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INTRODUCTION

The nutritional status of a person is the
most important determinant factor in health
status of that individual, especially children
and adolescents for a period of growth. The
most common nutritional problems affecting
the young population in a developing country
is protein-energy malnutrition (Takyi, 1999).
This nutritional problem may be the results
of various factors, most of which relate to
unsatisfactory food intake or severe and re-
peated infections or a combination of the two
and have not yet been improved in the de-
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Abstract. We assessed anthropometric indicators of the nutritional status among children and
adolescents in Khammouane Province in the Lao PDR and examined the relation between
malnutrition and malaria infection. The survey was conducted from July to August 1999 using
a sample of 309 youths aged 2 to 18 years. Malnutrition was categorized as stunting (below
-2 Z scores height-for-age) and wasting (below -2 Z scores weight-for-height). The prevalence
of stunting and wasting were 45.1% and 9.2%, respectively, which were classified by WHO as
“very high” prevalence. Compared with the results of previous national surveys in Lao PDR,
similar prevalence was shown. The prevalence of wasting in youths with P. falciparum infection
was 17%, significantly higher than those of not infected (4%). On the other hand, P. vivax
infection was not associated with any indicators of malnutrition. In conclusion, this study showed
that the nutritional status in youths was poor and P. falciparum infection was associated with
acute malnutrition.

veloping world (de Onis et al, 1993).

The nutritional status of the youth popu-
lation has been most frequently assessed by
using anthropometric measures of height and
weight. The World Health Organization (1986)
recommended the use of height-for-age and
weight-for-height as indicators of protein-energy
malnutrition. These indicators are based on
the international growth reference curves that
have been developed by the National Center
for Health Statistics (NCHS) (Hamill et al,
1979; Dibley et al, 1987). WHO shows that
most developing countries in Asia have high
or very high prevalence of protein-energy mal-
nutrition (de Onis et al, 1993).

The relationship between malnutrition and
malaria is complex. Previous studies have
found that malaria can interfere with growth
and that malnutrition is likely to increase the
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risk of malaria (Rowland et al, 1977; El Samani
et al, 1987). On the other hand, there is some
evidence that malnutrition may protect against
malaria (Murray et al, 1978). Furthermore, it
was found that susceptibility to malaria was
not associated with prior poor nutritional status
(Snow et al, 1991). Therefore, there are great
discrepancies in the findings of association
between malnutrition and malaria.

In Lao PDR, which is a landlocked country
in Southeast Asia, malnutrition is one of the
major health problems, especially in the youth
population. A national nutritional survey in
1993 reported that 48% of children were stunted,
10% were wasted, and 44% were underweight.
All the indicators were classified by WHO as
a “very high” prevalence and greater than the
average of developing countries in the world
and in Southeast Asia (Phimmasone et al,
1996). In addition, malaria infection is gen-
erally the most common endemic disease in
this country. However, scientific information
on the recent malaria situation is not suffi-
cient (Kobayashi et al, 2000).

In this study, we assessed anthropometric
indicators of the nutritional status among
children and adolescents in Khammouane
Province in the Lao PDR and examined the
relation between malnutrition and malaria
infection.

MATERIALS AND METHODS

Study area and population

We selected eight villages in Khammouane
Province in Lao PDR for the study, where a
malaria control project has been introduced
by the Institute of Malariology, Parasitology
and Entomology (IMPE) of the Ministry of
Health, Lao PDR. The study area is typical
of rural communities, which lie in the tropi-
cal-monsoon zone. Endemic malaria is the
most serious public health problem in the
region.

The population of the study villages was
estimated to be 2,383, based on counting the

number of resident cards. The occupation was
predominantly farmers who mainly grew rice.
About half of the population were “Lao Loum”
referred to as “lowlanders”. The rest of the
population were “midlanders” from the “Lao
Theung” group.

Study design

The cross-sectional study was conducted
in a rainy season, from July to August 1999.
Anthropometric methods included the mea-
sure of weight using a platform scale and
height with a tape measure fixed on the wall.
A total number of 309 children and adoles-
cents aged 2 to 18 years were assessed. We
did not include infants in the analysis because
the age was not recorded to a unit of a month.
Although this makes little difference in older
children and adolescents, it can have an effect
on the anthropometric calculations for infants.
In addition, blood samples were obtained from
them in order to indicate malaria infection.
The Giemsa staining method was applied for
detection of malaria parasites, Plasmodium
falciparum and Plasmodium vivax.

