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Abstract 
Introduction: Anemia is one of the most prevalent nutritional disorders worldwide, particularly among young women of reproductive 
age. By reducing oxygen delivery to vital organs, anemia may alter cardiac electrical activity, though its effects on 
electrocardiographic (ECG) parameters in moderate anemia remain incompletely characterized. This cross-sectional pilot study 
aimed to evaluate ECG changes associated with moderate anemia in university students aged 18-30 years at the University of 
Karachi, Pakistan.  

Methods: Thirty participants were enrolled; 15 were anemic (Hb<12 g/dL) and 15 non-anemic controls (Hb≥12 g/dL). A 12-lead 
ECG was performed and nine parameters were compared using the Mann-Whitney U test. 

Results: Of the ECG parameters assessed, only P-wave amplitude showed a statistically significant difference, with higher values in 
the anemic group than in the non-anemic group (p=0.020). No statistically significant differences were found in P-wave duration, 
PR interval, QRS duration, ST segment duration, T-wave amplitude, or any QTc indices (QT, QTcH, QTcB, QTcF). 

Conclusion: In this pilot study, only P-wave amplitude was the ECG variable which showed statistical differences between cohorts 
in the study reported here. However, while useful, these findings should be considered only of preliminary nature as additional 
studies are necessary to confirm this association. 
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1. Introduction 
Anemia ranks as the most widespread illness, particularly in India. 
While it is estimated that 9% of individuals are affected by anemia in 
highly developed nations, the figure rises to 43% in less developed 
countries1. Anemia is among the most prevalent nutritional issues 
globally and a significant contributor to both disability and 
mortality2. Anemia is a medical condition characterized by reduced 
level of RBC in blood. In anemia, hemoglobin (Hb) level and RBC count 
are lower than normal for a particular age group. A  normal value is 
defined as the statistical range that encompasses 95% of the values 
found within the general population3. Anemia is identified as a 
separate risk factor for heart related issues, where even slight 
reductions in Hb levels increase the chances of cardiovascular 
incidents and death4. The risk of cardiovascular disease shows a 
complex connection with Hb levels, whether they are high or low5-8. A 
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Hb level of less than 13 g/dL in adult men and less than 12 g/dL in 
non-pregnant adult women is considered as anemia by the World Health 
Organization (WHO)9. The heart begins compensatory measures, such 
as raising cardiac output and lowering circulation time, in order to 
increase oxygen transport to tissues and make up for the reduced 
oxygen supply10. However, these adaptations remain in place as long 
as anemia persists, putting constant strain on the cardiovascular 
system. Cardiac abnormalities are caused by these heart changes. 

Electrocardiography (ECG) is an essential diagnostic instrument for 
evaluating cardiac electrical activity and identifying modifications 
linked to anemia. Because anemia decreases the oxygen delivery to the 
myocardium, it can cause changes in heart rate, repolarization 
abnormalities, and, in extreme cases, ischemic-like alterations. Due to 
the wide range (10-80%) of reported rates of electrocardiographic 
abnormalities in anemia, different studies have come to contradictory 
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conclusions about the link between ECG alteration and illness11,12. 
Prior research indicated that anemia might cause moderate 
atrioventricular (AV) conduction abnormalities, T waves flattening, 
and reduction in QRS amplitude13. However, recent research hasn’t 
always supported these results. These studies have shown that 
anemic individuals experience frequent non-specific alteration in 
their ST-T wave14. In this study we aimed to identify the ECG changes 
related to moderate anemia among students in the University of 
Karachi. 

2. Methods 
The study was carried out at the Department of Physiology, University 
of Karachi for approximately two weeks (4 September, 2025 to 30 
September, 2025). The sample included undergraduate university 
students aged 18-25 years. This age group was chosen to guarantee 
that age-related physiological, cardiovascular, and hematological 
differences would not affect the results. Convenience sampling 
recruited participants from outside the university, including 30 
students (15 anemic students with Hb<12 g/dL and 15 healthy controls 
with Hb≥12 g/dL). Female and male participants were equally 
distributed in the sample. Individuals suffering from known chronic, 
cardiovascular, or metabolic diseases, as well as any other conditions 
that could affect hematological parameters or the electrical activity of 
the heart were excluded from the sampling process as these factors 
could interfere with the accuracy of the results. 

