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ÖZABSTRACT

Introduction
Common variable immunodeficiency (CVID) is the most heterogeneous 
group among the antibody deficiency syndromes and the estimated 
prevalence is about 1:25.000 (1). Hypogammaglobulinemia is a primary 
immunodeficiency characterized by recurrent infections and increased 
risk of developing autoimmune diseases and malignancy (2). The 
presence of concomitant autoimmune diseases or chronic diseases 
has been associated with chronic inflammatory processes in patients 
(3). However, its effects on the cardiovascular system have not yet 

been clearly identified (4). However, it may be associated with immune 

deficiencies due to the known effects of systemic inflammation in the 

pathogenesis of atherosclerosis (5). In addition, inflammation plays a 

significant role in the pathogenesis of chronic arrhythmias, such as atrial 

fibrillation (AF) (6,7).

Standard surface electrocardiography  is a simple diagnostic tool that is 

widely used in the detection of cardiac arrhythmias or coronary artery 

disease and in the evaluation of myocardial pathologies. Here, various 
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Amaç: Ortak değişken immün yetmezlik (CVID), antikor 
eksikliği sendromları arasında en heterojen gruptur, ancak 
kardiyovasküler sistem üzerindeki etkileri henüz net bir şekilde 
tanımlanamamıştır. Burada, bu hastalığın olası aritmojenik 
etkilerini, elektrokardiyografi ile değerlendirmeyi amaçladık.

Yöntemler: Çalışmaya 30 CVID hastası ile yaş ve 
komorbiditeleri eşleşen 30 gönüllü kontrol grubu dahil edildi. 
Tüm katılımcıların elektrokardiyografik ve ekokardiyografik 
değerleri kaydedildi. QRS, QT, Tp-e manuel olarak ölçüldü. QTc, 
Bazett formülü kullanılarak hesaplandı. Daha sonra, Tp-e/QT, 
Tp-e/QTc, QT/QRS ve QTc/QRS oranları hesaplandı ve gruplar 
arasında karşılaştırılma yapıldı.

Bulgular: CVID grubunda PR aralığı ve P dalga dispersiyonu 
daha yüksek bulundu. Ayrıca, QT aralığı ve düzeltilmiş QT 
aralığı, T peak-to-end interval, CVID kolunda daha yüksekti 
ve QT/QRS oranı ile elde edilen kardiyak elektrofizyolojik 
denge indeksi değeri CVID grubunda da daha yüksekti. CVID 
grubunda P terminal kuvveti olan hasta sayısı da daha fazla idi.

Sonuç: Bu çalışma sonucunda, CVID hastalarının normal 
sağlıklı bireylere göre aritmi gelişme sıklığının daha yüksek 
olabileceği bulunmuştur.

Anahtar Kelimeler: Aritmi, CVID, elektrokardiyografi

Introduction: Common variable immunodeficiency (CVID) 
is the most heterogeneous group among the antibody 
deficiency syndromes, but its effects on the cardiovascular 
system have not yet been clearly identified. Here, we aimed 
to investigate the arrhythmogenic effects of this disease with 
electrocardiography.

Methods: The study included 30 CVID patients and 30 
control subjects matched for age and comorbidities. 
Electrocardiographic and echocardiographic values of all 
participants were recorded. QRS, QT, Tp-e were measured 
manually. QTc was calculated using Bazett’s formula. Then, 
Tp-e/QT, Tp-e/QTc, QT/QRS, and QTc/QRS ratios were calculated 
and compared between the groups.

Results: PR interval and P-wave dispersion were found to be 
higher in the CVID group. In addition, the QT interval and 
corrected QT interval, T peak-to-end interval were higher in 
the CVID arm, and the index of cardiac electrophysiological 
balance value obtained with the QT/QRS ratio was also higher 
in the CVID group. The number of patients with P terminal 
force was also higher in the CVID group. 

Conclusion: As a result of this study, it was found that CVID 
patients have a higher incidence of developing arrhythmia 
than normal healthy individuals.
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parameters have been identified on an electrocardiogram (ECG) that 
predicts sudden cardiac death or any arrhythmias. The best known of 
these is the prolongation of the QT interval, indicating sudden death or 
cardiac electrical instability (8). In addition, the T-wave peak-to-end (T

p-e
) 

interval and T
p-e

/QT ratio are novel proarrhythmogenic markers suggesting 
transmural dispersion of repolarization in the left ventricle (9). Moreover, 
P-wave dispersion (PWD) is known to predict the development of AF (10). 
More recently, the index of cardiac electrophysiological balance (iCEB), 
calculated by dividing the QT interval by the QRS duration, has been 
shown to be a predictor of ventricular arrhythmias (11,12). 

