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Zinc Nutritional Status of Preschool Children in Riyadh City
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Abstract: Zinc (Zn) status of 178 children was evaluated using biochemical and dietary measure. Dietary
zinc intake ranged between 2.15 and 10.7 mg/day at age 2-3 years, and 1.21 and 15.6 mg/day at age 4-6 y
with an overall sample mean of 5.6 and 5.8 mg/day, respectively. Dietary zinc intake assessment showed
that 22 % of the studied sample consumed less than the dietary reference intake at age 2-3 y, and 40 % at
age 4-6 y. Plasma zinc ranged between 6.7 and 18.7 pumol/L with an overall sample mean of 12.1 pmol/L.
Moreover, nearly eighteen (18.3) percent of all of children had serum zinc concentrations below 10.0 pM/L
(65 pg/dL) and only 3.3 % had serum zinc concentrations below 7.7 uM/L. The dietary records and the
concentrations of Zn in plasma used in this study suggesting there is risk of Zn deficiency in pre-school
children. To improve zinc status in pre-school children, zinc fortified food may be an effective approch. Zinc
supplementation is recommended, mainly for individuals who are at risk of zinc depletion.
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Introduction

The American dietetic association (ADA) has reported
the importance of optimal nutrition for physical and
mental growth of pre-school children (ADA, 1987).
Malnutrition of pre-school children was documented to
depressed growth, impaired intellectual development
and altered behavioral responsiveness (Birch, 1972;
Read, 1973). Zinc essential trace elements for normal
growth, is essential for maintaining health throughout life
(Brown and Pollit, 1996). Mainly, Zn deficiency is
associated with deficient growth, sexual maturation,
fertility, immunity, taste, and appetite. The clinical signs
of marginal zinc deficiency are decreased immunity,
impaired taste and smell, onset of night blindness,
impairment of memory and depressed
spermatogenesis (Rodriguez et al., 1984). Marginal and
moderate zinc deficiencies in children with impairment
in their growth have been documented in both developed
and developing countries (Black, 1998; Brown and Pollit,
1996). In human, Zn deficiency has always been a
nutritional problem in the Middle East. Moreover, Zn
deficiency was first reported in 1960 from Iran, Egypt and
turkey, and (Prasad, 1985). Malnutrition is prevalent in
Saudi Arabia (Al-Jassir and EL Bashir, 2002); however,
there are no enough data about zinc status in Saudi
Arabia. The status of zinc deficiency in preschool
children in Saudi Arabia is still unknown; therefore the
aim of this study is to evaluate the zinc nutritional status
of preschool children.

Materials and Methods

178 children were randomly chosen from the 3 primary
health centers in Riyadh city. Each subject attended a
primary health center in Riyadh city. The subjects of this
study were health in age 2 to 6 years. Mothers accepted
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the participation of their children by freely signing a
written informed consent.

The children were evaluated according to the following
parameters: weight, by using a digital SECA balance
with a precision of 0.1 kg; length, as measured by a
Physician Scale (Health meter, USA) with a precision of
0.1 cm . 24-h dietary history of children was obtained
from their mothers. Food-processor software was used,
to calculate daily nutrient intakes. The Zn intakes were
compared with Dietary Reference intake (DRI, 2001). A
blood samples were drawn from the antecubital vein of
each subject into trace element-free tubes. Serum was
determined by an atomic absorption spectrophotometer.
The statistical analysis included means; standard
deviations, were analyzed by SSPS version 10.

