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Abstract  

Background: Anaemia affects people of all ages and is the second most 

common source of disability worldwide. It has been established that anemia 

and dysfunctional left ventricular diastole are related. Left ventricular (LV) 

function is a significant indicator of cardiac morbidity and mortality. 

Echocardiography plays a significant role in the assessment of LV function. 

To study left ventricular function in patients with anemia. We assessed the left 

ventricular function in patients with various grades of anemia and also 

correlated it with the severity of anemia using 2D echocardiography and 

colour Doppler examination. Materials and Methods: This observational 

study was conducted on 102 patients with various grades of anemia in the 

department of general medicine at Susheela Tiwari Government Hospital. All 

patients were subjected to various investigations such as 2D echocardiography, 

a 12-lead ECG, a chest X-ray PA view, and haematological measurements. All 

the findings were recorded, tabulated, and subjected to appropriate statistical 

analysis. Result: Data study findings showed the statistically significant 

association of various grouped variables and echo parameters with the severity 

of anemia like LVEF, LVEDd, LVESd, IVSTd, PWId, and LVMI with a 

significant 2 tailed Pearson correlation coefficient p<=0.005. Conclusion: In 

the present study, evidence of systolic and diastolic dysfunction in the left 

ventricle was found in the form of increased left ventricular dimensions. Also, 

evidence of diastolic dysfunction was seen more predominantly with 

increasing severity of anemia. Further studies with a larger sample size are 

required to substantiate the findings. 

 
 

 

INTRODUCTION 
 

Anemia is the most common form of nutritional 

deficiency in both developed and developing 

countries. World Health Organization (WHO) 

defines Anemia as hemoglobin levels < 13 g/dL 

(hematocrit < 39 %) in males, < 12 g/dL 

(hematocrit < 36 %) in non-pregnant females, 

and < 11 g/dL (hematocrit <33 %) in pregnant 

females.[1] WHO estimates that 42 % of pregnant 

women, 30 % of non-pregnant women (aged 15 to 

50 years), 47 % of preschool children (aged 0 to 5 

years), and 12.7 % of men older than 15 years 

worldwide are anemic.[2] Iron deficiency is the 

predominant cause of anemia across countries, with 

women more commonly afflicted than men.[3] 

In the last decade, anemia was recognized as an 

important comorbid factor in heart failure, a factor 

limiting physical activity, responsible for a poor 

quality of life, and a predictor of unfavourable 

outcomes. It has reported that myocardial 

contractility would decrease when hemoglobin was 

below 7 g/dL and chronic anemia would result in 

increased LV end-diastolic pressure as well as 

decreased functional reserve.[4,5] Left ventricular 

(LV) function is an important predictor of cardiac 

morbidity and mortality. Approximately 50% of HF 

patients present with evidence of left ventricular 

systolic dysfunction manifested as a low left 

ventricular ejection fraction.[6] The role of 

echocardiography in the assessment of LV function 

is well established and has been expanded over the 

last few years with the development of new 

methodologies. Echocardiography can assess LV 
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global and regional function, as well as systolic and 

diastolic function. Till now several studies in 

patients with diabetes, chronic kidney disease or 

coronary artery disease have supported an 

association between anemia and left ventricular 

diastolic dysfunction. The purpose of present study 

is to assess left ventricular function in patients with 

various grades of anemia and to correlate left 

ventricular function with severity of anemia using 

2D Echocardiography /Colour Doppler 

Examination. 

 

MATERIALS AND METHODS 

 

This was a cross-sectional study conducted on 102 

patients with various grades of anemia in the 

department of General Medicine at Susheela Tiwari 

Government Hospital. Ethical approval was 

obtained from institutional ethical committee and 

written consent was obtained from all patients after 

explaining in detail the entire research protocol. 

Anemia was classified using WHO grading of 

anemia.  

Investigations included the following: 

2D Echocardiography measurements 

12 lead ECG 

Chest X ray PA view 

Hematological Measurements 

Parameters assessed in 2D ECHO examination: 

Left Ventricular Ejection Fraction (LVEF) 

Left ventricular end diastolic dimension (LVEDD) 

Left Ventricular Mass Index [LVMI] 

Fractional Shortening 

Formulas used 

Left Ventricular Ejection Fraction was calculated 

using 4 chamber view on Echocardiography on 

Parasternal Long axis view by the formula: 

                 (LVEF)= EDV-ESV / EDV × 100 

Modified Simpson’s Rule was used for calculation 

of EDV, ESV and LVEF. 

