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ANEMIA  AND  OBESITY

Prevalence of Anemia Types among Overweight and Obese 
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ABSTRACT
Introduction: Anemia is considered by World Health Organization as a global health problem. It can be affected by the body 

mass index of an individual since increasing weight can result in low-grade systemic inflammation and elevation of hepcidin 
which results in sequestration of iron inside a variety of cells including macrophages, hepatocytes and enterocytes and this 
would lead to the development of what is known as anemia of inflammation. 

Objective: to evaluate the effects of body mass index on complete blood count parameters. 
Materials and methods: In this cross-sectional study, the data of 200 overweight and obese patients with complete blood 

count, for all ages were collected. They were grouped according to body mass index into overweight and obese; different com-
plete blood count parameters were noted. Intergroup comparison was applied regarding different blood parameters and the 
relations with body mass index were calculated.

Results: The prevalence of anemia was 26%. For anemic cases 71.2% are females and the residual are males. 
Conclusions: There were effects of increasing body mass index on complete blood count parameters.
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INTRODUCTION

Anemia is defined as the decrease below normal of hemoglobin 
concentration, erythrocyte count or hematocrit, which results in the 
reduction of the oxygen-carrying capacity of the blood, which leads to 
tissue hypoxia1).

The normal range for hemoglobin is (13-17 g/dL) in men and (12-
15 g/dL) in women; so, the diagnosis of anemia is based on hemoglobin 
levels of less than 13 mg/dL and 12 mg/dL in males and females, 
respectively2,3). 

Epidemiology
A global study conducted by world health organization in 1993-

2005 showed that the lowest prevalence of anemia was in men (12.7-
16.9%), While the prevalence of anemia in non-pregnant and pregnant 
women were (30.2%) and (41.8%) Respectively4). Malhotra et al.5) 
reported that the prevalence of anemia among the adult males rural pop-
ulation of north India was 44.3%. Although it is a high prevalence but it 
cannot be taken seriously, because of differences in socioeconomic 
classes, dietary habits and the presence of parasitic infestations. Another 
study was conducted in a high socioeconomic area (Al-Mansoor city) 
and low socioeconomic area (Al-Horya city) in Baghdad- Iraq revealed 
that the prevalence of anemia among adolescents in HSEA was 12.9% 
compared with 17.6% in LSEA6). 

Morphological classification of anemia is based on: (1) red cell 
size (Normocytic, microcytic, or macrocytic), and (2) degree of hemo-
globinization, reflected by the color of red cells (normochromic or 
hypochromic).

● Microcytic hypochromic anemia is characterized by red blood 
cells smaller than normal and the central pallor more than normal 1/3. It 
shows reduced MCV (< 80 fL) and reduced MCHC (30 gm/dL). It is 
usually due to decreased hemoglobin synthesis (e.g. iron deficiency ane-
mia and thalassemia).

● Normocytic normochromic anemia is characterized by normal 
red cell size as well as central pallor. It shows a normal MCV (82-100 
fL) and normal MCHC (33-36 gm/dL). This type may be seen during 
acute blood loss.

● Macrocytic normochromic anemia is characterized by red cells 
larger than normal. They have increased MCV (> 100 fL) and normal 
MCHC and are due to defective maturation of erythroid precursors in 
the bone marrow. This type of anemia is commonly found with deficien-
cy of vitamin B12 and folic acid1). 

Anemia of chronic disease (ACD), is the second most prevalent 
after anemia caused by iron deficiency. This type of anemia occurs in 
patients with acute or chronic immune activation. The condition has 
thus been termed "anemia of inflammation"7-9). 

World health organization defined overweight and obesity as abnor-
mal or excessive fat accumulation that may impair health where over-
weight is a BMI greater than or equal to 25; and obesity is a BMI great-
er than or equal to 30. In 2016, 39% of adults aged 18 years and over 
(39% of men and 40% of women) were overweight. Overall, about 13% 
of the world's adult population (11% of men and 15% of women) were 
obese in 20169). 

Pathophysiology of anemia of inflammation 
This type of anemia was first described in association with infection 

and it can be induced experimentally by infection or sterile inflamma-
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tion7,10). Regarding the etiology of anemia of inflammation, it is not just 
due inflammatory conditions or active infections. However, other 
patients with ACD may have a malignancy, alcoholic liver disease, con-
gestive heart failure, thrombosis, chronic pulmonary disease, diabetes, 
or a variety of medical problems7). 

Obesity is a disorder associated with chronic, low grade, systemic 
inflammation11). Adipose tissue in obesity can be characterized by mac-
rophage infiltration and associated inflammation12). In addition, the adi-
pocytes are now recognized to be major secretory cells, secreting fatty 
acids as well as over 50 proteins, collectively referred to as adipokines. 
A number of adipokines are linked to the inflammatory response, 
including, adiponectin, tumor necrosis factor-α, interleukins IL-6, IL-8, 
IL-10, nerve growth factor, vascular endothelial growth factor13). 