Along with the changes observed in medical treatment, CVID awareness 
and the number of diagnosed patients are increasing day by day. 
Previously deceased due to various infectious diseases (brain abscess, 
endocarditis, pneumonia, etc.), antibiotic therapies and intravenous 
immunoglobulin treatments administered to these patients prolonged 
life expectancy. However, the effects of this disease, which can be 
a long chronic process, on the cardiovascular system are unknown. 
In our study, we aimed to investigate the effects of this disease on 
electrocardiography for the first time.

Methods

Patient Population

A total of 60 participants, including 30 patients who had undergone 
a cardiological examination for any reason and were being monitored 
for CVID and 30 healthy subjects who had been age and sex matched, 
were included in the study at the allergy and immunology clinic at our 
hospital. A standard 12-lead ECG was performed on the patients. The 
exclusion criteria were as follows: chronic renal failure; presence of 
electrolyte abnormalities; presence of active infection or malignancy; 
use of any drugs affecting the cardiac conduction system (treatment 
with beta-blockers, non-dihydropyridine calcium channel blockers 
or digital use) or use of prophylactic antibiotics with known efficacy 
on electrocardiography for protection from infections (erythromycin, 
azithromycin, etc.); regular use of an inhaler due to chronic 
obstructive pulmonary diseases; having undergone percutaneous 
coronary intervention or coronary artery bypass surgery for coronary 
artery disease; presence of documented AF; presence of a cardiac 
pacemaker; presence of a branch block on the ECG; presence of 
preexcitation syndromes; presence of left ventricular hypertrophy on an 
echocardiogram; and moderate or severe heart valve disease. Baseline 
demographic characteristics and electrocardiographic findings of the 
study population were recorded. Informed consent was obtained from 
all patients and healthy controls. The study was approved by the local 
ethics committee of Necmettin Erbakan University Faculty of Medicine 
the study was conducted according to the Declaration of Helsinki 
(decision no: 2019/1909).

Assessment of Electrocardiographic Parameters

A standard 12-lead surface ECG was performed after at least 1 hour of 
rest (10 mV/mm and 25 mm/s paper speed Marquette Case, Hellige 
Medical System, Cardiosmart Hellige Instrument Company, Freiburg, 
Germany). Heart rate, p-wave morphology, PR interval, QRS duration, 
QT distance and T-wave morphology were analyzed. All ECG samples 

were transferred to a digital platform to reduce the margin of error 
during measurement, and measurements were then taken using special 
software (Adobe Photoshop) to provide necessary magnification.

The beginning point of the P-wave was described as the first upward 
positive or downward negative deflection between the isoelectric line 
and the end of the P-wave was characterized as the point where the 
last deflection of the P-wave met the isoelectric line. Maximum P (P

max
) 

and minimum P (P
min

) wave durations were recorded. PWD was defined 
as the difference between the maximum and P

min
-wave durations (10). 

Interatrial duration was regarded as the greatest duration of P-waves 
from D2, D3, AVF or V1 (13). P terminal force was defined as the terminal 
negative part of a biphasic P-wave in lead V1 being greater than 1 small 
square (40 mm) (14). The QT interval was conventionally obtained by 
manually measuring from the onset of the QRS complex to the crossing 
point of the T wave and isoelectric line. The heart rate-corrected QT 
interval was calculated using Bazett’s formula (cQT=QT√ (R - R interval). 
QT dispersion (QTd) was obtained by measuring the longest QT interval 
(QT

max
) and the shortest QT interval (QT

min
) in any lead (15). QT interval 

measurements were taken by examining recordings from leads D2 and 
precordial V5, and the longer lead was recorded for statistical analysis 
(16). Changes in the T-wave in each cardiac cycle (shape, height, or 
duration) were termed macroscopic T-wave alternans (17). The distance 
from the peak of the T-wave (T

peak
) to the endpoint of the T-wave (T 

end) (T
peak-end

 or T
p-e

) was obtained from the chest leads. The T
p-e

/QT ratio 
was obtained by dividing the T

p-e
 duration by the QT interval in the 

precordial V5 lead (16,18). iCEB was obtained by dividing the QT interval 
by the QRS duration in the same lead (D2 or V5) (11,12).

