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ABSTRACT

Background: Anemia remains a crucial health problem in developing countries. Cardiac compromise and fatal
complications usually occur at Hb of <5g/dL. The aim of the study was to determine possible etiologic and clinical
profile in adult patients with very severe anemia (Hb of <5g/dL).

Methods: A prospective observational study was conducted in a teaching hospital of Odisha over a period of
12months. A total of 70 patients of both men and non-pregnant women admitted to the medicine wards were included
after exclusion. Detailed history, clinical examination and investigation findings were recorded. Independent ‘t’ test,
Wilcoxon rank sum test, Pearson chi-square test and Fisher exact test were used as applicable, to compare the
variables.

Results: The mean Hb (g/dL) was 3.73 £0.85 and the mean age of the study group was 53.34+17.75years. No
significant difference was observed in the severity of anemia between the female (mean Hb of 3.56+0.93) and male
patients (mean Hb of 3.87+0.77) (p=0.130). The most frequent etiology found was absolute iron deficiency (44.3%,
n=31) and mostly (41.9%) found in the age group of >65years (p<0.001). Congestive cardiac failure was found in
20% (n=14) of patients and majority of patients (64.2%, n=9) were males (p<0.001).

Conclusions: Iron deficiency is the principal cause of very severe anemia in adults rather than malignancy or anemia
of chronic disease and only about one fourth of patients develop heart failure even with very severe anemia.
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INTRODUCTION

53.2% in non-pregnant women aged 15-49years.®
Decrease in circulating RBC mass defines anemia and is
usually diagnosed by blood hemoglobin (Hb)
concentration lower than normal. Anemia is an important

Chronic anemia is well tolerated but patients may have

prevalence of anemia in India as 22.7% in men and

fatigue, weakness, breathlessness, malaise, reduced

health problem all over the world due to its significant
morbidity and mortality.

WHO (World Health Organization) has defined anemia
as Hb of <13g/dL in men and <12g/dL in non-pregnant
women for the age group of 15years and above.! A WHO
study in 2011, reported the global prevalence of anemia
as 42.6% whereas, in South East Asia, the prevalence is
53.8% and 1.5% for severe anaemia.? The National
Family Health Survey (NFHS-4) estimated the

muscle strength, dizziness, depression, all leading to
reduced work capacity.*® In severe cases, it may cause
angina, heart failure or syncope.®

Severity of manifestation increases with severity of
anemia. Cardiac compromise and circulatory failure
usually occur at Hb level of <5g/dL. Tissue hypoxia and
lactic acidosis in severe anemia may eventually lead to
pulmonary edema and even death.” Often, anemia has an
underlying etiology and broadly, it can be due to blood
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loss, decreased production or increased destruction of
RBCs.® Though, iron deficiency is the principal cause,
other factors like vitamin B12 and folic acid deficiency,
worm infestations, acute and chronic inflammation, renal
impairment are also major contributors for anaemia.®

This study was done in a tertiary care center to determine
the possible etiologic profile and clinical characteristics
of very severe anemia (Hb <5g/dL) in men and non-
pregnant women of 15years of age and above.

METHODS

A prospective observational study was carried out in a
teaching hospital of Odisha from September 2017 to
October 2018. Institution’s Ethical committee approval
and informed consents of patients were taken prior to the
study.

Patients with Hb of less than 5g/dL and15years of age
and above were included in the study after the
hemoglobin estimation done in patients admitted to the
medicine wards. Pregnant patients, patients with inherited
blood disorders and patients already on treatment were
excluded.

Clinical data including demographics, presenting
symptoms, comorbidities, blood transfusion, drug intake,
worm infestations, obstetrics and gynecology history,
dietary habit, addiction, clinical examination findings and
relevant laboratory investigation results were all
recorded.

Investigations included complete hemogram with
reticulocyte count, red cell distribution width (RDW),
peripheral smear, erythrocyte sedimentation rate (ESR)
and renal function test, serum uric acid, liver function
test, blood sugars, routine urine examination, stool
examination for parasites and occult blood, serum iron,
serum ferritin (SF), total iron binding capacity (TIBC).

