediatrics OI, particu-
lar attention should be paid to school-related factors.
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