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Growth decelerations among under-5-year-old
children in Kasongo (Zaire).
II. Relationship with subsequent risk of dying,
and operational consequences

KASONGO PROJECT TEAM 1

The relationship between growth decelerations (in terms of various anthropometric
parameters) and death occurring during the subsequent 100 days was studied among
under-S-year-old children in Kasongo, Zaire. A significant association, more pronounced
for large decelerations, was demonstrated for some anthropometric parameters. The
observations provide support for the hypothesis that the frequency of stress due to mal-
nutrition and infection partly explains the high mortality. Although the association with
mortality is significant, the observation of growth decelerations remains a screening
instrument of limited predictive power.

The main value of anthropometric measurements
in the evaluation of protein-energy malnutrition is
their usefulness in identifying individuals and popu-
lations at high risk of the adverse consequences of
such malnutrition, including death (1). Only a few
community-based studies (i.e., studies not confined
to nutritional rehabilitation units or hospitals, like
that of Gomez et al. (2)) have been carried out, which
evaluate the relationship between anthropometric
measurements and the risk of subsequent death.
These few studies evaluated various cut-off points in
the distribution of anthropometric parameters as a
screening instrument for the prediction of dying, and
their results are only moderately encouraging (1, 3, 4)
or disappointing (5). It has been argued that the pre-
diction of mortality could be improved by including
other identifiers of a social or demographic nature
(1).

It is widely accepted, however, that in order to be
able to identify individuals at risk of functional con-
sequences of malnutrition and, more specifically, at
risk of dying, one should use anthropometry not to

I The Kasongo Project Team conducted this research under the
direction of the Unit for Research and Training in Public Health
(Chiefs: Dr H. Van Balen and Dr P. Mercenier) of the Prince
Leopold Institute for Tropical Medicine, Antwerp, Belgium. Field
work and data processing were done by Dr P. Daveloose, Dr M. De-
bruycker, Mr J. Grosdent, Dr F. Kanamugire, Dr R. Meloni, Dr F.
Monet, Dr P. Pangu, Dr B. Storme, Dr W. Van Den Bulcke and
Dr W. Van Lerberghe. This paper was prepared by Dr W. Van
Lerberghe, to whom all requests for reprints should be addressed at
the Unit for Research and Training in Public Health (URESP), Insti-
tute for Tropical Medicine, Nationalestraat 155, B-2000 Antwerp,
Belgium.

screen on the basis of a single measurement, but to
draw inferences from the assessment of the child's
growth evolution. The underlying assumption is that
two or more measurements over a period of time may
show the deleterious effect of, for example, measles
and diarrhoeal diseases on the child's nutritional
status, thus causing interruptions in growth and even
a permanent growth deficit or death.
The first part of this study showed that growth

decelerations are very frequent, especially among
younger children, and confirmed the deleterious
effect of measles on the growth pattern. This second
part examines the relevance of the detection of
growth decelerations to the prediction of the risk of
dying, and the operational implications. This has not
to our knowledge been done before in field studies in
Africa.

METHODS AND RESULTS

Details on the study population of under-5-year-
old children and on the organization of the survey in
Kasongo are given in part I of this paper. Briefly,
during the survey serial measurements of weight,
height and arm-circumference were made and infor-
mation on morbidity and mortality was recorded.

During the study, 105 deaths at age 6 months or
more were documented; measurements had been
taken during the 100 days preceding death on all of
them (only 104 for height) (5). The median interval
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between measurements and death of these 105 chil-
dren was 65 days. For 72 children (69%) more than
one measurement was available, thus permitting an
assessment of nutritional status by comparing the
growth change during the interval between the
measurements. For this study, only time intervals of
2-4 months were taken into consideration and 16 063
of these (in the case of weight-for-age) were followed
up for at least 100 days, during which period 52
deaths were recorded (the remaining 20 occurred
during the follow-up period of longer or shorter inter-
vals). Relating the deaths to the follow-up periods
gives approximate death rates of 33, 16 and 7 per
thousand child-years of follow-up, for intervals end-
ing at ages 6-12 months, 13-24 months and 25-59
months, respectively. These rates are probably under-
estimations. Nevertheless, the 52 selected deaths are
considered representative of all 105 deaths; 52% were
attributed to measles (against 54% for the 105
deaths). There are no relevant differences in age dis-
tribution between excluded and included deaths.
The sensitivity and specificity of growth deceler-

