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Purpose: PMM2-CDG is the most common congenital disorder of
glycosylation (CDG), which presents with either a neurologic or
multisystem phenotype. Little is known about the longitudinal
evolution.

remained unchanged.On follow-up there was improvement of
biochemical variables with (near) normalization of activated partial
thromboplastin time (aPTT), factor XI, protein C, antithrombin,
thyroid stimulating hormone, and liver transaminases.

Methods: We performed data analysis on PMM2-CDG patients’
clinical features according to the Nijmegen CDG severity score and
laboratory data. Seventy-five patients (28 males) were followed up
from 11.0 ± 6.91 years for an average of 7.4 ± 4.5 years.

Conclusion: PMM2-CDG patients show a spontaneous biochemical improvement and stable clinical course based on the Nijmegen
CDG severity score. This information is crucial for the definition of
endpoints in clinical trials.

Results: On a group level, there was no significant evolution in
overall clinical severity. There was some improvement in mobility
and communication, liver and endocrine function, and strabismus
and eye movements. Educational achievement and thyroid function
worsened in some patients. Overall, the current clinical function,
the system-specific involvement, and the current clinical assessment

INTRODUCTION
Congenital disorders of glycosylation (CDG) are a family of
diseases. The common denominator is that they all affect the
most important posttranslational modification of proteins
and lipids: glycosylation.1 CDG were initially described by
Jaak Jaeken and currently comprise a group of some 135
distinct genetic entities.1 The most abundant type is PMM2CDG (initially called CDG-1a, or phosphomannomutase 2
deficiency). This subtype affects N-linked protein glycosylation, and leads to either a primarily neurological condition, or
to a multisystem disease. So far more than 900 patients have
been reported with PMM2-CDG, with varying disease
severity. The infantile neurovisceral form is associated with
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hepatogastrointestinal disease (failure to thrive, protein losing
enteropathy, liver disease), cardiac disease (e.g., pericardial
fluid collection, cardiomyopathy), renal disease, and laboratory alterations including abnormal endocrine function and
coagulopathy.2 PMM2-CDG can be lethal, but if patients
reach the age of 3–4 years, CDG follows a more stable course,
or may reportedly even improve.3 The neurological type is
characterized by psychomotor disability, hypotonia, muscle
weakness, cerebellar ataxia, strabismus, retinitis pigmentosa,
spasticity, dystonia, and neuropathy.
The most characteristic clinical signs in PMM2-CDG are
the abnormal fat distribution on the buttocks (fat pads) and
inverted nipples. Screening is usually performed by serum
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sialotransferrin isoelectric focusing/capillary electrophoresis,
or by mass spectrometry, which typically display a so-called
type 1 pattern (decreased tetrasialo- and increased di- and
asialo-transferrin).
Currently, there is no effective treatment for PMM2-CDG.
In the past, trials with oral or intravenous mannose did not
show any clinical benefit,4,5 in spite of the clear biochemical
improvement in vitro in patients’ fibroblasts.4,6 Upcoming
clinical trials aim at chaperone therapy, liposomal or
chemically camouflaged mannose-1-phosphate supplementation, antisense therapy using morpholino oligonucleotides, or
inhibition of connecting pathways, as possible therapeutic
approaches.7
Little is known about the long-term follow-up of CDG
patients. Due to highly variable clinical manifestations and
laboratory abnormalities, and even intrapersonal variability of
laboratory results, it is not easy to make predictions on the
outcome or natural history of an individual patient, or to
define relevant endpoints for clinical trials. Quite recently
natural history studies were initiated (clinicaltrials.gov
identifier NCT03173300) to prepare for upcoming clinical
trials.
As there is no formal guideline for follow-up of PMM2CDG patients, data on patients are collected sporadically, and
not well-structured. The purpose of the current study is to
describe the long-term follow-up of a large cohort of CDG
patients with emphasis on laboratory data and a validated
clinical score, the CDG progression score.8

