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Hypermobile Ehlers-Danlos syndrome (hEDS) is a hereditary disorder of connective tissue, often
presenting with complex symptoms can include chronic pain, fatigue, and dysautonomia. Factors
influencing functional disability in the pediatric hEDS population are incompletely studied. This
study's aims were to assess factors that affect quality of life in children and adolescents with
hEDS. Individuals with hEDS between the ages 12–20 years and matched parents were
recruited through retrospective chart review at two genetics clinics. Participants completed a
questionnaire that included the Pediatric Quality of Life Inventory (PedsQL™), PedsQL Multidimentional Fatigue Scale, Functional Disability Inventory, Pain-Frequency-Severity-Duration
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Scale, the Brief Illness Perception Questionnaire, measures of anxiety and depression, and help-

Correspondence
Weiyi Mu, Institute of Genetic Medicine,
Johns Hopkins University, 600 N Wolfe St,
Blalock 1008, Baltimore, MD 21287.
Email: wmu2@jhmi.edu

S/hypermobility spectrum disorder (81% female, mean age 16 years), some by the affected
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of the PedsQL total score. Additionally, presence of any psychiatric diagnosis was correlated

ful interventions. Survey responses were completed for 47 children and adolescents with hEDindividual, some by their parent, and some by both. Clinical data derived from chart review were
compared statistically to survey responses. All outcomes correlated moderately to strongly with
each other. Using multiple regression, general fatigue and pain scores were the best predictors
with a lower PedsQL score. Current management guidelines recommend early intervention to
prevent disability from deconditioning; these results may help identify target interventions in
this vulnerable population.
KEYWORDS

adolescents, children, health-related quality of life, hypermobile Ehlers-Danlos syndrome,
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1 | INTRODUCTION

diagnosed as hypermobility spectrum disorder (HSD), often with similar symptom and functional complications as those diagnosed with

Hypermobile Ehlers-Danlos syndrome (hEDS) is a heterogeneous

hEDS (Malfait et al., 2017). Prior estimates note the increased preva-

symptom complex. Previously, hEDS was defined by Villefranche cri-

lence of joint hypermobility in 5–65% of all younger children (Armon,

teria (Beighton, De Paepe, Steinman, Tsipouras, & Wenstrup, 1998;

2015; Cattalini, Khubchandani, & Cimaz, 2015; Murray, 2006). As gen-

Grahame, Bird, & Child, 2000) and was clinically indistinguishable from

eralized joint hypermobility is a major component of hEDS diagnostic

joint hypermobility syndrome (JHS) (Castori et al., 2017; B. T. Tinkle

criteria, referrals for children with suspected hEDS/HSD have been

et al., 2009; Zoppi, Chiarelli, Binetti, Ritelli, & Colombi, 2018). In 2017,

increasingly sent to genetics and other specialties, and present a pub-

revised nosology for hEDS was introduced; patients not meeting

lic health concern due to the high prevalence and healthcare utiliza-

updated hEDS criteria but with joint hypermobility symptoms are

tion of this population (Gunz, Canizares, Mackay, & Badley, 2012).
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The pediatric community from generalists to a broad range of special-

EDS (Beighton et al., 1998; Grahame et al., 2000). As all patients were

ists is increasingly challenged to address this growing and complex

evaluated prior to the revised 2017 hEDS classification (Malfait et al.,

patient population on a local, national, and international scale.

2017), we will use the combined terms “hypermobile Ehlers-Danlos

Characteristic symptoms of hEDS include joint hypermobility and

syndrome/hypermobility spectrum disorder” (hEDS/HDS) to refer to

instability, recurrent joint subluxations or dislocations, chronic wide-

the range of clinical phenotypes experienced by our participants under

spread joint pain, skin manifestations, and a wide variety of associated

the current nomenclature. Exclusion criteria included other unrelated

symptoms and comorbidities, including migraine headaches, functional

comorbid diagnoses as of 02/2017 suggesting a separate genetic eti-

bowel disorders, orthostatic intolerance, and chronic fatigue, among

ology for which joint hypermobility is one component, such as multi-

many others (Bulbena et al., 2017; De Wandele et al., 2013, 2014; Fik-

ple congenital anomalies, intellectual disability or autism. In this

ree, Chelimsky, Collins, Kovacic, & Aziz, 2017; Hakim, De Wandele,

manuscript, “patient participant” will refer to the participants with a

O'Callaghan, Pocinki, & Rowe, 2017; Malfait et al., 2017; P. C. Rowe

diagnosis of hEDS/HSD aged 12–20 years as defined by the above

et al., 1999). Although these findings are usually present by childhood

inclusion criteria, and “parent participant” will refer to the parent of

or adolescence, the evaluation and treatment of hEDS/HSD in the

these individuals.