Fractional Shortening was computed by the formula: 

FRACTIONAL SHORTENING% = (LVEDD-

LVESD) / LVEDD× 100 

Where 

LVEDD= Left Ventricular End Diastolic Dimension 

LVESD= Left Ventricular End Systolic Dimension 

Left Ventricular Mass Index [LVMI] was calculated 

by CUBE formula using linear method of 

calculation. 

LVMI = LVM (left ventricular mass)/body surface 

area 

Left ventricular mass = 0.8{1.04[([LVEDD + IVSD 

+PWD] 3 - LVEDD3)]} + 0.6 

Where 

LVEDD = LV end-diastolic dimension (mm) 

IVSD = interventricular sepal thickness at end-

diastole (mm) 

PWD = posterior wall thickness at end-diastole 

(mm) 

All data was tabulated and subjected to appropriate 

statistical analysis. 

 

RESULTS  
 

Descriptive 

In our study, a total of 102 patients with various 

grades of anaemia were enrolled in which females 

were 58; males were 44 and the mean age was 

48.83±10.03 years [Figure 1]. Majority of cases had 

moderate anemia (36.3%) followed by severe 

anemia (34.3%) and mild anemia (29.4%). The 

other echocardiographic characteristics of the study 

participants are represented in [Table 1]. 

 

 
Figure 1: Association between sex and age group 

 

Table 1: Descriptive analysis of all parameters 

  Minimum Maximum Mean Std. Deviation 

Age 22.00 76.00 48.83 10.03 

Hb levels(g/dl) 4.60 12.90 8.67 2.19 

LVEF% 59.00 66.00 62.59 1.78 

LVEDd(cm) 4.20 4.90 4.55 0.16 

 LVESd(cm) 2.84 3.62 3.27 0.18 

IVSTd (cm) 0.73 1.10 0.94 0.12 

 PWId (cm) 0.10 1.06 0.87 0.10 

LVMI( g/m2) 122.00 205.00 155.55 28.25 

Fractional shortening  17.95 35 27.89 4.26 

 

Data are expressed as mean±SD. LVEF-Left Ventricular Ejection Fraction, LVEDd -Left Ventricular end 

diastolic diameter, LVESd -Left Ventricular End Systolic Diameter, IVSTd -End diastolic thickness of 

ventricular septum, PWId -End diastolic thickness of LV posterior wall, LVMI -Left Ventricular mass index 
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Echocardiographic parameters 

There was statistically significant association of various grouped variables and  echo parameters with severity of 

anemia like LVEF, LVEDd, LVESd, IVSTd, PWId, LVMI and  with significant 2 tailed Pearson Correlation 

coefficient p<=0.005 [Table 2] 

 

Table 2: Comparison of various grouped variables and echo parameters according to severity of anemia  
Mild Anemia(n=30) Moderate Anemia(n=37) Severe Anemia(n=35) F 

value 

Significanc

e Mean Std. 

Deviation 

Mean Std. 

Deviation 

Mean Std. 

Deviation 

Hb levels (g/dl) 11.58 0.57 8.51 0.48 6.35 0.84 527.58 <0.001 

LVEF% 63.57 1.36 62.30 1.78 62.06 1.81 7.40 0.001 

LVEDd(cm) 4.41 0.09 4.51 0.12 4.69 0.14 49.30 <0.001 

LVESd(cm) 3.21 0.18 3.35 0.17 3.25 0.16 5.99 0.004 

IVSTd (cm) 0.77 0.06 1.01 0.03 1.01 0.05 310.49 <0.001 

PWId (cm) 0.83 0.05 0.86 0.05 0.91 0.15 5.95 0.004 

LVMI( g/m2) 125.9

3 

4.72 160.86 26.05 175.3

1 

20.64 51.33 <0.001 

Fractional 

shortening  

27.21 3.75 25.79 4.42 30.68 2.82 16.06 <.001 

Age 46.97 8.079 51.00 10.157 48.14 11.202 1.47 .233 

Data are expressed as mean±SD. 

