
The association between iron and vitamin D status in Arab
adolescents

Mohammad S Masoud, Sobhy M Yakout, Omar S Al-Attas, Majed S Alokail and
Nasser M Al-Daghri*
Chair for Biomarkers of Chronic Diseases, Department of Biochemistry, College of Science, King Saud University,
PO Box 2455, Riyadh 11451, Saudi Arabia

Submitted 27 September 2018: Final revision received 31 January 2019: Accepted 1 March 2019: First published online 17 May 2019

Abstract
Objective: Both vitamin D and Fe micronutrient deficiencies are common in Saudi
Arabia but the association between them is unclear. The present study aimed
to determine whether Fe indices are associated with vitamin D status and other
metabolic markers in Arab adolescents.
Design: Single-centre, cross-sectional study gathering anthropometrics, glucose
and lipid profile. Serum 25-hydroxyvitamin D (25(OH)D), Fe, total iron-binding
capacity (TIBC), transferrin saturation (%) and other parameters were measured.
Setting: Vitamin D School Project Database, King Saud University (2014–2016).
Participants: Arab adolescents aged 10–17 years randomly selected from the
Vitamin D School Project Database (170 Saudi students; 100 girls, seventy boys).
Results: Among Fe indices, only TIBC was found to be significantly and inversely
associated with 25(OH)D (r =−0·20; P < 0·01) and only in girls (r =−0·20;
P< 0·05). Among cardiometabolic parameters, serum Fe was associated with
TAG in boys (r = 0·36; P < 0·01) and inversely associated with HDL-cholesterol
in girls (r =−0·29; P < 0·05). Age was the most significant predictor of serum Fe
for all participants, accounting for 5 % (R2 = 0·05; P = 0·004) of variance perceived.
Serum 25(OH)D and age, on the other hand, were the most significant predictors
for TIBC, accounting for 10·1 % (R2 = 0·10; P < 0·001) of variance perceived.
Conclusions: Among healthy Arab adolescents, the association between vitamin D
and Fe indices, particularly TIBC, ismodest, inverse and sex-dependent. Larger stud-
ieswith inclusion ofmarkers such as hepcidin and ferritin, vitaminDmetabolites and
endogenous sex hormones may provide a clearer view of this complex association.
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It is well known that Fe is one of the major trace minerals
needed for good health. Inadequate or excess Fe levels can
cause several health issues since it is involved in various
metabolic processes including oxygen transport, muscle
development, oxidative metabolism and bone homeosta-
sis(1,2). Despite its relevance, Fe deficiency is the most
common micronutrient deficiency in the world, affecting
a third of the world’s total population(3). A recent epidemio-
logical survey in the Middle East revealed that ~10–20 % of
the population in the region has Fe deficiency(4). In Saudi
Arabia, similar to other countries, Fe deficiency is mostly
observed among women of reproductive age and growing
children, but other notable risk factors include infrequent
consumption of redmeat(5), maternal Fe deficiency(6), pres-
ence of β-thalassaemia which is relatively common in
eastern and western regions in Saudi Arabia(7), and overall

deficient intakes of essential micronutrients especially
among Saudi children(8).

Vitamin D is another important micronutrient and its
deficiency is considered an epidemic worldwide(9). The
main reason for its widespread deficiency is the absence
of sufficient exposure to UV from the sun, a major initiator
of vitamin D production in skin. As such, universal supple-
mentation of vitamin D, at least for infants, and lifelong vita-
min D supplementation for high-risk populations are
recommended to prevent nutritional rickets and osteoma-
lacia(10). The vitamin D level required to reach optimum
effects for health is 25-hydroxyvitamin D (25(OH)D)
>75 nmol/l (30 ng/ml)(11). In the absence of adequate
sun exposure, about 20–25 μg (800–1000 IU) of oral vita-
min D daily is required to achieve sufficient levels in adults
and children(12).
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RecentevidencesuggestsanassociationbetweenvitaminD
deficiency and low Fe level(13,14). Vitamin D is thought to have
an important role in erythropoiesis and the regulation of
hepcidin, the major hormone responsible for modulating Fe
concentration(15). However, there is limited information on
the association between vitamin D and Fe in the general
adolescent population(16), especiallywithin theArabian region
where both these micronutrient deficiencies are prevalent(4).
Furthermore, while vitamin D level has been observed to be
significantly associated with cardiometabolic parameters,
with beneficial effects on weight, blood pressure, lipid and
glucoseprofilesinArabadolescents(17,18), thesameassociations
with Fe level have not been studied. Hence, the present study
aimed to determine whether Fe indices are influenced by
vitamin D status and other metabolic markers among Arab
adolescents.