pediatric population is hindered by a lack of provider familiarity with

Invitation letters to participate in a Qualtrics online survey were

pediatric hEDS-related symptomatology as well as the complex medi-

sent 220 eligible patient participants and their parents, including 88 at

cal needs of this population. These factors can contribute to a delay in

JHU and 132 at GBMC, each with an assigned unique identifier to link

diagnosis and treatment, with some pediatric cohorts studied report-

responses to the clinical information collected from retrospective

ing 2–3 years from symptom onset to intervention (Adib, Davies, Gra-

chart review. For individuals with hEDS/HSD younger than age

hame, Woo, & Murray, 2005). Management guidelines for adults with

18 years, online informed consent was obtained from their parent on

hEDS/HSD focus on symptomatic treatment with physical therapy

the first page of the Qualtrics survey. For these, the recruitment letter

and other interventions, with the goal to improve daily function and

was addressed to the parent with instructions to complete the

to prevent deconditioning (Chopra et al., 2017; Engelbert et al., 2017;

questionnaire about their child with hEDS/HSD prior to helping the

Ericson & Wolman, 2017; Hakim, O'Callaghan, et al., 2017). However,

younger child complete the questionnaire, as to reduce bias in the

there is no consensus for treatment of hEDS/HSD manifestations in

parental responses. For individuals with hEDS/HSD 18 years or older,

the pediatric population, or which aspects of management to target to

informed consent was obtained separately from individual as well as

optimize quality of life.

from one of their parents. Participants with hEDS/HSD 18 years or

Health-related quality of life (HRQOL) optimization is increasingly

older were instructed to complete the questionnaire separately from

understood as a goal of healthcare, with important underlying factors

their parents. Two reminder letters or emails were sent and a paper

including pain, fatigue, and sleep. Studies are ongoing to improve qual-

survey was mailed to participants without email addresses.

ity of life in children with chronic healthcare conditions for better clinical and long-term outcomes related to their medical health (Frakking

This study was approved by the Institutional Review Boards of
the Johns Hopkins University School of Medicine and GBMC.

et al., 2018). There is a shortage of studies looking specifically at complications and HRQOL predictors in the pediatric and adolescent
hEDS/HSD population, and important additional HRQOL factors such
as daily function, sleep, school attendance, sense of wellness, and illness representation are not well addressed by prior studies. This present study aimed to address these important factors in children and
adolescents with hEDS/HSD, as perceived by both the affected individuals as well as their parents.

2.2 | Clinical genetics evaluation
All patient participants were previously evaluated by clinical geneticists.
Clinical genetic testing for classical EDS was offered if clinically indicated; in this sample none of the participants had positive genetic testing for pathogenic variants associated with vascular EDS (COL3A1) or
classical EDS (COL5A1 and COL5A2). Investigators used specific search
terms to acquire data from the following sections of the electronic
chart: demographics, problem list, and the documentation of the clinical

2 | MATERIALS AND METHODS

genetics evaluation. The following data were collected for the analysis:
clinical genetic diagnosis, presence or absence of family history of any

2.1 | Participant recruitment

type of EDS, Beighton score at the last clinical exam date (highest discrete number if a range was noted), and Karnofsky Performance Status

Potential participants were identified through retrospective review of

(KPS) Scale (lower score if a range was noted) (Karnofsky, Abelmann,

patients seen in the genetics clinics at Johns Hopkins University (JHU)

Craver, & Burchenal, 1948) at the last clinical exam date if obtained.

and Greater Baltimore Medical Center (GBMC) from 02/2014 through

Height and weight taken from the last clinical genetics visit and BMI

02/2017. The recruitment list was then generated based on the fol-

percentile was calculated using the CDC BMI Percentile Calculator for

lowing inclusion criteria: individuals who were between the ages of

Child and Teen. Additionally, the following variables were noted: the

10–18 years at time of evaluation (up to age 20 years by February

presence or absence of mast cell activation syndrome (MCAS)