This research is classified as exploratory case-control study with a total 
of 30 participants, divided into 15 moderate anemic individuals and 
15 individuals without anemia. The experiment was conducted 
according to the ethical standards of research conducted using human 
subjects. Ethical clearance was obtained from the Departmental 
Research Committee (DRC), University of Karachi (Approval Number: 
DRC-24/2025). Before commencing the study, the participants were 
informed about the objective, procedure, benefits, and risks involved 
in the study. Verbal and written informed consent were obtained from 
each participant. Confidentiality and privacy of the participants were 
maintained throughout the study. All data collected were only used 
for the purpose of the study. Before undertaking laboratory and 
ECG work, participants had to provide demographic and clinical 
data. This data comprised age, sex, height, weight, and relevant 
medical history. Measurements were taken using calibrated 
instruments for precision. Participants had to fill out a questionnaire to 
determine the signs usually associated with anemia. The procedure 
was carried out using a standard 12-lead ECG machine. Before the 
ECG procedure, the participants spent 5 minutes lying down flat on 
their back to ensure that external factors, such as a physical activity or 
emotional tension, did not impact the electrical activity of the heart. 
Skin preparation procedures were performed to ensure proper 
electrode connection and reduce possible recording errors. Standard 
anatomical landmarks were followed when connecting electrodes to 
the limb leads (I, II, III, aVR, aVL and aVF) and chest precordial leads 
(V1-V6). ECG was measured during the period of stationary state. 
During the measurement, the following parameters were observed 
and registered: heart rate, time taken by P wave, value of PR interval, 
duration of QRS wave and ST interval and form of T wave. The 
complete blood count (CBC), was performed simultaneously using 
venous blood samples. The blood was collected under strict aseptic 
conditions using sterile disposable syringes. To analyze blood 
samples, they were transported on the same day to the hospital 
laboratory. Simple tests were conducted in the laboratory to interpret 
the different blood components such as RBC count and WBC count. 
The tests were also used to determine the health status of the subjects 
with reference to anemia. Among all of the individuals who were 
evaluated for the blood tests, only anemic patients were studied in 
detail. The anemia was diagnosed using the Hb cut-off figures. 
Subjects with normal Hb levels were excluded from the study. 

Demographic and clinical information were acquired using the strictly 
fixed forms. 

3. Results 
The demographic and hematological characteristics of the study 
participants were evaluated to describe the baseline comparability of 
the anemic and non-anemic groups and to characterize their 
hematological status. Table 1 summarizes age, sex, Hb concentration, 
RBC count, hematocrit, and red-cell indices, along with the 
corresponding statistical comparisons between the two groups. The 
baseline demographic and hematological data reveal that the two 
groups are similar with regard to age and sex. There are significant 
differences in case of Hb (p<0.001), RBC count (p=0.001) and HCT 
levels (p=0.001). However, there were no significant differences in MCV, 
MCH, and MCHC values (p>0.05). 

Table 1: Demographic and hematological characteristics of anemic and non-
anemic groups 

Parameter Anemic (n=15) Non-Anemic (n=15) p-value 

Age (years) 21.80 ± 1.42 23.53 ± 3.76 0.238 

Sex (F/M) 15/0 12/3 — 

Hb (g/dL) 10.27 ± 1.86 12.57 ± 0.37 <0.001* 

RBC (×10¹²/L) 3.97 ± 0.37 4.64 ± 0.47 0.001* 

HCT (%) 28.68 ± 5.42 36.35 ± 4.99 0.001* 

MCV (fL) 75.17 ± 10.94 79.71 ± 6.96 0.300 

MCH (pg) 25.00 ± 3.52 27.09 ± 2.65 0.093 

MCHC (g/dL) 34.35 ± 3.30 34.94 ± 3.59 0.561 

* Statistically significant at p<0.05. Values are presented as mean±SD. Mann-Whitney U test 
was used to calculate p-values. Hb: hemoglobin; RBC: red blood cell count; HCT: hematocrit; 
MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean 
corpuscular hemoglobin concentration 

To assess the potential cardiac electrical effects associated with anemia, 
electrocardiographic parameters were compared between participants 
in the anemic and non-anemic groups. Table 2 presents the 
comparative analysis of selected ECG waveforms and intervals, 
including P-wave, QRS, ST-segment, and QT/QTc parameters, together 
with the statistical tests used to determine differences between the two 
groups. 

Table 2: Comparison of electrocardiographic parameters between anemic and 
non-anemic groups 

 
*Statistically significant at p<0.05. Hb: hemoglobin; U: Mann-Whitney U statistic; t: independent 
samples t-test. Values are mean ± SD or median (IQR). Only P-wave amplitude showed a 
significant difference between groups (p=0.020); all other parameters were non-significant 
(p>0.05) 
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The normality of the ECG measurements was verified by the Shapiro-
Wilk test for each measurement and was found to be normal. The two 
groups of individuals (moderately anemic vs non-anemic) were 
compared using independent samples t-test on variables with a 
normal distribution and Mann-Whitney U-test on variables with an 
abnormal distribution. P<0.05 was considered statistically significant. 