Bone marrow study (aspiration+biopsy) along with
prussian blue staining for iron store, vitamin B12, folate
level, C-reactive protein (CRP), serum protein
electrophoresis, Hb electrophoresis, thyroid function test,
antinuclear antibody, lactate dehydrogenase (LDH),
direct Coomb’s test were done as indicated.

CBC with reticulocyte count were analyzed by automated
analyzer Sysmex XN-300. Ferritin was estimated by
electro-chemiluminescence  immunoassay  (ECLIA)
method by Cobas e 411 analyzer and iron and TIBC were
estimated by ferrozine method without deproteination by
Cobas integra 400 plus analyzer.

Transferrin saturation (TSAT) was calculated by the
formula ((serum iron/TIBC)x100).° Imaging studies
(chest radiograph, ultrasonography of abdomen and
pelvis, computed tomography scan/ magnetic resonance
imaging of chest, abdomen and pelvis), ECG,

echocardiogram, upper gastrointestinal  endoscopy
(UGIE), colonoscopy were done in patients, when
indicated.

Defining different anemias, many literatures were
reviewed and absolute iron deficiency anemia (IDA) was
defined in patients with SF of <30ug/L, anemia of
chronic disease (ACD) in patients with SF of >100ug/L
and features of inflammation (elevated ESR and CRP
>1mag/dL), functional IDA (or ACD with IDA) in patients
with SF of 30-100pug/L and TSAT of <20%, anemia of
chronic renal insufficiency (or renal anemia) in patients
with serum creatinine of >1.8mg/dL.5910-12

Vitamin B12 level of <150pg/mL and folate level of
<2.5ng/mL defined the deficiency state. Creatinine
clearance (Ccr) was determined by the Cockcroft formula
[Ccr= (((140-age) x weight)/(72xScr))x 0.85 (if
female)).*® The morphologic type of anemia (microcytic,
normocytic, macrocytic/dimorphic) was determined from
peripheral smear and values of mean corpuscular volume
(MCV).6

Rural and urban population was defined according to the
census India 2011.%* Patients were further classified into 6
groups based on age: 15-24years, 25-34years, 35-
44years, 45-54, 55-64years and >65 years. All the data
were analyzed by using statistical package SPSS, version
20.

Mean with standard deviation, median and range were
used for continuous variables and numbers and
percentages for categorical variables. Independent t” test,
Wilcoxon rank sum test, Pearson chi-squared test and
Fisher exact test were used as applicable, to compare the
variables. P value of <0.05 was of statistical significance.

RESULTS

Out of total 5026 patients admitted during this period, 70
patients (1.39%) were found to have very severe anemia
(Hb <5g/dL). The mean Hb was 3.73+0.85g/dL. The
mean age of the study group was 53.34+17.75 and
females comprised of 44.3%.

No significant gender difference was observed in the
severity of anemia as the mean Hb (g/dl) was 3.56+0.93
in females and 3.87+0.77 in male patients (p=0.130).
Other socio-demographic and baseline characteristics are
described in Table 1.

Microcytic anemia was the commonest morphologic type
(58.6%, n=41) followed by normocytic (31.4%, n=22)
and macrocytic/dimorphic anemia (10%, n=7).

Absolute IDA was found in 44.3% (n=31) of patients and
all patients had microcytic anemia (p<0.001) except one
patient who had dimorphic but predominantly microcytic
hypochromic anemia. The SF, TSAT, RDW-cv were
described in Table 1. There was no significant difference
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between male (41%, n=16) and female (48.3%, n=15)
patients having absolute IDA (p=0.790) (Table 2). Most
of the patients having IDA were belonged to the age
group of >65years (41.9%, n=13) followed by age groups
of 45-54years (19.3%, n=6) which was statistically
significant (p<0.001) (Table 3).

Chronic blood loss (58%, n=18) was the most common
cause found in IDA (Figure 1). Among patients with
chronic blood loss, 44.4% (n=8) patients had upper
gastrointestinal  (UGI) bleed, 22.2% (n=4) had
menorrhagia, 11.1% (n=2) with hookworm dudenopathy,
16.6% (n=3) had bleeding hemorrhoids and 5.5% (n=1)
had both upper and lower Gl bleed. Nutritional cause

(16.1%, n=5) was found in two patients having
tuberculosis, one patient had consecutive 3 delivery, one
had non-specific duodenitis and another patient had
atrophic gastritis with vitamin B12 deficiency along with
iron deficiency.

