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Abstract 

Background: Congenital disorders of glycosylation (CDG) are a growing group of rare genetic disorders. The most 
common CDG is phosphomannomutase 2 (PMM2)-CDG which often has a severe clinical presentation and life-lim-
iting consequences. There are no approved therapies for this condition. Also, there are no validated disease-specific 
quality of life (QoL) scales to assess the heterogeneous clinical burden of PMM2-CDG which presents a challenge for 
the assessment of the disease severity and the impact of a certain treatment on the course of the disease.

Aim and methods: This study aimed to identify the most impactful clinical signs and symptoms of PMM2-CDG, and 
specific patient and observer reported outcome measures (PROMs and ObsROMs, respectively) that can adequately 
measure such impact on patients’ QoL. The most burdensome signs and symptoms were identified through input 
from the CDG community using a survey targeting PMM2-CDG families and experts, followed by family interviews 
to understand the real burden of these symptoms in daily life. The list of signs and symptoms was then verified and 
refined by patient representatives and medical experts in the field. Finally, a literature search for PROMs and ObsROMs 
used in other rare or common diseases with similar signs and symptoms to those of PMM2-CDG was performed.

Results: Twenty-four signs/symptoms were identified as the most impactful throughout PMM2-CDG patients’ life-
time. We found 239 articles that included tools to measure those community-selected PMM2-CDG symptoms. Among 
them, we identified 80 QoL scales that address those signs and symptoms and, subsequently, their psychometric 
quality was analysed. These scales could be applied directly to the PMM2-CDG population or adapted to create the 
first PMM2-CDG-specific QoL questionnaire.

Conclusion: Identifying the impactful clinical manifestations of PMM2-CDG, along with the collection of PROMs/
ObsROMs assessing QoL using a creative and community-centric methodology are the first step towards the devel-
opment of a new, tailored, and specific PMM2-CDG QoL questionnaire. These findings can be used to fill a gap in 
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Background
The World Health Organization defines Quality of Life 
(QoL) as “an individual’s perception of their position 
in life in the context of the culture and value systems in 
which they live and in relation to their goals, expecta-
tions, standards and concerns” [1]. One of the aspects of 
QoL is health-related quality of life (HrQoL). HrQoL is a 
multi-domain concept that encompasses physical, emo-
tional, mental, and social functioning. It can be measured 
in a variety of ways, such as general scales, disease- or 
symptom-specific tools, which reflect upon the subjec-
tive perspective of a person regarding their condition 
[2]. Although general scales can be used for different dis-
eases, they are less sensitive to detect small, yet impor-
tant clinical differences in treatment effects [3]. These 
important differences are better measured using disease- 
or symptom-specific HrQoL scales, which will be more 
sensitive as they assess specific hallmarks of the disease 
or symptom. Concerning rare diseases, the study of QoL 
is challenging due to methodological issues as well as 
to limited literature on those conditions. Small patient 
populations, disease heterogeneity and scarcity of medi-
cal knowledge and specialists hamper the understanding 
of the burden of these diseases [4, 5]. This highlights the 
importance of ensuring a community-centric approach, 
including the professionals’ experience and the patients’ 
voice. Involving both stakeholder groups not only maxi-
mizes data collection but also data meaningfulness, 
ultimately contributing to the creation of sensitive and 
disease-tailored QoL tools. This is vital to delivering and 
appraising potential therapeutics.

Patient-reported outcome measures (PROMs) and 
observer-reported outcome measures (ObsROMs) are 
quantitative tools to obtain reports of patient outcomes 
directly from patients or their family/professional car-
egivers, respectively. They have been increasingly utilised 
as clinical endpoints, particularly with the aim to detect 
changes in the HrQoL in response to treatments [6]. 
They allow a deeper understanding of treatment impact 
and report domains that are not just clinically important 
but also meaningful for the patients [7]. They have been 
extremely useful, especially in chronic illnesses [6, 8] and 
are recommended by regulatory agencies such as the 
Food and Drug Administration and the European Medi-
cine Agency, to support the approval of new therapies 
and medical labelling claims [9, 10].

