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Seasonal variation in the nutritional status of children
aged 6 to 60 months in a resettlement village in West
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Childhood malnutrition remains a public health issue in Indonesia with a national prevalence of wasting of 13%
and stunting of 36%. In rural areas nutritional status depends on local agriculture and may fluctuate in relation to
harvest time. The aim of this study was to characterise seasonal variations in nutritional status in two resettlement
villages in the Oesao district, Nusa Tenggara Timur. A cross sectional study was conducted in a convenience
sample of children after the wet season (March). Children aged 6 to 60 months were assessed for nutritional sta-
tus using anthropometric and biochemical measures. A subset of these children was re-assessed for anthropome-
try after the dry season (November). Weight-for-height z scores improved significantly from mean+SD of -1.7+
0.9 in March to -1.3+0.9 in November (p<0.001). There was no significant change in height between seasons.
Prevalence of wasting, (weight-for-height z score <-2), was 42% in March and 19% in November (p<0.001).
However, stunting rates increased significantly from 42% in March to 45% in November (p<0.001). Thirty six
per cent of children were anaemic (Hb level <11 mg/100 mL), 68% were vitamin A deficient (plasma vitamin A
level <0.8 umol/L) and 50% were zinc deficient (plasma zinc <9.94 umol/L). All children except one were posi-
tive for intestinal parasites. These data indicate seasonal changes in anthropometry with inconsistent effects de-
pending on the anthropometric index measured. Wasting and stunting were higher than the national average,
alongside high rates of anaemia, zinc and vitamin A deficiencies.
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INTRODUCTION

Childhood malnutrition rates remain a serious issue in
Indonesia with national rates of underweight of 18% and
stunting rate (WHO height-for-age z score <2) of 36% in
2010, in children less than 5 years old.” The national
prevalence of wasting (WHO weight-for-height z score
<2) of 13.3% remains a serious public health issue. Sev-
eral rural provinces of Indonesia, where subsistence farm-
ing is practised, have a wasting prevalence higher than
the national average.” In the province of Nusa Tenggara
Timur, the incidence of underweight is reported as 19%,
equivalent to the national average,2 however, there are
rural pockets within this province that have not been
sampled and may have a much higher incidence.

In rural areas, subsistence farming is determined by
seasonal climatic changes. Hence, seasonal food produc-
tion is likely to impact on nutritional status, as has been
shown in other parts of Asia,”* and Africa.”” Low income
populations are also more likely to depend on cereal crops

as staples, with limited amounts of the more nutrient-
dense animal products in their diet. Predominantly plant
based diets tend to be high in phytate and other anti-
nutrients which inhibit absorption of important dietary
minerals such as iron and zinc and result in micronutrient
deficiencies.® Hence it is not only the quantity of food,
but also the quality which impacts on nutritional status.
The consequences of inadequate dietary intake during
childhood include stunting and wasting, susceptibility to
infections and sub-optimal cognitive development which

Corresponding Author: Dr Jacqueline Miller, Nutrition and

Dietetics, School of Medicine, Flinders University, GPO Box

2100 Adelaide, South Australia 5001, Australia.

Tel: + 61 8 82045863; Fax: + 61 82046406

Email: Jacqueline.miller@flinders.edu.au;
nutrition.dietetics@flinders.edu.au

Manuscript received 29 November 2012. Initial review com-

pleted 13 February 2013. Revision accepted 22 April 2013.

doi: 10.6133/apjcn.2013.22.3.10



450 J Miller, B Ritchie, C Tran, S Beggs, CO Lada, K Whetter and L Cobiac

perpetuates poverty.”'® Nutritional status is also impacted
by environmental diseases such as parasitic infections and
insect borne diseases.'’ There is a complex interplay be-
tween these factors: malnutrition increases susceptibility
to disease,'’ and diseases such as environmental enteropa-
thy reduce dietary absorption of micronutrients leading to
further nutritional deficiencies.'' Malaria and other infec-
tions may lead to reduced dietary intake and reduced
work capacity in adult care-givers,'® which in turn en-
forces poverty and money available for food.

