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Abstract: Background: Silver-Russell syndrome (SRS) is a genetic disorder characterized
by prenatal and postnatal growth retardation. Affected individuals commonly present with
low birth weight, intrauterine growth restriction, postnatal short stature, hemihypotrophy,
characteristic facial features, and body asymmetry. Methods: This study includes 24 Tai-
wanese children with SRS aged 2 years to 13 years and 3 months who were recruited at
MacKay Memorial Hospital and other Taiwan hospitals between January 2013 and De-
cember 2024. Functional independence was assessed using the Functional Independence
Measure for Children (WeeFIM) to evaluate self-care, mobility, and cognition domains.
Results: The mean total WeeFIM score was 106.9 + 23.2 (range: 54-126), with mean
self-care, mobility, and cognition scores of 44.4 £ 13.8 (maximum 56), 32.4 £ 5.1 (maxi-
mum 35), and 30.2 £ 6.0 (maximum 35), respectively. The results of the restricted cubic
spline analysis reveal a clear positive linear correlation before school age (approximately
72 months), followed by a plateau (p for nonlinearity < 0.05). Traceable molecular data
were available for thirteen participants, of whom nine (69%) had loss of methylation at
chromosome 11p15 (11p15LOM), and four (31%) had maternal uniparental disomy of chro-
mosome 7 (upd(7)mat). Of the 24 children, 46% required assistance with bathing, which
was strongly correlated with self-care ability and body height. In contrast, most of the
children had independence in mobility tasks such as walking and stair climbing. However,
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some required support in cognitive tasks, including problem-solving, comprehension, and
expression. Overall, the included children reached a functional plateau later than the nor-
mative population, with the greatest delays in self-care and mobility domains. Conclusions:
This study highlights that Taiwanese children with SRS require support in self-care and
cognitive tasks. Functional independence in self-care and mobility domains was positively
associated with body height. The WeeFIM questionnaire effectively identified strengths
and limitations, emphasizing the need for individualized support in daily activities.

Keywords: independent living; Silver-Russell syndrome; Taiwan; WeeFIM

1. Introduction

Silver—Russell syndrome (SRS; OMIM #180860) is a rare imprinting disorder character-
ized by prenatal and postnatal growth retardation [1,2]. The condition was first described
by Silver et al. in 1953 [3] and Russell et al. in 1954 [4], who reported children with low
birth weight, intrauterine growth restriction, postnatal short stature, hemihypotrophy,
characteristic facial features, and body asymmetry. The estimated incidence of SRS ranges
from 1:30,000 to 1:100,000, and nearly all individuals with SRS are born small for their
gestational age [5].

The clinical diagnosis of SRS currently relies on the Netchine-Harbison clinical scoring
system, which has been shown to have high sensitivity and strong negative predictive
value [5-9]. The Netchine-Harbison system includes six criteria: small for gestational age
(birth weight and/or birth length), postnatal growth failure, relative macrocephaly at birth,
protruding forehead, body asymmetry, and feeding difficulties and/or low body mass
index. A diagnosis of SRS can also be established through molecular testing, with the most
common genetic findings including loss of methylation at chromosome 11p15 (11p15LOM)
and maternal uniparental disomy of chromosome 7 (upd(7)mat) [10,11]. In rare cases,
copy number variants and monogenic pathogenic variants in imprinted (CDKN1C, IGF2)
and non-imprinted (PLAG1, HMGA?2) genes have been demonstrated to contribute to the
etiology [2,10,12,13].

As growth retardation can result from genetic, maternal, or environmental factors,
comprehensive phenotypic profiling and timely molecular analysis are essential to diagnose
SRS. Patients with imprinting center 1 hypomethylation are more likely to exhibit classi-
cal SRS features such as asymmetry, fifth-finger clinodactyly, and congenital anomalies
compared to those with upd(7)mat [1,12].

The Functional Independence Measure for Children (WeeFIM) questionnaire is a
practical tool for assessing functional outcomes [14,15], and it has been adapted for use
in Chinese children [16]. Recognizing the need to assess the impact of SRS on functional
independence, this study aims to quantify functional performance in Taiwanese children
with SRS using the WeeFIM questionnaire, identify associated factors, and characterize
functional limitations and impacts on daily caregiving.