Methods

Participants
A total of 170 apparently healthy Saudi adolescents aged
10–17 years (seventymales and 100 females) were randomly
selected from the Vitamin D School Project Database of the
Prince Mutaib Chair for Biomarkers of Osteoporosis in King
Saud University, Riyadh, Saudi Arabia. In brief, more than
1000 apparently healthy studentswere recruited from the dif-
ferent government schools in Riyadh, Saudi Arabia to ascer-
tain the effects of several vitamin D correction strategies
including sunlight exposure, oral supplementation and
vitaminD-fortified diets(13,14). All participants, despite coming
from different schools, were selected from the same geo-
graphical location and have the same environmental condi-
tions, as described previously(19). Participants completed a
questionnaire on past medical history, general health status
anddemographic information. For thepurpose of thepresent
study, participants who were apparently healthy with no
acute medical conditions, who were not on vitamin D, Fe
or multivitamin supplements, and no had history of anaemia,
liver and/or kidney diseases based on medical history, were
included. Exclusion criteria included participants with
known blood disorders such as thalassaemia and those with
hepatic and/or renal impairments.

Anthropometrics
Anthropometric data were extracted from the database.
Anthropometric measurements were done by trained
school nurses. Anthropometry included mean systolic
and diastolic blood pressure (mmHg), height (rounded
to the nearest 0·5 cm) and weight (rounded to the nearest
0·1 kg). BMI was calculated as weight in kilograms divided
by the square of height in metres (kg/m2).

Sample collection
Blood samples (5 ml) were extracted on a scheduled date.
All participants were reminded to come in a fasting state

(≥8 h) for blood extraction prior to beginning of classes.
Blood samples were centrifuged for serum isolation. The
collected sera were then transferred to pre-labelled tubes,
stored in ice and delivered to the Prince Mutaib Chair for
Biomarkers of Osteoporosis at King Saud University for
immediate storage at −20°C until analysis.

Biochemical measurements
Serum glucose and lipid profile (TAG, total cholesterol,
HDL-cholesterol, LDL-cholesterol) were extracted from
the database. These parameters had previously been mea-
sured routinely (Konelab, Espoo, Finland). Serum 25(OH)D
was measured in a DEQAS (Vitamin D External Quality
Assessment Scheme)-certified laboratory (Prince Mutaib
Chair for Biomarkers of Osteoporosis in King Saud
University) using a COBAS e-411 automated analyser
(Roche Diagnostics, Indianapolis, IN, USA). For serum
25(OH)D analysis, the inter- and intra-assay CV were 8·0
and 5·6 %, respectively, with a lower detection limit of
7·5 nmol/l(17,18). Serum Fe and total iron-binding capacity
(TIBC) were measured using a colorimetric ferrozine-
based assay by UV spectrophotometer. The percentage
of transferrin saturation was measured using the formula:
TSAT (%) = [serum Fe (μg/l)/TIBC (μg/l)] × 100(20).

Statistical analysis
The G*power calculator was used to determine sample and
effect size by sex (0·52) post priori. A sample size of n 170
(eighty-five per group) had 95 % level of significance at
α = 0·05. The statistical software package IBM SPSS
Statistics version 21·0 was used to analyse the data.
Continuous data were presented as mean and standard
deviation for normal variables and non-Gaussian variables
were presented as median and 25th–75th percentiles.
Categorical data were presented as frequencies and per-
centages. The Kolmogorov–Smirnov test was used to check
for normality in all continuous variables. Non-Gaussian var-
iables were log-transformed prior to parametric analysis.
The independent-sample t test was used to compare mean
differences. Bivariate correlations between variables were
done using Pearson’s correlation coefficient (r). Multiple
stepwise linear regression analysis was done to determine
the significant predictors using Fe, TIBC and TSAT (%) as
dependent variables and age, BMI, glucose and lipid profile
as independent variables. Fe indices were not included
together in the model of independent variables due to
multicollinearity. P< 0·05 was considered significant.