MATERIALS AND METHODS
Patient selection

Through the EURO-CDG network, we collected patients from
centers with larger PMM2-CDG patient populations. Patients
were included from the Reference Center for Inherited
Metabolic Disease, AP-HP, Necker-Enfants Malades Hospital,
IMAGINE Institute affiliate, University Paris DescartesSorbonne Paris Cité, Paris, France; the Department of
Pediatrics, First Faculty of Medicine, Charles University and
General University Hospital, Prague, Czech Republic; and the
Department of Pediatrics and Metabolic Center, University
Hospitals Leuven, Leuven, Belgium. All patients had genetically confirmed PMM2-CDG.
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cholesterol; high-density lipoprotein; triglycerides; aspartate
and alanine transaminases (AST and ALT); creatine kinase;
and lactate dehydrogenase.
The clinical characteristics and disease progression score of
the patients were documented and followed by the Nijmegen
CDG rating scale8 (Online supplement 1). Age-appropriate
scales were used at different evaluation time points. This score
collects information on (1) current function over the last
4 weeks (based on an interview with the patient or caregiver
regarding vision, hearing, communication, feeding, mobility);
(2) system-specific involvement (history in the last 6 months
on seizures, encephalopathy, bleeding diathesis or coagulation
defect; and gastrointestinal, endocrine, respiratory, cardiovascular, renal, liver function, and blood anomalies); and (3)
current clinical assessment as per clinical examination
(growth, development, vision, strabismus, and eye movement;
myopathy, ataxia, pyramidal and extrapyramidal symptoms,
and neuropathy). Higher scores are associated with worse
clinical state.8 Treatments with medication like anticoagulation therapy or supplementation with levothyroxine were
recorded.
Statistics

SPSS 22 for windows (SPSS Inc., Chicago, IL, USA) and R
version 3.4.3 were used for statistical analysis. All results were
expressed as means ± standard deviation. For differences
between repeated measurements in the same individual the
Wilcoxon signed rank test was used. Correlations were
performed using the Pearson correlation, double sided. A p
value < 0.05 was considered statistically significant. Graphs
were constructed using R.
A sample size of 34 patients was calculated to achieve a
power of 80% and a level of significance of 5% (two-sided) for
detecting a medium effect size of 0.5 between paired
observations (http://statulator.com).
Due to the retrospective nature of this study, observations
in patients with incomplete data were treated as not available
for that specific graph, or descriptive or statistical analysis
(pairwise exclusion). Every effort was made to collect a
complete data set, including contacting local referring
hospitals.

RESULTS
Retrospective data collection

Patient cohort

Current work was approved by the local ethics committee at
University Hospitals Leuven, Leuven, Belgium. Data was
collected in Excel files on demographic and biometric
variables (age, gender, height, weight, head circumference).
Information was retrieved on biochemical variables such as
coagulation (international normalized ratio [INR], activated
partial thromboplastin time (aPTT), factor IX, factor XI,
antithrombin, protein C, protein S); hormones (insulin-like
growth factor [IGF], IGF binding protein 3 [IGFBP3], thyroid
stimulating hormone [TSH], free thyroxine [T4], adrenocorticotropic hormone [ACTH], cortisol, follicle-stimulating
hormone [FSH], luteinizing hormone [LH]), glucose;

We collected data on 75 patients with a mean age of 11.02 ±
6.91 years. There were 28 male and 47 female patients, most
likely a chance finding as no difference is to be expected. On
61 patients longitudinal follow-up data were available. They
were followed up for 7.4 ± 4.5 years. Overall, there were 268
observations (mean of 2.85 observations per patient [range
1–9]). One patient died during the follow-up due to
multiorgan failure and invasive aspergillosis at the age of
11.8 years.
There were two patients with homozygous pathogenic
variants (L32R/L32R and, T231M/T231M; the remainder of
the patients had compound heterozygous pathogenic
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Fig. 1 Biometric charts: growth curves of PMM2-CDG patients. (a) Growth curve (cm for age) by gender. (b) Growth z-score. (c) Weight curve (kg for
age) by gender. (d) Weight z-score. (e) Head circumference curve (cm for age) by gender. (f) Head circumference z-score. All data points represent individual
measurements. Data collected from the same individual is connected by lines.

