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Objective: To derive prognostic data for survival and clinical improvement in chil-

dren with severe developmental disabilities.

Study design: A 13-year follow-up study of several cohorts of children initially evalu-
ated before their first birthday. The outcomes studied were survival and improvement

in condition. Methods were used to overcome limitations in previously published work
on the same California data base. Of the 11,912 children who received services from
the California Department of Developmental Services between January 1980 and
December 1993, we focused on three cohorts defined according to mobility and need

for tube feeding.

Results: Children who were tube fed and unable to lift their heads by ages 3 to 12
months were at high risk for early death, with a median remaining life expectancy of
3.2 years. Of those who survived an additional 2 years, the condition of about one third
improved. A substantial majority of those who either showed improvement or died had

done so by that age.

Conclusion: By age 5 years, the prognoses for survival and improvement have to a

large extent been clarified. For children who survive to age 5 years, even those in the

lowest functioning cohort have a 60% chance of surviving an additional 5 years.

Detailing the probabilities of various outcomes at various ages should be useful to par-

ents, pediatricians, and others concerned with children with developmental disabilities.

(J Pediatr 1997;131:712-17)

Children with severe developmental disabil-
ities are subject to a high mortality rate.!®
With the trend towards deinstitutionaliza-
911 even severely disabled children
now usually live in their own homes or in

tion,

From the Department of Statistics, University of
California, Riverside; the Department of Pediatrics, Loma
Linda University School of Medicine, Loma Linda,
California, and the School of Education, University of
California, Riverside.

Submitted for publication Apr. 18, 1996; accepted
Jan. 31, 1997.

Supported in part by Grant No. HD21056 from the
National Institute of Child Health and Human
Development (Drs. Strauss and Eyman).

- Reprint requests: David Strauss, PhD, Department
of Statistics, University of California, Riverside, CA
92521.

Copyright © 1997 by Mosby-Year Book, Inc.

0022-3476/97/$5.00 + 0 9/21/80856

712

community care facilities rather than in state
institutions. This has created a challenge for
pediatricians and other caregivers in the
community, many of whom have not
worked extensively with developmentally
disabled children. Data on prognosis for
survival and improvement in this population
should be helpful to parents, physicians, and
other service providers.

The most powerful predictors of an un-
favorable outcome are known to be vari-
ous measures of immobility, together with
the need for tube feeding.”# A number of
earlier studies reported on the survival of
children with disabilities.!® Eyman et al.”
reported on the life expectancy and sur-
vival prospects of six subgroups of per-
sons with severe disabilities whose condi-
tions remained static over time. Because
children whose conditions subsequently

improved were excluded, life expectan-
cies were shorter than would have result-
ed if a cohort of all children indtially in the
subgroup had been followed up. The dis-
tinction between the two approaches has
sometimes been misunderstood by users
and deserves emphasis.

CDER  Client Development Evaluation Reports

In this study we worked almost entirely
from a cohort perspective. This is appro-
priate if a prognosis for a child currently
in a given condition is required, because it
will not yet be known whether the child
will remain in the initial condition. Also,
only children evaluated within their first
year were included, so that their develop-
mental history was well determined.
Further, we were able to use 3 additional
years of follow-up evaluation and to ex-
ploit a more refined classification system
of predictor variables that was identified
in subsequent work.8 We focused on sev-
eral cohorts defined on the basis of the
early level of functioning of the child and
need for tube feeding. The main questions
were as follows:

1. At an early age, what are the prog-
noses for survival and improvement
for each of these cohorts?

2. What is the age range at which the
ultimate outcome is best predicted?

3. What is the prognosis for survival
once a child has reached this age
range?

METHODS

. Instrument and Variables

All our information on the characteris-
tics of children in this study was derived
from the Client Development Evaluation
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Reports of the subjects.!> A requirement
for reimbursement of services is that a
CDER be submitted annually to the
California Department of Development
Services, and when a person with mental
retardation moves to a new placement.
The CDER includes a 66-item measure
of adaptive behavior. The inter-rater reli-
ability of the items used has been investi-
gated elsewhere!>!* and judged to be
good. All deaths that occurred between
January 1980 and December 1993 were
included in our analysis. Deaths are re-
ported to the Department of Develop-
ment Services by the 21 regional centers
in California. We also incorporated mor-
tality data from annual tapes issued by
the California Bureau of Vital Statistics;
causes of death were determined by the
ICD-9 codes from this source.