Results

The study groups included 178 Saudi children in age
range 2 to 6 years. According to their requirements,
children were divided into two groups. Characteristics of
the children in the study are presented in Table 1. There
were no significant gender differences in mean height
and weight for all age group. The mean height for boys
and girls at age 2-3 y was 92.1 and 89.3 cm,
respectively, whereas, the mean height for boys and
girls at age 4-6 y was 107.8 and 108.2, respectively.
Boys and girls are presented together as there were very
few differences. Energy, protein and zinc intake are
presented in Table 2. Energy intakes of 2-3 and 4-6
years old were 86 and 78.1 kcal/ kg/day, meanwhile a
protein intake were 3.8 and 3 g/kg/day, respectively.
Dietary zinc intake ranged between 2.15 and 10.7
mg/day at age 2-3 years, and 1.21 and 15.6 mg/day at
age 4-6 y with an overall sample mean of 5.6 and 5.8
mg/day, respectively (Table 2, 3). Notably, 22 % of the
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studied sample consumed less than the dietary
reference intake at age 2-3 y, and 40% at age 4-6 y
(Table 3). The mean ratio of Zn to energy was 5.3 and
4.3 at age 2-3 and 4-6, respectively. Hambidge et al.
(1976) have defined hypozincemia as plasma zinc levels
less than 68 pg/dL (10.5 umol/L) while, Rivera et al have
defined low serum zinc (zinc deficiency) as serum zinc
levels less than 10.0 umol/L (65 pg/dL) (Rivera et al.,
2001; Rivera-Dommarco et al., 2001).whereas, Serum
zinc concentration < 7.7 umol/L have been considered
sever zinc deficiency (Prasad, 1985; AL-Timimi, 2005).
Taken together, serum zinc levels less than 10.0 umol/L
have been considered low serum zinc (hypozincemia)
and serum zinc concentration < 7.7 umol/L have been
considered sever zinc deficiency. In this study, serum
zinc, determined in 120 children, ranged between 6.7
and 18.7 umol/L with an overall sample mean of 12.1
pmol/L (Table 4). Moreover, nearly eighteen percent
(18.3%) of all of children had serum zinc concentrations
below 10.0 umol/L (65 pg/dL) and only 3.3% (n= 4) had
serum zinc concentrations below 7.7 umol / L.

Discussion

The mean zinc intake was 5.6 and 5.8 mg/day at age 2-3
years and 4-6 vy, respectively. These intakes are
adequate if compared with the current Dietary Reference
Intake (DRI, 2001), but they are lower than the Dietary
recommended Allowance (RDA, 1989). Several studies
found similar results. In united States, By using dietary
intake data from the third National Health and Nutrition
Examination Survey (NHANES lII, 1988-1994), Briefel et
al. (2000) found that the mean zinc intakes were 6.4
mg/d for 1-3-y-olds and 7.7 mg/d for 4-6-y-olds (Briefel et
al., 2000). In Baghdad, the mean zinc intakes were 5.2
mg/d for children at age 2-10 year (Al-Timimi et al.,
2005). In Beirut, the intakes of zinc were very low in low
class and high class preschool children. The mean zinc
intake of day car pre-school children was 1 and 2
mg/day for low class and high class children,
respectively, whereas The mean zinc intake of home
based pre-school children was 1 mg/day for both low
class and high class pre-school children (Baba et al.,
1996). Notably, dietary zinc intake assessment showed
that 22 % of the studied sample consumed less than the
dietary reference intake at age 2-3 y, and 40 % at age 4-6
y (Table 3). Data from NHANES IIl shown that 81% of 1-
3-y-old and 48% of 4-6-y-old children had inadequate
zinc intakes (Briefel et al., 2000). In AL-Timimi study only
36 of children at age 2-10 years had adequate zinc
intake. In recent study in United Stats, Arsenault and
Brown found that less than 1% of children had usual zinc
intakes below the estimated average requirement
(Arsenault and Brown, 2003). However, results, in this
study, were compared with DRI which is higher than
estimated average requirements. Moreover, In Arsenault
study, fortified foods contributed 24% and 25% of total
zinc for 1-3-y-old and 4-5-y-old children, respectively.

Table 1: Characteristics of children studied

Boys Girls

5+0.88 2.5y+0.5 2-6y+0.5 4.9+0.9

(n=40) (n=53) (n=38) (n=47)
Height (cm) 92.1+8.2 107.8+9 89.316.5 108.2+ 8.9
Weight (kg) 13.1+2.5 17.1+2.8 12.7+1.8 18.3+3.8

Values are mean + standard deviation

Table 2: Intakes of energy, protein, and zinc by age group

2-3y 4-6y

(n=78) (n = 100)
Energy (kcal/kg/d) 86+27 78.1+26
Protein (p/kg/d) 3.8t1.5 3+1.2
Zinc (mg/d) 5.6+2.4 5.8+2.7
Zinc density (mg/1000 kcal) 5.3+1.5 4.3+1.5

Values are mean + standard deviation

Table 3:  Zinc intake and its recommendation for pre-school
children
Intake Intake DRI percent
average mean (mg/day) deficient
(mg/day) (mg/day)
2-3y(n=78) 2.15-10.7 5.6+2.4 3 22
4-6 (n = 100) 1.21-15.6 5.8+2.7 5 40

DRI; Dietary Reference Intake (2001)

Moreover, Berner et al. (2001) found that fortified foods
contributed 13% and 17% of total zinc intake for 1-3-y-old
children for 4-5-y-old children, respectively.

