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Abstract
Background—Cause specific research on
death certification in chronic disease has
rarely involved cerebral palsy.
Aims—To evaluate cause of death infor-
mation in people known to have cerebral
palsy by: describing the cause of death
distribution; determining case ascertain-
ment using death certification as the data
source; and analysing the choice of word-
ing and its arrangement in the “cause of
death statement”.
Study cases and setting—People with
early or late impairment cerebral palsy
who died by 30 June 1998, on the popula-
tion based Mersey Cerebral Palsy Register
born 1966–91 to mothers resident locally.
Study design—Descriptive study of the
multiply coded cause of death statements
from National Health Service Central
Register flagging.
Results—Death certificate copies were
acquired for all 282 (13.4%) of the 2102
registered cases who died. Cerebral palsy
was the most common “underlying cause
of death” (95 of 282; 33.7%) and was men-
tioned in a further 61 cases. The underly-
ing cause of death was more likely to be
cerebral palsy with increasingly severe
disability and was derived from Part II in
16 of 95 cases.
Conclusions—The potential of death cer-
tification for case ascertainment of
cerebral palsy is important, but limited,
even with multiple cause coding. Mor-
tality data need careful interpretation as a
proxy source for examining trends and
patterns in cerebral palsy.
(Arch Dis Child 1999;81:390–394)

Keywords: cerebral palsy; death certification; disease
registration; underlying cause of death

In England and Wales, mortality data from the
OYce for National Statistics are the only pub-
lished routine data source on cerebral palsy,
and are derived predominantly from the
certificate for deaths over 28 days of life. This is
because cerebral palsy is unlikely to be
diagnosed until after the neonatal period. Mor-
tality data are generally useful for monitoring
the public’s health, but require careful
interpretation for two main reasons.

First, the degree to which cause specific
mortality reflects cause specific morbidity is
variable. The “epidemiological transition” is
used to explain the large reduction in mortality
rates and consequent large reduction in birth
rates with industrialisation.1 The cause of death

pattern changes from being dominated by
communicable disease (“age of pestilence and
famine”), particularly in young people, to
chronic disease and injury, particularly in older
people.1 In Western industrialised countries—
for example, this transition has taken over a
century. Nevertheless, even though most mor-
bidity is now attributable to chronic diseases,
its cause specific distribution will not be
mirrored closely by mortality data because of
the eVect of co-morbidities.

Second, the “underlying cause of death” is
diYcult to certify with “accuracy”.2 This accu-
racy has both diagnostic and semantic (the
choice of terms and their arrangement)
components.2 Research has focused on expert
review of the diagnostic accuracy of the under-
lying cause of death from clinical information,
with or without necropsy information,3–11 in
adults; usually describing patterns across broad
disease categories. Certifiers often write the
“cause of death statement” without under-
standing the pragmatic convention of single
cause coding of mortality data (in which,
despite death being multifactorial, only one
cause, the underlying cause of death, is derived
and coded from the statement).2 12 In the
evidence base, however, the way that certifiers
write the cause of death statement (the choice
of words and their arrangement) has received
less attention than has diagnostic
accuracy.2 12–14

The morbidity to mortality data relation and
the accuracy of the certified underlying cause
of death are both aVected by characteristics of
the certifier, the certificate, the deceased, and
the causes of death.15 Chronic diseases might
not be, or might not be certified as, the under-
lying cause of death for reasons that have yet to
be investigated systematically. Cause specific
research on death certification in chronic
disease has tended to focus on—for example,
diabetes mellitus16 17 and rheumatoid disease.18