The results of the T wave showed that the T-wave peak was not 
significantly different between the anemic and non-anemic groups 
(p=0.305), which indicates that moderate anemia does not 
significantly affect the T wave which is representative of the 
repolarization of the ventricle. 

The results for the P wave indicate that there is no statistical difference 
between the P-wave duration (p=0.114) or PR-interval (p=0.644). The 
P-wave amplitude was significantly higher for the anemic vs non-
anemic groups (p=0.020). Thus, moderate anemia is considerably 
associated with an increase in P-wave amplitude. The QRS duration 
was not statistically significant between the anemic and non-anemic 
individuals (p=0.128). The ST segment was not statistically significant 
between the two groups (p=0.203). QTc indices were normally 
distributed, as were the QT intervals that were analyzed using 
independent samples t-test. There was no statistical difference in the 
measurements for QTc intervals: QT (p=0.231), QTcH/Hodges 
(p=0.662), QTcB/Bazett (p=0.428), QTcF/Fridericia (p=0.189). 

Of the ECG parameters measured, only the P-wave amplitude was 
found to have a statistically significant relationship with moderate 
anemia (p=0.020). The other ECG parameters did not show any 
significant difference between the two groups. There was also a clear 
difference in mean Hb between anemic (10.27±1.86 g/dL) and non-
anemic (12.57±0.37 g/dL) subjects, further confirming the difference 
between the groups. 

4. Discussion 
The oxygen-carrying capacity of blood is reduced by anemia due to 
the mismatch between the oxygen demand and supply of the 
myocardial muscle. As a compensatory response to reduced oxygen 
availability, the body activates several cardiovascular mechanisms, 
including increased heart rate, raised cardiac output, and alterations 
of atrial and ventricular electrical activity, which may cause indirect 
variations in ECG parameters. 

In this study, no statistically significant differences were observed 
between the two groups for most ECG parameters. However, P-wave 
amplitude was significantly greater in the anemic group compared to 
the non-anemic group (p=0.020). 

The rationale behind the selective implication of the atria in moderate 
anemia is based on well-established physiological principles. Anemia 
causes an overall reduction in oxygen transport in the body, resulting 
in sympathetic activation and increased return of blood to the heart, 
preload, and stretching of the atria. The stretching of the atria leads 
to increased amplitude of the P wave by extension of the wavefront 
of depolarization of the atria. In contrast, other parameters such as 
the duration of the QRS complex, ST segment, and QTc are 
insufficiently affected to reach statistical significance. Thus, the idea 
of selective changes in the atria does not violate any principle and 
seems to fit the theory of atrial capacitive adaptation before any 
significant changes occur in the ventricles. However, given the small 
sample size, the risk of getting a false positive finding is present and 
cannot be ignored.   

Shashikala et al. (2014)15 conducted a cross-sectional study examining 
the relationship between Hb concentration and ECG findings in 100 
anemic patients. Patients with severe anemia (Hb 0-5 g/dL), 
predominantly showed ECG abnormalities including left ventricular 
hypertrophy, T-wave changes, and ST segment depression, with the 
frequency of abnormalities increasing as Hb concentration fell. In the 

present study, participants had moderate anemia. Therefore, the 
absence of significant abnormalities in T wave, QRS, and ST segment 
parameters suggests that a Hb-dependent threshold exists beyond 
which overt ECG changes become apparent. 

In our study, there were no statistically significant differences in T wave 
amplitude, QRS duration, ST segment, PR interval, or any of the QTc 
indices between groups. This is consistent with Biradar et al. (2020)16, 
who found that ECG abnormalities could be reversed by correcting the 
anemia. Traditional findings such as decreased QRS amplitude, T-wave 
flattening, and mild atrioventricular conduction disturbances are not 
universally present, and non-specific ST and T-wave abnormalities 
reported across studies do not consistently correlate with anemia 
severity. 

Regarding QTc, Kwon et al. (2020)17 undertook a large-scale analysis of 
QTc prolongation and ECG abnormalities in patients presenting with 
severe anemia and found significant associations with prolonged QTc 
interval, decreased QRS amplitude, T-wave inversion, and right 
axis deviation. The absence of significant QTc prolongation or 
repolarization disturbances in our study likely reflects the moderate 
degree of anemia in our participants, with more severe myocardial 
hypoxia being required to produce these changes.  