variants). The most frequently encountered pathogenic
variants were R419H (n = 45), P113L (14), F119L (10),
E139K (9), C241S (7), and T237M (6). The most common
compound heterozygous pathogenic variant was P113L/
R419H (n = 9).
Patients who had feeding problems, gastrointestinal comorbidity, bleeding diathesis, coagulation abnormalities, anemia or
cytopenia, endocrine abnormalities, respiratory issues, or
cardiovascular, liver, renal problems, or growth delay, as
evidenced by the Nijmegen CDG severity score, were
considered to have a multisystem disease (i.e., neurovisceral
form) and not the isolated neurological form of PMM2-CDG.
Using this definition there were 68 (90.7%) patients with the
neurovisceral form and 7 patients (9.3%) with the isolated
neurological form. Moreover, there were 9 additional patients
(12%) with the neurovisceral form that at some point during
their follow-up had only neurological symptoms. This was due
to the appearance (n = 3), disappearance (n = 4), or both (n =
2) of multisystem features such as renal, endocrine, and liver
findings; cytopenia, coagulation disorders, or growth issues.
The patients with the neurologic form all had strabismus
and global developmental delay (with continued developmental progress in 6/7) and most had ataxia (6/7). A seizure
disorder was present in 4/7.
GENETICS in MEDICINE | Volume 21 | Number 5 | May 2019

During the follow-up (totaling 449 patient years), there
were 11 stroke-like episodes in 5 patients (1 per 70.8 years).
Interestingly, there was 1 patient with 5 stroke-like episodes
and 2 patients with 2 stroke-like episodes each. All these
patients had the neurovisceral type of PMM2-CDG. They had
normal prothrombin time, aPTT but decreased levels of factor
IX, XI, and antithrombin (AT). Interestingly, 3 of these
stroke-like episodes did also occur in adults (ages 21, 21, and
24 years).
There was a clear delay in growth (height z-score −1.21 ±
1.48), weight (weight z-score −1.62 ± 1.71) and head
circumference (−1.10 ± 1.58). During follow-up there was
no significant improvement in these findings. In fact, there
was no catch-up growth but rather a deterioration to −2.02 ±
1.83, p < 0.001 (see Fig. 1). There were no significant
biometric differences (expressed as z-scores) between males
and females.
Clinical evolution assessed by the CDG severity score

The initial values for the Nijmegen CDG severity score are
shown in Table 1. The CDG severity score can be found in the
online supplement 1.
Regarding the current clinical function over the preceding
4 weeks (subscore 1, see online supplement 1), the median
1183
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Table 1 Distribution of initial scores in %
Current clinical function

0

1

2

3

Vision (n = 68)

47.1

36.8

11.8

4.4

Hearing (n = 71)

88.7

7.0

2.8

1.4

Communication (n = 73)

27.4

32.9

20.5

19.2

Feeding (n = 72)

65.3

25.0

5.6

4.2

Self-care (n = 67)

20.4

26.9

14.9

37.3

Mobility (n = 73)

5.5

11.0

23.3

60.3

Educational achievements (n = 70)

5.7

24.3

32.9

37.1

System-specific involvement

0

1

2

3

Seizures (n = 75)

80.0

17.3

1.3

1.3

Encephalopathy (n = 74)

94.6

1.4

1.4

2.7

Bleeding diathesis or coagulation defects

48.6

49.3

2.9

4.3

Gastrointestinal (n = 73)

69.9

26.0

1.4

2.7

Endocrine (n = 70)

58.6

22.9

18.6

0

Respiratory (n = 72)

100.0

0

0

0

Cardiovascular (n = 74)

89.2

4.1

5.4

1.4

(n = 70)

Renal (n = 68)

81.3

9.3

0

0

Liver (n = 72)

58.3

40.3

1.4

0

Blood (n = 70)

82.9

15.7

0

1.4

Current clinical assessment

0

1

2

3

Growth (n = 71)

33.8

54.9

4.2

7.0

Development (n = 68)

1.5

0

3.0

0

Vision (n = 64)

50.0

31.1

14.1

4.7

Strabismus and eye movement (n = 73)

6.8

54.8

37

1.4

Myopathy (n = 68)

