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Abstract: Objective: This study aimed firstly to assess zinc and iron status of 9-12-year-old children of Tehran and secondly to determine a
cut-off for circulating biomarkers of iron status to identify children at increased risk of zinc deficiency. Research methods & procedures: In a
cross-sectional study, demographic and anthropometric data from 505 boys and 467 girls aged 9 - 12 years from Tehran primary schools were
obtained and their zinc and iron status was assessed. Results: The prevalence of zinc deficiency, anemia, and iron depletion was 12.4, 14.6, and
9.5%, respectively. Serum zinc con-centration was significantly lower in children with anemia than in their non-anemic peers (p<0.05). There
was no significant association between zinc and iron status and serum high sensitivity C-reactive protein. Zinc-deficient children, compared to
those with normal serum zinc, had significantly shorter stature (139.7 (£6.9) vs 141.3 (7.1) cm, Cl: -2.97 —-0.2, p = 0.029). Serum zinc concen-
tration was the predictor of height in the children (p = 0.004, Cl: 0.01 - 0.054). A logistic regression model showed an increased risk of low serum
zinc and ferritin in children who resided in economically poor regions (OR = 1.65, p=0.043; OR=1.92, p=0.0186, respectively). Using ROC curve
and Youden index, the optimal cut-off value for serum ferritin to indicate zinc deficiency was 14.9 ug/L (sensitivity = 90%, specificity = 61%).
Conclusions: Lowered zinc and iron status among the children in deprived regions is likely to be due to poor quality of diet. Moreover, children

with serum ferritin lower than 14.9 ug/L must be carefully assessed for concomitant zinc deficiency.
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Introduction

Zinc and iron deficiencies are among the prevalent nutri-
tional problems in developing countries [1] and may bring
about severe consequences in childhood and adolescence
[2, 3]. Iron deficiency anemia (IDA) is the most common
type of anemia globally, affecting more than 60% of chil-
dren worldwide [4]. The outcomes of IDA are many, in-
cluding weakness, cognitive and mood disorders, de-
creased work capacity and in-creased susceptibility to
infections [5]. Zinc deficiency, a nutritional problem known
in Iranian children for a long time [6], has been identified
as one of the main causes for mortality in developing coun-
tries [7]. Zinc and iron share many dietary sources includ-
ing meat and legumes, thus iron deficiency may be accom-
panied by various degrees of zinc deficiency [8].
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Linkage between iron and zinc deficiencies has been de-
scribed already in the late 1960s [9]. Later, high occur-
rence of concomitant micronutrient deficiencies, includ-
ing iron, zinc and vitamin D was observed in Chinese
school children [10]. Linear association between zinc and
iron stores in non-anemic females has also been reported
[11]. The latest national food consumption survey showed
that the main dietary sources of both iron and zinc in Iran
are bread and cereals [12], which are also rich in fiber and
phytate, the main inhibitors of intestinal absorption of the
two micronutrients [13, 14]. While there are precise meth-
ods to assess iron status, assessment of zinc status is still
highly disputable.

This study aimed to determine a cut-off for circulating
markers of iron status to identify children at increased risk
of zinc deficiency. To do this, first the prevalence of poor
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zinc and iron status in primary school children in Tehran
was estimated using available sera and the databank of
«Vitamin D Study in School Children of Tehran (VDST)»
[15]. Then, the link between serum zinc concentration, in-
dicators of iron status, and anthropometric parameters
was evaluated. Finally, the optimal cutoff value for serum
markers of iron status to indicate zinc deficiency was
determined.
Subjects and methods

The detailed method of sampling has been described
elsewhere [15]. Briefly, using a 2-stage sampling method,
60 primary schools were selected by systematic random
sampling from all 19 districts of the Ministry of Education
in Tehran. 16-20 children in grades 4 and 5 were recruited
from each school. Finally, 1111 children (573 boys, 538
girls) were enrolled in VDST. Based on the prevalence of
low serum ferritin in adolescents in the latest National In-
vestigation on Micronutrient Status (NIMS) [16], which
gave the largest sample size, 393 boys and 343 girls were
needed to estimate the prevalence of both iron and zinc
deficiency. We finally used data and sera from 505 boys
and 467 girls to conduct the study. According to the Irani-
an Ministry of Education, districts 1 to 7, 8 to 14, and 15 to
19 were considered as economically prosperous, semi-de-
prived, and deprived regions, respectively.