ations as a predictor of the risk of dying during the
100 days of follow-up were calculated (see Annex) for

the following cut-off points: decelerations of a mag-
nitude of at least 1 SD (standard deviation) score
unit;a decelerations of at least 0.5 SD score unit; de-
celerations with the cut-off point at 0 SD score unit,
thus including even minimal deviations from the ref-
erence growth curve (Table 1). The reference growth
patterns that were used are the same as in part I of this
paper: the Kasongo weight-for-age (W/A-K), arm-
circumference-for-age (AC/A-K) and arm-circum-
ference-for-height (AC/H-K) references, and the
NCHS (National Center for Health Statistics, Center
for Disease Control, USA) weight-for-age (W/A-
NCHS) and weight-for-height (W/H-NCHS) ref-
erence data.

Positive predictive values were calculated (see
Annex) by applying these sensitivity and specificity
figures to various mortality levels (between 100 and
30 per 1000). The positive predictive values give the
proportion of true positives (i.e., cases subsequently
dying) among the test positives (i.e., cases with decel-
erations) that will be found at different levels of mor-
tality on the assumption that the Kasongo sensitivity

' See p. 696 in part I for more details on the SD score unit.

Table 1. Sensitivity and specificity of prediction of dying during the 100 days subsequent to growth decelerations
ending at ages of 6-24 and 25-59 months

Weight-for-age Arm-circumference- Arm-circumference-
Weight-for-height for-age for-height

Growth decelerations Kasongo NCHS NCHS Kasongo Kasongo

Intervals ending at
ages 6-24 months:

> 1 SD score unit
Specificity 0.937 0.863 0.715 0.916 0.903
Sensitivity 0.097 0.161 0.345 0.129 0.207

>0.5 SD score unit
Specificity 0.846 0.699 0.642 0.776 0.752
Sensitivity 0.226 0.387 0.517 0.258 0.379

>0 SD score unit
Specificity 0.469 0.379 0.544 0.499 0.477
Sensitivity 0.613 0.806 0.552 0.548 0.690

Intervals ending at
ages 25-59 months:
> 1 SD score unit

Specificity 0.944 0.942 0.863 0.923 0.921
Sensitivity 0.162 0.286 0.263 0.095 0.050

>0.5 SD score unit
Specificity 0.867 0.861 0.732 0.785 0.779
Sensitivity 0.189 0.286 0.421 0.238 0.250

>0 SD score unit
Specificity 0.486 0.479 0.505 0.493 0.505
Sensitivity 0.459 0.524 0.526 0.381 0.400
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Fig. 1. Ratios of the risk of dying during the 100 days
following a growth deceleration (of a magnitude of > 1,
>0 . 5 or >0 SD score units) to the risk of dying following
time intervals during which no such deceleration was
observed. Data are presented separately for intervals
ending at ages 6-24 and 25-59 months. Anthropo-
metric parameters in each group of five are, from left
to right, weight-for-age (Kasongo), weight-for-age
(NCHS), weight-for-height (NCHS), arm-circumference-
for-age (Kasongo), and arm-circumference-for-height
(Kasongo). Ratios are indicated with 95% Taylor series
confidence intervals.

and specificity figures are applicable. Table 2 gives
the positive predictive values of decelerations for a
population with a mortality rate of 40 per 1000 in the
6-24-month age group and of 30 per 1000 in the
25-59-month age group. These positive predictive
values should be compared with the overall risk of
dying within 100 days, which is 10.9 per 1000 for a
mortality rate of 40 per 1000 and of 8.2 per 1000 for a
mortality rate of 30 per 1000 (see Annex for cal-
culations). These predictive values assist in judging
the usefulness of screening children on the basis of
the observation of growth decelerations of varying
magnitude.

Fig. 1 shows the ratios of the risk of dying during
the 100 days following a growth deceleration to the
risk of dying following intervals without such de-
celeration. They indicate for various anthropometric
parameters how many times larger the risk of dying is
after such a deceleration. These ratios were calculated
for the various cut-off points for intervals ending at
ages 6-24 months and 25-59 months.