85.3

5.9

7.4

1.9

Ataxia (n = 73)

2.7

21.9

35.6

39.7

Pyramidal (n = 65)

81.5

16.9

0

1.5

Extrapyramidal (n = 64)

95.3

4.7

0

0

Neuropathy (n = 70)

44.3

51.4

2.9

1.4

Distribution of the scores according to the Nijmegen CDG severity score. Each
item is scored from 0 to 3 according to the current clinical function (based on
patient and/or caregiver interview over the preceding 4 weeks), system-specific
involvement (based on patient and/or caregiver interview and clinician’s knowledge of the patient and clinical notes over the preceding 6 months), and the current clinical assessment (based on the clinical examination at the time of visit).
Development is scored from 0 to 6.
A score of 0 indicates age-appropriate findings. The higher the score the more
abnormal. For instance for vision the scoring is as follows (0 = Normal: no parental/patient concerns;
1 = Mild: inattention to small objects in visual field or parent concerned about
abnormality of visual behavior; 2 = Moderate: visual impairment not fully corrected with glasses or inattention to large objects in visual field; 3 = Severe: not
recognizing faces or registered blind or using additional visual aids. The complete
scoring detail can be found in the online supplement 1.

patient had mild visual problems (such as inattention to small
objects), normal hearing, impaired verbal communication,
normal feeding, moderate self-care issues (requiring help with
all age-appropriate tasks), severely impaired mobility (being
wheelchair/carrier dependent), and moderately severe education achievement issues (attending special school or nursery)
(see Table 1). The mean total of all elements of subscore 1 was
8.63 ± 3.99 on a maximum of 21 (a higher score indicates a
worse clinical state, n = 71). During follow-up the vision,
hearing, feeding and self-care showed neither improvement
nor deterioration (p = NS). (see spaghetti plots in online
1184

supplement 2). There was a decrease in score, indicating
clinical improvement, in communication over time (from
1.32 ± 1.08 to 1.26 ± 1.03, p = 0.027, amelioration toward
intelligible verbal communication) and mobility (from 2.38 ±
0.89 to 2.28 ± 0.92, p = 0.007, evolution towards mobility,
albeit age-inappropriate). Interestingly, three patients evolved
from wheelchair dependency to ambulation with only
difficulty in climbing stairs or walking uphill. There was an
increase in educational score, indicating evolution from
attending special school toward not attending school primarily
due to illness (from 2.01 ± 0.93 to 2.22 ± 0.81, p = 0.002).
Overall, the current function (subscore 1) did not change over
time (8.77 ± 4.22 at the end of follow-up, p = 0.45) (see Fig. 2).
Regarding the system-specific involvement over the last
6 months (subscore 2, see online supplement 1) the most
often encountered issues were bleeding diathesis or coagulation defects, mainly as laboratory abnormalities, without a
need for therapy. Other frequently encountered abnormalities
were mild constipation or unexplained vomiting or diarrhea
(<1 week) and mildly impaired liver function tests, without
evidence of hepatic failure (see Table 1). On follow-up the
latter appeared to improve (score evolving from 0.43 ± 0.53 to
0.31 ± 0.5, p = 0.033). All the other findings remained stable,
except for a slight deterioration in endocrine score (from 0.60
± 0.79 to 0.82 ± 0.833, p = 0.033). There were no significant
changes in the total subscore 2 over time (from 2.73 ± 2.52 to
3.29 ± 2.89, p = 0.44, NS) (see Fig. 2).
Regarding the current clinical assessment (subscore 3, see
online supplement 1) the average patient had a mildly
impaired growth (height or weight less than the 2nd centile
but growing parallel to it), impaired development (global
developmental disability with continued developmental progress), normal or mildly affected vision, intermittent strabismus, ptosis or impaired eye movement at extremities, no
clinical neuropathy, moderate ataxia (gait abnormality
requiring assistance or severe upper limb dysmetria, no
pyramidal or extrapyramidal signs, with mild neuropathy
[only areflexia]) (see Table 1). The mean scores were 11.17 ±
3.60 out of a maximum of 31. On follow-up there was slight
improvement of the strabismus and eye movements (score
from 1.33 ± 0.63 to 1.21 ± 0.71, p = 0.046). All the other items
remained stable. Overall there were no significant changes of
the subscore over time (at the end of follow-up 11.48 ± 3.70,
p = 0.707, NS) (see Fig. 2).
Combination of the different subscores gives a total maximal
score of 82. The mean score at the start was 22.27 ± 9.09. The
lowest score was 7, the highest score 50. This score remained
surprisingly stable over time (score at the end 23.52 ± 9.44,
p = 0.64, NS). There was no evidence for global improvement
or significant deterioration in the current cohort.
The maximal scores obtained in our cohort at any time
were 16/21 in section I, 9/30 in section II, and 18/31 in section
III. There was just one patient who ever scored positive for
respiratory involvement. For every element of the score there
were patients who scored the minimum (0), demonstrating
the variability of disease presentation (see Fig. 2).
Volume 21 | Number 5 | May 2019 | GENETICS in MEDICINE
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Fig. 2 Congenital disorders of glycosylation (CDG) severity scores. Spaghetti plots of Nijmegen CDG severity score according to age showing the (a) a
total score, (b) subscore 1 (current function), (c) subscore 2 (system specific involvement) and (d) subscore 3 (current clinical assessment). Every point
represents one observation. Observations in the same patient are connected by lines.

