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Summary. Iron status was determined in 240 subjects who referred for routine check up in Zarqa governorate 
hospital located in Jordan. Prevalence of ferritin deficiency (<16µg/l) was 3.4% (n=8) in males and 24.1% 
(n=58) in females of the studied population (P<0.05), while ferritin concentration >700µg/l was not observed. 
Prevalence of serum iron deficiency (<60 ng/mL) was 5.4% (n=13) in males and 18.8% (n=45) in females 
(P=0.01). Mean serum iron was 52.1±69.07 µg/l in females and 117.7±107.9 µg/l in males over 25 year old 
age (P=0.03). However, estimated mean serum concentration of ferritin was not affected by age and gender.  
These results revealed that Jordanian males eat higher dietary intake of iron than females, which is adequate 
to maintain adequate iron status with a low prevalence of iron deficiency.
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O r i g i n a l  a r t i c l e

Introduction

Iron deficiency (ID) remains widespread in the 
world, its overall prevalence is near to 10% and 50% in 
developed and developing countries respectively (1,2). 
ID has negative consequences in all age groups, if it 
is not treated in the early stages of the disorder it will 
develop iron deficiency anemia (IDA) (3). It is well 
known that the main causes of ID include nutritional 
deficiency, absorption problems, high iron demands 
and an excessive blood loss, inability to form hemo-
globin in the absence of other necessary factors such 
as vitamin B12, lack of gastric hydrochloric acid, and 
presence of various inhibitors and enhancers of iron 
absorption (4,5).  

No recent comprehensive national study for the 

assessment of iron status has been conducted in Jor-
dan. Studies on samples of a limited number of Jor-
danian subjects were based on blood hematocrit or 
hemoglobin only. Unfortunately, neither hematorcit 
nor hemoglobin is a specific indicator for evaluating 
iron status and thus cannot be used as proxy indica-
tors of iron deficiency. Serum ferritin is the indicator 
of choice for measuring iron deficiency. The present 
study is based on serum iron and serum ferritin.

Iron status has been reported in different popula-
tions (6-12), but little information is available about 
this biological parameter among healthy Jordanians. 
Knowledge of the prevalence of iron status among fe-
males and males living in Jordan is of great importance, 
as iron status has an implication for general health. In-
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cluding those two populations with varied age groups 
in the study can add more clarification on risk factors 
that could be associated with iron deficiency. Although 
iron status has assumed pandemic proportions all over 
the world, there are no reliable data on the iron status 
of the local healthy population in Jordan. Therefore, 
the presents work was undertaken to evaluate iron sta-
tus among males and female, then, to trace variables 
may affect circulating iron status.

Materials and Methods

Subject selection

Serum blood samples were taken from two hun-
dred and frothy healthy subjects aged between 19-65 
years-with an average of 33.2±15.27 years- during 
routine laboratory check up at Zarqa governorate 
hospital. Subjects already had  IDA or ID, had he-
matological and oncological disorders, took vitamin 
or mineral supplementation, and had family history 
of chronic disease leading to iron malabsorption, such 
as celiac disease were excluded. Furthermore, subjects 
under continuous or recent medication, which are 
known to influence iron status metabolism, women 
taking hormonal contraception or any other form of 
hormone substitution, were also excluded. Subjects 
were instructed to fast at least 12 hours before collect-
ing the blood samples; qualified laboratory technicians 
collected the blood samples from the subjects.

Ethical consideration

All the study participants gave voluntary in-
formed written consent before participation. Those 
who refused to take part in the study were excluded. 
The research was performed according to the Jorda-
nian declaration.

Determination of serum ferritin and iron concentration

Blood samples were centrifuged within 1 hr at the 
survey site at 3000 x g for 5 minutes and then an aliquot 
of serum was frozen at – 20 °C and then used for the 
determination of Serum ferritin concentrations using 

