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Abstract
Background: Adolescence is a vulnerable period for the development of nutritional anemia.

Aim: To evaluate the determinants of iron deficiency, anemia, and associated factors among adolescents who
performed routine blood tests in a large district in Israel during 2014.

Methods: A community-based cross-sectional observational study was conducted among adolescents aged
11-18 years, belonging to Haifa and west Galilee district of ‘Clalit’ Health Services, who routinely performed blood
tests during 2014. The blood tests were investigated for iron deficiency (ferritin<20 ng/mL) or anemia (hemoglobin
(HGB)<12 g/dl).

Results: Among 22310 adolescents who performed blood tests during 2014, 4116 (18.45%) were found to fulfill
the inclusion criteria. 14.8% were boys, 85.2% were girls. 2964 (13.2%) adolescents were anemic, with HGB<12
g/dl, and mean HGB concentration of 11.27 g/dl. 1152 (5.16%) adolescents had hemoglobin>12 g/dl, but ferritin
levels<20 ng/mL, with mean ferritin level of 14.31 ng/mL. Jews significantly had higher mean MCV values, and
higher iron levels as compared to non-Jews. The average HGB levels were the lowest in the age groups of 12.5-
15.5 years, and 15.5-17 years. The severity of the anemia correlated significantly with the gender of the adolescent,
females having lower HGB concentrations. Ferritin levels correlated significantly with the gender (higher in males),
and age of the adolescents (lower at higher ages).

Conclusions: Iron deficiency and anemia are common in adolescents, having serious implications. Awareness
to this problem should be raised, and decision makers are encouraged to find ways to prevent detect and treat it.
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Introduction

Anemia is a condition characterized by reduction in the number
of red blood cells and/or hemoglobin (HGB) concentration [1]. Iron
deficiency occurs in both developing and developed countries, making
it the most common nutritional deficiency worldwide [2]. It is widely
accepted that more than a quarter of the world’s population lives with
iron deficiency [3]. Iron deficiency anemia (IDA) is a common, global
public health problem, with major consequences for human health
as well as social and economic development [4]. It affects 24.8% of
the world population, with a prevalence of 9% in toddlers, 9-11% in
adolescent girls, and less than 1% in teenager boys [4,5].

IDA is most commonly seen in pediatric populations such as in
infants fed cow’s milk and toddlers fed large volumes of cow’s milk
[5]. The second peak of IDA seen in teenagers is primarily due to rapid
growth and muscle accretion often combined with poor dietary intake
of iron. Inadequate diet, medications, low iron availability nutrients,
tendency to overweight or obesity, extensive sport, infections, early
pregnancy or use of intrauterine devices are some of the risk factors.
These contributors may be compounded by menstrual blood loss in
adolescent females not receiving supplemental iron [6,7].

The main cause of iron deficiency is a diet that is poor in iron
content. For example, to provide the recommended daily intake of
iron in adults (18 mg per day for young women, 8 mg per day for men
and older women), there is a need for about 3,000 kcal of an average
Western menu. Iron deficiency anemia is a condition in which anemia

occurs due to lack of bioavailable iron to support normal red cell
production [8].

Children’s food intake habits have changed over the last few
decades; children consume too much fat, especially saturated fats, and
sweetened beverages. Most school children from low socio-economic
families consume too little milk, dairy products and meat. All these
factors contribute to the shortage of iron in sufficient quantity in the
diet [9,10].

Adolescence is a vulnerable period in the human life cycle for the
development of nutritional anemia [11], and especially iron deficiency
and anemia. The prevalence of iron deficiency and subsequent anemia
increases at the start of adolescence. In addition to the nutritional
deficiencies and increased requirements of nutrition for growth in this
period, in girls this is also exacerbated a few years later by the onset of
menstruation [12].

Iron is an important component in the formation of HGB, the
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protein found in red blood cells necessary for oxygen transport.
Anemia develops as iron stores are depleted, but sometimes iron
stores may be depleted, without the patient presenting with an anemia,
a situation consistent with iron deficiency. Because of this, HGB
alone is not an accurate indicator of iron deficiency anemia [6]. For
many years, anemia has been known to impair physical and mental
functioning [13,14]. In addition, anemia has a negative effect on
cognitive performance in adolescents [15].

