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OBESITY IS A RISK FACTOR FOR IRON DEFICIENCY AND 

ANEMIA: A CASE CONTROL STUDY 
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ABSTRACT: 

Background: Rapid dietary and lifestyle changes produce a 

double burden of malnutrition. The populations suffer from increasing 

over consumption of food, but continue to have high rates of 

micronutrient deficiencies. Adipose tissue of obese persons produces 

increased amount of pro-inflammatory cytokines contributing to the 

development of a low-grade systemic inflammation in these persons. 

 Aim of the work: to determine the relation between body mass 

index (BMI) and hemoglobin (Hg) level, serum iron, total iron binding 

capacity (TIBC) and C reactive protein (CRP).  

Patient and Methods: study was carried out on 60 women 

attending the outpatient clinic of the National Nutrition Institute 

(Egypt). Participants were divided into two groups; 30 obese women 

(case group) and 30 normal weight women (control group). Diagnosis 

of obesity was based on BMI >30 [WHO, 2014]. Anemia was 

diagnosed according to Hg level, serum iron and TIBC.  

Results: The mean age of participant women was 32.82 years 

(SD 6.65) and ranged between 18 and 47 years. The mean Hb level of 

participant women were 11 gm/dl (SD 1.21) and ranged between 8.7 

and 13.8 gm/dl. Hb levels showed no significant difference between 

obese and normal weight women. Serum iron was higher in normal 

weight women compared with obese women (P <0.05). No significant 

correlation was observed between BMI and Hb levels. BMI had a 

significant negative correlation with serum iron. BMI has significant 

positive correlations with TIBC and CRP. Linear regression analysis 

showed a significant association between Hb levels and waist hip 

ratio.  

Conclusion: High BMI affected negatively levels of serum iron 

and is associated with inflammatory process as indicated by higher 

levels of CRP. High waist hip ratio is an important risk factor for 

anemia.  

Key words: Obesity, overweight, BMI, anemia, iron deficiency 

anemia. 

 

INTRODUCTION:  

Obesity is a risk factor for several 

comorbidities and complications, this 

includes iron deficiency anemia
[1]

. Anemia 

is a major global public health issue is 

caused by hemoglobin deficiency, resulting 

in a decline in the blood’s oxygen-carrying 

capacity
[2]

. The high prevalence of obesity in 

combination with iron deficiency incidence 

observed suggests an association between 

obesity and iron status. Obesity may disrupt 

iron homeostasis, resulting in iron deficiency 

anemia
[1]

. 
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The World Health Organization (WHO) 

reported that anemia affects 1.6 billion 

people worldwide, which correlate with to 

24.8% of the total world population
 [3]

.
 
The 

prevalence of overweight and obesity in 

Eastern Mediterranean Region ranges from 

74% to 86% in adult women
[4]

. According to 

WHO, Egypt ranks 18
th

 with the highest 

prevalence of obesity worldwide
[5]

. 
 
 

Disability-adjusted life years (DALYs) 

attributable to obesity may have reached 4 

million in 2020. The economic burden 

imposed by obesity is around 62 billion 

Egyptian pounds annually. This value is the 

cost of treating diseases attributable to 

obesity in adults
[6]

. Obesity may negatively 

affect the iron status and cause iron 

deficiency due to increased serum levels of 

low-grade chronic inflammation and/or 

hepcidin
[1]

. Adipose tissue of obese patients 

produced increased amount of 

proinflammatory cytokines contributing to 

the development of a low-grade systemic 

inflammation in these patients
[7] 

. The 

chronic inflammation and increased leptin 

production characteristic of obesity increase 

hepcidin secretion from the liver, which, 

along with hepcidin produced by adipose 

tissue, could reduce dietary iron 

absorption
[8]

.  

 

AIM OF THE STUDY: 

The objective of the present study is to 

determine the relation between body mass 

index (BMI) and hemoglobin (Hg) level, 

serum iron, total iron binding capacity 

(TIBC) and C reactive protein (CRP). 

 

PATIENTS & METHOD: 

Type of Study: A case control study.  

Study Setting: Outpatient clinics of the 

National Nutrition Institute (NNI).   

Study Period: From September 2017 till 

February 2020.  

Study Population: The study included 

obese and normal weight women attending 

the outpatient clinics of NNI. Diagnosis of 

obesity was based on anthropometric 

measurements (weight, height and 

accordingly the BMI). Participants were 

classified as normal weight (if BMI = 18 to 

24 kg/m2), grade I obesity (if BMI =30 to 

34.9 kg/m2), grade II obesity (if BMI =35 to 

39.9 kg/m2) and grade III obesity (if BMI ≥ 

40.0 kg/m2).   