28, 2017), had a Beighton score of 4/9 or higher (which has been vali-

symptoms; specific gastrointestinal diagnoses (eosinophilic esophagitis,

dated in children) (Smits-Engelsman, Klerks, & Kirby, 2011), and met

gastroparesis, and/or dysmotility); suspected or confirmed postural

clinical diagnostic criteria for hypermobile type EDS as defined by the

orthostatic

Brighton criteria for JHS and the Villefranche criteria for hypermobile

and/or migraines; specific neurosurgical complications (Chiari Type I

tachycardia

syndrome

(POTS);

chronic

headaches
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malformation, tethered cord, cranio-cervical or cervical instability, syrin-

Jeffreys priors using the horseshoe package (van der Pas, Scott, Chak-

gomyelia); past or present psychiatric diagnoses for which the patient

raborty, & Bhattacharya, 2016). These results were qualitatively com-

was or is receiving treatment (including counseling and therapy); and

pared to elastic net regression using the glmnet package, with the

other pertinent diagnoses or features (such as urinary incontinence,

tuning parameter chosen by 10-fold cross validation (Friedman, Has-

chronic regional pain syndrome or arachnodactyly).

tie, & Tibshirani, 2010). The relative importance of the variables was
the primary concern of this study, so quantitative inferences from the

2.3 | Functional impairment, psychosocial factors,
and quality of life

β coefficients were not made. Data analysis was completed using R
version 3.4.1 software (R Core Team 2017).

Functional impairment was estimated cross-sectionally using the Functional Disability Inventory (FDI) (Claar & Walker, 2006; Kashikar-Zuck

2.5 | Qualitative analysis

et al., 2011; Walker & Greene, 1991) as well as retrospectively using the

As part of the BIPQ, participants were asked about the three most

KPS Scale (Karnofsky et al., 1948). Quality of life was estimated using

important factors that influence their/their child's illness in free-text

the corresponding Pediatric Quality of Life Inventory (PedsQL™) for indi-

format. Responses on causal beliefs (the last item of the illness per-

viduals 10–12 years, 13–17 years, and 18–20 years—subcomponents
analyzed included physical, emotional, social, school, and psychosocial
functioning (Varni, Burwinkle, Seid, & Skarr, 2003). Fatigue was measured
using the PedsQL Multidimentional Fatigue Scale (PedsQL MFS) (Varni,
Burwinkle, & Szer, 2004). Psychosocial and psychiatric factors were estimated using select questions for anxiety and depression agreed upon via
Delphi method (see Supporting Information Appendix for specific questions) (Linstone & Turoff, 1975), the Pain-Frequency-Severity-Duration
Scale (PFSD) (Salamon, Davies, Fuentes, Weisman, & Hainsworth, 2014),
the Herth Hope Index (Herth, 1992), as well as the psychosocial compo-

ception questionnaire) were coded using thematic content analysis.
Codebook development was influenced by the self-determination theory, which separates beliefs into intrinsic and extrinsic, and has been
studied to have importance in rehabilitation in similar pediatric populations with functional limitations (Meyns, Roman de Mettelinge, van
der Spank, Coussens, & Van Waelvelde, 2018). Codes were then modified based on open-ended coding. Two coders separately coded all
responses using the same codebook, and reconciled any discrepancies
through discussion.

nents of the PedsQL. Illness perception was evaluated using the Brief Illness Perception Questionnaire (BIPQ) (Broadbent, Petrie, Main, &
Weinman, 2006). Participants also were asked to provide qualitative
responses for any helpful interventions for their symptoms. See Supporting Information Appendix for additional information about each scale.

3 | RE SU LT S
Responses were obtained from 68 participants out of 220 eligible participants (total response rate 31%). Fourteen responses had been
excluded because they completed <25% of survey questions, and

2.4 | Statistical methods

were not counted in the overall response rate. There were a total of

Scores for the primary variables were compared among patient partic-

104 respondees, of whom 47 were a patient and 57 were a parent

ipants with hEDS/HSD, among parents of individuals with hEDS/HSD,

(patient participant response rate 21%). There were 36 parent-p dyads

and also for each matched parent–child dyad. Paired t-test compari-

(72 responses), 11 with only a patient (child) response, and 21 with

son to compare primary characteristics (age, Beighton score, Kar-

only a parent response. For the purposes of this report, we focused

nofsky, etc.) and percentages of comorbidities between the JHU and

on self-reported responses of the patient participants (n = 47).

