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Objective: This study aimed to determine the incidence of iron-deficiency anemia (IDA) 
complicated by splenomegaly in our hospital over the past 6 years and to analyze the 
possible causes of this result.
Methods: This is a retrospective study. In total, 668 patients with IDA who were hospita
lized in the hematology department of our hospital from 2013 to 2019 were selected as the 
research subjects and included in the IDA group, and 3201 patients who underwent out
patient physical examinations in our hospital during the same period were included in the 
control group. The incidences of splenomegaly in the IDA and control groups were calcu
lated, and the difference was analyzed by means of statistical methods.
Results: Among the 668 IDA patients, 46 (6.9%) had splenomegaly, and among the 3201 
patients in the control group, 21 had splenomegaly (0.7%). The incidence of splenomegaly 
was significantly higher in the IDA group than in the control group, and the severity of 
anemia in the IDA group was associated with the occurrence of splenomegaly. Specifically, 
the incidence of splenomegaly was 12.4% among patients with severe anemia and as high as 
50% among patients with extremely severe anemia.
Conclusion: IDA is correlated with the incidence of splenomegaly, and the incidence of 
splenomegaly significantly increases as the severity of IDA increases. This is considered to 
be caused by extramedullary hematopoiesis.
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Introduction
Iron-deficiency anemia (IDA) refers to microcytic hypochromic anemia, a condition 
most commonly caused by insufficient levels of iron in the body, resulting in 
reduced hemoglobin synthesis.1–3 The World Health Organization estimates that 
IDA has affected 35% of the global population and up to 50% of pregnant women 
worldwide;2 notably, the prevalence of IDA among children in some underdeve
loped areas may be higher than 50%.1,3 The spleen, which is the largest organ 
involved in the immunological functions, carries out some hematopoietic functions 
during early embryonic development. However, the hematopoietic function of the 
spleen basically disappears after birth, and instead, the spleen becomes the center of 
cellular and humoral immunity, playing a role in removing aging blood cells (such 
as red blood cells), antigens and foreign bodies and stimulating immune 
responses.4–6 Additionally, in some pathological contexts (eg, a severe hematopoie
tic disorder in the human body), the spleen can be stimulated to restore hemato
poietic function, and restoration of this function is often accompanied by 
splenomegaly. Splenomegaly is a clinical manifestation of systemic diseases and 
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is most commonly seen in hematologic diseases such as 
leukemia, lymphoma, and idiopathic thrombocytopenic 
purpura (ITP). However, in clinical practice, it has been 
found that some patients with IDA have concomitant sple
nomegaly. This study analyzes the correlation between 
IDA and splenomegaly and investigates the causes of 
IDA with splenomegaly. The findings of this study are 
expected to contribute to the differential diagnosis of sple
nomegaly, assist clinicians in making a correct diagnosis 
of patients with splenomegaly in clinical practice, and 
provide ideas for relevant research in the future.

Data and Methods
General Information
Patients with complete clinical data who were seen in the 
Hematology Department of Puyang Oilfield General 
Hospital from 2013 to 2019 were selected as the research 
subjects. Patients were diagnosed with microcytic hypo
chromic anemia based on laboratory-based measurements 
of the hemoglobin concentration, average volume of red 
blood cells, and average concentration of red blood cell 
hemoglobin. Then, as the subjects chosen for the prelimin
ary analysis, patients with IDA underwent evaluations of 
ferritin levels, transferrin levels, transferrin saturation, 
serum iron levels and bone marrow biopsy. The examina
tion records of the patients, including records of liver, 
gallbladder, spleen, pancreas and kidney ultrasound, 
tumor marker evaluations, and gastroenteroscopy proce
dures, were consulted to determine whether there were 
other secondary causes that might lead to splenomegaly 
in these patients. A total of 668 patients with IDA (117 
males and 551 females) were identified as the final study 
subjects. A total of 3201 patients (1530 males and 1671 
females) from the normal population who underwent phy
sical examinations in our hospital during the same period 
were selected for the control group. The exclusion criteria 
were as follows: After the discovery of splenomegaly, 
relevant tests were performed to check and exclude 
patients with splenomegaly caused by other diseases 
from the experimental and control groups (eg, cirrhosis 
of the liver, blood diseases, parasitic infections, 
tumors, etc.).