2. Methods
2.1. Study Population

Twenty-four children with SRS aged from 2 years to 13 years and 3 months and
their parents were recruited at MacKay Memorial Hospital and other Taiwan hospitals
between January 2013 and December 2024. The parents and children completed the WeeFIM
questionnaire at the clinic. The WeeFIM questionnaire was completed jointly by the child
and their parent or legal guardian, with guidance and clarification provided by clinicians
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during outpatient clinic visits. This study was approved by the Institutional Review
Board of MacKay Memorial Hospital (Reference number: 2IMMHIS109e, approval date:
1 October 2021). All participants provided assent, while their parents or legal guardians
signed a parental consent form.

Patient profiles and medical interventions were documented, and clinical features
including molecular type, body height, early intervention history, and age at questionnaire
completion were recorded. The diagnosis of SRS was confirmed either through molecular
testing or clinical assessment. Early intervention history was obtained from parental
reports or medical records. For patients with multiple questionnaire records, only the first
completed questionnaire was selected.

2.2. WeeFIM Questionnaire

The WeeFIM questionnaire was designed for primary caregivers to directly assess their
child’s functional abilities and developmental disabilities [14,17]. The Chinese version of
the WeeFIM questionnaire was used in this study to assess the functional independence of
the enrolled children [16,18]. It was designed for children aged from 6 months to 7 years and
can be used for individuals up to 21 years of age with developmental disabilities [19-23].

The WeeFIM questionnaire consists of 18 items categorized into three functional
domains: self-care, mobility, and cognition. The self-care domain includes eight items:
eating, grooming, bathing, upper-body dressing, lower-body dressing, toileting, bladder
management, and bowel management. The mobility domain includes five items: chair
transfer, toilet transfer, tub transfer, walking, and stair climbing. The cognition domain
consists of five items: comprehension, expression, social interaction, problem-solving,
and memory.

Each item is rated on a seven-point ordinal scale that reflects the level of assistance
required for task completion, with higher scores corresponding to greater functional inde-
pendence. A score of 1 indicates total assistance, where the participant is able to perform
less than 25% of the task, while a score of 2 represents maximal assistance, with the par-
ticipant able to complete 25-49% of the task. Moderate assistance (score of 3) indicates
that the participant can perform 50-74% of the task, and minimal assistance (score of 4)
denotes that the participant can perform at least 75% of the task. A score of 5 indicates that
supervision, setup, or standby assistance is required, while a score of 6 represents modified
independence, meaning that the participant can complete the task with an assistive device
or with some safety or efficiency concerns. A score of 7 represents complete independence,
indicating that the participant can complete the task safely and timely without the need of
assistance or assistive devices [24].

The WeeFIM questionnaire has been widely used to assess functional abilities in
children with developmental disorders, and it provides a standardized measure of self-
care, mobility, and cognitive functioning. Scores ranging from 1 to 5 indicate dependence,
requiring assistance for daily activities, whereas scores of 6 and 7 signify independence with
no external support. The self-care, mobility, and cognition domain scores range from 8 to
56, 5 to 35, and 5 to 35, respectively, with a total WeeFIM score ranging from 18 to 126 [25].

2.3. Statistical Analysis

Descriptive statistics were used, and the results are presented as the median (in-
terquartile range, IQR) and mean (standard deviation, SD), unless otherwise stated. All
participants were under 16 years old. Due to the limited age range, the 24 enrolled children
were stratified into three age groups (0-5, 6-10, and 11-15 years) for functional performance
evaluation. The patients” WeeFIM scores were compared to normative Chinese children [16].
The differences in continuous variables (e.g., age, height, WeeFIM scores) among groups
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were analyzed using one-way analysis of variance (ANOVA), with Bonferroni correction
applied for pairwise comparisons. Consistent with similar studies [26,27], the relation-
ship between age, height, and WeeFIM scores was analyzed using linear regression, with
age and height modeled as restricted cubic splines (RCS) with knots placed at the 10th,
50th, and 95th percentiles. RCS modeling was performed using R software, version 4.4.3
(R Foundation for Statistical Computing, Vienna, Austria), and the “rms” package version
7.0-0 (Frank E. Harrell Jr). All other statistical analyses were conducted using IBM SPSS
Statistics software version 25.0 (IBM Corp., Armonk, NY, USA). A 2-sided p value of <0.05
was considered statistically significant.

