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ABSTRACT

Background: Vitamin A deficiency (VAD) is an important public health problem in
many developing countries where anaemia, undernutrition (stunting, underweight and
wasting) and infection prevalence are high, but has not been investigated in Aboriginal
and Torres Strait Islander communities in Australia where there is also a high
prevalence of anaemia, undernutrition and childhood infections.
Primary Aim: To identify the association of VAD with anaemia, undernutrition and
infection in Aboriginal and/or Torres Strait Islander children aged six months to six
years in the Northern Territory (NT), Australia.
Secondary Aim: To identify the association of anaemia with VAD, undernutrition and
infection in Aboriginal and/or Torres Strait Islander children aged six months to six
years.
Methods: A prospective cohort study was conducted with Aboriginal children enrolled
in the Rapid Iron Infusion Study (RIIS) who were tested for vitamin A and anaemia
whilst inpatients at Royal Darwin Hospital (RDH), NT, between April 2018 and
September 2019. Venous blood samples were collected to measure vitamin A levels,
haemoglobin, mean corpuscular volume (MCV), ferritin and C-reactive protein (CRP).
Children’s weight-for-age z score, height-for-age z score and weight for height z score
were calculated using World Health Organization (WHO) standard growth tables.
Admission diagnoses were categorized as infectious or not infectious.
Fisher’s exact was used for assessing pairs of categorical variables and scatter plots
were used to visualise the associations between pairs of continuous variables. Linear
regression was used to calculate the correlation coefficients between pairs of
continuous variables and bivariate logistic regression analysis was used for
measuring the associations between the outcomes of VAD and anaemia and the other
variables of interest.
v

Results: There were 76 children tested for Vitamin A. Prevalence of VAD (<0.7
umol/L) was 29% of which 4.0% has severe VAD (<0.4 umol/L). Anaemia by FBC (OR
2.8, 95% CI 1, 8.2, p = 0.053) and elevated CRP (CRP >5 mg/L) (OR 7.6, 95% CI 1.9,
30, p = 0.004) were significantly associated with VAD but no association was found
with undernutrition or infection. In the presence of infection and an elevated CRP,
Vitamin A was associated with haemoglobin, but no association was found between
Vitamin A and haemoglobin in the absence of infection or CRP ≤5 mg/L.
Anaemia prevalence was 40% when measured from full blood count (FBC) and 47%
by haemocue. Female gender (OR 3.8, 95% CI 1.4, 11, p = 0.01), VAD and elevated
CRP (OR 5, 95% CI 1.5, 17, p = 0.008) were associated with anaemia. Other
abnormal measures among the children included: 75% with a low MCV, 16% with a
low ferritin, 3% with a high ferritin, 19% underweight, 35% stunted and 20% wasted.
Infection diagnosis at admission was 64% and 54% had an elevated CRP level.
Conclusion: This is the first study among Aboriginal and Torres Strait Islander
children aged six months to six years to explore the association of VAD with anaemia,
undernutrition and infection. This study found that VAD is associated with anaemia
and an elevated CRP level but not undernutrition. Further investigations are
warranted to determine if VAD prevalence is as high in rural and remote communities
as it was in this sample of hospitalised children; and to establish if VAD has adverse
outcomes affecting the health and wellbeing of Aboriginal and Torres Strait Islander
children.
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INTRODUCTION

Vitamin A deficiency (VAD) is one of the most prevalent micronutrient deficiencies
and is a significant public health problem in many low- and middle-income countries
(World Health Organization [WHO], 2009). Globally, around 30% of children aged <5
years have VAD and 2% of deaths in this age range are attributed to VAD (Stevens
et al., 2015). VAD usually results from dietary deficiency of vitamin A or disorders
interfering with the absorption, storage, or transport of vitamin A (WHO, 2009). VAD
is considered as a mild public health problem when the prevalence is 2-9%, moderate
when the prevalence is 10-19% and a severe public health problem when the
prevalence is 20% or more (WHO, 2011).
Vitamin A is a fat-soluble vitamin and must be provided through diet as the body itself
cannot synthesize vitamin A (WHO, 2009). From our diet, two types of vitamin A are
available to our body. Vitamin A from animal-derived foods such as milk, cheese,
butter and oily fish are available in the form of preformed vitamin A (retinol) and can
be used directly by the body (Australian Government, 2014). On the other hand,
vitamin A derived from oils, fruits and vegetables, especially green leafy vegetables,
carrots, apricots and tomatoes, is in the form of provitamin A (beta carotenoids) which
can then turn into the active form of vitamin A (National Institute of Health, 2020).
Vitamin A is essential for the normal functioning of the visual system and is also
needed for the cell function for growth, red blood cell production, epithelial integrity,
immunity and reproduction (WHO, 2009).
VAD is a leading cause of preventable childhood blindness and causes
xerophthalmia, a spectrum of ocular manifestations that range from night blindness to
severe conditions like keratomalacia, corneal scars and permanent blindness
(Stevens, 2015). Globally, around 4.4 million children and 6.2 million women suffer
from xerophthalmia (West, 2002). VAD reduces immunity and causes night blindness
1

by decreasing the production of rhodopsin (pigment which helps for vision in dim light).
This is followed by the loss of goblet cells from epithelial tissues of the eye and results
in xerophthalmia (dry eye). When conjunctiva is affected by this, corneal xerosis and
Bitot’s spots will occur that can lead to corneal ulceration and finally to total vision loss
(keratomalacia) (WHO, 1996).
A systematic review conducted by Suri & Acharya (2016) found that the risk factors
for the development of sub-clinical VAD among pre-school children were dietary
deficiency of vitamin rich foods, inadequate supplementation of vitamin A, lack of
education and awareness of vitamin A rich foods, large family size, younger age, rural
area residence, and low socio-economic status. They identified that the factors
influencing the level of retinol in the blood were: clinical or subclinical infections, zinc
deficiency, protein energy malnutrition and the seasonality of foods that are rich in
vitamin A (Suri & Acharya, 2016).
WHO recommends breast feeding as the best way to protect infants from VAD as
breast milk is a natural source of vitamin A (WHO, 2020a). The anti-infective
properties of vitamin A increase the human body’s resistance against septic and
infective micro-organisms (Stephensen et al., 2002). VAD in young children can be
improved by vitamin A fortification of foods such as edible oils and fats, cereal grains,
condiments, refined sugar and milk with vitamin A alone or with the combination of
vitamin A with other vitamins and minerals (Hombali, Solon, Venkatesh, Nair, & Peña‐
Rosas, 2019). The vitamin A levels in very young infants can be improved by
supplementation for mothers if they have VAD, during the first six weeks postpartum,
or young infants, during their first six months of age (Sommer & Davidson, 2002).
WHO recommends a single dose of vitamin A supplementation equivalent to 30 mg
retinol for infants aged 6–11 months and 60 mg for children aged 12–59 months
(WHO, 2011). It is suggested that supplementation be administered at least twice a
year where VAD is considered to be a severe public health problem (WHO, 2011).
2

Vitamin A status can be assessed either by biochemical, biological, functional or
histological indicators (Tanumihardjo, 2004). The biochemical indicators include
serum retinol, serum retinol-binding protein (RBP), breast milk retinol concentrations,
relative dose response test (which estimates the percentage of change in serum
retinol concentration in response to an oral vitamin A dose [Stephensen et al., 2002]),
modified relative dose response tests and the deuterated retinol isotope dilution test
(Tanumihardjo, 2004). Biological, functional and histological indicators include:
conjunctival

impression

cytology,

dark

adaptometry,

night

blindness

and

xerophthalmia.
Common methods used to asses VAD in population surveys are clinically assessed
eye signs (Bitot’s spots on conjunctiva) or measuring serum retinol concentrations
from a venous or capillary blood sample. Blood samples are measured by highpressure liquid chromatography (HPLC), by fluorescence, or by ultraviolet (UV)
spectrophotometry (Australian Government, 2014; Tanumihardjo, 2012). Eye
examinations and questionnaires on night blindness are measures used in low- and
middle-income countries to determine prevalence of VAD when examination of blood
samples is not feasible (Sommer, 1995).
The most acceptable indicator for population level assessment of VAD is serum retinol
however, the gold standard measurement for VAD is the liver reserves of vitamin A,
which is not feasible in surveys (Tanumihardjo, 2012). The high sensitivity and
specificity of HPLC makes it the most preferred method of choice, although it is the
most expensive (WHO, 2011). Serum retinol measured with HPLC below 20 μg/L or
0.07 μmol/L is an indicator for VAD (Sommer & Davidson, 2002).
Vitamin A has an important role in the production of blood cells (haematopoiesis) and
therefore the deficiency of vitamin A can alter the functions of the blood system
(Canete et al., 2017). VAD causes anaemia by impairing haematopoiesis and the
mobilization and transportation of iron (West et al., 2007; Olivares et al., 1999; Semba
3

