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ABSTRACT: A national cross-sectional survey was conducted to estimate the prevalence of anaemia, micronutrient
deficiencies, haemoglobin disorders and over- and undernutrition in children and women of reproductive age in Oman.
Wasting and stunting were found in 9.3% and 11.4% of children aged 0-59 months, respectively, while 4.2% were
overweight or obese. In addition, 23.8% were anaemic and 10.2%, 9.5% and 10.6% had iron, vitamin A and vitamin D
deficiencies, respectively. Sickle cell and 3-thalassaemia genetic traits were present in 5.3% and 4.2% of children and 4.7%
and 2.8% of women, respectively. Overall, 9.1% of Omani women were underweight and 59.2% were overweight or obese.
The prevalence of anaemia was 27.8%, while iron, folate, vitamin B12 and vitamin D deficiencies affected 24.8%, 11.6%,
8.9% and 16.2%, respectively. Anaemia among both children and women and the prevalence of overweight and obesity in
women are the most concerning nutritional problems in Oman.

Keywords: Nutrition Disorders; Malnutrition; Micronutrients; Iron-Deficiency Anemia; Avitaminosis; Vitamin D
Deficiency; Vitamin B 12 Deficiency; Oman.

UAJJIJ\_umuAMM 93%@Mmddl,e.u@n_\u_uwn| ut.mu_w\mwwu_”mbdmcw@umum
ool 23.8% oS celly N sLaYL WIJIUJJJHJLUUAU‘,_‘L,.;ArZA)quA;@ (Mol e 3 0-59 5ay aalacl 7 o133
L3l L3050 bl S Tl e s Gaolindy T opnaliady spanll Gali o Gpilas 10.6% 5 9.5% 5 10.2% 4 pull 535 ¢yo
Gro 9:1% 1S« ple ISt G e oLl o 28% 5 4.7%  JULYI 0 4.2% 5 5.3% 3 5 gm g Lias Lumsw Iy Lulonid
UAAJJJILM 27 8%)edj|‘).§s‘)m|dwtb W|J|UJ3J|beJwUJJLu59 2%)\90‘)‘,”@.&.1040‘94\.’.1;;‘_\4@';@'
Ll JUl Y (s ol S5 any. L4;\|,JJ|‘,_L=162%J89%3116%324s;%J\HWLmj12_,L)M1_L.A&J_‘Jﬁju 3@_@

0 Grelind Gai i (aelind Gali fupuall Gali e an il aull 85 850 o Lobiall T3850 ¢ g L3330 S Lyl el Agalial) clal)

VER THE LAST FEW DECADES, OMAN HAS

undergone rapid economic growth and was

ranked by the United Nations as the most
improved nation in the world in terms of human
development between 1970 and 2010.! This was
accompanied by a consistent decline in the national
prevalence of stunting, wasting and underweight
in young children; moreover, the prevalence of
undernutrition in non-pregnant women also declined
during this period, albeit somewhat inconsistently.*
However, a recent study examining global trends
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between 1980-2013 reported that 73.4% of Omani
women were overweight or obese, with Oman
experiencing one of the largest prevalence increases
in obesity worldwide.” In contrast, the prevalence of
other nutritional deficiencies among Omani women
has remained stable. As a result, Oman may face
nutritional health issues with regards to both over-
and undernutrition.

While the prevalence of anaemia has declined in

women, this is not the case among children.?*®
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According to the World Health Organization
(WHO), anaemia is a moderate public health problem
for Omani women and a severe public health problem
for Omani children” Anaemia is a multifactorial
condition that can lead to reduced working capacity,
an increased risk of maternal and perinatal mortality
and morbidity, adverse pregnancy outcomes, reduced
educational achievements and poor cognitive perf-
ormance.® Aside from nutritionally-induced anaemia
resulting from iron, folate and/or vitamin B12 def-
iciencies, the major causes of anaemia in Middle
Eastern countries are haemoglobin disorders, such
as P-thalassaemia and sickle cell anaemia, as well as
infection.’

Iron deficiency (ID) and vitamin A deficiency
(VAD) are among the most prevalent micronutrient
deficiencies worldwide, particularly affecting young
children and women of reproductive age.'*! In Oman,
the last nutrition assessment in 2004 reported a high
prevalence of ID in women and children and moderate
levels of VAD in children, but not women."? Vitamin
D deficiency (VDD) might also be an issue in Oman;
however, VDD status has never been assessed on a
national level.

In order to understand the current nutritional
situation in Oman, the Oman National Nutrition Survey
(ONNS) was conducted from December 2016 to April
2017. The ONNS investigated the prevalence and severity
of certain nutrition-related conditions, including under-
nutrition, overnutrition, anaemia, micronutrient def-
iciencies and certain genetic blood disorders (i.e. sickle
cell disease/traits and p-thalassaemia). This information
is intended to help with the revision of existing nutr-
ition-related programmes in Oman and the five-year
health development plan of the Ministry of Health.
The current article presents and interprets ONNS
data with regards to the prevalence of various forms of
malnutrition in Oman.

Methods

SURVEY DESIGN AND PARTICIPANTS

The ONNS was conducted between December 2016
and April 2017 as a subset of a national survey of
chronic diseases and risk factors. The sampling proc-
edure and study design of the national survey utilised
the STEPwise approach advocated by the WHO.** For
both surveys, each of the 11 governorates in Oman
was considered a separate survey stratum. Equal numbers
of blocks within these governorates were identified and
were selected at random from the 2010 Oman census;
following this, random individual households were
selected within these census blocks. The household
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lists of the selected census blocks were updated prior
to the randomised selection process.

In the national chronic diseases survey, households
were selected at random without regard to the citizenship
of household members. However, the ONNS included
only Omani households because Omani citizens are the
primary beneficiaries of national public health progr-
ammes. Thus, a random sample of Omani households
among those included in the national chronic diseases
survey was selected from each governorate separately
via simple random sampling. A total of 375 Omani
households were included from each governorate,
as a priori sample size calculations indicated that
this number would contain adequate numbers of
Omani women and children to sufficiently precise
estimates of nutrition indicators. However, in Muscat
Governorate, the national chronic diseases survey
contained only 318 Omani households; accordingly,
all of these households were selected for inclusion in
the ONNS.

DATA COLLECTION AND LABORATORY
ANALYSIS

One week prior to data collection, all field workers
(including supervisors, team leaders, interviewers,
phlebotomists, anthropometry specialist and laboratory
technicians) received both classroom and practice
training on data and specimen collection procedures.
The classroom training was followed by two days of
field testing in two census enumeration areas in Muscat
which were not part of the ONNS sample.