Instruments and Methods
Routine examinations of the liver, gallbladder, spleen, and 
pancreas were performed with a Vivid E9 diagnostic ultra
sound system (GE, USA). A spleen thickness greater than 

4 cm, a longest spleen diameter > 11 cm, and a positive 
physical exam were used as the criteria for confirmed 
splenomegaly.7,8 The data on sex and disease prognosis 
of the patients in the experimental group were collected.

Statistical Methods
Statistical analysis was performed by means of SPSS 21.0 
software. The chi-squared test was performed to compare 
differences between groups. P < 0.05 indicated that 
a difference was statistically significant.

Results
The comparison of the incidences of splenomegaly 
between the IDA group and the control group is presented 
in Table 1. Among the 668 IDA patients, 46 had spleno
megaly, yielding an incidence of 6.4%. Among the 3201 
control subjects, 21 had splenomegaly, yielding an inci
dence of 0.7%. The difference in the incidence of spleno
megaly between the IDA and control groups was 
significant (χ2 = 126.059, P < 0.05).

The comparison of the incidence of splenomegaly among 
patients with different degrees of IDA is presented in Table 2. 
Among the 668 IDA patients, 3, 16, 24, and 3 in the mild, 
moderate, severe, and extremely severe anemia groups, 
respectively, had splenomegaly. When we analyzed the inci
dence of splenomegaly in these anemia groups, we found 
a significant difference between the four groups (χ2 = 23.889, 
P < 0.05). The incidence of splenomegaly in the severe 
anemia group was significantly higher than that in the mild 
or moderate anemia group. Furthermore, the extremely 
severe anemia group had a significantly higher incidence 
than the above three groups.

Follow-up observations were conducted one year ago. 
Among the 46 patients with IDA and splenomegaly, four 
had died (one died in an accident, two died of cerebral 

Table 1 Comparison of the Incidence of Splenomegaly Between 
the IDA Group and the Normal Population

Results Total

Non 
-Splenomegaly

Splenomegaly

Group IDA 622 (93.1%) 46 (6.9%) 668
Normal 3180 (99.3%) 21 (0.7%) 3201

Total 3802 (98.3%) 67 (1.7%) 3869

Notes: Comparison of the incidence of splenomegaly between the IDA group and 
the control group, the IDA group had a significantly higher incidence of splenome
galy than the control group.
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infarction, and one died of heart disease), and eleven could 
not be contacted during follow-up. Among the 31 patients 
taking regular iron supplementation, abdominal Doppler 
ultrasound and abdominal palpation confirmed that the 
spleens of all patients were reduced by varying degrees. 
The spleens of 26 patients returned to a normal size, 
accounting for 83.9% of this subgroup. Among the 21 
patients with splenomegaly in the control group, only 14 
patients were followed up one year later, and the remain
ing seven patients refused further outpatient review due to 
personal reasons. Among the 14 patients, no spleens 
shrank.

Discussion
IDA is a common type of anemia seen in the Department of 
Hematology, and it comprises a series of disorders in which 
the production of hemoglobin is reduced due to a deficiency 
in iron, the raw material for hematopoiesis.1–3 Notably, the 
incidence is higher among women and children.

As an important immunological organ in the body, the 
spleen plays a key role in innate immunity and adaptive 
immunity. Additionally, one of its functions is the removal 
of aging and abnormal red blood cells.9–11 The many 
common causes of splenomegaly can be classified as 
being infectious or noninfectious. Infectious factors 
include viruses, bacteria, and parasites, and so on, whereas 
noninfectious factors include blood system disorders, con
nective tissue diseases, congestive splenomegaly, spleen 
tumors, and splenic cysts, among others.12