The malignancies (12.9%, n=4) associated with IDA
were all GI malignancies and no cause could be found in
two patients. UGI endoscopy findings were suggestive of
gastroduodenal erosions (n=4), esophageal erosion (n=1),
gastroduodenal  ulcers  (n=3), hookworm (n=2),
infiltrating adenocarcinoma (n=3), atrophic gastritis
(n=1), non-specific duodenitis (n=1) and normal
endoscopy (n=2).

Table 1: Demographic and baseline characteristics of patients (N=70).

Parameters Results

Age (years) Mean+SD 53.34£17.75
Range 15-87
BMI Mean+SD 20.36+4.23
Range 12.91-35.71
Gender Female % (n) 44.3 (31)
Residence Rural % (n) 65.7 (46)
Diet Mixed % (n) 70.0 (49)
Hb (g/dL) Mean (median)+SD (Range) 3.73(3.85) £0.85 (1.9 -4.9)
SF (ug/dL) Mean +SD (Range) 214.40+716.13 (2.09-4114.00)
TSAT (%) Mean £SD (Range) 15.73+24.73 (0.85-92.56)
SF (ug/dL) Mean£SD (Range) 8.27+5.63 (2.09-24.0)
IDA(A) TSAT (%) Mean+SD (Range) 4.71+3.12 (0.85-16.01)
RDW-cv Mean+SD (Range) 23.06+3.55 (14.10-30.70)
IDA(F) SF (ug/dL) Mean+SD (Range) 57.84+20.52 (34.72-92.94)
TSAT (%) MeanSD (Range) 7.12+3.81 (3-13.72)
ACD SF (pg/dL) Mean+SD (Range) 491.15+1093.26 (49.20-4114.0)
CRP (mg/dL) MeanSD (Range) 2.5+0.51 (1.42-3.26)
MA Vit. B12 (pg/mL) MeanSD (Range) 77.70+29.49 (50-125.60)
RDW-cv MeanSD (Range) 22.21+7.11 (15.90-37.20)
SF Mean+SD (Range) 195.90+209.37 (34.72-556.90)
RA Cr (mg/dL) Mean£SD (Range) 12.94+9.10 (2.2-37.55)
Ccr (mL/min) Mean+SD (Range) 7.06+5.51 (1.67-22.16)

SF-Serum Ferritin, TSAT-Transferrin Saturation, RDW-cv-Red cell Distribution Width co-efficient vector, Cr-Creatinine, Ccr-Creatinine clearance, IDA
(A)-Absolute Iron Deficiency Anemia, IDA(F)-Functional Iron Deficiency Anemia, ACD-Anemia of Chronic Disease, MA-Vitamin B12 deficiency, RA

-Renal Anaemia.

Table 2: Etiologies and morphologies of severe anemia across the genders.

Characteristics

Fisher’s Exact test®, p

IDA(A) 41.0 (16) 48.3 (15) P=0.790
IDA(F) 10.2 (4) 6.4 (2 P=0.687
ACD 20.5 (8) 25.8 (8) P<0.05
RA 25.6 (10) 16.1 (5) P=0.520
Vit B12 deficiency 10.2 (4) 16.1 (5) P=0.560
Microcytic anemia 61.5 (24) 54.8 (17) P<0.05
Normocytic anemia 30.7 (12) 32.2 (10) P<0.05
Macrocytic anemia 7.6 (3) 12.9 (4) P<0.05

*Except in IDA(A) where Chi-square test was applied. IDA(A)-Absolute Iron Deficiency Anemia, IDA(F)-Functional Iron Deficiency Anemia, ACD-

Anemia of Chronic Disease, RA-Renal Anaemia.
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Table 3: Etiologies of severe anemia across the age groups.

