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Denver developmental screening test and preterm
infants
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SUMMARY The results of Denver developmental screening test and Griffiths mental development
scales examination performed on 198 preterm children during the first three years of life are

compared. Using real age the former identified children with developmental delay, but labelled
up to 42% of babies as having questionable or abnormal development. Using corrected age very

few children showed less than normal development, and in the first year those whose Griffiths
scales results showed delay were often assessed as normal by the Denver test. In view of its less
satisfactory sensitivity and selectivity it is suggested that both age lines should be drawn when
using the Denver test with preterm children so that undue anxiety can be allayed while
appropriate action is taken to ensure adequate follow up.

In 1945 Gesell' concluded that when assessing the
psychomotor development of preterm infants full
allowance should be made for their prematurity.
Twenty five years later the same conclusion was
reached when a group of preterm babies tested at 40
weeks of age was found to have the same average
developmental quotient (Gesell) as term, small for
gestational age controls if allowance was made for
prematurity, whereas their average development
quotient was 11 points lower than the controls if no
allowance was made.2 Hunt and colleagues,3 using
the Bayley scales of mental development,4 also
concluded that a better picture was obtained with
corrected age but they were the first to point out
that this may result in overcorrection in very
preterm babies. Caputo and colleagues5 found an
average of a seven point difference in development
quotient (Cattellb) at 1 year of age depending on
whether or not an age correction was made.
Similarly, Miller and colleagues7-9 found inapprop-
riately high development quotients (Griffiths'0) in a
group of preterm babies ranging between 6 and 18
months when age was corrected for prematurity,
while a more realistic picture was obtained when
uncorrected age was used.
There is evidence that stimulation beneficially

affects the rate at which babies develop."1 12 All
preterm infants receive a certain amount of sensory
input not shared by those whose intrauterine life

continues to term. For instance they are exposed to
a much wider range of auditory, tactile, visual, and
olfactory stimuli. There is, therefore, good reason to
expect a different timetable of development in these
babies. It has been found that smiling in preterm
infants is postponed by a factor equal to only half
the deficit in gestational age.'3
The importance of the result of a developmental

test depends on the reason for administering it. A
test used as a research tool or for the final
assessment before recommending intervention must
meet different requirements from one used in
population screening. In the latter, it is particularly
important that it is quick and easy to administer and
interpret and that no deviant development present
at the time is missed. Children with problems can
then be referred for more detailed assessment and
intervention as appropriate. The Denver develop-
mental screening test'4 meets most of the required
criteria and is widely used for population screening.
The purpose of this paper is to assess its usefulness
in screening preterm infants.

Methods

All babies with birthweights between 501 and
2000 g, whose gestation was less than 37 weeks, and
who were born at Hammersmith Hospital or Queen
Charlotte's Maternity Hospital in a one year period
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between June 1979 and May 1980 have been
studied. Gestational age was determined using the
Dubowitz assessment,15 mother's dates, and ultra-
sound.
As part of the study the children were given the

Cardiff modification'6 of the Denver developmental
screening test by two of the authors (AME or EMB)
at 6, 9, 12, 18, and 24 months of age. For each child
two ages were calculated and the corresponding age
lines were drawn 'on the chart representing the real
and the corrected ages. The corrected age was
obtained by subtracting the difference in weeks
between the gestational age and term (40 weeks)
from the real age. The children were examined in
four developmental sectors-personal-social, fine
motor, language, and gross motor, and were scored
according to the revised method.17
Each sector was assessed as follows:
(a) The child performed tasks appropriate for his

age, and showed up to one delay (inability to
perform tasks which 90% of his age group can
do) normal.

(b) He could not perform any tasks appropriate
for his age (that is which 25 to 90% of his age group
can do) and had one delay-questionable.