In recent years, a great deal of information has been accumulated
regarding iron deficiency without anemia, which emphasizes the need
for measurement of iron level markers in the body and the fact that it is
not possible to rely solely on HGB concentration as a measure of iron
reserves [3]. Iron deficiency without anemia was much less studied, but
in this case, mental impairment and increased fatigue were found, and
improved after adequate iron supplements ingestion. The estimated
mechanism is a reduction in the availability of iron to various brain
enzymes and metabolic pathways [16]. In two similar placebo-
controlled studies, iron supplementation with iron deficiency without
anemia has improved alertness, concentration, mood, and memory
ability, without affecting the HGB levels, and only the iron reservoir
markers were improved [17,18]. Notably, over the last 20 years, there
has been a great deal of information about the damage to the maximum
physical capacity caused by iron deficiency without anemia. Most of
the studies on this subject have been carried out among adults only; few
studies were performed in children and youth [19-23].

The present study aimed to evaluate the determinants of anemia,
iron deficiency, and associated factors among adolescents who
performed routine blood tests in a large Northern district in Israel
during 2014. This is the largest analysis done in a multi-cultural
country like Israel.

Methods

The present study was a community-based cross-sectional
observational analysis conducted among adolescents aged 11-18 years,
belonging to Haifa and west Galilee district of ‘Clalit’ Health Services,
who routinely performed blood tests during 2014.

The inclusion criteria were: adolescents aged 11-18 years, who
belong to Haifa and West Galilee district of ‘Clalit’ Health Services,
who performed blood test during the year 2014. The cut-offs were:
Haemoglobin (HGB)<12 g/dl, or ferritin<20 ng/mL, thus dividing the
participants into 2 groups. The exclusion criteria were: adolescents
with chronic intestinal disease like Inflammatory bowel disease (IBD),
thalassemia, or those who take medications (antacids, allopurinol,
aspirin, steroids, etc.) that may impair the absorption of iron.

For every adolescent included in the study, the records for
demographic data (age, gender, place of residence, religion), weight,
Body mass index (BMI), presence of other diseases, and smoking were
also checked. The records for mean corpuscular volume (MCV), Mean
corpuscular hemoglobin (MCH), blood iron level and transferrin were
also included, if available.

The severity of anemia in this study was graded, according to the
HGB levels, as mild (>11 g/dl), moderate (9-11 g/dl) and severe (<9
g/dl). According to the local laboratory references, microcytosis was
defined as a mean corpuscular volume value<78 fL, and hypochromia
was defined as MCH concentration value<26 g/dl.

Statistical analysis

The SPSS 21.0 software was used for data analysis. Fischer’s exact

test and analysis of variance (ANOVA) were performed. Distributions
of HGB values and distributions of ferritin levels, in the different levels,
were analyzed using Chi-Squared test (after Bonferroni correction).
Pearson’s correlation tests were conducted to examine the relationship
between adolescent age and blood tests (HGB, RBC (Red blood cells),
MCV, MCH, Ferritin and Iron) and anthropometric measures (height,
weight, age).

To examine differences in the indices (HGB, RBC, MCV, MCH,
Ferritin and Iron) between the age categories, ANOVA analysis tests
and post-hoc Tuckey tests were conducted. p<0.05 was considered as
significant.

Results

Participants

The total population of adolescents aged 11-18 years, belonging to
Haifa and West Galilee of Clalit Health Care Services, during 2014, was
78558. 22310 adolescents from this group performed blood tests during
this year. Although it was not a random sample, it served us as the
sample size. Total number of adolescents who eventually fulfilled the
inclusion criteria and included in the study was 4116 (18.45%).

Demographics and general characteristics

Among the adolescents included in the study, 14.8% were boys and
85.2% were girls. 45.8% were of Arab origin, 54.2% were Jews (0.5%
were orthodox Jews). 41% were at age 12.5-15.5 years, and 26.3% were
at age 15.5-17 years (Table 1).

Among the non-Jewish adolescents, most of them are living in
Arab cities and villages (93%); among the Jewish adolescents, half are
living in small cities, 25% are living in large cities and 25% in small
towns, villages and Kibbutzim. 14% of the adolescents included in the
study had obesity, 2.6% had asthma, 2.1% had hyperlipidemia, and
with lesser degrees smoking (1.7%), celiac (1.2%) and diabetes (0.7%).