Only Evans and Alberman have studied death
certification in people with cerebral palsy19;
although the pattern of cause of death might be
changing as that of birth prevalence
changes20 21 and survival increases.22 Conse-
quently, the aim of our study was to evaluate
cause of death information in people known to
have cerebral palsy by: (1) describing the cause
of death distribution; (2) determining the
potential case ascertainment, using death
certification as the data source, and determin-
ing whether this changes over time or with
severity; and (3) analysing the choice of terms
and their arrangement on the cause of death
statement.
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Methods
The population based Mersey Cerebral Palsy
Register (MCPR), covering approximately 2.4
million people, was started in 1980, approved
and funded initially by the former Mersey
Regional Health Authority research com-
mittee. Subsequently, the MCPR has been
maintained, using multiple sources of ascer-
tainment (including death certification),
through eclectic funding of one researcher.23

Registered “cases” are people with cerebral
palsy born since 1 January 1966 to mothers
resident in the counties of Merseyside and

Cheshire. On the MCPR, cerebral palsy is
recorded if a clinical diagnosis has been made
(which fulfils the Bax definition24). It is then
categorised according to the probable timing of
cerebral impairment, as follows:

+ Early impairment cerebral palsy—prenatally
or within the first 28 days of life

+ Late impairment cerebral palsy—over 28
days of life.

The impairment is assumed to be early
unless evidence is found to allocate it to the late
category.

Table 1 Underlying cause of death in people with cerebral palsy (born to Merseyside and Cheshire residents 1966–91) who died by 30 June 1998

Code range Code Category

Early and late
impairment
cerebral palsy
(n (%))

Early
impairment
cerebral palsy
(n (%))

Late impairment
cerebral palsy
(n (%))

I: Infectious and parasitic diseases (001–139) 049 Other non-arthropod borne viral diseases of
central nervous system

3 (1.1) 1 (0.4) 2 (3.6)

II: Neoplasms (140–239) 189, 204 Malignant neoplasm of kidney and other NOS
female genital organs; lymphoid leukaemia

2 (0.7)

4 (1.8) 1 (1.8)III: Endocrine, nutritional and metabolic
diseases and immunity disorders (240–279)

277, 279 Other and NOS disorders of metabolism;
disorders involving the immune mechanism

2 (0.7)

V: Mental disorders (290–319) 305 Non-dependent abuse of drugs 1 (0.4)
318, 319 Other specified mental retardation; NOS

mental retardation
12 (4.3) 9 (4.0) 3 (5.5)

VI: Diseases of nervous system and sense
organs (320–389)

331 Other cerebral degenerations 10 (3.5) 8 (3.5) 2 (3.6)
343 Infantile cerebral palsy 79 (28.0) 64 (28.2) 15 (27.3)
344 Other paralytic syndromes 16 (5.7) 10 (4.4) 6 (10.9)
345 Epilepsy 15 (5.3) 11 (4.8) 4 (7.3)
320, 322, 323,
335, 348, 349,
382, 389

Bacterial meningitis; meningitis of cause NOS;
encephalitis, myelitis, and encephalomyelitis;
anterior horn disease; other conditions of
brain; other and NOS disorders of central
nervous system; suppurative and NOS otitis
media; deafness

14 (5.0) 11 (4.8) 3 (5.5)

VII: Diseases of circulatory system
(390–459)

415, 427, 429,
436

Acute pulmonary heart disease; cardiac
dysrhythmias; ill defined descriptions and
complications of heart disease; acute but ill
defined cerebrovascular disease

4 (1.4)

VIII: Diseases of respiratory system
(460–519)

480, 482, 485,
486

Viral pneumonia; other bacterial pneumonia;
bronchopneumonia, organism NOS;
pneumonia, organism unspecified

37 (13.1) 29 (12.8) 8 (14.5)

465, 466, 478,
490, 493, 496,
507, 519

Acute upper respiratory infections of multiple
or NOS sites; acute bronchitis and
bronchiolitis; other diseases of upper
respiratory tract; bronchitis, NOS as acute or
chronic; asthma; chronic airways obstruction,
NEC; pneumonia as a result of solids and
liquids; other diseases of respiratory system

22 (7.8) 20 (8.8) 2 (3.6)