In order to adequately plan for child health and nutri-
tion programs, data on nutritional status from recent pop-
ulation based surveys are required. Within the province of
Nusa Tenggara Timor, the Oesao district includes the re-
settlement villages of Manusak and Raknamo which are
characterised by low socio-economic status, subsistence
farming and high levels of food insecurity. The aim of the
present study was to determine the seasonal variation in
nutritional status and the burden of infectious disease in
children aged between 6 and 60 months in the Oesao dis-
trict, Nusa Tenggara Timor.

MATERIALS AND METHODS

Subjects and setting

A cross-sectional study was conducted in March 2010, at
the end of the wet season (Time 1), in Manusak and Rak-
namo, two resettlement villages in Nusa Tenggara Timur.
A follow-up field trip was conducted in November 2010,
at the end of the dry season (Time 2). The months preced-
ing Time 1 coincide with food shortage, where the previ-
ous year’s harvest has run out and the current maize has
just been harvested. Food is more plentiful for a few
months between March and July and then starts to dimin-
ish again between August and November.

In 2010 there were a total of 656 households in the vil-
lages with a total population of 3, 621 people.* Four
hundred and twenty five households (65%) were classi-
fied as below the poverty line, and a further 165 as bor-
derline. The main occupation was farming (453/644) with
a further 116 people employed in the army.'? Families
were recruited through notices in the local church service
and by word of mouth. Inclusion criteria were children
aged between 6 and 60 months, with a parent or guardian.
Where there was more than one child within the age
range in the family, all were eligible to be included in the
study. Exclusion criteria were children with a major disa-
bility or those living outside the village area. This was a
convenience sample of children living in the villages.

Ethical approval of the study protocol was granted by
the Flinders Clinical Research Ethics Committee, Ade-
laide, South Australia. Informed consent was obtained
from parents or guardians once the study had been verbal-
ly explained to them and they had the opportunity to con-
sider the information and seek advice. All information
was translated into Indonesian.

Medical and public health students from University
Nusa Cendana (UNDANA), who were fluent in both In-
donesian and English, served as interpreters and assisted
with data collection.

Observations
At Time 1 a structured questionnaire was used to obtain

socio-economic and demographic data, as well as health
and sanitation behaviours such as access to water, toilets
and waste disposal. A non-quantitated food frequency
questionnaire (FFQ) was used to characterise the usual
intake of key foods over the previous month. A clinical
examination was performed by a paediatrician and past
medical history and current medical problems were doc-
umented. Anthropometric measurements were taken as
detailed below. A non-fasting blood sample was collected
for a subset of children whose parents consented to this
procedure and this was analysed for haemoglobin (Hb),
vitamin A and zinc status. All children were invited to
provide a faecal sample for examination of parasites. A
3C-Urea Breath Test (UBT) for Helicobacter pylori and a
timed blood dual sugar intestinal permeability test were
also performed on a subset of children whose parent con-
sented to this procedure.

At Time 2 only the anthropometric data for the children
who attended at both time points (longitudinal cohort)
will be considered for this analysis.

Anthropometry and nutritional status

Measurements of weight, height (or recumbent length if
the child was less than 2 years of age), head circumfer-
ence, triceps skin fold thickness (TSF) and mid-upper arm
circumference (MUAC) were taken by two measurers,
using standardised WHO procedures,”” with children
wearing light clothing. Each pair of measurers consisted
of a senior measurer and a student from UNDANA. The
senior measurers (LC, JM and COL) had significant expe-
rience in paediatric anthropometry. UNDANA students
were provided with formal classroom training in perform-
ing anthropometric measurements according to World
Health Organisation (WHO) guidelines Child Growth
Standards Training Course.'* Measurements were repeat-
ed if the discrepancy between the two original measure-
ments was greater than acceptable (7 mm for height, 5
mm for circumferences and 2 mm for skinfolds) accord-
ing to the WHO procedures.'® Height or recumbent length
was measured to the nearest 0.1 mm using a recumbent
length board (O’Leary, Ellard Instruments, CA). Weight
was measured with electronic digital scales (Propert, Aus-
tralia) to the nearest 0.1 kg. Children too young to stand
on the scales were measured by taring the scales with the
mother standing on them, and then taking a measurement
of the mother holding the infant or child. Head circumfer-
ence (HC) and MUAC were measured with disposable
paper tapes and triceps skin folds were measured with a
Harpenden skin fold calliper (Baty, International Sussex,
United Kingdom). Z-scores for weight-for-age (WAZ),
weight-for-height (WHZ), height-for-age (HAZ), HC-for-
age (HCAZ), MUAC-for-age and TSF-for-age were com-
puted using the WHO Anthro software."”” A HAZ, WAZ
and WHZ score of less than -2 was used to define stunt-
ing, underweight and wasting, respectively. Severe stunt-
ing, underweight and wasting were defined as the relevant
scores less than -3.