Simsek et al. (2010)18 reported that P-wave duration and dispersion in 
patients with iron deficiency anemia were significantly greater than in 
healthy controls, supporting the notion that atrial conduction is affected 
by anemia. This effect was attributed to a reduction in atrial conduction 
velocity caused by tissue hypoxia and diastolic dysfunction secondary to 
myocardial ischemia. Although the present study focused on P-wave 
amplitude rather than dispersion, the underlying physiological 
mechanism i.e., atrial stretch and autonomic activation in response to 
reduced oxygen delivery, appears consistent across both findings. 

Most recently, Yildiz et al. (2025)19 evaluated the morphology-voltage-
P-wave duration (MVP) score in 241 patients with iron deficiency anemia 
compared to 204 healthy controls and reported that the total MVP score 
was significantly higher in the anemic group (p<0.001). This difference 
was attributed to sympathetic nervous system activation, increased 
heart rate, and atrial stretching as physiological responses to chronic 
hypoxia. The significantly increased P-wave amplitude observed in the 
present study is consistent with these findings and further supports the 
concept that mild-to-moderate anemia produces measurable changes 
in atrial depolarization forces. 

The sensitivity of P-wave amplitude as an early marker of cardiac 
involvement in moderate anemia appears to manifest at a much earlier 
stage than the more overt repolarization and conduction changes seen 
only at extreme levels of anemia. Because P-wave amplitude can be 
measured on a standard 12-lead ECG machine, it may provide a low-
cost, non-invasive means of screening for early cardiac involvement in 
moderate anemia.   

5. Limitations of the Study 
The major limitation of this study is the relatively small sample size, 
which may restrict the applicability of the findings. As an exploratory 
study, the results should be interpreted carefully and future studies with 
sufficient sample size are recommended to confirm these observations. 

6. Conclusion 
This pilot cross-sectional study found that the anemic cohort had a 
significantly higher value of P-wave amplitude than the non-anemic 
group, while all other parameters on the ECG did not exhibit 
significant differences. The findings of the research must be 
interpreted with caution, as the small sample size does not allow for 
statistical power and generalization. It appears that P-wave amplitude 
can be seen as an early indicator of adaptation to moderate anemia, 
but this information must be confirmed in further investigations 
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involving more numerous representative samples of participants. 

Acknowledgments 
The authors are thankful to the Chairperson, Department of 
Physiology, University of Karachi, for providing the facilities to 
conduct the research. 

Funding 
This research did not receive any specific grant from funding agencies 
in the public, commercial, or not-for-profit sectors.  

Conflict of Interest 
The authors declare that there is no conflict of interest regarding the 
publication of the article. 

Disclosure of AI Use 
No AI tool was used in the preparation of the manuscript. 

Authors’ Contributions 
DK was responsible for conceptualization of the study, data 
collection, laboratory procedures, ECG interpretation, data analysis 
and compilation, documentation, graphical representation, and 
drafting and finalization of the manuscript. MN was the principal 
investigator and was responsible for supervision of the study, 
methodology designing, and critically reviewing the manuscript. MJA 
was the co-supervisor, providing academic guidance throughout the 
study, as well as assisting in ECG interpretation and analysis, and 
critically reviewing the manuscript. ZK was responsible for reviewing 
and final preparation of manuscript. Both supervisors contributed 
equally to the supervision and academic support of this research 
work. All contributors reviewed and approved the final manuscript. 

References 
1. Rizvi ZA, Singh J, Mishra P, Kumar A, Saini A, Patel N, et al. 

Anemia Mukt Bharat index: methodology and state rankings of 
iron and folic acid supplementation coverage in India, 2018-
2019 to 2022-2023. Glob Health Sci Pract. 
2025;13(2):e2400077. DOI: 10.9745/GHSP-D-24-00077. 

2. World Health Organization. Anaemia. WHO, Geneva, 2025. 
Available from: https://www.who.int/news-room/fact-
sheets/detail/anaemia; Accessed on 06.09.2026. 

3. Vieth JT, Lane DR. Anemia. Emerg Med Clin North Am. 
2014;32(3):613-28. DOI: 10.1016/j.emc.2014.04.007. 

4. Lanser L, Fuchs D, Scharnagl H, Grammer T, Kleber ME, März 
W, et al. Anemia of chronic disease in patients with 
cardiovascular disease. Front Cardiovasc Med. 
2021;8:666638. DOI: 10.3389/fcvm.2021.666638.   