Anthropometrics

As described earlier [15], weight was measured using a dig-
ital scale to the nearest of 0.1 kg (model 840, Seca, Ham-
burg, Germany) with light clothes and no shoes. Height was
measured using a measuring tape while the child was
standing upright with shoulders and heels touching a wall.
Body mass index (BMI) was calculated by dividing weight
(kg) by square of height (m). Weight for age (W/A), height
for age (H/A) and BMI for age (BMI/A) were used to evalu-
ate the nutritional status using NCHS/CDC/WHO refer-
ence tables. Using Epi-info (Centers for Disease Control
and Prevention, Atlanta, Georgia, US), Z-scores were cal-
culated. In this study, Z-score of W/A <-2 and Z-score of
H/A <-2 were considered as underweight and stunting,
re-spectively. Similarly, BMI/A Z-scores <-2 and =+2 were
considered as low weight and overweight/obesity,
respectively.

Laboratory analyses

Non-fasting blood samples were obtained in the morning
and kept at RT for 1 h to clot. Sera were separated by cen-
trifugation and stored at -80 °C until analysis. Clean, ac-

id-washed tubes were used for trace element assays. Se-
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rum concentration of zinc was determined using a
commercial kit (Elitech, Paris, France). In our hands, the
intra- and inter-assay variations were 1.44 and 3.46%, re-
spectively, and the recovery was 98-105%. We used two
control sera (normal and high) for each batch of samples.
The result was considered as the subject>s serum zinc con-
centration only when the results of both control sera were
in the acceptable range presented by the manufacturer
(Randox Laboratories Limited, County Antrim, UK). Con-
centrations of serum iron (Pars Azmoon, Tehran, Iran)
were determined using a colorimetric method while trans-
ferrin and high sensitivity C-reactive protein (hs-CRP)
were measured both by immunoturbidometric assay (Pars
Azmoon, Tehran, Iran) with the aid of an auto-analyzer
(Selectra E, Vitalab, Holliston, Netherlands). Serum ferri-
tin was measured by immunoradiometric assay (IRMA)
(Radim, Pomezia, Italy) using a gamma-counter system
(Gamma 1, Genesys, IL, USA). Hemoglobin (Hb) and he-
matocrit (Hct) had been determined earlier by an auto-
matic cell counter (Mythic 18, Orphee, Geneva, Switzer-
land) [15]. The presumed cutoffs were: anemia based on
hemoglobin<115 g/L [17], non-fasting serum zinc concen-
trations<10.7 (boys) and<10.0 pmol/L (girls), and desir-
able serumzinc10.7-18 pmol/L (boys) and 10.0-18 umol /L
(girls), excess zinc >18umol/L (conversion factor for
serum zinc concentration: pmol/L + 0.153=pg/dL) [18].
For serum iron: deficiency <3.9umol/L, desirable
3.9-32.9 umol/L, excess >32.9 umol/L (conversion factor
for serum iron concentration: pmol/L + 0.179 =pg/dL). For
transferrin: deficiency<0.95 g/L, desirable 0.95-3.85
g/L, excess >3.85 g/L. Serum ferritin reference range for
children in this age group was considered 7-140 pg/L [19].
However, serum ferritin<15pg/L was actually regarded as
iron stores being depleted [20]. In this study, children with
normal hemoglobin but with ferritin <15ug/L were con-
sidered as “at risk of IDA”; those with Hb<115g/L plus
ferritin<15ug/L were considered as affected by IDA [16].

Statistical analyses

Quantitative and qualitative data were expressed as
meantstandard deviation (SD) or number (%), respective-
ly. Correlations between variables were evaluated using
Pearson’s correlation. Qualitative data were compared by
Chi square. A between groups comparison of was done by
using Independent Samples t-Tests and ANOVA followed
by Tukey’s post hoc analysis for two and more than two
groups, respectively. To eliminate the possible effect of a
variable on comparison of two or more sets of variables,
analysis of covariance (ANCOVA) was employed. Associa-
tion of changes of the variables was evaluated by simple
and multiple regression models. To determine a cutoff
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point for iron status indices to indicate zinc deficiency, re-
ceiver operating characteristic (ROC) curve followed by
Youden index was used and the most appropriate sensitiv-
ity and specificity were found. In this study p <0.05 was
considered as the level of statistical significance. All analy-
ses were performed using Statistical Package for Social
Sciences (SPSS, 16.0, IBM, Chicago, IL).

Ethical issues
The protocol of this study was approved by the Ethical

Committee of the National Nutrition and Food Technolo-
gy Research Institute (Code No. 04442).