Results

In the present study, all participants were vitamin D
insufficient (25(OH)D< 50 nmol/l), while 68·8 % were
in the severely vitamin D deficient range (25(OH)D
< 25 nmol/l). About 37 %were obese (age- and sex-specific
cut-offs for children) and the rest were normal weight (data
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not shown). Comparisons between boys (n 70) and girls
(n 100) are presented in Table 1. Boys had significantly higher
BMI, systolic and diastolic blood pressure, glucose and
25(OH)D than girls (P = 0·003, <0·01, 0·03 and <0·001,
respectively).Girls, on theother hand, had significantly higher
levels of total cholesterol andHDL-cholesterol aswell as TIBC
(P< 0·001,<0·01 and 0·05, respectively). Age, TAG, serum Fe
and TSAT (%) were not significantly different between boys
and girls (Table 1). Table 2 shows the significant bivariate,
unadjusted associations of all parameters measured with vita-
min D status and Fe indices in all participants and after strati-
fication according to sex. In all participants, the data showed a
significant association of age with serum Fe (r = 0·22;
P< 0·01) and TIBC (r = 0·21; P< 0·01). Also, 25(OH)D was

significantly associated with diastolic blood pressure
(r = 0·18; P< 0·05) and TAG (r = 0·25; P< 0·01) but inversely
with TIBC (r =−0·20; P< 0·01). As expected, serum Fe was
highly associated with TIBC and TSAT (%).

In boys, vitamin D status was significantly correlated
with total cholesterol (r = 0·25; P< 0·05) but inversely with
blood glucose (r =−0·27; P < 0·05). Age was significantly
associated with serum Fe (r = 0·29; P < 0·05) and TIBC
(r = 0·34; P< 0·01). Serum Fe was also significantly associ-
ated with TAG (r = 0·39; P< 0·01). Among girls, vitamin D
status was positively associated with TAG (r = 0·23;
P < 0·05) but inversely with TIBC (r =−0·20; P< 0·05).
HDL-cholesterol was significantly and inversely associated
with both serum Fe (r =−0·26; P < 0·05) and TSAT (%)

Table 1 Clinical characteristics of all participants and comparison by sex (boys v. girls): Arab adolescents aged 10–17 years randomly
selected from the Vitamin D School Project Database, King Saud University, Riyadh, Saudi Arabia (2014–2016)

Parameter

All (n 170) Boys (n 70) Girls (n 100)

P value
Mean or
median

SD or
P25–P75 Mean or median

SD or
P25–P75 Mean or median

SD or
P25–P75

Age (years) 14·57 1·66 14·80 1·48 14·42 1·76 0·13
BMI (kg/m2) 22·83 5·45 24·40 6·32 21·82 4·56 0·003
Systolic blood
pressure (mmHg)

115·74 15·15 123·39 14·11 110·73 13·71 <0·001

Diastolic blood
pressure (mmHg)

71·10 10·78 73·57 12·71 69·51 9·07 0·03

Glucose (mmol/l) 5·03 0·58 5·22 0·62 4·90 0·51 <0·001
Total cholesterol
(mmol/l)

4·59 0·76 4·32 0·71 4·76 0·75 <0·001

HDL-cholesterol
(mmol/l)

1·12 0·22 1·04 0·19 1·18 0·22 <0·001

TAG (mmol/l)† 0·91 0·66–1·21 0·93 0·66–1·33 0·89 0·65–1·13 0·23
25(OH)D (nmol/l) 24·14 8·66 27·97 10·14 21·60 6·41 <0·001
Serum Fe (μg/l)† 1367·3 890·4–3277·5 1413·4 723·7–1816·2 1287·5 946·2–3218·8 0·56
TSAT (%)† 74·34 48·01–154·13 95·48 48·1–271·4 71·45 47·68–134·1 0·28
TIBC (μg/l)†* 1889·6 1469·1–2705·5 1775·0 1435·4–2363·8 2004·9 1489·1–3184·4 0·05

P25, 25th percentile; P75, 75th percentile; 25(OH)D, 25-hydroxyvitamin D; TSAT (%), percentage of transferrin saturation; TIBC, total iron-binding capacity.
P < 0·05 indicates statistical significance.
Data are presented as mean and SD for normal continuous variables.
†Denotes continuous variables with non-Gaussian distribution, presented as median and P25–P75.