GBMC populations. The distributions were compared by symptom
severity using scatterplots and correlation analysis.
In order to determine which demographic variables, clinical diagnoses, and survey outcomes in our cohort had the greatest impact on
patient-reported HRQOL, we used Bayesian Multiple Regression.
When the number of independent variables is large and the number

3.1 | Demographics
Table 1 describes the characteristics of the study population in detail.
Participants included 81% female and 19% male patient participants,
with a mean age of 16.1 years and average body mass index percentile

of observations is relatively small, penalized regression (aka regulariza-

of 59.3% at time of data collection. Regarding race, 93.6% of patients

tion) methods like horseshoe (Carvalho, Polson, & Scott, 2010) and

self-identified as White; 6.4% as White and Other, Other, or Pacific

elastic net (Zou & Hastie, 2005) can be used to eliminate variables

Islander. Regarding ethnicity, 8.5% self-identified as Hispanic or

that have little impact on prediction. All predictors were standardized

Latino. Median Beighton score was 6 (range 4–9); median Karnofsky

to give comparable regression coefficients. For missing data (<2%

performance index was 70 (range 40–100). About a third (36.2%) had

missing data overall), multiple imputation was performed using the

at least one affected sibling. The majority of the patients had at least

MICE (Multivariate Imputation by Chained Equations in R) package.

one comorbidity. Comorbid diagnoses reported by the patient partici-

FDI scores were not included due to high degree of correlation with

pants included headaches or migraines in 35 out of 47 (76.1%), POTS

the physical subscore of the PedsQL (R > 0.9). The subscores of the

symptoms in 26 (56.5%), a psychiatric disorder (most commonly anxi-

PedsQL were also not included in the regression model. Horseshoe

ety and depression) in 19 (41.3%), gastrointestinal symptoms in

regression models were estimated using the empirical Bayes

17 (37.0%), MCAS in 12 (26.1%), neurosurgical complications in

approach, and were compared against use of the half-Cauchy and

10 (21.7%), and urinary incontinence in 5 (11.6%).
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TABLE 1

Study participant demographics and primary characteristics

Study population demographics
Total participants

Outcome measures in pediatric and adolescent hEDS/HSD
population

TABLE 2

Primary outcome variables

47

n
Female participants

38 (80.9)

n (%)
Age

16.1 (2.90, 10–20)

Mean (SD, range)
BMI centile

59.3 (30, 0.27–99.2)

Mean (SD, range)
Presence of affected sibling

17 (36.2)

n (%)
Karnofsky Performance Status

70 (40–100)

Median (SD, range)
Beighton score

6 (4–9)

Median (range)
Note. BMI, body mass index; GI, gastrointestinal; MCAS, mast cell activation syndrome; POTS, postural orthostatic tachycardia syndrome.

Statistical comparison of the two centers (Mann–Whitney U test)
showed no statistically significant differences in demographics and
comorbid diagnoses, with the exception of a trend toward participants
at GBMC being more likely to have an affected sibling (p = 0.01), have
a diagnosis of mast cell activation disorder (p = 0.02), and having a
lower Karnofsky score (p = 0.03).

3.2 | Primary outcome measures
As detailed in Table 2, PedsQL scores in this population were notably
lower than mean scores for healthy controls (Peter C. Rowe et al.,

Mean SD

Healthya Healthy
Mean
SD

FDI

19.1

13.2

1.7

3.2

PedsQL multidimensional fatigue
total score

48.5

25.8

85.0

12.6

General fatigue

45.0

30.0

89.2

11.9

Sleep/rest fatigue

47.4

26.4

78.3

15.7

Cognitive fatigue

52.9

29.2

89.4

13.6

56.7

21.4

90.2

10.1

PedsQL 4.0 generic core total
score
Physical functioning

49.5

23.5

91.9

9.4

Emotional functioning

54.7

25.1

84.8

17.4

Social functioning

70.2

21.2

95.2

8.9

School functioning

56.5

26.1

87.4

12.5

Psychosocial functioning

11.9

60.5

21.9

88.5

Pain (PFSD)