& Bloem, 2002). There has been limited work on the link between VAD and anaemia
in Australia, particularly in remote NT children where anaemia has initially been the
main focus of enhancing child health system. This research seeks to make a first
tentative step to explore this relationship.
Anaemia or low blood haemoglobin concentration adversely affects human health,
especially in rural communities from low- and middle-income countries (WHO, 2015).
Globally, anaemia prevalence among pre-school children is 42.6% of which 50% is
attributed to iron deficiency (WHO, 2015). The prevalence of anaemia among remote
NT children in 2016 was 19% and 14% in 2017 (Department of Health Northern
Territory, 2018). Anaemia has an important role in the overall global burden of
disease, resulting in 68.4 million years lived with disability (YLD) (Kassebaum et al.,
2014) which is 8.8% of the world’s YLD (Pasricha, 2014).
Although the major contributor of anaemia is iron deficiency, other frequently
coexisting causes are acute and chronic infections, nutritional deficiencies and
haemoglobinopathies (WHO, 2015; WHO/CDC, 2007; De Benoist et al., 2008). Iron
deficiency anaemia is a result of decreased iron stores from low intake of iron or poor
absorption of iron from diets, high iron requirements during rapid growth with
inadequate intake or increased iron loss due to blood loss (Özdemir, 2015; Olivares,
Walter, Hertrampf, & Pizarro, 1999). Fatigue, weakness, dizziness, and drowsiness
are symptoms associated with anaemia (WHO, 2015) however, in children, delayed
cognition, behaviour and motor skills, delayed growth, and reduced immunity are
longer term adverse outcomes (Jáuregui-Lobera, 2014; Edmund et al., 2004;
Soliman, De Sanctis, & Kalra, 2014).
There has been limited studies about the factors contributing to anaemia in the last
two decades among Aboriginal and Torres Strait Islander children. The major factors
contributing to iron deficiency anaemia in NT Aboriginal children have been reported
as the late introduction of weaning foods of low iron content (cereal, flour) (Chantry,
4

Howard, & Auinger, 2007), insufficient intake of iron-rich solids and a high prevalence
of infections (Kruske, Ruben, & Brewster, 1999). In 2009, Aboriginal children up to 4years of age were found to be 30 times more likely to suffer from nutritional anaemia
and malnutrition, when compared to non-aboriginal children (Smylie & Adomako,
2009). In 2013, malnutrition and anaemia were still found to be common in NT
Aboriginal children during their early years (Bar-Zeev, Kruske, Barclay, Bar-Zeev, &
Kildea, 2013).
The introduction of the Healthy Under 5 kids program in 2004 (Australian Government,
2013) and childhood anaemia as a key performance indicator in 2009, (Department
of Health Northern Territory 2016; Josif, Kruske, Kildea, & Barclay, 2017) have
reported improvements in anaemia prevalence however, the major contributor to what
is causing anaemia has not been robustly investigated. The study conducted in
Aboriginal infants and young children as a part of a nutrition promotion and anaemia
prevention program in remote northern Australia by Aquino et al. (2018) identified that
42% of children had been anaemic at least once in the first year of life.
The socio-economic disadvantage, and geographical, environmental and social
factors have influenced the nutritional status of Indigenous Australians (AIHW, 2012;
National Health and Medical Research Council (NHMRC), 2000) The shift in dietary
and food habits of Indigenous Australians after colonisation has impacted on the poor
health and nutrition status (AIHW, 2012; NHMRC, 2000). The Aboriginal and Torres
Strait Islander Health Survey 2018-19 (Australian Bureau of Statistics [ABS], 2019)
reports that the intake of fruit and vegetable consumption is below the recommended
requirement by Australian Dietary Guidelines. Vegetable products and dishes along
with milk products are the main contributors to vitamin A intake in Australia. Whilst the
2011-12 Australian Health Survey reported approximately 0.7% of males and 2.1% of
females aged two to three years and 2.4% of males and 5.9% of females aged four
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to eight years had inadequate usual intakes of vitamin A (ABS, 2015), there are no
published studies on the prevalence of VAD among Aboriginal children.
Undernutrition is the most prevalent type of malnutrition and is an important factor for
being vulnerable to different diseases and mortality (WHO, 2020b). Undernutrition
(stunting, underweight and wasting) occurs when nutrient intakes are deficient with
respect to body demand, which can be due to micronutrient deficiency or disease
disrupting food intake and metabolism (Burgess, 2003). Among low socio-economic
populations, undernutrition continues to be a common condition (Tzioumis & Adair,
2014) and is recognised as a serious problem among Australian Aboriginal children
aged <5 years (Northern Territory Department of Health, 2018; Grant, 2008). In 2018,
the prevalence in rural and remote communities were: underweight (5%), stunted
(14%) and wasted (3%) (Northern Territory Department of Health. 2018).
In the Northern Territory, 78.3% of the Aboriginal population live in remote/very
remote areas (Australian Bureau of Statistics (ABS), 2019), and their health
conditions are worse than those of Aboriginal people living in urban or rural areas
(Australian Institute of Health and Welfare [AIHW], 2014; Carson, Dunbar, Chenhall,
& Bailie, 2007) and that of other Australians (AIHW, 2017). The mortality rate of
Aboriginal infants in the Northern Territory is 3.5 times that of the total Australian
population (AIHW, 2017), with infection as a major contributor.
Even though infection related deaths are primarily related to low income countries,
high income countries are not excluded from infection related death of young children
(Balamuth et al., 2014). Schlapbach et al. (2015) reported that the mortality of severe
infections in critically ill children in Australia and New Zealand is increasing. The ICU
admission rate in Australian Aboriginal children for invasive infections was three times
higher than non-Indigenous children, during 2002–2013 (Ostrowski et al., 2017).
Overcrowding, poor access to sanitation, lower socio-economic status, clean water
access to health facilities and differences in hygiene and health-seeking behaviour
6

are considered as the risk factors for the high prevalence of infectious diseases
among Indigenous children worldwide (Barnato, Alexander, Linde-Zwirble, & Angus,
2008; Ostrowski et al., 2017)
VAD impairs natural immunity, weakens innate and acquired host defences that can
exacerbate infection and increase the risk of morbidity and mortality from infectious
diseases (Canete et al., 2017; Mayo‐Wilson, Imdad, Herzer, Yakoob, & Bhutta, 2011).
During the first 48 hours of acute phase response to infection or inflammation, serum
retinol (measure of vitamin A) and retinol binding protein (RBP) can decrease
significantly while CRP (C-reactive protein) increases (Larson et al., 2018). The
increased serum retinol during the acute phase response returns to normal within a
few days to weeks after the infection has been treated without vitamin A
supplementation if there is no VAD from other causes (Larson et al., 2018; Mitra,
Alvarez, Wahed, Fuchs, & Stephensen, 1998).
The co-existence of VAD with anaemia, undernutrition and infection is high in
populations with a low socio-economical background (Abizari, Azupogo, & Brouwer,
2017; Atimati, Abiodun, & Ofovwe, 2013; Amaya-Castellanos et al., 2002; Jiang &
Peng, 2016). However, their association has not been investigated in Aboriginal and
Torres Strait Islander communities where there is also a high prevalence of anaemia,
undernutrition (Smylie & Adomako, 2009) and childhood infections (Kearns et al.,
2013). This project aims to investigate the association of VAD with anaemia,
undernutrition and infection among Australian Aboriginal children aged six months to
six years admitted to Royal Darwin Hospital.

7

LITERATURE REVIEW

The purpose of this literature review was to identify peer reviewed articles describing
the association of VAD with anaemia, undernutrition and infection among preschool
children.

Background
The prevalence of VAD has not yet been studied among young Australian Aboriginal
children where higher rates of anaemia, undernutrition and infection co-exist
(Udovicich, Perera, & Leahy, 2017; McDonald, Bailie, Rumbold, Morris, & Paterson,
2008; Ostrowski et al., 2017).