Biochemical data collection

A non-fasting blood sample of 5-10 mLs via venepunc-
ture was collected, transferred into lithium heparinised
tubes and refrigerated for 30-40 mins until blood clots
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formed. The samples were then centrifuged at 3000 x g
for 10 mins and the plasma samples were collected and
stored in 2 separate tubes, one tube for Hb (refrigerated)
and the other tube for zinc and vitamin A analyses. The
latter samples were frozen at -20°C and transported in dry
ice to Adelaide for analyses. Plasma samples for Hb anal-
ysis were transported on ice to Prodia Laboratory in
Kupang, West Timor. Haemoglobins were measured us-
ing the Sysmex XT-1800i automated haemoglobin ana-
lyser (Sysmex Asia Pacific, Singapore). Hb of <I1
mg/100 mL was classified as anaemia.'® The plasma
samples transported on dry ice to Adelaide were placed in
a -20°C freezer immediately on arrival until analysis.
Zinc analysis was performed on an Inductively Coupled
Plasma Mass Spectrometer (Perkin Elmer Sciex, Elan II
DRC; MDS Sciex, Concord, Ontario Canada). Briefly,
samples were diluted 1:41; 100uL sample to 4.0 mL dilu-
ent (0.05% EDTA, 0.02% Ammonia and 0.02% Triton X-
100), were mixed and centrifuged before analysis. A
wash solution (2% nitric acid, 1.0% hydrochloric acid and
0.05% triton X-100) was used between samples. Zinc
levels <9.94 umol/L were classified as zinc deficient.!”'®
Vitamin A (retinol) was measured by reverse-phase
HPLC using ultraviolet detection. A 100 umol sample of
plasma was deproteinised with ethanol. Tocopherol- ace-
tate was added as an internal standard and the retinol was
extracted into hexane. After centrifugation, an aliquot of
the hexane phase was evaporated, re-suspended in metha-
nol, injected onto a RP-18 column and eluted using meth-
anol as the mobile phase. The absorbance of retinol and
the internal standard are measured at 324 and 292 nm,
respectively. Peak area ratios are used to quantify each
vitamin.

Parasitology

Fresh faecal samples were examined within 4 hours of
collection. The specimen was first examined macroscopi-
cally. A small amount of faecal material was then mixed
with a drop of Lugol’s iodine solution. This was covered
with a coverslip and examined microscopically for the
presence of helminth eggs and protozoan parasites.

3C.Urea Breath Test (UBT) for helicobacter pylori and
timed blood dual sugar intestinal permeability test
After a 4 hour fast, each subject received a solution to
drink containing 75 mg of *C-urea (Novachem Pty Ltd,
Vic, Australia), lactulose (5 g; Dupholac®, Solvay Phar-
maceutical, NSW, Australia) and rhamnose (1 g; Sigma
Aldrich, Sydney, Australia) dissolved in 70 mL of water.
For the UBT, a baseline sample of expired air was col-
lected immediately before administration of the substrate,
by blowing through a straw and into a 10 ml vacutainer
(Labco Exetainer, Buckinghamshire, UK) and a further
sample collected 30 mins after administration of the sub-
strate. The ratio of °C to *C in the breath samples was
determined using isotope ratio mass spectrometry (Sercon,
Australia) and results expressed as delta (3) over baseline.
The UBT was positive in this study if the & over baseline
was >5.0%.""%