The detailed age-related evolution of individual elements of
the score in individual patients can be seen in online
supplement 2.
Evolution of biochemical characteristics

The biochemical characteristics of the patients can be found
in Table 2.
Coagulation abnormalities were the most striking. Patients
had on average, abnormal coagulation studies demonstrated
by prolongation of aPTT (38.1 s [normal values: 25.1–36.5 s]),
and decreased levels of factor XI (43.5% [70–130%]). Also
anticoagulation was disturbed with decreased levels of
antithrombin (51.5% [80–130%]) and protein C (59.7%
[60–150%]). On follow-up there was a normalization of the
aPTT (34.4 s) and protein C (67.1%) in most patients. Factor
XI also improved significantly (55.6%) and there was a trend
toward improvement of antithrombin (59.6%).
Liver tests (AST and ALT) also improved significantly over
time. In infancy/childhood, transaminases were frequently
elevated several-fold (AST 84.9 IU/L [<37 IU/L], ALT 98/78
IU/L (<40 IU/L]). However, on follow-up they nearly normalized (see Fig. 3). Creatine kinase was only intermittently
elevated. Cholesterol (total and high-density lipoprotein
[HDL]) and triglycerides were usually (low)-normal.
GENETICS in MEDICINE | Volume 21 | Number 5 | May 2019

Cholesterol significantly increased over time but remained in
the normal range. Hypoglycemia was surprisingly common in
some patients, mostly in prepubertal age (13 patients, 17%).
However, at the group level, glycemia was not significantly
low. Missing data for lactate dehydrogenase (LDH), copper,
and ceruloplasmin precluded comprehensive analysis.
TSH was often elevated in childhood (13 patients, 17%).
However, on follow-up this significantly improved in 4
patients (1 treated, 3 untreated by elthyroxine). T4 levels were
mostly normal. Fifteen patients were on T4 supplements at
some stage during follow-up. In 6 patients this was started at
the age of 1, 1, 1, 13, 15, and 15 years. In only two patients,
supplements were stopped at the age of 14 and 20 years old.
IGF shows an age-related increase as can be expected. Due
to paucity of data we cannot comment on IGFBP3 levels and
ACTH. LH and FSH showed puberty-related changes.
The spaghetti plots on the individual patients for all the
above-mentioned variable can be found in online
supplement 3.
Correlations between clinical data and biochemistry

There was a significant correlation between the CDG severity
score (total score) and numerous coagulation variables such
as factor XI (R = –0.581, p < 0.001, n = 48), antithrombin
1185
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Table 2 Biochemical measurements at the initial inclusion
and at the end of follow-up
Variable (nl

Inclusion

End of follow-up

values)

(mean ± stdev.