Age groups Total (N=70)  A-IDA(N=31) F-IDA(N=6) ACD(N=16) RA(N=15)  MA(N=9)
15-24 8.6 (6) 9.6 (3) 16.6 (1) 0 (0) 0 (0) 22.2 (2)
25-34 11.4 (8) 12.9 (4) 12.5 (2) 6.6 (1) 11.1 (1)
35-44 7.1 (5) 9.6 (3) 6.2 (1) 6.6 (1) 0(0)
45-54 17.1 (12) 19.3 (6) 12.5 (2) 20.0 (3) 11.1 (1)
55-64 24.3 (17) 6.4 (2) 66.6 (4) 37.5 (6) 40.0 (6) 33.3(3)
>65 31.4 (22) 41.9 (13) 16.6 (1) 31.2 (5) 26.6 (4) 222 (2)
*p value P<0.001 P=0.195 P=0.678 P=0.596 P=0.614

*Statistic used was Fisher’s Exact test. A-IDA-Absolute Iron Deficiency Anemia, F-IDA- Functional Iron Deficiency Anemia, ACD-Anemia of Chronic

Disease, MA-Vitamin B12 deficiency, RA-Renal Anaemia.
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Figure 1: Causes of absolute iron deficiency
anemia (N=31).

Colonoscopy was done (n=4) and suggestive of cecal
angiectasis (n=1) and normal (n=3) in patients with IDA.
Functional IDA was found in 8.6% (n=6) of patients.
Normocytic anemia was present in 50% of patients (n=3)
and microcytic in 33.3% (n=2). Four patients of
functional IDA had UGI bleed in endoscopy. Stool occult
blood test was done in all patients and found to be
positive in 18.9% (n=7). Drugs like NSAID (n=6) and
acitrom (n=2) were taken by 21.6% of patients. Bone
marrow study was done in 54% (n=20) where marrow
iron was absent in 14 patients and decreased in 6 patients.

ACD was found in 22.8% (n=16) of patients including
two patients with functional IDA. Normocytic anemia
was the most common (75%, n=12) followed by
microcytic (12.5%, n=2) (p<0.001) and 25.8% (n=8) of
females and 20.5% (n=8) of male patients had ACD
(p<0.05). Though, the advanced age groups had ACD
more frequently (37.5% in age group of 55-64years and
31.2% in age group of >65years), it was statistically not
significant (p=0.678) (Table 3). The underlying cause
was malignancy in 50% of patients (n=8) followed by
chronic liver disease (25%, n=4). Other causes were
described in Figure 2. Two patients had multifactorial
etiology- one had chronic pancreatitis besides malignancy

and another had chronic renal insufficiency (CRI),
hypothyroid and CLD. Besides, two patients of ACD
(chronic rheumatic heart disease, poorly differentiating
adenocarcinoma of stomach) had functional iron
deficiency. BM study was suggestive of hematologic
malignancy in 7 patients. A total of 17.1% (n=12)
patients had malignancy as etiology of very severe
anemia out of which 41.6% (n=5) were Gl malignancies
and 58.3% (n=7) were hematologic malignancies.
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Figure 2: Causes of anemia of chronic disease (N=16).

Renal anemia (RA) was found in 21.4% (n=15) of
patients and all patients had CRI. The mean serum
creatinine level was 12.94+9.10mg/dL and creatinine
clearance were 7.06+5.51mL/min. Functional 1D was
present in 4 patients of RA and one of them had vitamin
B12 deficiency along with iron deficiency. Besides, one
patient had ACD. UGIE detected gastroduodenal ulcers
and erosions in 3 patients of renal anemia.

Vitamin B12 deficiency was found in 12.8% (n=9) of
patients and one patient (1.4%) had folate deficiency
along with vitamin B12 deficiency. All patients were
vegetarian. The mean vitamin B12 level was
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77.7£29.49pg/mL. Dimorphic picture was present in 2
patients, one patient had absolute IDA and one had
functional IDA. Out of the remaining seven patients, two
had ACD (chronic liver disease) as well. Pancytopenia
was present in 4 patients and bi-cytopenia in 3 patients of
vitamin B12 deficiency. Pancytopenia was present in
15.7% (n=11) and bi-cytopenia in 37.1% (n=26) of all
patients. Aplastic anemia was diagnosed in one patient.
Myelodysplastic syndrome (MDS) was diagnosed in 3
patients, 2 patients had MDS with dysplastic marrow and
one patient with hypoplastic MDS. Of all patients with
severe anemia, 15.7% patients (n=11) had multifactorial
etiology.