Congenital disorders of glycosylation (CDG) are a 
growing family of rare diseases that affect the synthe-
sis and attachment of sugar ‘trees’ (glycans) of proteins 
and lipids. These defects often have severe, multi-organ 
implications for the patients, since about 50% of human 
proteins are glycosylated and glycans play essential 
roles in all biological processes [11]. PMM2-CDG is the 
most common CDG, and it is due to autosomal reces-
sive variants in the PMM2 gene, which encodes the 
enzyme phosphomannomutase 2, essential for N-gly-
cosylation. This enzyme is responsible for the synthe-
sis of N-linked oligosaccharides by converting mannose 
6-phosphate to mannose 1-phosphate [12]. PMM2-
CDG clinical presentation is dominated by neurologic 
abnormalities such as psychomotor disability, seizures, 
hypotonia and ataxia, besides multiple organ involve-
ment resulting in chronic disability, poor QoL and pre-
mature death [13]. Some potential treatments, such as 
liposome-encapsulated mannose 1-phosphate admin-
istration, are undergoing clinical studies [14]. More 
recently, a trial with acetazolamide showed improve-
ment of the ataxia [15]. Moreover, in a single-patient 
paediatric trial with epalrestat, improvements in ataxia 
and also in growth were observed [16]. However, spe-
cific tools are needed to measure QoL in PMM2-CDG 
to understand if a treatment has a significant impact.

Currently, there are no disease-specific QoL PROMs/
ObsROMs for PMM2-CDG. Here, we used a commu-
nity-centric approach, involving CDG medical profes-
sionals and families in the design and conduction of 
the study. We aimed to gather PROMs and ObsROMs 
that are specific for the most impactful PMM2-CDG 
clinical signs and symptoms. For that purpose, we 
surveyed PMM2-CDG families and clinicians follow-
ing PMM2-CDG patients to understand which are the 
most onerous signs and symptoms, and interviewed 
families to understand the real burden of those clinical 
manifestations in everyday life. Considering the input 
of these stakeholders, we reviewed the literature about 
the PROMs and ObsROMs used in other rare and 
common diseases with similar signs and symptoms to 
PMM2-CDG. Those tools could potentially be validated 
and applied directly to the PMM2-CDG population or 
adapted to create the first PMM2-CDG-specific QoL 
questionnaire.

PMM2-CDG clinical development. Importantly, this methodology is transferable to other CDG and rare diseases with 
multiple signs and symptoms.

Keywords: Outcome assessment, Patient reported outcomes, Observer reported outcomes, Quality of life, Rare 
diseases, PMM2-CDG, People-centricity
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Methods

1. Set up of the patient and medical advisory commit-
tees

Two advisory committees were established to provide 
expert insights regarding the understanding and par-
ticularities of the disease and to guide decision making 
throughout this project. Patient experts, specifically 11 
family caregivers, and 9 medical experts were invited to 
participate in the committees. A summary of the project 
and an explanation of their roles were provided if they 
agreed to participate. Communications were mainly done 
by email or by video calls when necessary. 

2. Quantitative analysis of PMM2-CDG symptoms’ 
impact (PMM2-CDG Symptoms’ Impact Survey)

A survey was constructed to assess the impact of the 
signs and symptoms from infancy to adulthood. Two ver-
sions were used, one targeting PMM2-CDG families and 
the other targeting medical experts. Electronic samples 
of the survey are available at https:// www. surve ymonk 
ey. com/r/ HCPCOM (medical experts’ version) and 
https:// www. surve ymonk ey. com/r/ PATCO MM (version 
adapted to families). The survey included an exhaustive 
list of signs and symptoms reported in the OMIM data-
base (MIM: 212065) but also reported by CDG families. 
Family experiences included both personal communica-
tions and social media reports in the CDG Global Alli-
ance Facebook Group, a social media platform uniting 
worldwide CDG patients and professionals perceived as 
a safe environment where the community openly shares 
questions, concerns, and experiences. The information 
derived from this group complies with the terms and 
conditions of the platform and with the privacy settings 
of the participants. It was shared in a voluntary man-
ner with all participants of the group and fell under the 
objectives of the group (i.e., promoting shared knowledge 
between families, doctors, and researchers). This was a 
complementary step to validate and complete the infor-
mation collected through other sources, therefore, the 
information was not transcribed and thus is not traceable 
ans constitute no risk of harm to the participants. Ano-
nymity was maintained in all instances. Printed surveys 
were distributed at the beginning of the 4th World Con-
ference on CDG for Families and Professionals, held in 
Lisbon on the 26th and 27th July 2019. Given that most 
PMM2-CDG patients are unable to provide self-reports 
due to the fact that (1) most are of paediatric age and 
(2) have considerable cognitive impairment, patients’ 
views were evaluated and conveyed by patients’ fami-
lies. Observer and proxy reports have been commonly 

