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Abstract

Postnatal factors account for 50% of unexpected deaths. Preventive 
resources can be effectively targeted by risk scoring. Home visiting 
with naked weighing reduces high risk mortality by 50% and total 
mortality by 25%. Maternal history of psychological illness is an im
portant risk factor as is discussion of termination of pregnancy. 33% 
of high risk families have multiple problems. Naked weighing fo
cusses attention on the infant.

Introduction by Hans von Liipke

The following paper by Carpenter, Taylor and Emery continues the integrative 
approach on Sudden Infant Death Syndrome (SIDS), that started in the ISPPM 
during a symposium at the International Congress in Jerusalem, March 1989. 
The papers are found in Vol. 1, No. 3 of this journal.

Among the immense amount of research about SIDS, the authors and co
workers, usually connected with Sheffield, are virtually the only ones that by their 
intervention could reduce the total infant mortality (by 25%) and the mortality 
of a high risk group (by 50%). This intervention seems to be rather simple: they 
initiate additional home visits by health visitors who ‘discuss the health and de
velopment’ of the infant as well as weighing it undressed. This is by far more 
than a pure routine health control: the procedure gives fundamental informa
tion about the interaction between mother and child and the opportunity for 
intervention in a psychological understatement.

In this paper, the additional impact of maternal history of psychological ill
ness and the discussion of termination of pregnancy as risk factors is of special 
interest for those professionals who are in contact with the family prior to birth. 
The authors speak about ‘unexpected death’, SIDS being only a subgroup. This
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is an additional aspect in the discussion about the usefulness of confining studies 
and interventions to SIDS in the strict and specific sense.

Finally, the concluding statement about the impact of multiple problem fam
ilies, the question ‘how we can begin to reduce the pressures and problems, both 
psychological and social, which surround many of the infants at greatest risk of 
unexpected death’, is a challenge for interdisciplinary cooperation which the pre
ceding papers and this journal in general strive to meet.

Review

Post neonatal mortality in England has declined little in the last ten years1 and 
the situation is similar in most other developed countries2. Deaths in this age 
group may be broadly defined as inevitable or possibly preventable3. The latter 
group which comprise over 50% of the total are almost all unexpected and 70% 
are certified as due to SIDS or respiratory causes associated with SIDS. Unex
pected infant deaths also include deaths due to acute infections. The distinction 
between these deaths and SIDS is not precise and from the public health point 
of view these deaths are often the most preventable 4.

Figure 1 shows the four age groups, the seasonal distribution of unexpected 
deaths attributed to SIDS or respiratory causes based on deaths in England and 
Wales over a ten year period5. In each age group the death rates are highest 
in December, January and February and lowest in the summer months. If sea
sonal variation were due to exposure of the fetus to some prenatal factor, e.g. 
maternal infection, the seasonal distribution of mortality would peak at differ
ent months of the year in different age groups. The synchronization of seasonal 
variation of the death rates for different age groups in Fig. 1 demonstrates that 
seasonal variation in unexpected infant deaths is essentially due to a postnatal 
factor associated with winter possibly affecting infants at a vulnerable stage of 
development. The two most obvious factors are temperature and infection. Im
proved health care could in principle reduce the impact of these factors. This 
analysis therefore suggests that a substantial proportion of unexpected deaths 
may be preventable by improved postnatal health care.

Many studies have shown that infants at increased risk of unexpected death 
can be identified by score systems similar to that used in Sheffield6’11. There is, 
however, some controversy as to the value of such score systems because the 
mortality rate of high risk infants is seldom greater than 2% and sensitivity, i.e. 
the proportion of deaths identified as high risk, may be less than 60%. In ordi
nary clinical terms these risk predictors are not very useful, although most people 
would seek and expect extra health surveillance if they were told that they had a 
1 in 50 chance of unexpected death in the next six months.

The theory of risk related intervention6’12’13 shows that even a comparatively 
weak risk predictor can substantially enhance the effectiveness of an intervention 
programme by focussing care on high risk infants. Thus, by using a risk predictor 
which identifies a high risk group comprising 23% of the population and which 
is expected to pick up only 60% of cases, an intervention programme can be
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Month of death

Fig. 1. Death rates by month of death and age.

focussed sufficiently to increase its effectiveness by 27% without increasing the 
resouces required6.