Methods
Database searches were conducted using CINAHL Plus with Full Text, MEDLINE with
Full Text, PubMed, and search engine Google Scholar. The time period included was
1993 to 2018 for articles written in English or those translated to English with full text.
Articles were identified with search terms “vitamin A deficiency AND anemia* AND
association AND children”, “vitamin A deficiency AND undernutrition* AND
association AND children” and, "vitamin A deficiency AND infection AND association
AND children”. Reference lists of selected articles were reviewed to identify relevant
articles that did not come up in the database searches.
Inclusion and exclusion criteria
Titles for VAD and anaemia that included search keywords “vitamin A deficiency,
anaemia, children” were included for an abstract review. Abstracts that did not report
on an association of VAD with anaemia were excluded. Titles for VAD and infection
that included the search keywords and phrases “vitamin A deficiency, infection,
children” were included for an abstract review. Abstracts that did not report on an
association of VAD with infection were excluded.
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Titles for VAD and undernutrition that included search keywords and phrases “vitamin
A deficiency, undernutrition, children” were included for an abstract review. Abstracts
that did not report on an association of VAD with undernutrition were excluded.
Studies related to adults and animal studies were excluded from the reviewed articles.

Results
VAD and anaemia articles: A total of 28 articles were identified from the PubMed
database and one article from google scholar. Searches conducted using CINAHL
Plus with Full Text and MEDLINE with Full Text showed the same articles that were
in the PubMed search. Of the 29 articles, 18 were excluded because they did not
meet the title inclusion criteria of VAD and anaemia (Figure 1). Abstracts of the
remaining 11 studies were reviewed of which seven were excluded as they did not
report on the association of vitamin A with anaemia. Four articles were included that
reported on the association of VAD and anaemia (Saraiva et al. (2014), Gebremedhin
(2014), Gamble et al. (2004) and Jimenez et al. (2010) (Table 1).

29 articles identified
18 excluded from the
title review
11 selected and abstracts
reviewed
7 excluded, no association
with VAD and anaemia
reported
4 articles included
Figure 1. Flow chart of VAD and anaemia articles

VAD and undernutrition articles: A total of 16 articles were identified, out of which ten
articles were excluded because they did not meet the title inclusion criteria of VAD
9

and undernutrition (Figure 1). Abstracts of the remaining six studies were reviewed of
which five were excluded as they did not report on the association of vitamin A with
undernutrition. The one article included was Samba, 2000 (Table 1).

16 articles identified
10 excluded (not VAD
& undernutrition
studies)
6 selected and reviewed
abstracts
5 excluded no
association of VAD with
undernutrition reported
1 article included
Figure 2. Flow chart of VAD and growth articles

VAD and infection articles: A total of 21 articles were identified out of which 14 were
excluded as VAD was not included in the title. Seven articles underwent an abstract
review, of which six were excluded as the association with infection was not reported.
The one article that reported the association of VAD and infection was included
Cameron, 2008 (Table 1).

21 articles identified
14 excluded (not VAD
studies)
7 selected for abstract
review
6 excluded no association
with infection reported
1 article included
Figure 3. Flow chart of VAD and infection articles
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Table 1. Articles Reviewed
Title

Authors

Year

1. Iron deficiency and anaemia are

Saraiva, B, Soares, M,

2014

associated with low retinol levels in

Santos, L, Pereira, S,

children aged 1 to 5 years

Horta, P.

2. Effect of a single high dose vitamin A

Gebremedhin, S.

2014

3. Relationship of vitamin A deficiency,

Gamble, M, Palafox, N,

2004

iron deficiency, and inflammation to

Dancheck, B, Ricks, M,

anemia among preschool children in the

Briand, K & Semba, R.

supplementation on the haemoglobin
status of children aged 6-59 months:
propensity score matched retrospective
cohort study based on the data of
Ethiopian Demographic and Health Survey
2011

Republic of the Marshall Islands.
4. A single dose of vitamin A improves

Jimenez, C, Leets, I,

haemoglobin concentration, retinol status

Puche, R, Anzola, E,

and phagocytic function of neutrophils in

Montilla, R, Parra,C,

preschool children

Aguilera, A & García-

2010

Casal, M
5. Prevalence of infant Vitamin A

Samba, C, Tchibindat, F,

deficiency and undernutrition in the

Houze, P, Gourmel, B &

Republic of Congo

Malvy, D.

11

2006

6.Neonatal vitamin A deficiency and its Cameron, C, Dallaire, F,

2008

impact on acute respiratory infections Vezina, C, Muckle, G,
among preschool Inuit children

Bruneau, S, Ayotte, P &
Dewailly, E.

Findings
Saraiva et al. (2014) conducted an analytical observational cross-sectional study to
investigate the prevalence of iron deficiency and anaemia, and its association with
low retinol levels in children aged 1-5 years. The study was conducted in Brazil in
2008 with a sample size of 692. Questionnaires about sociodemographic, economic,
and dietary data (energy, protein, iron, and vitamin A ingestion) were collected and
the body mass index-for-age and height-for-age and biochemical assessments
(ferritin, haemoglobin, and serum retinol) were performed. The prevalence of anaemia
was 15.7%, iron deficiency was 28.1% and retinol deficiency was 24.7%. In 14.9%,
the dietary iron intake was below the estimated average recommendation, and for
83.4%, the vitamin A intake was above the recommended dietary allowance. Retinol
deficiency was associated with anaemia (OR 4.62, 95% CI 3.36, 6.34) and iron
deficiency (OR 4.51, 95% CI: 3.30, 6.17), and this remained the same after adjusting
for socioeconomic and demographic conditions, dietary intake, and anthropometric
variables. A moderately strong positive association between haemoglobin and retinol
(r = 0.770, p < 0.001) and moderately positive association was shown between serum
ferritin and retinol (r = 0.597, p < 0.001). VAD and iron deficiency were prevalent in
this population, and anaemia and iron deficiency were associated with low levels of
serum retinol.
Gebremedhin (2014) conducted a retrospective cohort study on an intervention to
measure the effect of high dose Vitamin A supplementation on haemoglobin for
Ethiopian children aged 6-59 months. Data from the Ethiopian Demographic Health
12