used in studies where self-reports cannot be obtained 
[17–19]. Therefore, patients’ caregivers answered the sur-
vey voluntarily following written and verbal information 
about the study. Respondents were asked to classify the 
daily life impact of each of the symptoms/clinical mani-
festations on a scale of 1—“No impact” to 5—“Extremely 
negative impact” considering each phase of the patient’s 
life (infancy: 0–3  years; childhood: 4–10  years; adoles-
cence: 11–17 years; and adulthood: 18 years and older). 
To increase data collection, respondents could answer 
to more than one age range as long as they felt comfort-
able and confident in doing so (e.g., the caregiver of an 
adolescent patient could answer both the infancy, child-
hood and adolescent sections). An “I don’t know/cannot 
answer” option was available to improve data collection 
and quality. Additionally, respondents were given the 
chance to share relevant information that they felt was 
missing in the survey by including an optional text field: 
“If there are other symptoms you find impactful, please 
list them here and rate the magnitude of their impact 
(using the same scale)”. The surveys were collected by the 
end of the conference. The final impact level of each clini-
cal manifestation was calculated using the mean value of 
all respondents for each given age range. The 7 symptoms 
with higher impact level for each age range for both fami-
lies and professionals were summed up, yielding a final 
list of 16 unique impactful symptoms (7 symptoms × 4 
age ranges × 2 target groups = 56–40 duplicates = 16 
unique symptoms). To analyse the differences between 
the families’ and clinicians’ perspectives, for each sign/
symptom, a two-way ANOVA test with multiple compar-
isons and Sidak’s correction was performed yielding an 
adjusted p-value. Statistical significance was considered if 
adjusted p-value < 0.05.

3. Qualitative insights of PMM2-CDG symptoms’ 
impact

Interviews were designed and led to gather insights 
about the real-word impact of the signs and symptoms 
identified in the survey as being “the most impactful” 
from families’ perspectives (Additional file  1: Table  1). 
All medical and difficult terms were referred to in lay-
language and further explained when required by the 
participant to ensure their understanding. Deidenti-
fied transcripts were obtained from seven interviews 
of mothers of PMM2-CDG patients which were part of 
our patient committee. Demographics of the patients 
included in the interviews are available in Additional 
file 1: Table 2. The interviewees were prompted to share 
patient experiences in greater depth. Hence, questions 
were open-ended to avoid bias and were not read ver-
batim to permit free-flowing discussion. The collected 

https://www.surveymonkey.com/r/HCPCOM
https://www.surveymonkey.com/r/HCPCOM
https://www.surveymonkey.com/r/PATCOMM
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insights were used to guide our article selection to make 
it more specific and targeted to the patient’s needs. 

4. Review of the literature

a. Search strategy

 The community-identified burdensome signs 
ans symptoms guided a literature review strat-
egy to identify and gather specific PROMs and 
ObsROMs. The PubMed database was que-
ried with pre-defined search terms on Septem-
ber 11th, 2020. The search query was based on 
three groups of search terms: (1) QoL related, 
(2) PROMs/ObsROMs related terms, and (3) 
impactful signs and symptoms previously identi-
fied—connected by the Boolean operator “AND” 
(Additional file 1: Table 3). Keywords within the 
same group were connected using the operator 
“OR”. For some signs and symptoms and given 
the fact that PMM2-CDG is a rare metabolic dis-
order, the keywords “metabolic” or “rare disease” 
were added to the combination to provide more 
specific results. Resulting articles from the search 
were exported and duplicated articles were 
eliminated. References of relevant articles were 
screened, and additional articles were included by 
author referral (Fig. 1).

b. Study selection and data extraction
 Resulting articles were screened based on prede-

fined inclusion and exclusion criteria. Studies had 
to be written in English and measure HrQoL for 
one or more of the previously identified impact-
ful signs/symptoms, by means of a PROM or 
ObsROM. Articles using clinician-reported 
outcomes, performance outcomes, interviews 
and reviews were excluded. Furthermore, stud-
ies reporting caregiver QoL and that explicitly 
affirmed the use of non-English translations of 
the PROMs/ObsROMs were excluded. Neverthe-
less, articles describing the use of foreign (non-
English) questionnaires for which an English 
translation is available were included (e.g., Deglu-
tition Handicap Index, Izumo scale). Article titles 
and abstracts were screened and, subsequently, 
the full-text versions of the remaining articles 
were evaluated according to the inclusion/exclu-
sion criteria (Fig. 1). Article content analysis and 
data extraction was performed by a group of 4 
researchers, specifically regarding the PROMs 
employed to measure the QoL, the partici-
pants’ cohort and disease(s)/sign(s)/symptom(s) 

assessed. For some sign(s)/symptom(s), no spe-
cific tool was found. In these cases, some ade-
quate items or subscales were secondarily cap-
tured by the inclusion of other tools.

c. Quality analysis

The purpose of the quality analysis was not to perform 
a systematic review of the psychometric properties of the 
included instruments, but rather to identify and compare 
them in terms of their psychometric properties, namely 
Content, Criterion and Construct Validity, Internal Con-
sistency, Agreement, Reliability, Responsiveness, Floor 
and Ceiling effect and Interpretability (Additional file 3). 
To do so, this analysis was based on the original develop-
ment and/or validation articles of the instruments. Thus, 
translations or validations to other languages besides 
English were not considered. One instrument could not 
be evaluated (Scoliosis Research Society-30) as its devel-
opment and validation articles were not available. Also, 
three instruments (Short Inflammatory Bowel Disease 
Questionnaire, Pittsburgh Insomnia Rating Scale, and 
College of Optometrists in Vision Development Quality 
of Life Questionnaire) were evaluated exclusively based 
on the available abstracts.

