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Abstract

Background Classical galactosemia (CG), an inborn error of galactose metabolism, results in long-term complica-
tions including cognitive impairment and movement disorders, despite early diagnosis and dietary treatment. Two
decades ago, lower motor-, cognitive- and social health related quality of life (HRQol) was demonstrated in pediatric
and adult patients. Since then, the diet has been relaxed, newborn screening was implemented and new interna-
tional guidelines resulted in major changes in follow-up. The aim of this study was to assess HRQoL of CG by means
of online self- and/or proxy-HRQol-questionnaires focusing on the main areas of concern of CG (i.e. anxiety, depres-
sion, cognition, fatigue, social- and upper extremity function) within the patient-reported outcomes measurement
information system (PROMIS®) and generic HRQol-questionnaires (TAPQOL, TACQOL, TAAQOL).

Results Data of 61 Dutch patients (aged 1-52 years) were collected and compared to available Dutch or US refer-
ence populations. On the PROMIS-questionnaires, children reported more fatigue (P=0.044), lower function in upper
extremities (P=0.021), more cognitive difficulties (P=0.055, d=0.56) and higher anxiety (P=0.063, d=0.52) than
reference children although the latter findings remained non-significant. Parents of CG patients reported lower qual-
ity of peer relationships of their children (P<0.001). Both children and parents reported lower cognitive functioning
(P=0.005, P=0.010) on the TACQOL. Adults reported on PROMIS domains lower cognitive functioning (P=0.030),
higher anxiety (P=0.004) and more fatigue (P=0.026). Cognitive difficulties were reported on the TAAQOL by adults
(P<0.001), as well as physical-, sleeping and social difficulties.

Conclusions CG remains to impact the HRQol of pediatric and adult patients negatively on several domains includ-
ing cognition, anxiety, motor function and fatigue. A lower social health was mainly reported by parents, and not by
patients themselves. The Covid-19 pandemic might have amplified the results on anxiety although higher levels of
anxiety fit pre-pandemic findings. The reported fatigue is a new finding in CG. Because the effect of lockdown fatigue
could not be eliminated and fatigue is a frequent finding in patients with chronic disorders, future studies are war-
ranted. Clinicians and researchers should be attentive to both pediatric and adult patients, and the age-dependent
difficulties they might encounter.
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Background
Classical galactosemia (CG; OMIM 230400) is an auto-
somal recessive inborn error of galactose metabolism
with an incidence of 1:53.000 in the Netherlands [1]. A
severe deficiency of the enzyme galactose-1-phosphate-
uridyltransferase (GALT; EC 2.7.7.12) results in a life-
threatening disease in newborns after the ingestion of
galactose from breastmilk or infant feeding. Currently
the only available treatment is a galactose-restricted diet
which resolves the critical symptoms in affected new-
borns, but does not prevent long-term complications.
Even with immediate or early treatment due to fam-
ily screening or newborn screening and independent of
illness in the newborn period, many patients develop
long-term complications. These include a developmen-
tal delay in motor function, speech- and language dif-
ficulties, a cognitive impairment, movement disorders,
and primary ovarian insufficiency in female patients [2].
The underlying mechanism of these long-term complica-
tions is still poorly understood. The persistent elevation
of metabolites including galactose-1-phosphate (Gal-1P)
due to endogenous production of galactose has been
demonstrated to affect galactosylation [3, 4]. However,
in our cohort Gal-1P and N-glycan variations could not
predict clinical outcome [2]. The severity of the outcome
differs tremendously between patients, with total 1Q’s
ranging from 45 to 103 and neurological outcome rang-
ing from severe dystonia to fully normal [2, 5, 6]. Social
participation and adjustment to society are lower, indi-
cated by higher levels of unemployment [7] and fewer
milestones in the psychosexual and social domain [8, 9].
Living with a chronic disorder and with this prognostic
uncertainty regarding outcome severity is a burden for
many parents and children with CG [10]. Previous stud-
ies demonstrated a lower Health Related Quality of Life
(HRQoL) in both children and adults with CG [8, 10,
11]. Children with CG reported a lower HRQoL in the
domain of cognitive function, while parents of children
with CG reported a lower HRQoL in the domain of both
motor- and cognitive function of their children [10]. In
adult patients a lower HRQoL in the domains of cogni-
tive function, social function and emotional wellbeing
was found in comparison to the general population [10]
and compared to patients with another metabolic disor-
der with dietary restrictions (Phenylketonuria; PKU) [8,
11]. The lower HRQoL in comparison to PKU-patients
shows that HRQoL is not fully explained by the presence
of a chronic disease and a lifelong diet. It is more likely
that in CG the long-term complications influence the
HRQoL of patients. In parents of CG-patients, a normal
HRQoL was found in a previous study [12].

Since our previous HRQoL study in 2004 [10], and
especially with the implementation of the international
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guidelines, major changes in treatment and follow up
have been implemented. The diet has been relaxed,
allowing patients an unrestricted intake of fruit and
vegetables and food products with minor traces of
galactose [13]. Social difficulties were discussed with
patients and parents and social interaction of patients
has been stimulated. Neurological and cognitive out-
comes of patients are regularly evaluated with stand-
ardized screening allowing an early intervention if
necessary.

In the Netherlands, the start of the newborn screen-
ing (NBS) in 2007 resulted in an expansion of the spec-
trum of galactosemia patients since new patients were
detected who did not demonstrate CG-related illness
[1]. These “variant” patients show previously unknown
genotypes and have some residual galactose oxida-
tion. The phenotype seems milder than in the classi-
cal patients and it is yet unclear whether these patients
are at risk for the same long-term complications as
the “classic” patients with severe enzyme deficiency.
HRQoL of this group has not yet been investigated.

Up till now, HRQoL in CG has been solely investi-
gated by means of generic questionnaires assessing
multiple domains of health. Domains are assessed with
few items which all contribute equally to the domain
score, limiting the reliability and validity [14]. In recent
years, the Patient-Reported Outcomes Measurement
Information System (PROMIS®) has been developed
to address these limitations by developing item banks
based on item response theory modeling taking into
account the differences in item content [15].

The main aim of the current study is to assess HRQoL
of the complete spectrum of CG patients, firstly by uni-
dimensional PROMIS domains of physical, mental and
social health specific to areas of concern in patients
with CG, and secondly by the generic, multidimen-
sional HRQoL questionnaires which were also admin-
istered almost 2 decades ago to describe the effects of
the changes in treatment and follow up since 2004. The
secondary aims are:

A. Examine the differences in HRQoL between patients
diagnosed before the introduction of NBS after the
presentation of clinical symptoms and patients diag-
nosed after family screening and/or NBS.

B. Examine the effect of outcome severity on HRQoL
by evaluating the association between HRQoL and
total intelligence quotient (IQ) and the difference in
HRQoL in patients with good intellectual outcome
(IQ>85) and poor intellectual outcome (IQ < 85).
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Results

A total of 24 children and/or their parents, 31 adult
patients and 6 representatives of cognitively impaired
adult patients participated, providing data on a total of
61 patients which led to an overall response rate of 51%.
Assessment of the group of non-participating patients of
the outpatient clinic of the Amsterdam UMC indicated
no response bias towards patients with a relatively good
or poor outcome. The completion rate was 97-100% for
each questionnaire. Because of the presence of a second
diagnosis affecting mobility, one child was excluded for
the PROMIS domains of fatigue and upper extremity
function, and the TAAQOL-scales gross motor function-
ing and pain.

The demographics of the patients are listed in Table 1.
Twenty-four children were included in the study with a
mean age of 8.9 years (SD=5.2, range 1-17). Thirty-one
self-reporting adult patients participated in the study
with a mean age of 31.2 years (SD=9.2, range 18-52).
Additionally, six adult patients participated by means of
proxy-report by their representatives with a mean age
of 27.7 years (SD=6.0, range 18-34). Eleven children
had received formal intelligence assessment with a mean
IQ of 82.7 (SD=10.8, range 58-95). Formal intelligence
assessment was available for 16 self-reporting adults,
with a mean IQ of 76.5 (SD=10.5, range 53-93).

As presented in Table 2, a large part of both the pedi-
atric and adult patients receives or received special edu-
cation in comparison to the general population [16-18].
Educational attainment is lower [19]. More adult patients
live with their parents than in the general population and
some live in an assisted living facility [20].

Pediatric patients

PROMIS

Fifteen children with galactosemia aged 8—18 years com-
pleted at least one of the PROMIS self-report question-
naires (Table 3). In comparison to the general pediatric
population, children with galactosemia reported sig-
nificant more fatigue (?=0.044, d=0.62) and significant
lower upper extremity function (P=0.021, d=0.73). Chil-
dren with galactosemia reported lower cognitive func-
tioning [medium effect size, not significant (P=0.055,
d=0.56)] and higher levels of anxiety [medium effect
size, not significant (P=0.063, d=0.52)] than the refer-
ence children. There were no differences in depressive
symptoms and the quality of peer relations.

Sixteen parents of patients with CG aged 6-18 years,
completed the PROMIS proxy-report questionnaires
about their child (Table 3). In contrast to the self-report
of the children, they reported significant lower levels of
fatigue (P=0.006, d=0.84) and a significant lower quality
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of peer relations in comparison to parents of reference
children (P<0.001, d=1.25). A medium effect size was
found for lower cognitive functioning (d=0.52), although
not significant (P=0.054). There were no differences
reported in anxiety, depressive symptoms and upper
extremity function.