5. Kawashima M, Hisamatsu T, Harada A, Kadota A, Kondo K, 
Okami Y, et al. Relationship between hemoglobin 
concentration and cardiovascular disease mortality in a 25-year 
follow-up study of a Japanese general population – NIPPON   
DATA90.   Circ   J.   2024;88(5):742-50. DOI: 
10.1253/circj.CJ-23-0725.   

6. Khan QA, Khan N, Mumtaz A, Ahmad N, Asim N, Shaheen A, et 
al. Assessment of risk factors among female patients with 
various acute coronary syndrome types presenting to 
cardiology unit DHQ Kohat, Pakistan. Int J Endorsing Health Sci 
Res. 2022;10(3):337-42. DOI: 
10.29052/IJEHSR.v10.i3.2022.337-342.       

7. Wu W, Fan D, Que B, Chen Y, Qiu R. Investigation on the 
relationship between hemoglobin concentration and stroke risk: 
a bidirectional Mendelian randomization study. Front Neurol. 
2024;15:1327873. DOI: 10.3389/fneur.2024.1327873.   

8. Sinning C, Makarova N, Völzke H, Schnabel RB, Ojeda F, Dörr M, 
et al. Association of glycated hemoglobin A1c levels with 
cardiovascular outcomes in the general population: results from 
the BiomarCaRE (Biomarker for Cardiovascular Risk Assessment 
in Europe) consortium. Cardiovasc Diabetol. 2021;20(1):223. DOI: 
10.1186/s12933-021-01413-4.   

9. World Health Organization. Guideline on haemoglobin cutoffs to 
define anemia in individuals and populations. WHO, Geneva, 
2024. Available from: 
https://www.who.int/publications/i/item/9789240088542; 
Accessed on 06.09.2026. 

10. Metivier F, Marchais SJ, Guerin AP, Pannier B, London GM. 
Pathophysiology of anaemia: focus on the heart and blood 
vessels. Nephrol Dial Transplant. 2000; 15 Suppl 3:14-8. DOI: 
10.1093/oxfordjournals.ndt.a027970.   

11. Sanghvi LM, Misra SN, Bannerji K, Gupta KD. Electrocardiogram 
in chronic severe anemia. Am Heart J. 1958;56(1):79-86. DOI: 
10.1016/0002-8703(58)90163-7. 

12. Porter WB, James 3rd GW. The heart in anemia. Circulation. 
1953;8(1):111-6. DOI: 10.1161/01.cir.8.1.111.  

13. Hunter A. The heart in anaemia. Q J Med. 1946;15:107-24. DOI: 
10.1093/qjmed/15.58.107.  

14. Winsor T, Burch GE. The electrocardiogram and cardiac state 
in active sickle-cell anemia. Am Heart J. 1945;29(6):685-96. DOI: 
10.1016/S0002-8703(45)90441-8.   

15. Shashikala GV, Shashidhar PK, Herur A, Chinagudi S, Patil SS, 
Ankad RB, et al. Correlation between haemoglobin level and 
electrocardiographic (ECG) findings in anaemia: a cross-sectional 
study. J Clin Diagn Res. 2014;8(4):BC04-BC06. DOI: 
10.7860/JCDR/2014/8966.4202.  

16. Biradar SM, Holiyachi R, Shannawaz M, Teja VR. 
Electrocardiographic abnormalities in severe anaemia and its 
reversibility after correction of anaemia in North Karnataka, India. 
Int J Adv Med. 2020;7(10):1566-9. DOI: 10.18203/2349-
3933.ijam20204073.  

17. Kwon JM, Cho Y, Jeon KH, Cho S, Kim KH, Baek SD, et al. A deep 
learning algorithm to detect anaemia with ECGs: a retrospective, 
multicentre study. Lancet Digit Health. 2020;2(7):e358-e367. 
DOI: 10.1016/S2589-7500(20)30108-4.  

18. 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 (Sao Paulo). 2010;65(11):1067-71. DOI: 
10.1590/s1807-59322010001100001.  

19. Yildiz G, Yildirim ÖT, Kaya Ş, Ayyildiz FA, Yildiz CG. The effect of 
iron deficiency anemia on the morphology-voltage-P wave 
duration (MVP) risk score. Ann Noninvasive Electrocardiol. 
2025;30(6):e70116. DOI: 10.1111/anec.70116.  

 

https://www.who.int/news-room/fact-sheets/detail/anaemia
https://www.who.int/news-room/fact-sheets/detail/anaemia
https://www.who.int/publications/i/item/9789240088542