The analysis was made using the Quality Criteria for 
Measurement Properties of Health Status Question-
naire developed by Terwee et  al., (2007) for the design, 
methods, and outcomes of the development and valida-
tion studies [20]. Based on these criteria, each psycho-
metric property was evaluated with (+)—positive rate; 
(?)—indeterminate or doubtful rate; (–)—negative rate; 
or (0)—no information available. Some adaptations of the 
criteria were needed:

1. for Construct Validity evaluation, the criteria for a 
positive rating requires that specific hypotheses have 
been formulated and at least 75% of the results are 
in accordance with them. However, given that for the 
majority of the articles, hypotheses were not explic-
itly presented by the authors, we had to analise if the 
goal of development and/or validation of the instru-
ment was met;

2. for Internal Consistency, the criteria of the sample 
size being N = 7 × the number of items and N > 100 
was not considered for two reasons. First, because of 
the great variability in the number of items between 
questionnaires, and second, because we are dealing 
with symptom/condition-specific questionnaires, 
and therefore, the clinical samples of validation arti-
cles are usually smaller than if we were dealing with 
an healthy population.;

3. when in doubt about meeting less objective crite-
ria (e.g., convincing arguments that gold standard is 
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‘‘gold’’, for Criterion Validity), the properties were 
classified with a positive rating if the validation meth-
odology was clearly described and the authors clearly 
justified their conclusions well.

Results

1. Selection of the most impactful symptoms by the 
community and the expert committees

 The PMM2-CDG symptoms’ impact survey had 
42 respondents: 23 family representatives and 19 
PMM2-CDG medical experts. A list of the topmost 
impactful symptoms was then obtained consider-
ing the sum of the 7 most impactful manifestations 
across the 4 age ranges considered according to both 
families and clinicians and excluding duplicates. This 
resulted in a list of 16 signs and symptoms (Table 1).

 There was a good level of agreement between the 
perspectives of families and clinicians, particularly 
for the infancy period. For this age group, only sei-
zures were rated with a statistically significant differ-
ence (q < 0.001) between families (IS = 1.78, n = 18) 
and clinicians (IS = 3.67, n = 18). Significant differ-
ences between the views of both stakeholders were 
predominant for the childhood group. During this 
timeframe, dysphagia (IS = 2.00, n = 19 for families 
and IS = 3.93, n = 15 for clinicians, q = 0.003) and 
seizures (IS = 2.05, n = 19 for families and IS = 3.87, 
n = 16, q = 0.001) were perceived to have a much 
higher negative impact by clinicians while for fami-
lies a moderate negative impact was reported. The 
presence of sex development issues was also asso-
ciated with a bigger impact by the medical doctors 
(IS = 2.53, n = 15) in comparison to PMM2-CDG 
families (IS = 1.14, n = 14; q = 0.031). Concerning 
stroke-like episodes, an extremely negative impact on 
adolescent PMM2-CDG patients was perceived by 
clinicians (IS = 4.08, n = 12) while none to slight neg-
ative impact (IS = 1.25, n = 4) were alleged by family 
members (q = 0.013). The same tendency was seen 
for the adult group. Lastly, although not statistically 
significant, clinicians tended to rate kyphosis/sco-
liosis with a more pronounced negative impact than 
families during adolescence and childhood. The same 
happened regarding peripheral neuropathy, particu-
larly in the childhood and adulthood group (Table 1).

 The analysis of the qualitative data shared on the sur-
vey as well as the revision of the most impactful signs 
and symptoms by the family and medical committees 

resulted in the inclusion of 6 additional clinical mani-
festations, namely sleep disturbances, liver problems, 
coagulopathy, food allergies, cardiomyopathy, and 
pericardial effusion.