Results

The anthropometric and biochemical data are shown in
Table I. The mean age of the children was 10.5+0.7 years.
The occurrence of stunting (based on Z-score of H/A) and
underweight (based on Z-score of W/A) was 1% for both.
There was no significant association between gender and
categories of Z-score for H/A, W/A or BMI/A.

Serum concentrations of zinc and indicators of iron sta-
tus showed no significant difference between boys and
girls with the exception of transferrin, which was slightly
but significantly higher in girls than in boys (p<0.001; Ta-
ble 1). All children with low serum iron had low serum fer-
ritin as well (n=7). Serum hs-CRP did not differ signifi-
cantly between boys and girls (p=0.517), between children
with low and normal ferritin (0.33+0.51 vs 0.49+0.58
mg/L, p=0.310) or between children with low or normal
serum zinc concentrations (0.34+0.52vs 0.57+0.81 mg/L,
respectively). Regression analysis revealed serum iron as
the main predictor of hemoglobin (B=0.005, confidence
interval (CI): 0.002-0.008, p<0.001). Serum zinc con-
centration in anemic children was significantly lower than
in non-anemic children (13.8+3.2 vs 14.9+3.0 umol/L,
p<0.001). The prevalence of zinc deficiency among the
children was 12.4%. Zinc status showed no significant dif-
ference between boys and girls (p=0.513).

In general, 14.6% of children were anemic, 16.1% had
depleted iron stores (ferritin<15pg/L), 9.5% had very low
serum ferritin (<7pg/L), 13% were at risk of IDA and 3.1%
had actually IDA. Serum ferritin concentrations were be-
low 7pg/L in 7.3 and 2.5% in non-anemic and anemic chil-
dren, respectively. There was no significant difference in
indicators of'iron status between the two genders (Table II).

Serum zinc correlated with hemoglobin (r=0.161,
p<0.001), serum iron (r=0.065, p=0.043) and ferritin
(r=0.225, p<0.001), all remained significant and were
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even more strongly correlated after adjustment for BMI
(r = 0.183, p<0.001; r=0.086, p=0.009; and r=0.243,
p<0.001, respectively). When correlations were evaluated
in zinc-deficient children, there was only a significant cor-
relation between serum zinc and ferritin (r=0.205,
p=0.027). Serum zinc concentration was the predictor of
height in the studied children (p=0.004, CI: 0.01-0.054).
Zinc-deficient children, compared to those with sufficient
serum zinc, had significantly shorter stature (139.7£6.9 vs
141.3%£7.1 cm, p=0.029). Concentrations of serum zinc
showed a significant difference between different tertiles
of height (p=0.001) being higher in the third than in the
first (15.2+2.9 vs 14.3+3.3pumol/L, p=0.001). Combined
low serum zinc and ferritin was observed in 7.7% of chil-
dren with no significant difference between boys and girls
(p=0.539).

Table I. Comparison of anthropometric and biochemical variables bet-
ween boys and girls*.

Boys Girls p-value**  Total

(n1=505) (n2=467) (n=972)
Weight (kg) 38.0£9.7 39.0£10.5 0.140 38.5+10.1
Height (cm) 140.5+6.7 141.6+7.4 0.018 141171
BMI (kg/m?2) 19.1+3.8 19.2+3.9 0.534 19.1+£3.9
Zinc

14.8+838.2 14.9+3.2 0.650 14.8+3.2
(umol/L)
Iron

15.7+4.6 16.1+4.6 0.197 15.9+4.4
(umol/L)
Transferrin

2.3+0.4 2.4+0.4 <0.001 2.4+0.4
(g/L)
Ferritin

36.0£28.5 36.8+£283.6 0.619 36.5+23.7
(ug/L)
H lobi

CMOBIODIN 1954110 126+11.0 0.168  126+11.0

(g/L)
Hematocrit 37.5+2.9 37.5+2.9 0.636 37.56+2.9

(%)

* Data are mean+SD;
** |Independent Samples t Test;
df =970, two-sided

Anthropometric and biochemical indicators were com-
pared among different economical regions (Table III). Se-
rum zinc concentrations were higher in children of pros-
perous than in those of deprived regions (p=0.029).
Hemoglobin (p<0.001, both) and hematocrit (p=0.003,
p=0.001, respectively) were also both higher in prosper-
ous regions as compared to semi-deprived and deprived
regions. However, there were no significant differences be-
tween boys and girls in economically different regions.
Low zinc, ferritin and hemoglobin were significantly more
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Table Il. Biochemical indicators in studied children.