IX: Diseases of digestive system (520–579) 530, 531, 557,
558, 560, 568,
571, 577

Diseases of oesophagus; gastric ulcer; vascular
insuYciency of intestine; other non-infective
gastroenteritis and colitis; intestinal
obstruction without mention of hernia; other
disorders of peritoneum; chronic liver disease
and cirrhosis; diseases of pancreas

10 (3.5) 9 (4.0) 1 (1.8)

X: Diseases of genitourinary system
(580–629)

581, 599 Nephrotic syndrome; other disorders of
urethra

3 (1.1)
10 (4.4) 1 (1.8)

XIII: Diseases of musculoskeletal system and
connective tissue (710–739)

733, 737, 738 Other disorders of bone and cartilage;
curvature of spine; other acquired deformity

4 (1.4)

XIV: Congenital anomalies (740–759) 742 Other congenital anomalies of nervous system 13 (4.6)
16 (7.0) 2 (3.6)745, 746, 756,

758, 759
Bulbis cordis anomalies and anomalies of
cardiac septal closure; other congenital
anomalies of heart; other congenital
musculoskeletal anomalies; chromosomal
anomalies; other and NOS congenital
anomalies

5 (1.8)

XV: Certain conditions originating in
perinatal period (760–779)

765, 767, 768,
770

Disorders relating to short gestation and NOS
low birthweight; birth trauma; intrauterine
hypoxia and birth asphyxia; other respiratory
conditions of fetus and newborn

14 (5.0) 12 (5.3) 2 (3.6)

XVI: Symptoms, signs and ill defined
conditions (780–799)

780, 798 General symptoms; sudden death, cause
unknown

6 (2.1) 5 (2.2) 1 (1.8)

XVII: Injury and poisoning (800–999)
external causes E-codes

811, 814, 878,
910, 911, 928

Fracture of scapula; fracture of carpal bones;
open wound of genital organs (external),
including traumatic amputation; superficial
injury of face, neck, and scalp, except eye;
superficial injury of trunk; crushing injury of
lower limb

10 (3.5) 8 (3.5) 2 (3.6)

Total 282 (100) 227 (99.9) 55 (99.8)

Data source: Mersey Cerebral Palsy Register.
ICD, international classification of diseases; NEC, not elsewhere classified; NOS, not otherwise specified.

→

→

→
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All cases are routinely flagged with the
National Health Service Central Register
(NHSCR). If a patient on the MCPR dies, this
allows the NHSCR to notify the MCPR and
provide a copy of the cause of death statement
with each entry coded to the four digit level of
the international classification of disease (ICD)
ninth revision.25 All elements of Parts I (imme-
diate, intermediate, and underlying cause of
death) and II (contributory cause(s) of death)
are coded. The cause of death statement in
England and Wales is in the internationally
agreed format25; the underlying cause of death
is therefore the lowermost completed line in
Part I: “the disease or injury which initiated the
train of morbid events leading directly to
death”, with more recent conditions above it in
the sequence, as appropriate. Contributory
causes of death in Part II comprise: “other sig-
nificant conditions contributing to the death,
but not related to the disease or condition
causing it”.

An MCPR dataset was extracted containing
all cases born between 1966 and 1991 (that is,
including the most recent year for which ascer-
tainment was unlikely to be substantially
improved), and with vital status recorded as at
the end of June 1998. The main variables com-
prised: age, sex, type and severity of cerebral
palsy, vital status, date of death, coded entries
in Parts I and II of the cause of death statement
(including underlying cause of death), birth
weight, and gestational age.