2. Families’ perspectives about the real-world impact of 
the most impactful symptoms

 Semi-structured interviews with open-ended ques-
tions were led with family members of PMM2-CDG 
patients which allowed them to express the burden 
of living with the disease and the consequences of 
specific clinical manifestations in family life. The 
summary results of the interviews encompassing the 
experiences with the complete list of clinical mani-
festations are described in Additional file  2. This 
information allowed us to refine and further tailor 
our article and QoL assessment tools selection to the 
experiences of PMM2-CDG families. As an example, 
osteopenia/osteoporosis, clinically characterized by 
low bone density, occurs in PMM2-CDG patients at 
a later stage in life, but with significant consequences 
for the patient’s daily life. One family member stated 
that “[osteoporosis] causes pain when she is sitting in 
the wheelchair as well as getting up and sitting down. 
We are afraid of bone fractures so we avoid physical 
activities and falls as they are frightening. (…) She is 
being treated every 6  months at the hospital with a 
bone cancer treatment which has a lot of side effects 
during 5 days. She is in a frustrated state, with fever, 
pain to touch, she can’t move and is incontinent” 
(mother of a 40  years-old PMM2-CDG patient). In 
another experience, having osteopenia/osteoporosis 
limits the management of other clinical manifesta-
tions: “due to osteopenia, he can’t have surgery of the 
scoliosis because of the bone fragility. He cares about 
it [scoliosis] when he is in the wheelchair because it is 
very noticeable. There is not enough space on his body 
for the intestines and his lungs and sometimes he has 
very fast and short breathing” (mother of a 25 years-
old PMM2-CDG patient). This guided the QoL tools 
selection by making sure osteopenia/osteoporosis 
specific tools included items referring to pain, fear 
of fractures/falls, self-image, impact in care or treat-
ment impact.

3. Review of the literature results according to the com-
munity-selected symptoms real-world qualitative 
information

 The review of the literature concerning the applica-
tion of PROMs specific for the community-selected 
impactful PMM2-CDG symptoms/manifestations 
resulted in the inclusion of 239 articles (Fig. 1). The 
characteristics of the included articles are summa-
rized in Table 2. Most articles (58.1%) included small 
participant cohorts of ≤ 100 participants. While 
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29.9% reported cohorts of > 100 to < 500 participants, 
only 12% of the studies reported more than > 500 
participants. Studies of adult populations represent 
most of the included studies (78%). Only 10% of the 

included studies focused on pediatric populations 
and 12% included both adult and pediatric popula-
tions. QoL self-reports were described by most stud-
ies (94.2%) whilst proxy-reports or a combination 

Table 1 Impact scores (n) for selected signs and symptoms by age range and according to families and clinicians’ perspectives

1– < 2—No or slight negative impact; 2– < 3—Moderate negative impact; 3– < 4—Negative impact; 4– < 5—Extremely negative impact. q—adjusted p-value
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of both accounted for 2.1% and 3.7% of the studies, 
respectively. Among the included articles, 14 dis-
ease groups were represented. Particularly prevalent 
in our study sample were diseases of the digestive, 
visual, and circulatory system followed by diseases 
of the musculoskeletal system, the connective tissue, 
and the nervous system.

 The review of the included articles allowed the iden-
tification of 80 tools. These tools were grouped by 
signs/symptoms in Table 3. The list of references sup-
porting the inclusion of such tools can be found in 
Additional file 1: Table 4. From the 22 groups of signs 
and symptoms, specific QoL tools were found for 15 
of them (Table  3). No specific tools were found for 
7 of the most impactful clinical manifestations, par-
ticularly for developmental delay, intellectual disabil-
ity, hypotonia, pericardial effusion, peripheral neu-
ropathy, stroke-like episodes, or symptoms related to 
deficient sexual development. However, even though 

no specific instruments were found for behav-
ior, developmental or intellectual problems, other 
included tools specific for other symptoms/diseases 
include subscales or items specific for those areas 
(e.g., mood swings, depression, physical, mental, and 
social functioning, etc.).

4. Quality assessment of included questionnaires

The quality of the 80 instruments was analyzed using 
specific criteria from Terwee et al. (2007) (Additional File 
3) [20]. Most instruments were evaluated with positive 
rating ( +) for Content Validity (93.7%), Construct Valid-
ity (77.5%), Internal Consistency (71%) and Reliability 
(60.8%). For Agreement (73.4%), Floor and Ceiling Effect 
(67.1%), and Responsiveness (55.7%), no sufficient infor-
mation was found for most of the instruments. Lastly, 
regarding Criterion Validity and Interpretability analy-
sis, the greater part of the information was unavailable 
(35.4% and 24%, respectively) or indeterminate (22.5% 
and 59.4%, respectively).

Discussion and future perspectives
Patient-centered outcomes have gained recognition in 
health technology assessment and clinical trial settings. 
Besides, they provide unique insights into the disease’s 
natural history in terms of QoL and its fluctuations over 
time. Rather than just measuring clinically important 
outcomes, they offer the opportunity to access “patient-
important” outcomes, meaningful to them when evaluat-
ing treatments or care [21]. For complex, chronic and/or 
rare diseases—with holistic challenges and for which the 
definition of disease biomarkers or clinical endpoints is 
puzzling—patient-reported QoL is of major importance 
providing a direct interpretation of the patient’s response 
to treatment or care [22]. However, the scarcity of valid 
QoL PROMs and ObsROMs for most rare diseases and 
the challenges of validating the current available tools, 
pose a problem to adequately appraise potential treat-
ments. Creative and pragmatic solutions are warranted to 
overcome difficulties related to small patient cohorts, the 
cost of tools’ development, and the urgency for making 
new therapies available [4, 5].