 

LVEF% was 63.57±1.36 % in mild cases, 62.30±1.78% in moderate while it was lowest in severe cases with 

62.06±1.81. LVEDd  (cm)was 4.41±0.09  cm in mild cases, 4.51±0.12cm in moderate while it was  largest in 

severe cases with 4.69±0.41 cm. LVESd  (cm)was 3.31±0.18  cm in mild cases, 3.35±0.17cm in moderate while  

in severe cases it was 3.25±0.16 cm. IVSTd (cm)was .77±0.06  cm in mild cases, 1.01±0.03cm in moderate 

while  in severe cases it was 1.01±0.05 cm. PWID  (cm)was .83±0.05  cm in mild cases, 0.86±0.05cm in 

moderate while  in severe cases it was 0.91±0.15 cm. LVIM  (gm/m2)was 125.93±4.72   in mild cases, 160.86± 

26.05 in moderate while  in severe cases it was 175.31±20.64. Fractional shortening was 27.21± 3.75   in mild 

cases, 25.79± 4.42 in moderate while in severe cases it was 30.68±28.82. No significant difference was seen 

among LVESd (cm), IVSTd (cm), PWID (cm) values of   females and males. 
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Figure 2: showing the comparison of LVEF, LVEDd, 

LVESd, IVSTd, PWId, LVMI, and Fractional 

Shortening according to severity of anemia. 

 

Correlation of hemoglobin with other parameters  

Weak positive and statistically significant 

association (r=.3) existed between Hb and LVEF 

which implies that as hemoglobin increases LVEF 

also increases (weak). Strong negative and 

statistically significant association (r=-.7) existed 

between Hb and LVEDd which implies that as 

hemoglobin increases LVEDd decreases. Strong 

negative and statistically significant association (r=-

.7) existed between Hb and IVSTd which implies 

that as hemoglobin increases IVSTd decreases. 

Weak negative and statistically significant 

association (r=-.2) existed between Hb and LVMI 

which implies that as hemoglobin increases LVMI 

also increases (weak). 
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Figure 3: showing the correlation between HB and 

LVEF, IVSTd, LVEDd, LVMI.   

 

DISCUSSION 
 

In accordance with the study conducted by Patidar 

et al,[7] and Sarin et al,[8] Females predominated in 

our study. Female predominance in our study could 

be attributed due to various factors which include 

blood loss due to menstruation, poor intake, 

malabsorption, and pregnancy related factors. We 

found that the mean hemoglobin levels were 

8.67±1.67gm/dl which was approximately similar to 

the studies conducted by kim et al,[9] and Hakk 

Simsek et al.[10] In contrast, in a study by Jeong Cho 

et al,[11] the mean Hb was 5.8 ± 1.4, this difference 

could be explained by the fact that majority of 

patient in this study have moderate anemia.   

The mean LVEF in the present study was 

62.59±1.78%. In a study by Cho et al,[11]  the mean 

EF% was 63.4 ± 4.4 .  In a study by Kim et al,[9] the 

mean EF% was 63.89±7.99. Regarding the EF level, 

it was observed that it was well within the normal 

limit however it was reduced in moderate and severe 

anemia. The result of this study was proximate to 

the study done by Dr. C.R. Jothi.[12] This result 

corresponded to fact that myocardial contractility 

would decrease when hemoglobin was below 7 g/dL 

and subsequent lead to decrease EF. There are 

conflicting reports of Ejection Fraction in literature 

while Bahl et al and Panwar et al noted a decreased 

EF in anemic subjects.[13,14] 

The mean LVEDd and LVESd in present study was 

4.54±.16 cm (4.2-4.9) and 3.27±.175 (2.84-3.62) 

cm. LVEDd (cm) was largest in severe cases with 

4.69±0.41 cm.  Left ventricular end-systolic (2.2 

±0.4 mm) and Left ventricular end-systolic stress 

(3.3±0.5) was significantly greater in the patients 

with severe anemia according to the study 

conducted by Bahl et al.[13] The increase in LVIDs is 

attributed to hyperdynamic circulatory state. 

Anemia is known to cause vascular and cardiac 

changes mainly increased preload and decreased 

afterload. These factors increase systolic wall stress. 

Over time this stress weakens the LV and leads to 

LV systolic dysfunction. In the study by Shen et 

al,[15] there were no significant differences between 

mild and no anemia between LVEDs (all P > 0.05). 

However that was significantly higher in patients 

with moderate anemia which was in accordance to 

the present study. 

The IVSTd was significantly less in mild anemia 

then moderate and severe anemia. In a study by 

Dhundasi et al,[16] no statistically significant 

difference was found for means of IVSTs of patients 

with anemia and without anemia (t = 1.889, p > 

0.05).  The IVSd in anemic patients in a study by 

Sarin et al,[8] was 8.52±1.64. The septal wall 

thickness in the study by Cho et al,[11] was 8.8 ± 1.5 

mm and posterior wall thickness was 8.0 ± 1.3 mm.   