Focusing on those cases known to have died,
the main analyses comprised:
+ The frequency tabulation of the underlying

cause of death at the three digit coding level,
grouping those accounting for small num-
bers

+ The frequency with which cerebral palsy
was mentioned in the cause of death
statement, and the ratio of “mentioned any-
where” to underlying cause. (Conditions
with a high case fatality rate, such as gastric
cancer, will have a ratio close to 1 because
they will be mentioned most often as the
underlying cause of death. For diabetes
mellitus, the ratio was around 4 in both
sexes in 199726)

+ Cross tabulation of whether cerebral palsy
was the underlying cause of death or not
with severity of disability and timing of
death, respectively

+ The frequency with which the underlying
cause of death, when it was cerebral palsy,
had to be derived from Part II (as an indica-

tor of poorer quality completion of the cause
of death statement).
For the cause of death statements, cerebral

palsy was defined as: ICD 343, “infantile
cerebral palsy”; and ICD 344, “other paralytic
syndromes”, which include quadriplegia, para-
plegia, diplegia, and monoplegia.

Disability was characterised using three
modalities,22 namely: mental—for which an
intelligence quotient of < 50 indicated severe
disability; manual—for which the inability to
feed or dress unaided indicated severe disabil-
ity; and ambulatory—for which wheelchair
dependent mobility indicated severe disability.

Yates corrected ÷2 and ÷2 for trend were cal-
culated to compare relevant proportions for
unordered and ordered categorical data, re-
spectively.

Results
Of 2102 cases of cerebral palsy flagged with the
NHSCR (1203 male, 893 female, six of
unknown sex), the MCPR had already received
death certificate copies for 282 (13.4%). These
came from 227 of 1828 (12.4%) cases of early
impairment cerebral palsy and 55 of 274
(20.1%) cases of late impairment cerebral
palsy. All certificates were for deaths over 28
days of life. Of the deceased, 178 of 282
(63.1%) were male, and 104 (36.9%) were
female; 70 of 251 (27.9%) had been low birth
weight (< 2500 g) and 55 of 238 (23.1%) had
been born preterm (< 37 weeks).

The most common underlying cause of
death (95 of 282; 33.7%) was cerebral palsy
(table 1). The second most common cause was
pneumonia (13.1%). There was no subsequent
pattern in late impairment cerebral palsy.
However, in early impairment cerebral palsy,
other respiratory conditions (mostly inflamma-
tory; 8.8%), and a comparable proportion for
combined “other cerebral degenerations”/
“other congenital anomalies of nervous sys-
tem” (both including hydrocephalus), were
jointly the next most common underlying
cause of death (table 1). There was no signifi-
cant diVerence between the sexes in whether or
not cerebral palsy was the underlying cause of
death (p = 0.7).

Of the 187 cases (66.3%) in which cerebral
palsy was not the underlying cause of death, it
was still mentioned elsewhere on the cause of
death statement in 61 (32.6%) (table 2), giving
a ratio of mentioned anywhere/underlying
cause of death of 156 to 95 (1.6). Where
cerebral palsy was the underlying cause of
death, it was derived from Part II in 16.8%.

Most of those who died were severely
disabled in all three disability modalities (men-
tal, manual, ambulatory) (61.3%), but 38% of
these still had no mention of cerebral palsy in
the cause of death statement. Nevertheless,
cerebral palsy was statistically very significantly
more likely to be certified as the underlying
cause of death with increasingly severe disabil-
ity (table 3). Information was missing on at
least one of the disability modalities in a further
22.7% of cases. This was usually because the
child died before the severity of the disability
could be assessed.

Table 2 Recording of cerebral palsy in the cause of death statements of people with cerebral
palsy (born to Merseyside and Cheshire residents 1966–91) who died by 30 June 1998

Underlying cause of death n (%)

Cerebral palsy 95 (33.7) Derived from Part I* 79 (28.0)
Derived from Part II 16 (5.7)

Not cerebral palsy, but
cerebral palsy mentioned

61 (21.6) Mentioned in Part I 13 (4.6)
187 (66.3)Mentioned in Part II 48 (17.0)

Not cerebral palsy,
cerebral palsy not
mentioned anywhere

126 (44.7)

Total deaths 282 (100)

Data source, Mersey Cerebral Palsy Register.
*Cerebral palsy was also mentioned in Part II for one certificate.