In this study, we applied an innovative methodol-
ogy to accelerate the development of a PMM2-CDG-
specific QoL questionnaire, while assuring its adequacy 
and meaningfulness by including the views and experi-
ences of families and medical experts. By including both 
stakeholders’ quantitative and qualitative input in the 
design of our literature search, we identified QoL instru-
ments that matter the most. The differences in the per-
ception of the most burdensome signs and symptoms 
between patients/caregivers and clinicians underscore 
patient/caregiver engagement and participation in all 

Table 2 Summary of the characteristics of included articles

The sum of the percentages might not yield 100% due to numerical rounding

Article summary N %

Number of patients

 ≤ 100 136 56.9

101 to 500 73 30.5

 ≥ 501 30 12.6

Age Range

Pediatric (< 18) 23 9.6

Adult (≥ 18) 187 78.2

Both 29 12.1

Type of QoL report

Self-reported 226 94.6

Proxy-reported 4 1.7

Both 9 3.8

Disease classification (ICD-11)

Neoplasms 7 2.9

Diseases of the blood or blood-forming organs 4 1.7

Diseases of the circulatory system 60 25.1

Diseases of the immune system 2 0.8

Endocrine, nutritional or metabolic diseases 5 2.1

Sleep–wake disorders 1 0.4

Diseases of the nervous system 18 7.4

Diseases of the visual system 58 24.3

Diseases of the respiratory system 3 1.3

Diseases of the digestive system 58 24.3

Diseases of the musculoskeletal system or connective tissue 15 6.3

Diseases of the urinary system 1 0.4

Developmental anomalies 1 0.4

Symptoms, signs, or clinical findings, not elsewhere classified 6 2.5

Total number of included articles 239
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stages of the development of PROMs or ObsROMs as 
the only way to safeguard the relevance, adequacy, and 
comprehensibility of these tools [23]. However, particu-
larly in rare, heterogeneous diseases, complementing 

the individual experience with the knowledge of medi-
cal experts is critical. While patients and family caregiv-
ers can highlight “hidden” aspects of the disease that 
are not clear or do not seem important to doctors, the 

Fig. 1 Overview of the study workflow
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latter can provide a wider perspective on the frequency, 
severity, and impact of clinical manifestations by study-
ing patient cohorts. Furthermore, clinicians will consider 
potential disease complications that patients may have 
not yet experienced. Importantly, conducting qualita-
tive interviews complemented the quantitative results on 
“What is more important?” with “How and why is it more 
important?”. In other words, listening to the description 
of the patient/family experience with illness (i.e., narra-
tive medicine) provides meaning and understanding but 
also identifies the real impact of the disease outside clin-
ics [24]. For CDG, this approach successfully reported 
the experiences of CDG parents, identifying major 
healthcare and educational needs [25]. This community-
centric approach also allowed us to detect changes in the 
impact of clinical manifestations over time. Specifically, 
infections were shown to be burdensome in infancy but 
not in adulthood. Contrastingly, skeletal manifestations 
(kyphosis/scoliosis and osteopenia) did not pose a prob-
lem until later in life. Even though there are reports of 
these time-dependent clinical occurrences [26, 27], there 
are no reports of their burden or impact on QoL for most 
clinical manifestations. Some pioneer attempts using 
patient-reported data were made to evaluate the impact 
of certain manifestations; however, they lacked the use of 
solid and validated questionnaires for that purpose [26, 
28]. Our study responds to this gap by identifying the 
manifestations that families and experts prioritize across 
age ranges and by providing specific tools that can meas-
ure QoL related to those symptoms.

Our quantitative results highlight that both stake-
holder groups (families and professionals) rated neu-
rological signs as the most impactful across all age 
ranges, particularly hypotonia, developmental delay, 
ataxia, dysarthria, and intellectual disability. This was 
corroborated by the qualitative interviews since these 
are manifestations that impact all domains of QoL 
(physical, social, and mental functioning as well as the 
capacity to perform daily living activities) throughout 
the patients’ lives. Of note, these are also some of the 
most frequent clinical signs in PMM2-CDG patients 
[13]. Other neurological occurrences were also prior-
itized with lower impact scores, namely seizures and 
stroke-like episodes. These are mainly rare clinical 
events reported to happen in 13% and 7% of patients, 
respectively, but have been described as some of the 
most QoL-impacting issues in PMM2-CDG [13, 29, 
30]. Surprisingly, much more pronounced impact 
scores are suggested by clinicians compared to fami-
lies concerning these neurological manifestations. 
Considering the low frequency of these clinical signs, 
it is probable that the impact of these manifestations is 
underrated due to clinical representation bias. In fact, 