The primary study variables comprised
the following:

ROLLING AND SITTING

Of the 66 evaluation items on the
CDER, we used Rolling and Sitting
(item no. 1) as a primary classification
variable. This is a nine-point scale rang-
ing from “Cannot lift head when lying on
stomach” to “Sits independently without
support for 5 minutes.” On the basis of
previous mortality analysis,® this variable
was collapsed to the following four-point
scale:

1. Cannot lift head when lying on stom-

ach.

2. Can lift head but not chest when lying
on stomach.

3. Can lift head and chest when lying on
stomach but has at most partial abili-
ty to roll. (Specifically the child does
not have ability to roll both from front
to back and back to front).

4. Has full rolling ability or has ability to
sit with or without support.

The inter-rater reliability of this four-

point scale as assessed by Cohen'’s weight-
ed kappa!® was 0.90.

Tuse FEEDING

Feeding by means of a nasogastric or
gastrostomy tube was provided for chil-
dren who had impaired swallowing or
who frequently aspirated food. Although
the CDER does not fully specify the type
of feeding tube, the great majority of these
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Fig. 1. Survival times subsequent to evaluation for four cohorts of children with developmental disability
who are evaluated before age | year. Five-year survival probabilities: group A, 43%; group B, 62%; group C,
77%; group D, 91%. Median survival times: group A, 3.2 years; group B, | 1.5 years; median survival times for
groups C and D exceed study period and cannot be computed.
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Fig. 2. Probabilities of the condition showing subsequent improvement and of remaining static for chil-
dren initially in group A. Results apply to a cohort not subject to censoring, so that all surviving members

must be in one of the four groups A to D.

children were believed to have been fed
with gastrostomy tubes.

Subjects

Of the population of 177,500 persons
who received services for developmental
disabilities in California during the study
period, we studied the 11,912 children
who were evaluated on or before their

first birthday. The majority of children
with severe neurologic disorders are
known to be evaluated by this age. The
children whose first evaluation occurred
after their first birthday were excluded.
Evaluations performed at age less than 3
months were also excluded, because in-
fants of that age have a limited repertoire
of motor activities, and we did not believe
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Tab[c Characteristics of the four groups of chsldren wrth developmental drsabrhtles

Group
C D All
Sample size . 553 296 1,849 9,214 11,912
Level of MR? SRR e R
oM 34 71 82 88 - 84
Moderate. - 3127 36 33 . 33
Severefpmfound/suspecbed 985 %02 82 879 . 883
Rolling and sitting.. :
" Doesn't lift head ‘ . 1000 0.0 100.0 0.0 20.2
Liftshead. - . 00 676 00 33.2 273 .
Li&sheadand'ches‘t 00 128 - 00 ‘
 Rollssidetoside .~ 00 111 . 00 -
Rolls fronttoback =~ 0.0 - 84 00
Rolls over i ' 0.0 0.0 0.0
* Sits for § min. w/subport < 0.0 0.0 0.0
'  Sits for 5 min wlo support 00 - 00 0.0
k‘SitS mdependently : 00 00 0.0
 No functional use 826 . 375 705
Partial use - 16.5 554 264
Fulluse. o 06 41 14
: Unknowa Do 04 80 LT
Armuse - : e *
.~ No functmnal use 729 .- 233 0 - 5438
Partial use 10157 238 150
Full extension . - ; 8.0 20.6 138
Unknown. 90 = 324 167
Tube feeding "~ : : B - L
S Yes o 1000 1000 - 00
No .= i 0.0 . 00 1000
Residence - & %77 " i ~
Ownhome 599  ~ 801 916
ity o 67 57 60
Interme&late care facﬁlty : 2.7 10 05
Institution 17.7 71 08
iy Skilled nursing. facxhty 4.7 1.0 0.7
Other o 8.3 5.1 L5

