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Developmental delay (DD) is simply a chief com-
plaint referring to a condition whereby infants

or children do not achieve developmental milestones
in 1 or more major streams including motor, percep-
tual, speech, cognition, and behavior.(1) Children
with DD have a variety of developmental dysfunc-
tions; thus, different related diseases may exist.  It
should be stressed that identifying the underlying
diseases as early as possible can provide these chil-

dren with appropriate service and ongoing surveil-
lance.(2) But few studies have determined the related
diseases across the spectrum of early childhood DD
subtypes.(3-5)

Early intervention indicates early detection,
diagnosis, and rehabilitation training for children
with DD.  Early intervention not only expands chil-
dren's developmental capacity but also reduces the
social and economic costs and impacts.  Thus, it is
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important to survey the risk factors to be able to
identify children who are suspected of having DD at
an early stage and subsequently monitor their devel-
opmental function.  It would be advantageous if it
could be determined at an early time whether chil-
dren suspected of having DD really do have develop-
mental problems and to clarify the range of associat-
ed deficits; then clinicians could offer a complete
service system for early intervention.(6) A series of
steps are included: a thorough evaluation such as
medical assessment and psychological testing, a
rehabilitation program with physical, occupational,
and speech therapy for positioning, handling, feed-
ing, language, and cognitive stimulation, and an edu-
cational plan to instruct families in proper function-
ing.(7) Tirosh et al. suggested that children with fine
motor deficits possessed risk factors associated with
early antepartum, possibly of genetic origins, while
there were few clinical studies to follow up the
developmental functions for children with different
risk factors.(8-11)

The purposes of this study were to investigate
the underlying diseases according to the develop-
mental function and early detection of children with
risk factors.  We attempted to classify children with
DD into functional delay groups based on their
developmental dysfunction.  Then, we analyzed the
related underlying diseases and risk factors in chil-
dren of different functional delay groups.

METHODS

From October 1998 to September 2000, infants
or young children with DD, who were either referred
from the Pediatric Department or sent to our clinics
for first aid, were recruited into this study.  In total,
data on 1048 patients were collected in this study.
The children underwent an assessment of functional
development, related diseases, and risk factors.  To
assess the functional development, we used the
Chinese Children Developmental Inventory (CCDI)
to assess 8 functional domains: gross motor, fine
motor, expressive language, concept comprehension,
social comprehension, self help, personal social, and
general development.(12) Based on the clinical assess-
ment combined with the results of the CCDI and
other evaluation tests including the Peabody
Developmental Motor Scale, Peabody Picture

Vocabulary Test, Gross Motor Functional Measure,
Wechsler Preschool and Primary Scale of
Intelligence, etc, all children were classified into 6
functional delay groups: cognitive, speech, motor,
pervasive, global, and non-specific DD.
"Significant" was defined as 2 or more standard
deviations below the mean of normal references of
developmental screening or assessment tests.
Cognition involves the high-integrated processes of
attention, perception, memory, and functional task
performance.  Neuropsychological and intelligence
tests are helpful in identifying children with cogni-
tive DD.  Speech DD indicates a deficit in articula-
tion function, verbal expression, comprehension, or
mixtures of the above conditions.  Motor DD was
defined as a delay in gross motor or fine motor skills
with presentation of age-appropriate performances in
other developmental domains.  Children with core
features of observed qualitative deficits in social
skills, communication, and repetitive/restrictive pat-
terns of behavior were placed in the pervasive DD
group, and those children with visual, hearing, or
sensory integration (SI) dysfunction were placed in
the non-specific DD group.  SI dysfunction results
from a disturbance in the integrating process of the
subcortical multisensory system.  Children whose
developmental quotients were less than 80% in 2 or
more domains were placed in the global DD group.