Data analysis

Anthropometry was analyzed with the
NutStat software of Epi Info 2000 (Dean et
al, 2000), which calculated height-for-age and
weight-for-height scores for each individual
to compare with the NCHS reference values.
We applied 2 Z-scores (SD units) below the
reference median for the indices to classify
low anthropometric levels, which recommended
by WHO (1986); Gorstein et al (1994). Low
height-for-age is considered an indicator of
stunting, which is frequently associated with
poor overall economic conditions and/or re-
peated exposure to adverse conditions. Low
weight-for-height is considered an indicator
of wasting and generally associated with failure
to gain weight or a loss weight (WHO, 1986).
We did not use weight-for-age score because
it fails to distinguish tall, thin children from
those who are short with adequate weight
(Gorstein et al, 1994). We excluded the subjects
who had extreme values or some inconsis-
tency in either indicator.
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RESULTS

The means and standard deviations of
height and weight for the subjects at various
ages are shown in Fig 1 and Fig 2. There were
no major gender differences in the mean height
and weight among most of the age groups.
Boys at 14, 17, and 18 years were signifi-

cantly taller than girls (p<0.01) and boys
were significantly heavier than girls at 14
years old (p=0.019).

Table 1 summarizes the prevalence and
associations of malnutrition. Overall, the
prevalence of stunting and wasting were 45.1%
and 9.2%, respectively. When using -3 Z-
scores as a cut-off point, severe stunting was
found in 19.8% and severe wasting in 2.7%.
Only the age groups were significantly asso-
ciated with stunting and wasting. Stunting
was more likely to increase with aging. The
prevalence of wasting in the age group 5-9
years was less than other age groups. In addition,
the prevalence of wasting in youths with P.
falciparum infection was 17%, significantly
higher than those not infected (4%). Gender,
tribe, the number of family members, and P.
vivax infection were not associated with any
indicators of malnutrition (p≥0.05).

DISCUSSION

The most interesting finding of this study
was the significant association between wast-
ing and P. falciparum infection. Wasting
indicates a deficit in tissue and fat mass
compared with the amount expected in a child
of the same height, and is commonly used to
assess acute or recent malnutrition. It may be
precipitated by infection or low food supply
(WHO, 1986). P. falciparum is certainly ma-
lignant parasite, compared with the benign
parasite P. vivax. Malaria infection frequently
complicates anemia and hypoglycemia (Takyi,
1999; White et al, 1987). Additionally, severe
symptoms of P. falciparum infection exhaust
an individual and may lead to weight loss.
Therefore, it seems reasonable to suppose that
P. falciparum is one of the major causes of
acute malnutrition in these communities. This
finding was consistent with previous finding
of El Samani et al (1987) who provided that
malaria occurrence was positively associated
with the degree of malnutrition in the Sudanese
children. In that study, malaria occurrence
was based on a history of clinical illness and
microscopic diagnosis for malaria was not

Fig 1–Mean and SD of height by age.

Fig 2–Mean and SD of weight by age.
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carried out. Meanwhile, in this study, it was
not clear about how food intake affected the
nutritional status because we did not obtain
the dietary information.

Williams et al (1997) suggested that P.
vivax infection was a major predictor of acute
malnutrition in children on Espiritu Santo
Island, Vanuatu. They showed that, apart from
age, the only factor significantly associated
with both underweight and wasting was clini-
cal P. vivax malaria in the 6 months preceding
nutritional assessment. The same analyses
surprisingly provided no evidence that P.
falciparum was a cause of acute malnutrition
in this population. They explain that this may
be a feature of the epidemiology of malaria

in this community, where P. vivax is the
dominant parasite. On the other hand, in our
study area, the predominant malaria species
was P. falciparum (Kobayashi et al, 2000).
Therefore, the association of wasting and P.
falciparum in this study is likely to be derived
from the dominant malaria species.