Table 2 Significant associations between iron indices, vitamin D status and cardiometabolic parameters for all participants and by sex: Arab
adolescents aged 10–17 years (n 170; 100 girls and seventy boys) randomly selected from the Vitamin DSchool Project Database, King Saud
University, Riyadh, Saudi Arabia (2014–2016)

25(OH)D Serum Fe TSAT (%) TIBC

Parameter All Boys Girls All Boys Girls All Boys Girls All Boys Girls

Age (years) 0·22** 0·29* 0·21** 0·34**
Diastolic blood pressure (mmHg) 0·18*
Glucose (mmol/l) −0·27*
Total cholesterol (mmol/l) 0·25*
HDL-cholesterol (mmol/l) −0·26* −0·32**
TAG (mmol/l) 0·25** 0·23* 0·39**
25(OH)D (nmol/l) −0·20** −0·20*
Serum Fe (μg/l) 0·92** 0·94** 0·81** 0·42** 0·46** 0·44**
TSAT (%) 0·42** 0·94** 0·81** 0·28*
TIBC (μg/l) −0·20** −0·20* 0·92** 0·46** 0·44** 0·28*

25(OH)D, 25-hydroxyvitamin D; TSAT (%), percentage of transferrin saturation; TIBC, total iron-binding capacity.
Data are presented as Pearson correlation coefficients (r ). Only significant associations are presented.
*Denotes significance at 0·05 level.
**Denotes significance at 0·01 level.
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(r =−0·32; P< 0·01). Finally, vitamin D status was inversely
associated with TIBC in girls (r =−0·20; P< 0·05; Table 2).

Figure 1 shows the inverse relationship between
vitamin D and TIBC in all participants (R =−0·20;
P< 0·001). Figure 2 shows the significant direct correlation
between age and TIBC in all participants (R = 0·22; P = 0·004).

Multiple stepwise regression analysis using the different
Fe indices as dependent variables and age, BMI, glucose,
lipid profiles and vitamin D status as independent variables
revealed that age was the most significant predictor
(β = 0·24) of serum Fe in all participants, accounting for
5 % (R2 = 0·053; P = 0·004) of the variance perceived in cir-
culating Fe levels. Serum 25(OH)D and age, on the other
hand, were the most significant predictors observed for

TIBC, accounting for 10·1 % (R2 = 0·101; P < 0·001) of the
variance perceived. When stratified according to sex, age
was the most significant predictor of TIBC for boys
(R2 = 0·14; P = 0·002) and 25(OH)D for girls (R2 = 0·07;
P = 0·01). No significant predictors were observed for
TSAT (%) (data not shown).

Discussion

Thepresent study aimed to address the associations between
circulating vitaminD, Fe indices and cardiometabolic param-
eters in a cohort of Saudi adolescents. While no significant
association was found between Fe and vitamin D status in
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Fig. 2 (colour online) The positive association (R = 0·220, P = 0·004) between age and total iron-binding capacity (log TIBC (%)) in all
participants: Arab adolescents aged 10–17 years (n 170; 100 girls and seventy boys) randomly selected from the Vitamin D School
Project Database, King Saud University, Riyadh, Saudi Arabia (2014–2016)
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Fig. 1 (colour online) The inverse association (R = –0·205,P< 0·001) between 25-hydroxyvitamin D (25(OH)D) and total iron-binding
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allparticipants,TIBCwas inverselyassociatedwithvitaminD,
with both vitamin D and age being significant predictors of
TIBCintheadolescentpopulation.Furthermore,whileserum
Fewasobservedtobesignificantlyassociatedwithcirculating
TAG and HDL-cholesterol, stepwise regression showed that
onlyagewasa significantpredictorexplaining5 %of thevari-
ance in Fe levels of Arab adolescents.

