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Abstract

Aim: Changes in the iron level in the myocardium may be affected by sodium and potassium channels in myocytes and
there may be a contribution to the etiology of cardiac arrhythmia. The aim of this study was to examine for the first time in
literature how the Tp-e interval, which has been accepted in recent years as a strong ventricular repolarisation index, is

affected in female patients with severe iron deficiency anemia.

Material and Methods: The study included a total of 64 participants, as a study group of 34 patients diagnosed with
severe iron deficiency anemia (Hgb<8g/dL Ferritin<14 mcg/L, MCV<80 mm®) and a control group of 34 subjects. To
determine the QTc and Tp-Te interval durations, manual examination was made of manual precordial V5 lead ECGs taken

routinely on the presentation of all participants.

Results: The Tp-e interval was determined to be statistically significantly shorter in the patients (78.97 + 8.63 ms)
compared to the control group (84.57 £ 10.13 ms) (p<0.05). A positive relationship was determined between Tp-e and QTc
durations and Hgb and ferritin levels (p<0.05).

Conclusion: The results of the study showed that the QTc duration and the Tp-e duration were shorter in female patients
with iron deficiency anemia, and therefore iron deficiency anemia can be discounted as a cause of prolonged QTc and Tp-¢

durations.
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1. Introduction
Iron deficiency anemia is the most common cause of anemia worldwide. More than a quarter of the global population has

anemia and half of these cases are formed of iron deficiency anemia [1, 2]. Correspondingly, in developed countries,
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gynecological bleeding in women during the menstrual period and blood loss from the gastrointestinal system in males and
postmenopausal females are the most important etiological factors [3]. Attention has been drawn to the relationship
between anemia and cardiovascular disease. Anemia can increase the fluid in heart and heart rate, can be a cause of left
ventricle hypertrophy, activation of the sympathetic nerve system and stimulation of the renin angiotensin aldosterone

system, and is closely related to chronic inflammation and increased oxidative stress [4].

The shape of the T-wave is a reflection of the ventricular myocardial repolarisation and includes valuable information
about this process. Therefore, the morphological characteristics of the T-wave have become a focus of increasing interest.
The components of T-wave morphology have been shown to be relatively independent of pulse rate, in contrast to the QT
interval. The Tp-e interval duration can be defined as a transmural dispersion index of repolarisation and in this context, it
can be used as a predictive marker for the risk of developing life-threatening arrhythmia [5-6]. It is known that iron in the
heart is suppressed in myocardial cells rather than from the interstitium, and previous studies have suggested that increased
intracellular iron interacts with the cardiac electrical function by producing large numbers of free radicals or by impairing
the selective function of Na+ channels [7-9]. As an abnormal function of the Na+ and K+ channels may contribute to the
etiology of cardiac arrhythmia such as prolonged QT syndrome, the aim of this study was to compare the TP-e and QT

intervals in female patients with severe iron deficiency anemia and a control group.

2. Subjects and Methods

2.1 Study population

This cross-sectional, prospective study included 64 subjects as a patient group of 34 females and an age-matched control
group of 30 females. The patient group were diagnosed with severe iron deficiency anemia determined from ferritin (<14
mcg/L), MCV (<80 mm?®), and Hgb (<8g/dL) values lower than the reference intervals. The control group subjects were
selected as healthy individuals not determined with iron deficiency anemia. In both groups, the voluntary participants had
no chronic disease, and biochemistry laboratory results for electrolytes, fasting blood glucose, urea, creatinine, B12 and

folic acid were within the reference intervals.

2.2 Measurements

Blood samples were taken after an 8-12-hour fast, and were centrifuged immediately. In the biochemical assays,
measurements were taken using the photometric method with Abbott-Architect C16000 (Abbott, USA), the ion selective
electrode method with Abbott-Architect C16000 (Abbott, USA), and the impedance and laser scanning method with Cell-
Dyne Ruby (Abbott, USA). Resting ECG (Nikon Kohden 1250 ECG machine) was recorded at 50mm/sec paper rate and
was examined manually. The Tp-e interval was defined by the tangential method as the distance from the peak of the T-
wave to the end of the T-wave. The QT interval was defined as the time from the start of QRS to the reversal of the T-wave
to the base line. The QTc interval was calculated using the Bazett formula. A precordial V5 probe was used for both

measurements.

3. Statistical Analysis
Data obtained in the study were analyzed statistically using SPSS Statistics vn 21 software (SPSS Inc., Chicago, IL, USA).
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Conformity of the data to normal distribution was assessed with visual (histogram and probability graphs) and analytical
methods (Kolmogorov-Smirnov test). Variance homogeneity was evaluated with the Levene test. In descriptive analyses,
variables with normal distribution were stated as mean + standard deviation (SD) values. For the difference between groups
of parametric variables, the Student’s t-test was applied, and the correlation coefficients and statistical significance were

calculated using the Pearson test. A total typel error level of 5% was accepted as the level of statistical significance in all

the statistical evaluations.

4. Results

The mean age was similar in both study groups as 33.41 + 5.63 years in the patient group and 33.13 £ 3.64 years in the

control group (p>0.05). The basal demographic, clinical and laboratory data of both groups are shown in Table 1.