For the dual sugar intestinal permeability a minimum
intake of 60 mL of the solution was required to ensure the
test was valid. At 90 mins post drinking the solution a 5

ml blood sample was taken via venepuncture for meas-
urement of lactulose/rhamnose (L/R) ratio, a marker of
small intestinal permeability. Blood samples were placed
in tubes containing EDTA, left on ice or refrigerated for
30-40 min and centrifuged at 3000 x g for 10 min to re-
move all blood cells. Plasma was collected, stored in cry-
ovials and frozen at -20°C until analysis. For analysis of
intestinal permeability, plasma samples were thawed and
treated with ice-cold 15% trichloroacetic acid, samples
were then centrifuged and the supernatant treated with 0.5
vol mixed-bed ion exchange matrix MTO-Amberlite MB-
1 (Sigma Aldrich, Sydney Australia) for 30 mins. Sam-
ples were subsequently subjected to ultrafiltration. The
treated plasma was analysed using the Dionex BioLC,
High Performance Anion Exchange Chromatography
with Pulsed Amperometric Detection system (Dionex Pty
Ltd, Lane Cove, NSW), chromatograms recorded and
evaluated through a computer interface using Chromeleon
Client Version 6.80 software. The measurement of lactu-
lose and L-rhamnose were reported as a recovery L/R
ratio as previously described.”’” Normal L/R ratio in
healthy children has been previously reported with a
mean of 2.5 and 95% confidence interval of 1.8-3.4.%

Statistical analysis

Statistical analyses were performed using PASW Statis-
tics (IBM Version 18, USA) with statistical significance
set at p<0.05. Descriptive data are presented as n (%) and
mean=SD if normally distributed or median (25", 75"™) if
not normally distributed. Paired t-test was used to deter-
mine the difference between anthropometry at the two
time points for longitudinal cohort. Chi-squared was used
to detect difference between categorical variables. Pear-
son’s correlation was used to determine the relationship
between plasma zinc and vitamin A concentrations. The
difference in sample size for variables is typically due
either to parents not consenting to certain procedures such
as taking a blood sample, or children not adhering to the
fasting protocol for the UBT for Helicobacter pylori and
timed blood dual sugar intestinal permeability test.

RESULTS

Characteristics of participants and households

At Time 1, 139 children from 103 households participated
in the study. The median age (25", 75™) of children was
35 (18-47) months and 50% (n=70) were male. Eighty
children from 55 households attended both visits (longi-
tudinal cohort). Of the longitudinal cohort, at Time 1 the
median age (25", 75™) was 27 (16-41) months and 49%
(n=41) were male.

The characteristics of the households, and the longitu-
dinal cohort, are described in Table 1. Socio-demographic
characteristics were similar for the whole group and the
longitudinal cohort. Families were generally large, with a
median of six members, one working member and one
child under the age of 5. Approximately a quarter of the
carers responsible for raising the child were illiterate. The
majority of households were not connected to electricity
or a generator nor were connected to a water supply.

Anthropometry
Anthropometric data for the longitudinal cohort are sum-
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Table 1. Characteristics of householdst

Attended Attended both times

Characteristic Time 1 (Longitudinal cohort)
(n=103) (n=55)

Number of family mem-

bors 6(4,8) 6(4,7)

Number of children <5

years of age in the family 1(1,2) 1.2

Number of working fami-

ly members 11,2 1(,2)

House connected to water 18 (18) 11 (20)

supply

Mosquito netting used 88 (85) 47 (86)

Connected to electricity 15(15) 6 (12)

or generator

Wood used as cooking

fuel inside the house 66 (64) 36.(67)

Person responsible for 74 (72) 42 (78)

raising child is literate

tData presented as median (25“1, 75']1) or n (%)

marised in Table 2 and these have been divided into age
groups: 6 to 23 months and 24 to 59 months. With the
exception of mean HAZ and MUACZ, all mean z scores
improved between Time 1 and Time 2 in the whole co-
hort of children, as well as both age sub- groups. There
was a statistically significant improvement in mean+SD
WHZ scores between Time 1 and 2 (-1.76+£0.87 and -1.33
+0.88, respectively, p<0.01) and this effect was also seen
in each age sub-group. WAZ scores also improved at
Time 2 and this was statistically significant for the whole
cohort (-2.16£1.04 to -1.98£1.01, p=0.04) but not for the

Table 2. Longitudinal cohort anthropometric datat

age sub-groups. Mean TSF-for-age z scores increased
significantly between the time points for the whole cohort
(-0.64+0.86 and -0.37+0.86, respectively, p=0.01). How-
ever, this was only statistically significant for the younger
age group (-0.71+0.92 to -0.26+0.87, p=0.01).

