A Clinical Checklist for Fragile X Syndrome : Screening
of Thai Boys with Developmental Delay of Unknown
Cause
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Abstract

The aim of this study was to determine a cost-effective clinical checklist for fragile X
syndrome (FXS) screening in a Thai male pediatric population with developmental delay of
unknown cause. We studied 179 non-FXS male patients and 27 FXS patients from 18 families
(age < 15 years). A six-item clinical checklist was used including family history (FH), long and
narrow face (F), prominent and large ears (E), attention deficithyperactivity (AH), autistic-like
behavior (AT) and testicular volume (T). These were scored as 0 if absent, 1 if borderline, and 2
if present. All patients were tested by using PCR and/or southern blot for the FMRI gene. We
used a logistic regression model from a computer program to analyze the data (Stata, version 5.0).
We used logistic regression with cluster in the same family (average score) to ‘eliminate bias
from the related FXS cases. We found that a five-item checklist, 2FH + F + 0.5E + 2AH + T = total
score, was the best model. When we used this clinical checklist with a threshold of total score
of 4, 78.7 per cent of the screened cases with total scores < 4 could be eliminated as negative
cases. In addition, all positive FXS cases had total scores > 4. We propose this five-item model
for FXS screening in clinical pediatric practice, particularly from Asian population settings.
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Fragile X syndrome (FXS) is an X-linked
dominant genetic disease. It is the most common
cause of inherited mental retardation with a preva-
lence of approximately 1:4,000 males(1-3), Both
males and females can be affected, but affected
females are generally less severe(4). The FXS gene,
FMRI1, contains polymorphic CGG repeats. The
patients almost always have CGG repeats of more
than 200 copies accompanied by methylation of the
adjacent CpG island causing absence of the FMRI1
protein(5:6). In our experience, approximately 7 per
cent of samples referred for FXS testing, regardless
of clinical status, showed positive results on mole-
cular analysis(7). Variability of FXS clinical expres-
sion showed overlap with other disorders, but some
clinical features were commonly found in FXS
(8-10), This has emphasized the importance of a cli-
nical checklist for screening purposes. All clinical
checklists for FXS so far have only been reported
in Caucasian populations(11-16), Prior to our
studies, no standardized FXS clinical checklist for
Asian populations had been reported.

We report a FXS clinical checklist in Thai
boys with unknown etiology for developmental
delay. We used logistic regression model and found
that a five-item checklist was the most efficient.
Our checklist is the first FXS screening model to
assign different weights to each item.

METHOD
Subjects

Two hundred and eighty eight selected
Thai patients, age < 15 years, with developmental
delay (DD) of unknown cause were studied. The
patients attended two major medical centers in
Songkhla and Bangkok which are located in
southern and central Thailand, respectively. The
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project was approved by the faculty ethics com-
mittee. The patients were divided into 2 groups.
Group A consisted of 92 cases who were tested
between June 1991- December 1996 by cytogenetic
methods and were now re-tested by molecular
methods. Group B consisted of 196 cases prospec-
tively screened who were tested between January
1997- October 1999 using molecular methods.

Clinical checklist

We used a six-item clinical checklist
modified from the report of Giangreco et al(14) as
shown in Table I. These included family history
(FH), long and narrow face (F), prominent and
large ears (E), attention deficit/hyperactivity (AH),
autistic like behavior (AT), and testicular volume
(T). Family history included learning difficulties,
developmental delay and mental retardation. A
narrow and long face was based on clinical impres-
sion of long jaw and high forehead. Prominent
ears were considered to be present when the angle
of the ear and face was approximately 90 degrees.
The longest axis of the ears were measured and
compared to the standard scale using the 95 per-
centile as the threshold(17). Attention deficit and
hyperactivity were scored according 1o DSM-IV
criteria(18). Autistic-like behaviors were scored as
positive when one of the following behaviors was
present: tactile defensiveness, hand flapping, hand
biting (excluding nail biting), delayed or persevera-
tive speech and poor eye contact(11). Testicular
volume was measured with an orchidometer as mil-
liliters and compared to a modified standard scale
(17) (age < 8 years, 1-2 ml: score = 0, 3 ml: score = I,
> 3 ml: score = 2; age > 8 years, 95 percentile - 2 ml:
score =0, 95 percentile + 1 ml: score = 1, 95 percen-
tile + 2 ml: score = 2). All DD patients were physi-