Fig. 2 plots the false-positive to true-positive ratios
in the 6-24-month age group, obtained by screening
for weight-for-age (Kasongo reference) deceler-
ations, against the sensitivity obtained at various cut-
off points, when the average yearly death rates vary
between 30 and 100 per 1000. For a given cut-off
point the sensitivity for the detection of the deaths
remains the same at each mortality level. At a mor-
tality level of 100 per 1000, for example, selection on
the basis of decelerations will give 31 false positives
for each true positive (cut-off point 0 SD score unit)
at 600o sensitivity. The lower the death rate in the
population, the lower the efficiency of the screening;
thus, at a mortality level of 30 per 1000 the risk of
dying in the subsequent 100 days is so low that the
same sensitivity will be obtained at a cost of 105 false
positives for each true positive.

DISCUSSION

Fig. 1 clearly shows that growth decelerations for
some parameters are significantly associated with an

increased risk of death. The effect is most pro-
nounced in the 25-59-month age group for the
weight-for-age and weight-for-height measurements,
for which the effect is significant (P< 0.001) only for
decelerations of at least 0.5 SD score unit or more. It
increases as the magnitude of the deceleration in-
creases; the risk of subsequent death is about 6.5
times higher after a weight-for-age deceleration of 1

SD score unit than if no such deceleration was ob-
served. Risk ratios based on the arm-circumference
measurements are not significant in this age group.

In the 6-24-month age group the association be-
tween growth decelerations and subsequent risk of
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Table 2. Positive predictive values of screening on the basis of growth decelerations; average mortality rate is put at
40 per 1000 and 30 per 1000 for the 6-24-month and 25-59-month age groups, respectively

Weight-for-age Arm-circumference- Arm-circumference-
Weight-for-height for-age for-height

Growth decelerations Kasongo NCHS NCHS Kasongo Kasongo

Intervals ending at
ages 6-24 months:0
>1 SD score unit 0.017 0.013 0.013 0.017 0.023
>0.5 SD score unit 0.016 0.014 0.016 0.013 0.017
>0 SD score unit 0.013 0.014 0.013 0.012 0.014

Intervals ending at
ages 25-59 months: b

>1 SD score unit 0.023 0.039 0.016 0.010 0.005
>0.5 SD score unit 0.012 0.017 0.013 0.009 0.009
>0 SD score unit 0.007 0.008 0.009 0.006 0.007

° Death rate, 40 per 1000; risk of dying in 100 days is 1 1 .0 per 1000.
b Death rate, 30 per 1000; risk of dying in 100 days is 8.2 per 1000.

dying is significant (P< 0.025) for arm-circum-
ference-for-height measurements. For weight-for-age
and arm-circumference-for-age measurements it is
significant for decelerations with a loss of at least 1

SD score unit compared to the Kasongo reference
curve (P< 0.025). The significantly high ratio for
moderate (cut-off point, 0 SD score unit) deceler-
ations of weight-for-age compared to the NCHS-
reference is not evident for larger decelerations.
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Fig. 2. Screening in the 6-24-month age group on the
basis of weight-for-age (Kasongo) decelerations for
mortality levels of 100, 60, 50, 40 and 30 per 1000.
False positive to true positive ratios are plotted against
sensitivity. The cut-off points are: A, 1 SD score unit;
0, 0.5 SD score unit; 0, 0 SD score unit.

These observations are of particular interest in the
context of earlier observations on these same children
(5) which failed to demonstrate an association be-
tween the position of a child within the distribution of
anthropometric parameters and the subsequent risk
of dying. This was explained by the homogeneous dis-
tribution of nutritional deficit in that population
rather than by an absence of a link between mal-
nutrition and mortality. The data on the relationship
between growth decelerations and subsequent mor-
tality strengthen this explanation. This same hypo-
thesis, rather than a postulated lack of a link between
malnutrition and measles mortality, could probably
explain similar observations which have been made in
Guinea-Bissau, where the average weight deficit of
children who subsequently died from measles was
found not to differ significantly from the average
weight deficit of survivors (6).