Interviews were conducted at selected households,
starting with the household questionnaire, which was
either administered to the head of the household or
another knowledgeable adult. This questionnaire
included modules related to household demographic
variables, income and water, sanitation and hygiene
practices. Respondents were also asked about the
usual frequency of purchasing cooking oil and wheat
flour and the usual quantity purchased each time.
These data were used to calculate average household
consumption. Individual consumption was calculated
per adult male equivalent (AME) based on the members
of each household, using age- and gender-specific
categories proposed by the United Nations Food and
Agriculture Organization.™

Following this, individual questionnaires were
administered to pregnant women of any age, care-
takers of children aged 0-59 months and non-pregnant
women aged 15-49 years. For children, the quest-
ionnaire included questions regarding the children’s
dietary diversity, history of recent illnesses, consumption
of fortified foods and micronutrient supplements
and level of sun exposure. For the pregnant and
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non-pregnant women, the questionnaires collected
information regarding marital status, educational
level, dietary diversity, recent supplement consumption,
knowledge of fortified foods and attitudes and behaviours.

Following the completion of all the interviews in
the household, height and weight measurements were
taken from all non-pregnant women and children in
the household, while mid-upper arm circumference
(MUAC) measurements were taken from pregnant
women and children. Weight was measured using
electronic scales (SECA, Hamburg, Germany). Children
who could not stand alone on the scale were measured
while in their caretakers” arms, with the weight of the
former calculated using the tare function to subtract
the weight of the latter. Both children and women were
weighed while wearing light clothing. Length or height
was measured using wooden height/length boards
(United Nations International Children’s Emergency
Fund [UNICEF], Copenhagen, Denmark). The length
of children younger than two years old was measured
while they were lying down.

Blood samples were collected from children aged
6-59 months and women aged 15-49 years in 50%
and 25% of the selected households, respectively, in
all governorates but Muscat, where children in all
households and women in 50% of households were
included. Such households were randomly designated
prior to data collection. In non-phlebotomy-designated
households, only haemoglobin concentrations were
measured for all children aged 6-59 months and
non-pregnant and pregnant women using the third
drop of capillary blood collected from the individual’s
finger with a finger stick, or a heel stick for children
aged 6-11 months. Haemoglobin concentrations were
measured on-site using a portable point-of-care haemo-
globinometer (Hb 301+ Analyser, HemoCue® AB,
Angelholm, Sweden). HemoCue quality control material
(low, medium and high concentration) was used on a
daily basis and results recorded in a control form.

Among children selected for a phlebotomy, a
total of 4 mL of blood was collected in an ethylene-
diaminetetraacetic acid (EDTA)-coated vacutainer
(Becton Dickinson, Franklin Lakes, New Jersey, USA)
to obtain plasma for the analysis of micronutrient
biomarkers and whole blood to measure markers of
haemoglobinopathies. In non-pregnant women, blood
was collected in two vacutainers: (1) 2 mL of blood was
collected into an EDTA-coated vacutainer to measure
markers of haemoglobinopathies and (2) 4 mL of blood
was collected into a clotting-activator serum vacutainer to
measure micronutrient biomarkers. Following on-site
haemoglobin measurements, labelled tubes containing
whole blood were placed in cool boxes at 2—8°C and
transported to regional laboratories for processing

within 24 hours. Cold boxes were refilled with ice packs
on a daily basis and were equipped with thermometers
to continuously monitor internal temperatures.

For children, 0.5 mL of whole blood was taken out
of the vacutainer prior to centrifugation to measure
markers of haemoglobinopathies. For women, the EDTA-
coated vacutainer was used for the analysis of haemo-
globinopathies. For micronutrient analyses, blood tubes
were centrifuged at 3,000 rpm for seven minutes to
separate the plasma (in children) or serum (in women)
from the blood cells and then aliquoted into labelled
blood tubes and stored in freezers at —20°C until
they were packed in dry ice and sent to international
laboratories for analysis. No blood samples were taken
from children under six months of age.

Plasma and serum were analysed for ferritin,
retinol-binding protein (RBP), C-reactive protein
(CRP) and al-acid glycoprotein (AGP) at the VitMin
Laboratory (Wilsttt, Germany) using an enzyme-
linked immunosorbent assay.”® Plasma and serum 25-
hydroxycholecalciferol concentrations were measured
using tandem liquid chromatography (LC) mass
spectrometry at the Khatib Micronutrient Laboratory
(Amman, Jordan). This laboratory also measured
plasma folate and vitamin B12 concentrations in women
via electrochemiluminescence using the Cobas® e411
automated analyser (Roche Diagnostics, Risch-Rotkreuz,
Switzerland).

PARAMETERS AND CLINICAL THRESHOLDS

Haemoglobin concentrations were adjusted for altitude;
however, as only two of the 4,598 women included
in the sample stated that they smoked on a daily
basis, they were not adjusted for smoking.'® Children
and pregnant women were considered anaemic if
haemoglobin concentrations were <110 g/L, with con-
centrations of <70, 70-99 and 100-109 g/L classified
as severe, moderate and mild anaemia, respectively.
Non-pregnant women were considered anaemic if
haemoglobin concentrations were <120 g/L, with
concentrations of <80, 80—109 and 110-119 g/L denoting
severe, moderate and mild anaemia, respectively.”
The weighted prevalence of anaemia in both children
and women was used to determine the public health
significance of anaemia according to the WHO."”
Individuals with severe anaemia were referred to their
local health facility for further diagnosis and treatment.

Ferritin and RBP were adjusted for inflammation
using CRP and AGP values according to previously
reported methods.’* In children and women, ID
was defined as inflammation-adjusted ferritin concentr-
ations of <12 and <15 ug/L, respectively.”® As RBP is
not a WHO-recommended biomarker for the assessment
of vitamin A status, the correlation between RBP results
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and serum retinol was checked by measuring retinol
in a subset of specimens using high-performance LC
at the Khatib Micronutrient Laboratory. There was
a strong correlation between retinol and RBP values
upon linear regression analysis. Nevertheless, the
kappa coefficient of agreement and the sensitivity
were higher when the RBP cut-off for defining VAD
was adjusted to 0.73 instead of 0.70 pg/L. For this
reason, 0.73 and 1.05 ug/L were used as cut-off values
to denote deficiency and insufficiency, respectively.*?*

Cut-off values for CRP and AGP were >5 mg/L and
>1 g/L, respectively. Inflammation status was defined
as follows: no inflammation, incubation (elevated CRP
only), early convalescence (elevated CRP and AGP)
and late convalescence (elevated AGP only).’*" In
non-pregnant women and children, VDD was defined
using a cut-off value for 25-hydroxycholecalciferol of
<30 nmol/L; for vitamin D insufficiency (VDI), the
cut-off value was set at 50 nmol/L.?® Sun exposure
levels were defined according to previously published
parameters.” Based on WHO recommendations,
plasma folate concentrations of <10 nmol/L indicated
folate deficiency while vitamin B12 deficiency was set
at <150 pmol/L for women.?