53.7

41.3

b

Herth Hope Index total

37.6

BPQI

45.8

6.87
11.8

b
b

Note. BIPQ, Brief Illness Perception Questionnaire; FDI, Functional
Disability Inventory; hEDS, hypermobile Ehlers-Danlos syndrome;
HRQOL, health-related quality of life; HSD, hypermobility spectrum
disorder; PedsQL: Pediatric Quality of Life; PFSD, Pain-FrequencySeverity-Duration.
Pediatric and adolescent participants with hEDS/HSD (n = 47) completed
scales measuring functional impairment, psychosocial factors and quality
of life.
a
Data for the healthy controls on the FDI, PedsQL, and the Peds QL Multidimensional Fatigue Scale represent responses from 48 healthy individuals age 10–20 years from the study by Rowe et al. (2014).
b
There are few studies on healthy control values for these measures.

2014) especially in the areas of physical (mean was 49.5, SD 23.5) and
emotional subscores (mean 54.7, SD 25.1). Fatigue scores were also

predicting patient-reported HRQOL in our cohort including only the

low (mean 48.5, SD 25.8), indicating higher fatigue-related disability.

general fatigue score and pain score, explains 90% of the variance in

Mean functional disability score was 19.1 (SD 13.2), suggesting a nota-

the PedsQL total score. A third variable, BIPQ total score, was

ble but not severe pain-related disability.

selected by elastic net but not by the horseshoe regression.

All survey scores correlated moderately to strongly with each
other and with pain (range 0.41–0.95 or 0.38–0.89). There were
weaker correlations of some scores with age and incontinence (range
0.31–0.52 or 0.29–0.51); see Supporting Information Appendix for
details.

3.4 | Comorbidities comparison against primary
outcome variables
Seven subsets of patient participants with the following diagnoses
were compared to those without the diagnosis from their medical

3.3 | Multiple regression analysis

record: neurosurgical diagnosis, POTS, gastrointestinal diagnosis, psy-

In order to determine which variables in our cohort had the greatest

with a psychiatric diagnosis had a lower PedsQL social score (mean

impact on patient-reported HRQOL as measured, we performed

58.9 vs 77.8, 95% CI 7.5–30.3, p < 0.005) and were older (mean 17.5

horseshoe regression with PedsQL total score as the dependent vari-

vs 15.1 years, 95% CI −0.84 to 3.8, p < 0.05). There were lower Kar-

able. FDI scores were not included due to high degree of correlation

nofsky scores in those with MCAS (mean 65.6 vs 76.6, 95% CI

with the physical subscore of the PedsQL (r > 0.9). The horseshoe

1.6–20.6, p < 0.01), POTS (mean 65.9 vs 79.3, 95% CI 4.6–22.1,

regression, selecting from all demographic variables, diagnoses, and

p < 0.001), headaches (mean 67.4 vs 82.2, 95% CI 6.6–23.0,

chiatric diagnosis, MCAS, headaches, or urinary incontinence. Those

survey scores (except for subscores of the PedsQL) resulted in the

p < 0.005), psychiatric diagnosis (mean 65.5 vs 76.7, 95% CI 1.6–20.6,

selection of general fatigue (Beta = 0.57, 95% confidence interval

p < 0.01), or neurosurgical diagnosis (mean 60.0 vs 74.8, 95% CI

[CI] 0.21–0.89) and pain (Beta = −0.33, 95% CI −0.55 to −0.11) as

3.2–26.4, p < 0.05) compared to those without. Other than these

the strongest predictors of PedsQL total score (r2 = 0.901), as seen in

findings, there were no significant differences in the mean demo-

Figure 1. This result was confirmed by elastic net regression which

graphics, diagnosis rates, or survey scores between those with and

returned similar coefficients. This result suggests that best model for

without each diagnosis.
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Predictors of quality of life in pediatric and adolescent hEDS/HSD population. Beta (regression) coefficients and 95% confidence
intervals from the regression model with horseshoe priors. Black dots indicate variables included in the final model, white dots indicate variables
dropped by the model. BMI, body mass index; hEDS, hypermobile EDS; HSD, hypermobility spectrum disorder; MCAS, mast cell activation
syndrome; PFSD, Pain-Frequency-Severity-Duration; POTS, postural orthostatic tachycardia syndrome