In part I of this study it was shown that, in
Kasongo, there is an association between infection (at
least in the case of measles) and growth decelerations,
recovery from which may take several months. These
growth decelerations in turn are associated with a sig-
nificantly higher risk of subsequent death (occurring
at a median of 65 days later). This is consistent with
the interaction theories of nutrition and infection (7),
and more specifically with the role played by the
frequency of stress due to infection in this interaction
(8). It suggests that the frequency of stress due to in-
fection and malnutrition partly explains the excess
mortality among children in developing countries.
The chain of events could be explained as follows.
Infection and malnutrition provoke growth deceler-
ations, particularly wasting, which are corrected
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through recuperation of weight loss or by delayed
stunting, unless the child is subjected to a renewed
stress from a second infection before recuperation
has taken place. It is plausible, and consistent with
the present observations, that if the renewed stress
takes place before the recuperation has been com-
pleted, it carries a higher case-fatality rate than it
otherwise would. In any case, if the child survives,
this new stress will reinforce the stunting effect. This
has implications on the work of maternal and child
health (MCH) clinics and on the organization of pri-
mary health care; it shows how important it is to
integrate growth surveillance and the promotion of
good nutrition with curative and preventive care for
infectious diseases.
A significant association between growth deceler-

ations and subsequent mortality is not, however, suf-
ficient reason to transform the monitoring of these
decelerations into an efficient screening instrument.
As can be seen from Table 1, in the 6-24-month age
group the sensitivity ranges from 9.7/o (W/A-K) to
34.5Oo (W/H-NCHS) for > 1 SD score unit de-
celerations, and from 54.8% (AC/A-K) to 80.6/o
(W/A-NCHS) if all decelerations are considered. In
the 25-59-month age group the sensitivity is lower,
ranging from 5% (AC/H-K) to 28.6% (W/A-NCHS)
for decelerations of > 1 SD score unit and from 38.1%
(AC/A-K) to 52.6% (W/H-NCHS) if all deceler-
ations are considered.
A cut-off point which is often used in practice is

that of lack of weight gain. Thus, a child is considered
at risk if its weight decreases or does not increase
over a period of time. For a three-month period the
measurements in Kasongo would have a sensitivity
and specificity of, respectively, about 52% and 48%o
in the 6-24-month age group, and 46% and 67% in
the 25-59-month age group.
The figures for sensitivity and specificity are not

enough to be able to choose the optimal indicator and
cut-off point; the positive predictive value must also
be considered (9), i.e., the proportion of true posi-
tives (predicted deaths) among all positives (deceler-
ations). For a given sensitivity and specificity the
positive predictive value depends on the frequency of
the predicted phenomenon (10): in a particular case,
the given sensitivities and specificities will provide
higher predictive values if the mortality rates in the
population are higher. For the selected death rates in
Table 2 it can be seen that the subsequent mortality in
a group selected on the basis of the occurrence of a
deceleration is not impressively higher than in a
randomly selected group. In the 6-24-month age
group the highest predictive value is found for
AC/H-K: 23.1 %, i.e., 2.1 times more than what one
would obtain from random selection. In the 25-59-
month age group the predictive values are better, but

only for weight measurements and decelerations of at
least 0.5 SD score units. The low predictive values
mean that the use of growth decelerations as a screen-
ing instrument will result in the selection of large
numbers of false positives. This number will be
higher if the death rate is lower. This can be seen from
Fig. 2, where the number of false positives per true
positive is shown for W/A-K decelerations in settings
with different death rates.
The fact that (mathematically) death is a rare event

is part of the explanation for the disappointing pre-
dictive values. It is to be expected that if one considers
the growth decelerations among children presenting
at a curative consultation, i.e., a self-selected group
with a higher mortality risk than the general popu-
lation, the predictive value of the observation of a de-
celeration will increase, and the number of false posi-
tives per true positive will decrease. This is a strong
operational argument against the all-too-frequent
separation of preventive and curative services for
children under the age of 5 years.
Even if these predictive values are low, for some

anthropometric parameters and for some cut-off
points these decelerations compare well with screen-
ing criteria based on single measurements (5). It
should be stressed that the predicted event is death
within a short period of time (a maximum of 100 and
a median of 65 days). Any judgement on the efficiency
of the monitoring of growth changes will have to
include considerations on the possibility of taking
action to prevent death during these 100 days, and on
the spill-over benefits for the false positives that
might be obtained through this action. The choice of
indicator and cut-off point will depend largely on
operational considerations, including the number of
false positives that can be managed for intervention
and the possibility of standardization and quality
control of the measurements. In this last respect,
the age independence of the measurement of changes
in weight-for-age growth is an advantage compared
to the use of single weight-for-age measurements
as screening criteria. As a whole, the monitoring
of growth changes appears to be superior, at least
in Kasongo, to the mere comparison of a single
measurement with a reference curve. This is bound to
be the case in other areas where single anthropometric
measurements are of limited use because of the
homogeneity of the population.