Height-for-age, weight-for-age and weight-for-
height were calculated for all children based on the
WHO Growth Standard.* All forms of undernutrition
were indicated by z-scores of less than -2.0. Severe
and moderate forms of undernutrition were defined
by z-scores of less than —3.0 and -3.0 to —2.01, resp-
ectively. Wasting, stunting and underweight were categ-
orised using weight-for-height, height-for-age and weight-
for-age z-scores, respectively. Overweight in children
was defined by a weight-for-height z-score greater than
2.0 to 3.0, while obesity was defined by a z-score greater
than 3.0. The nutritional status of non-pregnant women
aged 15—49 years was assessed via body mass index
(BMI). Six BMI categories were designated, including
severe undernutrition (<16.0 kg/m?), moderate under-
nutrition (16.0-16.9 kg/m?), at risk of undernutrition
(17.0-18.4 kg/m?), normal (18.5-24.9 kg/m?), over-
weight (25.0-29.9 kg/m? and obese (>30.0 kg/m?).”
For pregnant women, a MUAC of <23.0 cm was
deemed to indicate undernutrition.”**

DATA MANAGEMENT AND STATISTICAL
ANALYSIS

Questionnaire data were entered into a database using
EpiData, Version 3.02 (EpiData Association, Odense,
Denmark). In order to minimise the risk of data entry
errors, the EpiData software was programmed to only
accept codes within a certain range specific to each
variable; in addition, the data were double-entered and
corrected following completion of the field work. Data
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analysis was performed using the Statistical Package
for the Social Sciences (SPSS), Version 24.0 (IBM
Corp., Armonk, New York, USA) with the complex
survey module. In order to account for the unequal
probability of selection, strata-weighted analyses were
used for household variables. Moreover, because the
sampling fraction for those undergoing phlebotomy
differed among governorates, separate sampling
weights for women and children were calculated for
the results of blood testing. No sampling weights were
used when generating governorate-specific estimates.

The household wealth index was calculated based
on methods described by Filmer et a/** Data analysis
included the calculation of proportions for all categ-
orical variables. For continuous variables, means or
medians were calculated. Variables were calculated for
the entire sample across all strata, for each stratum
as well as for certain variables, including educational
status (for women), wealth quintile (for households)
and gender (for children). Results were also presented
for specific age groups for pregnant women, non-
pregnant women and children. Unfortunately, an
analysis of urban versus rural residences could not be
performed because this classification does not exist
in Oman’s census data. Prevalence maps for stunting,
wasting and overweight and obesity among children
and underweight, overweight and obesity among women
were presented according to WHO classifications.*!

The statistical precision of prevalence rates was
assessed using 95% confidence intervals, which were
calculated accounting for the complex sampling methods
used in the survey. The significance of differences
between subgroups was calculated using a Chi-squared
test with weighted analysis and adjusted for complex
sampling. Notably, VDD and VDI were merged to test
for statistical significance between subgroups. This
was due to the fact that deficiency and insufficiency are
ranges on the same spectrum and therefore were not
analysed separately. The level of statistical significance
utilised throughout the analysis was set at P <0.05.

ETHICS AND CONSENT

The protocol of this study was granted ethical approval
by the Research and Ethical Review and Approval
Committee of the Oman Ministry of Health (#MH/
DGP/R&S/PROPOSAL_APPROVED/45/2015). Either
the head of the household or, in their absence, another
knowledgeable adult household member provided
written informed consent prior to participation in the
survey. All participants provided written informed
consent before undergoing blood specimen collection
and anthropometry measurements. Women aged
18-45 vyears gave consent for themselves, while
consent on behalf of preschool children and girls aged
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15-17 years was given by a parent or legal guardian.
Any documents containing identifying data such as
completed questionnaires and blood collection sheets
were kept in a locked cabinet at the Ministry of Health
to maintain confidentiality and privacy.

Results

HOUSEHOLD DATA

Of the 3,862 households selected, data were collected
from a total of 3,304 households (response rate: 85.6%).
The average number of household members was 6.9
individuals. Only 28.3% of the households owned
agricultural land, while 43.2% owned livestock, mainly
chickens, goats and sheep.

Overall, 89.9% of households had a safe water
source, although 94.4% had access to safe water for
drinking. Adequate sanitation and handwashing facil-
ities with both soap and water were present in 85.2%
and 97.4% of households, respectively. The most
common types of oil used for cooking were sunflower
oil (49.2%), ghee (40.3%), corn oil (38.8%) and olive oil
(38.7%). At the time of the survey, 95.4% of households
had cooking oil at home that was labelled as fortified.
Of the 81.9% of households which had wheat flour in
the house at the time of data collection, 95.1% of the
flour was marked as fortified. Cooking oil and wheat
flour consumption was calculated as 1.3 L and 3.4 kg
per AME per month, respectively.

Consumption of cooking oil and wheat flour
differed according to wealth quintile. Average cooking
oil consumption per AME per month was significantly
higher in households in the poorest wealth quintile
compared to those in other wealth quintiles (1.7 L
versus 1.2-1.3 L; P <0.001). In addition, consumption
of wheat flour was significantly higher among
members of households in poor wealth quintiles
compared to those in wealthier households (P <0.001).
From the lowest to highest wealth quintiles, wheat
flour consumption per AME per month was 5.2, 3.6,
34,34 and 2.5 kg.

OMANI CHILDREN
Anaemia and Micronutrient Deficiencies

The national prevalence rates of anaemia and micro-
nutrient deficiencies among Omani children are
presented in Table 1, while subgroup analyses by age,
gender, governorate and wealth quintile are shown in
Table 2. Overall, 23.8% of the children were anaemic,
with anaemia prevalence rates progressively decreasing
with age and substantially varying by governorate, with
the highest governorate-specific prevalence being more
than two-fold higher than that of the lowest (31.3% in

Ad Dhabhirah versus 15.4% in Dhofar; P <0.010). The
data indicate that a lower proportion of children living
in the wealthiest households suffered from anaemia
compared to those living in poorer households (17.4%
versus 24.0-27.5%); however, this difference was not
statistically significant (P = 0.060). Gender was not
found to affect the prevalence of anaemia among
Omani children.

Only 10.2% of children had ID and 1.6% had ID-
anaemia (IDA). Age was significantly associated with
both ID and IDA prevalence (P <0.010 each), with the
highest prevalence rates of both conditions occurring
in children aged 12-23 months (17.4% and 6.2%,
respectively) and 24-35 months (12.1% and 3.6%,
respectively). The prevalence rates of ID and IDA were
highest in Dhofar (41.8%) and Ash-Sharqiyah South
(9.9%), respectively; however, neither governorate had
the highest prevalence of anaemia. Male children were
significantly more likely to develop ID than female
children (11.7% versus 7.8%; P <0.050). Although not
statistically significant, children living in wealthier
households seemed to be more susceptible to ID than
those in poorer households (10.3-15.4% versus 4.9—
7.9%; P = 0.099). However, there was no such trend
with IDA.

Overall, 9.5% of the children had VAD, with
significant differences between age groups. The
prevalence of VAD in children aged 6—11 months was
more than double that of older children (23.5% versus
3.0-12.9%; P <0.010). Considerable differences were
also found between governorates, with prevalence
rates ranging from 1.0% in Ad Dhahirah to 31.9%
in Al-Wusta (P <0.001). However, VAD prevalence
did not differ substantially by gender. Although not
statistically significant, VAD was more common in
children in poorer households compared to those in
wealthier households (11.6-16.1% versus 7.0-7.6%; P
= 0.081).