To differentiate between children with the classical and
the variant phenotype, the only variant patient above the
age of 6 was in an exploratory manner removed from the
analyses of the PROMIS-questionnaires. This did not
result in a different pattern of significant results (results
not shown).

TNO-AZL: TAPQOL and TACQOL

Mean scores and effect sizes are presented in Table 4.
Parents of young patients with galactosemia (N=7)
reported significantly more stomach complaints (cramps
and pain) in their child than parents of children of the
general population (P<0.001) on the TAPQOL. In the
group of classical phenotype children, the level of com-
munication was significantly lower than in the general
population (P=0.033).When including the only variant
patient in this age cohort above the age of 1.5 years the
difference was no longer significant. The other results
were not altered after including the variant patients.

The generic HRQoL of patients aged from 6 to 16,
measured by the TACQOL questionnaire, was completed
by parents (N=14) and patients aged 8-16 (N=12).
Both the children and the parents reported lower scores
on the domain of cognitive functioning than the general
population (respectively P=0.005 and P=0.010, Table 5).
Specifically, almost all children and parents reported dif-
ficulties with mathematics as indicated by the evaluation
of the individual items. Moreover, children reported dif-
ficulties with understanding others, and writing. Par-
ents reported attentional problems and difficulties with
understanding schoolwork. Eliminating the variant
patient did not alter the results (results not shown).

Adult patients

PROMIS

Adults with CG (N=31) able to complete the ques-
tionnaires themselves demonstrated significant lower
functioning in comparison to the total adult general pop-
ulation on three PROMIS domains (Table 6). The patients
reported significantly higher levels of anxiety (P=0.004,
d=0.57), lower levels of cognitive functioning (P=0.030,
d=0.42) and higher levels of fatigue (P=0.026, d=0.43).
The individual items of the short forms demonstrated
that adult patients reported mainly slow thinking, dif-
ficulties with adding and subtracting numbers, and
shifting between cognitive tasks. Remarkably, the adult
patients reported higher ability to participate in social
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Table 2 Education and living situation

CG-patients Dutch population
Educational level, %

Elementary school (>4 years) N=55 Dutch population 2021/2022*, %
Normal education 58% 95%
Special education 42% 5%

Secondary school (> 12 years) N=48 Dutch population 2021/2022**, %
No secondary school 2% Unknown
Normal education 81% 96%
Without support 62% 94%
With support 38% 6%
Special education 17% 4%

Educational attainment (> 15 years)s, % N=40 Total Dutch population (15-55 years), %
Low educational level 50% 21%
Secondary educational level 45% 38%
High educational level 5% 40%

Living situation (> 18 years), % N=37 Total Dutch population (18-52 years), %
Independent 57% 81%
Living with parents/caregivers 35% 18%
Assisted living 8% 1%

(G classical galactosemia, N sample size
*Current number of Dutch students in elementary school for schoolyear 2021/2022
**Current number of Dutch students in secondary school for schoolyear 2021/2022

$ Highest completed level of education

Table 3 Self-, and proxy-reported health of children with galactosemia on PROMIS domains

Children (age 8-18) Parents or caregivers (age children 5-18)

Galactosemia  Reference population P d Galactosemia  Reference population P d

N Mean (SD) Mean (SD) N Mean (SD) Mean (SD)
AnxietyA 15 482(8.1) 44.0(10.5)° 0.063 052 16 523(79) 50.0 (10.0) 0.272 0.28
DepressiomA 14 479(9.6) 450(11.2)° 0287 030 16 4638(6.9) 50.0 (10.0)¢ 0.080 047
Fatigue” 13 456(9.3) 398 (124)° 0.044* 062 15 44.2(6.9) 50.0 (10.0)4 0.006**  0.84
Cognition™ 14 468(5.7) 50.0 (10.0)° 0055 056 16 464(6.9) 50.0 (10.0)° 0.054 052
Upper extremity function® 13 453 (64)  50.0 (10.0)¢ 0021* 073 15 456(100) 50.0(10.0) 0315%  031°
Peer relations™ 14 47.7 (64) 46.9 (9.5)¢ 0648 012 16 438(50) 50.0 (10.0)¢ <0.001*** 125

N sample size, SD standard deviation, P=P value, d=Cohen'’s D; > 0.20 =small effect, > 0.50 = medium effect, > 0.80 =large effect
*P<0.05, **P<0.01, ***P<0.001

" Higher scores indicate more symptoms

* Higher scores indicate betterfunctioning

# Non-parametric test

$ Effect size calculated with median and median absolute deviation

@ Normative sample of 2893 Dutch Children [21]

b Normative sample of 527 Dutch children [22]

€ PROMIS reference sample of the US general population

4 PROMIS reference sample of a subset of the US general population and a clinical sample
¢ Normative sample of 527 Dutch Children [23]
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Table 4 Proxy-reported HRQoL (TAPQol) for children with galactosemia

Galactosemia children General population P r

N Mean (SD) Mean (SD)
Sleep 7 75.0(20.1) 340 823(17.3) 0313 —0.05
Appetite 7 88.1(10.6) 340 84.6(13.2) 0510 —-0.04
Lungs 7 90.5 (25.2) 340 936 (16.2) 0.884 -0.01
Stomach 7 75.0 (18.6) 340 91.9(13.8) <0.001*** —-0.18
Skin 7 905( 5) 340 91.8(10.8) 0437 -0.04
Motor function 5 00 (0) 289 98.5 (4.4) 0.382 —0.05
Social function 5 86.7 (21.7) 292 91.3(15.4) 0.506 —-0.04
Problem behavior 7 735(12.2) 340 67.7 (15.3) 0.291 —0.06
Communication 5 81.3(18.2) 285 91.7 (9.9) 0.143 —-0.09
Anxiety 7 85.7 (20.2) 340 783 (18.0) 0.234 -0.06
Positive mood 7 97.6 (6.3) 340 98.7 (6.5) 0.222 —-0.07
Liveliness 7 00 (0) 340 98.0 (8.0) 0.459 —-0.04

N sample size, SD Standard deviation, P=P value of non-parametric test, r="Pearson r correlation; > 0.10 =small effect, > 0.30 = medium effect, > 0.50 = large effect.

Higher scores indicate a better quality of life
*P<0.05, **P<0.01, ***P<0.001

Table 5 Self- and proxy-reported HRQoL (TACQol) of children with galactosemia

Children P

Galactosemia
children (N=12)

General population
(N=200) Mean (SD)

r Parents P r

Galactosemia
children (N=14)

General population
(N=200) Mean (SD)

Mean (SD) Mean (SD)
Physical symptoms  23.8 (5.0) 245 (5.7) 0665 —003 281(3.7) 272 (4.0) 0186 —0.09
Motor function 29.8 (2.4) 29.8 (2.9) 0.608 —0.04 300(3.6) 30.5(2.5) 0771 =002
Autonomy 31.1(1.8) 31.5(1.3) 0.651 —0.03 306(24) 31.5(1.5) 0600 —0.04
Cognitive function 233 (5.8) 285 (3.9) 0.005** —0.19 24.2(54) 29.0 (3.6) 0010* —0.18
Social function 283 (4.7) 293(3.2) 0.969 —0.00 29.1(4.7) 29.6 (2.5) 0223 —-008
Positive emotions 1(2.8) 134(2.8) 1.000 000 138(34) 14.2 (2.6) 0342 —006
Negative emotions 11.8 (2.8) 11.8(2.6) 1.000 000 12.1(3.0) 11.7 (2.5) 0313 -007

N=Sample size. SD =Standard deviation. P=P value of non-parametric test, r=Pearson r correlation; > 0.10 =small effect, > 0.30 = medium effect, > 0.50=large

effect. Higher scores indicate a better quality of life
*P<0.05, **P<0.01, ***P<0.001

roles compared to the adult general population, indicat-
ing higher social health (P=0.025, d=0.94).

Since the scores on seven PROMIS domains (i.e. anxi-
ety, depression, cognition, fatigue, physical functioning,
participation with social roles and social isolation) were
significantly related to age and the sample of the gen-
eral population was older on average, the results were
compared with the available reference values for differ-
ent age groups (i.e. anxiety, depression, fatigue, physical
functioning, participation- and satisfaction with social
roles; see Additional file 1: Table S1). The patients able
to complete the questionnaires themselves between the
age of 18 and 34 (N'=22), reported no differences in qual-
ity of life, and even reported a significant higher ability

to participate in social roles than the general population
between 18 and 34 years old (P=0.002, d=0.76). The
patients (N=5) between the age of 35 and 44 reported
significantly higher levels of anxiety (P=0.048, d=1.26)
and lower physical functioning (P=0.008, d=2.21)
than adults of the general population of the same age.
Moreover, medium to large effect sizes were found for
depressive symptoms (d4=0.79), fatigue (d=0.89) and
the satisfaction with social roles (d=0.81), although the
differences remained non-significant. They reported
more depressive symptoms (P=0.104), a higher level
of fatigue (P=0.118), but also a higher level of satisfac-
tion with their social roles (P=0.145). The four patients
(N=4) between the age of 45 and 54 years did not
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Table 6 Self-reported health of adults with galactosemia on PROMIS domains