Data presented in Table 4 indicated that plasma zinc
ranged between 6.7 and 18.7 pmol/L with an overall
sample mean of 12.1 umol/L. Moreover, low serum (zinc
was observed in 15% of children and 3.3% had sever
zinc deficiency zinc concentrations below 7.7 pmol/L.
Recent national data from Mexico show 25% of all
children between ages 0 and 11 y to have serum
concentrations <10 pmol/L (65 pg/dL). Rural areas had
a higher incidence of zinc deficiency (40%) than did
urban areas (18%) (Rivera-Dommarco et al., 2001;
Rivera et al., 2001). In addition. data from survey
conducted in Australia indicated that the incidence of
hypozincomia was greater than 50% between the age 5
to 15y (Holt et al., 1980). Moreover, Bahi et al., 1998,
found that 32% of children at age 1-6 y had low zinc
plasma concentration (<8.4 pumol/L). In recent study, Al-
Timimi et al. (2005) reported that 7.5 of children at age
2-10 y had serum zinc concentrations below 7.7 pmol/L
and 72% had serum zinc concentrations between 7.7
and 12.3 ymol/L (Al-Timimi et al., 2005). In this study,
serum zinc in 54.4% of children was no greater than
12.3 pmol/L. This finding is very closed to Torrajon's
finding, who found that plasma Zn in 54.8% of children
was no greater than 12.3 umol/L (Torrejon et al., 2004).
We could attribute the low serum zinc to sub-optimal zinc
intake found in 32% of study sample. Moreover, zinc
deficiency has been attributed to the low intake of zinc-
rich foods, as well as to the low bioavailability of zinc,
especially in foods of vegetable origin (Brown et al.,
2001). Silva et al., 2006 found that serum zinc deficiency
zinc levels were restored after supplementation in
children who had serum zinc deficiency. Zinc
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Table 4: Plasma zinc concentrations of pre-school children

Plasma zinc (umol/L)

% of plasma Zn > 10 pu M/L

% of plasma Zn <10 > 7.7 p M/L % of plasma Zn < 7.7 uM/L

Mean +SD 12.1+2.6 81 (98) 15 (18) 3.3(4)

Range 6.7 -18.7

<10.0 pmol/L (65 pg/dL); zinc deficiency (Rivera-Dommarco et al., 2001). < 7.7 uM/L - sever zinc deficiency (Prased, 1998 and Al-
Tamimi, 2005)

supplementation is recommended, mainly for Brown, L. and E. Pollit, 1996. Malnutrition, poverty and

individuals who are at risk of zinc and other mineral
depletion. To improve zinc status in pre-school children,
zinc fortified food may be an effective approach.

In summary, the dietary records and the concentrations
of Zn in plasma used in this study suggesting pre-
school children are at risk of Zn deficiency. These
results are important because this is the first study
conducted on zinc nutritional status in preschool
children in Riyadh city. However, further studies are
necessary in order to confirm this finding thus, it is
necessary to study it further so as to establish a safe
and appropriate intake of zinc among preschool
children. In future studies we well assess whether a
low-zinc deist has any adverse effect on growth or health
in Saudi population.

References

Al-Jassir, M.S. and B. El Bashir, 2002. Anthropometric
measurements of infants and under five children in
Riyadh City. Nutr. Health, 16: 229-37.

Al-Timimi, D.J., S.S. Al-Sharbatti and F. Al-Najjar, 2005.
Zinc deficiency among a healthy population in
Baghdad, Iraq. Saudi Med. J., 26: 1777-81.

American Dietetic Association (ADA), 1987. Position of
the American dietetic association. Position paper
nutrition standers in day care programs for children.
J. Am. Diet. Assoc., 87: 503-506.

Arsenault, J.E. and K.H. Brown, 2003. Zinc intake of US
preschool children exceeds new dietary reference
intakes. Am. J. Clin. Nutr., 78: 1011-7.