The mean and median ages of participants were close to 15 years.
The mean weight was 55.1 kg, mean height was 154 cm, and mean BMI
was 21.72 (Table 2a). Several measures were significantly higher among

Factor Category % (n)
Gender, n=4116 Male 14.8 (608)
Female 85.2 (3508)
Religion, n=4101 Jewish 53.7 (2202)
Arab 45.8 (1879)
Orthodox Jews 0.5 (20)
Age category (years), n=4116 11-12.5 14.5 (596)
12.5-15.5 41.0 (1687)
15.5-17 26.3 (1083)
17-18 18.2 (750)

Table 1: Gender, religion and age distribution of the adolescents.

Age | Weight Height BMI Percentile Percentile BMI | BMI
(years) (Kg) (cm) (BO) (calculated)

Mean 14.8 55.1 154.03 56.63 63.79 21.72
Median | 15.0 53.0 | 159.00 59.71 75.00 20.69
Mode 16.8 50.0 | 160.00 99.99 75.00 19.53
SD 2.0 15.7 27.96 33.81 30.96 5.20
Range 7.0 119.0 | 192.91 100.00 97.00 38.48
Min. 11.0 18.0 1.09 0.00 3.00 11.90
Max. 18.0 137.0 | 194.00 100.00 100.00 50.38
n 4116 1809 1809 1809 1809 1809

Table 2a: Distribution of age and body indices.
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girls as compared to boys: mean age of girls (15.3 years) was higher
than the mean age of boys (13.1 years), mean weight of girls (55.7 kg)
was higher than mean weight of boys (51.2 kg), and same for BMI’s
(Table 2b).

Blood measurements

Regarding the blood measures of the adolescents, 2964 (13.2%)
adolescents were anemic, with HGB<12 g/dL, thus fulfilling the
inclusion criteria. Their mean HGB concentration was 11.27 g/dL
(SD 0.87). 1152 (5.16%) adolescents had HGB>12 g/dL, but ferritin
levels<20 ng/mL, thus fulfilling the inclusion criteria. Their mean
ferritin level was 14.31 ng/ml (SD 3.49) (Table 3a). Among the 2964 with
HGB<12 g/dL, 2851 had additional data concerning the red blood cells;
60.7% had RBC<4.5 x 10%microliter, 52.7% had MCH<26 g/dL, and
36.2% had MCV<78 fL, thus implying to have iron deficiency anemia
(Table 3b).

All blood measures except for MCH (HGB, RBC, MCV, Ferritin
and Iron) were significantly (p<0.001) higher among boys as compared

Males Females t (df), p
Mean SD Mean SD
Age? (years) 131 1.6 15.3 1.8 | t(904)=-29.81, p<0.001
BMI2 20.9 5.8 21.9 5.0 t (379)=-2.89, p<0.01
Height (cm) 151.5 26.3 154.7 27.3 | t(813)=-1.89, p=0.065
Weight? (kg) 51.2 18.6 55.7 14.3 | t(361)=-3.94, p<0.001

n. s: non-significant; 2Equal variances not assumed

Table 2b: Age and body indices in males and females (using t tests).

HGB RBC MCcV MCH Ferritin Iron
g/di x10¢ /microliter fL g/dl ng/mL  mcg/dL
Mean 11.27 4.66 79.23 25.58 14.31 62.74
Median | 11.60 4.61 80.80 26.20 14.55 57.00
Mode 12.00 4.57 82.70 27.60 14.80 52.00
SD 0.87 0.54 8.52 3.29 3.49 35.39
Range 7.30 7.15 118.20 38.30 14.60 247.00
Min. 4.70 0.00 0.00 0.00 5.40 0.00
Max. 12.00 7.15 118.20 38.30 20.00 247.00
N N=2964 N=4116 N=4116 | N=4116 | N=1152 N=2450

Table 3a: Distribution of blood values: HGB, RBC, MCV, MCH, Ferritin and Iron.

HGB n=2632 52.7%MCH<26 |[(MCV<78) or (MCH<26) or
criterion 36.2% MCV<78 (RBC<4.5) 1
n=2851 60.7% RBC<4.5

n=219 60.7% (MCV<78) and (MCH<26)and 2

(RBC<4.5)

Ferritin 8.1%MCH<26 |(MCV<78) or (MCH<26) or
criterion n=1152 5.1% MCV<78 |(RBC<4.5) 3
n=1152 25.6% RBC<4.5

Note: MCV in fL; MCH in g/dl and RBC in x10¢ /microliter

Table 3b: Blood count values according to the different inclusion criteria.