3. Results

A total of 24 children (12 male and 12 female) with SRS were included in this study.
Their age ranged from 2 years to 13 years and 3 months, with a median age at enrollment
of 5 years and 8 months. The diagnosis of SRS was confirmed either by molecular studies
or using clinical assessment [5]. Traceable molecular data were available for thirteen
participants, of whom nine (69%) had 11p15LOM, and four (31%) had upd(7)mat. Data
on height were available for 16 participants, and 8 children had a history of receiving
early intervention.

The total WeeFIM score of the enrolled children ranged from 54 to 126 (median 117).
Table 1 summarizes the total, mean, median, and IQR scores for each domain in the three
age groups. The mean total WeeFIM score in the overall cohort was 106.9 £ 23.2 (range:
54-126), and the mean self-care, mobility, and cognition scores were 44.4 + 13.8 (max-
imum 56), 32.4 £ 5.1 (maximum 35), and 30.2 £+ 6.0 (maximum 35), respectively. The
median IQR scores for the self-care, mobility, and cognition domains were 50.5 (36.5-55.5),
35.0 (33.5-35.0), and 32.0 (27.0-35.0), respectively. When grouped by age, significant differ-
ences were observed between groups in the self-care domain and total WeeFIM scores. The
box plot in Figure 1A illustrates the distribution of scores across the self-care, mobility, and
cognition domains, as well as total WeeFIM scores. The 16 children with recorded height
data were divided into three groups based on height, from shortest to tallest. However,
no significant differences were found between the height groups in self-care, mobility,
or cognition domains, or in total WeeFIM score (Table 2). Figure 1B presents a box plot
illustrating the distribution of self-care, mobility, cognition, and total WeeFIM scores among
the participants grouped by height.

