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Abstract 

Introduction: Iron deficiency (ID) is one of the most 
common causes of anemia in children. Although it is 
frequently encountered in a clinician's daily practice, the 
multifactorial etiology of ID still represents a challenge in 
terms of long-term management. In overweight and obese 
children, adiposity related inflammation causes ID by 
decreasing transferrin saturation on one hand and by 
increasing hepcidin production on the other hand, which in 
turn decreases iron absorption. Dietary uptake of iron and 
other micronutrients is also impaired in these children. Aim 
of the study: To investigate the link between overweight, 
obesity and iron deficiency in pediatric patients. Materials 
and methods: A retrospective observational study was 
conducted over a 1-year period (1st April 2018-31th March 
2019), in the Endocrinology Department of “Louis Turcanu” 
Children’s Emergency Clinical Hospital Timisoara. After 
applying the inclusion criteria, a total of 78 overweight and 
obese children were enrolled in the study. The Ethics 
Committee of the “Louis Turcanu” Children’s Emergency 
Clinical Hospital approved the study. Results: The CDC 
BMI- charts matched for age and sex were used in order to 
define overweight and obesity (overweight 85th - 95th and 
obesity > 95th percentiles). According to age patients were 
divided in 3 groups: toddlers 6% (age 1-5 years); 
preadolescents 40% (age 5-12 years) and adolescents 54% 
(age 12-18 years). Overall, the overweight/ obesity ratio in 
the studied groups was as follows: 20:80 in toddlers, 13:87 
in preadolescents and 45,6:54,4 in adolescents. The highest 
percentage of ID- patients was found in toddlers (60%), 
followed by preadolescents with half as much patients 
(32%), and the lowest percentages was observed in 
adolescents (14%). Although there was a correlation 
between iron levels and BMI throughout our sample, these 
obese and overweight children did not associate significant 
anemia. Conclusions: The negative correlation between BMI 
and iron levels, even in the absence of anemia, should raise 
awareness with regard to the micronutrient imbalance that 
exists in these children from a very young age. Children 
with elevated BMI may need to be screened for iron 
deficiency. There is an acute need to expand the studies to 
establish the cause of ID among children and adolescents. 
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Introduction  

Iron deficiency (ID) is one of the most common causes 
of anemia in children. Although it is frequently encountered 
in a clinician's daily practice, the multifactorial etiology of 
ID still represents a challenge regarding long-term 
management (1). 

Childhood obesity continues to spark the interest of 
researchers worldwide. It is estimated that the global 
prevalence of obesity in pediatric patients is 16-31% (2) 
However, it has been observed that despite the high 
prevalence in the western countries, there are countries like 
Poland and Russia where it is not as frequent (3), a possible 
explanation could be the easier access to fast-food in 
develop countries in spite of dietary education. 

Excess weight during childhood determines the 
development of several conditions such as elevated blood 
pressure and dyslipidemia which leads to cardiovascular 
disease. Also, type 2 diabetes can develop due to insulin 
resistance. In short, these patients have a significant 
increased risk to develop metabolic syndrome. Another 
issue is the weight gain which leads to breathing issues such 
as sleep apnea, joint and musculoskeletal problems and, also 
fatty liver disease (4).   

 In overweight and obese children, adiposity related 
inflammation ultimately leads to ID by two 
different/separate mechanisms: the increase production of 
hepcidin, TNF-α, IL-1, IL-2 and adipokines (resistin and 
leptin) alters iron homeostasis and iron sequestration in the 
enterocytes, macrophages and hepatocytes determine a 
decrease in transferrin saturation (5-8). 

It seems that there is also a dietary imbalance, rich in 
carbohydrates and poor in micronutrients in these children 
(9). Therefore, obese and overweighed patients are iron 
deficient. ID usually appears before the onset of anemia.  

In preadolescents ID is often linked to a combination 
of an imbalanced diet, poor in micronutrients/iron with 
sedentary lifestyle.  Adolescents, especially girls, due to 
increased menstrual bleeding are also at higher risk for ID, 
as it is known that requirements are yet again increased in 
this age group (1). Adolescents may also have diminished 
socio-economic circumstances. 
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ID has durable effects such as: neurodevelopmental 
and behavior issues, reduced motor development, 
disruptions of attention and communication (10). The causes 
leading to ID are different by age group. Among toddlers, 
lack of iron in the diet is associated with the increased needs 
in iron during the fast process of growth as well as a dietary 
imbalance in consumption of cow’s milk.  

If the iron requirements are not covered, at the initial 
stage the iron deposits are reduced, ferritin and iron 
transferrin saturation are decreased. If the iron balance 
remains negative, after depletion of iron reserves, 
hemoglobin, hematocrit decrease followed by reductions of 
VEM and CHEM, thus installing microcytic hypochromic 
anemia. 
 