Units Males Females t(df), p
Mean | SD Mean SD
HGB? |g/dI 11.5 0.8 11.3 0.9 t (652)=4.68, p<0.001
Ferritin |ng/mL 15.3 3.3 141 3.5 | t(1150)=4.43, p<0.001
MCH? |g/dI 26.2 2.9 26.4 2.8 [t(813)=-0.97, pvaluen.s.
MCV L 80.1 8.0 81.4 7.1 | t(1150)=-4.33, p<0.001
RBC | x10%/microliter, 4.5 0.5 4.5 0.4 | t(4114)=4.91, p<0.001
Iron mcg/dL 65.2 345 60.0 34.6 t(2448)=2.66, p<0.01

n.s.=non-significant; ?®Equal Variances not assumed

Table 4: Differences in blood values among genders, using t-tests (for independent
samples).

Boys Girls

Figure 1: Average HGB levels in boys and girls in g/dL.

Units Non-Jews Jews t (df)
(n=1179) (n=2202)
Mean SD Mean SD

HGB g/dl 11.3 0.9 11.3 0.8 -2.053*
Ferritin ng/mL 14.2 3.5 14.3 3.5 -414
MCH g/dl 259 2.7 26.7 2.8 -9.160
MCV fL 80.6 7.0 81.8 7.4 -5.230**
RBC x108 /microliter 4.5 0.4 45 0.4 1.370
Iron mcg/dl 55.0 31.9 64.6 35.9 -6.960**

*p<0.05;**p<0.01

Table 5: Differences in blood values among Jews and non-Jews using t-tests (for
independent samples).

to girls. Mean HGB level (11.5 g/dl, SD 0.8) was higher among boys
as compared to girls (11.3 g/dl, SD 0.9), with more heterogenic
distribution among girls (p<0.001) (Table 4 and Figure 1).

Ethnic differences

t tests were used to estimate differences of blood values between
Jews and non-Jews (Table 5). Significant differences were found
regarding HGB levels, MCV and iron. Although the mean HGB
values were similar (11.3 g/dl) on both Jews and non-Jews, there was a
significant difference (p<0.01) of the variances, while the variance was
higher among non-Jews (SD=0.9) as compared to Jews (SD=0.8).

There was a significant difference regarding MCV values (p<0.01),
with higher mean MCV among Jews (Mean=81.8 fL, SD=7.4) as
compared to non-Jews (Mean=80.6 fL, SD=7.0). Iron levels were
significantly higher (p<0.01) among Jewish adolescents (Mean=64.6
mcg/dL and SD=35.9) as compared to non-Jewish adolescents
(Mean=55 mcg/dL and SD=31.9) (Table 5 and Figure 2).

Age differences

The correlation between the ages of the adolescents, and body
and blood measurements, was analyzed using Pierson correlation
matrix (Table 6). Several significant correlations between age and
several factors were observed: negative correlations (0.055 to 0.114
g/dL) between age and HGB level, ferritin RBC and iron (higher age
correlated with lower levels of these factors); and positive correlations
(0.050 to 0.274) between age and MCH, MCV, BMI, height and weight.

When age was divided into 4 age-groups, significant differences
were observed in all parameters between the age-groups, including
HGB levels (Table 7): the average HGB level declined from 11.4 g/dL at the
11-12.5 years age group, to 11.3 g/dL at the 12.5-15.5 years age group, and
then to 11.2 g/dL at the 15.5-17 years age group. At the last age group
(17-18 years), the average levels were elevated to 11.3 g/dL (Figure 3).
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HGB Ferritin MCH MCVv RBC Iron BMI Height Weight
MCH 0.663** 0.079** -
CcVv 0.590** 0.063* 0.920** -
RBC 0.146** 0.014 -0.057** 0.006 -
Iron 0.404* 0.149* 0.438** 0.386** 0.016 -
BMI 0.027 0.055 -0.136** -0.138** 0.004 -0.176** -
Height 0.033 -0.033 0.025 0.020 -0.018 0.015 0.009 -
Weight 0.019 0.043 -0.117** -0.111* -0.008 -0.167** 0.921* 0.140* -
Age -0.057** -0.114** 0.050** 0.096** -0.111** -0.055** 0.138** 0.095** 0.274**

*p<0.05, **p<0.01

Table 6: Pearson correlation matrix between the age of the adolescent and blood and body variables.