The prevalence rate of VDD was 10.6%; however,
53.8% of the children were classified as vitamin
D-insufficient. There was no apparent change in the
prevalence of VDD or VDI with age or household
wealth; however, a significantly larger proportion of
female children had VDD or VDI compared to male
children (68.7% versus 60.1%; P <0.050). Moreover,
VDD or VDI varied substantially by governorate,
ranging from 28.2% in Ad Dhahirah to 78.8% in
Dhofar (P <0.001). However, there was no statistically
significant difference in vitamin D status between
children with different levels of sun exposure, with
8.4% of children with the highest levels of sun exposure
found to be vitamin D-deficient compared to 13.2% of
children with the lowest levels.
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Table 1: Anemia, micronutrient indicators (6—59 months)
and anthropometric measures (0—59 months), among
Omani children

Parameter Mean or 95% CI'
prevalence*
Haemoglobin status (N =2,531)
Haemoglobin in 11.6 11.5-11.6
g/dL
Anaemia® 23.8% 21.4-26.4%
Iron status (N = 1,077)
Plasma ferritin® in 31.4 29.8-33.1
ug/L
DY 10.2% 7.8-13.3%
IDAY 1.6% 1.1-2.3%
Vitamin A status (N =1,083)
Plasma RBP in 0.99 0.97-1.00
umol/L’
»  VAD/ 9.5% 7.5-12.1%
-l
%
g Vitamin D status (N = 1,036)
<
i Plasma 25-OHD in 18.6 18.0-19.1
< nmol/L
g
2  ypp” 10.6% 8.0-13.5%
vDI™ 53.8% 49.7-57.9%
Genetic blood B
disorders status (N =1,109)
Sickle cell trait 5.3% 3.4-8.3%
B-thalassaemia 4.2% 2.3-7.4%
Inflammation status (N = 1,083)
CRP in mg/L 2.8 2.2-3.5
AGP in g/L 0.71 0.67-0.74
Incubation'” 4.5% 3.2-6.4%
Early 8.1% 5.9-11.0%
convalescence'”
Late convalescence'" 7.5% 5.6-10.0%
No inflammation 79.8% 76.2-83.1%
Birth weight status (N =2,976)
Birth weight in kg 3.0 3.0-3.0
Low birth weight'* 11.7% 10.1-13.4%
é Stunting status (N =2,920)
T HAzscore -0.63 -0.68 to ~0.58
Q
£ Any stunting® 11.4% 9.8-13.1%
=
§ Moderate stunting 8.7% 7.4-10.1%
-
g «
<‘a’ Severe stunting® 2.7% 2.1-3.5%
Wasting status (N =2,869)
WH z-score -0.40 -0.45 to -0.35
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Table 1 (cont’d): Anemia, micronutrient indicators (6—59
months) and anthropometric measures (0-59 months),
among Omani children

Parameter Mean or 95% CI'
prevalence*
Any wasting?? 9.3% 7.9-11.0%
Moderate wasting 6.2% 5.1-7.6%
Severe wasting®? 3.1% 2.3-4.2%
Overweight and _
obesity status (N'=2,869)
w
£ Normal* 86.5% 84.7-88.1%
g
=
‘o Overweight or 4.2% 3.4-5.1%
£ obese
£
g_. Overweight?$ 3.1% 2.4—4.0%
St
T Obesity! 1.1% 0.7-1.7%
<
Underweight status (N = 2945)
Mean WA z-score -0.64 -0.71to -0.57
Any underweight'"”/ 11.2% 9.6-13.1%
Moderate 8.9% 7.5-10.5%
underweight
Severe 2.4% 1.7-3.3%
underweight’///

CI = confidence interval; ID = iron deficiency; IDA = ID-anaemia;
RBP = retinol-binding protein; VAD = vitamin A deficiency; OHD = hydro-
xycholecalciferol; VDD = vitamin D deficiency; VDI = vitamin D insuff-
iciency; CRP = C-reactive protein; AGP = al-acid glycoprotein; HA = height-
Sfor-age; WH = weight-for-height; WA = weight-for-age.

*Means indicate unweighted counts while percentages were weighted
Jor umqual probability of selection. 'Considering the complex sampling
design. *Defined as altitude-adjusted haemoglobin levels of <110 g/L.
SFerritin and RBP concentrations and associated deficiency prevalence
rates were corrected for inflammation as per previously reported methods. "
*ID was defined as serum ferritin levels of < 12 ug/L and IDA as serum
Serritin levels of <12 ug/L and haemoglobin levels of <110 g/L. VAD
was defined as RBP concentrations of <0.73 ymol/L. VDD was defined
as plasma 25-OHD levels of <30 nmol/L and VDI as plasma 25-OHD
levels of 30~49.9 nmol/L. " Incubation was defined as CRP levels of
>5 mg/Land AGP levels of <1 g/L, early convalescence as CRP levels of >5 mg/L
and AGP levels of >1 g/L and late convalescence as CRP levels of <5 mg/L
and AGPlevels of >1 g/L. " Defined as <2.500¢ ** Any stunting was defined
asa, HA z-score of less than -2 and severe stunting as a HA z-score of less than
-39 Any wasting was defined as a WH z-score of less than -2, severe wasting
asa WH z-score of less than -3, normal as a WH z-score of -2 to 2, over-
weight as a WH z-score of 2-3 and obese as a WH z-score of >3. " Any
underweight was defined as a WA z-score of <2 and severe underweight

asa WA z-score of <3.

Inflammation and Inherited Blood Disorders

Inflammation was relatively rare, with 20.2% of
children having one or more elevated inflammatory
5.3% of children were affected by
heterozygous or homozygous sickle cell disorders,

marker. However,

while 4.2% were carriers of the B-thalassaemia trait.
Anthropometric Indices

The national prevalence rates of stunting, wasting
and under- and overnutrition among Omani children
are presented in Table 1. Approximately one-tenth
of the children were stunted (11.4%), wasted (9.3%)
or underweight (11.2%). Although not statistically
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Table 2: Prevalence of anaemia and micronutrient deficiencies by demographic characteristics among Omani children

aged 6—59 months

Characteristic

Anaemia’
(N = 2,523)

%3 95% CI//

ID'
(N = 1,074)