Aim of the study 

The aim of the study is to investigate the link between 
overweight/obesity and iron deficiency in children and to 
explore age-specific variations. 
 
Material and method 

A retrospective observational study was conducted 
over a 1-year period (1st April 2018-31th March 2019), on 
78 pediatric patients admitted for overweight or obesity in 
the Endocrinology Department of “Louis Turcanu” 
Children’s Emergency Clinical Hospital Timișoara.  

Inclusion criteria: overweight and obesity as defined by 
CDC, children aged 1-18 years. Exclusion criteria: genetic 
and/or iatrogenic obesity. 

According to the CDC, overweight is defined as a BMI 
for sex and age between the 85th and 95th and obesity as a 
BMI equal or greater than the 95th percentile (11). WHO 
defines ID as serum ferritin levels <12 μg/L in children 
under the age of 5 years and <15μg/L in those over 5 years 
of age, and anemia as a condition in which there is a 
reduction of either red blood cells, hemoglobin or 
hematocrit under age-appropriate thresholds. Anemia is 
defined as Hemoglobin level lower than the normal 
thresholds as shown in Table 1. 

An electronic database consisting of anonymized 
patient files was created using Microsoft Excel and the 
correlations   between the predictable variable (BMI) and 
the independent one (Iron level) was assessed. 

The retrospective study was approved by the Ethics 
Committee for Research of the “Louis Turcanu" Children’s 
Clinical Emergency Hospital from Timisoara 
Results  

A total of 78 pediatric patients admitted for overweight 
or obesity were enrolled and analyzed in the study, after 
applying the inclusion criteria. According to age patients 
were divided in 3 groups: toddlers 6% (age 1-5 years); 
preadolescents 40% (age 5-12 years) and adolescents 54% 
(age 12-18 years). The CDC BMI- charts matched for age 
and sex (12) were used in order to define overweight and 
obesity (overweight 85th - 95th and obesity > 95th 
percentiles). 

In each group, the incidence of overweight and obese 
patients according to BMI-CDC charts was analyzed. Thus, 
obesity in the group of toddlers was 80%, in the pre-
adolescents 87% and among the adolescents group 54,4%. 
Whereas, the complementary percentages of overweight 
children were as follows: 20% in the group of toddlers, 13% 
in the preadolescents group and among the adolescents 45,6 
%.  

It was surprising that although obesity predominated in 
the group of adolescents, an almost equal number of 
overweight children was found.  The highest prevalence of 
obese patients was observed among children aged 5 to 12 
years.  

Figure 1 shows the prevalence of ID in the studied 
groups. The highest prevalence of ID was observed among 
children 1 to 5 years, with a percentage of 60%. As age 
increases, the prevalence of ID decreases by approximately 
a half, 32% in the preadolescents and 14% in the adolescent 
patients, respectively. Therefore, it seems that young age 
increases the risk for ID. 

ID was evaluated through serum iron and ferritin and 
the relation between adiposity and iron levels was 
investigated, as depicted in Figure 2. 

A negative correlation was observed in all age groups 
as supported by the slightly decreasing slope of the lines and 
the negative coefficient representing the slope. However, R2 
levels supports a weak negative correlation between studied 
parameters: in toddlers R2=0,0101, in preadolescents 
R2=0,022 and adolescents R2=0,0189, as described in 
Figure 2. 

It was also important to evaluate the correlation of 
hemoglobin (Hb) levels with overweight /obesity because a 
decrease in Hb levels defines anemia, and ID is a precursor 
state. We calculated the prevalence of low Hb levels in our 
predetermined age groups. Figure 3 shows Hb levels among 
the studied patients according to age groups.  Out of the 
total children up to the age of 5 whose Hb levels were 
obtained, considering a threshold of 11g/dL, none of them 
had anemia. 

 

Table 1. Hemoglobin and Hematocrit threshold levels for anemia in children adapted from WHO [7] 

Age group Hemoglobin(g/dL) Hematocrit (%) 

Toddlers (1-5 years) 11 33 

Preadolescents (5-12 years) 11,5 34 

Adolescents (>12years) 12 36 
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Fig. 3. Hb levels in age groups 

Fig.1. Comparison of iron deficiency between three groups 

Fig. 2. Correlation of iron levels with BMI in age groups. 
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In the preadolescents group, one in 31 children had a 
decreased level of Hb, while among the adolescents two had 
low Hb levels, as depicted in Figure 3. 