To determine the related diseases, children with
DD received detailed clinical and laboratory investi-
gations across specialized departments such as neu-
rological (echography, magnetic resonance imaging,
computed tomography, electroencephalography,
brain auditory evoked potential, etc.), genetic (chro-
mosome, DNA, etc.), metabolic, hearing, or visual
studies depending on individual indications.  Based
on the related diseases ultimately determined by var-
ious experts (neurologists, psychiatrists, geneticist,
otologists, ophthalmologists, etc), the children with
DD were classified into 5 major categories:
brain/neuromuscular, psychological/mental, genetic
or congenital, visual, hearing, and other diseases.
Children with brain lesions (cerebral palsy (CP),
hypoxic encephalopathy, microcephaly, central ner-
vous system (CNS) infection, traumatic brain injury,
epilepsy, hydrocephalus, tumor, etc.), and neuromus-
cular diseases (motor neuron disease, peripheral neu-
ropathy, myopathy, etc.) were categorized as having
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brain/neuromuscular diseases.  Children with mental
retardation (MR), speech delay, articulation disorder,
attention-deficit/hyperactive disorder, SI dysfunc-
tion, autism, and non-specific psychomotor retarda-
tion were categorized as having psychological/men-
tal disorders.  Children with chromosomal or genetic
abnormalities, congenital syndromes, metabolic or
endocrine diseases, and inborn-error metabolic dis-
eases were categorized as having genetic/congenital
diseases.  Children with other systemic diseases,
such as orthopedic, cardiovascular, digestive, or uri-
nary pathologies, were categorized as having other
diseases.

To survey the related risk factors in children
with DD, all children underwent detailed birth histo-
ry taking, chart review, and prospective clinical
investigations.  The risk factors contributing to DD
were categorized into 6 factors: prematurity or low
birth body weight (BBW), genetic defects or congen-
ital anomalies, neonatal insult, CNS lesions caused
by disease or trauma, environmentally related fac-
tors, and unknown causes.  A gestational age (GA)
below 32 weeks was defined as prematurity, and a
BBW of < 2000 g was defined as low BBW.  Those
who had chromosome or genetic abnormalities, cran-
iofacial anomalies, spinal bifida, congenital heart
disease, and limb deformities/deficiencies were cate-
gorized into the genetic defect or congenital anomaly
group.  Neonatal insults included the related factors
which had occurred before, during, or after pregnan-
cy, such as low Apgar scores (a score of < 5 at 5
min), infantile spasms, and severe hyperbilirubine-
mia post-exchange transfusion.  CNS lesions consist-
ed of hydrocephalus, intracranial hemorrhage,
hypoxic encephalopathy, infection, and seizure disor-
ders.  However, we only included parent's mental
and psychological disorders as categorized as envi-
ronmentally related factors in this study.  Risk factors
not clearly determined were categorized as unknown
factors.  In addition, the age, body weight (BW),
body height (BH), gender, GA, BBW, and delivery
modes for the pregnancy were also recorded.

Differences in the continuous data (age, BH,
BW, BBW, and GA) among the 6 functional delay
groups (cognitive, speech, motor, pervasive, global,
and non-specific DD) were compared using ANOVA
with Tukey's HSD multiple comparison.  Differences
in the categorical data (gender, delivery mode, risk
factors, and related diseases) among the 6 functional

delay groups were determined using Chi-square test.
A value of p < 0.05 was considered statistically sig-
nificant.

RESULTS

Based on the geographic distribution, approxi-
mately 87% of children came from the Taoyuan area
(35.7%) and Taipei area (Taipei County: 29.9%,
Taipei City: 21%).  The other 13% of children came
from other areas (Hsinchu area: 7.4%, Miaoli area:
2.6%, Taichung: 2.1%, and eastern Taiwan: 1.3%
including the Keelung, Ilan, and Taitung areas).

According to the assessment of functional
development, most children had global (51.2%),
speech (21.9%), and motor (13.9%) delays (Fig. 1).
The average age of all children with DD at the first
visit was 37.8 months, with males dominant (60%
vs. 40% (Table 1).  The age range of children with
speech, pervasive, and non-specific DDs was 45-57
months, while that of children with cognitive, motor,
and global delay was approximately 32-33 months.
Male dominance (71%-83%) was observed in chil-
dren with speech, pervasive, and non-specific DDs,
but a female dominance (62%) was observed in those
with cognitive DD.  Tracing the birth history, the
average GA of all subjects was 37 weeks, and the
BBW was 2834 g.  However, the average GA and
BBW were lower in children with motor and global
delays (motor: 35 weeks, 2546 g; global: 37 weeks,
2701 g).  There were no significant differences in the
delivery modes (natural spontaneous delivery: 55%,
cesarean section: 45%) (Table 1).