Baba, N., K. Shaar, L.I. EI-Sheikh and N. Adra, 1996.
omparison of nutritional status of pre-school
children at day care centres and at home from
different socioeconomic backgrounds in Beirut. J.
Human Nutr. Diet., 9: 89-103.

Bahl, R., N. Bhandari, K.M. Hambidge and M.K. Bhan,
1998. Plasma zinc as a predictor of diarrheal and
respiratory morbidity in children in an urban slum
setting. Am. J. Clin. Nutr., 68 (2 Suppl): 414S-417S.

Berner, L.A., F.M. Clydesdale and J.S. Douglass, 2001.
ortification contributed greatly to vitamin and mineral
intakes in the U.S. 1989-1991. J Nutr.,131: 2177-83.

Birch, H.G., 1972. Malnutrition, learning and intelligence.
Am. J. Publ.Health, 62: 773.

Black, R.E., 1998. Therapeutic and preventive effects of
zinc on serious childhood infectious diseases in
developing countries, Am. J. Clin. Nutr., 68: S176-
S179.

Briefel, R.R., K. Bialostosky, J. Kennedy-Stephenson,
M.A. McDowell, R.B. Ervin and J.D. Wright, 2000.
Zinc intake of the US population: findings from the
third National Health and Nutrition Examination
Survey, 1988-1994. J. Nutr., 130: 1367S-73S.

431

intellectual development. Sci. Am., 26.

Brown, K.H., S.E. Wuehler and J.M. Peerson, 2001. The
importance of zinc in human nutrition and
estimation of the global prevalence of zinc
deficiency. Food Nutr. Bull., 22: 113-25.

DRI, 2001. Institute of Medicine, Food and Nutrition
Board. Dietary reference intakes for vitamin A,
vitamin K, arsenic, boron, chromium, copper, iodine,
iron, manganese, molybdenum, nickel, silicon,
vanadium, and zinc. Washington, DC: National
Academy Press, 2001.

Hambidge, K.M., P.A. Walravens, R.M. Brown, J.
Webster, S. White, M. Anthony and M.L. Roth, 1976.
Zinc nutrition of preschool children in the Denver
head start program. Am. J. Clin. Nutr., 29: 734.

Holt, A.B., R.M. Spargo, J.B. Iveson, G.S. Faulkner and
D.B. Cheek, 1980. Serum and plasma zinc, copper
and iron concentrations in Aboriginal communities
of North Western Australia. Am. J. Clin. Nutr., 33:
119-32.

Prasad, A.S., 1985. Clinical manifestations of zinc
deficiency. Ann. Rev. Nutr., 341.

RDA, 1989. National Research Council. Recommended

dietary allowances. 10th ed. Washington, DC:
National Academy Press, 1989.
Read, M.S., 1973. Malnutrition, hunger, and

behavior.2.hunger school feeding problems and
behavior J. AM. Diet. Assoc., 63: 386.

Rivera, J., T. Shamah, S. Villapando, T. Gonzéles de
Cossio, B. Hernandez and J. Sepulveda, 2001.
Encuesta Nacional de Nutricion. Estado nutricio de
nifios y mujeres en México Instituto Nacional de
Salud Publica Cuernavaca Morelos, México.

Rivera-Dommarco, J., T. Shamah-Levy, S. Villalpando-
Hernandez, T. Gonzalez-Cossio, B. Hernandez-
Prado and J. Sepulveda, 2001. Encuesta Nacional
de Nutricibn 1999. Estado nutricio de nifios y
mujeres en México. Cuernavaca, México: Instituto
Nacional de Salud Publica.

Rodriguez, A., G. Soto, G. Venegas, C. Castillo and S.
Torres, 1984. Niveles de zinc y cobre en lactantes
chilenos. Arch Latinoam Nutr 34, p. 25.

Silva, A.P., M.R. Vitolo, L.F. Zara and C.F. Castro, 2006.
Effects of zinc supplementation on 1- to 5-year old
children. J. Pediat. (Rio J), 82: 227-231.

Torrejon, C.S., C. Castillo-Duran, E.D. Hertrampf and M.
Ruz, 2004. Zinc and iron nutrition in Chilean
children fed fortified milk provided by the
Complementary National Food Program. Nutr., 20:
177-8030.