→
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There was a suggestion that a smaller
proportion of the cause of death statements
omitted cerebral palsy by the 1990s compared
with the 1970s and 1980s (table 4). There was,
however, no significant trend in the likelihood
of cerebral palsy being the certified underlying
cause of death over the four decades.

Discussion
In our study, although cerebral palsy was the
most common underlying cause of death, this
only accounted for approximately one third of
deaths. Consequently, mortality data need
careful interpretation when used as a proxy
source for examining trends and patterns in
cerebral palsy. Admittedly, the diagnostic
validity of the certified compared with the
“true” underlying cause of death cannot be
assessed without systematic expert review of
clinical and postmortem information, and this
would be an area for further cause specific
research. However, according to our study
there might be considerable under recording of
cerebral palsy in mortality data. For example,
many of the deaths attributed to respiratory
tract infection possibly merited having cerebral
palsy recorded as the antecedent in the causal
sequence. Nevertheless, this discussion is also
aVected by the caveat that, for deaths between
1984 and 1992, the OYce for National Statis-
tics applied a wider interpretation of the ICD
coding rule 3 than prevailed internationally.27

Rule 3 states that: “If the condition se-
lected . . . can be considered a direct sequel of
another reported condition, whether in Part I
or Part II, select this primary condition”.25 For
1984–92 deaths, however, even without noting
a “direct causal” relation, the OYce for
National Statistics interpreted the rule to allow
the selection of immobilising, disabling, and
debilitating conditions from Part II when
terminal conditions, such as bronchopneumo-
nia, were alone in Part I. The OYce for

National Statistics reverted to the narrower,
international interpretation of rule 3 when its
cause coding was automated, for deaths from
1993 onwards, because the coding software
from the USA included this interpretation.

The potential case ascertainment achievable
through death certification is important, but
limited, even with multiple cause coding of
causes of death. Cerebral palsy was not
mentioned at all in the cause of death
statement of 45% of those who died, but was
more likely to be the underlying cause of death
with increasingly severe disability. There was
no clear time trend in the pattern of certifying
cerebral palsy, but more time needs to elapse to
confirm if there really was a more recent,
increasing tendency to include cerebral palsy in
the cause of death statement. (Because the reg-
ister only started with births in 1966, relatively
few deaths could be expected in the remainder
of that decade.)

Assessing the quality of the cause of death
statement by the choice of terms and their
arrangement, the underlying cause of death
should be the condition triggering the causal
sequence leading to death—the lowermost
entry in Part I. In well constructed sequences
for single cause coding of mortality data, the
“general rule” of the international coding rules
selects the entry from this position. To derive
the underlying cause of death, supplementary
coding rules are only applied if the causal
sequence is incorrectly constructed. The fre-
quency with which the underlying cause of
death is obtained from Part II is, therefore, one
indicator of the quality of death certification. In
our study, of the 95 cases with cerebral palsy as
the underlying cause of death, one sixth were
obtained from Part II, indicating a lapse in the
quality of death certification. The ratio of 1.6
for mentioned anywhere/underlying cause in
cerebral palsy compares with 1.6 and 2.1 for
male, and 1.8 and 1.9 for female patients, for

Table 3 Recording of cerebral palsy, according to severity of disability, in the cause of death statements of people with
cerebral palsy (born to Merseyside and Cheshire residents 1966–91) who died by 30 June 1998

Underlying cause of death

Not severely
disabled in
any modality

Severely
disabled in any
1 modality

Severely
disabled in any
2 modalities

Severely
disabled in all
3 modalities

Information
missing on
severity of
disability Total

Cerebral palsy 1 (9.1) 3 (15.8) 6 (40.0) 69 (39.9) 16 (25.0) 95 (33.7)
Not cerebral palsy, but

cerebral palsy mentioned 1 (9.1) 3 (15.8) 3 (20.0) 38 (22.0) 16 (25.0) 61 (21.6)
Not cerebral palsy,

cerebral palsy not mentioned anywhere 9 (81.8) 13 (68.4) 6 (40.0) 66 (38.2) 32 (50.0) 126 (44.7)
Total 11 19 15 173 64 282 (100)

Values are n (%).
Data source, Mersey Cerebral Palsy Register.
After excluding those with missing information on severity of disability for the underlying cause of death as cerebral palsy or not, the
÷2 trend (1 degree of freedom) = 7.21; p = 0.007.