Hypothyroidism was present in 8.5% (n=6) of patients
and associated with absolute IDA (n=3), macrocytic
(n=2) and normocytic anemia (n=1). The most common
symptom was fatigue (68.6%, n=48) followed by
breathlessness on exertion (57.1%, n=40), anorexia
(32.9%, n=23), light headedness or dizziness (27.1%,
n=19), palpitation (25.7%, n=18) and 2.9% (n=2) patients
had syncope but most of the patients had presented with
multiple symptoms (75%, n=53). Fatigue was the only
symptom in 14.2% (n=10) of patients, anorexia in 5.7%
(n=4), breathlessness (n=2) and one patient presented
with joint pain and backache as only symptom.

Peripheral edema was the most frequent finding (57.1%,
n=40) followed by ascites (21.4%, n=15) and pleural
effusion (16.9%, n=12). Splenomegaly was found
in11.4% (n=8), hepatomegaly in 5.7% (n=4) and hepato-
splenomegaly in 2.9% (n=2), glossitis in 7.1% (n=5) and
lymphadenopathy in 2.9% (n=2) of patients. Heart failure
was found in 20% (n=14) patients and the mean Hb was
3.42+0.79g/dL (p=0.135). Male patients (64.2%, n=9)
were more affected than females (35.7%, n=5) (p<0.001).

DISCUSSION

In this study, 1.39% of adult patients found to have very
severe anemia. Females comprised of 44.3% and 65.7%
(n=46) of patients were from rural area. Alvarez-Uria G
et al, studied 69,440 patients in India and observed that
males had progressive decline in Hb after age of 40years
and a progressive increase from mild to severe anemia
with age.’® In this study, 55.7% (n=39) of patients were
>55 years of age and may have contributed to the slight
male preponderance.

Iron deficiency (ID) is the foremost cause of anemia
worldwide and accounts for almost 50% of all
anemias.?!® This study also, observed ID as the
predominant cause in adults with very severe anaemia
(44.3%, n=31) and it was most prevalent in the age group
of >65years (p<0.01). However, there was no difference
in prevalence of IDA across the genders (p= 0.790). One
of the frequent causes of anemia in elderly is due to iron
deficiency and typically results from chronic blood loss
through GI tract. Iron deficiency can result from poor
dietary intake, increased demand, poor absorption or

increased loss. Aslam F et al, studied 243 patients (18-
40years of age) with IDA who had undergone UGIE and
colonoscopy and observed most of the patients had
gastritis (55.5%), varices (16%), gastroduodenal ulcers
(11.4%), hemorrhoids (8.7%) and concluded that non-
malignant pathologies were the most common findings.'’
In a study by loannou GN et al, which included persons
of 25-74years of age, none of the premenopausal women
(n=93) with IDA were diagnosed with malignancy and
among postmenopausal women and men with IDA, 6%
had Gl malignancy.’®. Another study on patients with
IDA, observed Gl malignancy in 11% of patients.?® In
this study, the commonest cause of IDA was chronic
blood loss due to non-malignant lesion (58%, n=18) and
the next common causes were nutritional (16.1%, n=5)
and GI malignancy (12.9%, n=4). Peng G et al, studied
742 patients of paroxysmal nocturnal hemoglobinuria
(PNH) and concluded that these patients especially with
classical PNH, were prone to iron deficiency.?®® This
study observed PNH in 2.9% of patients with IDA.
Functional IDA is iron deficiency associated with anemia
of chronic disease and observed in 8.6% of patients. ACD
which results from infections, malignancy, auto-immune
disorders, chronic kidney disorders, is mostly prevalent in
hospitalized patients.??  Hepcidin, cytokines from
inflammation dysregulate iron homeostasis, decrease the
response to erythropoietin and depress erythropoiesis.??
Estimation of serum ferritin is the most reliable method
to detect IDA. However, co-existence of IDA and ACD
makes the diagnosis difficult as ferritin is also an acute
phase reactant and elevated by inflammation. The most
sensitive and specific method to diagnose absolute iron
deficiency is the serum ferritin level of <30ug/L.%