Survey was used to review 2,397 children who received a single dose of a vitamin A
supplementation in the preceding 6-months with equal numbers of children who did
not receive the supplement. The basic characteristics (age, sex, education, wealth,
place of residence, sanitary facility, access to health facilities of the two groups) were
compared and their mean propensity score was found to be identical. The mean (±SD)
difference in haemoglobin was 1.5 g/l (95% CI 0.30, 2.70, p=0.014) higher in
supplemented children. The prevalence of anaemia was 46.4% (95% CI 44.4, 48.4)
among supplemented children and 53.9% (95% CI 51.9, 55.9) among nonsupplemented children. The risk of anaemia was reduced by 9% in the vitamin A
supplemented group (RR 0.91, 95% CI 0.86, 0.96). The association between vitamin
A supplementation and anaemia was significant in children from poor households (RR
0.74, 95% CI 0.61, 0.90) however, the protective effect of vitamin A supplementation
was minimal in children from households of higher socio-economic status. In this
study high dose vitamin A supplementation improved haemoglobin and decreased
the risk of anaemia among Ethiopian children aged 6-59 months (Gebremedhin,
2014).
Gamble et al. (2004) conducted a study in the Republic of the Marshall Islands to
explore the relationship of VAD, iron deficiency and inflammation with anaemia
among preschool children. A community-based survey was conducted among 919
preschool children and in a subsample of 367 children, the relationship between
vitamin A, iron status and inflammation markers with anaemia were studied. Among
the 367 children, 42.5% had anaemia and the prevalence of severe VAD (serum
vitamin A <0.35 mmol/l) was 10.9%. The iron deficiency (serum ferritin <12 mg/dl)
prevalence was 51.7% and the prevalence of iron deficiency anaemia (haemoglobin
<110 g/l and iron deficiency) was 26.7%. The prevalence of anaemia with
inflammation (anaemia with elevated tumor necrosis factor (TNF) and/or α-1-Acid
glycoprotein (AGP)) was 35.6% and that of severe VAD combined with anaemia was
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7.6%. A significant association of anaemia with iron deficiency (OR 1.74, 95% CI 1.08,
2.83, p<0.023) and with severe VAD (OR 4.85, 95% CI 2.14, 10.9, p<0.0001) were
found after adjusting for age, sex, and inflammation. Among preschool children of
Marshall Islands, severe VAD was independently associated with anaemia on
univariate analysis and also in multivariate models after adjusting for iron deficiency,
sex, age, and inflammation.
Jimenez et al. (2010) conducted a study to evaluate the effect of a single dose of
vitamin A on haemoglobin concentration, retinol status and phagocytic function of
neutrophils in preschool children. The 80 children (68 in supplemented group and 12
as controls) were aged 2-6 years from a hospital in Venezuela. Blood was collected
at the beginning of the study (T0) and 30 days (T30) after oral supplementation of 200
000 IU (60 mg) vitamin A. Haemoglobin, serum ferritin, retinol and iron concentrations,
transferrin saturation, Interleukin (IL)-4, interferon-g and phagocytic capacity of
neutrophils were calculated. Haemoglobin concentration, mean corpuscular
haemoglobin concentration and serum retinol concentration were increased after
vitamin A supplementation. Anaemia prevalence decreased from 17·6 % to 13·2 %
and VAD from 25 % to 13·2 %. Phagocytic function also improved. After administering
a single oral dose of vitamin A to a group of preschool children with a high prevalence
of VAD, the prevalence of anaemia and VAD was decreased, serum retinol and
haemoglobin concentrations were increased, and improvement was seen in
phagocytic capacity of neutrophils.
Samba et al. (2006) conducted an integrated nutrition and health survey to understand
the prevalence of VAD and its association with nutritional status among pre-school
Congolese children aged 6-months to 6-years, using a randomized two-level cluster
sampling method. Among the study sample of 5,722 children from urban and rural
Congo, 190 clusters of 30 children were tested for xerophthalmia, measured for
weight and height, and food consumption estimates over a 1-week period. Serum
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retinol concentrations was analysed in dried blood spots from a sub-sample of 300
children. Of the study population, 0.7% had night blindness and 7.7% had Bitot spots.
According to the food frequency method threshold values, consumption of vitamin A
rich food was lower in rural zones when compared to urban zones. Among the 300
children tested for serum retinol in this study, 18% (95% CI 13.7, 22.3) had a very low
serum retinol level (<10 μg/dl) and 49% (95% CI 43.4, 54.6) had a low serum retinol
level (<20 μg/dl). There was a significant association between mean serum retinol
levels and vitamin A food intake (chi-square 59.64, p<0.05). The relationship between
mean serum retinol concentration with weight for age or height for age was not
significant however, the children with a weight for height <-2SD had significantly lower
serum retinol values. In conclusion, VAD was prevalent in the rural areas of the
Congolese regions and wasting was significantly associated with VAD (Samba,
Tchibindat, Houze, Gourmel, & Malvy, 2006).
Cameron et al. (2008) assessed neonatal VAD and its impact on acute respiratory
infections among preschool Inuit children in Canada. From 1993 to 1998, umbilical
cord blood was sampled and from this, a subgroup (n = 82) of mother child pairs was
called for a follow up interview after 5-years. Medical charts were reviewed for acute
lower respiratory tract infections (LRTIs) and acute otitis media (AOM), and the final
analysis included 305 children. The mean vitamin A concentration in cord blood was
15.7 µg/dl. The adjusted rate ratios (RR) for children with vitamin A level below 20
µg/dl ranged between 1.06-1.62 for acute otitis media (AOM), 1.12-1.34 for lower
respiratory tract infections (LRTIs), and 1.09-1.14 for LRTIs hospitalization. A
statistically significant association between lower blood vitamin A concentration and
higher incidence rate was found for AOM and LRTIs for the first 5-years of life
however, no significant association was found for hospitalization for LRTIs. This
demonstrates that the rate of LRTIs and AOM were increased in children with lower
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vitamin A level and implies that neonatal VAD is a risk factor for AOM and LRTIs in
Inuit children from Nunavik.
Conclusion
VAD was found to be associated with anaemia, wasting and infections in low
(Ethiopia, Congolese), middle (Brazil, Venzuala, Republic of the Marshall Islands) and
high (Canada) income countries however, no Australian studies were identified
despite there being a high prevalence of anaemia, infection and undernutrition in
Indigenous Australians. The findings from these studies indicate that VAD could be a
public health problem in Australia and therefore warrants further investigation.
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METHODS

Background
This study is part of a randomised controlled trial of the treatment of anaemia in
children. The RIIS (Rapid Iron Infusion Study) collected venous and capillary blood
samples that measured vitamin A levels, haemoglobin, MCV, ferritin and CRP.

Primary Aim
To identify the association of VAD with anaemia, undernutrition and infection for
Aboriginal and/or Torres Strait Islander children aged six months to six years.

Secondary Aim
To identify the association of anaemia with VAD, undernutrition and infection in
Aboriginal and/or Torres Strait Islander children aged six months to six years.

Study design
A prospective cohort study with children aged six months to six years enrolled in the
RIIS who were tested for vitamin A whilst inpatients at RDH between April 2018 and
September 2019.

Ethics
Ethics approval was obtained from the Human Research Ethics Committee of the
Northern Territory Department of Health and Menzies School of Health Research
(HREC 2017-2812) for the period 20/07/2017-31/12/2020. The guidelines for ethical
conduct in research with children as mentioned in National Statement on Ethical
Conduct in Human Research 2007 (updated 2018) was followed in this study
(National Health and Medical Research Council (NHMRC), 2007). The RIIS was
funded by NHMRC and this study from Menzies small grant funding.
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Consent
The RIIS, that includes the measurement of vitamin A, was explained to
parents/guardians of the hospitalised children by the RIIS researchers and written
consent was obtained from those wanting to participate in this study.

Data collection
Venous blood was collected by RDH pathology staff to test for vitamin A,
haemoglobin, MCV, ferritin and CRP from consented children. Venous blood collected
for vitamin A testing was stored in a dark container to protect from the light and chilled
immediately after collection. The method used for analysing vitamin A was serum
retinol using HPLC. Capillary blood to test haemoglobin via haemocue was collected
by RDH nursing staff. Clinical assessment was done by the admitting medical
practitioner using standardised assessment procedures. Paper based data collection
forms were used by the researchers to collect RIIS study specific data from the
medical records that were entered into an Access database. For this study, data was
extracted from the Access database for measures on vitamin A, haemoglobin, MCV,
ferritin, CRP, growth and reason for admission.

Case definitions
Children were considered to have VAD according to the WHO definition (WHO, 2011)
and classified as anaemic using the age cut-offs from the Central Australian Remote
Practitioners Association (CARPA) Standard Treatment Manual (Remote Primary
Health Care Manuals [RPHCM], 2017) (Table 2). RDH pathology reference ranges
were used to categorise those with abnormal MCV, ferritin and CRP levels. WHO
growth z-scores were used to categorize undernutrition into underweight, stunted and
wasted (WHO, 2006).
From the admission diagnosis children were categorised as having an infection if the
admission or additional diagnosis included one or more of the following infections:
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scabies, bronchiolitis, bronchiectasis, sepsis, soft tissue bacterial infection, abscess,
lymphadenitis, diarrhoeal illness, febrile illness, acute rheumatic fever, acute otitis
media, lower respiratory tract infection (LRTI) and upper respiratory tract infection
(URTI). Children were categorised as having no infection if they had one or more of
the following admission or additional diagnosis: otitis media with effusion, injury,
surgery, weight check, failure to thrive (FTT) management, cardiac conditions and
non-infectious respiratory conditions.
The locations were classified into remote and urban as per the listing in Appendix 1
(Australian Government, n.d).

Table 2. Measures, reference ranges and variable definitions
Measure

Normal value or range

Case Definitions

Retinol (Vitamin A)

≥0.7 µmol/L

VAD <0.7 µmol/L

Haemoglobin

≥105 g/L aged 6-11 months

Anaemic <105 g/L

≥110 g/L aged 1-4 years

Anaemic <110 g/L

≥115 g/L aged 5-7 years

Anaemic <115 g/L

(RPHCM, 2017)
Ferritin

20-300 ng/mL

Low <20 ng/mL

MCV

75-95 fL aged 2-7 years

Weight-for-age z score

z score ≥-2 - ≤2

Underweight z score <-2

Height for age z score

z score ≥-2 - ≤2

Stunted z score <-2

Weight-for-height z score

z score ≥-2 - ≤2

Wasting z score <-2
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Low <75 fL

Infection

______

Diagnosis from RDH
admission records

C-reactive protein

0-5 mg/L (RDH pathology)