In present study regarding the mean of posterior 

wall thickness, it was found that mean of PWTD 

was 89±0.14 for male and 0.85±0.06 for female 

which corresponded to the results of Hakki Simsek 

et al.[10] Both study showed that PWTD have normal 

thickness but with upper limit. The results of the 

present study were in accordance with Qiao Zhou et 

al study.[17] Both study showed that septal wall 

thickness  are elevated in severe and moderate group 

while Posterior Wall thickness  are elevated in 

severe group only, this related to fact that as 

consequence to structural remodeling in 

hyperdynamic circulatory, increasing in septal wall 

thickness preceded posterior wall thickness.  

In a study by Patidar et al,[18] the LV mass was 

significantly increased in patients with severe 

anemia. Our study showed that LV mass was 

elevated in all group of severity. This is mainly 

related to a persistently hyperdynamic circulatory 

state in patients with IDA, which is associated with 

remodeling of the myocytes and vasculature. Also 

the present study was consistent with the study by 

Jothi et al.[12] The increased LV mass reflects a 

hypertrophic response to chronic volume overload 

state, which is well documented in literature. 

 

CONCLUSION 
 

As per this Echocardiographic study of left 

ventricular function in patients of anemia presenting 

to a tertiary care centre in Kumaon region of 

Uttarakhand, anemia was more in females than in 

males. Evidence of systolic dysfunction on left 

ventricle was found in form of increased left 

ventricular dimensions. Also in present study 

evidence of diastolic dysfunction was noted in the 

form of increased left ventricular dimensions and 

was noted more predominantly with increasing 

severity of anemia. 

Limitations  

In present study Iron profile& vitamin B12 were not 

available in the centre so type of anemia was not 

taken in account. Also sample size of the study was 

less. This was a cross-sectional study, so of for 

correction of anemia, effects of the hemoglobin 



1439 

 International Journal of Academic Medicine and Pharmacy (www.academicmed.org) 
ISSN (O): 2687-5365; ISSN (P): 2753-6556 

concentration on heart functions could not be 

assessed as follow ups were not done in the study. 

 

REFERENCES 
 
1. Domenica Cappellini M, Motta I. Anemia in Clinical 

Practice-Definition and Classification: Does Hemoglobin 

Change With Aging? [Internet]. Vol. 52, Seminars in 
Hematology. 2015 [cited 2023 Mar 6]. p. 261–9. Available 

from: https://pubmed.ncbi.nlm.nih.gov/26404438/ 

2. McLean E, Cogswell M, Egli I, Wojdyla D, De Benoist B. 
Worldwide prevalence of anaemia, WHO Vitamin and 

Mineral Nutrition Information System, 1993-2005. Public 

Health Nutr [Internet]. 2009 [cited 2023 Mar 6];12(4):444–
54. Available from: 

https://pubmed.ncbi.nlm.nih.gov/18498676/ 

3. Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns 
N, Lozano R, et al. A systematic analysis of global anemia 

burden from 1990 to 2010 [Internet]. Vol. 123, Blood. 

2014 [cited 2023 Mar 6]. p. 615–24. Available from: 

https://pubmed.ncbi.nlm.nih.gov/24297872/ 

4. Georgieva Z. Compensatory and adaptive changes in 

microcirculation and left ventricular function of patients 
with chronic iron-deficiency anaemia. Clin Hemorheol 

Microcirc [Internet]. 1997 [cited 2023 Mar 6];17(1):21–30. 

Available from: https://pubmed.ncbi.nlm.nih.gov/9181755/ 
5. Rakusan K, Cicutti N, Kolar F. Effect of anemia on cardiac 

function, microvascular structure, and capillary hematocrit 

in rat hearts. Am J Physiol - Hear Circ Physiol [Internet]. 
2001 [cited 2023 Mar 6];280(3 49-3). Available from: 

https://pubmed.ncbi.nlm.nih.gov/11179091/ 

6. American Heart Association. Heart Disease and Stroke 
Statistics: 2005 Update. J JCS Cardiol [Internet]. 2006 Mar 

27 [cited 2023 Mar 6];14(1):110–6. Available from: 

https://cir.nii.ac.jp/crid/1570009750283283328 
7. Study of Cardiac Changes in Patients with Iron Deficiency 

Anaemia and its Correlation [Internet]. [cited 2023 Mar 6]. 

Available from: https://www.jrmds.in/articles/study-of-

cardiac-changes-in-patients-with-iron-deficiency-anaemia-

and-its-correlation-91180.html 

8. Sarin S, Sandhu MS. An echocardiographic study of 
cardiac functions in patients of severe anemia. Indian 

Heart J [Internet]. 2017 [cited 2023 Mar 6];69:S78. 