only 9/23 (39%) of families reported any kind of QoL 
impact (from mild to extreme) derived from stroke-
like episodes at some point of the patient’s lives. Even 
though this percentage is still higher than the reported 
frequency, it might explain the low impact score from 
families since most of them rated stroke-like episodes 
as having no impact on their lives (IS = 1). Neverthe-
less, family-derived qualitative data indicates the physi-
cal, psychological, and mental burden attributed to 
these manifestations. Contrastingly, none of the seven 
family members interviewed were able to describe 
how peripheral neuropathy impacts their day-to-day 
life. Even though peripheral neuropathy was present 
in some of their clinical reports, the real and physical 
consequences (e.g., pain to touch, numbness, altered 
sensations) were not perceived by the interviewed 
families, which might explain the differences of impact 
perception compared to medical professionals. These 
observations show the importance of complement-
ing patient-reported data with medical knowledge and 
experience. Given the low number of interviews per-
formed, further studies should secure bigger patient 
cohorts of worldwide and differently aged patients and 
representation of the full clinical spectrum and severity 
of PMM2-CDG to further understand the burden of the 
disease accurately.

Other system-related manifestations were prioritized 
concordantly by families and professionals, namely oph-
thalmologic manifestations, infections, overheating 
episodes, behavioral problems, kyphosis/scoliosis, and 
osteopenia. On the contrary, families and doctors rated 
dysphagia and sex development deficiencies differently. 
Since dysphagia is often a consequence of hypotonia, 
while doctors have this knowledge, families might not 
have had the opportunity to become familiar about the 
difference between “dysphagia” and “difficulty swallow-
ing due to muscle weakness (hypotonia)”. In fact, families 
rated hypotonia with high impact scores. A similar issue 
arises considering that food allergies were included as a 
QoL-impacting manifestation. Even though food aller-
gies have been pointed out as having a negative impact in 
PMM2-CDG patients’ QoL [26], interviewed families did 
not experience this clinical issue. Moreover, the medical 
committee pinpointed that food allergies are extremely 
rare in PMM2-CDG but food intolerances are rather 
common. This inconsistency raises the possibility that 
families consider food “allergy” and “intolerance” inter-
changeable terms. Therefore, efforts should be taken to 
improve the communication between the medical teams 
and families, raise health literacy levels and contribute to 
the proper disease understanding and management. An 
action that could be taken in the future to help manage 
and minimise these differences encompasses creating 
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and distributing glossaries explaining medical and dif-
ficult terms in lay-language to empower families to par-
ticipate confidently. This methodology has proven helpful 
and effective in other people-centric studies [26, 31].

Some general patient-reported clinical assessment 
tools have already been used in clinics for PMM2-CDG, 
particularly the Goal Attainment Scale and the patient-
centred measures from Patient-Reported Outcomes 
Measurement Information System (PROMIS) [32, 33]. 
However, none of these reflect the most impactful con-
ditions presented by the patients. Our methodology 
answered this gap and allowed us to tailor our search 
for adequate PRO tools for most of the included dis-
ease manifestations. Importantly, 94.2% of the articles 
reporting the use of the 80 QoL tools identified used 
them as self-reports. This is normally considered as the 
best practice since it does not require interpretation by a 
proxy.[34] However, most included articles also reported 
PROMs use in mono-organ and non-neurologic dis-
eases, mostly allowing the use of self-reporting. In the 
case of PMM2-CDG, the cognitive and motor impair-
ment, as well as communication difficulties due to dys-
praxia will restrain most patients to self-report how they 
feel and function. Proxy assessments—a proxy respond-
ing to a QoL tool aimed for self-reporting as they believe 
the patient would rate the items)—need to be put into 
place as a solution, as performed for other debilitating 
diseases [19, 35]. Typically, proxy reports tend to over-
estimate the QoL impact compared to self-rating, but it 
might depend on several factors (e.g., QoL domain, dis-
ease severity or difficulty of carer’s tasks). Nonetheless, 
in several instances, proxy-reports were found to corre-
late with self- assessments. Besides, we believe that the 
over or underestimation of QoL from proxies can be 
systematic and therefore, changes across time and fol-
lowing an intervention should be captured. Measuring 
clinical severity alongside proxy-reports might be a way 
to ensure their reliability [33]. However, we cannot dis-
card that a minority of PMM2-CDG patients might be 
able to express themselves and provide QoL self-ratings. 
Different rating methods and creative tools should be 
available to ensure their inclusion.