Stunting, an indicator of chronic malnu-
trition, was not associated with both P.
falciparum and P. vivax infection. Some previous
studies reported consistent findings (Snow et
al, 1991; Williams et al, 1997). As a signifi-
cant degree of stunting, representing the
accumulated consequences of retarded growth,
may not be evident for some years (WHO,
1986), we need further to examine the effects

Table 1
The prevalence and associations of malnutrition in children and adolescents.

Stunted Wasted
(Height for age <-2SD) (Weight for height <-2SD)

Variable No. of sample n % pa No. of sampleb n % pa

Total 293 132 45.1 142 13 9.2
Gender

Male 131 51 38.9 0.060 77 8 10.4 0.772
Female 162 81 50.0 65 5 7.7

Age (years)
2-4 29 4 13.8 <0.001 29 5 17.2 0.032
5-9 93 39 41.9 91 4 4.4
10-14 113 51 45.1 22 4 18.2
15-18 58 38 65.5 - - -

Tribe
Lao Loum 148 59 39.9 0.079 77 8 10.4 0.772
Lao Theung 145 73 50.3 65 5 7.7

No. of family members
≤5 85 36 42.4 0.084 46 3 6.5 0.592
6-7 99 38 38.4 38 3 7.9
≥8 109 58 53.2 58 7 12.1

Malaria: P. falciparum
- 159 74 46.5 0.515 75 3 4.0 0.041
+ 49 20 40.8 30 5 16.7

Malaria: P. vivax
- 201 91 45.3 1.000 100 8 8.0 1.000
+ 7 3 42.9 5 0 0.0

aFisher’s exact tests except for age and the number of family members, which used χ2 tests.
bWasted indices are calculated  for males to 11.5 years of age and less than 145 cm and for females to 10
years of age and less than 137 cm.
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of chronic or repeated malaria exposure on
stunting in long-term prospective study.

Previous studies using a prospective study
design showed no evidence that prior poor
nutritional status either predisposed children
to, or protected them from malaria infection
(Snow et al, 1991; Williams et al, 1997), that
is, these findings suggest that prior poor
nutritional status does not alter vulnerability
of malaria infection. However, we did not
know whether malaria was a risk factor for
malnutrition or malnutrition affected malaria
infection, in our cross-sectional study design.

According to the worldwide distribution
of malnutrition (de Onis et al, 1993), the
prevalence of stunting and wasting in this
study was categorized as “very high” preva-
lence. This finding was slightly worse than
the average of developing countries in South-
east Asia, where the prevalence of stunting
and wasting average 43% and 8%, respec-
tively (de Onis et al, 1993). As for compari-
sons of sociodemographic variables, the preva-
lence of stunting and wasting was almost
consistent except for age groups. In addition,
a nationwide nutritional survey in Lao PDR
has been conducted twice, in 1984 and 1993.
Compared with the results of these surveys,
similar findings were shown in this study.
Therefore, it is likely that the nutritional status
in Lao PDR has not been improved in the past
15 years. The children and adolescents in
Khammouane, Lao PDR, still have acute and
chronic malnutrition.

One limitation of this study was our study
sample. According to the resident cards is-
sued by local government office, the total
population of the youths aged 2-18 years was
estimated to be 1,136 individuals. We ob-
tained the anthropometric data from only 27
% of them, although the village leaders and
inhabitants were informed about this study
before conducting the survey. However, it
was supposed that a large proportion of the
inhabitants might actually participate in this
study because in most minority villages the
numbers of the total population submitted to
the local government offices are exaggerated.

Apparently, many inhabitants, especially the
youth generation, have moved to big cities in
Lao PDR or Thailand for economic reasons
without informing the office (Kobayashi et al,
2000). Nevertheless, the results of this study
must be interpreted cautiously and limited to
generalize to inhabitants in Lao PDR as a
whole.

Lack of improvement of the nutritional
status in developing countries is due to many
varied and complex factors that cannot be
easily controlled, mainly adverse socioeco-
nomic factors. However, because this study
showed that malaria infection, especially P.
falciparum infection was associated with acute
malnutrition, malaria control may be one of
the effective strategies to improve the nutri-
tional status in Lao PDR and other areas
where malaria infection is common.
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