Available from: 
https://www.researchgate.net/publication/308966811_An_

echocardiographic_study_of_cardiac_functions_in_patient

s_of_severe_anemia 
9. Kim YR, Pyun WB, Shin GJ. Relation of Anemia to 

Echocardiographically Estimated Left Ventricular Filling 
Pressure in Hypertensive Patients Over 50 Year-Old. J 

Cardiovasc Ultrasound [Internet]. 2010 [cited 2023 Mar 

6];18(3):86. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2955338/ 

10. Simsek H, Gunes Y, Demir C, Sahin M, Gumrukcuoglu 

HA, Tuncer M. The effects of iron deficiency anemia on P 
wave duration and dispersion. Clinics [Internet]. 2010 

[cited 2023 Mar 6];65(11):1067–71. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999696/ 

11. Cho IJ, Mun YC, Kwon KH, Shin GJ. Effect of anemia 

correction on left ventricular structure and filling pressure 

in anemic patients without overt heart disease. Korean J 
Intern Med [Internet]. 2014 [cited 2023 Mar 6];29(4):445–

53. Available from: 

https://pubmed.ncbi.nlm.nih.gov/25045292/ 
12. Jothi CR, Umarani R, Baburaj K. 

ECHOCARDIOGRAPHY IN SEVERE ANEMIA 

INTERNATIONAL JOURNAL OF MODERN 
RESEARCH AND REVIEWS. Int J Modn Res Revs 

[Internet]. 2015 [cited 2023 Mar 6];3(9):776–8. Available 

from: www.journalijmrr.com 
13. Bahl VK, Malhotra OP, Kumar D, Agarwal R, Goswami 

KC, Bajaj R, et al. Noninvasive assessment of systolic and 

diastolic left ventricular function in patients with chronic 
severe anemia: A combined M-mode, two-dimensional, 

and Doppler echocardiographic study. Am Heart J 

[Internet]. 1992 [cited 2023 Mar 6];124(6):1516–23. 
Available from: https://pubmed.ncbi.nlm.nih.gov/1462908/ 

14. Panwar RB, Goyal R, Shukla RP, Misra SN. Assessment 

of left ventricular function in chronic severe anaemia. An 
echocardiographic study. J Assoc Physicians India 

[Internet]. 1991 [cited 2023 Mar 6];39(9):673–4. Available 

from: https://pubmed.ncbi.nlm.nih.gov/1814898/ 
15. Shen J, Zhou Q, Liu Y, Luo R, Tan B, Li G. Evaluation of 

left atrial function in patients with iron-deficiency anemia 

by two-dimensional speckle tracking echocardiography. 
Cardiovasc Ultrasound [Internet]. 2016 [cited 2023 Mar 

6];14(1). Available from: 

https://pubmed.ncbi.nlm.nih.gov/27550185/ 
16. Qushnood F, Bhagoji SB, Quadri SS, Sultana Z, Dhundasi 

SA, K K D. LEFT VENT R ICULAR FUNCTION 

CHANGES IN SEVERE ANEMIA BY 
ECHOCARDIOGRAPHY: A CORRELATION STUDY. J 

Evol Med Dent Sci [Internet]. 2014 [cited 2023 Mar 

6];3(11):2879–85. Available from: 
https://www.researchgate.net/profile/Kusal-

Das/publication/314943688_LEFT_VENT_R_ICULAR_F

UNCTION_CHANGES_IN_SEVERE_ANEMIA_BY_EC
HOCARDIOGRAPHY_A_CORRELATION_STUDY/lin

ks/58e4a2dda6fdccc85bdf3f97/LEFT-VENT-R-ICULAR-

FUNCTION-CHANGES-IN-SEVERE-ANEMIA-BY-
ECHOCA 

17. Zhou Q, Shen J, Liu Y, Luo R, Tan B, Li G. Assessment of 

left ventricular systolic function in patients with iron 
deficiency anemia by three-dimensional speckle-tracking 

echocardiography. Anatol J Cardiol [Internet]. 2017 [cited 

2023 Mar 6];18(3):194–9. Available from: 
https://pubmed.ncbi.nlm.nih.gov/28639946/ 

18. Patidar V, Sharma A, Malvi M, Adhikari A, Tripathi AP. 
Study of Cardiac Changes in Patients with Iron Deficiency 

Anaemia and its Correlation. J Res Med Dent Sci | 

[Internet]. 2022 [cited 2023 Mar 6];10(2). Available from: 
www.jrmds.in 

 

 