Galactosemia Reference population P d

N Mean (SD) Mean (SD)
AnxietyA 30 54.8 (8.6) 499 (10.1)° 0.004* 057
DepressiomA 30 513(7.9) 496 (10.0)° 0.255 0.21
Fatigue” 30 53.8(10.8) 1(10.8)° 0.026* 043
Cognition+ 30 45.9(9.9) 50.0 (10. O)b 0.030* 042
Physical functioning™ 30 515(7.8) 498 (10.8)¢ 0.247 0.22
Participation social roles™ 31 53.2(7.3) 50.6 (9.8)¢ 0.025%* 0.94°
Satisfaction social roles™* 30 479 (7.9) 475 (8.3)¢ 0.761 0.06
Companionship™® 30 50.2 (8.8) 50.0 (10.0)° 0.923 0.02
Emotional support+ 30 53.0 (8.6) 50.0 (10. O) 0.068 0.35
Social Isolation” 30 483 (9.9) 50.0 (10. O) 0.359 017

N sample size, SD standard deviation, P=P value. D Cohen'’s D; > 0.20 =small effect, > 0.50 = medium effect, > 0.80 = large effect

*P<0.05, **P<0.01, ***P<0.001

" Higher scores indicate more symptoms

* Higher scores indicate better functioning

# Non-parametric test

$ Effect size calculated with median and median absolute deviation
@ Normative sample of 1002 Dutch adults [24]

b PROMIS reference sample of the US general population

¢ Normative sample of 1006 Dutch adults [25]

9 Normative sample of 1310 Dutch adults [26]

€ Normative sample of 1002 Dutch adults [26]

differ significantly from adults of the general popula-
tion between 45 and 54 years old, even though medium
to large effects sizes (d=0.51->2.0) were found repre-
senting a lower functioning on all domains including
satisfaction with their social roles. A large difference in
cognition was apparent between the patients between 18
and 34 years old (mean T-score=50.0) and the two older
age-groups (mean T-score=34.7 and 34.5), but could not
be evaluated against age-appropriate references.

Proxy-report of the representatives of patients with severe
cognitive impairment The proxy report of the repre-
sentatives of six patients with severe cognitive impair-
ment unable to complete the questionnaires (mean
age: 28 years, 3 females and 3 males; IQ available for 5
patients [mean=>58, SD=10.8, range 45-74)] was evalu-
ated descriptively since the measurements used were not
developed for proxy report. As expected, all representa-
tives evaluated their child’s cognitive quality of life as
below average. Especially, adding and subtracting num-
bers was reported as difficult. Also, slowed thinking and
difficulties with shifting between tasks were reported.
Moreover, the two PROMIS domains on social health (i.e.
ability to participate in social roles and companionship)
indicated that half of the patients were struggling whilst
the other half of the patients had an average score. Physi-

cal functioning was in the average range, except for one
patient.

TNO-AZL: TAAQOL

Adult patients (>16 years; N=32) reported lower
motor function for both gross- and fine motor function
(P<0.001), lower quality of sleep (P=0.001), lower cog-
nitive functioning (P<0.001), lower social functioning
(P=0.011), lower satisfaction with their sexual activi-
ties (P=0.041) and lower levels of vitality (P=0.001)
compared to the reference population of adults within
the same age range (16-52). For cognitive functioning,
memory problems were the most prevalent. The lowered
quality of sleep was mainly due to problems with falling
asleep. The lower levels of vitality were mainly due to
higher levels of fatigue. Mean scores and effect sizes are
presented in Table 7.

Unidimensional PROMIS domains in subgroups of patients
based on diagnosis

Subgroups of pediatric patients

Children with galactosemia diagnosed after newborn- or
family screening (N=12) and children diagnosed after
clinical presentation (N=3) did not differ significantly
on PROMIS domains (see Additional file 2: Table S2).
The PROMIS proxy-report of parents also did not differ
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Table 7 Self-reported HRQolL (TAAQol) of adults with
galactosemia

Galactosemia  General P r

adults population®

(N=2794)

N Mean (SD) Mean (SD)
Gross motor 31 79.2(27.0) 1(18.2) <0.001*** —0.09
Fine motor 32 904(19.8) 975(10.2) <0.001*** —0.09
Pain 31 738(26.5) 765(224) 0.729 —0.01
Sleeping 32 555(358) 76.0(25.1) 0.001**  —0.06
Cognitive func- 32 629(30.2) 86.0(21.0) <0.001*** —0.09
tion
Social function 32 77.0(239) 86.3(18.0) 0.011*  —=0.05
Daily activities 32 756(322) 844(236) 0.118 —-0.03
Sexuality 32 785(288) 87.2(235) 0041*  —004
Vitality 32 503(287) 659(229) 0.001**  —0.06
Happiness 32 604(290) 669(21.3) 0.553 —0.01
Depressive 32 67.7(280) 79.1(19.7) 0.061 —0.04
moods
Agressiveness 32 906(123) 874(16.6) 0.073 —-0.03

N sample size, SD standard deviation, P=P value of non-parametric test,
r=Pearson r correlation; >0.10 = small effect, > 0.30 =medium effect,
>0.50=large effect. Higher scores indicate a better quality of life

*P<0.05,**P<0.01, ***P<0.001

$ General population within the same age range (16-52 years)

significantly between patients diagnosed after family- or
newborn screening (N=13) and patients diagnosed after
clinical presentation (N=3).

Subgroups of adult patients

There were no significant differences between adults
diagnosed after family screening (N=5) and adults diag-
nosed after clinical presentation (N=26) on PROMIS
domains (see Additional file 2: Table S3).

Association with intelligence quotient

Intelligence quotient was not associated with age
(P=0.187). Correlation analyses did not reveal any sig-
nificant correlations between IQ and the child- and
proxy report on any of the PROMIS domains (results
not shown). Children with the classic phenotype with a
good intellectual outcome (i.e. IQ >85; N=5) did not dif-
fer significantly on the PROMIS domains from children
with a poor intellectual outcome (i.e. IQ<85; N=4; see
Additional file 2: Table S4). Parent proxy report on the
PROMIS domains did not differ between children with
good (N=5) or poor intellectual outcome (N=5).

In adults, significant correlations were found between
the total IQ and four domains on PROMIS domains: a
higher IQ corresponded to higher levels of participa-
tion in, and satisfaction with social roles, lower levels of
social isolation and higher physical functioning (results
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not shown). A subgroup of patients with poor intellec-
tual outcome (i.e. IQ<85; N=14) reported significantly
higher levels of anxiety (P=0.014), depressive symp-
toms (P=0.003), fatigue (P=0.001) and social isolation
(P=0.010), and lower levels of cognitive functioning
(P=0.001), physical functioning (P=0.044), and par-
ticipation in social roles (P=0.006) than patients with a
good intellectual outcome (i.e. IQ>85; N=4; see Addi-
tional file 2: Table S5). Satisfaction with social roles, com-
panionship and emotional support did not differ. On the
TAAQOL, adult patients with poor intellectual outcome
(i.e. IQ<85; N=14) reported a significantly lower level
of cognitive functioning (P=0.045) and less satisfaction
with their sexual activity (P=0.016) than patients with a
good intellectual outcome (i.e. IQ>85; N=5; see Addi-
tional file 2: Table S6).

Discussion

The present study indicates that having CG negatively
impacts the HRQoL of both children and adults as meas-
ured by unidimensional PROMIS domains of health
which address the main areas of concern in CG and
by multidimensional generic HRQoL questionnaires.
Patients and/or parents specifically reported lower func-
tioning on the domains of cognition, anxiety, motor func-
tion, fatigue and social functioning with age differences
between CG-patients. Our findings are relevant for the
documentation of the natural history of galactosemia.
A significant improvement in self- and proxy reported
health as measured by repeated evaluation with PROMIS
measures could be an important parameter of effective-
ness of future novel treatments.

First, parents, pediatric- and adult patients all reported
lower cognitive functioning in comparison with the gen-
eral population. The self- and proxy report of the pedi-
atric PROMIS domains remained non-significant, but
medium effect sizes were found as well as a significant
lower HRQoL on the cognition-scale of the TACQOL.
In adults both the PROMIS domain of cognition and
the cognition-scale of the TAAQOL revealed lower cog-
nitive functioning. This finding is not surprising with
regard to the well-known long-term effect of CG on
intellectual development [27] and the neuropsychologi-
cal difficulties that CG-patients face [28, 29]. There was
no specific pattern of cognitive complaints when looking
at the individual items of the questionnaires, except that
the majority of children, their parents and adult patients
reported difficulties with mathematics. Despite the lack
of age-referenced normative values for the adult PROMIS
questionnaire regarding cognition, a very large differ-
ence was apparent in cognitive function between “older”
(=35 years) and “younger” self-reporting adult patients
(< 35 years) who were able to complete the questionnaires
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themselves, in which the older patients reported lower
cognitive functioning. This could not be objectified by
lower IQ-scores in this sample of self-reporting adults.
However, it is important to note that 6 of the 28 patients
aged 18-34 were unable to fill-out the these question-
naires themselves due to severe cognitive impairment
thus indicating cognitive difficulties in this age cohort
which might have created a positive bias in the self-
reporting group.