All subjects were evaluated before the age of 1 year. Group A was tube fed and unable to lift head when

- prone. Group B was tube fed and able to lift head, but with at most partial rolling ability. Group.C was |
_not tube fed but unable to lift head when prone. For comparison, group D is included in the study; it -~

" consists.of all the other chﬁdreu evaluated before age 1 year Except for sample sizeés, all ﬁgures are.

percentages. -

*Grossman HJ, edltm Clasmﬁcanon in menfal retardatlon Was}ungton, DC American Assocxatnon on
Mental Deficiency; 1983, p. 184. Levels are Mild (IQ from 50 or.55 to approximately 70), Moderate
- (IQ from 35 or 40 to 50 or 55), Severe (20 or 25 to 35 or 40), and Profound (below 20 or 25). -
California uses an additional category, “suspected,” for those whose retardation has not been forma.lly

K tested. thxs group is sub;ect to mcrrahty rates co parable wtth thu&e in the severe and pmfound gmmps :

that mobility-related CDER items could
serve as a valid prognostic indicator in
this age group. Thus our sample consisted
of children who received a CDER evalu-
ation between 3 and 12 months of age.
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Because of the high costs of care for chil-
dren with severe developmental disabili-

ties, it is believed that the great majority -

are served by the state system and thus
were included in our population. We were
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able to obtain some causative data from
the CDER. The major groups were as fol-
lows: chromosomal anomalies, 26%; in-
fections, 19%; prenatal or perinatal in-
sults, 15%. Most of the remaining 40%
had an unknown cause. Our interest cen-
tered on three nonoverlapping subgroups,
A, B, and C with severe disabilities, and a
fourth group, D, that served as a control
group. Subjects in group A (n = 553) were
tube fed and unable to lift their heads
when lying on their stomachs (level 1 of
the four-point Rolling and Sitting vari-
able). Subjects in group B (n = 296) were
tube fed and able to lift their heads but
lacked full ability to roll (levels 2 or 3).
Subjects in group C (2 = 1849) were not
tube fed but were unable to lift their heads
(level 1). Subjects in group D (2 = 9214)
were all other children evaluated before
their first birthdays (i.e., either tube fed
with full rolling ability or not tube fed but
able to lift heads).

The reduction of the eight possible com-
binations of mobility levels and pres-
ence/absence of tube feeding to the four
groups A, B, C, D was carried out on the
basis of preliminary analyses showing
these groups to be homogeneous with re-
spect to subsequent survival.

Statistical Analysis

Analyses were carried out by using
SAS (Statistical Analysis Systems, SAS
Institute, Inc., Cary, N.C.), and graphs
were constructed by using the package S-
PLUS. For the basic survival analyses,
the Kaplan-Meier product-limit survival
method!® was used. The log-rank test!”
was used for formal comparisons of co-
hort-specific differences in the survival
curves. Standard errors and confidence
intervals for survival times were based on
the Greenwood formula.!$

Data were expressed as median sur-
vival times (time at which only 50% of
the cohort still survive) rather than life
expectancies!” (mean or average of the
survival times). The life expectancy is
more influenced by unusually large ob-
servation populations than is the median
survival time and is thus generally the
longer of the two. Life expectancies can-
not be computed from a survival analy-
sis unless the uncensored survival time

of all individuals is known, which is
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rarely the case for a real cohort. In some
instances fewer than 50% of a cohort
died before the end of the study period,
so that median survival times could not
be reported. For these cases the report-
ed 5-year and other survival probabili-
ties may be used as summary statistics.
Because children who died before an
evaluation could be made would not be
in our sample, the data were subject to
“left truncation.”18