In this study, we found a relationship between IDA and 
splenomegaly, and this observation overturned the traditional 
cognition. Further analysis revealed a correlation between 
IDA severity and the likelihood of splenomegaly; that is, as 

the severity of IDA increased, the incidence of splenomegaly 
increased. The incidences of splenomegaly are low among 
patients with mild to moderate disease, only 5.3% and 3.9%, 
respectively, but the incidence increases to 12.4% among 
patients with severe anemia and up to 50% among those 
with extremely severe anemia. However, splenomegaly dis
appears when the anemia is corrected. For the analysis of the 
possible causes of this phenomenon, we considered the pos
sibility of extramedullary hematopoiesis. With the worsening 
of anemia, the degree of compensatory extramedullary hema
topoiesis in the body increases, and the incidence of spleno
megaly also increases. This hypothesis has been confirmed in 
recent studies.13 It is well-known that the bone marrow 
begins to demonstrate hematopoietic function at the 16th 
week of embryonic development when the hematopoietic 
function of the spleen and liver begins to gradually 
decline.14–16 In studies on the mechanism of hematopoiesis, 
hematopoiesis is inseparable from the microenvironment 
required by primitive cells for hematopoiesis. This explana
tion is also applicable to the occurrence of extramedullary 
hematopoiesis. Studies have found that the weight of the 
spleen in patients with extramedullary hematopoiesis is sig
nificantly higher than that in patients without extramedullary 
hematopoiesis, and the percentages of nonsegmental myeloid 
cells and CD71-positive cells in the spleens of patients with 
extramedullary hematopoiesis are significantly higher.17 This 
result has also been confirmed in animal models,13 and CD71 
is generally considered a marker of cell proliferation.17 

Another study showed that erythrocyte islands in the bone 
marrow are the basic structures of erythropoiesis. In the 
context of extramedullary hematopoiesis of the spleen, we 
observed the presence of erythrocytes, myeloid cells, and 
megakaryocytes in the intrasinus space of the spleen. In 
addition, erythrocyte islands were observed.17–20 Moreover, 
c-kit+CD34low/- cells have been shown to be part of hema
topoietic precursor cells. The presence of such cells was also 
previously found in the spleen where extramedullary hema
topoiesis occurred.18,20 Other reports have shown that bone 
marrow-derived hematopoietic stem cells (HSCs) were 
found in the sinuses of the spleen and near endothelial 
cells.21–24 Therefore, we know that the presence of primitive 
cells and related functional structures can be observed during 
the process of extramedullary hematopoiesis of the spleen. In 
studies of the extramedullary hematopoietic microenviron
ment, we know that a variety of cytokines play a decisive 
role. Under pathological conditions, upregulation of bone 
marrow hematopoiesis leads to increased synthesis of growth 
factors for stem cell mobilization of chemokines and 

Table 2 Distribution of Splenomegaly Among Patients with 
Varying Degrees of IDA

Results Total

Non 
-Splenomegaly

Splenomegaly

Group Mild 54 (94.7%) 3 (5.3%) 57
Moderate 395 (96.1%) 16 (3.9%) 411
Severe 170 (87.6%) 24 (12.4%) 194

Extremely 3 (50%) 3 (50%) 6

Total 622 46 668

Notes: Comparison of the incidence of splenomegaly among patients with different 
degrees of IDA. The severe anemia group had a significantly higher incidence of 
splenomegaly than the mild anemia group and moderate anemia group.
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upregulation of hematopoietic function in embryonic hema
topoietic sites (mainly the spleen and liver) or other tissues.4 

However, in a mouse model with extramedullary hematopoi
esis, a team found that conditional deletion of key niche 
factors, namely, SCF (also known as KITL) and CXCL12 
from splenic endothelial cells, significantly reduced the 
occurrence of splenic extramedullary hematopoiesis and 
decreased the blood cell count without affecting bone mar
row hematopoiesis.25,26 Further studies showed that 
CXCL12 expression significantly increased during extrame
dullary hematopoiesis, while splenic sinus endothelial cells 
expressing CXCL12 may attract hematopoietic precursor 
cells.17,24 At the same time, some studies have shown that 
hypoxia and other factors can also be used to stimulate 
extramedullary hematopoiesis in the body.21,27 Of course, 
this is only a tentative explanation of this clinical phenom
enon. There is no direct evidence at present, and further 
studies with animal models are still needed.

Based on this study, we think that IDA can lead to the 
occurrence of splenomegaly to a certain extent and that the 
more serious the degree of IDA is, the higher the prob
ability of splenomegaly will be. Compensatory extrame
dullary hematopoiesis of the spleen is considered to be 
caused by IDA. However, these are only our conjectures 
based on relevant studies. There is no direct evidence at 
present, and further animal experiments are needed.
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