Carpenter et al.6 evaluated 10 years of risk-related intervention in Sheffield 
and studies in five other districts. The study concluded that intervention, com
prising five extra home visits by health visitors, when the infant was weighed 
naked and the weights were charted, reduced mortality in the high risk group 
by 50% and overall mortality by 25%. A progressive reduction in post neonatal 
mortality has also been reported in West Virginia following the introduction of 
a risk-related intervention project along these lines14. Miller (personal commu
nication) has also reported an abrupt 38% reduction in post neonatal mortality 
in infants of families of British Forces serving in Germany coincidental with the 
start of a similar intervention programme, p = 0.07. The small numbers of deaths 
do, however, make it extremely difficult to establish the magnitude of the effect 
of intervention. A formal randomized controlled trial, if it were ethical, would 
involve at least 100000 infants to be reasonably certain of not missing a 25% 
reduction in overall mortality, i.e., power > 70%.

The results described above, turn on regression discontinuity analyses. Two 
approaches are possible. The first is to examine the relation of log (risk) to risk 
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score. If all children receive similar care, log (risk) usually increases linearly with 
score. When children with scores above a critical score, s, receive extra care the 
effect is to produce a step down in the relationship at s 6’12. Analysis then com
pares the mortality at the bottom end of the treated high risk group with that 
observed at the top end of the untreated low risk group after making some ad
justment for the difference in risk scores. The methodology has been advocated 
for social science research15 and the validity of such comparison has been theo
retically established by Rubin16.

An effective intervention programme targeted at the high scoring infants will 
reduce the proportion of high scoring infants. Without fitting a logistic regres
sion with a parameter representing the regression discontinuity, it is impossible 
to distinguish between an effective risk score coupled with an effective inter
vention, which corresponds to a steep slope and step down, and a less effective 
predictor plus an ineffective intervention, represented by a lesser slope and no 
step down.

A reduction in overall mortality is, however, the ultimate goal of interven
tion. So the second approach is to look for a discontinuity in the time trend in 
mortality for the district at the time the intervention programme begins. Such 
an analysis is beset with all the usual uncertainties associated with comparing 
the period before the study with the period when the study is in progress. Are 
the changes due to the intervention programme or to some other social changes 
which occurred at about the same time? Another problem is that in a district 
with around 6000 births per year, random variation in death rates makes it al
most impossible to differentiate a downward trend from a step down, unless the 
study includes a substantial number of years before and after the start of the 
study. The impression of a downward trend rather than a step down is likely to 
be enhanced because 38% of deaths one year will have been born in the previous 
year. Consequently the effect of an intervention programme will only partially 
appear in the first year.

Failure to recognize these problems appear to have led Madeley and his 
colleagues17 to conclude that intervention was not effective in Nottingham be
cause the reduction in mortality could be described by a steep linear downward 
trend over the six years before and the five years after the intervention started. 
Simulation studies show that, had there been no underlying downward trend, but 
an abrupt 40% reduction in mortality following the start of intervention the re
sulting pattern of mortality could be described by a simple linear trend 85 times 
out of 100, i.e., the power of Madeley’s analysis to detect an effect of intervention 
is only 15%. Extending the analysis to 13 years before and 18 years after the start 
of the programme increases power to around 75%. When ‘possible preventable’ 
post neonatal mortality in Nottingham was examined between 1965 and 1985, it 
was found that a model in which mortality before intervention was consistently 
79% above the rate for England and Wales before intervention started and was 
then abruptly reduced by 38%, describes the observed pattern of mortality accu
rately. Furthermore, it fits the data significantly better than a simple downward 
trend p < 0.05. It therefore appears that Madeley et al. may have been misled 
in their conclusion that their intervention programme was ineffective. Further
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more, their attempts to explain the downward trend in mortality that they ob
served as being due to a reduction in the birth rate is demographically highly 
improbable and not supported by a study of trends in infant mortality and birth 
rates over an 8 year period in 98 districts in England and Wales. This showed 
that on average there was no correlation or lagged correlation between the two.

Two New Risk Factors

A case control study of 77 unexpected infant deaths that occurred in Sheffield 
between July 1979 and March 1987 and 129 randomly selected controls selected 
four previously undetected risk factors. Two of specific interest to the present 
discussion were found in the maternity records, namely a history of emotional 
or psychiatric illness including suicide attempt. 16 (20.8%) of cases; 1 (0.8%) of 
controls and second, termination of pregnancy discussed, 10 (13.0%) of cases 
compared with 1 (0.8%) of controls. Analysis showed that both these factors 
were highly significant after taking account of the risk scores and other factors.