Elevated CRP >5 mg/L

Data Analysis
Data for association of vitamin A with haemoglobin, growth and infection were
analysed using Stata/IC 16 statistical software (Statacorp, 2019). A descriptive
analysis of percentages was derived for VAD, anaemia, growth and infection.
Frequencies (for categorical variables) and summary statistics were used to describe
the sample. Summary statistics, histogram and pnorm were used for continuous
variables to test for normality of variables and logarithmically transformed where
indicated (Appendix 2).
Categorical variables were assessed by chi squared test or Fisher’s exact test. The
continuous variables were dichotomised for regression analysis. Ninety-five
percentage confidence intervals were calculated and p value less than 0.05 was
considered as statistically significant. Regression analysis (logistic) was used to
determine the association (odds ratio and r-squared) of VAD with anaemia,
underweight, stunting, wasting, elevated CRP and infection. For this analysis, the
outcome variable was vitamin A status (VAD), and the predictor variables were age
group, location, anaemia, MCV, ferritin, growth, CRP and infection.
Linear regression was used to calculate the correlation coefficients and p values and
scatter plots were used to evaluate the linear association between the continuous
variables and to visualise the associations between pairs of variables. R squared was
calculated to describe the percentage of variation between continuous variables.
Sensitivity test was done by removing two outliers of vitamin A data and observing
how this change affected the association of vitamin A with other given variables.
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Children’s weight-for-age z score, height-for-age z score and weight for height were
calculated for individual children up to 60 months, using WHO standard growth tables
for boys and girls aged from birth to five years. (WHO, 2006) Z scores for children
aged 60 months to 72 months were calculated using WHO growth reference for boys
and girls aged five to nineteen years (WHO, 2007).
Average difference in anaemic and infection markers by Vitamin A was calculated
using ttest (means, 95% confidence interval (CI) and p value) for normally distributed
variables and to calculate the p value, 95% CI for the difference between two medians
of skewed variables (ferritin and CRP) Ranksum and cendif were used.
The predictor variables that were significantly associated with the outcome variable
were assessed for collinearity. Model building was done by using the forward stepwise
method with an outcome variable and the predictor variables with a p value 0.1 or
below on bivariate analysis or variables of clinical interest. However, because of the
collinearity among the independent variables, multiple regression results were poorly
estimated, which made the selection of the bivariate regression as the method for
analysis. Bivariate logistic regression was conducted to find the independent risk
factors associated significantly with VAD with odds ratio, p value and 95% CI
calculated.
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RESULTS

There were 76 Aboriginal and/or Torres Strait Islander children aged six months to six
years, who were tested for vitamin A whilst inpatients at Royal Darwin Hospital
between April 2018 and September 2019 (Table 3). Of the 76 children, 52 (68%) were
aged ≤3 years, 44 (59%) were male and most were from remote locations (n=70,
93%).
There were 22 (29%) children with VAD (<0.7 µmol/L) of which three (4%) had severe
VAD (<0.4 µmol/L). There were no significant differences in children with VAD by age
(OR 2.7, 95% CI 0.8, 8.9, p=0.313), gender (OR 1.3, 95% CI 0.5, 3.5, p=0.64) or
location when compared with vitamin A replete (VAR) children. Serum retinol was
normally distributed with a mean of 0.82 µmol/L (95% CI 0.79, 0.93) (Appendix 2,
Figure 2a & 2b).

Table 3. Characteristics of hospitalised children tested for Vitamin A

n
Agegroup
>3 years
≤3 years
Gender
Male
Female
missing
Location
Urban
Remote
missing

VAD
(n=22)
%

n

VAR
(n=54)
%

4
18

17%
35%

20
34

83%
65%

12
10
-

27%
32%
-

32
21
1

73%
68%
-

0
21
1

0
30%
-

5
49
-

100%
70%
-

There were 27 (40%) hospitalised children that were anaemic when measured from
FBC and 33 (47%) by haemocue (Table 4). Children who were anaemic by FBC, were
2.8 (95%CI 1, 8.2, p=0.053) times more likely to be VAD than children who were not
anaemic however, the difference was not significant when tested by haemocue
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(OR=2.4, 95%CI 0.8, 6.7, p=0.1). Haemoglobin was normally distributed (Appendix 2
- Figure 2c & 2d) and VAD children aged 1-4 years mean Hb by FBC was 11 g/L
(95%CI 3.2, 19, p=0.007) lower than VAR children (Table 5).
Of the hospitalised children with FBC results, 75% had a low MCV, 16% had a low
ferritin and 3% had a high ferritin (Table 4). There were no statistically significant
associations between VAD and low MCV (normally distributed, Appendix 2 - Figure
2g & 2h) or low ferritin (skewed distribution, Appendix 2 - Figure 2i & 2k). VAD
children’s MCV was 2.2 fL (95%CI 0.22, 4.6, p=0.073) lower than VAR children but
the mean difference was not statistically significant (Table 5). VAD children had a
significantly higher median ferritin (109 ng/mL) than VAR children (42 ng/mL)
however, they were both within the normal range (20-300 ng/mL).
Of the hospitalised children that had measures for undernutrition and infection, 19%
were underweight, 35% were stunted, 20% were wasted, 65% were admitted for an
infectious condition and 54% had an elevated CRP above the normal range (Table
4). There were no statistically significant associations between VAD and
undernutrition measures or an infectious admission however, children with CRP >5
mg/L (skewed distribution, Appendix 2, Figure 2n & 2o) were 7.6 (95% CI 1.9, 29.7,
p=0.004) times more likely to have VAD than children with CRP ≤5 mg/L. The
proportion of VAD children with CRP >5 mg/L was 84% and 41% for children that
were VAR. VAR children had a significantly lower median CRP (13 mg/L) than VAD
children (48 mg/L).
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Table 4. Associations with VAD
VAD

VAR

Odds

95%

(n=22)

(n=54)

Ratio

CI

n
Anaemia by FBC
No
9
Yes
12
missing
1
Anaemia by haemocue
No
8
Yes
13
missing
1
MCV fL
Normal
4
Low
17
missing
1
Ferritin
Normal
16
Low (<20
2
ng/mL)
High (≥300
0
ng/mL)
missing
4
Weight
Normal
19
Underweight
3
Overweight
0
missing
Height
Normal
4
Stunted
1
missing
17
Weight for height
Normal
4
Wasted
1
missing
17
Infection
No Infection
5
Infection
17
missing
CRP
≤5 mg/L
3
>5 mg/L
16
missing
3

Exact
pvalue

%

n

%

22%
44%
-

32
15
7

78%
56%
-

2.8

1,8.2
n/a

0.053

22%
39%
-

29
20
5

78%
61%
-

2.4

0.8,6.7
n/a

0.1

24%
33%
-

13
34
7

77%
67%
-

1.6

0.5,5.8
n/a

0.553

31%

36

69%

20%

8

80%

0.6

0.2,2.4

0.45

0%

2

100%

n/a

-

8

-

n/a

32%
21%
0%
-

41
11
1
1

68%
79%
100%
-

24%
11%
-

13
8
33

19%
20%
-

1.7

0.4,6.8
n/a
n/a

0.534

76%
89%
-

0.5

0.04, 5
n/a

0.53

17
4
33

81%
80%
-

1.06

0.1, 12
n/a

0.96

19%
35%
-

22
32
2

81%
65%
-

2.3

0.8,7.3
n/a

0.14

10%
46%
-

27
19
8

90%
54%
-

7.6

1.9,30
n/a

0.004
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Table 5. Average difference in anaemic and infection markers by
Vitamin A status

VAD
n

average

VAR
n

average

Difference
average

95%CI

p
value

Hb g/L by FBC mean (95% CI)
<I year

4

1-4 years

17

5-7 years

105.5
(87, 124)
108
(101, 116)
-

5
36

107.2
(95, 119)
119
(115, 124)
-

1.7

-15,18

0.82

11

3.2, 19

0.007

4.9

-12, 22

0.52

6.8

1.4, 15

0.1

2.2

0.2, 4.6

0.073

49

6, 77

0.019

24

8.5, 48

0.002

N/A

Hb g/L by haemocue mean (95% CI)
<I year

4

1-4 years

16

5-7 years
MCV fL

21

Ferritin
ng/mL (IQR)

18

CRP mg/L
(IQR)

19

107
(95, 120)
106
(98, 114)
70
(68, 73)
109
(55, 122)

48
(14, 61)

6
37

47
46

33

112
(99, 126)
113
(108, 117)
72.4
(71, 74)
42
(22, 75)

13
(1.3, 41)

N/A

Correlations
There was a positive linear association between vitamin A and haemoglobin
measured by FBC for which haemoglobin explains 8% of the variation in vitamin A
(R-square=0.08, p=0.01) (Figure 4). For every 10 g/L change in haemoglobin there
was a 0.07 µmol/L (95% CI 0.02, 0.1) change in vitamin A. A sensitivity analysis was
conducted excluding two vitamin A outliers (2 and 1.8) that increased R-square to
0.17 however, there was only a small change in the coefficient 0.08 (95% CI 0.04,
0.1, p=0.00) (Figure 5). No significant linear association was found between vitamin
A and haemoglobin measured by haemocue before or after removing the two outliers
for vitamin A (Appendix 3 – Figure 3a & 3b).
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Figure 4. Correlation of vitamin A µmol/L with haemoglobin

Figure 5. Correlation of vitamin A µmol/L two outliers
removed (2 and 1.8) with haemoglobin g/L from FBC
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In the presence of infection there was a positive linear association between vitamin A
and haemoglobin for which haemoglobin explains 27% of the variation in vitamin A
(R-square=0.27, p=0.00) however, no association was found when there was no
infection (Figure 6). For every 10 g/L change in haemoglobin in the presence of
infection there was a 0.09 µmol/L (95% CI 0.05, 0.1) change in vitamin A.