Table 1. Six-item checklist for FXS screening modified from Giangreco et al(14),
Clinical items Score

0 1 2
Family history* None Unidentified X-linked
Narrow/long face None Borderline Present
Prominent/large ears None Either Both
Attention deficit/Hyperactivity None Either Both
Autistic-like behaviors None 1 behavior > | behavior
Macro-orchidism None Borderline Present

* Mental retardation, developmental delay and leaming difficulty
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cally examined by pediatricians before the report
of laboratory tests. In addition, the laboratory per-
sonnel did not see the checklist results. Due to
some missing data (i.e. orphans or non-coopera-
tive physical examinations) or unavailable infor-
mation from retrospective cases, we used the sub-
jects’ data only when at least five items of the
checklist were available.

DNA testing

A modified non-radioactive method(19)
was used to PCR amplify the CGG repeat region of
the FMRI gene in all patients. Repeat sizes were
determined by comparison with known size markers.
EcoRI/Eagl double enzyme digestion, southern blot
analysis and hybridization of the StB12.3 probe
were tested in affected FXS samples and suspected
positive PCR results. The StB12.3 probe was
labeled with Fluorescein and detected using the
Gene Images CDP-Star protocol from Amersham.
StB12.3 was kindly supplied by Dr. J. L. Mandel.

Statistics analysis

We used a logistic regression model to
analyze the data. Logistic regression has been com-
monly used to describe the probability of develop-
ing some diseases over a specified period as a func-
tion of certain risk factors(20). We adopted this
model for our study since it was based on a similar
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concept. Likewise, we used six items of the clinical
checklist as a predictor of a DD child being a FXS
case. The logistic regression module of the Stata
version 5.0 program(21), logit command, was used
for data analysis to determine the weight to assign
to each item and to test the significance of each item
in the model.

RESULTS

We analyzed 206 cases, from total 288
tested cases (~72%), that had completed at least 5
items of the clinical checklist. Of 65 cases from
group A, 52 cases were unrelated non-FXS cases
and 13 cases were FXS cases from 7 families. Of
141 cases from group B, 127 cases were unrelated
non-FXS cases and 14 cases were FXS cases from
11 families. Fig. 1 showed schematic of the cases
studied. There were 28 missing item-records des-
cribed as the following: 2 age, 1 FH and 23 T in
the non-FXS group, 1 FH and 1 T in the FXS group.
The mean age of the FXS positive group was 7.9
years (N = 27, range 8 months to 13.6 years). The
mean age of the non-FXS group was 6.5 years
(N =177, range 8 months to 14.8 years). There was
no statistical difference between the ages of the
FXS and non-FXS groups (s-test, equal variance,
P = 0.07). We used logit command with cluster
analysis in the FXS group to reduce bias from
related FXS cases (average scores from the same

2 major Medical Centers (Central and Southern Thailand)

boys with developmental delay of unknown cause (<.15 years)

288 lcasu:s

T
six- item clinical checklist

&
DNA testing

DNA testing before knowing the checklist

Retrospective cases (92) (196) Prospective cases
(-27) \ not available checklist [ (-55)

complete at least S items

6=

(13)
T

(52)  Unrelated FXS
———

179)

7 families

Fig. 1.

\ (141)
127
_ FXs _ (14)
|
[v4)] 11 families

Schematic of the study.
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families were analyzed by the Stata program). We
tested each item as an univariate. We found that
AT was not statistically significant (P = 0.5). We
analyzed the remaining five items using logit com-
mand with cluster and found the coefficient to be
1.59FH, 0.93F, 0.69E, 1.41AH and 1.20T. We first
used a simulated model without weight, FH + F +
E + AH + T= total score. We found that with a
threshold total score of 2, 68.4 per cent (specificity)
of the non-FXS cases could be eliminated (total
score < 2). In addition all FXS cases would have
been detected (sensitivity = 100%, total score > 2).
When we used the coefficient as a multiplicative
weight in the model, the specificity was improved.
All five-item checklist models had 100 per cent
sensitivity at different threshold scores. The model,
2FH + F + 0.5E + 2AH + T = total score, showed the
best specificity (78.7%) with a threshold score of
4 from a total score of 13. Fig. 2 shows a graph
comparing non-FXS and FXS groups using the best
weight model. We observed that the unavailable
data was usually the testicular volume. Therefore,
we also tried to use two four-item models (FH + F +
E + AH and 2FH + F + E + 2AH). The summary of
the models is shown in Table 2.