Based on the WeeFIM profiles of the participants stratified by age and height
(Figure 2A,B), the lowest performance was in the bathing task. Table 3 summarizes the
WeeFIM scores for the children requiring assistance or supervision versus those who were
independent across the three domains. In the self-care domain, from 17% to 46% of the
participants had scores ranging from 1 to 4, indicating varying levels of assistance required
for different self-care tasks. Notably, 46% of the participants needed assistance with bathing.
In contrast, most children demonstrated independence in mobility tasks, with 96% walking
independently and 92% able to climb stairs without assistance. Despite their mobility
independence, some children required support in problem-solving (33%), comprehension
(21%), and expression (21%), highlighting cognitive challenges in daily functioning. To
compare the functional development of the included children with the general population,
Table 4 presents the age at which the 50th percentile of the included children attained level 6
on the WeeFIM scale. The attainment order differed slightly from the normative functional
independence profile for Chinese children [16].
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Table 1. WeeFIM scores of the children with Silver-Russell syndrome grouped by age.
. Total Group 1 Group 2 Group 3
Variable (2.0-15.9 Years) (2.0-5.9 Years) (6.0-10.9 Years)  (11.0-15.9 Years) P Value
Number of children 24 14 6 4
Age, year
Mean =+ standard b
deviation 6.7 +3.3 43+1.2 86+102 1234+0.72 <0.001
Range 2.0-13.3 2.0-5.9 7.3-9.6 11.9-13.3
Self-care score 0.009
Mean =+ standard
deviation 444+ 138 37.5 + 14.5 543 +20° 53.5 + 3.8
Median [25th percentile,
75th percentiles] 50.5 [36.5, 55.5] 38.5[26.0, 50.0] 55.0 [53.0, 56.0] 55.0 [51.0, 56.0]
Mobility score 0.098
Meaé‘ + standard 324 +5.1 30.5 + 6.1 35.0£0 35.0£0
eviation
Median [25th percentile,
75th percentiles] 35.0[33.5, 35.0] 34.0 [26.0, 35.0] 35.0[35.0, 35.0] 35.0 [35.0, 35.0]
Cognition score 0.337
Meag + standard 302+ 6.0 289 +55 333 +27 29.8 +10.5
eviation
Median [25th percentile,
75th percentiles] 32.0[27.0, 35.0] 30.5[23.0, 34.0] 35.0 [31.0, 35.0] 35.0 [24.5, 35.0]
Total score 0.034
Mean = standard
deviation 106.9 £ 23.2 96.9 + 25.3 122.7 £ 3.6 118.3 +14.2
Median [25th percentile,
75th percentiles] 117.0 [98.5, 125.5] 102.0 [76.0, 117.0] 123.0[121.0,126.0] 125.0[110.5,126.0]
Abbreviation: WeeFIM, functional independence measure for children; “a” and “b” denote significant differences
compared to the 2.0-5.9 years and 6.0-10.9 years age groups, respectively, following Bonferroni correction.
Table 2. WeeFIM scores of children with Silver-Russell syndrome grouped by height.
. Total Group 1 Group 2 Group 3
Variable (71.6-135.5 cm) (71.6-88.0 cm) (88.1-120.3 cm) (120.4-135.5 cm) p Value
Number of children 16 5 6 5
Height, cm
Mean =+ standard b
deviation 103.9 +19.2 83.0 6.7 103.0 £11.02 125.8 £5.84 <0.001
Range 71.6-135.5 71.6-88.0 88.9-120.3 121.3-135.5
Self-care score 0.109
Mean = standard
deviation 44.0 +£13.0 36.0 + 15.0 43.0 + 14.0 53.0 &+ 3.0
Median [25th percentile,
75th percentiles] 49.0 [31.0, 55.0] 35.0 [21.0, 48.0] 47.0[27.0, 56.0] 54.0 [53.0, 55.0]
Mobility score 0.221
Mean =+ standard
deviation 32.0+5.0 29.0 £+ 7.0 32.0 £ 4.0 35.0+0
Median [25th percentile,
75th percentiles] 35.0 [31.0, 35.0] 34.0 [23.0, 35.0] 35.0[28.0, 35.0] 35.0 [35.0, 35.0]
Cognition score 0.863
Mean =+ standard
deviation 29.0+7.0 28.0+7.0 30.0 £ 6.0 30.0 £9.0
Median [25th percentile,
75th percentiles] 32.0[24.0, 35.0] 31.0[22.0, 33.0] 33.0 [25.0, 35.0] 35.0[29.0, 35.0]
Total score 0.250
Meaé‘ + standard 106.0 4 23.0 93.0 4 29.0 106.0 + 23.0 118.0 & 12.0
eviation
Median [25th percentile, 116 (re80 12501 1000 [63.0,117.0]  114.0[78.0,126.0]  124.0 [117.0, 125.0]

75th percentiles]

Abbreviation: WeeFIM, functional independence measure for children;

ez

and “b” denote significant differences

compared to the 71.6-88.0 cm and 88.1-120.3 cm height groups, respectively, following Bonferroni correction.
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Table 3. Scores of individual WeeFIM tasks grouped into help, supervision, and no help categories in

the children with Silver-Russell syndrome.

Requiring Help (1-4 Points)

Requiring Supervision (5 Points)

Requiring No Help (6-7 Points)

Task

n % n % n %

Self-care
Eating 5 21 5 21 14 58
Grooming 9 38 2 8 13 54
Bathing 11 46 0 0 13 54
Dressing upper 8 33 1 4 15 63
Dressing lower 6 25 2 8 16 67
Toileting 8 33 0 0 16 67
Bladder 4 17 1 4 19 79
Bowel 5 21 0 0 19 79

Mobility
Chair transfer 1 4 4 17 19 79
Toilet transfer 2 8 3 13 19 79
Tub transfer 4 17 1 4 19 79
Walking 0 0 1 4 23 96
Stairs 2 8 0 0 22 92

