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associated with at least two factors which are
independent of diet.  Firstly, living in very
steep terrain, especially when engaging in
subsistence agriculture, is connected with a
higher energy expenditure and therefore with a
need for more and/or higher quality food.
Secondly, many areas of steep terrain
(irrespective of their altitude) are among the
most remote and inaccessible in the country
and coverage of health services and access to
cash and imported goods are limited.  The
same is true for most areas in the middle
altitude zone.  Some of the differences in
growth among altitude zones, such as the
virtual absence of stunted or low-weight
children in the highest altitude zone, may also
be related to differences in malaria endemicity.
Malaria is highly endemic in the low, epidemic
in the middle and virtually absent in the high
altitude zones (37,38). Although associations
between malaria and reduced growth have been
found in PNG (39,40), the interactions between
malaria and growth are complex (41,42), and
no clear conclusion on the interaction of
malaria and geographical patterns of child
growth can be drawn at the moment. Direct
effects of altitude such as hypoxia are unlikely,
as the absolute differences in altitude are
moderate.

Areas with marked seasonality and frequent
rainfall deficit are mainly found along the
southern coast and especially in Western
Province, where people are tall and thin by
PNG standards.  Besides possible genetic
effects, for example, some people of the south
coast are of Polynesian origin (43), differences
in diet may account for this fact.  In these drier,
more open environments more and bigger
game is found and bush meat is an important
part of the diet.  Unusually for PNG the protein
content of these diets exceeds the
recommended FAO/WHO levels (7).

When interpreting individual dietary factors
in the present study it is important to realize
that the effect of a food item on a child’s
growth may not necessarily be a direct one.
The dietary measures used in our analyses are
village averages, based on short-term recall
data of family diet.  This approach gives good
estimates of group average diets (44),
especially in the circumstances of PNG, where
there is little variation in socioeconomic status

and diets are extremely monotonous.  An
individual child’s diet on the other hand may
be considerably different from the average
group diet, depending on age and weaning
status.  Dietary factors should therefore be
interpreted in an ecological rather than in a
direct causal way. 

From the early nutritional surveys on, the
high prevalence of stunting observed was
related to the low protein and energy content of
a typical PNG diet (45). In most of rural PNG
up to 80% of the total dietary energy comes
from root crops, which are very high in fibre
and moisture (46,47).  This bulkiness makes it
difficult to consume a sufficient volume of
food in order to meet energy, protein or other
nutrient requirements.  Acute food shortages
on the other hand are rare and usually related to
unusual climatic events such as drought
associated with the El Niño phenomenon (48).
Therefore, quality rather than quantity of food
seems to be the major problem in PNG
nutrition.  Malcolm (49), for instance, observed
considerable increase in stature of high school
children from Bundi, in the PNG highland
fringe, when they were given skimmed milk
supplementation.  Supplementation with
energy-rich palm oil improved weight gains in
a highland community, although the effects
were not sustained (50).  Low levels of protein,
energy and zinc were also found to be related
to malnutrition in the Wosera, in the PNG
lowlands (5). 

Not surprisingly we found in our analysis
that consumption of tinned fish, meat and fresh
fish, which are much higher in all protein, zinc
and energy than the local staple foods (51), was
significantly positively correlated with child
growth in length and in weight, as well as with
lower incidences of malnutrition.  In contrast, a
high consumption of local staples (with the
exception of sweet potato) was correlated with
reduced growth, either in weight or length.
This suggests that protein and/or zinc
limitation might be a major component of slow
growth in PNG, though growth is usually
limited by multiple, simultaneous deficiencies
(52).  More extensive discussion of dietary
effects on linear growth in the same data set is
given in Smith et al. (13).

The consumption of some of the local
staples, as reported in the NNS, shows marked
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geographical differences (53), in contrast to
tinned fish, tinned meat, rice and flour, which
are imported and available in village stores all
over the country and are therefore more related
to socioeconomic status.  The geographical
patterns of consumption are particularly
marked for sago and yams and the strong
association of eating yams with stunting, and
of eating sago with wasting, are not caused by
consumption per se, but likely to arise from
other factors connected with the subsistence
systems based on sago or yams.  Yams differ
from other root staples, as they are harvested
only once a year, but can be stored for a long
period.  This seasonality in agricultural practice
may lead to seasonal food shortages (54).  In a
review of food intake studies from sago areas,
Ulijaszek (55) showed a tendency for the
protein:energy ratio of the diet to fall as the
contribution of sago to the diet increased. The
diet from one of the areas considered was
found to be both protein and energy deficient
(56).