We also aimed to objectively analyze the psychomet-
ric quality of the questionnaires, since they will be the 
basis for the development of a future PMM2-CDG QoL 
questionnaire. Our results showed that some psycho-
metric properties are, in general, objectively calculated. 
Even so, for Construct Validity most articles did not 
explicitly present the hypotheses. This is a common and 
potential risk, as the instrument may not represent the 
intended construct [20]. On the contrary, most instru-
ments showed a positive Content Validity rating, con-
sidered the most important psychometric property of a 

tool [36]. Since health-related questionnaires are essen-
tial to assess the impact of a disease or treatment, Agree-
ment should be accessed in validation articles to define 
the absolute measurement error, required for evaluative 
purposes to distinguish clinically meaningful changes. 
However, properties such as Agreement, Floor and Ceil-
ing effect, Responsiveness, Interpretability and Crite-
rion Validity are rarely reported. Thus, future validations 
should include the assessment of these psychometric 
dimensions.

The recent advances in drug development programs 
and increase in clinical research for PMM2-CDG urge 
for a disease-appropriate and responsive HrQoL meas-
ure. This study is a step towards the development of this 
PMM2-CDG QoL questionnaire assuring the engage-
ment and participation of families and doctors since its 
inception. Following efforts should adopt the same meth-
odology complementing clinically important factors 
(doctors’ views) with aspects that make life worth living 
(patients’ and families’ views). Looking forward, item 
selection from the gathered questionnaires following 
standard development procedures and item reduction 
should follow a programmed decision system includ-
ing all stakeholders and resorting to nominal groups and 
cognitive interviews.

Limitations of this study
There were several limitations to this study. This is a pilot 
study that shows the potential of a community-centric 
methodology in PROMs development. Nevertheless, our 
results should be interpreted cautiously given the small 
sample participating in the impact survey and inter-
views. Even though our study aimed to include families 
representing different severities as well as different age 
ranges, the low number of families participating in the 
impact survey and the interviews are not representative 
of the full spectrum of PMM2-CDG clinical presentation, 
severity, and heterogeneity. As an example, we reached 
very limited representation of families of adult patients 
(n = 4 on the impact survey and n = 1 in the qualitative 
interviews). Next efforts should be taken to increase 
patient representation and capture the huge variability of 
clinical presentation of PMM2-CDG. Additionally, both 
in the questionnaire and interview, data on phenotypic 
severity should be collected to allow the stratification of 
the patient population according to disease severity and 
investigate if and how that affects HrQoL tool identifi-
cation and, consequently PROMs development and/or 
administration.

We queried the PubMed database and no other 
sources because the project is led by a non-profit 
organisation without external funding. Non-English 
articles and articles using translated versions of the 
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questionnaires were not included for practical reasons 
resulting in limited negative evidence. Although we 
are aware that we did not include all available instru-
ments for the symptoms assessed, our methodology 
answered the main goal of this study—to identify the 
main questionnaires used across the impactful signs and 
symptoms. In our QoL tool quality analysis, the evalu-
ation was centred on the criteria developed by Terwee 
et  al., (2007), which are primarily opinion-based, and 
for which there is no empirical evidence to support 
explicit quality criteria in this field. However, it allowed 
us to establish a method of quality comparison between 
instruments. Also, there are some measurement prop-
erties that, despite being identified, are not assessed 
through the predefined criteria. Hence, there may be a 
need to “refine” or adapt these guidelines so that future 
comparative questionnaire analysis could be more accu-
rate. Furthermore, the quality ratings do not consider a 
systematic review of validation studies associated with 
each questionnaire and depend on the availability of 
information on original development and validation 
articles. Finally, we cannot conclude that questionnaires 
with the highest number of positive ratings are neces-
sarily the best ones, since some validation properties 
are more critical than others, depending on the aim of 
the questionnaire (e.g., discriminative questionnaires 
require a high level of reliability to be able to distinguish 
between people, while evaluative questionnaires require 
a high level of agreement to be able to measure essential 
changes). However, although important, this limitation 
did not interfere with the purpose of our analysis.

Conclusions
Accurately measuring HrQoL using a PMM2-CDG-spe-
cific QoL questionnaire including the most concerning 
domains/symptoms from both the family and medi-
cal perspectives will benefit therapy development and 
approval but also for establishing the natural history of 
the disease in terms of QoL. In turn, it will require and 
benefit from the combined efforts from all stakeholders, 
particularly families, researchers, clinicians, and pharma 
representatives as shown in this study. As for other rare 
diseases, creative and new approaches for the develop-
ment of such scales need to be applied, particularly given 
the clinical heterogeneity of PMM2-CDG throughout 
time and between patients. This study provides a solu-
tion for this matter particularly by surveying the patient 
and medical community about the most impactful 
symptoms through the lifespan of a patient providing a 
list of adequate tools/items for the development of a new 
specific scale.
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