standard commercial Abbott kits, the AxSYM Ferritin 
Assay for the fully automated Abbott AxSYM system 
(Abbott Diagnostic Division, Longford, Ireland). Ax-
SYM Ferritin assay is a microparticle enzyme intrinsic 
factor assay (MEIA) for quantitative determination of 
ferritin in human serum or plasma.  The AxSYM Fer-
ritin assay is designed to have precision of ≤ 9% total 
CV for concentrations within the ferritin low, medium 
and high control ranges, and designed also to have a 
sensitivity of 1ng/mL at 95% quantile. The assay was 
conducted according to the manufacture’s instruction 
using AxSYM analyzer. The ferritin cut off concen-
trations of <13µg/I were considered to indicate absent 
iron stores according to WHO recommendations. Se-
rum ferritin concentrations of 16-32 µg/I and 33-300 
µg/I were considered as indicator for small and replete 
iron stores respectively, whereas concentrations of >300 
µg/I and >700 µg/I were considered as indicator for 
moderate and heavy iron load respectively. Serum iron 
was determined calorimetrically using the FerroZine 
method on the COBAS INTEGRA 400 (Iron, 0-058) 
analyzer (Roche Diagnostic GmbH, Indianapolis, IN, 
USA). The procedures were carried out according to 
the manufacturer’s guidelines. Individuals with con-
centrations below the cut-off value (<60 ng/mL) were 
considered to have ID. All these procedures pertaining 
to serum ferritin and serum iron were carried out at 
the Clinical Diagnostic Laboratory, Alkhaldi Medical 
Centre, Amman. 

Statistical analysis

Chi-square test was used for comparing the prev-
alence of iron and ferritin status according to gender 
and age group in all subjects. Mean values of serum 
iron and serum ferritin were obtained by age and gen-
der. Descriptive analysis was done for laboratory tests, 
and proportions were determined. Mean of the study 
variables between groups were compared using analy-
sis Post hoc Tukey’s test to observe any changes them. 
The differences were considered significant at P- val-
ues of less than 0.05. All Statistical analysis was con-
ducted using the SPSS software (version 16) (SPSS 
Inc., Chicago, USA).
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Results

The true prevalence of ferritin and iron status

Average age of the group studied was 33.2±15.27 
years ranged from 19 to 65 years. Table 1 summarizes 
the personal habits and general health of the study 
population. Prevalence of ferritin and iron status in 
the two genders is shown in Table 2. There were 86 
(35.8%) males and 154 (64.2%) females. The preva-
lence of serum ferritin concentrations (<16µg/l) was 
3.4% (n=8) in males and 24.1% (n=58) in females. 
Serum ferritin concentration of 16-32 µg/l were pre-
sent in 19.6 % (n=47) of the study population. 50.8 % 
(n=122) of participants had normal ferritin concentra-
tions (33-300ug/l), but high serum ferritin concentra-
tions (>300µg/l) were detected in 2.1% ( n=5), while 

serum ferritin concentrations (>700µg/l) was not ob-
served in the present study. However, the prevalence of 
serum iron concentrations (<60µg/l) was 5.4% (n=13) 
in males and 18.8% (n=45) in females (P=0.01). 

Significant differences were found in the preva-
lence of ferritin concentrations and gender stratified 
by age as shown in Figure 1A and Figure 1B; approxi-
mately 14.6% (n=35) of females over 25 year old age 
group had significantly higher prevalence of ferritin 
deficiency (<16µg/l) compared with 0.84% (n=2) of 
males, however, 9.62% (n=23) of females and 2.4% 
(n=6) of males below 25 year old age group were fer-
ritin deficient. The prevalence of serum ferritin con-
centrations (>300 µg/l) appeared to be similar for both 
males and females below 25 year old age groups, while 
serum ferritin concentrations of (16-32 µg/l)  was sig-
nificantly higher in females than in males in both age 

Table 1.  Description of the personal habits and general health among study population.

Personal habits and general health  Variable n (%)

Nutritional Status Vegetarian 3.00 (1.20)
 Non-vegetarian 237  (98.8)

Current Medication from GP Yes 6.00 (2.70)
 No 234 (97.3)

Current Nutritional Supplement Yes 9.00 (3.90)
 No 231 (96.1)

General Health during the last 12 Months Better than average 55.0 (22.9)
 Worse than average 44.0 (18.6)
 About the same 141 (58.5) 

Table 2.  The Prevalence of ferritin and iron deficiency among study population. 