When risk factors were analyzed, it was found
62.8% of all children had associated biological fac-
tors (20% with genetic defects or congenital anom-
alies, 16.3% with CNS lesions, 14.2% with prematu-
rity or low BBW, and 13.5% with neonatal insults),
and 0.8% of all children were associated with envi-
ronmental factors (Table 2).  However, we could not
identify the related risk factors in 35.2% of the chil-
dren, especially in 48%-72% of children with
speech, pervasive, and non-specific DDs.  Children
with cognitive and global delays were associated
with 28%-48% of risks of genetic defects or congeni-
tal anomalies, while those with motor delay were
associated with 32.4% of risks of prematurity or low
BBW (Table 2).

Based on the related diseases in the 6 major cat-
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Fig. 1 Percentage of Cases among the 6 Functional Delay Groups.

Table 1. Demographic Data of the 6 Functional Delay Groups
Data Group

A B C D E F Total p
N = 21 N = 230 N = 145 N = 29 N = 537 N = 86 N = 1048

Age (months) 33.3¡ 16.2 46.1¡ 17.5 33.0¡ 21.4 44.7¡ 15.9 32.1¡ 22.7 57.0¡ 17.4 37.8¡ 22.4 * AF, BC, BE, BF, CF, EF; 
+ DE

BH (cm) 81.0¡ 9.8 99.6¡ 12.3 88.6¡ 17.0 102.1¡ 10.2 87.1¡ 16.4 107.7¡ 12.0 92.7¡ 16.9 * AB, AD, AF, BC, BE, BF, 
CD, CF, DE, EF

BW (kg) 10.8¡ 2.8 16.5¡ 4.3 12.5¡ 4.6 17.3¡ 4.5 11.9¡ 6.0 19.5¡ 5.1 19.5¡ 5.1 * AB, AD, AF, BC, BE, BF, 
CD, CF, DE, EF

Gender 
Male 31.8% 70.7% 47.9% 82.8% 54.9% 75.6% 59.5%
Female 61.9% 29.3% 52.1% 17.2% 45.1% 24.4% 40.5%

< 0.001

Delivery mode
NSD 68.4% 52.5% 50.0% 75.0% 54.5% 61.4% 54.8%
C/S 31.6% 47.5% 50.0% 25.0% 45.5% 38.6% 45.2%

0.096

GA (weeks) 39.0¡ 2.1 38.6¡ 2.3 35.3¡ 4.9 39.0¡ 1.7 36.8¡ 4.1 39.0¡ 2.0 37.3¡ 3.95 * AC, BC, BE, CD, CE, CF,
EF;  + DE

BBW (g) 3136¡ 740 3118¡ 624 2546¡ 963 3283¡ 596 2701¡ 784 3218¡ 523 2834¡ 797 * BC, BE, CD, CF, DE, EF;  
+ AC

A: cognitive developmental delay group, B: speech developmental delay group, C: motor developmental delay group, D: pervasive devel-
opmental delay group, E: global developmental delay group, F: non-specific developmental delay group, BW: body weight; BH: body
height; cm: centimeter; kg: kilogram, NSD: natural spontaneous delivery; C/S: cesarean section, BBW: birth body weight, GA: gestational
age, The categorical data (gender and delivery mode) are expressed as percent (%) of cases and were tested with Pearson's Chi-square test
among the 6 functional delay groups. The continuous data (Age, BH, BW, BBW, and GA) are expressed as the mean¡ SD and were tested
with ANOVA with Tukey's HSD multiple comparison among 6 functional delay groups.*p < 0.01; + p < 0.05.
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egories, our results show that 53.8% of all cases
were diagnosed with psychological/mental disorders,
34.4% were diagnosed with brain/neuromuscular dis-
eases, and 7.7% were diagnosed with genetic dis-
eases (Table 3).  Approximately 83% of children
with motor delay were associated with brain/neuro-
muscular diseases, while 80% of children with global
delay were associated with brain/neuromuscular or
psychological/mental disorders (Table 3).