Table 4 Recording of cerebral palsy, according to the decade of death, in the cause of death statements of people with
cerebral palsy (born to Merseyside and Cheshire residents 1966–91) who died by 30 June 1998

Underlying cause of death Late 1960s 1970s 1980s 1990s Total

Cerebral palsy 3 (37.5) 20 (32.3) 34 (30.1) 38 (38.4) 95 (33.7)
Not cerebral palsy, but

cerebral palsy mentioned
4 (50.0) 14 (22.6) 15 (13.3) 28 (28.3) 61 (21.6)

Not cerebral palsy,
cerebral palsy not mentioned anywhere

1 (12.5) 28 (45.2) 64 (56.6) 33 (33.3) 126 (44.7)

Total 8 62 113 99 282 (100)

Values are n (%).
Data source, Mersey Cerebral Palsy Register.
For the underlying cause of death as cerebral palsy or not, the ÷2 trend (1 degree of freedom) = 1.74; p = 0.63.
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code 343, in England and Wales, in 1985 and
1997, respectively (C Rooney, OYce for
National Statistics, personal communication,
1999).

The findings reported here are similar to
those reported from the South East Thames
Register of Cerebral Palsy, covering 73 deaths
in 732 children with cerebral palsy (born
1970–79, followed up to 1989).19 Cerebral
palsy was reported to be the underlying cause
of death in only 22%, defined as ICD code 343
(infantile cerebral palsy); but this increases to
26% by adding ICD code 344 (other paralytic
syndromes) (compared with 34% in our
study). Furthermore, 28%, compared with 59
of 282 (21%) in our study were attributed to
the ICD “respiratory chapter”, mostly pneu-
monias.

For England and Wales, the OYce for
National Statistics (through its death certifica-
tion advisory group) has been reviewing ways
of improving the quality of death certification,
focusing initially on the certificate for deaths
after 28 days of life. The need for better
educational materials, to guide death certificate
completion and referral to the coroner,
prompted the launch of an educational video
cassette pack with pocket guidelines in 1996.
“Death counts” was aimed at medical students,
general practitioners, and junior hospital
doctors.28 29 In 1996, the Deputy Chief Medical
Statistician also wrote to all doctors via general
practices and hospital consultants updating
previous guidance from 1990.30 31 Since 1997,
updated death certification instructions have
been included in the death certification books.
The format of this death certificate32 remains
unchanged, however, and such eVorts to
improve death certification should continue to
take eVect for some years.

The important role of cerebral palsy registers
in highlighting the changing prevalence of
cerebral palsy is well documented. Our analysis
of the certified causes of death in cerebral palsy
has complemented the findings from another
cerebral palsy register. It has also provided a
rare cause specific insight into death certifica-
tion quality from the perspective of choice of
cause of death terms and their arrangement.
Further research is needed into the diagnostic
accuracy of death certification in cerebral
palsy, and into the explanation for certifiers
omitting cerebral palsy from the cause of death
statement.

Cerebral palsy is the most common serious
disability aVecting children and might be at
least a contributory cause of death more often
than is currently certified. The lack of pub-
lished routine data on cerebral palsy empha-
sises the crucial contribution of well main-
tained cerebral palsy registers to provide
information that complements mortality data
and can be extrapolated nationally.
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Health Authority Research and Development scheme; and the
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most appreciative of these sources of funding.
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