HGB -g/dL, MCV-fL, Iron-mcg/dL.

Units Age in years (n)
11-12.5 (n=583) 12.5-15.5 (n=771) 15.5-17 (n=916) 17-18 (n=1833) Total (n=4103)
Mean SD Mean SD Mean SD Mean SD Mean SD
HGB** g/dl 1.4 0.8 11.3 0.9 11.2 0.9 11.3 0.8 1.4 0.8
Ferritin** ng/mL 14.8 34 14.5 34 13.7 3.6 14.0 3.6 14.3 3.5
MCH** g/dl 26.1 2.6 26.3 2.8 26.4 2.8 26.5 2.9 26.3 2.8
MCV** fL 80.0 7.0 81.0 7.3 81.6 6.9 82.0 7.2 81.2 7.2
RBC** x10¢/microliter 4.5 0.4 4.5 0.4 4.4 0.3 4.4 0.4 4.5 0.4
Iron* mcg/d| 64.9 34.1 60.6 32.8 61.2 36.0 58.3 36.0 60.7 34.6
*p<0.05, **p<0.01
Table 7: Variance analysis (ANOVA) for differences in blood variables in different age groups.
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Figure 2: Average values of HGB, MCV and iron among Jews and non-Jews. ]

T

The post-hoc Tukey’s analysis demonstrated that the difference
between the HGB levels in the different age groups originated from
the difference between the first group (11-12.5 years) and the next two
groups (12.5-15.5 and 15.5-17 years). The 2™ and 3" age groups (12.5-
15.5 and 15.5-17 years) are homogenous regarding the HGB levels
(Figure 4).

In order to check the differences in mean HGB values between
the different age groups in relation to the gender of the adolescent,
2-dimensional univariate analysis of variance was used. Although
the age was found to have a significant effect on HGB levels (F (3,
2956)=3.766, p=0.01 and 1n=0.004), the gender was not found to have
a significant effect on HGB values (F (1, 2956)=0.160 and p value n.s),
and the interaction between the age and gender was also not found to
be significant, in this analysis (data not shown).

Severity of anemia and iron deficiency

In order to examine the correlation between HGB values and
different parameters, the adolescents’ HGB values which were included

‘ 11-12.5

125-15.5 | 15.5-17

Years

plot).

Figure 3: Distribution of HGB’s average values in different age groups (Box

Figure 4: Average HGB levels in different age categories g/dL.
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Total <9 9-11 >=11 p value
n=2964 n=93 n=502 n=2369
Gender Male (%) 431(14.5) 10 (2.3) 41(9.5) 380 (88.2) <0.0001°
Female (%) 2533 (85.5) 83 (3.3) 461 (18.2) 1989 (78.5)
Age, mean +SD 15.0+£1.97 14.8+1.8 15.4+1.8 14.9+2.0 <0.00012°
Obesity, n(%) 461 (15.6) 15 (3.3) 52 (11.3) 394 (85.5) 0.002°
aSig. difference after Bonferroni correction between level 1 & level 2; °Sig difference after Bonferroni correction between level 2 & level 3
Table 8: Correlation between different variables and severity of anemia (only significant result shown).
Total <10 10-15 >=15 p value
n=1152 n=176 n=447 n=529
Gender Male (%) 177 (15.4) 11 (6.2) 62 (35.0) 104 (58.8) <0.0001ap<
Female (%) 975 (84.6) 165 (16.9) 385 (39.5) 425 (43.6)
Age, mean +SD 148+1.9 15.2+1.9 149+1.9 14620 0.002°¢

aSig difference after Bonferroni correction between level 1 & level 2; *Sig difference after Bonferroni correction between level 1 & level 3; ¢ Sig difference after Bonferroni

correction between level 2 & level 3

Table 9: Correlation between different variables and ferritin levels (only significant result shown).

in the study (HGB<12 g/dL (gr%)) were further divided to 3 severity
levels: below 9 gr%, 9-11 gr% and >11 g/dL gr%.