Zinc Iron Transferrin Ferritin Hemoglobin

Low 61(12.4) 5(1.0) 0 44(9.1) 88(17.5)
Boys (n1=505) Desirable 430 (87.6) 496 (99.0) 495 (99.0) 441 (90.9) 414(82.5)

High 0(0) 0(0) 5(1.0) 0(0) 0(0)

Low 57(12.3) 2(0.4) 0 47(10.6) 53 (11.4)
Girls (n2=467) Desirable 407 (87.7) 461 (99.6) 458(98.7) 395 (89.4) 411 (88.6)

High 0(0) 0(0) 6(1.3) 0(0) 0(0)
p-value* 1.000 0.454 0.766 0.441 0.008

Low 118 (12.4) 7(0.7) 0(0) 91(9.8) 141 (14.6)
Total (n=972) Desirable 837 (87.6) 957 (99.3) 953 (98.9) 836 (90.2) 825 (85.4)

High 0(0) 0(0) 1101.1) 0(0) 0(0)

*P-values are for comparison of the variables between boys and girls by Chi square. Data are frequency (%).

Table lll. Comparison of anthropometric and biochemical indicators among 9 - 12-year-old children residing in economically different regions of

Tehran.
Prosperous Semi-deprived Deprived p1 p2 p3
(n=415) (n=317) (n=220)
Weight (kg) 38.9+10.6 38.5+9.9 37.8+9.4 0.840 0.386 0.707
Height (cm) 141.1+£6.9 141.0+7.6 141.0£6.5 0.982 0.983 1.00
BMI (kg/m2) 19.3+4.0 19.1+3.7 18.8+83.7 0.828 0.300 0.619
Serum zinc (umol/L) 15.0£3.0 14.9£3.1 14.4+3.6 0.776 0.029 0.140
Serum iron (umol/L) 16.0£4.5 156.7+4.3 16.1+£4.6 0.471 0.933 0.796
Transferrin (g/L) 2.4+0.4 2.3+0.37 2.36+£0.38 0.002 0.488 0.165
Ferritin (ug/L) 36.2+22.5 38.4%24.7 35.5+23.9 0.163 0.996 0.336
Hemoglobin (g/L) 129+10.0 124+9.0 124+10.0 <0.001 <0.001 0.958
Hematocrit (%) 38.0+3.0 37.2+3.0 37.0£2.6 0.003 0.001 0.679

Data are mean +SD.

p1:Comparison between prosperous and semi-deprived (one-factor ANOVA followed by Tukey’s post hoc analysis).
p2:Comparison between prosperous and deprived (one-factor ANOVA followed by Tukey’s post hoc analysis).
p3: Comparison between semi-deprived and deprived (one-factor ANOVA followed by Tukey’s post hoc analysis).

prevalent in deprived districts than in prosperous ones
(p=0.014, p<0.001 and p=0.019, respectively). Also, in
semi-deprived regions, as compared to the prosperous
ones, the occurrence of very low serum ferritin (<7pg/L)
and anemia (hemoglobin<115 g/L) was significantly high-
er (p=0.018 and p=0.019, respectively; Table IV). Logistic
regression analysis revealed that residing in deprived re-
gions was accompanied by a 65% higher risk of being af-
fected by zinc deficiency (OR=1.65, B=0.500, p=0.043)
and a 92% higher risk of having very low serum ferritin
(OR=1.92, B=0.654, p=0.016).

In ROC analysis, ferritin showed the biggest area under
the curve (AUC), as compared to hemoglobin and serum
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iron (AUC=0.800, CI=0.765-0.847, p<0.001), suggest-
ing a high validity of serum ferritin as an alternative indica-
tor of zinc deficiency. Using Youden index, the best cutoff
for ferritin concentration to indicate zinc deficiency was
14.9 ug/L (sensitivity=90%; specificity=61%; Figure 1).

Discussion

Our findings showed various degrees of zinc and iron defi-
ciencies and a link between these two micronutrients
among 9-12-year-old children in Tehran. In this investiga-
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Figure 1. ROC curve for serum ferritin as an indicator of zinc deficiency

tion, serum zinc concentration was used as an indicator of
zinc status. It is believed that serum zinc does not necessa-
rily reflect zinc status of an individual and hence is not re-
commended for diagnostic and therapeutic purposes [21].
However, it is recognized as the most appropriate criterion
for assessment of zinc status of a population [22, 23] as it
reflects dietary intake, is responsive to interventions and
since finally there are reference ranges defined for most
age and sex subgroups [21].