DISCUSSION

Some studies have suggested that the categories
of cerebral dysgenesis, hypoxic-ischemic
encephalopathy (HIE), antenatal toxin exposure, and
chromosomal disorders provided 77% of the diag-
noses of children with global DD; 69% of children
with motor DD had HIE, cerebral dysgenesis, or

benign congenital hypotonia.(3-5) We found that most
children (83%) with motor delay were associated
with brain/neuromuscular diseases, while most chil-
dren (80%) with global delay were associated with
brain/neuromuscular diseases or psychological/men-
tal disorders.  These findings could provide clini-
cians with clues to investigate the related underlying
diseases according to the developmental functions of
children.  For example, when approaching a child
presenting delays in many functional domains, brain
or psychological/mental disorders should be consid-
ered and evaluated.

We found that children with motor delay were
associated with 32.4% of the risks of prematurity or
low BBW, even if prematurity or low BBW con-
tributed only 14.2% of the risk to all children with
DD.  Although prematurity or low BBW is a com-
monly mentioned risk factor related to DD, the pre-

Table 2. Risk Factors of the 6 Major Functional Delay Groups
Risk factor* Group

Cognitive Speech Motor Pervasive Global Non-specific Total
N = 21 N = 230 N = 145 N = 29 N = 537 N = 86 N = 1048

Prematurity/low BBW 0 (0) 4 (1.8) 47 (32.4) 1 (3.4) 96 (17.8) 1 (1.2) 149 (14.2)
Genetic/congenital 10 (47.5) 15 (6.5) 23 (15.9) 2 (6.9) 148 (27.6) 12 (13.9) 210 (20.0)
Neonatal insults 0 (0) 30 (13.0) 16 (11.0) 3 (10.3) 75 (14.0) 17 (19.8) 141 (13.5)
CNS lesions 4 (19.1) 15 (6.5) 19 (13.1) 8 (27.6) 112 (20.9) 13 (15.1) 171 (16.3)
Environmental+ 3 (14.3) 1 (0.4) 0 (0) 1 (3.4) 3 (0.5) 0 (0) 8 (0.8)
Unknown 4 (19.1) 165 (71.8) 40 (27.6) 14 (48.4) 103 (19.2) 43 (50.0) 369 (35.2)

Abbreviations: BBW: birth body weight, CNS: central nervous system.
Data are expressed as n (%) of cases.
*: p < 0.01 by Chi-square test.
+: Parental mental retardation, psychological disorder, or child abuse.

Table 3. Diseases Related to the 6 Functional Delay Groups
Diagnosis* Group

Cognitive Speech Motor Pervasive Global Non-specific Total
N = 21 N = 230 N = 145 N = 29 N = 537 N = 86 N = 1048

Brain/neuro-muscular disease 7 (33.3) 120 (82.8) 233 (43.4) 360 (34.4)
Psychological/mental disorder 7 (33.3) 226 (98.3) 20 (13.8) 29 (100) 196 (36.5) 86 (100) 564 (53.8)
Genetic/congenital disease 7 (33.3) 2 (1.4) 72 (13.4) 81 (7.7)
Hearing impairment 4 (1.7) 2 (0.4) 6 (0.6)
Other disorders+ 3 (2.1) 34 (6.3) 37 (3.5)
Total 21 (100) 230 (100) 145 (100) 29 (100) 537 (100) 86 (100) 1048 (100)

*: p < 0.01, Chi-square test.
+: Disorders of orthopedic, cardiovascular, digestive, or urinary systems.
Data are expressed as n (%) of cases.



Chang Gung Med J Vol. 25 No. 11
November 2002

I-Chun Chen, et al
Children with developmental delay

748

vious literature indicated that it by itself is a relative-
ly weak factor.  Approximately 80%-95% of preterm
infants are free of severe disabilities.(13-17) The causes
and complications of prematurity have been found to
be more predictive of developmental outcome than
only prematurity.(18) Lindahl et al.(9) found that a
small GA, low BBW, and signs of cerebral depres-
sion all increased the risk of poor motor performance
by about 2-3 fold.  Prematurity is well known as a
strong risk factor for CP with spastic diplegia.(19,20)

Thus, clinicians should closely monitor functional
outcomes, especially the motor domain for children
with a history of prematurity and low BBW.