Figure 6. Correlation of vitamin A µmol/L with haemoglobin g/L
by infection.

There was a negative association between Vitamin A and CRP for which CRP
explains 22% of the variation in vitamin A (R-square=0.22, p<0.00) (Figure 7). For
every 10 mg/L change in CRP there was a 0.04 µmol/L (95% CI 0.02, 0.07) change
in vitamin A. CRP was log transformed as it was not normally distributed and CRP
accounted for 27% of the variation in vitamin A (R-square= 0.27, p<0.001) (Figure 8).
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Figure 7. Correlation of Vitamin A µmol/L with CRP mg/L

Figure 8. Correlation of Vitamin A µmol/L with log transformed CRP
mg/L
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In the presence of an elevated CRP (>5 mg/L) there was a positive linear association
between vitamin A and Hb for which haemoglobin explains 20% of the variation in
vitamin A (R-square=0.2, p=0.006) however, no association was found when CRP
was ≤5 mg/L (Figure 9). For every 10 g/L change in haemoglobin where CRP was >5
mg/L there was a 0.09 µmol/L change in vitamin A (95% CI 0.03, 0.2).

Figure 9. Correlation of vitamin A µmol/L with haemoglobin g/L
A positive association was found between vitamin A and MCV for which MCV explains
11% of the variation in vitamin A (R-square=0.11, p=0.003). For every 10 fL change
in MCV there was a 0.2 µmol/L change in vitamin A (95% CI 0.08, 0.4) (Figure 10).
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Figure 10. Correlation of Vitamin A µmol/L with MCV fL

In the presence of infection there was a positive linear association between vitamin A
and MCV for which MCV explains 7% of the variation in vitamin A (R-square=0.07,
p=0.04) (Figure 11). For every 10 fL change in MCV in the presence of infection, there
was a 0.2 µmol/L change in vitamin A (95% CI 0.01, 0.3). There was no association
between vitamin A and MCV in the absence of infection. No association was found
between vitamin A and MCV when CRP was >5 mg/L or when CRP was ≤5 mg/L
(Figure 12).
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Figure 11. Correlation of vitamin A µmol/L with MCV fL by
infection

Figure 12. Correlation of vitamin A µmol/L with MCV fL by CRP mg/L
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There was no association between vitamin A and ferritin (R-square=0.02, p=0.282).
(Figure 13). Ferritin was log transformed as it was not normally distributed and no
association was found (R-square=0.008, p=0.23) (Figure 14). There was no linear
association with vitamin A and log transformed ferritin in the presence (Rsquare=0.05, p=0.085) or absence (R-square=0.02, p=0.325) of infection (Figure 15).
There was no linear association between vitamin A and log transformed ferritin when
CRP was ≤5 mg/L or when CRP >5 mg/L (Figure 16).

Figure 13. Correlation of vitamin A µmol/L with ferritin ng
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Figure 14. Correlation of vitamin A µmol/L with Logferritin

Figure 15. Correlation of vitamin A µmol/L with logferritin by infection
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Figure 16. Correlation of vitamin A µmol/L with Log (ferritin ng/mL) by
CRP mg/L

In the absence or presence of infection there was a negative linear association
between vitamin A and log transformed CRP (Figure 17). In the absence of infection
the log transformed CRP explained 34% of the variation in vitamin A (R-square=0.34,
p=0.01) and 9% in the presence of infection (R-square-0.09, p=0.042).
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Figure 17. Correlation of vitamin A µmol/L with CRPlog by
infection

Anaemia
Female children were 3.8 times (95% CI 1.4, 11, p=0.01) more likely to be anaemic
than male children and children with CRP >5 mg/L were five times (95% CI 1.5, 16.5,
p=0.01) more likely to get anaemia than children with CRP ≤5 mg/L (Table 6). The
proportion of anaemic children with an elevated CRP was 77% and 56% for those not
anaemic. There were no other statistically significant associations with anaemia and
other measures collected.

Table 6. Association with anaemia

Agegroup
>3 years

Anaemia

No anaemia

(n=27)

(n=41)

n

%

n

%

6

29%

15

71%

35

OR

95%
CI

Exact
pvalue

≤3 years
Gender
Male
Female
missing
Location
Urban
Remote
missing
Vitamin A
No VAD
VAD
missing
MCV
Normal
Low
missing
Ferritin
Normal
Low (<20)
High
(≥300ng/mL)
missing
Weight
Normal
Underweight
Overweight
missing
Height
Normal
Stunted
missing
Weight for height
Normal
Wasted
missing
Infection
No Infection
Infection
missing
CRP
≤5 mg/L
>5 mg/L
missing

21

45%

26

55%

2

0.7,6.1

0.21

11
16
-

28%
59%
-

29
11
1

72%
41%
-

3.8

1.4, 11
n/a

0.01

1
40
-

25%
62%
-

0.2

0.02, 2
n/a

0.174

3
24
-

75%
38%

15
12
-

32%
57%
-

32
9
-

68%
43%
-

2.8

1, 8.2
n/a

0.053

7
20
-

41%
39%
-

10
31
-

59%
61%
-

0.9

0.3, 2.8
n/a

0.89

21
2

43%
29%

28
5

57%
71%

0.5

0.1, 3

0.48

0

0%

1

100%

4

-

7

-

23
4
0
-

43%
31%
0%
-

30
9
1
1

57%
69%
100%
-

1
1
20

11%
7%
-

13
8
25

89%
93%
-

0.6

0.03, 11
n/a

0.744

1
1
25

6%
20%
-

17
4
20

94%
80%
-

4.25

0.2, 84
n/a

0.43

9
18
-

39%
40%
-

14
27
-

61%
60%
-

1

0.4, 2.9
n/a

0.945

5
17
5

19%
53%
-

22
15
8

81%
47%
-

5

1.5, 17
n/a

0.008
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n/a

0.6

0.2, 2

0.4

n/a

There was a positive association between haemoglobin and MCV for which MCV
explains 14% of the variation in haemoglobin (R-square=0.14, p=0.002) (Figure 18).
For every 10 fL change in MCV there was an 11 g/L (95%CI 4.4, 18) change in
haemoglobin.

Figure 18. Correlation of haemoglobin g/L with mean corpuscular
volume fL

In the presence of infection there was a positive linear association between
haemoglobin and MCV for which MCV explains 25% of the variation in haemoglobin
(R-square=0.25, p=0.00) but no association in the absence of infection (Figure 19).
For every 10 fL change in MCV in the presence of infection there was a 14 g/L (95%
CI 6.6, 22) change in haemoglobin. When CRP >5 mg/L there was a positive linear
association between haemoglobin and MCV (R-square=0.23, p=0.003) for which
MCV explains 23% of the variation in haemoglobin, but no association when CRP ≤5
mg/L (Figure 20). For every 10 fL change in MCV where CRP was >5 mg/L there was
a 13 g/L (95% CI 4.5, 21) change in haemoglobin.
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Figure 19. Correlation of haemoglobin g/L with MCV fL

Figure 20. Correlation of haemoglobin g/L with MCV fL by CRP mg/L
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There was no linear association of haemoglobin with ferritin or log transformed ferritin
(Appendix 4 – Figure 4a, Figure 4b). In the presence of infection there was a negative
linear association between haemoglobin and log transformed ferritin for which log
transformed ferritin explains 9% of the variation in haemoglobin (R-square=0.09,
p=0.038) (Figure 21). In the absence of infection there was no association. There was
no association between haemoglobin and log transformed ferritin in the presence of
elevated CRP(>5 mg/L) or when CRP was low (Appendix 5- Figure 5c).