The prevalence of stunting (HAZ) and wasting (WHZ)
for the longitudinal cohort at each time point is also
summarised in Table 2. At Time 1 the prevalence (95%
CI) of wasting was 34% (25-33) with the younger chil-
dren more likely to be wasted compared to older children
(42% (32-52) and 27% (18-36), respectively). At Time 2
the prevalence (95% CI) of wasting had significantly de-
creased for the whole cohort (19% (11-27), p=0.001).
This was statistically significant for the older subgroup
(14% (7-21), p = 0.005) but did not reach significance for
the younger subgroup (28% (19-37), p=0.16). At Time 1
the prevalence (95% CI) of stunting was 45% (35-56)
with the older children more likely to be stunted com-
pared to the younger children (52% (42-62) and 36% (27-
45), respectively). At Time 2 the prevalence of stunting
significantly increased for the whole cohort (48% (38-58),
p<0.001) as well as for the older- (55% (45-65), p<0.001)
while it significantly decreased for the younger subgroup
(39% (29-49), p=0.002).

Clinical data

Clinical data from Time 1 are summarised in Table 3. Of
the 139 children who attended the March visit, 97 provid-
ed a blood sample. All of these were analysed for Hb but
11 samples were insufficient to allow for any further
analysis and a further 10 samples were of sufficient vol-
ume to allow for zinc analysis but not vitamin A. Of the
97 samples tested for Hb, 68% of children aged 6 to 23
months and 23% of children aged 24 to 59 months were

Time 1 (March)

Time 2 (November)

Measure Whole cohort ~ 6-23 months  24-59 months Whole cohort ~ 6-23 months ~ 24-59 months  p-value
(n=80) (n=36) (n=44) (n=80) (n=18) (n=62)
HAZ 1684146 -133+1.66  -1.97+1.22 o128 LTS 2,024 12
(n=79) (n=7)
WAZ 2.16+1.04" -2.04+1.15 -2.25+0.95 -1.98+1.01" -1.87+1.31 -2.01£0.91 0.02*
* o *<0.001
WHZ A1.74£0.87°  -1.8740.92  -1.64+0.83" 1332088 175095 -L222083 i oot
(n=79) (n=17)
-1.4241.02 -1.32+1.19 -1.40+0.9 -1.1740.94 -1.47+0.89
MUACZ (n=79) (n=35) -1.490.87 (n=78) (n=17) (n=61)
. . - *0.009
— -0.65%0.91 078410 -0.55+0.83 -0.35+0.86 -0.2620.87 0.42+0.86 0 0t
(n=79) (n=43) (n=78) (n=17) (n=61)
, . s *0.001
D) * *ok - - - 3
g;‘f/t”g)”” 34 (25-43) 42(32-52)  27(18-36) 19.(11-27) 14 @20 2801937 w58
’ (n=79) (n=17)
*<0.001
Stunting %, oy o ey 48 (38-58)"  39(29-49)"  55(45-65)7  *%<0.002
95% CI) 45 (35-55) 52 (42-62) 36 (27-45) sx520 001"
(n=79) (n=17)

T Data presented as mean+SD unless otherwise specified

* denotes statistically significant difference between values with the same symbol in that row of the table

? Paired t-test
¥ Chi-square test for independence with Yates continuity correction
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Table 3. Clinical data from Time 17

Measure All Age 6 to 23 months Age 24 to 59 months Longitudinal cohort
(total n = 139) (total n =49) (total n =90) (total n = 80)
/N ¥ /N /N /N
Immunisation (partial or full) 110/134 (82) 42/45 (93) 64/81 (79) 63/73 (86)
Vit A supplementation in last 6 months 74/118 (63) 29/42 (69) 45/76 (59) 43/67 (64)
Anaemic 35/97 (36) 19/28 (68)" 16/69 (23)° 23/55 (42)
Vit A deficient 52/97 (68) 16/21 (76) 36/55(66) 29/43 (67)
Zinc deficient 43/97 (50) 9/21 (42) 34/65 (52) 24/46 (52)
Positive for intestinal parasite 77/78 (99) 25/25 (100) 52/53 (98) 48/48 (100)
Episodes of cough in last 6 months 1.73£1.83 1.62+1.74 1.79£1.90 1.76£2.0
132/139 47/49 85/90 76/80
Episodes of diarrhoea in last 6 months 0.96+0.6 1.28+2.10 0.79+£1.20 1.05£1.8
131/139 46/49 85/90 80/80
Episodes of skin infections in last 6 months 0.36+0.87 2.00+0.50 0.45+1.01 0.28+0.61
130/139 46/49 84/90 74/80