Statistical Analysis

SPSS® version 16.0 statistical package software (SPSS Inc., Chicago, IL, 
United States) was used for statistical analyses. We presented normally 
distributed quantitative variables as mean ± standard deviation while 
we presented categorical variables in numbers and percentages. 
Normality of distribution was evaluated using the Kolmogorov-Smirnov 
test. Mean values of continuous variables were compared between 
independent groups using the Student’s t-test, one-way ANOVA test, or 
Kruskal-Wallis test as appropriate. The chi-square test was performed to 
compare the study groups in terms of categorical variables. A p-value 
below 0.05 was considered statistically significant. 

Results
The mean age of the patients included in the study was 38.76±13.59 
years and 57% (n=34) were male. In addition, there was no statistically 
significant difference between the groups (CVID group and control 
group) in terms of age, gender, hypertension and smoking (p>0.05). 
The mean age of patients with CVID at the time of initial diagnosis was 
calculated as 28.03±15.29 years (minimum 1 year, maximum 60 years). 
The mean follow-up period of CVID patients was 8±6.58 years while the 
rate of patients with bronchiectasis whose clinical condition was not 
affected was 47% (n=14) in this patient group. The main demographic 
and characteristic features of the study population are shown in Table 1.

Table 2 shows a comparison of electrocardiographic parameters of the 
patient and control groups. Accordingly, the heart rate per minute and 
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P
max

 and P
min

 intervals were similar in both groups while the PR interval 

and PWD were found to be higher in the CVID group (p value; 0.009 and 

0.005, respectively). In addition, the QT interval and corrected QT interval 

were higher in the CVID arm (p=0.021), and the iCEB value obtained 

with the QT/QRS ratio was also higher in the CVID group (p=0.031). T 

peak-to-end interval was higher in the CVID group (p=0.013) while the 

T peak-to-end/QT ratio was not statistically significant between the two 

groups although it was still high (p=0.093). The number of patients with 

P terminal force was higher in the CVID group (20% vs. 3%, p=0.044) 

while the number of patients monitored for macrovolt T-wave alternans 

was similar in both groups (p=0.519). 

Depending on the presence of bronchiectasis, the QT interval and 

corrected QT interval were found to be longer in the presence 

of bronchiectasis when the subgroup analysis of the CVID group 

was performed (p values=0.011 and 0.013, respectively). All other 

electrocardiographic parameters were observed to be similar. Table 3 

shows a comparison of the electrocardiographic parameters of the CVID 

group in the presence of bronchiectasis. 

Discussion
As a result of our study, P-wave and QTd, a predictor of the development 

of arrhythmia in CVID patients, T
p-e

 interval and index of cardiac 

electrophysiological balance values have been shown to be higher. In 

addition, the QT interval was longer and P-terminal force frequency was 

higher in this patient group. Furthermore, none of these results varied, 

except for the QT interval, with bronchiectasis that does not require 

clinical treatment.