Inclusion Criteria: Newly diagnose adult 

females with obesity. Their ages ranged 

between 18 and 47 years.   

Exclusion Criteria: Women with conditions 

that could influence body iron store such as 

clinical evidence of hemorrhage in the 

preceding six months, iron or folate or 

vitamin B12 treatment in the previous year, 

blood donation within the previous six 

months, Concomitant Infections, chronic 

diseases, and diabetes mellitus. Also, 

persons who were on specific regimen were 

excluded. 

Sampling Method: Convenient sample was 

used.  

Sample Size: A pilot study was conducted 

with 30 obese women and 30 normal 

weight women. 

Study Tools:  

I- Interview questionnaires: Socio-bio–

Demographic Questionnaire (S-

BDQ); El-Gilany 2012 
[9]

.  

II- II- Anthropometric Measures: 

 Weight and height were measured 

and then BMI was calculated for 

each participant. 

 Waist hip ratio.  

 Neck circumference.  

III- Laboratory findings: Hemoglobin 

concentration, serum iron, total iron 

binding capacity, CRP. 
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Ethical consideration: Administrative 

approval was obtained from the director of 

the National Nutrition Institute. Approval 

was obtained from faculty of medicine, Ain 

Shams University Ethical Committee. 

Informed consent was taken from all study 

participants. Privacy and confidentiality of 

every participant was considered. 

 

RESULTS: 

The mean age of participant women was 

32.82 years (SD 6.65) and ranged between 

18 and 47 years. The age of obese women 

range between 25 and 47 years, meanwhile 

the mean age of normal weight women 

ranged between 18 and 43 years.  

Only 17 (28.3%) of participant women 

had positive family history of anemia.  

The mean Hb level of participant 

women was 11 gm/dl (SD 1.21) and ranged 

between   8.7 and 13.8 gm/dl.  

The mean serum iron level of 

participant women was 43.58 mg/dl (SD 

29.57) and ranged between 0 and 117 mg/dl. 

TIBC of participant women ranged between 

47 and 730mg/dl, meanwhile CRP ranged 

between 1 and 24.   

Table 1 summarizes age, Hb levels, 

serum iron, TIBC and CRP in both obese 

and normal weight women.  

No significant correlation was observed 

between BMI and Hb levels. BMI had a 

significant negative correlation with serum 

iron. BMI has significant positive 

correlations with TIBC and CRP. Table 2 

summarizes the correlations between BMI 

and Hb levels, serum iron, TIBC and CRP in 

obese and normal weight women.  

Linear regression analysis showed a 

significant association between Hb levels 

and waist hip ratio (Table 3).  

Table 1. Comparison between obese women (case group) and normal weight women (control group).   

Variable Case Group Control Group P value 

Age Groups  

<24 years old  

25 – 30 years old 

>30 years old  

 

0 (0) 

10 (33.3) 

20 (66.7) 

 

2 (6.7) 

15 (50) 

13 (43.3) 

 

0.106 

Anemia in Family Members  12 (40) 5 (16.7) 0.084 

Hb levels 11.1 + 1.2 11.5 + 1.2 0.155 

Serum iron 38.9 + 29.7 53.3 + 26.5 0.005 

TIBC 419.9 + 138.7 348.8 + 89 0.020 

CRP 7.8 + 8.2 1 + 0 0.000 

 

Table 2. Correlations between BMI and Hb levels, serum iron, TIBIC and CRP.  

 

Variables 

Correlations with BMI 

Case Group 

(Obese Women) 

Number: 30 

Control Group 

(Normal Weight Women) 

Number: 30 

Both Groups 

Number: 60 

Hb levels R 0.028 

P value 0.882 

R -0.113 

P value 0.552 

R -0.129 

P value 0.327 

Serum Iron R -0.285 

P value 0.127 

R -0.050 

P value 0.791 

R -0.386 

P value 0.002 

TIBC R 0.270 

P value 0.149 

R -0.090 

P value 0.637 

R 0.349 

P value 0.006 

CRP R 0.276 

P value 0.140 

--- R 0.553 

P value 0.000 
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Table 3. Lineal regression analysis of Hb levels and age, BMI, waist hip ratio and neck circumference.  

Variable Standardized 

coefficient Beta 

Beta 95% CI t value P value 

Age in years -0.050 -0.061 – 0.042 -0.353 0.726 

BMI -0.091 -0.061 – 0.035 -0.535 0.595 

Waist hip Ratio -0.342 -1.420 - -0.136 -2.430 0.018 

Neck circumference 0.141 -0.025 – 0.067 0.905 0.369 

 

 

DISCUSSION: 

The high prevalence of obesity in 

combination with iron deficiency incidence 

observed in different age and sex categories 

suggests an association between obesity and 

iron status. Obesity may disrupt iron 

homeostasis, resulting in iron deficiency 

anemia 
[9]

.  