Results on prognosis for improvement
apply to a hypothetical cohort not subject
to censoring or live withdrawal. There
were two stages in the computations. We
first obtained Kaplan-Meier estimates!”
of the probability that the subject was
alive at each age, given that he or she was
not censored or withdrawn. Second, of
the children alive and uncensored at each
age, the proportions in groups A, B, C, or
D were computed. This procedure can be
shown to yield maximum likelihood esti-
mates of the chances of being in these
groups, conditional on the subject being
alive and uncensored.!®

RESULTS

The Table gives descriptive statistics on
the four groups. Group A is the most de-
bilitated, followed by groups B, C, and D.
For example, children in group A were
more likely to have restricted hand and
arm use, have more severe degrees of
mental retardation, and were also more
likely to reside in an institutional setting
rather than in their own home.

Survival of the Initial Coborts

Fig. 1 shows the survival curves for the
four groups, with survival times begin-
ning at the age of CDER evaluation. As
expected, group A had the poorest sur-
vival, with a median survival time of only
3.2 years. Ten years after evaluation, only
27% had survived. The median survival
time for children in group B, who were
tube fed but had limited mobility, was ap-
preciably longer (11.5 years). Groups C
and D had a better prognosis; median
survival times exceeded the study period
and could not be computed, but the 10-
year survival probabilities were 68% and
86%, respectively.
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Fig. 3. Additional survival for children aged 2 to 6 years, grouped according to current status. Groups B
and C have been combined, Median survival for group A: 5.7 additional years; for groups B and C, 9 addi-
tional years (estimated by extrapolation). Five-year survival probabilities: group A, 55%; group B, 69%; group

C, 69%; group D, 94%.

Prognodsis for Improvement

Fig. 2, which depicts the 10-year fol-
low-up data for group A, corresponds to a
hypothetical population not subject to
censoring or other withdrawal from the
study. Thus patients either remain in
group A, die, or transfer to one of the
other groups. The data presented track
the percentage of patients for each of
these possible outcomes during the fol-
low-up period. For example, 100% of the
cohort were in condition A at time t = 0.
Two years later, more than 40% had died
and more than 30% had shown improve-
ment. The majority of the children whose
condition had improved had changed to
condition D, the best-functioning level.
After this 2-year period, the chances of
improvement are poor, with death becom-
ing a much more likely outcome than im-
provement. Thus most of the children
whose condition would improve would
have done so before age 3 years.

For group B (not shown), 35% had
died and 41% had improved to condition
D after 4 years. By age 5 years, most of
those whose condition would improve or
who would die had already done so. For
group C (not shown), those who im-
proved (about two thirds of the cohort)
had mainly done so by age 3 years. For
both groups B and C, deterioration to a
worse condition (e.g., B or C to A) oc-

curred infrequently. The same was true
for group D (not shown).

Effect of Initial Cobort
Membership on Prognosis,
Given Current Age and Group
Membersbip

Given the current age and group mem-
bership of a child (A, B, C, or D), we in-
vestigated whether subsequent survival
was affected by the cohort to which the
child initially belonged. No systematic
trends were observed, and differences in
all cases were statistically insignificant at
the 5% level.

Survival Subsequent to Age 2
Years

As previously noted, the 5-year survival
probabilities for the four initial cohorts in
the first year of life were as follows: group
A, 43%; group B, 62%; group C, 77%;
and group D, 91%. Fig. 3 shows the cal-
culated additional survival times for the
four groups for the children who had sur-
vived to age 2 to 6 years. Initial analysis
showed that for each cohort group the ad-
ditional survival times were effectively the
same for children when examined sepa-
rately at ages 2, 3, 4, 5, or 6 years. We thus
combined the data for these age groups
for each of the four cohorts. Further,
groups B and C were combined because

715



STRAUSS ET AL.

their survival curves were very similar.
The 5-year survival rates for the groups
were as follows: A, 55%; B or C, 69%; and
D, 94%. The median survival time for
group A was 5.7 additional years; for the
other groups the median could not be
computed.