30
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DISCUSSION

Although FXS testing has been recom-
mended for both males and females with mental
retardation of unknown etiology(22), this might not
apply to many developing countries with limited
facilities. Therefore, a clinical checklist for FXS
screening is still applicable for many clinical set-
tings. Table 3 is a comparison of clinical checklists
studies for FXS. Our six-item checklist was a
modification of the FXS checklist by Giangreco
et al(14), Three FXS clinical checklist reports
were based on cytogenetic methods(11-13). How-
ever, our study and the other three reports(14-16)
were based on molecular methods. Molecular
methods replaced cytogenetic methods since the
identification of the FMR! mutation. We prospec-
tively and retrospectively studied male cases with
developmental delay or mental retardation of
unknown cause, but the reports of Giangreco et
al(14) and Hecimovic et al(16) retrospectively
studied both male and female cases with or with-
out mental retardation. All reported clinical check-
lists, except for the report of Arvivo et al(15),
studied in pediatric subjects. We compared non-

O Non-FXS

25
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Fig. 2.
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Comparison of non-FXS and FXS groups using model, 2FH + F + 0.5E + 2AH + T = total score.

All FXS patients had total scores of more than 4. Approximately 79 per cent of the non-FXS group
had total scores of 4 or less. The total score of 4 is the threshold score for FXS screening in this

model.
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Table 2. Summary of simulated models for FXS screening.
Models Total scores Threshold Sensitivity (%) Specificity (%)
FH+F+E+AH 8 >1 96.15 74.72
2FH+F+E+2AH 12 >2 100 65.73
FH+F+E+AH+T 10 >2 100 68.39
1.5FH+F+E+1.5AH+T 12 >35 100 76.13
2FH+F+E+2AH+T 14 >4 100 76.77
2FH+F+0SE+2AH+T 13 >4 100 78.71

Table 3. Comparison among clinical checklists for fragile X syndrome.

Studies (population, country) Screening methods Number of items Scores

(total score) (sensitivity, specificity)

Hagerman et al (1991) (11)

(males, USA) Cytogenetics
Laing et al (1991) (12)

(males and females, Australia) Cytogenetics
Butler et al (1991) (13)

(males, USA) Cytogenetics
Giangreco et al (1996) (14)

(males and females, USA) Molecular
Arvivo et al (1997) (15)

(males age > 16 years, Finland) Molecular
Hecimovic et al (1997) (16)

(males and females, Croatia) Molecular
This study

(males age < 15 years, Thailand) Molecular

13 (26) > 15(86.7%. 84.8%)*
5(10) 8-10 (67%, NA)

15 (30) > 7 (100%. 43.2%)*
6(12) >4 (100%, 60%)

17 (NA) > 5(100%. NA)
6(12) >4 (96%. 5T%)*
5(13) >4 (100%. 78.7%)

* calculated from data in the reports, NA = not available

FXS and FXS males because only positive FXS
cases from index males were found (data on
screened females not shown). However, we recom-
mended that FXS testing should be done in female
patients with a family history of mental retardation
or suspected clinical features.

Autistic-like behavior was not a signifi-
cant item as reported in a previous study(14).
Therefore, it was discarded from the model. Our
checklist retained five clinical items. The standard
curves of ear length and testicular volume have not
been studied in the normal Thai population. For this
reason, we used standardized normal curves from
the report of Butler et al(17). Although these stan-
dardized curves came from Caucasian subjects, we
found that these two items had statistical signifi-
cance between non-FXS and FXS groups. These
findings revealed that FXS patients tended to have

much longer ear length and much larger testicular
volume than normal children(17), We suggest that
using the Caucasian data may assist a population
with lack of these standardized curves.

For the purpose of screening, we need to
have a checklist with 100 per cent sensitivity and
the highest possible specificity. We proposed dif-
ferent models as shown in Table 2 because these
might be beneficial for a similar study. Our study
is the first report on a FXS clinical checklist in
Asians. In addition, this study is the first report on a
FXS clinical checklist with multiplicative weight
assigned to each item. We propose this clinical
checklist for male FXS, particularly from Asian
population settings. However, we suggest that a cli-
nical checklist may not be applicable to all clinical
settings, but individual settings may need to be
modified according to their experiences.
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