In CVID patients, the disease is usually diagnosed within about 8 

years after first symptoms, and this diagnostic delay results in delayed 

initiation of standard treatments (immunoglobulin), thereby increasing 

Table 1. Basale characteristic of study population

Variables Control group (n=30) CVID group (n=30) p

Age (years, mean ± SD) 40.70±13.85 36.83±13.28 0.274

Gender (male, n%) 18 (60) 16 (53.3) 0.602

Diabetes Mellitus (n%) 3 (10) 2 (6) 0.640

Hypertension (n%) 4 (13) 3 (10) 0.688

Smoking (n%) 8 (26) 6 (20) 0.542

Ejection fraction (%, mean ± SD) 62.13±4.71 63.33±3.45 0.438

Age of diagnosis (years, mean ± SD, minimum-maximum) - 28.03±15.29 (1-60) -

Following period (years, mean ± SD) - 8±6.58 -

The usage time of intravascular immunglobuline (years, mean ± SD) - 7.69±6.88 -

CVID: common variable immunodeficiency, SD: standard deviation

Table 2. Comparison of electrocardiographic parameters of the study group

Variables Control group (n=30) CVID group (n=30) p 

Heart rate (beat/min, mean ± SD) 80.60±13.63 84.86±15.24 0.258

PR interval (msn, mean ± SD) 135.13±13.76 147.10±20 0.009

P maximum (msn, mean ± SD) 96.26±20.25 101.83±22.9 0.323

P minimum (msn, mean ± SD) 51±16.62 44.53±9.74 0.071

P wave dispersion (msn, mean ± SD) 44.7±13.29 57.8±20.38 0.005

Interatrial duration (≥110 ms) (n%) 8 (27) 10 (33) 0.389

P terminal force (n, %) 1 (3.3) 6 (20) 0.044

QT duration (msn, mean ± SD) 360.17±22.14 378.5±35.84 0.021

Corrected QT duration (msn, mean ± SD) 396.51±27.82 419.38±30.34 0.004

QT dispersion (msn, mean ± SD) 31±12.06 44.96±26.01 0.011

QRS duration (msn, mean ± SD) 82.90±10.81 77.66±14.82 0.124

T peak to T-end interval (msn, mean ± SD) 68.5±12.87 78.1±16.05 0.013

T peak to T-end interval/QT duration ratio 0.19±0.33 0.20±0.04 0.093

T peak to T-end interval/corrected QT duration ratio 0.17±0.33 0.18±0.03 0.185

Macrovolt T wave alternans (n/%) 7 (23) 5 (16) 0.519

Index of cardioelectrophsiyological balance (QT interval/QRS duration ratio) 4.41±0.64 4.92±1.07 0.031

Corrected Index of cardioelectrophsiyological balance (corrected QT interval/QRS duration ratio) 4.86±0.76 5.44±1.24 0.033

CVID: Common variable immunodeficiency, SD: standard deviation
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mortality and morbidity rates of the disease (19). Although the life 

expectancy of CVID patients increases with improved treatment methods, 

the presence of chronic inflammation leads to the development of 

different diseases in this patient group (20,21). In CVID patients, TNF-

alpha and CRP levels were found to be higher as indicators of chronic 

inflammation compared to healthy subjects. The clinical presentation 

of this disease is known to be more severe in patients with high 

inflammation parameters (21,22). Inflammation parameters, such as 

TNF-alpha, CRP and IL-6 are also known to play an effective role in the 

pathogenesis of atherosclerosis which is a chronic disease. In addition, 

apo-A and high-density lipoprotein cholesterol levels and chronic 

inflammation were lower in this patient group (21). When evaluated 

with this evidence, atherosclerotic heart disease was considered to have 

started at an early stage in CVID patients and was thought to display a 

rapid course. On the other hand, it was thought that atherosclerosis and 

related diseases could be overlooked in these patients due to chronic 

respiratory infections (pneumonia, bronchiectasis, etc.), gastrointestinal 

system infections, autoimmune diseases and malignant diseases which 

are more common in early ages (23). As life expectancy was lower in 

this patient group, atherosclerotic cardiovascular diseases were thought 

to not display any clinical symptoms. In a comprehensive study, the 

age of mortality was shown to be between 40 and 50 years. However, 

with current immunoglobulin therapies and advanced antibiotic 
technologies, it is thought that the rate of patients presenting with 
cardiovascular diseases will increase in the near future (23,24). Another 
hypothesis was described as follows: “Endothelial dysfunction and 
endothelial inflammation in atherosclerosis cannot develop due to 
chronic immune dysregulation and immunodeficiency or the risk of 
atherosclerosis in these patients is similar in healthy individuals due to 
received immunoglobulin treatments” (23). 

As atherosclerosis itself is known to be a risk factor for cardiac arrhythmias, 
the increased inflammatory response itself has also been shown to 
cause cardiac arrhythmias alone. For instance, inflammatory markers 
such as TNF-alpha, CRP, IL 6-8 were found to be higher in individuals 
with AF (25). Individuals with high CRP levels following myocardial 
infarction were more likely to suffer from ventricular tachycardia during 
clinical follow-up (26). At this point, it can be considered that the chronic 
inflammatory process in CVID patients provides a suitable basis for the 
development of cardiac arrhythmias.

Various parameters have been developed in standard surface 
electrocardiography to predict cardiac arrhythmias and pathologies. 
The main purpose of this study was to evaluate the effect of CVID 
on these parameters and to assess the arrhythmogenic risk in this 
patient population. Here, P-wave dispersion, a strong predictor of 

Table 3. Comparison of CVID patients according to the presence of bronchiectasis

Variables Patients with 
bronchiectasia (n=14)

Patients without 
bronchiectasia (n=16) p

Age (years, mean ± SD) 36.5±13.71 37.12±13.34 0.912

Age of diagnosis (years, mean ± SD) 26.64±16.45 29.25±14.63 0.649

Following period (years, mean ± SD) 9.66±6.53 6.61±6.38 0.206

The usage time of intravascular immunglobuline (years, mean ± SD) 9.26±6.13 7.29±6.33 0.037