%? 95% CI//

Age in months P <0.001" P <0.010"
6-11 404  32.8-486 53  21-125
12-23 334  278-395 174 119-256
24-35 236  196-282 121  7.9-17.9
36-47 150 114-195 74  4.0-134
48-59 119  83-167 49 2.6-9.0
Gender P=0.881" P <0.050"
Male 238  206-27.1 117  86-157
Female 240  208-275 78  55-11.0
Governorate P <0.010" P <0.001"
Muscat 181  99-307 73  24-205
Dhofar 154  11.6-201 418  29.8-54.8
Ad Dhakhiliyah 295  256-336 4.2 1.9-8.8
Ash Shargiyah North 25.4 189-331 7.6 3.8-14.7
Ash Shargiyah South 285 17.6-30.7 165  10.3-27.7
Al-Batinah North 230  17.0-302 61  26-134
Al-Batinah South 257  203-320 40  15-102
Ad Dhahirah 313 246-389 118  58-225
Al-Buraimi 215  164-27.7 34 15-7.4
Musandam 223  17.1-285 95  54-163
Al-Wusta 233 192-279 170  9.4-2838
Wealth quintile P=0.060" P=0.099"
Poorest 275  21.1-348 49  22-108
Poor 256  21.1-306 7.9  45-133
Middle 240  196-289 7.7  47-124
Wealthy 266  21.0-331 103  57-17.7
Wealthiest 174  134-223 154  95-239

IDA'
(N = 1,074)

%Y 95%CI/

VDD or VDI*
(N = 1,036)

%Y 95%CI/

VADS
(N = 1,083)

%? 95% CI//

P <0.010" P=0.420" P <0.010"
22  05-85 626 475-756 235  10.8-43.8
62 36-106 588 49.6-67.3 3.0 1.6-5.6
36  18-70 641 556-71.7 82 51-12.7
11 04-30 649 567-723 100  67-14.8
12 04-34 703 625-77.0 129  80-20.1
P=0173" P <0.050" P=0.802"
37  23-60 601 547-652 99 6.8-14.1
22 12-41 687 628-742 92 6.4-13.1
P <0.010" P <0.001"" P <0.001"

0 - 659 53.1-76.7 95 4.1-20.6
89  46-165 788 681-866 86 55-13.2
17  04-64 708 595-80.0 100  6.1-16.0
29  10-81 648 554-731 76 3.6-15.4
9.9 50-188 639 534-733 189  12.9-267
20  06-71 667 564-755 8.1 4.3-14.8
10  01-69 621 493-734 100  3.9-232
29  07-11.3 282 192-393 1.0 0.2-5.1
09  01-57 638 531-733 50 2.3-10.3
24  07-83 580 49.7-659 119  7.1-19.3
85 35-190 620 502-725 319  22.2-435

P=0873" P=0262" P=0.081"
33  11-93 668 556-763 116  6.0-212
23 12-47 560 455-659 161  11.0-22.9
38  17-84 695 613-766 83 4.4-15.1
33  16-67 660 575-735 76 4.3-133
24  10-58 665 57.2-746 7.0 3.7-12.8

ID = iron deficiency; IDA = ID-anaemia; VDD = vitamin D deficiency; VDI = vitamin D insufficiency; VAD = vitamin A deficiency; CI = confidence

interval.

*Defined as altitude-adjusted haemoglobin levels of <110 g/L. 'ID was defined as serum ferritin levels of < 12 ug/L and IDA as serum ferritin levels of
<12 ug/L and haemoglobin levels of < 110 g/L. Serum ferritin levels were corrected for inflanmmation as per previously reported methods.” *VDD was
defined as plasma 25-hydroxycholecalciferol levels of <30 mmol/L and VDI as plasma 25- hydroxycholecalciferol levels of 30~49.9 nmol/L. * Defined
as retinol-binding protein concentrations of <0.73 pmol/L. Retinol-binding protein concentrations were corrected for inflammation as per previously
reported methods.” * Weighted for unequal probability of selection. ”’ Considering the complex sampling design. ~ P values of <0.050 indicate that at
least one subgroup differs significantly from the others. 'Overall Pvalues for VDD and VDI by characteristic.

significant, stunting prevalence rates varied according
to governorate. Furthermore, the children of short
mothers (<150 cm) had a much higher prevalence
of stunting compared to children of taller mothers
(19.9% versus 9.7%; P <0.001). Age, gender, household
wealth and maternal education were not significantly
associated with stunting.

The prevalence of wasting differed significantly
by age group and was highest among children under 6
months and 6—11 months and lowest in children aged
12-23 months (15.5% and 10.7% versus 6.2%; P <0.050).
Although not statistically significant, the prevalence of

wasting was highest in children living in the poorest
households (14.7%). Neither gender, governorate nor
maternal education were determinants of wasting.
The prevalence of overweight or obesity was 4.2%
and varied substantially by age. Children aged 6-11
and 12-23 months were significantly more likely to be
overweight or obese compared to children aged 36—47
and 48-59 months (7.2% and 5.4% versus 1.8% and
2.1%; P <0.010). Furthermore, differences were noted
according to governorate. In addition, the prevalence
of overweight or obesity progressively increased with
household wealth from 1.6% in the poorest households
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Table 3: Micronutrient status indicators and prevalence
of deficiencies among pregnant and non-pregnant Omani

women aged 15-49 years

Parameter

Blood parameters

Haemoglobin status

Haemoglobin in g/dL

Anaemia’*

Anaemia during
pregnancy*

Iron status

Plasma ferritin in
ng/L®

D¢
IDA*
Vitamin A status

Péasma RBP in pmol/
I

VAD'/

Vitamin D status

Plasma 25-OHD in
nmol/L

e

VDD
vDI™

Folate status

Serum folate in
nmol/L

Folate deficiency'"
Vitamin B12 status

Serum vitamin B12 in
pmol/L

Vitamin B12
deficiency™*

Genetic blood
disorders status

Sickle cell trait
B-thalassaemia
Inflammation status
CRP in mg/L

AGP in g/L
Incubation®®

Early convalescence®

Late convalescence§§

No inflammation

e158 |

Mean or 95% CI'
prevalence’
(N =4,122)

12.52 12.47-12.58
27.8% 25.9-29.8%
29.3% 23.1-36.3%

(N =1,518)

37.7 35.6-39.8
24.8% 22.2-27.6%
13.3% 11.2-15.8%

(N =1,520)

1.47 1.44-1.50

0.2% 0.1-0.4%
(N =1,517)

18.4 17.9-19.0
16.2% 13.1-19.9%
41.5% 37.7-45.4%

(N = 1,495)
7.51 7.23-7.79
11.6% 9.1-14.7%
(N = 1,496)
389 375-404
8.9% 6.9-11.4%
(N =1,499)
4.7% 3.2-7.0%
2.8% 1.8—-4.4%
(N =1,518)
4.4 4.0-4.9

0.76 0.74-0.78
16.5% 14.4-18.8%

8.8% 7.2-10.7%

6.8% 5.2-8.9%
67.9% 64.7-71.0%

Table 3 (cont'd): Micronutrient status indicators and prev-
alence of deficiencies among pregnant and non-pregnant
Omani women aged 15—49 years

Parameter Mean or 95% CI'
prevalence’
ndernutrition status =4,
Und iti (N = 4,159)
Any undernutrition 9.1% 7.9-10.5%
Severe 1.6% 1.1-2.2%
undernutrition?!
Moderate 2.3% 1.8-3.0%
undernutrition?
¢ Atrisk' 5.2% 4.3-6.2%
2
T Undernutrition 5.0% 2.8-9.0%
g during pregnancy’///
2
£  Overweight and _
§. obesity status by =205
Yt
-Fa BMI in kg/m? 27.5 27.1-27.8
<
Normal*¢ 31.7% 29.9-33.5%
Overweight or obese 59.2% 57.1-61.4%
Overweight! 25.6% 23.9-27.4%
Obese"? 33.6% 31.7-35.6%
High WHR™ 47.5% 45.1-49.8%

CI = confidence interval; ID = iron deficiency; IDA = ID-anaemia; RBP =
retinol-binding protein; VAD = vitamin A deficiency; OHD = hydroxy-
cholecalciferol; VDD = vitamin D deficiency; VDI = vitamin D insuff-
iciency; CRP = C-reactive protein; AGP = al-acid glycoprotein; BMI =
body mass index; WHR = waist-to-hip ratio.