Cognition
Comprehension 5 21 0 0 19 79
Expression 5 21 0 0 19 79
Social interaction 3 13 4 17 17 71
Problem-solving 8 33 2 8 14 58
Memory 3 13 2 8 19 79

Self-care domain

Cognition domain

Abbreviation: WeeFIM, functional independence measure for children.
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Figure 1. (A) Box plot illustrating the median and quartiles of total WeeFIM scores and domain-

specific scores across three age groups: 2.0-5.9 yrs, 6.0-10.9 yrs, and 11.0-15.9 yrs. (B) Box plot
illustrating the median and quartiles of total WeeFIM scores and domain-specific scores across three
height-based groups: 71.6-88.0 cm, 88.1-120.3 cm, and 120.4-135.5 cm.

Ex

——Group 1(2.0-5.9 yrs) ——Group 1(71.6-88.0 cm)

Group 2 (6.0-10.9 yrs) Group 2 (88.1-120.3 cm)

Group 3 (11.0-15.9 yrs) Co /<\ Group 3 (120.4-135.5 cm)

Figure 2. (A) WeeFIM profiles of the study participants stratified by three age groups; (B) WeeFIM profiles
of the study participants stratified by three height-based groups. Ba = bathing; Bl = bladder; Bo = bowel;
ChT = bed/chair/wheelchair transfer; Co = comprehension; DL = dressing (lower); DU = dressing (up-
per); Ea = eating; Ex = expression; Gr = grooming; Me = memory; PS = problem-solving; SI = social inter-
action; St = stairs; To = toileting; ToT = toilet transfer; TuT = tub/shower transfer; WC = walk/wheelchair.
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Table 4. Order of 50th percentiles for attaining level 6 for children with Silver-Russell syndrome.

Order of Achievement Items 25th Percentile (Months)  50th Percentile (Months)  75th Percentile (Months)
1 Walking 48.6 70.0 113.9
2 Stairs 52.2 70.2 113.9
3 Comprehension 52.2 70.5 113.9
4 Expression 52.2 70.5 113.9
5 Social interaction 52.2 70.5 108.5
6 Memory 52.2 70.5 113.9
7 Bladder 60.0 87.5 115.6
8 Bowel 60.0 87.5 115.6
9 Chair transfer 60.0 87.5 115.6
10 Toilet transfer 60.0 87.5 115.6
11 Tub transfer 60.0 87.5 115.6
12 Eating 63.1 88.7 113.9
13 Toileting 61.6 88.7 128.1
14 Problem-solving 60.0 88.7 113.9
15 Dressing lower 66.1 96.0 129.0
16 Grooming 70.0 102.0 115.6
17 Bathing 63.1 102.0 115.6
18 Dressing upper 63.1 102.0 142.3
We utilize restricted cubic splines in Figure 3 to visualize the relationships between age,
height, and WeeFIM scores. The results show that the relationship between age and WeeFIM
scores was generally nonlinear, except for the cognition domain, where the nonlinearity
significance was 0.082. A clear positive linear correlation was observed before school age
(approximately 72 months), after which the scores plateaued at varying ages depending on
the specific WeeFIM domains (Figure 3A). By contrast, the relationship between height and
WeeFIM scores was generally linear, except for the cognition domain (p for linearity = 0.608)
(Figure 3B).
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Figure 3. (A) Linear and nonlinear relationships of age-related trends in self-care, mobility, cognition,
and total WeeFIM scores. (B) Linear and nonlinear relationships of height-related trends in self-care,
mobility, cognition, and total WeeFIM scores. The solid blue line represents the predicted mean score
based on a restricted cubic spline regression model and the dashed orange lines represent the 95%
confidence intervals of the predicted scores.

The results also show no significant differences in the mean total WeeFIM score
between those with the 11p15LOM (105.3 £ 25.5) and upd(7)mat (109.3 £ 11.3) type and
the corresponding self-care (42.9 £ 14.4 and 47.8 £ 6.3), mobility (31.6 & 5.6 and 34.5 £ 1.0),
and cognition (30.9 £ 6.0 and 27.0 £ 8.8) scores. Sex-specific WeeFIM scores have not
previously been reported, and our results show no significant differences in the total
score between boys (103.9 % 21.7) and girls (109.9 & 25.2) and the corresponding self-care
(42.3 £ 12.5 and 46.4 + 15.2), mobility (32.4 + 4.3 and 32.3 £ 6.0), and cognition (29.2 £ 7.3
and 31.2 + 4.6) scores.