Previous population-based reports done in other ethnic-
ities observed a mutual association between vitamin D and
Fe levels in adolescents(21–23), but not all(24), including the
present findings. The present results are in alignment with
a recent a large-scale study conducted in more than 5000
Germanadolescentswhich foundan inhibitory rolebetween
vitaminD level andseveral haematological indices, including
Hb(25). Among the limited interventional studies on healthy
participants, cholecalciferol (vitamin D3) supplementation
showedadownwardbut non-significant change in the levels
of serum Fe, serum ferritin, Hb and TSAT among 251 adult
ethnic minorities in Norway(26). Furthermore, the longest
interventional study on the effects of vitamin D supplemen-
tation on Fe indices was recently conducted in the present
cohort of Arab adolescents with suboptimal vitamin D and
revealed a modest but significant decrease in levels of Fe
and TIBC, parallel to the increase in vitamin D status(19).

The exact mechanism of the association between
vitamin D and Fe is still unclear. It was proposed that
vitamin D directly stimulates erythropoiesis in the bone
marrow(15). Another possible mechanism is that Fe, via
the haem-containing cytochrome p450, is an essential
cofactor for many enzymes such as 1α-hydroxylase in
the kidney necessary for hydroxylation of 25(OH)D to
1,25-dihydroxyvitamin D(27). The mutual association of
these micronutrients appears to be more apparent among
patients with compromised vascular or renal function(28,29).
In the absence of such disorders among healthy individ-
uals, vitamin D seems to inhibit Fe and complements the
functional role of vitamin D as a chemopreventive agent
in down-regulating erythropoiesis and angiogenesis,
which, in turn, inhibits proliferation of certain cells, cancer
cells in particular(30).

A highlight of the present study worthy of further inves-
tigation is the sex-specific differences in associations of Fe
indices with circulating vitamin D and the cardiometabolic
parameters measured. It has been proven at the proteomic
level that vitamin D elicits a sexually dimorphic effect in the
expression of several key proteins involved in major path-
ways such as blood coagulation, lipoproteins and other
metabolic cycles(31). This observation has also been docu-
mented among studies in athletes where the association
between Fe and vitamin D was not apparent in males(24,32),
but significant in females(33).

Lastly, the present study showed a significant association
between Fe and lipid indices, specifically TAG in boys and
inversely with HDL-cholesterol in girls. One of the multiple
roles of Fe in metabolism is involvement in hepatic
lipogenesis. As mentioned previously, Fe is an essential part

of several key enzymes, one of those include transporters
involved in lipid metabolism which may exert a direct effect
on hepatic lipid load, intrahepatic metabolism and hepatic
lipid secretion(34). Possibleexplanations for the sexualdimor-
phism exhibited in lipid and Fe associations in the present
study may involve endogenous hormones, specifically
oestrogen, which has been demonstrated to directly affect
Fe metabolism(35) and the well-known differences in body
fat distribution and muscle mass among males and females.
The exact regulatorymechanisms between these differences
may need further investigation.

The authors acknowledge some limitations. The present
findings may apply only to the adolescent Arab population
given the nutritional, economic and geographical varia-
tions in other ethnicities, factors that significantly influence
micronutrient status. Several confounders that may inde-
pendently influence the association of these two micro-
nutrients, such as genetic and nutritional factors, were
not taken into account. Important markers such as ferritin
and hepcidin were not measured and their inclusion would
have provided amore conclusive explanation on themech-
anisms involved in the associations observed. Lastly, the
cross-sectional nature of the study limits its findings to sug-
gestive, at best. Nevertheless, the present study is one of the
few to determine the sex-specific associations between two
common micronutrient deficiencies in apparently healthy
Arab adolescents, thereby adding new evidence to pre-
vious research. Findings can serve as a basis for larger epi-
demiological and longitudinal studies to validate the link
between 25(OH)D and Fe in this population.

Conclusion

In summary, vitamin D status appears to modestly inhibit Fe
indices, specifically TIBC, in healthy Arab adolescents. This
association is sex-specific and is observed only in girls.
Further studies to include other important markers such as
ferritin and hepcidin, as well as other vitamin Dmetabolites,
may shed light on the mechanisms involved in these associ-
ations. The study adds to the growing evidence that the
mechanistic link between vitaminD and Fe is not straightfor-
ward and may be influenced by several factors including
endogenous sex hormones and overall metabolic status.
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