Results of the current study showed that 

obese women were older than normal weight 

women; about two-third of obese women 

were older than 30 years old, meanwhile half 

of normal weight women ranged between 25 

and 30 years old. This result agrees with the 

results of the studies of El-kerdany and 

collaborators (2017) and Cepeda-Lopez and 

collaborators (2011) which showed highly 

significant relations between obesity and 

age
[10&11]

. Similarly, a study conducted in 

NNI in 2004 stated that prevalence of 

obesity increases with age with higher 

prevalence among women at 20-30 years to 

reach the peak at 50 years
[12]

. 

The mean Hb level of participant 

women in our study were 11 gm/dl (SD 

1.21). This is in accordance with El-kerdany 

and collaborators (2017)
 
who showed low 

Hb values in their obese patients with mean 

11.63
[10]

, in contrast to the results of 

Cepeda-Lopez and collaborators (2011) and 

Yanoff and collaborators (2007) who 

reported normal Hb values with mean 13.7 

and 13.5 respectively within obese patients 

in their studies 
[11&13]

. 

The relation between BMI and Hb level 

showed no significant correlation. This 

result agreed with Cepeda-Lopez and 

collaborators (2011) who found no 

difference in Hb concentrations between 

obese women and the other BMI groups 
[11]

. 

In the present study, BMI revealed 

significant negative correlations with serum 

levels of iron and a significant positive 

correlation with TIBC. This is in agreement 

with the studies of Cepeda-Lopez and 

collaborators (2011) and Stankowiak-Kulpa 

(2017) whose results suggested that 

increasing BMI was associated with lower 

serum levels of iron and transferrin 

saturation 
[11&14]

. In concordance, Lee (2017) 

found that there was a significant positive 

correlation between the subject's BMI and 

TIBC (r=0.085, p<0.001)
[15]

. 

Moreover, El-kerdany and collaborators 

(2017) showed that obese women had low 

serum iron than the control one. Similarly, 

Haidari and collaborators (2018) observed 

that serum iron levels and Hb concentration 

had a significant negative correlation with 

BMI
[16]

. 

The finding of this study also agreed 

with Cepeda-Lopez and collaborators (2011) 

who indicated that in obese women, the 

prevalence of iron deficiency was 

significantly higher than in normal-weight or 

overweight women 
[11]

, in contrast with the 

results of the study of Lee (2017) who found 

that BMI was not correlated with serum iron, 

where serum iron had no significant 

difference in obesity, overweight, and 

normal weight 
[15]

. 

However, according to the study of 

Ghadiri-Anari and collaborators (2014) in 

Iranian Population, 32.2% of total sample 

was normal weight and 37.7% and 30.1% 

were overweight and obese, respectively. No 
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difference in Hb concentrations, serum iron, 

TIBC, transferrin saturation index, and 

ferritin were found between all BMI 

groups
[17]

. 

Regarding the correlation between BMI 

and CRP, there was a positive correlation 

with highly statistically significant 

(P=0.000); this means that positive CRP 

increased by increase in BMI. These results 

are in accordance with the study of Lee 

(2017)
 

which showed that there was a 

significant positive correlation between 

obesity and hs-CRP levels
[15]

. This agreed 

with the study of Gartner and collaborators 

(2013) which reported that inflammation 

(42.3%) was strongly linked with adiposity 

(20.1%, 37.6%, and 68.4% in normal, 

overweight, and obese women, respectively; 

P<0.0001
[18]

. In addition, several studies 

suggested that the CRP concentration 

decreases significantly after massive weight 

reduction. This decrease indicates that fat 

mass plays an important role in the 

production of CRP.  

In fact, the association between adult 

obesity and low iron stores or anemia has 

been proved in a meta-analysis conducted in 

2012. Although iron deficiency appeared as 

a typical finding in severe obesity, the 

systematic review concluded that most of 

pooled studies demonstrated higher ferritin 

concentrations in obese subjects compared 

to normal weight adults. However, serum 

iron and transferrin saturation decrease as 

BMI increases. This has mainly been 

attributed to a growing effect of obesity-

related inflammation with increasing grades 

of obesity
[19]

. 

This is in accordance with Yanoff and 
collaborators (2007) whose data supported 
that it is the inflammation of obesity that 
negatively influences iron homeostasis

[13]
. 