(c) He had two or more delays-abnormal.
The overall test result was abnormal if the child

had two or more abnormal or one abnormal and one
or more questionable sectors. It was questionable if
he had one abnormal or one or more questionable
sectors. It was normal if all sectors were normal.
The scoring procedure was carried out using both
age lines; thus a result was obtained for real age and
for corrected age at each assessment.
A number of children were also assessed using the

Griffiths mental development scales'1' 18 by a dif-
ferent observer (PP) on the same day as the Denver
test. The order in which the tests were done varied.
The Griffiths scales were used on the whole group
by AME or EMB at 3 years. Development quotients
were calculated using both real and corrected age.
Correcting for prematurity caused two children's
development quotient to rise from 76 to 80, but
none rose from below to above 70. As Griffiths8'
recommended that real age should be used, only
these results are presented here. A lower limit of
normal of 80 was taken, and those with development
quotients between 70 and 79 were considered to
have questionable development. Development quo-
tients of 69 and below were considered abnormal.

Results

Of the 210 children in the study, 198 (94%) were
assessed at least once (196 at 2 years and 185 at 3
years). Eleven of the remaining 12 children were

abroad. There were 100 boys and 98 girls. Gestation
ranged from 26 to 36 weeks (mean 32 weeks) and
birthweight from 730 to 2000 g (mean 1450 g). One
hundred and thirty nine were appropriate for
gestational age and 59 small for gestational age.

Using real age at 6 months, 35% of the children
had abnormal or questionable Denver test results,
while this fell to five per cent when corrected age
was used (Figure). This five per cent did not include
any of the eight children whose Griffiths scales at 3
years gave a development quotient of less than 80 or
any of the children with cerebral palsy.
At 9 months (Figure) a similar picture was

obtained. The very high number of questionable
results using real age largely reflects the babies'
inability to sit unsupported, a milestone which 90%
of Cardiff babies pass at 81/2 months. Many of our
preterm babies could not sit alone at 9 months.
The discrepancy between real age and corrected

age results was still obvious at 2 years (Figure).
Even at this age, twice as many children had
questionable or abnormal results with real age as
with corrected age. Of the 171 children seen on at
least four occasions, 12 had questionable or abnor-
mal Denver test results at all ages using real age
(Table 1) and their mean 3 year development
quotient was 74. Sixty eight children had consist-
ently normal Denver test results, and their mean 3
year development quotient was 105. Using corrected
age, only one child's Denver test results were
consistently questionable or abnormal, and his 3
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Figure Comparison of the percentage of children with
questionable or abnormal Denver developmental screening
test (DDST) results at real and corrected age from 6 to 24
months.
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22 Elliman, Bryan, Elliman, Palmer, and Dubowitz

year development quotient was 89; while the 143
children with consistently normal Denver test results
had a mean development quotient of 104.

All of the eight children with cerebral palsy had
normal Denver test results on at least one occasion
using corrected age, and two were consistently

Table 1 Comparison ofserial Denver developmental
screening test (DDST) results with 3 year Griffiths mental
developmental scales (GMDS) in 171 children tested oni at
leastfour occasions

Serial DDSTs 3 vear GMDS

No Mean Range SD No below
80

Real age
Consistently questionable

or abnormal 12 74 47-112 21 6
Consistently normal 68 1()5 80-1330 11
Variable 91 1(02 51-133 15 2

Corrected age
Consistently questionable

or abnormal 1 89
Consistently normal 143 104 8(0-13(0 12 ()
Variable 27 86 47- 13 20 8

normal. Using real age none was consistently
normal and only two were normal on any occasion.

Seventy one of the children (34%) were given the
Denver test and the Griffiths scales on the same day.
At six months 52 children received both tests (Table
2). Using real age the Denver test identified 15 of 18
children with a development quotient of less than 80
as questionable or abnormal. In addition there were

13 false positives-that is children with development
quotients of 80 or more whose Denver test results
were questionable or abnormal. Using corrected
age, two children (development quotients, 72 and
76) had questionable Denver test results and none
was abnormal.
Of the 42 children given both tests at 9 months the

real age Denver test again identified most of the
children with low development quotients (Table 2)
but there was a high false positive rate. Using
corrected age only four of the 11 children with
development quotients below 80 had questionable
or abnormal results. The picture is similar at 12
months (Table 2). Using real age, the Denver test
identified all five of the children with low develop-
ment quotients but at the expense of nine false

Table 2 Comparison of Denver developmental screening test (DDST) and Griffiths mental development scales (GMDS)
results obtained on the same day