Heart rate (beat/min, mean ± SD) 85.14±15.56 84.62±15.47 0.928

Ejection fraction (%, mean ± SD) 63.21±4.13 63.43±2.87 0.864

PR interval (msn, mean ± SD) 147.29±20.93 146.94±19.85 0.963

P maximum (msn, mean ± SD) 108.50±25.16 96±19.69 0.138

P minimum (msn, mean ± SD) 46.92±12.33 42.43±6.44 0.213

P wave dispersion (msn, mean ± SD) 61.21±21.12 54.81±19.91 0.401

Interatrial duration (≥110 ms) (n, %) 3 (21) 7 (44) 0.041

P terminal force (n, %) 3 (21) 3 (19) 0.855

QT duration (msn, mean ± SD) 361.07±37.32 393.75±27.29 0.011

Corrected QT duration (msn, mean ± SD) 405.07±26.84 431.91±28.68 0.013

QT dispersion (msn, mean ± SD) 36.85±21.11 52.06±28.41 0.072

QRS duration (msn, mean ± SD) 77.28±10.17 78±18.31 0.898

T peak to T-end interval (msn, mean ± SD) 78.21±17.57 78±15.19 0.972

T peak to T-end interval/QT duration ratio 0.21±0.04 0.19±0.04 0.233

T peak to T-end interval/corrected QT duration ratio 0.19±0.04 0.17±0.03 0.353

Macrovolt T wave alternans (n, %) 3 (21) 2 (14) 0.743

Index of cardioelectrophsiyological balance (QT interval/QRS duration ratio) 4.73±0.73 5.08±1.3 0.382

Corrected Index of cardioelectrophsiyological balance (corrected QT interval/QRS duration ratio) 5.32±0.79 5.54±1.55 0.633

CVID: Common variable immunodeficiency, SD: Standard deviation
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the possibility of AF and the efficacy of which was demonstrated in 

various studies, was found to be higher in CVID patients (10,27). This 

supports the inflammatory process and risk of developing AF in CVID 

patients. Interatrial duration (interatrial block) and p-terminal force are 

parameters that were indicative of dilatation and dysfunction of the 

left atrium, atrial fibrillation and development of stroke (13,28,29). In 

our study, the frequency of P-terminal force was higher in CVID patients 

(3.3% vs. 20%, p=0.044); however, no statistically significant difference 

was determined in interatrial duration although the number thereof was 

higher (p=0.389). It should not be overlooked that the excess P terminal 

force supports the high probability of developing AF in this patient 

group. In addition, increased QTd detected in a surface ECG is associated 

with increased heterogeneity in ventricular repolarization and has an 

adverse impact on the development of ventricular arrhythmia (15,30). 

In our study, the QTd was higher in CVID. Moreover, iCEB, calculated 

as the QT/QRS interval, has been defined as a new risk predictor for 

malignant ventricular arrhythmias. Increased iCEB values have been 

shown to be associated with torsades de pointes while decreased iCEB 

values have been associated with non-torsades de pointes ventricular 

tachycardia or ventricular fibrillation (11,12). Again, this value was 

higher in the CVID patient group (p=0.031). The high QTd and iCEB 

values indicate that the incidence of ventricular arrhythmia is higher 

in this patient group than in the normal population. In addition to 

this information, the T
p-e

 interval is considered an index of transmural 

dispersion of repolarization in the left ventricle, and the T
p-e

/QT ratio 

is used as a newer electrocardiographic index showing ventricular 

arrhythmias. Accordingly, a prolonged T
p-e

 interval and a higher T
p-e

/QT 

ratio were associated with an increased risk of ventricular arrhythmia 

(9,31). In our patients, an increased T
p-e

 interval supported the risk of 

ventricular arrhythmia (p=0.013) while no statistical significance was 

observed (p=0.185) with an increased T
p-e

/QT ratio. 

The incidence of lung pathologies, particularly bronchiectasis, is high in 

CVID patients due to delayed diagnosis and treatment. Bronchiectasis 

is the most common pulmonary pathology in this patient group with a 

prevalence varying between 17 and 76% (32,33). In our patient population, 

this rate was 46.6%. There was no significant difference upon review of 

the ECGs of CVID patients with and without bronchiectasis. In patients 

with bronchiectasis, only the QT interval was shorter. Furthermore, as 

expected, the follow-up and treatment periods were slightly longer in 

the bronchiectasis group. Essentially, electrocardiographic changes 

should be more significant in the bronchiectasis group due to the longer 

duration of disease in patients with bronchiectasis. However, the small 

number of patients may be the most effective parameter to cause this 

condition. The high QT interval in CVID patients without bronchiectasis 

may be a coincidental result. More comprehensive and detailed studies 

are necessary to clarify this situation. 

Conclusions

As a result of this study, it has been found that CVID patients have a 

higher incidence of developing arrhythmia than normal healthy 

individuals. Similar studies with a larger number of participants and 

longer follow-up period are needed to support our findings. 
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