Similarly, the study of Richardson and 
collaborators (2009) showed negative 
associations of hs-CRP with serum iron, 
transferrin saturation, among obese 
participants

[20]
. Moreover, Anty and 

collaborators (2008)
 
conducted a follow up 

study on obese adult women who had 
bariatric surgery, and found that the 
postoperative decrease in BMI was 
associated with decrease in CRP levels, with 
an associated improvement in markers of 
iron status. The authors suggested that 
obesity leads to inflammation, which in turn 
contributes to abnormal measures of iron 
homeostasis 

[21]
.  

Waist hip ratio has been suggested as an 
additional measure of body fat distribution. 
The proportion of fat stored on the body 
around the waist and hip could have the 
same value of measuring BMI 

[22]
. The 

Linear regression analysis of the present 
study showed a significant negative 
association between Hb levels and waist hip 
ratio which agreed with several previous 
studies

[23]
. In contrary, the study of 

Kankanamge and collaborators (2016) could 
not prove such association

[24]
. 

Our results suggest that the chronic 
inflammation of obesity might disturb the 
basic iron homeostasis and leads to a low 
iron profile among obese people, thus the 
findings emphasize the significance of 
closely monitoring and treating iron 
deficiency in people with overweight and 
obesity. In those patients, routine iron status 
markers such as Hb, serum iron and TIBC 
appear to be a sound indicator of iron status 
with avoiding iron testing during periods of 
apparent infection. Initial assessment for 
iron status in patients with overweight and 
obesity seeking medical nutrition therapy for 
weight loss might be advantageous in the 
clinical setting, and also the significant 
correlation between Hb level and waist hip 
ratio suggested the significant role of these 
anthropological indices for the development 
of anemia. Further controlled studies are 
needed to prove these suggestions. 
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 السمنة كأحد عوامل الخطر المسببة لنقص الحديد

 المقدمه:

َؼاٍَ انسكاٌ يٍ صَادج  ذؤدٌ انرغُُشاخ انسشَؼح فٍ انُظاو انغزائٍ وًَظ انحُاج إنً ػةء يضاػف يٍ سىء انرغزَح.

لأَسجح انذهُُح نلأشخاص انزٍَ ا .ػانُح يٍ َقض انًغزَاخ انذقُقحالاسرهلاك انًفشط نهغزاء ، نكٍ لا َضال نذَهى يؼذلاخ 

َؼاَىٌ يٍ انسًُح انًفشطح ذُرج كًُح يرضاَذج يٍ انسُرىكُُاخ انًؤَذج نلانرهاتاخ يًا َساهى فٍ ذطىَاالانرهاب نذي هؤلاء 

 الأشخاص.

 نرحذَذ انؼلاقح تٍُ يؤشش كرهح انجسى وانًكىَاخ انرانُه:الهدف من الدراسة:

 انحذَذ فٍ انذو•

 يلاصيحإجًانٍ ذشثغ انحذَذ •

 ذشكُض انهًُىجهىتٍُ•

 انثشوذٍُ انرفاػهً

سُذج َرشددٌ ػهً انؼُادج انخاسجُح نهًؼهذ انقىيٍ نهرغزَح .ذى ذقسُى انًشاسكٍُ إنً  06أجشَد انذساسح ػهً  الطريقة:

 )يجًىػح انرحكى(. ايشأج راخ وصٌ طثُؼٍ 06ايشأج تذَُح )يجًىػح انحالاخ( و  06يجًىػرٍُ. 

[. ذى ذشخُض فقش انذو وفقاً نًسرىي 4602]يُظًح انصحح انؼانًُح ،  06اسرُذ ذشخُض انسًُح إنً يؤشش كرهح انجسى< 

 انهًىجهثٍُ وانحذَذ فٍ انذو .

 يسرىيسُح. كاٌ يرىسظ  24و  02( وذشاوحد تٍُ SD 6.65سُح ) 04.24ػًش انُساء انًشاسكاخ كاٌ يرىسظ  النتائج:

جى / دَسُهرش. أظهشخ  00.2و  2.4( وذشاوحد تٍُ SD 1.21جى / دَسُهرش ) 00انهًُىجهىتٍُ نهُساء انًشاسكاخ 

 يسرىَاخ انهًُىغهىتٍُ ػذو وجىد فشق يؼُىٌ تٍُ انُساء انثذَُاخ ورواخ انىصٌ انطثُؼٍ.

أثش اسذفاع يؤشش كرهح انجسى سهثًا ػهً يسرىَاخ انحذَذ فٍ انذو وَشذثظ تؼًهُح الانرهاب كًا َرضح يٍ اسذفاع  التوصيات:

 .يسرىَاخ تشوذٍُ سٍ انرفاػهٍ. اسذفاع َسثح انخصش إنً الاسداف هى ػايم خطش يهى نفقش انذو 

 