Age (months) GMDS <80 GMDS m8l)

DDST DDST
Questionablelabnormal Normal Total Questio,tablelabtior"nal Normal Total

6 (n=52)
Real age 15 3 18 13 21 34
Corrected age 2 16 18 () 34 34

9 (n=42)
Real age 1() 1 11 8 23 31
Corrected age 4 7 11 () 31 31

12 (n=39)
Real age 5 () 5 9 25 34
Corrected age 2 3 5 4 3(1 34

Table 3 Comparison of Denver developmental screening test results (DDST) at 6, 9, and 12 months of age with Griffiths
mental development scales (GMDS) results at 3 years

Age (months) GMDS <80 GMDS 380

DDST DDST
Questionablelabnormal Normal Total Questionable/abnormal Normal Total

6 (n=150)
Real age 7 1 8 47 95 142
Corrected age (1 8 8 9 133 142

9 (n=125)
Real age 5 0 5 48 72 12(0
Corrected age 3 2 5 5 115 12(1

12 (n= 152)
Real age 7 () 7 38 1017 145
Corrected age 7 () 7 10 135 145
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positives. When corrected age was used there were
still some false positives, and three of the five
children with low development quotients had nor-
mal Denver test results.
At 3 years the Griffiths scales were performed on

176 children. Eight children, four of whom had
cerebral palsy, had a development quotient below
80. When these results were compared with the
earlier Denver test results the screening test again
identified the problem children when real age was
used, but during the first year it was less satisfactory
when corrected age was used (Table 3). Even
children with obvious cerebral palsy were often
undetected.

Discussion

There was a considerable discrepancy in the results
of the Denver test depending on whether real age or
corrected age was used. This discrepancy was still
present at 2 years of age-twice as many children
required further assessment using real age.
Comparison of the Denver developmental screen-

ing test results with the more detailed Griffiths
scales development quotients obtained on the same
day showed that using real age the screening test was
good at identifying children with low development
quotients, although there was a high false positive
rate. Using corrected age, several of the children
with low development quotients had normal Denver
test results. When compared with the Griffiths
scales assessments at 3 years the earlier real age
Denver tests detected most of the children who were
later to show developmental delay at the price of
labelling as questionable or abnormal a large num-
ber who subsequently turned out to have develop-
ment quotients within the normal range. Using
corrected age, all the children who were later to
have low development quotients had normal Denver
test results at 6 months. It is possible that socioeco-
nomic or racial factors may have had some effect on
these findings and this area rnerits further study.

Using real age, the test was surprisingly good at
identifying children with cerebral palsy, while using
corrected age it was poor. Although the Denver test
is not designed to identify such children, the ability
to do so enhances its value.
These findings suggest that the Denver test

becomes a more satisfactory instrument if no correc-
tion for prematurity is made. This does, however,
result in up to 42% of the preterm population being
referred for further assessment, although the recom-
mended procedure of repeating the test before
referring would reduce this number. About seven
per cent of babies are preterm; thus at the most an
additional two per cent of the total infant population

would be referred for detailed assessments if
preterm infants with developmental delay were to
be identified and treated early. The inability of the
corrected age Denver test to identify problem
children makes it at best economically unjustifiable
and at worst dangerous.

It has been shown that the early provision of
home support such as advice on play and stimula-
tion, speech therapy, or nursery placement increases
the child's chances of achieving his full potential. " 12
All the babies, however, who were likely to benefit
from such measures were identified in our study
using the real age Denver test, but with a large
number of false positives.
The Denver test is often used as a screening test

but our work indicates that it may be unsuitable for
preterm infants. If it is performed. we suggest
drawing two age lines and scoring the baby's
performance using both real and corrected age. It is
safer to use real age which will alert the tester to the
need for further assessment; the use of corrected age
makes it possible to allay undue anxiety.

Wc thaink Mrs Y Vinten for hcr hclp with many aspccts of the study
including kceping in touLch with the familics and prcpairing the
manuscript ailnd Drs Pamela Datvics aind David Halrvcy for their
cncouragcment aind hclpful commleilcnts.
The study was suppor-tcd hy the Spastics Socicty.
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