Ferritin values of >100pg/L generally exclude iron
deficiency anaemia.?* Transferrin  saturation was
decreased in both IDA and ACD but not the ferritin. So,
decreased transferrin saturation of <20% and ferritin level
between 30-100ug/L differentiate between ACD and IDA
co-existing with ACD.%2* Other tests like soluble
transferrin receptor, erythrocyte protoporphyrin testing,
or the soluble transferrin receptor and log ferritin level
ratio (<1 in ACD alone and >2 with both iron deficiency
and ACD) are proposed for further confirmation but not
commonly used in clinical practice and neither can be
affordable by resource limited centers.?3% Besides,
features of inflammation like elevated CRP level was also
present in ACD. Shavelle RM et al, in their study found
ACD in 26% of persons (>50years of age) with
anaemia.?® This study observed ACD in 22.8% (n=16) of
patients and renal anemia in 21.4% (n=15) of patients.
Eisenga MF et al, studied 975 patients (62+12years of
age) of chronic kidney disease and 16.8% (n=164) of
patients developed anemia on follow up of median
8years.?” Anemia is a common complication of CRI and
the usual cause is erythropoietin deficiency. Again, these
patients are prone to develop functional IDA as CRI is a
proinflammatory state.?® This study observed functional
ID in 26.6% (n=4) of patients with CRI. Vitamin B12
deficiency is one of the leading causes of megaloblastic
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anemia and commonly found in older persons. Nine
patients (12.8%) had vitamin B12 deficiency, of which
55.5% (n=5) were older adults (>=55years of age) in this
study. However, estimation of serum vitamin B12 level
alone, may not reliably detect the deficiency state where
as a combination of tests including estimation of serum
homocysteine level, methyl-malonic acid, holo-trans-
cobalamin level increases the accuracy of diagnosis.?

Myelodysplastic syndrome and aplastic anemia both are
part of bone marrow failure syndrome. The marrow is
hypocellular or acellular in aplastic anemia whereas
marrow is usually hypercellular and dysplastic in MDS.
However, a subset of MDS diagnosed as hypoplastic
type, is difficult to differentiate from aplastic anemia and
needs chromosomal study though both the cases can be
treated initially with immuno-suppressive therapy.
Bastida JM et al, studied patients with anemia of
uncertain etiology and found hematologic disorders in 25
patients of which 14 were diagnosed with MDS.%!

In this study, MDS was diagnosed in 3 patients and
aplastic anemia in one patient. Multifactor etiology is
frequently found as causation of anemia and Petrosyan |
et al, reported 46.3% of patients having anemia of
multifactorial etiology in their study.®2. However, this
study found multifactor etiology in 15.7% (n=11) of
patients.

Left ventricular dysfunction begins at Hb level of ~7g/dL
and further deteriorates when the Hb drops further.’
Alvares JF in their study, observed 27% of patients with a
mean Hb level of 5g/dL had CHF.%, This study observed
heart failure in only 20% of patients and the mean Hb
was 3.42+0.79g/dL and majority of patients (64.2%, n=9)
were males (p<0.001). Hypothyroid can cause all three
types of anemia. Normocytic anemia by deficient
hormone itself, microcytic by menorrhagia and
malabsorption of iron, and macrocytic due to
malabsorption of vitamin B12. Das C et al in their study,
reported 20% of patients (19-67years of age) with
hypothyroidism had severe anemia and among them 4.8%
had normocytic and 14.4% had microcytic anaemia.®*
However, this study observed hypothyroidism in 8.5% of
patients with very severe anemia and 4.2% had absolute
IDA and 2.8% had macrocytic and 1.4% had normocytic
anemia.

The major limitation of this study was the smaller sample
size and comparatively larger study groups including
pregnant females may be needed for better analysis to
ascertain the etiologies and clinical profile of very severe
anemia.

CONCLUSION

Iron deficiency is the most leading factor in very severe
anemia in adults rather than malignancy or anemia of
chronic disease. Majority of patients having severe
anemia are from rural areas. Severe anemia due to iron

deficiency is most prevalent in adults with advanced age
and has no female preponderance. Even very severe
anemia is well tolerated by majority of patients and
cardiac compromise occurs in about one fourth of
patients though males are more susceptible.
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