Second, all patients reported more anxiety than ref-
erence groups. Children did report more anxiety with
a medium effect size, but the effect remained non-sig-
nificant. Parents of these patients did not report more
anxiety in comparison to parents of reference children.
Children and parents did not report significant differ-
ences on the negative emotions-scale of the TACQOL
as well, although not surprising with regard to the mul-
tidimensionality of this scale. In contrast, self-reporting
adult patients were more anxious than the general pop-
ulation with differences in age groups after evaluation
against age-referenced normative values as measured
with PROMIS. Since anxiety could not be investigated
by proxy-report in the patients with severe cognitive
impairment and participating with a representative, it is
unclear whether the anxiety levels in the age-group of
18-35 might have been abnormal if the severely cognitive
impaired-group would have been included. The elevated
levels of anxiety reported in our cohort of patients with
CG may partly be due to the Covid-19 pandemic. Indeed,
anxiety levels in the general population were elevated
in the second year of the pandemic when our study was
conducted [30, 31]. Using the same PROMIS domain of
anxiety, children with galactosemia were not more anx-
ious than children of the general population in the two
time-periods surrounding the time-period of data collec-
tion in the current study [31]. However, the current find-
ings are in line with the previous pre-pandemic findings
demonstrating internalizing problems in children with
CG and reports of anxiety symptoms or a diagnosed anx-
iety disorder in some of the adults [6, 29]. As stated in
the clinical guideline [13], it is important to screen both
children and adults for mental health issues.

Third, children reported lower upper extremity func-
tion on the unidimensional PROMIS domain. This result
was not supported by significant differences on the motor
scale of the TACQOL, although that scale might not
have been specific enough for upper extremity function.
Parents did not report a significant difference in upper
extremity function when compared to the same reference
sample. Adult patients also did not report significant dif-
ferences in physical functioning on the PROMIS domain.
In contrast, the generic TAAQOL did indicate physical
problems, both for fine- and gross motor functioning.
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These results are in line with previous findings of move-
ment disorders (mainly tremors) in pediatric and adult
patients [2, 6].

Fourth, both pediatric and adult patients reported
significantly more fatigue. Remarkably, for pediatric
patients, the parents did not report more, but even sig-
nificantly lower levels of fatigue. This may be attributable
to the usage of the US reference sample (containing both
the general population and a clinical sample making it
not fully representative for the general population) and to
the absence of a representative Dutch reference sample.
Higher levels of fatigue have not been previously reported
in CG. This reported fatigue may result from a number
of causes and may not be CG specific. Fatigue is related
to cognitive difficulties including lower information pro-
cessing speed [32, 33] and also co-exists frequently with
anxiety in chronic diseases [34]. Furthermore, again, the
Covid-19 pandemic might have magnified the results.
Covid-19 related fatigue has been reported in the gen-
eral population during lockdown measures (“Lock-
down fatigue”) [35]. As this study was conducted in the
2-7 months after a (partial) lockdown, the effect of the
lockdown fatigue could not be eliminated. Future studies
into fatigue levels of CG-patients are warranted.

Lastly, social difficulties were reported by parents of
patients with CG. The report of the parents is in line with
previous findings of social difficulties [8] and problems
with emotion recognition [36], an important compo-
nent of social cognition. In contrast, pediatric and adult
patients themselves did not report any social problems.
Remarkably, self-reporting adult patients even reported
to have a higher ability to participate in their social roles
than the general population. Scores on the adult PROMIS
domains of satisfaction with social roles, emotional sup-
port, companionship and social isolation did not differ
significantly from the general population, indicating no
lower satisfaction with social functioning and enough
support, companionship and contact with others. In
contrast, the generic TAAQOL did indicate social diffi-
culties in adults since the social- and sexuality scale were
both significantly decreased. This difference between the
PROMIS domains and the TAAQOL might be attrib-
utable to the small amount of four questions of the
TAAQOL addressing social roles, companionship, social
isolation and emotional support, without incorporating
the level of social satisfaction. Based on the more reliable
PROMIS domains, self-reporting CG-patients are satis-
fied with their current social activities. This might be due
to a larger emphasis on handling social difficulties in fol-
low up of the patients in recent years.

Even though the chosen PROMIS questionnaires
largely overlapped between children and adults, pedi-
atric and adult item banks of the same construct do not
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necessarily measure the construct in an identical manner
[37]. Therefore, it is not possible to make exact statements
about the difference in self-reported health between
pediatric and adult patients with CG. Moreover, due to
the presence of only cross-sectional data in the current
study and the absence of longitudinal data it is not possi-
ble to infer that with age the physical, mental- and social
wellbeing of adult patients with CG declines. A recent
article reporting on in-depth interviews suggested that
the long-term complications of CG are progressive and
lead to a decline in HRQoL [38]. However, no longitudi-
nal data was collected in that study and all participating
patients were involved in a clinical trial introducing bias
towards patients with a more severe outcome. In con-
trast, longitudinal data consistently showed an absence of
a decrease in 1Q with age [39]. Although in the current
study the older self-reporting adult patients, above the
age of 35, reported more difficulties with regard to anxi-
ety, fatigue, physical functioning and cognition than the
self-reporting adults between 18 and 35 in comparison
to the general population, it must be taken into account
that 6 out of 28 patients in this age group, and none in
the older group, were unable to complete these question-
naires, and were therefore excluded from the main analy-
ses, skewing the results in the younger group towards a
more favorable outcome.

To qualitatively assess these effects of the changes in
treatment and follow up since our last HRQoL-study in
2004, possibly benefiting the “younger” group of CG-
patients, the generic questionnaires TAPQOL, TACQOL
and TAAQOL were re-administered. A limitation of the
generic TNO-questionnaires is that it is not possible to
link scores on a pediatric questionnaire to scores on an
adult questionnaire, in contrast to PROMIS domains
using the same metric, allowing the creation of a cross-
walk table [40]. Since all pediatric patients participating
in the 2004-study are now adults and therefore com-
pleted another version of the TNO HRQOL measure,
and a new group of pediatric patients was born, no lon-
gitudinal analysis was performed. Results of the current
pediatric patients on the TAPQOL were comparable to
the results in 2004. There were no substantial differences
in scale-means. Parents reported stomach problems, and
communication difficulties which were now only found
in the group of classical phenotype patients. Both par-
ents and children reported lower cognitive functioning
on the TACQOL, equal to 2004, but not the lower motor
functioning which was previously reported. There were
no substantial differences in scale-means. The TAAQOL
indicated a lower HRQoL in adults on 7 out of 12 scales.
Next to the scales social- and cognitive functioning in
2004, patients now also reported difficulties on the scales
gross- and fine motor functioning, sleeping, sexuality and
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vitality. It is important to take into account that the nor-
mative data of the TNO-questionnaires were all collected
in the beginning of the 21th century making them less
applicable to the current sample in contrast to the sample
in the 2004-study. Moreover, the psychometric quality of
the PROMIS measures has consistently matched or out-
performed generic HRQoL-measures such as the TNO-
questionnaires in reliability in both general- and clinical
populations while using less items (e.g. [21, 23, 41]).

The secondary aims of the study were to investigate
differences in subgroups of patients and to examine the
association between HRQoL and intellectual outcome.
First, HRQoL of patients diagnosed after newborn- or
family screening did not differ significantly from the
patients diagnosed after clinical presentation. This is in
line with previous findings that there is no difference in
intellectual-, language and motor outcomes between
classical patients diagnosed by screening and based on
clinical presentation [39].

Secondly, there was no significant relation between the
pediatric measures and IQ. In adults, patients with a low
IQ (< 85) reported significant lower scores on physical-,
mental-, and social domains next to lower cognitive func-
tioning. The difference in adult patients with a high and
low IQ suggests that the cognitive difficulties may affect
other domains, an effect that has been found in other dis-
eases as well [42]. It is possible that this effect is larger in
adults, since daily life demands more due to work- and
family obligations in adulthood.

Limitations

The most important limitation of the current study, is the
data collection during the Covid-19 pandemic, as all ref-
erence data were collected pre-pandemic. The influence
of the pandemic has been reduced by performing the data
collection 2 months after the end of a partial lockdown.
Unfortunately, while we aimed to investigate the entire
spectrum of patients with galactosemia it was impossi-
ble to administer all questionnaires to the patients with a
very low IQ. The effect of selection bias has been reduced
by inviting representatives to answer several ques-
tionnaires on behalf of the cognitively impaired adult
patients. These proxy-reports were treated indepen-
dently. The exclusion of the severely cognitive affected
patients who were unable to complete the question-
naires by themselves from the general analysis, may have
caused a positive bias in the same age group of the self-
reporting cohort. Furthermore, while Dutch reference
samples were used where available, not for all adminis-
tered PROMIS domains a representative Dutch sample
was available. Thus, all parent proxy PROMIS domains
except cognition, and the pediatric upper extremity func-
tion self-report questionnaire, had reference samples of
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both the US general population and a clinical sample.
The inclusion of a larger group of people with impaired
health could lead to an over- or underestimation of the
severity of an “average” T-score in the reference sample.
Lastly, the sample size was relatively low as is the case in
all studies regarding rare diseases. However, the response
rate consisted of half of all Dutch patients visiting the
expert outpatient clinics making the results generalizable
to the entire group. The statistical power issues due to the
small sample size were addressed by examining the effect
size and not depend solely on the P values.