Table 8 presents the distribution of HGB values in the different
levels (numbers and percentages), using Chi-Squared test (after
Bonferroni correction) and ANOVA tests. The gender of the adolescent
was found to have a significant correlation with the severity of the
anemia (p<0.001); females having lower HGB concentrations. Thus,
88.2% of the male adolescents had HGB concentrations in the higher
level (=11 gr%), compared to only 78.5% of the female adolescents in
this level. The age of the adolescent was also found to be significantly
correlated to the HGB severity levels (F (2, 2961)=16.824 and p<0.001);
in the second level (9-11 g/dl) the mean age of adolescents (15.4 + 1.8
years) was higher as compared to the other 2 levels.

Table 9 displays the distribution of ferritin levels of the adolescents
which were included in the study (with the criterion of ferritin<20 ng/
ml), according to 3 ferritin severity levels (<10, 10-15 and 215 ng/ml),
using Chi-Squared test (after Bonferroni correction) and ANOVA
tests. 2 factors were found to be significantly correlated with the
ferritin levels: the gender and the age of the adolescent; male gender
was correlated with higher ferritin levels (p<0.001), with 58.8% of male
adolescents had ferritin levels>15 ng/ml, as compared to only 43.6% of
females in this group.

In addition, the age of the adolescent was inversely correlated with
ferritin levels (p<0.001), with lower ferritin levels at higher ages.

Discussion

Iron deficiency remains the most common single nutrient
deficiency worldwide and a cause of increased morbidity [24]. Iron
deficiency anemia, has been well recognized in recent years as a public
health problem, by the World Health Organization (WHO) [25].

In addition to infants and young children, a high prevalence of
iron deficiency anemia has been reported in adolescents, in whom
a marked growth spurt occurs and iron requirements may outstrip
absorption [26,27]. Choudhary et al. [28] reported two-thirds of the
anemic adolescents in community were suffering from iron deficiency
anemia (IDA).

Anemia in adolescence has serious implications for a wide range of
outcomes. It causes reduced resistance to infection, impaired physical
growth and mental development, and reduced physical fitness, work
capacity, and school performance [29-32].

In Israel, which is a multi-cultural developed country, a number
of studies have assessed the prevalence of anemia and iron deficiency
among those who enlist in combat military service and reflect the bleak
situation in this issue among youth in Israel. In a study conducted
among soldiers in the border police, Dubnov et al. [33] found a very
high incidence of iron deficiency; in 77% serum ferritin was below 20
mcg/dl, representing total iron stores depletion. In a study conducted
among boys who enlisted in combat service, Novak et al. [34] found
iron deficiency among 15% (defined as ferritin below 25 mcg/dl).
Among those who enlisted in an elite unit, Merkel et al. [35] found
iron deficiency in 18% of boys (ferritin level below 22 mcg/dl). Iron
deficiency, and low magnesium levels were also reported in military
recruits and in soldiers by Rachmilewitz et al. [36]. Studies conducted
among Israeli athletes at various levels of achievement showed a very
high incidence of iron deficiency among adolescents and young adults
in a variety of athletic fields, such as basketball, soccer, swimming,
gymnastics, dance, etc. [37-41].

In the Gulf countries, especially Kuwait, Bahrain, Qatar and Oman
the prevalence of anemia, especially iron deficiency anemia, is relatively
high. This was observed particularly among preschool children,
adolescent girls, and pregnant women, and supported by dietary intake
surveys in the Arab Gulf population indicated inadequate intake of
iron [42].

In the present study approximately 18% of the adolescents included
in the sample were found to have anemia (compatible with IDA) or
iron deficiency, at least, representing a 5.2% rate from the overall
adolescent population in this area, during 2014. This rate resembles the
rate reported in other studies [6,12]. In addition to anemia, 5.16% of
the adolescents had low ferritin levels (<20 ng/mL) without anemia,
suggesting iron deficiency’s prevalence is much higher.

Notably, the sample included only adolescents who performed
blood exams during 2014, some routine and some due to complaints,
so this number may reflect an over estimation. On the other hand,
many adolescents do not pay attention to their medical situation, and
don’t regularly visit their physician, so this number may be an under
estimation of the real prevalence of anemia and iron deficiency among
adolescents.

The findings suggested lower levels of HGB and MCV values in
non-Jewish adolescents as compared to the Jewish adolescents. This
finding may be explained by the dietary preferences of the Arab
population in Israel, which contains more cereals, and by the lower
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socio-economic level of the non-Jewish population in this region, in
which the low-cost diet, rich in cereals, is preferred, with a low intake of
expensive iron containing foods especially cow’s meat, fish and poultry.