“Means indicate unweighted counts while percentages were weighted for
unequal probability of selection. "Considering the complex sampling design.
"Defined as altitude-adjusted haemoglobin levels of < 120 g/L for non-
pregnant women and <110 g/L for pregnant women. *Ferritin and RBP
concentrations and associated deficiency prevalence rates were corrected
for inflammation as per previously reported methods."** *ID was defined
as serum ferritin levels of <12 ug/L and IDA as serum ferritin levels of
<12 ug/L and haemoglobin levels of <120 g/L. //Defined as RBP concent-
rations of <0.73 umol/L. **VDD was defined as plasma 25-OHD levels
of <30 nmol/L and VDI as plasma 25-OHD levels of 30-49.9 nmol/L.

"Defined as serum folate levels of < 10 nmol/L. " Defined as plasma
Bi2levels of < 150 pmol/L. *Incubation was defined as CRP levels of
>5 mg/L and AGP levels of <1 g/L, early convalescence as CRP levels
of >5 mg/L and AGP levels of >1 g/L and late convalescence as CRP levels
of <5 mg/L and AGP levels of >1 g/L. **Severe undermutrition was defined
as a BMI of <16.0 kg/n?®, moderate undernutrition as a BMI of 16.0-16.9
kg/n?’, at risk of undernutrition as a BMI of 17.0-18.5 kg/m?, normal as
a BMI of 18.5-24.9 kg/mv*, overweight as a BMI of 25.0-29.9 kg/m?* and
obese as a BMI of >30 kg/nr’. "' Defined as a mid-upper arm circum-
Sference of <23.0 cm.  Defined as a WHR of >0.85.

to 5.5% in the wealthiest quintile (P <0.050). Moreover,
obesity or overweight was more common in children
of mothers who had completed their secondary school
education or higher (5.0% versus 2.1-2.2%; P <0.050).
Figure 1 shows a prevalence map of stunting, wasting
and overweight and obesity among Omani children by
governorate.



Nicolai Petry, Salima A. Al-Maamary, Bradley A. Woodruff, Samia Alghannami, Saleh M. Al-Shammakhi, lotesam K. Al-Ghammari,
Vilma Tyler, Fabian Rohner and James P. Wirth

Table 4: Prevalence of anaemia and micronutrient deficiencies by demographic characteristics among non-pregnant Omani
women aged 15—49 years

Characteristic Anaemia Dt IDA' VDD or VDI* Folate VB12
(N =4,117) (N =1,514) (N =1,514) (N =1,515) deficiency’ deficiency?
(N =1,493) (N =1,494)

% 95%Cl” %' 95%cClT %’ 95%cCIT %’  95%cClT %’ 95%Cl” %!  95%CI”

Age in years P <0.001"" P <0.010" P <0.050"" P <0.001" P <0.050"" P <0.050""
15-19 288 24.1-340 321 253-39.8 143 9.7-207 739 653-81.0 137 9.0-203 95 59-149
2024 205 16.8-24.8 243 182-317 128 81-196 688 589-771 188  125- 124  8.0-187
27.3

25-29 230 19.1-274 137 95-194 66  38-114 541 452-627 111 71-170 105 6.4-17.0
30-34 289 24.6-336 229 168-304 91  50-161 541 44.3-636 96 58-155 111  7.5-16.1
35-39 272 231-320 254 192-328 143 94-21.2 521 419-621 93 53-156 81  4.3-147
40-44 335 280-395 321 238-41.8 211 144-299 467 380-556 100 61-158 57  3.0-106
45-49 386 31.7-460 250 169-354 186 114-289 512 400-622 61 3.1-11.7 1.3  04-49
Governorate P <0.001"" P=0.193" P <0.050"" P <0.001" P <0.001"" P <0.001""
Muscat 280 231-335 272 21.1-342 166 114-234 441 354-531 118 68-199 20  07-55
Dhofar 280 231-335 282 225-347 9.0  62-129 846 750-91.0 477 3569,43— 200 10.2-35.5

Ad Dhakhiliyah 275  23.2-32.3 161  94-26.3 8.6 43-16.5 495 386-603 6.5 3.0-133 32 0.8-12.8

Ash Shargiyah 24.6 9.5-30.5 185 12.7-26.2 9.6 5.8-15.5 89.6 354-53.1 2.9 0.9-9.2 169 10.5-26.1
North

Ash Shargiyah 23.0 75-29.6 255 19.6-325 110 7.3-164 848 75.0-91.0 219 15.0- 22.6  15.5-31.7

South 30.8

Al-Batinah 326 27.6-38.1 225 16.1-30.5 14.7 9.1-23.0 19.4 38.6-60.3 7.3 3.7-14.1 7.3 3.0-16.4
North

Al-Batinah 295 24.5-350 30.7 24.7-374 157 10.3-232 886 82.3-941 16 0.4-6.3 9.5 5.8-15.3
South

Ad Dhahirah 311  269-358 331 24.2-434 180 11.7-26.7 812 755-91.0 4.4 1.8-10.1 4.4 1.1-15.7

Al-Buraimi 388 325-456 283 19.0-400 132 92-186 707 137-266 114 60-206 215 14.6-306
Musandam 304 250-363 315 209-444 17.3 109-264 809 81.3-933 37  16-85 106 7.9-139
Al-Wusta 151 105-21.3 278 202-369 56  32-95 370 727-875 28  09-87 130 6.1-253
Wealth quintile P=0931" P <0.050"" P=0.086" P =0.943% P=0.781" P =0.144""
Poorest 291 237-351 288 195-403 192 109-31.6 529 393-661 108 60-187 93  52-161
Poor 273 230-321 240 184-307 146 102-205 598 482-704 90 50-156 111 67-17.9
Middle 266 220-31.8 153 100-227 65  3.3-124 570 466-669 113 72-173 128 82-194
Wealthy 275 238-316 234 182-295 132 91-190 590 483-689 115 75-172 86  54-134
Wealthiest 289 256-32.5 297 244-357 151 11.1-203 567 492-639 130 88-188 63  39-98

ID = iron deficiency; IDA = ID-anaemia; VDD = vitamin D deficiency; VDI = vitamin D insufficiency; VBI12 = vitamin B12; CI = confidence interval.