There are many studies that have focussed
on agricultural factors associated with
nutritional problems in rural areas of PNG.
Many of these considered the adequacy of food
supplies and the effects of the introduction of
cash crops on nutrition (12).  While earlier
studies reported negative effects of cash
cropping, based mainly on poor nutritional
status of children on resettlement projects
(57,58), a more recent review by Heywood and
Hyde (59) concluded that for the major crops
of coffee, cocoa, copra and oil palm the
nutritional situation improved after the
introduction of cash crops. The result of the
present analysis do not demonstrate a clear
association of cash crops and other agricultural
activities with child growth and nutrition.  The
data on cash cropping in the NNS are rather
weak, since only presence or absence is
recorded, and better data are needed to assess
those relationships.  An indication for a
positive influence of cash cropping might be
seen in the positive association found with the
socioeconomic status of the family as cash
crops are the main source of family income.
The effects of cash cropping and
socioeconomic status are closely connected
with the higher consumption of high-quality
store-bought foods and better living conditions.
The observation that these positive associations

are more pronounced for linear growth than for
weight for length, as well as the fact that the
size of family and a current shortage of food
are associated with lower weight for length but
not with lower length for age, might indicate
that quality of food is more important for linear
growth, while quantity is important for weight
for length.

Among the other parental factors mother’s
education showed the strongest positive
associations with child growth and nutrition, a
fact regularly observed, thought it might
depend on socioeconomic status (60).  The fact
that children who were living in a polygamous
or a single-mother family showed decreased
growth may again be related to family
subsistence.  In most of Papua New Guinea it
is men’s work to clear bush and establish
gardens, while the women do the actual
gardening work.  If a mother is single or her
husband has more than one wife, there might
not be enough male labour available to clear
sufficient garden area.  

Two more factors, namely genetic effects
and disease episodes, that could potentially
influence child growth were not included in the
NNS and therefore are not considered in this
analysis.  The observation that Papua New
Guinean adults, though short in stature, show
little signs of reduced fitness (61) led to the
suggestion that the short stature observed in
many Papua New Guineans may be a genetic
adaptation to a poorer nutritional environment
(6).  However, this seems unlikely as there is
convincing evidence from PNG and elsewhere
that slow growth is associated with slower
development (62), reduced functional capacity
and increased risk of serious illness and death
(63,64). It has also been hypothesized that the
geographical difference in growth in PNG may
be related to genetic difference between
populations (4), but linking anthropometric
indices of linear growth from the NNS to HLA
antigen data revealed no evidence in favour of
such an explanation (13).  The variance
components of child growth presented in our
study provide additional evidence against a
genetic component involved in the observed
geographical patterns.  Almost all of the
variance in child growth down to the village
level is explained by ecological factors
included in the regression models, leaving very
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little variance to be explained by other
potential factors.  A significant part of the
variance among families within a village,
however, may well be genetic.  These findings
are in line with the observation that the
variation in growth that can be attributed to
environmental factors far overshadows that
which can be attributed to genetics (65).

There is a well-known interaction between
disease episodes and growth.  Besides the
effect of malaria discussed above, acute
respiratory infections (ARI) and intestinal
parasites may be important in explaining
differences in growth.  In the highlands
regions, children with impaired growth have
higher incidences of ARI, which in turn lead to
a further reduction of growth (66).  A similar
negative effect on growth was found in
association with intestinal helminthiasis in
urban (67) as well as in rural (68,69)
populations in PNG.

Almost all the factors, apart from some
parental characteristics, which were found to
be associated with child growth in this study
are related in one form or another to the local
subsistence agriculture.  Most of the food
consumed and most of the cash earned in rural
villages come from their own agricultural
production.  Nevertheless, the environment
limits what crops can be grown in a certain
region and thus influences the type of
subsistence agriculture practised in an area.  In
rural Papua New Guinea, where the people
almost exclusively depend on subsistence
agriculture for their livelihood, a better
knowledge of the relationships between
nutrition and different subsistence systems on a
national level would therefore be important.
Such knowledge could indicate which local
subsistence strategies are more successful in
assuring a better growth for children, and thus
serve to design cost-effective nutritional
interventions based on local means. 
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