When examining the age groups, we can see that the average HGB
levels were the lowest at the 12.5-15.5 years, and 15.5-17 years age
groups, (with values of 11.3 and 11.2 g/dL, respectively). In addition,
the age of the adolescent was inversely correlated with ferritin levels,
with lower ferritin levels at higher ages, findings that may reflect higher
menstrual blood loss in in girls during this period.

Not surprisingly, more females were included in the study (85.2%)
as compared to males (14.8%). In addition, the gender of the adolescent
was found to have a significant correlation with the severity of the
anemia, females having lower HGB concentrations. Male gender was
also correlated with higher ferritin levels, as compared to females.

This observation is consistent with findings of previous reports
eluding to the fact that the iron deficiency and anemia in adolescents are
caused by increased requirements of nutrients for growth, exacerbated
a few years later by the onset of menstruation in girls, but subsides for
boys [27,29,43].

Possible explanations for the above observations are the poor
dietary habits of the adolescents, the menstrual blood loss, and lack of
awareness of iron-deficiency and nutritional status.

It should be remembered that the food consumption habits of the
children in general, and adolescents in particular, have changed during
the last few decades, toward consumption of too much fat (especially
saturated fats), and sweetened beverages [44]. These can induce
obesity, which is correlated itself to iron deficiency [45]. Toddlers and
adolescents in Israel, as in other Western countries, also drink “energy
drinks”, which can cause nutritional deficiencies such as vitamin D and
iron [46].

Limitations of the study

o The study included adolescents from one district, of one Health
Maintenance Organization (HMO), although from the largest
district of the largest HMO in Israel

o It is an observational study, including only adolescents who
performed blood tests during 2014, thus the findings do not
reflect the actual prevalence of IDA and iron deficiency among
adolescents, which may be higher

o The cut-offs for defining IDA and iron deficiency (according to
ferritin levels) may be different in different areas and reports,
and differ slightly between boys and girl (in some reports the
cut-off for boys over 13 years are 13 gr%). Although we included
participants based also on the ferritin levels, we are aware to
the fact that our findings may be an under-estimation of the
real prevalence of anemia during this period, and that it may
indeed, in part, contribute to the reported gender differences.

+ Including patients with thalassemia: Thalassemia is considered
the most frequent genetic disease in the world, about 4% of
the world population carries a Thalassemia gene. In northern
Israel the mean carrier frequency for p Thalassemia is about
2.4%; however, in villages with a primarily Arab population
the frequency rises to 9% [47]. Among the 22310 adolescents
performed blood tests, only 27 were found to have a diagnosis
of thalassemia, and they were excluded from the study.
Nevertheless, there is a possibility that among the adolescents

included in the study, some have thalassemia, thus our results
reflect an over-estimation of the real prevalence of IDA in this
age- group, and may explain some of the differences between
Jews and Arabs. When checking the results, most cases with
low MCYV values, and high RBC values had also low ferritin and
iron levels, so even if they are thallasemic, they probably have
also iron deficiency.

Overall, when taking in mind these points, some may cause under-
estimation of the real prevalence of iron deficiency and anemia during
adolescence, and some may cause over-estimation of it, thus may
“balancing” the results.

Despite the possible limitations, the results of this study surely raise
the awareness for this important problem among adolescents.

Conclusions and Recommendations

Iron deficiency, and IDA are common in adolescents, in whom
a marked growth spurt occurs and iron requirements may outstrip
absorption, and may have serious implications for a wide range of
outcomes. This health problem is completely treatable and reversible,
if adequately targeted.

Health educations is highly recommended emphasizing healthy
lifestyle, consumption of balanced, nutritious diets, including iron-
rich food, and decrease the intake of iron absorption’s inhibitors
like phytate, phosphate, oxalate and tannins , or nutrient with low
bioavailability of iron.

Interestingly, intestinal inflammation was recently described as a
risk factor for enterocyte iron sequestration. In face of an adolescent
with enteric inflammation and IDA, oral iron preparation should be
reconsidered, in order to decrease its local toxic effects [48].

In Israel, a routine blood count is recommended only at the age of
9-12 months, in order to evaluate the HGB levels in infancy. We strongly
encourage the local health ministry to recommend on performing
a routine screening blood count in adolescents, before starting the
military service or academic studies, similar to the one performed in
infants. If diagnosed with iron deficiency, adequate dosing of ferrous
iron is crucial for optimal response.
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