Controls Patients 5

Variables Total (n=30) (n=34)

Age (years) 33.13 £3.64 33.41+5.63 0.818
BMI 28.73+£5.53 29.44 +2.79 0.295
HR (bpm) 71.60 + 4.08 78.59 +4.70 0.005
SBP (mmHg) 113.6 +7,36 111.8+9,67 0.108
DBP (mmHg) 73.93 + 4.08 71.56 + 5.04 0.044
Hgb (g/dI) 13.34 + 0,68 6.48 + 1.32 <.001
Ferritin (ng/ml) 20.22 £3.53 10.14 £ 2,65 <.001
QTc Interval(ms) 419.3 £8.40 4129+ 11.34 0.014
Tp-e Interval(ms) 84.57 £10.13 78.97 + 8.63 0.020

Values are presented as mean + standard deviation, BMI-Body Mass Index; HR-Hearth Rate; SBP-Systolic Blood

Pressure; DBP-Diastolic Blood Pressure; Hgb-Hemoglobin; QTc-Bezzet’s correction; Tp-e-Tpeak and Tend interval.

Table 1: Demographic and biochemical characteristics of the controls and the patient groups.

Significant differences were determined between the groups in respect of Tp-e and QTc intervals. The Tp-e interval was

measured as 78.97 £ 8.63 ms in the patient group and 84.57 + 10.13 ms in the control group (Figure 1).
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Figure 1: Comparison of Tp-e (Tpeak-Tend) interval between the study groups.
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The QTc interval was measured as 412.9 + 11.34 in the patient group and 419.3 + 8.40 in the control group. The Tp-e and
QTec intervals were statistically significantly shorter in the patient group than in the control group (p<0.05). In the
correlation analyses, a positive correlation was determined between the Tp-e and QTc intervals and the Hgb and ferritin

levels (p<0.05) (Table 2, Figure 2).
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Figure 2: Correlation between T peak T end (Tp-e) interval time and Ferritin (Color shows Tp-e. Size shows Ferritin

levels).

Variables Tool Hgb Ferritin QTc Interval Tp-e Interval
Hgb Pearson's r -

p-value -
Ferritin Pearson's r 0.915 -

p-value <.001 -
QTc Interval Pearson's r 0.312 0.333 -

p-value 0.012 0.007 -
Tp-¢e Interval Pearson's r 0.394 0.431 0.232 -

p-value 0.001 <.001 0.066 -

Hgb-Hemoglobin; QTc-Bezzet’s correction; Tp-e-Tpeak and Tend interval.

Table 2: Correlation of Tp-e and QTc with Hgb and Ferritin levels.

5. Discussion

To the best of our knowledge, this is the first study in literature to have examined how the Tp-e interval, which is a new
and highly predictive arrhythmogenity index, is affected in patients with anemia. The results of the study showed that the
measured Tp-e and QTc intervals were significantly shorter in the patients than in the control group. The Tp-e and QTc
intervals were determined to be similarly affected in anemia patients and changes in both parameters were closely related

to the severity of anemia.

Several studies have emphasized that the duration of the Tp-e interval could be affected depending on various clinical
entities in individuals with no underlying heart disease and it could be a predictive parameter for potentially life-

threatening ventricular arrhythmia. To the best of our knowledge, there has been no previous study in the literature that has
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provided any data related to the effect of the Tp-e interval in patients with anemia and/or iron deficiency anemia. Previous
studies have only encompassed the change in QTc interval in anemic patients. In a study of 30 non-pregnant females with
severe iron deficiency anemia, Vitthal HK et al showed that the QTc interval was shorter in patients than in the control
group and there was a significant positive correlation between serum ferritin level and the QTc interval [10]. In another
study of non-pregnant females with severe iron deficiency anemia, positive correlations were also reported between serum

ferritin or hemoglobin and QTc (12). The results of the current study were consistent with the literature in this respect.

Several electrocardiographic changes have been identified in patients with anemia, including ST segment depression, T-
wave inversion, extension or shortening of the QT interval, and reduced QRS complex amplitude [10, 12, 13]. The increase
in sympathetic excessive activity from the shortened QT interval with hypoxia and reduced myocardial oxygen source can
be possibly held responsible for the pathophysiological connection between anemia and prolonged QT intervals [10, 13].
QT and Tp-e interval durations may be affected associated with autonomic tonus and this effect is less for the Tp-e
duration. The reason for this can be said to be that Tp-e evaluation, in contrast to conventional QT measurements, does not
include the QRS complex and is therefore less affected by ventricular depolarization [14-16]. The results of the current
study showed that shortened QTc and Tp-e were observed in the anemic group because of sympathetic excessive activity

secondary to hyperdynamic circulation and the QTc duration was affected more.

There were some limitations to this study, primarily the small sample size and the cross-sectional design. No comparison
was made of the ECGs of the same individuals in the anemic period and after treatment in respect of obtaining more
homogenised Tp-Tp-e and QTc interval durations. However, a strong aspect of the study was the homogenous sample, as it

was formed of females only.

In conclusion, the results of this study demonstrated how the Tp-e interval and QTc duration are affected in females with
iron deficiency anemia, and as they were shortened, iron deficiency anemia can be excluded as a cause of prolonged QTc
and Tp-e. There is a need for further large, prospective, randomized trials to determine the relationship between both

regional and transmyocardial repolarization parameters and cardiac events.
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