Accordingly, data on both these factors has been routinely reported for all 
births since 1st June 1988. As a check, the prevalence of these risk factors in the 
first 1733 returns has been compared with the prevalence in the 23 unexpected 
deaths which occurred between March 1977 and September 1988. In these data 
there were 3, 11.1% of deaths in which there was a history of psychiatric illness 
compared with 2.5% of the population. Termination of pregnancy was discussed 
in 4, 14.8% of the cases and 1.8% of the population. So although the risk as
sociated with a psychiatric history appears somewhat less in the new data than 
in the case control study, both data sets are in general agreement and taken to
gether, indicate that both maternal history of emotional or psychiatric illness and 
a discussion of whether the pregnancy should be terinated are important new in
dependent risk factors. When present, both have important implications for the 
mother/child relationship and probably affect the psychological development of 
the child.

Psycho-social Background

The risk factors, maternal age, parity, birthweight, etc, which together make up 
the Sheffield Month Score 6, do not in themselves give much indication of the 
psycho-social background of high risk infants. To do so, data on 321 high risk 
infants born in Sheffield since 1st June 1988 has been compared with a 13% 
random sample of 347 low risk infants. Table 1 shows the variables abstracted 
and the characteristics of the high and low risk groups. With the sole exception 
of weight gain in the first month, differences between the groups in respect of 
every variable, considered singly, is statistically very high p < 0.001.

The anxiety depression score, shown, is the Leeds anxiety depression score 
modified to make it appropriate to mothers with a new infant. It includes 13 
items related to anxiety/depression, each rated on a 4 point scale. Further anal
ysis indicates that the differences between the groups primarily lies in the level 
of anxiety rather than depression.
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Table 1. Differences between 321 high risk infants and 347 low risk controls reported by 
questionnaire applied to all parents one month after the birth (s.e. in brackets where 
appropriate).

Variable Cases Controls

Father unemployed % 35.8% 17.0%
No. of children under 5 yrs 0.76% (0.044) 0.52% (0.038)
Weight at 1 month 3.85 kg (0.036) 4.18 kg (0.032)
Weight gain birth to 1 month 783 g ' (22) 795 g (20)
Bottle fed at 1 month 84.4% 55.5%
Mothers’ standard of hygiene 2.8 (0.04) 2.1 (0.04)
Mothers’ ability to recognize illness 2.5 (0.04) 2.1 (0.04)
Mothers’ general care of baby 2.3 (0.04) 1.9 (0.04)
Mother completing full-time education 35.6% 22.9%

at 16 yrs
Unstable marital relationship 19.0% 7.5%
Concern mother/child relationship 8.3% 0.6%
Mother suffered from psychiatric illness, 11.9% 3.4%

depression or suicide attempt since birth 
Anxiety/Depression Score 23.1 (0.39) 20.6 (0.28)

These variables are correlated. Discriminant analysis shows that differences 
primarily lie in weight at 1 month, percentage bottle feeding at 1 month and 
standard of hygiene p < 0.0001. Anxiety/depression score, p < 0.0001. Three 
other variables, number of children under 5, marital instability and unemployed 
fathers add to the discrimination at a less significant level, p < 0.025.

While this analysis shows that there are very real differences between high 
and low risk infants, it does not show to what extent high risk infants are in mul
tiple problem families. We therefore designated problems as father unemployed, 
two or more children under 5, weight at 1 month < 3 kg - the 3rd centile - hy
giene, care and ability to recognize illness, poor or worse, marital instability, 
mother psychologically ill since the birth and bonding failure. Using these crite
ria it emerges that 68% of low risk families have no problems and only 9% have 
two or more. In contrast, only 29% of high risk families have no problems under 
these headings, while 16% have 2, 9% have 3, 5% have 4 and 2.7% have 5 or 
more, i.e. a third of high risk infants have multiple problems of some kind.

Discussion

A survey of health visitors shows that, when visiting low risk families, they usu
ally discuss the health and development of the child. In contrast, when visiting 
high risk infants, mothers want to discuss all the family’s problems (Powell, J. 
personal communication). The limited analysis described in the previous sec
tion shows that at least a third of the high risk families are indeed families with 
multiple problems.

It is in this context we see naked weighing of the infant as so important. This 
simple procedure ensures that the child is the focus of attention for a substantial 
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part of the interview and demonstrates the health visitor’s concern for the child 
to the mother. In addition, the mother will be seen handling the child while it is 
undressed and dressed again, which can provide vital clues as to the mother/child 
relationship. Charting the weights using the Sheffield Weight Charts18 can also 
provide a clear warning of illness. Experience shows that there is seldom a sig
nificant fall off in weight gain without good reason.

However, while home visiting and weighing may reduce mortality, the ques
tion arises as to how we can begin to reduce the pressures and problems, both 
psychological and social, which surround many of the infants at greatest risk of 
unexpected death. Discussion of these issues is needed urgently.
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