DiscussioN

This large-scale epidemiologic study
tracked survival and clinical improvement
of cohorts of infants with developmental
disabilities. A significant percentage of se-
verely impaired children acquire certain
motor functions that are associated with
improved long-term survival. This usually
occurs by ages 3 to 5 years, depending in
part on the initial severity of the disability.
After that, the chances for functional im-
provement and a corresponding increase
in survival prospects are substantially di-
minished. The sharp differences seen be-
tween the four cohorts strongly suggest
that variables that are clinically simple to
assess (i.e., tube feeding, ability to lift
head, and ability to roll over) are power-
ful predictors of survival and potential for
improvement. As with any such work, the
findings apply to conditions that were ob-
tained during the study period (here, 1980
to 1993), and current and future changes
in medical practice may result in changes
in prognosis. Nevertheless, the figures
documenting chances of survival and im-
provement at various ages may provide a
helpful summary of our current knowl-
edge.

Our results may be contrasted with
those of Eyman et al., > who reported sur-
vival probabilities and related quantities
for children whose condition remained
static. It should be emphasized that, unlike
those studies, the current analyses may be
used for the prognoses of children cur-
rently in a specified condition. The ap-
proach of Eyman et al.2” resulted in lower
survival probabilities than those reported
here because children whose condition im-
proved were excluded. For example, we
calculated that their survival analysis
- would result in a median survival time for
our group A of only 9 months, compared
with the 3.2 years in our analysis.

As noted, we found that among children
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of a given age and current group mem-
bership (A, B, C, or D), the subsequent
survival chances did not depend on the
initial cohort membership of the child.
Many patients do not see the same physi-
cian over long periods. Our finding sug-
gests that physicians may make some
prognoses for children aged 2 to 6 years,
irrespective of conditions present during
infancy. It should be cautioned, however,
that more complete historic information
could affect the subsequent prognosis.
For example, the number of times that the
child had been hospitalized might be of
predictive value, even controlling for cur-
rent status.

The striking improvement noted in sur-
vival of group B compared with that of
group A is the result of many factors.
Infants who are able to lift their heads
(group B) are better able to handle secre-
tions, have a reduced incidence of both
chronic microaspiration and massive aspi-
ration, and have fewer secondary bacteri-
al infections. Such infants also have less
spasticity and posturing and thus are less
prone to airway compromise, obstructive
and central apnea, and intermittent and
chronic hypoxia, factors that contribute to
sudden and unexpected deaths in this
population.

The differences in survival between
group C and group A are even more strik-
ing. Children in the former group, al-
though unable to lift their heads, are able
to be fed and to swallow, and thus have
more coordinated oropharyngeal and
esophageal reflexes than the group A in-
fants. Although the group B infants were
able to overcome the effects of gravity or
stasis on food and secretion movement by
lifting their heads and/or rolling, the
group C infants could actively suck, chew,
and swallow their food and propel it to the
stomach. This would suggest that the inci-
dence of aspiration in group C might be
lower than in groups A or B and might ex-
plain the lower mortality rate. Group C
infants may have had a lower incidence of
obstructive and central apnea, which pre-
sumably reflects more intact brain-stem
function and contributes to their in-
creased survival.

Estimation of the life expectancy of °

children with severe developmental dis-

abilities can be made on the basis of serial
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observations of relatively basic motor
skills. Irrespective of cause, a proportion
of such children, examined within the first
year of life, will show clinical improve-
ment and with that, have a longer life ex-
pectancy. Thus an initial determination of
life expectancy may need revision at age 3
to 5 years; however, beyond that time,
chances for continued neurologic im-
provement that would affect estimations
of life expectancy are unlikely.

We thank Drs. Anthony Roberts and Herbert
Grossman for belpful suggestions. Provision of
data from the California Departments of
Developmental Services and Health and Welfare
i gratefully acknowledgeo.
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