Several cytokines especially IL-6 triggered by inflammation binds 
to IL-6 receptors in different types of cells including the hepatocytes. In 
hepatocytes, this binding leads to the phosphorylation of STAT3 which 
up-regulates the transcription of a protein known as hepcidin14). 

Hepcidin controls the movement of iron into plasma by regulating 
the activity of iron exporter ferroportin-1. In obesity down-regulation of 
the ferroportin-1 exporter by hepcidin results in sequestration of iron 
within intestinal enterocytes, hepatocytes and iron-storing macrophages 
that will reduce iron bioavailability15). 

Both anemia and obesity could be serious health problems. In case 
of obesity, obesity is widely regarded as a pandemic, with potentially 
adverse complications on the human health. There is an increasing prev-
alence of obesity in the UK over the past few years. Nearly 25% of the 
adults in the UK were obese in 2006, compared with 7% prevalence in 
1980 and 16% in 1995. In developing countries, average national rates 
of obesity are low, but they involve high rates of obesity in urban com-
munities, for example, nearly 25% of women in urban India are over-
weigh16). A study over eight years conducted in Basrah-Iraq has shown 
that the overweight and obesity affect 55.1% of its population11). 

In case of anemia, it is associated with certain manifestations that 
may lead to disability and affect the social role of individuals in the 
community if it becomes so severe. It is associated with fatigue, dizzi-
ness, weakness, vertigo and lack of concentration. Those symptoms 
often develop as a result of lowered oxygen carrying capacity and tissue 
hypoxia. Over many years, patients are more likely to develop severe 
complications like dyspnea, palpitation, cardiac failure and enlarged 
heart1). 

In anemia of chronic inflammation without iron deficiency, total 
iron binding capacity is low or normal and ferritin is normal or high, 
reflecting the fact that iron is sequestered within the cells that it is being 
produced as an acute phase reactant, while in iron deficiency anemia, 
ferritin is low and the total iron binding capacity is high reflecting pro-
duction of more transferrin to increase iron binding17). 

Objectives
1. To determine the prevalence of anemia in obese patients attend-

ing the obesity research and therapy unit at AL-Kindy College of 
Medicine.

2. Trying to identify the type and cause of anemia in such patients 
3. The assessment of clinical practice in terms of the right manage-

ment of anemia.

MATERIALS  AND  METHODS

Design, sample and data collection:
This is a cross-sectional study conducted in the obesity research and 

therapy unit at AL-Kindy College of Medicine, Baghdad-Iraq. The 
records included were between January 2014 to May 2017. Data were 
collected between November 2018 and April 2019. The study was 
approved by the scientific and ethical committee of Al-Kindy College of 
Medicine. In this current study 200 medical files included that possess 
complete blood count test of patients, who were already diagnosed as 
overweight and obese according to WHO standards.

Exclusion criteria: Smokers, Patients with a chronic medical illness 
like diabetes mellitus Those on chronic drug use such as metformin, 
aspirin, and anticoagulants. Patients have undergone bariatric surgery, 
History of GIT bleeding.

BMI was computed for each patient using Adolphe Quetelet equa-
tion as the ratio of the measured weight in kilograms to the square 
meters of the height and categorized into; normal weight (BMI 18.5 - 
24.99 kg\m2), overweight (BMI 25- 29.99 kg\m2), class 1 obesity (BMI 
30 -34.99 kg\m2), class 2 obesity (BMI 35 - 39.99 kg\m2) and class 3 
obesity (BMI ≥ 40 Kg/m2).

From patients' medical records, our study included the age, weight, 
and height. Regarding complete blood count (CBC), results were per-
formed by using Sysmex KX-21 N automated hematology analyzer, 
hemoglobin, RBC, WBC, MCV, MCH, RDW and platelet indices were 
collected with the normal range of each parameter is listed in the fol-
lowing table 11). 

Patients with HB < 13 mg/dL considered as anemic. Types of ane-
mia in this study were classified according to RDW and MCV values 
into (homogeneous and heterogeneous) and (microcytic, normocytic and 
macrocytic), respectively.

Data analysis
Statistical analyses were performed using the Statistical Package for 

Social Sciences (version 17.0, SPSS, Inc.) software. Intergroup compar-
ison was performed using One-Way-ANOVA test. Relations in between 
data were analyzed with Pearson Correlation analysis. The p-value of ≤ 
0.05 was regarded as statistically significant.