Conclusions
The current study indicates that even though major
changes in treatment and follow-up of CG have been
implemented in recent years, CG remains to impact
HRQoL of pediatric and adult patients negatively on
several domains. The most prevalent effects are on cog-
nition, anxiety, motor function and fatigue. A lower
social health was mainly reported by parents, and not
by patients themselves. The Covid-19 pandemic might
have amplified the results. However, the majority of the
results are in line with earlier pre-pandemic findings. The
reported higher levels of fatigue need to be monitored
and examined in the context of post-pandemic times.
The conclusions of this study ratify the impact of the
long-term cognitive-, mental and physical difficulties in
CG in all age-groups. It is therefore important for both
clinicians and researchers to be attentive to both the
pediatric and the adult patients, and the age-dependent
difficulties they might encounter.

Methods

Patients and recruitment

All patients and/or parents of pediatric patients aged
1 year and older visiting the galactosemia expertise out-
patient clinic in either Amsterdam UMC or Maastricht
UMC, the Netherlands, were eligible to be invited by
regular mail by their treating physician. Patients with an
erythrocyte GALT activity < 15% of healthy controls, and/
or the presence of two null or severe missense variations
in the GALT gene were eligible to participate. The limit
of quantitation of the GALT enzyme assay in our center
was 3.3% (1.1 umol/h.g Hb). For patients unable to fill out
the questionnaires due to cognitive impairments a repre-
sentative was invited to fill out the questionnaires regard-
ing observable functioning on their behalf. Patients and/
or parents unable to fill out the questionnaires due to a
language barrier were excluded.
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Procedure

All 26 pediatric patients and parents, and all 48 adult
patients visiting the galactosemia expertise outpatient
clinic of the Amsterdam UMC (location AMC) were
invited. Twenty-one pediatric patients and parents, and
24 of the adult patients visiting the galactosemia expertise
outpatient clinic of Maastricht UMC (MUMC) were also
invited. Participants signed up for the study by emailing
the researchers after which they received personal access
codes for the online portal. All questionnaires were avail-
able through the research website of the KLIK Patient-
Reported Outcome Measures (PROM) portal [43]
between the end of June 2021 and the end of November
2021. A digital informed consent form was signed before
the questionnaires could be completed. For patients
below the age of 8, only one of the parents completed the
questionnaires. For patients between the age of 8 and 18,
both the patient and one of the parents completed the
questionnaires. Parents with multiple children with CG
completed separate questionnaires for each child. Adult
patients (> 18 years) solely completed the questionnaires.
For adult patients unable to fill out the questionnaires
because of severe cognitive impairment a representative
completed the questionnaires regarding observable pro-
cesses [44]. Medical data including information about
the diagnosis, diet and outcome severity (i.e. most recent
assessment of IQ and evaluation of movement disorders
by a neurologist) were obtained from the treating physi-
cian of the patient if available. These data were collected
and stored in an electronic clinical report form in Castor
Electronic Data Capture (Castor EDC [45]). A waiver was
given for the data collection by the Medical Ethics Com-
mittee of the Amsterdam UMC.

Measures
All measures are summarized in Additional file 3:
Table S7 for each age group.

Socio-demographic questionnaires

Both parents and adult patients filled out a questionnaire
with socio-demographic questions about themselves
or their child for comparison with the normative group
of the PROMIS domains and to investigate educational
attainment, social participation and autonomy.

PROMIS questionnaires

Item banks and scales, all translated into Dutch, of
the patient-reported outcomes measurement informa-
tion system (PROMIS) were used [41, 46]. Part of the
PROMIS domains were administered as Computer-
ized Adaptive Tests (CAT) with standard settings, in
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which items are selected based on previous responses,
resulting in a reliable score with only several items [15].
The other part of the PROMIS domains were adminis-
tered as short forms, due to the absence of a translated
CAT (see Additional file 3). Children and adolescents
(8-18 years) completed the following six PROMIS
pediatric measures translated into Dutch [47]: CAT
V2.0—Anxiety [21, 48], CAT V2.0—Depressive symp-
toms [21, 48], Short Form V1.0—Cognitive function
7a [49, 50], CAT V2.0—Fatigue [22, 51], CAT V2.0—
Upper Extremity [48, 52] and CAT V2.0—Peer rela-
tionships [23, 53]. All pediatric measures show good
psychometric properties, with anxiety, depressive
symptoms, fatigue and peer relationships validated in
the Dutch general population, except a moderate stabil-
ity (a=0.63) for the upper extremity scale [21-23, 49,
54]. The same measures but adjusted for proxy report
were also completed by one of the children’s parents or
caregivers if the child was 5 years or older (CAT V2.0—
Anxiety [55, 56], CAT V2.0—Depressive symptoms [55,
57], Short Form V1.0—Cognitive function 7a [49, 50],
CAT V2.0—Fatigue [55, 58], Short Form V2.0—Upper
Extremity 8a [52, 55] and CAT V2.0—Peer relationships
[55, 59]). Psychometric properties of the proxy report
measures are lacking in the Dutch general population.
Ten PROMIS adult measures translated into Dutch [60]
were completed by adult patients: CAT V1.0—Anxi-
ety [24, 61, 62], CAT V1.0—Depression [24, 62, 63],
Short Form V2.0—Cognitive function [50, 64] 8a, Short
Form V1.0—Fatigue 8a [25, 65], CAT V2.0—Physical
function [26, 66], CAT V2.0—Ability to participate in
social roles and activities [26, 67], CAT V2.0—Satis-
faction with social roles and activities [26, 67], Short
Form V2.0 Companionship 6a [68, 69], Short Form
V2.0—Emotional Support 8a [68, 70] and Short Form
V2.0—Social isolation 8a [68, 71]. Anxiety, depression,
fatigue, physical function and participation- and sat-
isfaction with social roles were validated in the Dutch
general population [24-26]. Representatives of adult
patients with severe cognitive disabilities completed the
PROMIS adult measures avoiding the items addressing
emotions and personal feelings [44]. The recall period
of all PROMIS domains is 7 days, except for the pedi-
atric cognitive functioning questionnaire for which
the recall period is 4 weeks. A five-point Likert scale
is used for scoring the items with differing response
categories (e.g. “never’—*“(almost) always’, “without
any difficulty”—“unable to do”). The total score of the
items is converted to a T-score with a mean of 50 and
a standard deviation (SD) of 10. A higher score repre-
sents more of the measured construct. The resulting
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T-scores were compared to the best available Dutch or
US normative sample.

TNO HRQoL questionnaires

The Dutch research institute TNO designed multidi-
mensional questionnaires to assess HRQoL for three dif-
ferent age groups (see Additional file 3). The TNO-AZL
Questionnaire for Preschool Children’s Health-Related
Quality of Life (TAPQOL [72]) for children between
the age of 1 and 6 years consists of 43 items covering
12 scales. The scales communication, motor function-
ing and social functioning are only applicable to children
of 1.5 years and older. All scales were of sufficient psy-
chometric quality («>0.50), except for motor function-
ing with a low reliability coefficient (a=0.43) [72]. The
TNO-AZL Questionnaire for Children’s Health-Related
Quality of Life (TACQOL [73, 74]) for children between
the age of 6 and 16 years consists of 56 items covering 7
scales. Self-report is only available for children of 8 years
and older. All scales were of sufficient psychometric
quality. The TNO-AZL Questionnaire for Adult Health-
Related Quality of Life (TAAQOL [75]) for (young)
adults of 16 years and older consists of 45 items cover-
ing 12 scales. All scales were of sufficient psychometric
quality. All three questionnaires are generic and multidi-
mensional, measuring several aspects of HRQoL over a
time period of respectively the past 3 months, last weeks
or the past month. For the TAPQOL and the TAAQOL
the scale scores are obtained by adding the item scores
within scales and are subsequently linearly transformed
to a 0-100 scale. For the TACQOL the scale scores are
not transformed. For all questionnaires, a higher score
indicates a higher HRQoL. Corresponding normative
data, collected more than 20 years ago, available by TNO
for the TAPQOL and TAAQOL were used [76]. For the
TAAQOL, the age range of the CG-participants was
applied to the normative data. For the TACQOL, nor-
mative data for the entire age group was no longer avail-
able. Therefore, the means and standard deviations of the
normative data of the TACQOL of the previous HRQoL-
study [10] were used.

Statistical analysis

All statistical analyses were performed in Rstudio [77].
Patients were split into pediatric (<18 years) and adult
patients. First, descriptive analyses were used to charac-
terize the patients. Second, T-scores of unidimensional
PROMIS domains of the self-report of pediatric and
adult patients, and the proxy-report of parents were com-
pared to the mean of the corresponding reference group
by means of multiple two-sided one-sample t-tests. If
the data were not normally distributed, as evaluated by
means of the Shapiro—Wilk Test, a nonparametric test
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(Wilcoxon Signed Rank Test) was used. Correlation anal-
yses were performed to examine the association between
age and the T-scores of the unidimensional PROMIS
domains and age and the scales of the TNO-question-
naires. If there was a significant association with age,
and reference values for different age groups were avail-
able, the mean T-scores of the corresponding PROMIS
domains were compared to their age appropriate refer-
ence mean by means of the above-described analyses.
Third, subgroups of patients were compared:

+ (la) classical phenotype pediatric patients (two path-
ogenic GALT mutations and absent or barely detect-
able erythrocyte GALT activity (<3.3%) versus (1b)
NBS-detected variant pediatric patients (with previ-
ously unreported geno- and phenotypes and erythro-
cyte GALT activity up to 10%, no clinical symptoms
at time of diagnosis and undetectable Gal-1-P levels
on dietary treatment [2])

+ (2a) pediatric and adult patients diagnosed because
of clinical symptoms before start of NBS versus (2b)
patients diagnosed after family screening and/or
NBS.