(mean ± stdev. [n])

p value

DISCUSSION

[n])
INR (0.8–1.2)

1.07 ± 0.90 (37)

1.05 ± 0.09 (40)

0.538

aPTT

38.09 ± 27.40

34.39 ± 8.31 (44)

a

(25.1–36.5 s)

(50)

Factor IX

72.05 ± 1.00 (37)

82.84 ± 23.11 (40)

0.153

43.45 ± 1.00 (39)

55.63 ± 32.50 (42)

a

51.52 ± 1.00 (46)

59.47 ± 26.50 (43)

0.053

59.65 ± 1.00 (45)

67.07 ± 25.26 (45)

a

Protein S

71.62 ± 30.00

71.95 ± 19.66 (40)

0.549

(60–150%)

(42)

AST (<37 IU/L)

84.78 ± 12.00

39.15 ± 19.09 (46)

a

<0.001
<0.001

0.013

(70–130%)
Factor XI

0.022

(70–130%)
Antithrombin III
(80–130%)
Protein C

0.037

(60–150%)

(52)
ALT (<40 IU/L)

98.78 ± 5.88 (50)

40.57 ± 30.27 (46)

a

Creatinine

130.75 ± 19.00

122.10 ± 60.96 (29)

0.224

kinase (<180 IU/

(27)
0.76 ± 0.25 (33)

0.71 ± 0.44 (36)

0.936

3.31 ± 1.19 (40)

3.46 ± 0.71 (38)

a

1.43 ± 0.64 (11)

1.55 ± 0.37 (16)

0.446

4.56 ± 1.00 (40)

4.71 ± 1.03 (36)

0.116

2.70 ± 0.02 (54)

2.32 ± 1.29 (41)

a

12.46 ± 1.00 (53)

12.70 ± 3.13 (41)

0.550

IGF1 (age-

166.80 ± 7.00

173.99 ± 104.45 (25)

0.088

dependent, µg/

(24)
24.26 ± 10.80 (8)

33.06 ± 26.67 (5)

0.593

Cortisol

163.57 ± 2.00

174.84 ± 133.48 (21)

0.148

(2.8–496 mM)

(28)

LH (2.4–95/6 IU/

12.15 ± 0.00 (19)

22.66 ± 13.86 (19)

0.182

46.04 ± 1.10 (19)

81.19 ± 42.90 (20)

0.064

L)
Triglycerides
(<1.69 µM)
Total

0.005

cholesterol
(<4.92 µM)
HDL cholesterol
(>1.16 µM)
Glucose
(3.9–6.1 µM)
TSH (0.27–4.20

0.003

mIU/L)
T4 (5.1–14.1
µg/dL)

L)
ACTH (10–60
ng/L)

L)
FSH (1.2–134.8
IU/L)
Bold type indicates a mean outside the normal range, astatistically significant.
ACTH adrenocorticotropic hormone, ALT alanine transaminase, aPTT activated
partial thromboplastin time, AST aspartate transaminase, FSH follicle-stimulating
hormone, HDL high-density lipoprotein, IGF insulin-like growth factor, INR international normalized ratio, LH luteinizing hormone TSH thyroid stimulating hormone.
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(R = –0.516, p < 0.001, n = 55), protein C (R = –0.478, p <
0.001, n = 55). No other significant correlations were found.