“Defined as altitude-adjusted haemoglobin levels of < 120 g/L. "ID was defined as serum ferritin levels of < 12 ug/L and IDA as seruim ferritin levels of <12 pg/L

and haemoglobin levels of < 110 g/L. Serum ferritin levels were corrected for inflanmmation as per previously reported methods." *VDD was defined as plasma

25- h)/dmxyc/mlwa/czfeml levels of <30 nmol/L and VDI as plasma 25- )/drox)/cholccalcy‘cro/ levels of 30-49.9 mmol/L. *Defined as plasma folate concentrations

of <10 mmol/L. *Defined as serum vitamin B12 levels of < 150 pmol/L. ” Weighited for Mncquaéprobabtlzty of selection. " Considering the complex sampling design.
"Pvalues of <0.050 indicate that at least one subgroup differs significantly from the others. *Overall P values for VDD and VDI by characteristic.

OMANI WOMEN by age, gender, governorate and wealth quintile

. . , I mong non-pregnan men are shown in Table 4.
Anaemia and Micronutrient Deficiencies among non-pregnant women are show able

Just under one-third of non-pregnant and pregnant

The national prevalence rates of anaemia and . .
P women were anaemic (27.8% and 29.3%, respectively).

micronutrient deficiencies among Omani women . . o
Anaemia prevalence rates differed significantly by age

are presented in Table 3, while subgroup analyses
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T—AI-Wusta (3.7%)
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Figure 1: Prevalence maps of (A) stunting (N = 2,920), (B) wasting (N = 2,869), (C) underweight (N = 2,945) and (D)
overweight or obesity (N = 2,869) among Omani children aged 0-59 months

Stunting, wasting and underweight categories were based on World Health Organization classifications.”

(P <0.001) and were highest in non-pregnant women
between 40—44 and 45—49 years old (33.5% and 38.6%,
respectively). Furthermore, prevalence rates varied
substantially among governorates, affecting only 15.1%
of non-pregnant women living in Al-Wusta, but 38.8%
of those in Al-Buraimi (P <0.001). Household wealth
was not substantially associated with anaemia among
non-pregnant women.

Overall, 24.8% of non-pregnant women were iron-
deficient, with 13.3% suffering from IDA. Both ID and
IDA were significantly associated with age (P <0.010
and <0.050, respectively); however, there was no clear
trend in prevalence with increasing age. In addition,
the prevalence of IDA differed significantly according
to governorate, with prevalence rates ranging from
5.6% in Al-Wusta to 18.0% in Ad Dhahirah (P <0.050);
however, the same did not hold true with regards to
ID. Household wealth was significantly associated with
ID (P <0.050), although there was again no clear trend
with regards to either increasing or decreasing wealth.

Among non-pregnant women, the prevalence
rate of VDD was 16.2%; however, 41.5% were vitamin
D-insufficient. The prevalence of VDD or VDI varied
substantially by age (P <0.001), with the highest
prevalence rates noted among women aged between
15—19 and 2024 years (73.9% and 68.8%, respectively).
Furthermore, substantial differences were detected
between governorates, with prevalence rates varying
more than four-fold (19.4% in Al-Batinah North

e160 |

versus 89.6% in Ash Sharqiyah North; P <0.001). No
significant association was observed between wealth
quintile and vitamin D status.

Both folate and vitamin B12 deficiencies were
present in approximately one-tenth of non-pregnant
women (11.6% and 8.9%, respectively). There were
significantly lower rates of both deficiencies in older
women (P <0.050 each), with both folate and vitamin
B12 deficiencies being lowest in women aged 45—
49 years (6.1% and 1.3%, respectively) and highest
among those aged 20-24 years (18.8% and 12.4%,
In addition,
were observed in folate deficiency prevalence rates

respectively). significant  differences
between governorates (P <0.001). In five governorates,
including Ash Shargiyah North, Al-Batinah South, Ad
Dhahirah, Musandam and Al-Wusta, <5% of women
were folate-deficient; in contrast, the prevalence in
Dhofar was 47.7%. Similarly, there were significant
differences between governorates in terms of vitamin
B12 deficiency prevalence, with rates differing by more
than 10-fold (2.0% in Muscat versus 22.6% in Ash
Sharqiyah South).

Inflammation and Inherited Blood Disorders

Inflammation was more common among Omani
women compared to Omani children, with 32.1% of
women having at least one elevated inflammatory
marker. In terms of haemoglobinopathies, 4.7% of
women were affected by the sickle cell trait, while 2.8%
were carriers of the B-thalassaemia trait.
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Figure 2: Prevalence maps of (A) underweight, (B) overweight and (C) obesity among non-pregnant Omani women aged

15-49 years (N =4,159).

Underweight, overweight, and obesity categories were based on World Health Organization classifications.*

Anthropometric Indices

Prevalence rates of over- and undernutrition as well
as mean BMI measurements for Omani women are
presented in Table 3. The prevalence of undernutrition
in non-pregnant Omani women consistently
decreased with age (P <0.001), from 23.2% and 16.8%
in women aged 15-19 and 20-24 years, respectively,
to 1.1% and 0.4% in women aged 40—44 and 45-49
years, respectively. The prevalence of underweight
with
prevalence rates ranging from 3.8% in Al-Wusta to
11.5% in Ad Dhakhiliyah (P <0.010). Overnutrition
was very common in Omani women and its prevalence
increased with age (P <0.001). Only 25.7% of women
aged 15-19 years were overweight or obese, compared
to 40.1% and 54.0% of those aged 20-24 and 25-29
years, respectively, and 86.3% and 88.0% of those

differed significantly between governorates,

aged 40—44 and 45-49 years, respectively. Significant
differences in overweight or obesity were also detected
by governorate (P <0.001). The waist-to-hip ratio was
high in 47.5% of women, with similar patterns to rates
of overweight or obesity. Figure 2 shows a prevalence
map of underweight, overweight, and obesity among
non-pregnant Omani women by governorate.

Discussion

According to the WHO, the prevalence of anaemia
in Omani children constitutes a moderate public

health problem.” In comparison to the results of the
last national survey conducted in 2004, the prevalence
of childhood anaemia was found to have halved in
the ONNS, a finding which might be explained by
the equally strong decline in ID prevalence over the
same time period.”> Although not as pronounced as
in children, the prevalence of anaemia among non-
pregnant Omani women similarly dropped by almost
30%. For both population groups, anaemia prevalence
rates are in the same range as those reported by other
countries in the Middle Eastern and North African
region.” In contrast, the rate of childhood ID—found
to affect approximately one-tenth of children in the
ONSS—can be classified as not prevalent in Oman.”
This could be due to the implementation of the national
iron supplementation programme for children under
two years of age.