In this study, children with cognitive and global
delays were associated with 28%-43% of the risks of
genetic defects or congenital anomalies, although all
children with DD were only associated with 19% of
those risks.  Previous studies also pointed out that
infants with major congenital anomalies had an
increased incidence of developmental problems
whether there were any associated chromosomal dis-
orders or dysmorphic syndrome.(21,22) Thus, further
surveys such as chromosomal, genetic, and metabol-
ic studies are indicated with this clinical approach for
infants or children with DD, especially those with
cognitive and global delays.

We found the neonatal insults and CNS lesions
contributed about 30% of the risk factors in all chil-
dren with DD.  Thus, we should longitudinally fol-
low-up developmental outcomes of children with a
history of pre-, peri-, and postnatal insults and inves-
tigate CNS dysfunction.  Prenatal maternal factors
such as drug abuse during pregnancy have been stud-
ied and were proven to be associated with intrauter-
ine growth retardation, neonatal withdrawal syn-
drome, subtle neurological abnormalities, fetal dis-
tress, congenital anomalies, and developmental
sequelae.(23-25) It is also well known that perinatal
asphyxia results in marked symptoms like seizures,
coma, lethargy, or muscle tone abnormalities.  In
studies of severely asphyxiated full-term newborns,
30%-50% died; of those who survived, 12%-30%
developed CP or MR.(26-28) Kernicterus appeared
to be a low risk factor for DD; our data showed only
a 0.5% incidence, but it is still suggested that moni-
toring be carried out on the developmental outcome
of infants whose bilirubin rises to 20-25 or those
who have received an exchange transfusion.(7) The
data imply that CNS lesions like diffuse encephalo-

malacia, intraventricular hemorrhage, and intra-
parenchymal hemorrhage all carry a high risk (70%-
90%) of a major handicap in full-term infants.(29)

Sepsis complicated with meningitis increased the
risk of DD including hearing impairment and con-
genital infections resulting in CNS injury and long-
term developmental sequelae.(30)

We found a relatively low incidence of environ-
ment factors in our children, although cognitive
delay was associated with 14.3% of environmental
factors.  While previous studies conducted before
1989 reported that cognitive and speech/language
disorders were prevalent among children of parents
with a low educational level or low social class,(9-11,31)

this discrepancy may possibly have been caused by
the patient classification, definitions of environment
factors, Chinese culture, risk factor categorization,
and genetic technology improvements among stud-
ies.  In this study, all children with pervasive delays
were autistic, and most children with speech delays
had articulation disorders.  Environmental factors
only included the parental MR or psychological dis-
orders and child abuse, and did not include low edu-
cational level or low social class.  In Chinese culture,
people usually do not mention any family history of
MR, psychological disorders, or child abuse.  Thus,
it is possible that the environmental factors were
underestimated in this study.  Only 1 major risk fac-
tor was selected for statistical analysis, and there
may have been several risk factors coexisting simul-
taneously.  The risk factors were categorized into
biological factors such as genetic defects, congenital
anomalies, neonatal insults, and CNS lesions if com-
bined with environmental factors.  Environment fac-
tors categorized before 1990 might have been re-cat-
egorized into genetic defects or congenital anomalies
due to rapid improvements in molecular biology and
genetic technology in recent years.  Thus, the deter-
mined risk of genetic defects or congenital anomalies
was relatively increased, and that of environmental
factor was relatively decreased in this study.

This study shows there are heterogeneous risk
factors and related diseases in children with different
functional delays.  These findings provide clues from
which to investigate underlying diseases according to
developmental function and a comprehensive assess-
ment and to follow up the specific functional out-
comes in children with different risk factors.  It is
worthwhile and beneficial to identify and provide
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therapeutic intervention as early as possible to
decrease disabilities and family stress in children
with DD.  Further efforts should stress the develop-
ment of a referral organization which integrate
aspects of medical, educational, and social affairs
units.
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