+ (3a) patients with poor intellectual outcome (IQ < 85)
versus (3b) good intellectual outcome (IQ > 85). IQ-
scores equal or higher than 85 represent scores that
are equal or less than one standard deviation of the
population mean, representing average intellectual
functioning.

Independent t-tests were performed per PROMIS
domain to examine differences between groups. If the
assumptions (e.g. normal distribution) for the t-tests were
not met, a nonparametric test was used (Mann—Whit-
ney Test). Lastly, correlation analyses were performed
to examine the association between the T-scores of the
unidimensional PROMIS domains and IQ. Outliers were
not removed except when a patient consistently reported
deviant scores across all domains. Otherwise, it was
deemed as part of the range of complications of galacto-
semia. A P value of <0.05 was considered a statistically
significant difference. Since each PROMIS measure is
developed to measure one construct, no correction for
multiple comparisons was applied. The individual items
of the PROMIS short forms were descriptively evaluated
to examine possible important items for clinicians evalu-
ating patients with galactosemia. The above described
nonparametric tests were used to analyze all TNO-ques-
tionnaire scales since the scales were not normally dis-
tributed. Cohen’s d was used as a statistic for effect size
for the parametric tests of the PROMIS domains. An
adaption to Cohen’s d was used for the non-parametric
tests, using the median and median absolute deviation
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instead of the mean and standard deviation, assum-
ing that the mean and median are equal in the reference
samples [78]. An effect size of d>0.20 was considered a
small effect, d > 0.50 was considered a medium effect and
d>0.80 a large effect [79]. For the TNO-questionnaires
an equal mean and median in the reference sample could
not be assumed. Therefore, Pearson r correlation was
used as a statistic for effect size. An effect size of r>0.10
was considered a small effect, r>0.30 was considered a
medium effect and r>0.50 a large effect [79].

Abbreviations

CAT Computerized adaptive tests

CG Classical galactosemia

Gal-1-P Galactose-1-phosphate

GALT Galactose-1-phosphate uridyltransferase

HRQoL Health related quality of life

1Q Intelligence quotient

NBS Newborn screening

PROMIS  Patient-reported outcomes measurement information system
TAAQOL  TNO-AZL questionnaire for adult health-related quality of life
TACQOL  TNO-AZL questionnaire for children’s health-related quality of life
TAPQOL  TNO-AZL questionnaire for preschool children’s health-related

quality of life

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513023-023-02749-8.

Additional file 1: Table S1. Self-reported health of adults with galac-
tosemia on PROMIS domains per age group according to the available
reference values for each age group.

Additional file 2: Tables S2 to S6. Results of the secondary analyses
regarding the differences in HRQoL between patients diagnosed before
the introduction of NBS after the presentation of clinical symptoms and
patients diagnosed after family screening and/or NBS, and differences in
HRQoL between patients with good- and poor intellectual outcome.

Additional file 3: Table S7. Administered questionnaires. Complete
overview of the administered questionnaires.

Acknowledgements
We thank all participating patients and their families for contributing to this
research project.

Author contributions

MEH contributed to the study design, the data collection, the data analy-

sis and interpretation, drafted the initial manuscript and critically revised

the manuscript. HAVO contributed to the study design, the data analysis

and interpretation, preparation of the manuscript and critically revised the
manuscript. GJG contributed to the study design and critically reviewed the
manuscript. LH contributed to the study design and critically revised the
manuscript. CEMH and MER-G contributed to the data collection and critically
reviewed the manuscript. AMB contributed to the funding of the study, the
study design, the data collection, the data analysis and interpretation, drafted
the initial manuscript and critically revised the manuscript. All authors read
and approved the final manuscript.

Funding

This study was funded by grants of Metakids, Galactosemie Vereniging Ned-
erland and Amsterdam Gastroenterology Endocrinology Metabolism (AGEM).
The source of funding had no involvement in the study design, data collec-
tion, analysis and interpretation, reporting of the results and in the decision to
submit the paper for publication.


https://doi.org/10.1186/s13023-023-02749-8
https://doi.org/10.1186/s13023-023-02749-8

Hermans et al. Orphanet Journal of Rare Diseases (2023) 18:135

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The local medical ethics committee gave a waiver for the data collection (ref-
erence number METC W20_554 # 20.616). All included patients, their parents
or representatives gave informed consent for the use of their data for research
purposes.

Consent for publication
Not applicable.

Competing interests

MEH, HAVO, GJG, LH, MER-G and AMB declare that they have no conflict of
interest. CEMH declares that she is involved in premarketing studies of Sanofi
and Idorsia.

Author details

"Emma Children’s Hospital, Department of Pediatrics, Division of Metabolic
Diseases, Amsterdam UMC Location University of Amsterdam, Meibergdreef 9,
1105 AZ Amsterdam, The Netherlands. 2Inborn Errors of Metabolism, Amster-
dam Gastroenterology Endocrinology Metabolism, Amsterdam, The Nether-
lands. >Emma Children’s Hospital, Child and Adolescent Psychiatry and Psycho-
social Care, Amsterdam UMC Location University of Amsterdam, Meibergdreef
9, Amsterdam, The Netherlands. “Child Development, Amsterdam Repro-
duction and Development, Amsterdam, The Netherlands. >Mental Health

and Quality of Care, Amsterdam Public Health, Amsterdam, The Netherlands.
®Department of Medical Psychology, Amsterdam Neuroscience Degeneration,
Amsterdam UMC Location University of Amsterdam, Meibergdreef 9, Amster-
dam, The Netherlands. ’Amsterdam Public Health, Mental Health and Digital
Health, Amsterdam, The Netherlands. éDivision of Endocrinology and Metabo-
lism, Department of Internal Medicine, Amsterdam UMC Location University
of Amsterdam, Meibergdreef 9, Amsterdam, the Netherlands. °Department

of Pediatrics and Laboratory Genetic Metabolic Diseases, Maastricht University
Medical Center, Maastricht, The Netherlands.

Received: 7 February 2023 Accepted: 18 May 2023
Published online: 02 June 2023

References

1. Welling L, Boelen A, Derks TG, Schielen PC, de Vries M, Williams M, et al.
Nine years of newborn screening for classical galactosemia in the
Netherlands: effectiveness of screening methods, and identification of
patients with previously unreported phenotypes. Mol Genet Metab.
2017;120(3):223-8.

2. Welsink-Karssies MM, Ferdinandusse S, Geurtsen GJ, Hollak CE, Huide-
koper HH, Janssen MC, et al. Deep phenotyping classical galacto-
semia: clinical outcomes and biochemical markers. Brain Commun.
2020;2(1):fcaa006.

3. LaiK Langley SD, Khwaja FW, Schmitt EW, Elsas LJ. GALT deficiency
causes UDP-hexose deficit in human galactosemic cells. Glycobiology.
2003;13(4):285-94.

4. Huidekoper HH, Bosch AM, van der Crabben SN, Sauerwein HP, Acker-
mans MT, Wijburg FA. Short-term exogenous galactose supplementation
does not influence rate of appearance of galactose in patients with classi-
cal galactosemia. Mol Genet Metab. 2005;84(3):265-72.

5. Bosch AM. Classical galactosaemia revisited. J Inherit Metab Dis.
2006;29(4):516-25.

6. Rubio-Gozalbo ME, Haskovic M, Bosch AM, Burnyte B, Coelho Al, Cassi-
man D, et al. The natural history of classic galactosemia: lessons from the
GalNet registry. Orphanet J Rare Dis. 2019;14(1):86.

7. Waisbren SE, Potter NL, Gordon CM, Green RC, Greenstein P, Gub-
bels CS, et al. The adult galactosemic phenotype. J Inherit Metab Dis.
2012;35(2):279-86.

8.

20.

21

22.

23.

24.

25.

26.

27.

Page 14 of 16

Bosch A, Maurice-Stam H, Wijburg F, Grootenhuis M. Remarkable differ-
ences: the course of life of young adults with galactosaemia and PKU. J
Inherit Metab Dis. 2009;32(6):706-12.

Gubbels CS, Maurice-Stam H, Berry GT, Bosch AM, Waisbren S, Rubio-
Gozalbo ME, et al. Psychosocial developmental milestones in men with
classic galactosemia. J Inherit Metab Dis. 2011,34(2):415-9.

Bosch AM, Grootenhuis MA, Bakker HD, Heijmans HS, Wijburg FA, Last BF.
Living with classical galactosemia: health-related quality of life conse-
quences. Pediatrics. 2004;113(5):e423-8.

. Hoffmann B, Dragano N, Schweitzer-Krantz S. Living situation, occupation

and health-related quality of life in adult patients with classic galacto-
semia. J Inherit Metab Dis. 2012;35(6):1051-8.

ten Hoedt AE, Maurice-Stam H, Boelen CC, Rubio-Gozalbo ME, van
Spronsen FJ, Wijburg FA, et al. Parenting a child with phenylketonuria

or galactosemia: implications for health-related quality of life. J Inherit
Metab Dis. 2011;34(2):391-8.

Welling L, Bernstein LE, Berry GT, Burlina AB, Eyskens F, Gautschi M,

et al. International clinical guideline for the management of classical
galactosemia: diagnosis, treatment, and follow-up. J Inherit Metab Dis.
2017,40(2):171-6.