Our data showed that more than 16% of the children were
iron depleted, 14.6% were anemic and more than 3% were
affected by IDA. Though only about 30% of anemic child-
ren had iron deficiency, regression analysis revealed iron
status as the main predictor of hemoglobin status in these
children. It has been estimated that some 1.6 billion people
around the world are affected by anemia [24]. However,
the prevalence of anemia and contribution of iron defici-
ency to anemia may differ in various populations. IDA is
accompanied by impaired development in children, im-
paired mental and physical functions in adults and poor
pregnancy outcomes (for both mother and child) [25]. Iron
deficiency has been associated with dental caries [26] and
poor educational progress in children [27, 28]. Neverthel-
ess, the possible beneficial effects of improvement of iron
status in children need more elucidation. For instance, in a
study on 401 iron-deficient children aged 6-15 years, daily
consumption of NaFeEDTA-fortified bread with lunch for
7 months resulted in significant improvement of iron sta-
tus. Nevertheless, cognitive performance of the children
who received iron-fortified bread, compared to the control
group, was not significantly affected [29].

In the present study, 12% of the children had zinc defi-
ciency and serum zinc concentrations significantly cor-
related with serum ferritin and iron. As both serum zinc
and ferritin can be affected by inflammation, we measured
serum hs-CRP as an indicator of inflammatory status. Ab-
sence of any significant association between serum hs-
CRP with zinc and ferritin in our study population lessens
the possibility of confounding effects of subclinical inflam-
mation on our findings.

Table IV. Comparison of the biochemical indicators of zinc and iron status in 9—12-year-old children residing in economically different regions of

Tehran.
Serum zinc Serumiron Transferrin Ferritin Hemoglobin
Low 41(10.1) 3(0.7) 0(0) 28(6.9) 45(10.9)
Prosperous Normal 366 (89.9) 410(99.3) 405 (98.3) 378(93.1) 367 (89.1)
High 0(0) 0(0) 7(1.7) 0(0) 0(0)
Low 39(11.6) 2(0.6) 0(0) 31(9.4) 57(16.9)
Semi-deprived Normal 296 (88.4) 333(99.4) 334(99.1) 298 (90.6) 280(83.1)
High 0(0) 0(0) 3(0.9) 0(0) 0(0)
Low 38(17.8) 2(0.9) 0 32(16.7) 39(18.0)
Deprived Normal 175(82.2) 214(99.1) 214(99.5) 160 (83.3) 178(82.0)
High 0(0) 0(0) 3(0.5) 0(0) 0(0)
p-value 0.061* 0.906 0.334 0.001 0.019

Data are frequency (%).

*The occurrence of zinc deficiency in deprived regions was significantly higher than in prosperous regions (p=0.014).
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Zinc deficiency is associated with higher morbidity and
mortality in children [30]. Severe zinc deficiency was first
described in Iranians [6] and later in Egyptians [31]. It was
then known that zinc and iron have almost the same dieta-
ry sources and inhibitors of intestinal absorption [32]. Para-
sitic infections, especially giardiasis, may have contributed
to zinc deficiency in developing countries [33]. Concomi-
tant deficiency of iron and zinc has been recently reported
from Thailand [34], India [35] and Sri Lanka [36]. In the Sri
Lanka study, adolescents with relatively poor iron stores
(serum ferritin <30.0ug/L), compared to those with nor-
mal iron stores, had a significantly increased risk (1.7) of
being zinc-deficient (serum zinc<9.95umol/L) [36]. Con-
comitant zinc and iron deficiencies may not be confined to
children and may be encountered in adults and elders. Ina
study on 33 apparently healthy premenopausal women,
there was a significant correlation between zinc pool and
iron stores, serum ferritin concentration <20 pg/L was pro-
posed as a cutoff for increased probability of poor zinc sta-
tus in this gender and age group [11]. A few years later, a si-
gnificant correlation between serum zinc and hemoglobin
in African-American and Hispanic children of low-income
households living in Atlanta, USA, was reported [37]. An
experimental study revealed that iron deficiency for 30-40
days in rats results in altered zinc and copper metabolism
[38]. Our findings show for the first time that a significant
link exists between serum concentrations of ferritin and
zinc among primary school children, and that with serum
ferritin concentrations<14.9ug/L there is an increased
likelihood of poor zinc status in this age group.