Variable  Male Female Total p-value 
   n (%) n (%) n (%) 

Serum Ferritin (µg/l) < 13 5(2.1) 50(20.8) 55 (22.9) <0.05
 < 16 3(1.3) 8(3.3) 11(4.6) 
 16 – 32 12(5.1) 35(14.6) 47(19.6) 
 33 – 300 63(26.3) 59(24.6) 122(50.8) 
 301 - 700 3(1.3) 2(0.83) 5(2.1) 
 Total 86(35.8) 154(64.2) 240 

Serum Iron (ng/ml) < 60 13(5.4) 45(18.8) 58(24.2) 0.01
 > 60 73(30.4) 109(45.4) 182(75.8) 
 Total 86(35.8) 154(64.2) 240 

Notes: Groups analyzed by Pearson chi-square test (2-sided); statistical significance was taken as p<0.05. Iron status was significant higher 
among females compared with males (p<0.05; p=0.01).
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groups. About 65.4% (157/240) of the study popula-
tion was older than 25 years; 15.4% (37/240) of this 
group were ferritin deficient as shown in figure 1-b.                                                                                      

Risk of serum iron deficiency tended to be signifi-
cantly higher in females than in males at the different 
age groups (P=0.09 and P=0.06). Prevalence of iron 
status according to the two genders and age groups 
are shown in Figure 2A. About 15.8% (38/240) of 
the study population was below than 25 years; 10.4% 
(25/240) of this group were serum iron deficient (<60 
ng/mL) as shown in Figure 2B.

The mean serum concentrations of ferritin and iron 
status

The mean serum concentrations of iron and ferri-
tin were compared for both males and females in both 
age groups. The results shown in Table 3A and Table 
3B show that the mean serum concentrations of fer-

ritin in the range from (<13 to >300 µg/l) and iron in 
the range from (<60 to>60 ng/mL) was not affected by 
sex group, although mean values of ferritin and iron 
appeared to be lower for females than males, the same 
affect was true for the interaction between sex and age 
group with corresponding ferritin concentrations re-
spectively (P=0.69) as shown in Table 2B. However, 
The mean serum concentrations of iron was affected by 
age (P=0.03), females below 25 year old age group had 
significantly lower iron concentration compared with 
males below 25 year old, the same affect was true for 
males and females over 25 year old age group.                                                                                                                         

Figure 1. A) Ferritin status among males and females stratified 
by sex and age group.  B) Ferritin status among the study popu-
lation stratified by different age group.
Notes: Groups analyzed by Pearson chi-square test (2-sided); statisti-
cal significance was taken as p<0.05. Ferritin deficiency was signifi-
cant higher among younger (p=0.04 ;< 25 year) and older (p=0.00; 
>25 year) age females (n=86) compared with all males (n=154).

Figure 2. A) Iron status among males and females stratified by 
sex and age group. B) Iron status among the study population 
stratified by different age groups.  
Notes: Groups analyzed by Pearson chi-square test (2-sided); sta-
tistical significance was taken as p<0.05. Iron deficiency was not 
significant higher among younger and older age females (p=0.09; 
n=86) compared with all males (n=154).
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Discussion

The present study demonstrated that Ferritin de-
ficiency was significant higher among younger and 
older age females compared with all males. Further-
more, serum iron deficiency appeared to be similar for 
both males and females according the different age 
groups, while risk of iron deficiency was significantly 
higher in females than in males for the study popula-
tion. These findings suggest that women may be con-
sidered at high risk of IDA if it is not treated in the 
early stage of the disorder (i.e. ID).                               

The findings of lower mean ferritin and iron 
concentrations in females compared to males can be 
attributed to blood losses in females during menstru-
ation, although that difference did not reach a statis-
tical level of significance. Furthermore, the observed 

higher mean iron concentration in males over 25 year-
old compared with females at same age group which 
suggesting that the mean iron concentration was af-
fected by age. While the mean ferritin concentration 
was similar in the two age groups for both gender. An 
explanation for such a finding  may point to that Jor-
danian males eat higher daily intake of meat than fe-
males, this can be attributed to meat which contains 
not only the well-absorbed heme iron, but also a pep-
tide (sometimes called the meat factor) that enhance 
nonheme iron absorption. These results agree with 
previous reports (13,14).                                                                                                                     

The mean value of serum ferritin for the studied 
population (66.8±83.89 µg/l, n=240) is notably higher 
than what other surveys reported (6-13), indicate that 
Jordanians have normal level of ferritin status. In addi-
tion, the present study observed that the prevalence of 

Table 3a.  Mean serum concentrations of ferritin and iron among the study population stratified by gender.