T Data represented as n (%) or mean + SD

f Incidence/number of participants either tested or who responded to question (whichever relevant)
Statistically significant difference between age subgroups (p<0.001) (Chi-square test for independence with Yates continuity correction)

Table 4. Faecal Parasites

. Number of children infected (%)
Parasite

(n=78)
All Protozoans 65 (83)
Giardia 48 (62)
All Helminths 30 (39)
Ascaris 9(12)
Trichuris 1(1.3)
Hookworm 13 (16.7)
Hymenolepsis 709)
Fasciola 1(1.3)

anaemic. Of the 86 blood samples that were analysed for
zinc levels, 42% of children aged six to 23 months and
52% of children aged 24 to 59 months were zinc deficient.
Seventy six blood samples were analysed for vitamin A
and 76% of children aged 6 to 23 months were vitamin A
deficient compared to 66% of children aged 24 to 59
months. There was a weak positive, non-significant corre-
lation between serum zinc and vitamin A concentrations,
r=0.2, p=0.08, n=72, using a Pearson product-moment
correlation coefficient.

Seventy-eight children (56%) provided a stool sample
and 99% of these tested positive for intestinal parasites,
with giardia and hookworm the most common parasites
(Table 4). Forty five children were tested for Helicobac-
ter pylori infection and 8 (18%) were positive using the
C UBT. Seventeen children were tested for intestinal
permeability using the L/R ratio. The mean+SD L/R ratio
of these children was 59.6+22 and all children were
above the threshold of 3.5 which is considered to be in-
dicative of small intestine damage.*

Dietary intake and food security

Most households (87%) grew crops. Of those that grew
crops, 79% grew them for household consumption only
while 21% grew them for household consumption plus
sale. The most commonly grown crops were corn, tubers
and beans. Sixty six per cent of households also raised
animals either for family consumption only (44%) con-
sumption and sale (44%) or sale only (12%). The most

commonly raised animals were chickens and pigs. Rice
and corn were staple foods and were consumed a median
of three times and once a day, respectively. Other com-
monly consumed food items included biscuits, peanuts,
cassava and noodles. Cassava leaf and papaya leaf were
the most commonly consumed vegetables and banana and
papaya were the most commonly consumed fruits. Ani-
mal protein was consumed less frequently with milk and
egg being the most commonly consumed. Nineteen per
cent (n=27) of children did not report eating any animal
protein over the last month and approximately half of
these children (n=14) also did not report eating any vege-
table protein within the last month. Thirty seven per cent
of children were receiving food aid from the government,
usually in the form of rice, and 86% were receiving sup-
plementary feeding from a non-government organisation,
usually fortified biscuits from the World Food Program
which contained 8 g protein, 450 pugm vitamin A, 8 mg of
both iron and zinc per 100 g. Almost all households re-
ported experiencing food shortage at some time during
the year. The peak times for reported food shortage were
July through to February with August the most common
month families experienced food shortage. Water short-
age peaked during the months of July to November.

DISCUSSION

Overall, in this population, we observed significant im-
provements in weight between seasons but not height.
Rates of anaemia, zinc and vitamin A deficiencies were
high as was the burden of parasitic intestinal infections.
In a subgroup examined small intestinal permeability was
abnormal in all children.

All anthropometric indices, with the exception of HAZ
and MUACZ, improved in November, possibly reflecting
an improved food supply in the preceding months. This is
consistent with other studies that have found the monsoon
season, before the harvest, to be the time of greatest nutri-
tional deficit.* However, the differences in some of the
indices are small and should be interpreted with caution.
For a girl of the median age at time 1 (35 months), the
change in WAZ equates to approximately 240 g differ-
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ence in weight. While clothing was similar at each visit
other factors such as food and drink intake immediately
prior to weighing or measurement error could account for
some of this difference. The clinical and public health
significance of this result is unclear without further moni-
toring over a longer time period. Similarly, the change in
HAZ for a 35 month old girl equates to a difference in
height of approximately 2 mm. Given that the allowed
measurement error for height measurement was 7 mm it
is unlikely that there has been a real difference.