Figure 21. Correlation of haemoglobin g/L with log ferritin by infection

There was a negative association between haemoglobin and CRP for which CRP
explains 11% of the variation in haemoglobin (R-square=0.11, p=0.013). For every 10
mg/L change in CRP there was a 1.3 g/L change in haemoglobin (95% CI 0.3, 2)
(Figure 22). A sensitivity analysis was conducted excluding two CRP outliers
however, there was only a slight increase in the R-square to 0.12 (Figure 23). For the
log transformed CRP there was a negative linear association with haemoglobin for
which the log transformed CRP explains 7% of the variation in haemoglobin (R39

square=0.07, p=0.038) (Figure 24). In the presence of infection there was a negative
linear association between haemoglobin and log transformed CRP for which log
transformed CRP explains 12% of the variation in haemoglobin (R-square=0.12,
p=0.025) however, no association was found in the absence of infection (Figure 25).

Figure 22. Correlation of haemoglobin g/L with CRP mg/L
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Figure 23. Correlation of haemoglobin g/L with CRP mg/L
(2 outliers removed)

Figure 24. Correlation of haemoglobin g/L with logCRP
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Figure 25. Correlation of haemoglobin g/L with log (CRPmg/L) by
infection

Covariate correlations
Pairwise comparisons between predictor variables for VAD as the outcome showed
significant associations between an elevated CRP and anaemia (OR 5, P=0.008), an
elevated CRP and low ferritin (OR 0.1, p=0.02) and, anaemia and female gender (OR
3.8, p=0.01). When anaemia was the outcome significant associations between the
predictor variables were between VAD and elevated CRP (OR 7.6, P=0.004) and, an
elevated CRP and low ferritin (OR 0.1, p=0.02).
Due to collinearity between the predictor variables, a forward stepwise regression
model building approach was used for VAD as the outcome (Table 7) and then with
anaemia as the outcome (Table 8).
When CRP and anaemia were included in the same model (model 1) with VAD as the
outcome, the OR for CRP and VAD increased from 7.6 to 11, but decreased from 2.8
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to 1.6 for anaemia with the association no longer significant (Table 7). This may be
due to collinearity between the predictor variables (OR 5, p=0.008). VAD was
associated with anaemia in bivariate analysis, but this association was not significant
when an elevated CRP was included in the model.

Table 7. Forward Stepwise Regression Model building for VAD
VAD
OR
(95%CI)
Elevated
CRP (>5
mg/L)
Anaemia

7.6
(1.9, 30)

Bivariate
OR
P
(95%CI)

Model 1
P

0.004
2.8
(1, 8.2)

0.053

OR
(95%CI)

p

11
(2.1, 55)

0.005

1.6
(0.5,5.9)

0.455

When anaemia was the outcome, the OR for an elevated CRP and gender remained
statistically significant (model 2) in all the models however, the OR for VAD decreased
and was not significant when an elevated CRP was included models 1 and 4 (Table
8). Due to collinearity the bivariate regression was accepted as the method for
analysis.
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Table 8. Forward Stepwise Regression Model building for Anaemia
Anaemia

VAD
Elevated
CRP
(>5mg/L)
Gender(F)

Bivariate
OR
(95%CI)

P

2.8
(1,8.2)

0.05

OR
(95%CI)

5
(1.5,17)

Model 1

P

OR
(95%CI)

P

0.008
3.8
(1.3,11)

Model 2

OR
(95%CI)

P

1.6
(0.5,5.9)

0.455

4.1
(1.1,15)

0.035

0.011
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OR
(95%CI)

Model 3

P

6.3
(1.6,25)

0.008

6.9
(1.9,26)

0.004

Model 4

OR
(95%CI)

p

2.6
(0.9,8.1)

0.088

3.7
(1.2,11)

0.015

OR
(95%CI)
1.3
(0.3,5.2)

P
0.7

5.7
(1.3,25)

0.02

6.7
(1.8,25)

0.005

DISCUSSION

This is the first study to investigate if VAD in NT Aboriginal children is worthy of further
investigation as a potential public health problem. Our pilot study found that almost
one third of hospitalised Aboriginal children had VAD (29%) and that it was higher in
children with infection (35%), but that it is also of concern in children with no infection
(19%). The percentage of children without infection with VAD was within the WHO
category of a moderate public health problem (10-19%) that requires an integrated
approach for controlling VAD such as dietary diversification, food fortification or an
intervention of vitamin A supplementation (WHO, 2011).
Our prospective pilot study was not powered to determine statistically significant
associations between VAD and anaemia, infection or undernutrition however, we
were able to determine that VAD was associated with an elevated CRP and marginally
associated with anaemia, and that the mean haemoglobin measured by FBC was
significantly lower in VAD children. There was almost a significant association
between anaemia and VAD indicating that the odds of children being anaemic was
three times greater in VAD children when compared to children without VAD. This
finding is supported by other studies that have found significant associations between
VAD and anaemia (Semba & Bloem, 2002; Chiu et al. 2016; Poveda, Cuartas, Guarin,
Forero, & Villarreal, 2007; Khan et al., 2010; Willows & Gray-Donald, 2003; Nabakwe
et al., 2005).
Other studies reporting low vitamin A levels in Australian Aboriginal populations were
Chang et al. (2006) and Valery et al. (2005) for hospitalised children aged < 11 years
with lower respiratory tract infection and acute diarrhoea respectively. They found that
vitamin A, zinc, or the two combined, had no clinical benefits in the management of
acute lower respiratory tract infections or acute diarrhoeal disease during
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hospitalisation but investigation into community level VAD was not recommended for
further investigation.
In our pilot study, a positive linear association between vitamin A and haemoglobin
was found, that increased slightly in the sensitivity analysis when we removed two
vitamin A outliers. After stratifying by infection status, there was no linear association
between haemoglobin and Vitamin A in the absence of infection however, in the
presence of infection a positive linear association remained. This association
indicates that infection plays an important role in the interpretation of biochemical
markers for anaemia and VAD. What we were unable to determine was how much of
the VAD remained after the children were treated for infection.
Almost two thirds (65%) of the children had an admission in which an infection was
listed as the admission diagnosis and 54% had an elevated CRP ≥5 mg/L in our study.
Among the infected children, 65% had an elevated CRP and 26% of the children with
a non-infectious admission diagnosis also had an elevated CRP. This indicates that
one quarter of the children with a non-infectious diagnosis at admission may have had
an infection that was not identified or listed on the admission diagnosis.
The odds of having an infection in children with VAD was 2.3 times that of children
who were not VAD however, in our pilot study this difference was not significant but
has been shown in other studies. (Nabakwe et al., 2005; Semba, 2002; Stephensen
et al., 2002). An elevated CRP, an indicator of infection was significantly associated
with VAD and anaemia in this study. Factors influencing serum levels of vitamin A
during an infection when there is an acute phase response are: a decrease in retinol
absorption from the gut, a decrease in synthesis of retinol binding protein which is
responsible for transporting retinol from liver to other tissues , an increase in urinary
retinol excretion and an increase in metabolic demand (Stephensen et al., 2002). A
high infection rate and high percentage of children with elevated CRP levels in our
study population lead us to assume that, the above-mentioned factors might have
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reduced the vitamin A levels of Aboriginal children. Nabakwe et al. (2005), reported
that children with VAD are at risk of getting infections and outcomes of various
infections are influenced by VAD. In our study, the infection induced acute phase
response can be the reason for high prevalence of VAD or high prevalence of VAD
could be the reason for high rates of infection in Aboriginal children. Further studies
are needed to identify which one is responsible for the other.
Despite there being a high proportion of children with infection, 19% of children with
no infection had VAD. An elevated CRP can lead to an incorrect identification of
marginal vitamin stores in children due to the acute phase response (Larson et al.,
2018; Abizari et al., 2017). Almost all the children had a normal ferritin in our study,
As with CRP, ferritin is also an acute phase reactant and will increase in the presence
of infection (Sales et al., 2013). This may be the reason for a smaller number of low
ferritin level children in our study group where iron deficiency anaemia rates are
usually high.
In our pilot study, VAD in children aged ≤3 years was greater than those aged >3
years, whilst not statistically significant, this may be due to the small sample size.
Other studies have found greater vulnerability of young children (0-2 years) to become
vitamin A deficient (Miller et al., 2002). An Australian health survey of nutrient intakes
reported a higher prevalence of inadequate vitamin A intakes among female children
compared to male (ABS, 2015). In our study, the gender of the child was not
significantly associated with VAD, which is consistent with other studies (DanneskioldSamsøe et al.,2013; Arlappa et al., 2011; Fisker et al., 2007). However, Kandrait et
al.’s study showed a contradictory result that subclinical VAD (serum retinol 0.7-1.1
µmol/l) was significantly associated with female gender in a population of the urban
slums of Nagpur, India, aged under 6-years (Kandrait et al., 2000).
While in our study 30% of children from remote locations had VAD and none from the
urban areas, there were only five children classified as being from an urban location.
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George et al.’s (2012) study in Cambodia reported a difference in VAD prevalence
among rural (7.4%) and urban (3.1%) children (p<0.05) suggesting that this was due
to the lower socio-economic status of children from remote locations. Most of the
children (95%) in our study were from remote locations and that is the reason for high
prevalence of VAD in children from remote area (30%) than in the children in urban
area (0%).
We found no significant association between undernutrition and VAD which was also
a finding by Sales et al.’s (2013) study among children aged 6-59 months. However,
some studies have reported an association of VAD with stunting and wasting and that
by increasing the intake of dietary vitamin A, the risk of stunting or wasting among
undernourished children was reduced (Fawzi et al., 1997; Tarwotjo, 1992; West Jr,
Djunaedi, Pandji, Tarwotjo, & Sommer, 1988). There was a high proportion of children
that were underweight (19%), stunted (35%) and wasted (20%) in our study. It would
be expected that there would be an overrepresentation of undernutrition in
hospitalised children when compared to rates in rural and remote communities that in
2018 were underweight (5%), stunted (14%) and wasted (3%) (Northern Territory
Department of Health. 2018). The high proportion of underweight, stunted and wasted
children in this study cannot be generalised among the population as this study
sample has only hospitalised children.
This study identified that under half of the children were anaemic (40% by FBC and
47% by haemocue), a figure that is similar to Aquino et al.’s (2018) study amongst
Aboriginal infants and young children in remote northern Australia, in which an
episode of anaemia was reported in 42% of the participants. In our study, anaemia by
FBC was significantly associated with female gender and elevated CRP levels and,
marginally associated with VAD. Female children had a significantly higher
prevalence of anaemia (59%) than males (28%) (OR=3.8, 95% CI 1.4, 10.8, p=0.01)
a gender difference, that you would not expect to see in children of this age. However,
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similar results were found in Tohouenou et al.’s (2019) study in Ghanaian school
children of 4-8 years in which female children (43%) were more anaemic than male
children (34%) (p=0.047).
In this pilot study, seventy-five percent of children had a low MCV that was not
significantly different between VAD and VAR children nor those that were anaemic or
not anaemic. However, in the presence of infection there was a moderately positive
linear association between Hb and MCV. MCV is low when there is iron deficiency
anaemia or thalassemia (Galanello & Origa, 2010). Considering there was no
association between anaemia and MCV or ferritin but there was association with CRP
it could be considered that most of the anaemia was caused by inflammation or VAD
and was not all due to iron deficiency. However, during an acute phase response,
there is a chance for the underestimation of iron deficiency anaemia due to the
increase in ferritin (Suchdev et al., 2016). Inflammation is known to affect vitamin A,
haemoglobin, and ferritin levels and can thus lead to their overestimation or
underestimation in a population.