4. Discussion

In this study, we used the WeeFIM questionnaire to assess disabilities in self-care,
mobility, and cognition domains and characterize the range of functional performance
across these domains in children with SRS aged from 2 years to 13 years and 3 months.
Overall, 79% of the children were independent in mobility, compared with 58% in cognition
and 54% in self-care. These results are consistent with a previous study [28]. Among the
children across the different age and height groups, the lowest WeeFIM subscores were
observed in bathing (Figure 2A,B), and bathing performance was strongly correlated with
self-care ability and body height.

The WeeFIM total score, self-care, and mobility domains were positively correlated
with age (p < 0.05). Among the age groups, significant differences were observed in the self-
care and total WeeFIM scores. The increasing trends plateaued at 103.4 months (normative
population: 72 months) in the self-care domain, 95.2 months (54 months) in the mobility
domain, 89.2 months (80 months) in the cognition domain, and 97.9 months (72 months) in
the total WeeFIM score (Figure 3A). The children with SRS reached a functional plateau
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later than the normative population [16] in all three domains and the total WeeFIM score,
with the most pronounced delays observed in the self-care and mobility domains.

RCS regression was performed to explore nonlinearity, followed by a two-piecewise
linear regression model to determine turning points. The RCS analysis indicated nonlinear
relationships between age and self-care (p for nonlinearity < 0.001; Figure 3A), mobility (p
for nonlinearity < 0.001; Figure 3A), and total WeeFIM scores (p for nonlinearity = 0.002;
Figure 3A). However, the relationship between age and cognition scores was linear (p
for nonlinearity = 0.082; Figure 3A). To further validate these findings, simple linear
regression was performed. Significant linear associations were observed in the self-care,
mobility, and total WeeFIM scores (p < 0.05), whereas the cognition domain did not reach
statistical significance (p = 0.234). Overall, there were progressive increases in self-care,
mobility, cognition, and total WeeFIM scores with age, which plateaued upon reaching
functional maturity. RCS analysis did not indicate a nonlinear relationship between height
and self-care (p = 0.393; Figure 3B), mobility (p = 0.178; Figure 3B), cognition (p = 0.110;
Figure 3B), or total WeeFIM score (p = 0.201; Figure 3B). To further assess linearity, simple
linear regression was performed. Significant linear associations were identified in self-care,
mobility, and total WeeFIM scores (p < 0.05), whereas the cognition domain did not reach
significance (p = 0.608). Functional scores showed a positive association with height, except
in the cognition domain. The children with SRS followed a different sequence in attaining
functional performance, and specific tasks such as bathing and upper-body dressing took
longer to achieve level 6 compared to the general population.

This study has several limitations. Firstly, due to the rarity of SRS, the sample size
was small, which may limit the generalizability of the findings. Secondly, the participants
were relatively young, potentially affecting the assessment of functional milestones in
older individuals. In addition, as the original version of the WeeFIM questionnaire was
not developed in Chinese, the translation may have introduced subtle nuances that were
not fully recognized. To ensure accuracy and cultural relevance, further validation of the
translated version is necessary. Thirdly, the records of the children were missing some data
on height, molecular type, early intervention history, and developmental delays. To better
understand the impact of these factors on motor and cognitive functioning in children with
SRS, larger and more comprehensive studies are required.

5. Conclusions

The WeeFIM questionnaire responses reveal that the children with SRS had greater
independence in mobility compared to self-care and cognitive functions. Our findings
highlight that Taiwanese children with SRS require additional support in self-care and
cognitive tasks. We also found that functional independence in self-care and mobility
domains was positively associated with body height. These findings provide valuable
insights for clinicians in identifying the functional strengths and challenges of children with
SRS, facilitating the development of individualized support strategies to enhance daily
living and overall quality of life.
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