RESULTS

The medical records of two hundred patients (160 females and 40 
males) were retrospectively analyzed. The average age of patients was 
33.20 ± 12.61 (range 10-62 years) and their average BMI was 40.82 ± 
8.57 (range 26.42-72.46 Kg/m2). Table 2

The classification of patients according to BMI is shown in Figure 1.
The laboratory results of complete blood count of men have shown 

that 36.59% (15 patients) were anemic and 63.41% (26 patients) had 
normal hemoglobin levels.

The mean BMI of anemic men patients was 35.54 ± 6.69. The high-
est percentage of anemia seen in patients with class 1 obesity as in fig-
ure 2: 

The laboratory results of complete blood count of women have 

Table 1. normal ranges of CBC parameters.
CBC parameters Normal ranges

Hb (g/dL)*
 Male = 13-17

 Female = 12-15

RBC (106/μL)*
 Male = 4.5-5.5

 Female = 4-5

WBC (103/μL)* 5-10

MCV (fL) 82-100

MCH (pg) 27-32

RDW (%) 11.5-14.5

PLT (103/μL)* 140-400

MCHC ( g/dl ) 33-36

Table 2. Means and standard deviations of age, height, weight, 
and body mass index.

 Mean Standard deviation

Age (years)
 Male: 31.34 14.13

 Female: 33.68 12.19

Height (m)
 Male: 1.65 0.097

 Female: 1.57 0.092

Weight (Kg)
 Male: 108.71 30.68

 Female: 102.61 21.99

Body mass index (Kg/m2)
 Male: 39.13 8.69

 Female: 41.25 8.51
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shown that 40.66% (37 patients) were anemic and 59.34% (54 patients) 
had normal hemoglobin levels.

The mean BMI of anemic women patients was 40.18 ± 9.46. The 
highest percentage of anemia seen in patients with class 3 obesity as in 
figure 3: 

For all the cases (men and women) there are 26% (52 patients) were 
anemic.

Three forms of RDW and MCV were found among anemic patients 
as shown in table 3.

Three forms of MCV and MCHC were found among anemic 
patients as shown in table 4.

Among 200 patients, 17(8.5%) of them had leukocytosis (WBC > 
10*103/μL).

According to BMI, an extremely significant difference was found in 
the mean of Mean cell hemoglobin as shown in table 5.

MCH distribution according to obesity status is shown in figure 4.
WBC distribution according to obesity status is shown in figure 5.
No drug treatment for obesity was prescribed for 55.77% of anemic 

patients at obesity research and therapy unit at AL-Kindy College of 

Medicine. The rest of patients were given the treatment as shown in fig-
ure 6:

DISCUSSION

Since anemia and obesity are considered by WHO as global health 
problems, many researches worldwide were established to get the best 
evidence regarding etiology, diagnosis, and treatment of these medical 
conditions18). This research was conducted to be part of these increasing 
efforts. This study evaluated the effect of overweight or obesity on 
hemoglobin concentration and other complete blood count parameters.

According to RDW and MCV, we found that the most prevalent 
form of anemia was heterogeneous microcytic (59.62%) which could be 
caused by either iron deficiency causes or due to chronic inflammation. 

Unfortunately, we could not specify the cause of anemia because 
results of serum ferritin which is used to differentiate between the two 
previous types, was not provided in medical records which would be 
normal or elevated in anemia of inflammation and low in iron deficien-
cy anemia.

The second form is homogeneous microcytic (28.84%) which is due 
to anemia of inflammation or thalassemia.

The third most prevalent form of anemia was homogeneous normo-
cytic (11.54%), which could be either anemia of inflammation (support-
ing our hypothesis, of rise in hepcidin transcription and iron sequestra-
tion within cells) or hereditary spherocytosis19). 

Figure 1. Classifications of patients according to BMI

Tables 4. Types of anemia with number of cases according to 
MCV and MCHC

 Types of anemia Number of cases Percentage (%)

 Microcytic hypochromic 42 80.7

 Microcytic normochromic 4 7.6

 Normocytic hypochromic 6 11.7

 Macrocytic hyperchromic 0 0

 Total 52 100

Figure 2. BMI classification at men anemic patients

Figure 3. BMI classification at women anemic patients

Tables 3. Types of anemia with number of cases according to 
MCV and RDW

 Types of anemia Number of cases Percentage (%)

 Homogeneous microcytic 15 28.84

 Homogeneous normocytic 6 11.54

 Heterogeneous microcytic 31 59.62

 Heterogeneous normocytic 0 0

 Total 52 100
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There were no cases of heterogeneous normocytic anemia due to 
limited number of cases.