Lower zinc status in anemic children compared to
non-anemic is another important finding. Zinc deficien-
cy-associated anemia was defined nearly 57 years ago in
Iran [39]. This situation might be due to low intake of com-
mon dietary sources and/or high intake of common inhibi-
tors of intestinal absorption of both elements [39, 40]. Di-
rect effect of zinc on hematopoiesis has also been proposed
to be mediated by insulin-like growth factor (IGF)-1 [41].
Zinc supplementation in anemic hemodialysis patients
has been shown as a beneficial and safe adjunct treatment
of anemia [42, 43]. Nevertheless, in a large trial on 459
Guatemalan women, addition of either weekly 30 mg or
daily 15 mg zinc to iron-folate supplements did not signifi-
cantly improve the efficacy of the supplementation [44].

Desirable zinc status is essential for normal growth and
immunity against infections in children. In the present
study, zinc-deficient children had relatively shorter stat-
ure. Direct association of serum zinc level with height has
already been reported [20, 45]. Despite 12% occurrence of
poor zinc status and its correlation with height, the occur-
rence of stunting in our study population was low. In a
study on 812 adolescent children aged 12-16 years, the effi-
cacy of iron (50 mg), zinc (14 mg), and a combination of
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both against placebo for 5 days a week for 24 weeks was
evaluated. In that study, though iron and /or zinc status was
improved in the related groups as compared to the placebo
group, no significant change was observed in the growth
trend of the children [36]. Functional effects of zinc status
improvement in children need further elucidation.

We found low occurrence of underweight among the
school children. It is likely that energy intake was fairly ade-
quate whereas higher occurrence of zinc and iron deficiency
was probably due to poor diet quality in terms of micronutri-
ents. Nevertheless, we did not perform dietary assessment.

Lower concentrations of zinc and hemoglobin in chil-
dren of deprived districts, compared to prosperous ones, is
noticeable. Several factors may have contributed to this
finding, including higher prevalence of parasitic infec-
tions, lower micronutrient density of the diet and a combi-
nation of both. It has been suggested that serum ferritin,
compared to hemoglobin, is a more sensitive indicator of
parasitic infection-induced iron deficiency and is directly
linked to intestinal worm load [46]. Though mean serum
ferritin concentrations did not differ significantly among
various economic regions, higher occurrence of low serum
ferritin in children from deprived regions still brings for-
ward the possibility of an effect of parasitoses on iron and
zinc status. The prevalence of intestinal parasitoses in
19,209 school children in Tehran in 2008 was reported to
be 18.4%. The prevalence of underweight and stunting in
infected, compared to non-infected, children was signifi-
cantly higher and although 9 parasitic species were identi-
fied, only giardia and enterobius infections showed signifi-
cant associations with malnutrition [47]. However, it has
been shown that only treatment of enterobiasis, but not
giardiasis, may result in increment of serum zinc [48].
Notwithstanding, absence of significant differences in hs-
CRP between children with normal and low serum ferritin
further potentiates the possibility of nutritional inadequa-
cy as the main factor of low zinc status.

This study has some limitations. The cross-sectional na-
ture of the study hinders causal data interpretation. Serum
zinc concentration, proposed as the most appropriate indi-
cator of the population zinc status [21], has some limita-
tions. Firstly, serum zinc is not a reliable indicator for mild
and moderate zinc deficiency, as it is regulated in a rather
narrow physiologic range via homeostatic mechanisms.
Therefore it is affected only when depletion of the body
zinc pool is prolonged and remarkable [18]. The necessity
of description of cutoffs for biochemical indicators for risk
of zinc deficiency in different sex and age subgroups has
been emphasized [49]. The effect of intestinal parasitic in-
fections on micronutrient status, which is demonstrated in
several studies [24, 50], was not evaluated in the present
study, which makes the etiology of poor iron and zinc sta-
tus in the affected children debatable.

IntJ Vitam Nutr Res (2016), 86 (1-2), 18-26
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Conclusions and key messages

References

In this study it was found that:

1. The prevalence of zinc and iron deficiency among
9-12-year-old children was noticeable, and there exis-
ted a link between iron and zinc status.

2. Children with serum ferritin<14.9 ug/L were at increa-
sed risk of zinc deficiency.

3. Deficiencies of both zinc and iron were more prevalent
in deprived regions of Tehran, as compared to pros-
perous ones. This may have been due to the higher pre-
valence of intestinal parasites and/or poor quality of
diet of children living in deprived regions. This issue
needs to be addressed by further studies.
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