Variable  Male Female p-value
  mean ± SD mean ± SD

Serum Ferritin (µg/l) < 13 8.5±3.76 8.3±4.311 0.46 

 < 16 15.2±0.45 14.5±0.91 

 16 – 32 25.5±5.26 24.3±4.62 

 33 – 300 111.1±77.51 89.3±63.25 

 301 - 700 410.0±171.90 382.95.36 

 Total 117.7±110.13 101.6±100.55 

Serum Iron (ng/ml) < 60 51.1±8.28 41.3±13.66 0.78

 > 60 129.5±115.61 126.4±110.1 

 Total 100.2±100.47 48.2±66.39 

Table 3b.  Mean serum concentrations of ferritin and iron among the study population stratified by age and gender.

Variable  Male Female p-value
  mean ± SD mean ± SD 

Serum Ferritin (µg/l)  < 25 years 98.4±43.06 98.5±109.54 0.69
 > 25 years 128.5±133.15 103.1±100.55 
 Total 117.7±110.13 101.6±100.55 

Serum Iron (ng/ml) < 25 years 69.3±77.94 40.6±60.73 0.03
 > 25 years 117.7±107.96 52.1±69.07 
 Total 100.2±100.4 48.2±66.39

Notes: Groups analyzed by post Tukey’s test; statistical significance was taken as p value<0.05; serum iron status was significantly higher 
among males compared females across all age groups (p=0.03) as shown in Table 2B. However, the mean concentration of serum ferritin was 
not affected by gender, age and their interaction (p<0.05) as shown in Table 2A.
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low ferritin concentration was 13.8% of the study pop-
ulation. Probably low prevalence of low ferritin con-
centration in the studied population caused an increase 
in the mean of ferritin concentration. In other words, 
although the mean ferritin concentration is high, the 
severity of iron deficiency remain low. Furthermore, 
ferritin concentrations compared to surveys carried 
out in many countries in this region, indicate that the 
prevalence of low ferritin concentrations were lower 
than other countries (6-12). These findings suggest 
that Jordanians eat adequate intake of animal prod-
ucts such as meat, poultry and fish to increase the daily 
intake of iron. However, it is possible that there may 
be other important dietary factors that may effect non-
heme iron absorption like tea and coffee consumption 
(15-17), phytates in legumes, grain and rice (18), the 
vegetable protein in soybeans, legumes, and nuts (5), 
the calcium in milk (5), The MFP factor (19), some 
acids (e.g. ascorbic acids, citric acid and lactic acid) 
and sugars (e.g. fructose) (5), an adequate daily intake 
of iron, vitamin B12 and folic acid (11), inflammatory 
diseases (6), the use of vitamin –mineral supplements 
containing iron (13), that were not taken in considera-
tion in this study that could influence the iron status of 
those subjects this warrants further study.

Finally, in order to correlate our findings to the 
dietary intake of iron and the bioavailability of die-
tary iron it will be important to calculate iron intake 
in the diet consumed in Jordan using food compo-
sition tables and chemical analysis. It would also be 
interesting to assess the iron content of hospital diet, 
mixed and vegetarian diets as well as plant-derived and 
animal- derived foods since there is little information 
available concerning these items. Since it is emerging 
that ID influence behavior (5), it would be useful to 
study the effects of ID on children’s and adult’s behav-
ior. Furthermore, it would be interesting to establish 
whether genetic polymorphisms in hemochromatosis 
genes (e.g. homozygosity of C282Y) in combination 
with dietary factors such as the daily intake of animal 
product associated with iron absorption in the small 
intestine (20,21).

The present study has some important limitations. 
First, this study based on serum iron and ferritin re-
sults, which alone, without biochemical markers such 
as hemoglobin, hematocrit, transferrin or iron binding 

capacity, that can determine the severity of deficiency. 
Second, the smaller sample size of the studied popu-
lation. Third, the current study also did not calculate 
the dietary intake characterized by age of introducing 
foods which considered to be more appropriate for 
identifying the dietary risk factor that associated with 
ID occurrence.  

                                                
Conclusion

In conclusion, iron status was satisfactory in both 
males and females, since the prevalence of normal fer-
ritin were observed in 24.6 % of females and 26.3% 
in males of the entire series, which was higher than 
what other surveys reported, these result suggest that 
Jordanian males eat higher intake of animal product 
such as meat, poultry and fish than females, which is 
adequate to maintain a favorable iron status with a low 
prevalence of ID.                                                                                                              
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