FIGURE 1

3.5 | Interventions tried
As indicated in Figure 2, patients with hEDS/HSD reported physical
therapy as the most common intervention tried (89%, of whom 74%
reported as helpful). The next most common interventions tried were
504 plan (77% tried, of whom 73% reported as helpful), psychological

25% reported as helpful). In the United States, the 504 plan covers
any accommodations a student with a handicap may need, while the
IEP is a more specific learning plan for students who require special
education because of a specific type of disability.

counseling (74% tried, of whom 73% reported as helpful), individual-

3.6 | Illness representation

ized education plan (IEP) as part of a school system (45% tried, of

Table 3 describes coded causal beliefs of patients with EDS, derived

whom 76% reported as helpful), medication for POTS (44% tried, of

from the last free-text response of the BIPQ. In response to what

whom 71% reported as helpful), nutritional counseling (35% tried, of

caused their illness, 95% of patient participants reported an intrinsic

whom 48% reported as helpful), and acupuncture (31% tried, of whom

factor (outside of their realm of control) and 51% reported an extrinsic

Interventions tried by participants with hEDS/HSD. Forty-seven children and adolescents completed responses on a list of selected
interventions, and whether these were found to be helpful, reported as a stacked bar graph. hEDS, hypermobile Ehlers-Danlos syndrome; HSD,
hypermobility spectrum disorder; IEP, individualized education plan; POTS, postural orthostatic tachycardia syndrome

FIGURE 2
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factor (within their locus of control). In the category of intrinsic fac-

Rowe, & Van Der Linden, 2012; Pacey et al., 2015), with possibly con-

tors, the most common responses were “genes” or “genetics” in 85%

tributing factors including increased musculoskeletal injury (Rombaut,

of respondents, followed by events of “undergoing puberty” or “a

Malfait, Cools, De Paepe, & Calders, 2010; Stern et al., 2017), pain

growth spurt” in 15% of respondents. In the category of extrinsic fac-

intensity and duration (Fatoye et al., 2012; Stern et al., 2017),

tors, 21% reported too much physical activity as an instigating factor,

increased fatigue (Scheper, Nicholson, Adams, Tofts, & Pacey, 2017),

while another not mutually exclusive 21% reported triggering events,

and higher risk for multisystem complaints including orthostatic intol-

such as illnesses or injuries. Finally, 5% of respondents cited a comor-

erance and headaches (Rombaut et al., 2010; Scheper et al., 2017).

bid diagnosis as having an impact on illness causation.

Moreover, these children had decreased physical activity and participation in daily life activities (Schubert-Hjalmarsson, Öhman, Kyllerman, & Beckung, 2012). A recent study of 89 Australian children with

4 | DISCUSSION

JHS and one of their parents revealed that children with JHS reported

Symptoms of hEDS/HSD in the pediatric and adolescent population
can range from minimal effects to significant pain, fatigue and medical
complications leading to disability. Although much has been written
about both chronic pain and chronic fatigue and their effects on quality of life and management of both in hEDS and related disorders
(Carter & Threlkeld, 2012; Castori et al., 2012; Chopra et al., 2017), lit-

poor HRQOL and disabling fatigue. Pain, fatigue, and stress incontinence accounted for 75% of the variance in child-reported HRQOL
(Pacey et al., 2015). Another study of 29 children with JHS reported
significantly lower QOL scores and significantly higher pain intensity
scores in affected children when compared with age-matched controls
(Fatoye et al., 2012).
The primary result of this study is that fatigue and pain scores

tle has been published on these complications in youth (Pacey, Tofts,
Adams, Munns, & Nicholson, 2015). In addition, there have been no

were the main predictors of child-reported HRQOL: 90% of the vari-

specific recommendations to maximize quality of life in the pediatric

ance in the PedsQL total score could be explained by these two vari-

and adolescent population with hEDS/HSD.