Information on the natural history of PMM2-CDG is virtually
absent from the literature. With the exception of case reports
or small series, this is the first article documenting clinical
follow-up in a standardized fashion by using the validated
Nijmegen CDG severity score, which has low interobserver
variability.8
We showed that over a period of more than 7 years, there is
indeed very little change in the clinical condition. There is no
real progression or improvement of the disease as a whole.
However, there are improvements in communication, mobility, liver disease, strabismus, or eye movements while other
disease aspects deteriorate such as educational achievements
and endocrine abnormalities. These findings balance out
so that the total CDG severity score and even the three
subscores (i.e., the current function, system specific involvement, and current clinical assessment) remain unchanged
over time.
This stable clinical state can only be interrupted by strokelike episodes. These were described in 7% of patients.
However, even after suffering a stroke-like episode, there
were no significant changes in CDG severity score. In
contradiction to previous publications, there were also adult
patients suffering from these stroke-like episodes (oldest at 24
years in current series). Mortality in PMM2-CDG has been
described in the multisystem (neurovisceral) form and occurs
mainly before the age of 4 years.3 In our mainly older cohort,
there was only one demise on follow-up, due to multiorgan
failure. This indicates a favorable vital prognosis.
Regarding the biochemistry, we do see several variables
improving over time. To our knowledge, there has been only
one very small follow-up study on biochemical values in 25
patients.2 In our cohort, we see the most striking changes in
serum transaminases and coagulation/anticoagulation
abnormalities.
With regard to liver involvement, hepatomegaly is the most
frequent clinical finding.9 Biochemically, this has been
associated with elevated transaminases in a high proportion
of patients (12.5–100%) (refs. 2,10–13) more often than in the
neurological form.2 Usually, the transaminases become more
elevated during viral infections. In our series, there was a
several-fold elevation of transaminases that normalized
mainly before the 2nd decade. This is consistent with the
findings reported in a smaller cohort.2 Liver ultrasound can
demonstrate steatosis.14–16 Liver biopsies have rarely been
performed. They mostly show liver steatosis17–19 and
lysosomal inclusions in the hepatocytes.20 The mechanism
for the development of liver steatosis remains unknown.
Coagulation disorders and thrombosis are real concerns in
PMM2-CDG. These might require specific measures in case
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Fig. 3 Spaghetti plots of liver tests. (a) Aspartate transaminase (AST) and (b) alanine transaminase (ALT). Every point represents one observation.
Observations in the same patient are connected by lines. The gray line represents the upper limit of normal.

of surgery (plasma transfusion for coagulation disorders) or
when recovering from surgery (early mobilization and
adequate hydration to minimize risk for deep venous
thrombosis or abnormal clotting). Coagulation abnormalities
have been described in 344 PMM2-CDG patients so far. Both
procoagulant and anticoagulant factors are affected. Antithrombin deficiency was the most reported (160 patients)
followed closely by factor XI and protein C deficiency (128
and 123 patients respectively). Protein S and factor IX can
also be decreased (40 and 17 patients respectively). We show
for the first time that there is a gradual normalization of
aPTT, protein C, and a clear improvement in antithrombin
levels, and confirm the previously reported improvement in
factor XI.2 This implies that the risk in adults could be less
than expected, however, parents and caregivers should be
educated on symptoms of thrombosis so they can be treated
quickly and appropriately. Careful follow-up of coagulation
and laboratory variables over several years is hence
informative.
Failure to thrive in the first year of life is a commonly
reported feature (141 individuals with PMM2-CDG). It is
mostly associated with other extraneurological symptoms.2,10,15,16,18,19 In our series, there are decreased mean zscores for weight, height, and head circumference. Surprisingly, there is no catch-up growth as is normally seen. It is
unclear whether this is a primary problem, or due to
insufficient caloric intake. Maybe aggressive nutritional
support early in life (circumventing issues with hypotonia
and oral muscle dysfunction) could make a difference.
In the clinical follow-up of PMM2-CDG patients with the
neurological type, one has to remain vigilant for the
appearance of other multisystemic features. We have shown
that 12% (9/75) can evolve over time from a neurological
form to the multisystem form or vice versa. Most like these
are not clearly delineated entities. Because of this overlap,
PMM2-CDG could present a clinical spectrum from asymptomatic over isolated neurological involvement to hydrops
fetalis.21
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Overall our study adds two new insights in PMM2-CDG.
First, clinicians making a new diagnosis of PMM2-CDG, or
following up patients with PMM2-CDG, can counsel the
parents that a stable clinical state can be expected in the age
range we studied (1 month to 40 years). They can also be
reassured that a lot of the biochemical abnormalities, more
specifically the coagulation and liver tests, will ameliorate if
current findings can be replicated in a prospective natural
history study.
Second, for the upcoming therapy trials in PMM2-CDG, it
is paramount to take into account the clinical condition of
patients, because on follow-up we see a spontaneous
improvement of biochemical variables. Therefore, future
nutritional therapeutic trials will ideally be double blind
randomized controlled trials.
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