Magno C. Demonstrating the difference between classical test theory
and item response theory using derived test data. Int J Educ Psychol
Assess. 2009;1(1):1-11.

Cella D, Gershon R, Lai JS, Choi S. The future of outcomes measurement:
item banking, tailored short-forms, and computerized adaptive assess-
ment. Qual Life Res. 2007;16(1):133-41.

Centraal Bureau voor de Statistiek. (Speciaal) basisonderwijs en speciale
scholen; leerlingen, schoolregio. 2022. https://opendata.cbs.nl/statline/#/
CBS/nl/dataset/71478ned/table?ts=1663248299086. Accessed 01 Sept
2022.

Centraal Bureau voor de Statistiek. Vo; leerlingen, onderwijssoort, leerjaar,
leeftijd. 2022. https://opendata.cbs.nl/#/CBS/nl/dataset/80041ned/table.
Accessed 01 Sept 2022.

Centraal Bureau voor de Statistiek. Leerlingen op speciale scholen; migra-
tieachtergrond, woonregio. 2022. https;//opendata.cbs.nl/statline/#/CBS/
nl/dataset/83296NED/table?ts=1669903616232. Accessed 01 Sept 2022.
Centraal Bureau voor de Statistiek. Bevolking; onderwijsniveau en
migratieachtergrond 2003-2021. https://opendata.cbs.nl/statline/#/CBS/
nl/dataset/82275NED/table?ts=1663230763613&fromstatweb=true.
Accessed 01 Sept 2022.

Centraal Bureau voor de Statistiek. Huishoudens; personen naar geslacht,
leeftijd en region. 2022. https://opendata.cbs.nl/statline/#/CBS/nl/datas
et/71488ned/table?ts=1620051026591. Accessed 01 Sept 2022.

Klaufus L, Luijten M, Verlinden E, Van der Wal M, Haverman L, Cuijpers P,
et al. Psychometric properties of the Dutch-Flemish PROMIS® pediatric
item banks anxiety and depressive symptoms in a general population.
Qual Life Res. 2021;30(9):2683-95.

Peersmann SH, Luijten MA, Haverman L, Terwee CB, Grootenhuis MA,

van Litsenburg RR. Psychometric properties and CAT performance of

the PROMIS pediatric sleep disturbance, sleep-related impairment, and
fatigue item banks in Dutch children and adolescents. Psychol Assess.
2022;34(9):860.

Luijten MA, van Litsenburg RR, Terwee CB, Grootenhuis MA, Haverman L.
Psychometric properties of the patient-reported outcomes measurement
information system (PROMIS®) pediatric item bank peer relationships in
the Dutch general population. Qual Life Res. 2021;30:2061-70.

Elsman EB, Flens G, de Beurs E, Roorda LD, Terwee CB. Towards standardi-
zation of measuring anxiety and depression: Differential item functioning
for language and Dutch reference values of PROMIS item banks. PLoS
ONE. 2022;17(8):e0273287.

Terwee CB, Elsman EB, Roorda LD. Towards standardization of fatigue
measurement: psychometric properties and reference values of the
PROMIS fatigue item bank in the Dutch general population. Res Methods
Med Health Sci. 2022;3(3):86-98.

Terwee CB, Roorda LD. Country-specific reference values for PROMIS®
pain, physical function and participation measures compared to US refer-
ence values. Ann Med. 2023;55(1):1-11.

Welling L, Waisbren SE, Antshel KM, Colhoun HO, Gautschi M, Grunewald
S, et al. Systematic review and meta-analysis of intelligence quotient

in early-treated individuals with classical galactosemia. JIMD Rep.
2017;37:115-23.


https://opendata.cbs.nl/statline/#/CBS/nl/dataset/71478ned/table?ts=1663248299086
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/71478ned/table?ts=1663248299086
https://opendata.cbs.nl/#/CBS/nl/dataset/80041ned/table
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/83296NED/table?ts=1669903616232
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/83296NED/table?ts=1669903616232
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/82275NED/table?ts=1663230763613&fromstatweb=true
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/82275NED/table?ts=1663230763613&fromstatweb=true
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/71488ned/table?ts=1620051026591
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/71488ned/table?ts=1620051026591

Hermans et al. Orphanet Journal of Rare Diseases

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

(2023) 18:135

Hermans ME, Welsink-Karssies MM, Bosch AM, Oostrom KJ, Geurtsen GJ.
Cognitive functioning in patients with classical galactosemia: a system-
atic review. Orphanet J Rare Dis. 2019;14(1):226.

Welsink-Karssies MM, Oostrom KJ, Hermans ME, Hollak CE, Janssen MC,
Langendonk JG, et al. Classical galactosemia: neuropsychological and
psychosocial functioning beyond intellectual abilities. Orphanet J Rare
Dis. 2020;15(1):42.

Penninx BW, Benros ME, Klein RS, Vinkers CH. How COVID-19

shaped mental health: from infection to pandemic effects. Nat Med.
2022;28:1-11.

Zijlmans J, Tieskens JM, van Oers HA, Alrouh H, Luijten MA, de Groot R,
et al. The effects of COVID-19 on child mental and social health: biannual
assessments up to April 2022 in a clinical and two general population
samples. Preprint. 2022.

Diamond BJ, Johnson SK, Kaufman M, Graves L. Relationships between
information processing, depression, fatigue and cognition in multiple
sclerosis. Arch Clin Neuropsychol. 2008;23(2):189-99.

Johansson B, Berglund P, Ronnbéck L. Mental fatigue and impaired infor-
mation processing after mild and moderate traumatic brain injury. Brain
Inj. 2009;23(13-14):1027-40.

Swain MG. Fatigue in chronic disease. Clin Sci. 2000;99(1):1-8.

Bartoszek A, Walkowiak D, Bartoszek A, Kardas G. Mental well-being
(depression, loneliness, insomnia, daily life fatigue) during COVID-19
related home-confinement—a study from Poland. Int J Environ Res
Public Health. 2020;17(20):7417.

Korner M, Kalin S, Zweifel-Zehnder A, Fankhauser N, Nuoffer JM, Gautschi
M. Deficits of facial emotion recognition and visual information process-
ing in adult patients with classical galactosemia. Orphanet J Rare Dis.
2019;14(1):56.

Reeve BB, Thissen D, DeWalt DA, Huang I-C, Liu Y, Magnus B, et al. Linkage
between the PROMIS® pediatric and adult emotional distress measures.
Qual Life Res. 2016;25(4):823-33.

Randall JA, Sutter C, Wang S, Bailey E, Raither L, Perfetti R, et al. Qualitative
interviews with adults with classic galactosemia and their caregivers:
disease burden and challenges with daily living. Orphanet J Rare Dis.
2022;17(1):1-10.

Fridovich-Keil JL, Berry GT. Pathophysiology of long-term complications
in classic galactosemia: What we do and do not know. Mol Genet Metab.
2022;137(1-2):33-9.

Choi S, Lim S, Schalet B, Kaat A, Cella D. PROsetta: an R package for
linking patient-reported outcome measures. Appl Psychol Meas.
2021;45(5):386-8.

Cella D, Riley W, Stone A, Rothrock N, Reeve B, Yount S, et al. The patient-
reported outcomes measurement information system (PROMIS) devel-
oped and tested its first wave of adult self-reported health outcome item
banks: 2005-2008. J Clin Epidemiol. 2010;63(11):1179-94.

Mitchell AJ, Kemp S, Benito-Ledn J, Reuber M. The influence of cognitive
impairment on health-related quality of life in neurological disease. Acta
Neuropsychiatr. 2010,22(1):2-13.

Haverman L, van Oers HA, Limperg PF, Hijmans CT, Schepers SA, Sint
Nicolaas SM, et al. Implementation of electronic patient reported out-
comes in pediatric daily clinical practice: The KLIK experience. Clin Pract
Pediatr Psychol. 2014;2(1):50.

Koch AD, Vogel A, Becker T, Salize HJ, Voss E, Werner A, et al. Proxy and
self-reported quality of life in adults with intellectual disabilities: Impact
of psychiatric symptoms, problem behaviour, psychotropic medication
and unmet needs. Res Dev Disabil. 2015;45-46:136-46.

Castor Electronic Data Capture [Internet]. 2019. Available from: https://
castoredc.com.

Cella D, Yount S, Rothrock N, Gershon R, Cook K, Reeve B, et al. The
patient-reported outcomes measurement information system (PROMIS):
progress of an NIH Roadmap cooperative group during its first two years.
Med Care. 2007;45(5 Suppl 1):53-11.

Haverman L, Grootenhuis MA, Raat H, van Rossum MA, van Dulmen-den
Broeder E, Hoppenbrouwers K, et al. Dutch-Flemish translation of nine
pediatric item banks from the patient-reported outcomes measurement
information system (PROMIS)®. Qual Life Res. 2016;25(3):761-5.

Quinn H, Thissen D, Liu Y, Magnus B, Lai JS, Amtmann D, et al. Using item
response theory to enrich and expand the PROMIS (R) pediatric self
report banks. Health Qual Life Outcomes. 2014;12(1):1-10.

49.

50.

51.

52.

53.

54.

55.

56.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 150f 16

Lai JS, Butt Z, Zelko F, Cella D, Krull KR, Kieran MW, et al. Development of

a parent-report cognitive function item bank using item response theory
and exploration of its clinical utility in computerized adaptive testing. J
Pediatr Psychol. 2011;36(7):766-79.