In our study the mean WHZ for the whole cohort sig-
nificantly improved from -1.744+0.87 to -1.33+0.88 be-
tween seasons and this small change was enough to re-
duce the incidence of wasting by almost half. A statisti-
cally insignificant change in HAZ between seasons in 24-
50 month old children (-1.97£1.22 to -2.02+1.12) was
enough to change the rate of stunting in the opposite di-
rection from 36 to 55%. Thus small changes around the
cut-off of stunting or wasting (<-2) can dramatically
change the number of children who fall into this category
and are indicative of the marginal nutritional status of this
group.

The lack of difference in HAZ between seasons may be
explained by growth tending to occur in spurts which
often lag behind weight gain.** Alternatively it’s possi-
ble that the quality of the extra food available between
time points was poor and a lack of growth nutrients, such
as zinc, may have affected linear growth. It is interesting
to note that TSFZs in the whole cohort improved marked-
ly between seasons with no significant change in
MUACZ. This may indicate more energy stores being
laid down as fat rather than an increase in muscle protein
and could be secondary to poor protein intake. However,
without body composition data we are not able to confirm
this.

This is the first study to compare nutritional status of
children of subsistence farmers in West Timor across
seasons and confirms the seasonal fluctuations in growth.
Dietary intakes were dictated by seasonal agricultural
practices and were based on plant foods such as rice,
maize and cassava leaf which contain high levels of anti-
nutrients.”** Our findings indicate that micronutrient
deficiencies were relatively high, despite the fact that the
majority of households received food supplements in the
form of fortified biscuits from the World Food Program.
Zinc deficiency was over double the prevalence indicative
of a need for a national zinc intervention as recommended
by the WHO/UNICEF/TAEA/IZINCG Interagency Meet-
ing on Zinc Status Indicators.?® However, zinc supple-
mentation without concurrently treating the environmen-
tal enteropathy may not be effective. Zinc is known to be
an important growth nutrient and deficiency associated
with stunting.”” Rates of anaemia were also high with the
children under 2 years of age having a prevalence rate
almost 3 times higher than older children. This may be
due to the use of nutrient poor weaning foods and heavy
reliance on breast milk as well as maternal anaemia. Fur-
ther research is warranted to address this issue. It is un-
clear why zinc deficiency was at a lower prevalence in
the younger age group, in contrast with anaemia. This
may be due to the small number of children under 2 who
were tested (n=21).

A surprising number of children were also vitamin A
deficient (68%) despite the fact that 63% of children re-
portedly received vitamin A supplementation within the
previous 6 months and the majority consumed a vitamin
A fortified biscuit. Zinc status is known to influence vit-
amin A metabolism,”® however, in our data there was no
significant correlation between serum zinc and vitamin A
concentrations. Environmental enteropathy, as demon-
strated from the abnormally high intestinal permeability
results in those children tested, together with the high
burden of intestinal parasitic infection are likely to be
significant factors contributing towards malabsorption
and the poor growth observed in this cohort of children.

This study has some limitations which should be men-
tioned. Firstly, this was a convenience sample of families
who were recruited through the local church and although
this area is predominantly Christian, this may have intro-
duced some bias. However, as these were resettlement
villages, the socio-economic status of the population is
quite homogenous. Our dietary assessment tool was not
quantitated and did not allow for an in-depth analysis of
dietary intake. We were only able to collect biochemical
data from a subset of children in the study and at only one
time point. This was partly due to the logistical difficul-
ties and cost of handling specimens in the field but also
influenced by the families’ resistance to this procedure.
The changes in anthropometry seen between seasons are
small, and given the inter-observer and measurement er-
rors, these may not be significant. In addition, we were
only able to measure the incidence of diarrhoea and res-
piratory infections at Time 1 and have not accounted for
the possibility that differences in infection rate may influ-
ence anthropometry.

Despite these limitations, we have been able to collect
some valuable cross seasonal information on this popula-
tion, which may allow for more targeted interventions in
the future.

In conclusion, seasonal variations in anthropometric
measurements exist but this effect is small and different
depending on which anthropometric index is examined.
This has implications for the timing of population based
surveys. This population of children have unacceptably
high rates of wasting, stunting, micronutrient deficiencies
and parasitic infections. Intervention strategies may have
to be seasonally related for greatest effect. Health workers
need to recognise this complex interplay of confounding
factors in order to find a mix of interventions to address
this problem.
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