In any case, the justification for the monitoring of
growth decelerations lies in the action taken after
identification of cases at risk. The interaction
between decelerations and infections implies that
such action should certainly not be limited to nutri-
tional education, but should include a range of cura-
tive and preventive as well as promotive activities.
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RISUMt

DECELERATION DE LA CROISSANCE CHEZ LES ENFANTS DE MOINS DE 5 ANS A KASONGO (ZAIRE).
II. RELATION AVEC LE RISQUE DE DECES ULTERIEUR ET CONSEQUENCES OPERATIONNELLES.

Une association est mise en evidence entre I'apparition
d'une d6c6leration de croissance (d6finie comme une baisse
de l'ecart-type entre le d6but et la fin d'un intervalle de
temps de 2 a 4 mois) et le risque de d6cbs dans les 100 jours
suivants. Cette association peut Wre plus ou moins forte en
fonction du parametre anthropometrique, de l'ampleur de
la d6c6l6ration ou du groupe d'Age consid6r6s.
De maniere gen6rale, I'association est moins marqu6e

pour le groupe d'Age de 6 a 24 mois: elle n'est statistique-
ment significative que pour la circonf6rence brachiale, pour
la taille et pour les decelerations d'une ampleur d'au moins

un 6cart-type du poids compar6 a la courbe de r6f6rence
locale. L'association est la plus forte pour les d6c6l6rations
de croissance pond6rale survenant durant les intervalles qui
se terminent a l'age de 25-59 mois: si l'6cart-type a diminu6
d'au moins une unit6, un enfant a 6,5 fois plus de chances de
mourir dans les 100 jours suivants que s'il n'y avait pas eu
une telle decel6ration. La sensibilit6, la sp6cificit6 et la
valeur predictive des d6cel6rations de croissance est calcul6e
pour les diff6rents parametres anthropom6triques conside-
r6s, pour des decel6rations de croissance d'ampleurs diverses
et pour diff6rents taux de mortalit6 aux diff6rents &ges.
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Annex

Calculation of positive predictive values at different levels of mortality,
using the Kasongo sensitivity and specificity figures

Sensitivity (positiveness in disease)' is calculated
directly as the proportion of growth decelerations
(whose magnitude is defined by the chosen cut-off
point) among all intervals, which is followed by death
within 100 days.

Specificity (negativity in non-disease)' is calculated
as the proportion of intervals, among all intervals
where the child survived the subsequent 100 days,
which do not show such decelerations.
These sensitivity and specificity figures can then be

applied to different epidemiological situations with
different death rates. As only 100-day periods are
considered (not whole years), the first step will consist
in calculating the risk of dying (RD) for such 100-day
periods (RD (dl00)). Assuming that within the studied
age group, death rates are constant for each age inter-
val (which is reasonable, the average interval length
being only three months), and considering that death

a HABICHT, J. P. Some characteristics of indicators of nutritional
status for use in screening and surveillance. American journal of
clinical nutrition, 33: 531-535 (1980).

rates are sufficiently small for risk and rate measures
to be approximately equal,b one can state that:

RD(dlOO)= lOOx death rate/365

The proportion of true positives (TP) in a group of
1000 children will be given by:

TP = sensitivity x RD (dlOO)

The proportion of false positives (FP) in this group
will be given by:

FP = (1 - specificity) x (1 - RD(dO00))

The positive predictive value (PPV) can be calculated
as:

PPV = TP/(TP + FP)

It is obvious that if the PPV is not larger than the
a priori risk of dying, the test is not better than
random selection.

b KLEINBAUM, D. G. ET AL. Epidemiologic research. Belmont,
California, Lifetime Learning Publications, 1982.