PROMIS. Cognitive function scoring manual. 2022. https://staging.
healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_
Only/PROMIS_Cognitive_Function_Scoring_Manual_03June2022.pdf.
Accessed 01 Sept 2022.

Lai J-S, Stucky BD, Thissen D, Varni JW, DeWitt EM, Irwin DE, et al. Develop-
ment and psychometric properties of the PROMIS® pediatric fatigue item
banks. Qual Life Res. 2013;22(9):2417-27.

PROMIS. Physical function scoring manual. 2022. https://staging.healt
hmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/
PROMIS_Physical_Function_Scoring_Manual_26May2022.pdf. Accessed
01 Sept 2022.

DeWalt DA, Thissen D, Stucky BD, Langer MM, DeWitt EM, Irwin DE, et al.
PROMIS pediatric peer relationships scale: development of a peer rela-
tionships item bank as part of social health measurement. Health Psychol.
2013;32(10):1093-103.

Varni JW, Magnus B, Stucky BD, Liu' Y, Quinn H, Thissen D, et al. Psycho-
metric properties of the PROMIS® pediatric scales: precision, stability, and
comparison of different scoring and administration options. Qual Life Res.
2014;23(4):1233-43.

Irwin DE, Gross HE, Stucky BD, Thissen D, DeWitt EM, Lai JS, et al. Develop-
ment of six PROMIS pediatrics proxy-report item banks. Health Qual Life
Qutcomes. 2012;10(1):22.

PROMIS. Anxiety scoring manual. 2022. https://staging.healthmeasures.
net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Anxiety_
Scoring_Manual_03June2022.pdf. Accessed 01 Sept 2022.

. PROMIS. Depression scoring manual. 2022. https://staging.healthmeas

ures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_
Depression_Scoring_Manual_03June2022.pdf. Accessed 01 Sept 2022.
PROMIS. Fatigue scoring manual. 2022. https://staging.healthmeasures.
net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Fatigue_
Scoring_Manual_28June2022.pdf. Accessed 01 Sept 2022.

PROMIS. Social relationships (peer, family) scoring manual. 2022. https://
staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_
Only/PROMIS_Social_Relationships_Scoring_Manual_03June2022.pdf.
Accessed 01 Sept 2022.

Terwee C, Roorda L, De Vet H, Dekker J, Westhovens R, Van Leeuwen

J, et al. Dutch-Flemish translation of 17 item banks from the patient-
reported outcomes measurement information system (PROMIS). Qual
Life Res. 2014;23(6):1733-41.

Flens G, Smits N, Terwee CB, Dekker J, Huijbrechts |, Spinhoven P, et al.
Development of a computerized adaptive test for anxiety based on

the Dutch-Flemish version of the PROMIS item bank. Assessment.
2019,26(7):1362-74.

Pilkonis PA, Choi SW, Reise SP, Stover AM, Riley WT, Cella D, et al. Item
banks for measuring emotional distress from the patient-reported out-
comes measurement information system (PROMIS®): depression, anxiety,
and anger. Assessment. 2011;18(3):263-83.

Flens G, Smits N, Terwee CB, Dekker J, Huijbrechts |, de Beurs E.
Development of a computer adaptive test for depression based on

the Dutch-Flemish version of the PROMIS item bank. Eval Health Prof.
2017;40(1):79-105.

Becker H, Stuifbergen A, Lee H, Kullberg V. Reliability and validity of
PROMIS cognitive abilities and cognitive concerns scales among people
with multiple sclerosis. Int J MS Care. 2014;16(1):1-8.

Cella D, Lai JS, Jensen SE, Christodoulou C, Junghaenel DU, Reeve BB,

et al. PROMIS fatigue item bank had clinical validity across diverse chronic
conditions. J Clin Epidemiol. 2016;73:128-34.

Abma IL, Butje BJ, Peter M, van der Wees PJ. Measurement properties of
the Dutch-Flemish patient-reported outcomes measurement informa-
tion system (PROMIS) physical function item bank and instruments: a
systematic review. Health Qual Life Outcomes. 2021;19(1):1-22.

Terwee CB, Crins MHP, Boers M, de Vet HCW, Roorda LD. Validation of
two PROMIS item banks for measuring social participation in the Dutch
general population. Qual Life Res. 2019,28(1):211-20.

Hahn EA, Devellis RF, Bode RK, Garcia SF, Castel LD, Eisen SV, et al.
Measuring social health in the patient-reported outcomes measurement


https://castoredc.com
https://castoredc.com
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Cognitive_Function_Scoring_Manual_03June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Cognitive_Function_Scoring_Manual_03June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Cognitive_Function_Scoring_Manual_03June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Physical_Function_Scoring_Manual_26May2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Physical_Function_Scoring_Manual_26May2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Physical_Function_Scoring_Manual_26May2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Anxiety_Scoring_Manual_03June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Anxiety_Scoring_Manual_03June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Anxiety_Scoring_Manual_03June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Depression_Scoring_Manual_03June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Depression_Scoring_Manual_03June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Depression_Scoring_Manual_03June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Fatigue_Scoring_Manual_28June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Fatigue_Scoring_Manual_28June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Fatigue_Scoring_Manual_28June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Social_Relationships_Scoring_Manual_03June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Social_Relationships_Scoring_Manual_03June2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manual_Only/PROMIS_Social_Relationships_Scoring_Manual_03June2022.pdf

Hermans et al. Orphanet Journal of Rare Diseases

69.

70.

71

72.

73.

74.

75.

76.

77.
78.

79.

(2023) 18:135

information system (PROMIS): item bank development and testing. Qual
Life Res. 2010;19(7):1035-44.

PROMIS. Companionship scoring manual. 2022. https://staging.healt
hmeasures.net/images/PROMIS/Differences_Between_PROMIS_Measu
res/PROMIS_Companionship_Measure_Differences_24Jan2022.pdf.
Accessed 01 Sept 2022.

PROMIS. Emotional support scoring manual. 2021. https://staging.healt
hmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_
Emotional_Support_Scoring_Manual.pdf. Accessed 01 Sept 2022.
PROMIS. Social isolation scoring manual. 2021. https://staging.healt
hmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_
Social_lsolation_Scoring_Manual.pdf. Accessed 01 Sept 2022.

Fekkes M, Theunissen NC, Brugman E, Veen S, Verrips EG, Koopman

HM, et al. Development and psychometric evaluation of the TAPQOL: a
health-related quality of life instrument for 1-5-year-old children. Qual
Life Res. 2000,9(8):961-72.

Vogels T, Verrips GH, Verloove-Vanhorick SP, Fekkes M, Kamphuis RP, Koo-
pman HM, et al. Measuring health-related quality of life in children: the
development of the TACQOL parent form. Qual Life Res. 1998;7(5):457-65.
Vogels A, Bruill J, Stuifbergen M, Koopman H, Verrips G. Validity and reli-
ability of a generic health-related quality of life instrument for adoles-
cents, the TACQOL. Qual Life Res. 1999; p. 630.

Bruil J, Fekkes M, Vogels T, Verrips E. The validity and reliability of the
TAAQOL: a health-related quality of life instrument comprising health
status weighted by the impact of problems on well being. Qual Life Res.
2001; p. 257.

TNO. Vragenlijsten kwaliteit van leven. 2012. https://www.tno.nl/media/
5004/vragenlijsten_01032012.pdf. Accessed 01 Sept 2022.

RStudio T. RStudio: integrated development for R. Boston: RStudio; 2020.
Ricca BP, Blaine BE. Brief research report: notes on a nonparametric esti-
mate of effect size. J Exp Educ. 2022;90(1):249-58.

Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed.
New York: Routledge; 2013.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 16 of 16

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://staging.healthmeasures.net/images/PROMIS/Differences_Between_PROMIS_Measures/PROMIS_Companionship_Measure_Differences_24Jan2022.pdf
https://staging.healthmeasures.net/images/PROMIS/Differences_Between_PROMIS_Measures/PROMIS_Companionship_Measure_Differences_24Jan2022.pdf
https://staging.healthmeasures.net/images/PROMIS/Differences_Between_PROMIS_Measures/PROMIS_Companionship_Measure_Differences_24Jan2022.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_Emotional_Support_Scoring_Manual.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_Emotional_Support_Scoring_Manual.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_Emotional_Support_Scoring_Manual.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_Social_Isolation_Scoring_Manual.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_Social_Isolation_Scoring_Manual.pdf
https://staging.healthmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_Social_Isolation_Scoring_Manual.pdf
https://www.tno.nl/media/5004/vragenlijsten_01032012.pdf
https://www.tno.nl/media/5004/vragenlijsten_01032012.pdf

	The challenges of classical galactosemia: HRQoL in pediatric and adult patients
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Results
	Pediatric patients
	PROMIS
	TNO-AZL: TAPQOL and TACQOL

	Adult patients
	PROMIS
	Proxy-report of the representatives of patients with severe cognitive impairment 

	TNO-AZL: TAAQOL

	Unidimensional PROMIS domains in subgroups of patients based on diagnosis
	Subgroups of pediatric patients
	Subgroups of adult patients

	Association with intelligence quotient

	Discussion
	Limitations

	Conclusions
	Methods
	Patients and recruitment
	Procedure
	Measures
	Socio-demographic questionnaires
	PROMIS questionnaires
	TNO HRQoL questionnaires

	Statistical analysis

	Anchor 30
	Acknowledgements
	References