ables alone, without any other demographic factor, diagnosis, or other

In this study, 21% of 220 children, adolescents and young adults

survey score. In other words, the selection algorithm dropped all the

with hEDS/HSD ages 12–20 years evaluated within the previous

other variables, including the three-item anxiety and depression

3 years responded to our questionnaire. These patients were evalu-

scores. Our model suggested that the relative strength of effect of

ated at a large academic urban institution (JHU) and a private commu-

fatigue and pain on HRQOL was 2:1, respectively. This supports the

nity hospital with a national EDS Center (GBMC), with equal numbers

results of previous studies (Pacey et al., 2015), emphasizing the impor-

of participants from each center and with well-matched characteris-

tance of assessing and treating fatigue and pain to improve HRQOL.

tics. In general, HRQOL scores were notably worse in participants

While Pacey et al. noted stress incontinence to be a predictor of

with hEDS/HSD compared to healthy controls (Peter C. Rowe et al.,

HRQOL, we did not have a significant enough proportion of our

2014), especially when comparing the physical, emotional and school

patient population reporting stress incontinence to evaluate this

functioning components of the PedsQL, as well as fatigue scores.

effect. Unique to our study are that presence of any psychiatric diag-

In comparison with healthy controls, children with hEDS/HSD

nosis was correlated with a lower PedsQL score as well as a lower

(previously overlapping with JHS) have been previously reported to

KPS Scale. Further studies are needed on the effect of psychiatric and

have overall decreased QOL scores (Fatoye, Palmer, MacMillan,

emotional symptoms in youth with a diagnosis of hEDS/HSD.

TABLE 3

Causal attributions of hEDS/HSD symptoms in pediatric and adolescent population
Causal beliefs summary

Intrinsic factors
Genes
Puberty/development

N (n = 39)

%

37

95

Illustrative quotes

33

84.6

“genetic predisposition”

6

15.4

“puberty started moving my bones around as I grew, and if feels like they'll never to back to
not feeling like they're stabbing me.”

Family history

2

5.1

“my mom has it”

Specific physical characteristics

2

5.1

“Weak joints”

Extrinsic factors

20

51.3

Too much physical activity

8

20.5

Too little physical activity

1

2.6

Viral/postviral illness

6

15.4

Delay in diagnosis/treatment

3

7.7

“Going undiagnosed for more than 17 years”

Psychosocial factors

2

5.1

“attitude”

2

5.1

Comorbidities

“overuse of joints during dance and other activities”
“to much time in bed [sic]”
“viral illness in 2009”

Note. hEDS, hypermobile Ehlers-Danlos syndrome; HSD, hypermobility spectrum disorder.
Responses were completed by 39 patient participants as part of the Brief Illness Perception Questionnaire as free text, which was coded; codes were not
mutually exclusive.
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We previously reviewed surveys from a pediatric cohort with

representative of the general pediatric and adolescent hEDS/HSD

hypermobile and classical EDS assessed at the National Institute of

population. Not all participants were able to be clinically ascertained

Aging followed prospectively (Muriello et al., 2018). In this group, all

for each comorbidity. Additionally, the proxy questions for anxiety

patients had poor sleep quality with respect to historical controls, pain

and depression were not validated.

severity had a strong correlation with pain interference similar to

In conclusion, fatigue and pain are important determinants of

other disorders with chronic pain, and both pain and sleep were signif-

HRQOL in children and adolescents with hEDS/HSD. Future work on

icant issues in this population. Compared to these studies, our results

this data will include investigation of the relationship and impact of

similarly showed that fatigue and pain are the best predictors of

paired parent–child responses to HRQOL. Additionally, future research

HRQOL; however, the number of participants reporting urinary incon-

is needed to continue investigating the underlying mechanisms of

tinence was too low (11.6%) to make a meaningful comparison. Interestingly, while several diagnoses were associated with a lower
Karnofsky score, no comorbid diagnosis had a significant impact on

hEDS, genomic studies to find causative or associated genetic variants,
and clinical trials to address optimal approaches to treatment.

any survey outcome with the exception of a psychiatric diagnosis on
the PedsQL social component.
Management of children and adolescents with hEDS can be challenging due to chronic pain and multisystem complaints, and often
requires multidisciplinary care. The majority of patient participants
who tried any interventions found them helpful (Figure 2). Physical
therapy was the most commonly tried intervention, and has been
found effective in clinical trials in patients with hEDS (Engelbert et al.,
2017). The majority of children and adolescents treated for POTS also
found this helpful, highlighting the importance of making this frequently comorbid diagnosis. While some studies have suggested acupuncture may be helpful in treating pain in patients with connective
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