3.22% of obese and overweight children aged 5-12 
years had low Hb level, although there were another 5 
patients with Hb within 0.5 g/ dL from the threshold. 
Among adolescents 5% had Hb level below the threshold, 
and 6 adolescents were with Hb within 0.5 g/dl from the 
threshold. There were no significant differences in Hb of 
obese and overweight children between adolescents and 
adolescent groups. Several of these children may be at risk 
of developing anemia. 

Although iron deficiency was most common in 
children aged 1-5 years, none had low hemoglobin levels. 
These results demonstrate that the combination of low 
serum iron and normal hemoglobin is common among obese 
and overweight children.  In the same time there is a 
significant number of children throughout our sample with 
marginal hemoglobin values. The correlation coefficient 
does not support a connection between BMI and 
hemoglobin. Thus, it can be stated that negative correlation 
between BMI and ID does not necessarily imply the same 
relation between adiposity and anemia. 
 
Discussion 

 
World Health Organization defines obesity and 

overweight as a disequilibrium between the calory intake 
and the consumption (13). In this study it was observed that 
in the group of children aged 5 to 12 years the proportion of 
obese patient related to overweight ones was the highest 
compared to the other studied groups (87% compared to 
80% in toddlers and 54,4% and adolescents respectively). 
Obesity and iron deficiency remain two of the most common 
nutritional disturbances in childhood. Iron deficiency is the 
principal factor in the development of microcytic anemia 
(14). 

Studies have reported that excess weight has an 
adverse effect on iron metabolism. In obesity there is a 
chronic subclinical inflammation associated with reduced 
iron availability due increased levels of hepcidin and low 
iron absorption (15-17). There is data that suggests that 
adipocytes are also capable of producing hepcidin (18). 
Baumgartner, J, et al. demonstrated that children who are 
overweight or obese have a two-fold risk of remaining ID 
after iron supplementation (19, 20) 

An important number of studies have considered that 
ID in obese pediatric patients is more common than in 
healthy ones. The data collected by American National 
Health and Nutrition Examination Survey III, from the 
pediatric population demonstrated the widespread presence 
of ID. There are studies that indicate that overweight 
children from America were twice more likely to be iron 
deficient than normal-weight children. Thu emphasizing the 
negative correlation between iron levels and BMI. ID 
simultaneous rose with BMI (5, 6, 9, 21) 

In this study obesity was associated with higher ID 
risk.  A negative correlation between BMI and serum iron 

was observed (toddlers R2=0,0101, in preadolescents 
R2=0,022 and adolescents R2=0,0189). 

ID was present in all of the studied groups, but children 
ages 1 to 5 were the most affected. 60% of obese and 
overweight toddlers had ID and the presence was 
significantly decreased in the other 2 groups, 32% of the 
preadolescents and 14% of the adolescents respectively had 
ID, whereas the prevalence of decreased by nearly a half in 
preadolescents and again in adolescents (32% and 14% 
respectively). 

Similar results were found in a cross-sectional 
Canadian study on 1607 children, aged 1-3 years, which 
concluded that the z-score of BMI was rose inversely 
proportional to ferritin levels and it was associated with a 
higher risk of iron deficiency (22). Another study, from 
China that included over 5000 patients 7-11 years old 
observed that obesity increased the risk of ID, even though it 
did not apparently amplify the risk of anemia (23).  

 A chronic inflammatory caused by obesity leads to 
hepcidin overproduction which could be the link between 
excessive adiposity and low iron levels, by decreasing 
ferroportine-1 from enterocytes (24, 25) .It also determines a 
decrease of transferrin saturation leading to ID. 

A study on a large cohort of Greek children showed 
that obesity increased the risk of ID [20]. However, in 
children from western societies in spite of an adequate 
nutritional reserve, the prevalence of ID is significantly 
increased. This might be due to poor nutritional habits and 
education, as well as easy access to fast-food (5). Obese 
children may be at increased risk of micronutrient deficiency 
(26). 

 
Conclusions  

The negative correlation between BMI and iron levels, 
even in the absence of anemia, should raise awareness with 
regard to the micronutrient imbalance that exists in 
overweight and obese children from a very young age. 
Children with high BMI may need to be screened for iron 
deficiency especially in the toddler group. 

 As iron deficiency has a lot of negative effects on the 
course of obesity- related conditions, screening of iron 
deficiency is justified and treatment is warranted for the 
long- term management. There is an acute need to expand 
the studies to establish the cause of ID among overweight 
and obese children and include additional markers such as 
hepcidin.  

Early intervention in case of obesity and routine 
monitoring of a healthy growth and development are 
important in order to prevent iron deficiency. In this respect 
knowing the prevalence of ID among overweight and obese 
children as a predisposing state for anemia, is important 
order to counteract its long- term consequences on growth 
and neurodevelopment (14, 27, 28). 
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