Limitations
This was a small project to pilot the prevalence of VAD, anaemia, undernutrition and
infection among different remote Aboriginal communities in the NT. There were
several limitations to our study. As this is a prospective cohort study consisting of a
very small sample size (n=76) we cannot make causal inferences between VAD with
anaemia, undernutrition and infections. Missing data for many variables was a
limitation of this study. We were unable to check the dietary patterns of the children
or assess the influence of vitamin A diets of the children on their vitamin A status. The
prevalence of VAD and anaemia may be overestimated due to the prevalence of
infection, and the prevalence of iron deficiency may be underestimated due to
presence of inflammation.
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Nevertheless, this was the first study to find the association of VAD with anaemia,
undernutrition and infection among Aboriginal children aged six months to six years
in the NT.
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CONCLUSION

The findings from this study suggests that VAD, anaemia, undernutrition and
infections are considerable public health problems in Aboriginal children aged six
months to six years. We have identified that VAD is a potential public health concern
that warrants further investigation in Aboriginal children that are not hospitalised.
Further exploration in larger studies is required to gain a better understanding of
micronutrient deficiencies and their impact on health in Aboriginal children.

Recommendations
Findings from this study can be used to generate hypotheses for future studies that
have significant public health implications in closing the gap in health disparities
between Aboriginal and other Australians. We would recommend that children with
anaemia also be investigated for VAD particularly if there is an elevated CRP in the
absence of an acute infection. Dietary intake and factors affecting absorption, uptake
and release of vitamin A are essential in understanding the relationship of vitamin A
with anaemia and infection in the Australian Aboriginal population.
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APPENDICES

Appendix 1

Community

Urban/remote

WADEYE

Remote

NGUIU

Remote

URBAN

Urban

BORROLOOLA

Remote

MILINGIMBI

Remote

PALUMPA

Remote

Ramingining

Remote

OENPELLI

Remote

KUNUNURRA

Remote

NUMBULWAR

Remote

ANGURUGU

Remote

WANDAWUY

Remote

YIRRKALA

Remote

JILKMINGGAN

Remote

GALIWINKU

Remote

BELYUEN

Remote

NAUIYU

Remote

NGUKURR

Remote

Maningrida

Remote

Tennant Creek

Remote

Mutitjulu

Remote

Minyerri (Hodgson Downs)

Remote

Gapuwiyak

Remote

Warruwi

Remote

Lajamanu

Remote

Katherine

Remote

Binjari

Remote

Bulman

Remote

Kalkarindji

Remote

Minjilang (Croker)

Remote

Halls Creek

Remote

Kildurk (Amanbidji)

Remote
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Appendix 2. Graphs for normality check

Figure 2a. Histogram - vitamin A

Figure 2b. Normal Probability Graph – vitamin A
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Figure 2c. Histogram – Haemoglobin by FBC

Figure 2d. Normal Probability Graph – Haemoglobin by FBC
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Figure 2e. Histogram – haemoglobin by haemocue

Figure 2f. Normal Probability Graph – haemoglobin by haemocue
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Figure 2g. Histogram – MCV

Figure 2h. Normal Probability Graph – MCV
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Figure 2i. Histogram – ferritin

Figure 2j. Normal Probability Graph – ferritin
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Figure 2k. Gladder ferritin

Figure 2l. Histogram – log transformed ferritin
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Figure 2m. Normal Probability Graph after log transformation– ferritin

Figure 2n. Histogram – C-reactive protein
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Figure 2o. Normal Probability Graph - C-reactive protein

Figure 2p. Gladder C-reactive protein
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Figure 2q. Histogram – log transformed C-reactive protein

Figure 2r. Normal Probability Graph after log transformation– C-reactive protein
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Figure 2s. Histogram – sqrt transformed C-reactive protein

Figure 2t. Normal Probability Graph after sqrt transformation– C-reactive protein
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Appendix 3. Correlation Graph

Figure 3a. Correlation of vitamin A µmol/L with haemoglobin g/L
from haemocue

Figure 3b. Correlation of vitamin A µmol/L L two outliers
removed (2 and 1.8) with haemoglobin g/L from haemocue
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Figure 3c. Correlation of Vitamin A µmol/L two outliers removed (2 and
1.8) with MCV fL

Figure 3d. Correlation of Vitamin A µmol/L two Outliers removed
(2 and 1.8) with logferritin
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Figure 3e. Correlation of Vitamin A µmol/L two outliers removed
(2 and 1.8) with logCRP
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Appendix 4

Figure 4a. Correlation of haemoglobin g/L with ferritin ng/mL
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Figure 4a1. Correlation of haemoglobin g/L with ferritin ng/mL (2
outliers removed)

Figure 4b. Correlation of haemoglobin g/L with logferritin

77

Appendix 5

Figure 5a1. Correlation of Vitamin A µmol/L two Outliers
removed (2 and 1.8) with log (ferritin ng/mL)

Figure 5b1. Correlation of vitamin A µmol/L (2 outliers removed)
with MCV fL by CRP
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Figure 5c. Correlation of haemoglobin g/L with log ferritin ng/mL by
CRP

Figure 5c1. Correlation of haemoglobin g/L (2 outliers removed)
with log ferritin ng/mL by CRP
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