A study performed in rural area of Lima-Peru on children and ado-
lescents between 12-17 years of age, found that the prevalence of ane-
mia was (17.3%) among overweight children and (16.2%) among obese 
ones20). A previous study was done in Al-Kindy obesity center for obese 
and overweight males aged (16-62 years) and the prevalence of anemia 
was (16%) in both overweight and obese patients. A study conducted in 
1980 to investigate the prevalence of anemia in the United States 
showed that the relative prevalence of a decrease in Hb concentration 
due to anemia and inflammatory disease in males between 18 and 24 
years of age (1.4%) was of low value21). Subsequently, values in men 
remained below 1% until 55 to 64 and 65 to 74 years, when they 
increased to 2.1 and 2.6%.

According to the BMI level, the mean WBC count significantly dif-
fers among those groups. This finding supports our hypothesis since 
obesity-associated low-grade systemic inflammation, which predisposes 
to WBC elevation22). 

These findings agree with a study published by the American 

Diabetic Association in 2004 which showed that there was a significant 
increase in WBC count among obese and diabetic patients. It also sug-
gested the importance of weight loss in reducing WBC in morbid obesi-
ty23). In contrary to another study which was conducted among 104 ran-
domly selected officers (41 women and 63 men) from the Buffalo, NY, 
found that there were no significant associations between obesity and 
WBC or platelet counts among male officers while there was a positive 
relationship between WBC and platelet with obesity among female 
patients24). 

According to MCV and MCHC, we found that the most prevalent 
form of anemia was microcytic hypochromic (80.7%) which could be 
caused by either iron deficiency anemia or thalassemia.

The second form is normocytic hypochromic (11.7%), which is due 
either chronic inflammation or pregnancy25). Since we have excluded 
pregnant ladies in our sample, thus the main cause would be obesity.

The third form is microcytic normochromic (7.6%), which is due to 
anemia of inflammation and chronic disease. Anemia due to these con-
ditions is usually normochromic and normocytic (red blood cells are 
normal in size). Normochromic microcytic anemia may be seen in peo-
ple with: infectious diseases, such as tuberculosis, HIV/AIDS, or endo-
carditis inflammatory diseases, such as rheumatoid arthritis, Crohn's 
disease, diabetes mellitus, kidney disease or cancer26). These cases were 
excluded in methodology; thus, we assume that the main cause of this 
type of anemia is obesity.

There was no cases with macrocytic hyperchromic anemia.
Consequently, if we assume that the second and the third type of 

anemia are due inflammation, the total percentage would be (19.3%).
According to the BMI level, the mean MCV count significantly 

differs among those groups. Several studies have reported on the rela-
tionship between MCV and BMI, with most referring only to hemoglo-
bin. A study conducted among adults in Washington, DC, have found 
that MCV decreased as BMI increased27). 

The management of patients (regarding anemia) at obesity research 
and therapy unit at AL-Kindy College of Medicine was significantly 
useless because of 55.77% of anemic patients have no treatment of any 
kind for their condition.

Figure 4. MCH distribution according to BMI groups.
Figure 5. WBC distribution according to BMI groups.

Figure 6. Drug treatment of anemic patients at obesity unit

Tables 5. comparison of BMI groups with CBC parameters.
CBC parameters BMI Classification
 overweight obesity 1 obesity 2 obesity 3 p-value

 Mean Standard Deviation Mean Standard Deviation Mean Standard Deviation Mean Standard Deviation 

Hb (g/dL) 12.3 1.9 12.8 1.8 12.7 1.8 13.2 1.6 0.122

RBC (106/μL) 5.06 0.73 5.45 0.87 5.08 0.66 5.19 0.73 0.122

WBC (103/μL) 7.51 1.51 7.82 1.46 7.14 1.6 7.82 1.9 0.029*

MCV (fL) 78.13 9.07 75.73 8.9 79.83 7.5 79.77 17.45 0.464

MCH (pg) 24.60 4 23.96 3.89 25.46 3.49 25.81 2.73 0.034*

RDW (%) 13.81 1.30 14.81 1.9 14.03 1.46 14.12 1.35 0.056

PLT (103/μL) 275 96.6 310 85.2 310 79.18 315 83.2 0.366

MCHC ( g/dl ) 31.28 2.34 30.05 3.72 31.39 2.32 31.72 2.14 0.140

P values; One-Way-ANOVA, Statistical significant (*p < 0.05).
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CONCLUSIONS

There were effects of increasing BMI on complete blood count 
parameters.

LIMITATION  AND  RECOMMENDATION
In this research, the limitations were the unavailability of serum fer-

ritin in the data since it’s not done routinely. 
Thus, we recommend: 

1. Future studies in depth must include serum ferritin and other 
inflammatory markers to determine the cause of anemia and 
explore the precise relation between BMI and anemia

2. Wide coverage surveys about anemia in Iraq should be conducted 
on a regular base.

3. Increasing the awareness of medical staff about the size and 
impact of obesity associated anemia with providing proper man-
agement for it.
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