The prevalence of concurrent anaemia and ID
in Omani children was not higher than that expected
from a random distribution of these two conditions.
These results imply that iron deficiency does not have
a contributory role in anaemia among Omani children.
This finding contradicts the widely held assumption
that 50% of anaemia cases arise due to ID, as well as the
findings of a recent systematic analysis demonstrating
that ID contributes to 25% of anaemia cases in many
parts of the world." As such, the aetiology of anaemia
in Omani children remains unclear. In contrast, ID
contributed to 50% of the anaemia found in Omani
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women. Although the prevalence of ID in both children
and women has decreased compared to findings from
the 2004 national survey, this decrease was less apparent
in women."? The ONNS indicated that more than 80%
of Omani women, but not children, consumed either
tea or coffee or both daily.®® If these beverages are
consumed before, during, or shortly after meals,
they can inhibit non-haem-iron absorption, thereby
contributing to ID.**

Nevertheless, the relatively high prevalence of
ID noted in Omani women is somewhat surprising,
considering that wheat flour fortification is mandatory
in Oman. However, average wheat flour consumption
was approximately 100 g per person per day, an amount
which provides about 5 mg of electrolytic iron per day.
Using iron compounds with higher bioavailability,
such as ferrous sulphate, sodium iron EDTA or ferrous
fumarate, and/or increasing the concentration of the
iron fortificant in wheat flour might have a positive
effect on the iron status of Omani women.* In fact, the
WHO recommends that electrolytic iron not be used
as a fortificant if average flour consumption is 75—-149
g per person per day; instead, water-soluble forms
or chelates of iron should be added to wheat flour at
levels of 40—60 ppm.*

Nationally, VAD was almost non-existent among
Omani women at a prevalence of 0.2%, but could be
considered a mild public health problem in children at
9.5%. However, this does not apply to the governorates
of Al-Wusta and Ash Sharqiyah South, where the
public health significance of the rates of this childhood
deficiency can be classified as severe and moderate,
respectively.’” Since only a few women and children in
Oman consume vitamin A or multivitamin supplements®,
dietary vitamin A must come from vitamin A-rich foods
and/or fortified vegetable oil. The food fortification
programme in Oman mandates that all cooking oils
and margarine be fortified. In the ONNS, women and
children consumed an estimated 35 mL and 15 mL,
respectively, of vegetable oil daily.® Such high levels
of consumption of fortified oil likely contribute to the
low prevalence of VAD. However, the high prevalence
of VAD in children in Al-Wusta and Ash Sharqiyah
South warrants further investigation, especially since
Al-Wusta had the highest rate of oil consumption per
capita.®® Accordingly, these governorates may need
additional interventions targeted at children to increase
consumption of vitamin A-rich and fortified foods.

Although approximately 60% of both children and
women in Oman had VDD or VDI, most were cases
of insufficiency rather than deficiency. The prevalence
of VDD in Oman is low compared to other countries
in the region. A national survey conducted in Jordan
reported that 19.8% of children aged 12—-59 months
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and 60.3% of non-pregnant women of reproductive
age were vitamin D-deficient.”** One of the reasons
for the comparatively low prevalence of VDD in
Oman might be the increased intake of vitamin D
through the consumption of fortified vegetable oil.
Both, the relatively high consumption of vegetable
oil in Oman and the existing oil fortification policy
enables access to enough vitamin D for most of the
Omani population. Normally, vitamin D is primarily
obtained via sun exposure, which may be limited
among Omani women as most remain covered while
outside of their homes. This may account for the lack
of apparent association between sun exposure and
vitamin D, unlike findings observed in Jordan.?*?
Further assessment of oil consumption practices and
compliance with oil fortification policies in Oman could
provide information as to whether the fortification
levels should be adjusted or the quality control system
strengthened to effectively improve the vitamin D
status of Omani women and children. Moreover, adding
vitamin D to wheat flour may be an effective strategy
to complement vitamin D intake from fortified oil.

Both folate and vitamin B12 deficiencies were
found to affect approximately one in 10 women in Oman.
According to the current food fortification programme
in Oman, 1.5 ppm of folic acid is added to wheat flour;
however, this level of fortification is below WHO
guidelines which recommend a concentration of 2.6
ppm of folic acid if wheat flour consumption is between
75-149 g per person per day.* Although rates of folate
and vitamin B12 deficiencies among Omani women
were relatively low, increasing the quantity of folic acid
and including vitamin B12 fortificants to wheat flour
could further reduce the rate of these deficiencies.

Prevalence rates of childhood stunting, wasting
and underweight in the ONNS do not denote a severe
public health problem in Oman; nevertheless, the
rates of these nutritional issues have increased slightly
since 2008.* In addition, rates of such problems in
Oman are alarmingly high compared to recent data
from other countries in the Middle East.*® The high
incidence of low birth weight in Oman was, according
to the WHO, within the range reported by the least
economically developed countries in the world.* In
contrast to stunting, wasting in Omani children was
highest in the first year of life, decreasing by about half
by the second year of life. This is different from other
countries where the average weight-for-height z-score
begins to fall towards the end of the first year of life
and remains low throughout the second year, due
in part to poor complementary feeding.* The early
decline in weight-for-height z-score in Oman could be
due to poor breastfeeding practices, particularly a lack
of exclusive breastfeeding.*®
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The national prevalence of overweight and obesity
in Omani children in the ONNS was found to have
increased since 2008.> Although childhood overweight
and obesity prevalence rates are still not high, efforts
should nevertheless be made to prevent further incr-
eases in the future. Overweight and obesity have been
associated with type 2 diabetes mellitus (T2DM) in
children and adolescents in Kuwait and Saudi Arabia.***
This chronic disease could become a public health
problem in Oman in the near future if such prevalence
rates continue to rise.

In contrast to children, the prevalence of over-
weight and obesity among Omani women was high.
More than half of non-pregnant women aged 15-49
years were overweight or obese, with prevalence rates
clearly increasing with age. Over the past few decades,
Oman has experienced one of the sharpest increases
in obesity prevalence worldwide.” As with children,
overweight and obesity is a key risk factor for T2DM,
which has risen dramatically among women in Middle
Eastern countries in the past two decades.* A recent
study estimated that 10-20% of Omani adults have
T2DM.* As overweight and obesity are also risk factors
for cardiovascular diseases and various cancers, Oman
may soon face a substantial rise in the incidence of
several diseases linked to overnutrition.* According to
the WHO, while various societal and environmental
factors influence excessive weight gain, lifestyle modif-
ications in both dietary habits and physical activity
levels can play a major role in preventing obesity.*”

Conclusion

Although the national food fortification programme
in Oman may already have helped to decrease the
prevalence of several micronutrient deficiencies in
children and women, further modifications might be
key to alleviate those which still remain prevalent. It is
therefore recommended that governmental organisations
ensure that food vehicles are fortified according to
international recommendations. Moreover, the food
fortification programme should be revised to focus
on governorates with high micronutrient deficiencies,
such as Al-Wusta and Ash Sharqiyah South. Finally,
governmental policies should address the alarmingly
high rate of overweight and obesity among Omani
women so as to mitigate the risk of chronic diseases
linked to overnutrition, such as T2DM, cardiovascular
diseases and various cancers.
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