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 The potential health risks of the radiofrequency electromagnetic fields 

emitted by cellular phones are of considerable public interest. This study 

assessed the effect of short-term exposure to electromagnetic fields emitted 

by cellular phones on the ECG and HRV of young health females. A cross-

sectional comparative study was carried out among first year female 

medical students at King Saud bin Abdulaziz university, from October 

2019 to January 2020. A total of 43 young, healthy female, with a BMI of 

18-25 were included. ECG and HRV were recorded before and during 

exposure to a cellular phone on silent mode and active call mode. Powerlab 

acquisition system was used for recording and LabChart and JMP software 

were used for analysis. Descriptive statistics were used for the participants’ 

demographic characteristics and the parameters of ECG and HRV. 

Inferential statistics (paired T-test, level of confidence =99%, p<0.05) were 

used to compare between the ECG and HRV parameters before and after 

short-term exposure to a cellular phone. 43 healthy female, aged 20 ± 1 and 

had BMI of 21.63±3 were enrolled. On ECG, a significant increase in the 

values of P duration, PR and ST height (p<0.05) was noticed. On HRV, no 

significant changes on any index were found (p>0.05). The effect of short-

term exposure to cellular phones on the ECG and HRV components are 

minimal and within the physiological range. Short-term exposure to 

electromagnetic fields emitted by cellular phones does not result in 

abnormalities in the ECG or HRV parameters. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

As the world evolves, the use of cellular phones is in increase, as well as the concerns regarding the use of it. 

Cellular phones are devices that receive, interpret, and transmit electromagnetic fields. Electromagnetic fields 

(EMFs) are waves that can transmit energy through the empty space. Radiations emitted by phone is within 

the radio frequency spectrum between 400-2700 Hz, which is considered low in comparison to other forms 

of radiations [1], [2]. The exact frequency varies on basis of the generation of the telecommunication 

technology, as newer generations, mainly fourth, which employs the technology of long-term evolution (LTE) 
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to produce higher frequencies than the older generations, which utilizes the technology of global system for 

mobile communication (GSM). The LTE cellular phones are widely prevalent in Saudi Arabia, as the 

prevalence rate is estimated to be 1.6 LTE phone per individual [3]. Despite the low frequency produced by 

cellular phones, the world health organization (WHO) reports that their organization acknowledges the public 

concerns about potential impact of low frequency and extremely low frequency field on general health [4]. 

Some studies suggested harmful effects of radiofrequency radiation on general health [5- 12]. To examine 

and assess the potential health impacts of cellular phones and their associated radiation, different tools and 

parameters can be used. The electrocardiogram (ECG) is a simple diagnostic tool that records the electrical 

activity of the heart that can be used to detect any electrical changes in non-invasive manners. The heart rate 

variability (HRV) is one fundamental parameter of ECG that describes the effect of the autonomic nervous 

system on the cardiac muscle, involving its two major divisions: sympathetic and parasympathetic, on heart 

[13]. It is measured by calculating the variation in intervals between two successive Rs on an ECG reading. 

The parasympathetic innervation of heart is through the right and left vagus nerves, which act mainly by 

increasing the HRV. In contrast, sympathetic nervous system, which innervates the heart via fibers from the 

sympathetic trunk, decreases the HRV. HRV is widely considered as an indicator of general health and an 

independent risk factor, as lower HRV value associates with increased mortality and morbidity [14- 16]. 

 

Worldwide, several experiments have reported on the impact of EMF exposure on human health, utilizing the 

ECG, as a non-invasive tool, and HRV as a reliable physiological indicator. A single study conducted on 22 

healthy participants investigated the impact of exposure to extremely low-frequency EMFs, which is lower 

than the frequencies generated by cellular phones, showed significant shift in ECG parameters (P<0.001) in 

81% of study subjects [17]. A case-control study monitored the ECG for 24 hours for a group of a ten-years 

mobile phone users concluded that HRV may be influenced by long-term mobile phone usage [18]. Another 

study compared between the ECG parameters of a group of mobile phone users and a non-user group showed 

a significant decrease in HRV among mobile users [19]. Other experiments recorded and analyzed the effect 

of acute exposure to EMFs generated by mobile phones on ECG parameters. A study was conducted on 95 

male and female college students reported a statistically significant change in mean HR and mean RR interval 

when mobile phone is kept in direct contact with the ear [20]. The study also reported on gender differences 

in some of the HRV parameters. Another study conducted on 100 young healthy subjects from both genders 

measured the HRV during the acute contact with a switched-on mobile phone and an active phone call showed 

similar results; however, gender differences were also reported [21]. Similar results were also reported in a 

recent study with a larger sample size [22]. Lastly, a study conducted on 154 healthy volunteers aged between 

16-50 provided an extensive analysis of ECG parameters during the acute exposure to a mobile phone on 

chest level [23]. The study indicated a decrease in duration of P wave, P-Q interval, ST segment and Qt, but 

no changes have been found in QRS nor T wave. As reported, there was no detectable changes in the 

amplitude of any of the previous parameters. The study compared between males’ and females’ ECG results; 

however, they denied any significant differences. 

 

All the previous studies were performed using the GSM phones; however, no study has investigated the effect 

of LTE cellular phones (fourth generation of wireless telephone technology), which produce higher 

frequencies than GSM. In addition, and as shown above, most of the studies highlighted the effect on R-R 

interval with no further analysis for the other ECG parameters. There were also some reports of higher 

alteration in females’ parameters, however no study investigated this issue specifically. In this study we 

assessed the impact of acute exposure to Electromagnetic fields (EMFs) emitted by LTE cellular phones 

during the call and when the phone held in a pocket near the heart on heart rate variability (HRV) and ECG 

parameters and compared the parameters before and after exposure to these EMFs among female medical 

students in king Saud bin Abdulaziz university, in Saudi Arabia. 

https://www.teikyomedicaljournal.com/
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2. Methods 

 

2.1 Study Design and area and settings 

This was a cross-sectional comparative study conducted in the physiology laboratories, the female branch of 

college of medicine, king Saud bin Abdulaziz university for health sciences, Riyadh, Saudi Arabia. The study 

was carried out between the months of October 2019 and January 2020. 

 

2.2 Identification of study participants 

Convenience sampling technique was employed in this study to select participants. 43 students were enrolled 

in this study. Our inclusion criteria were female students who aged 18-25 and had a BMI of 18-25. We 

excluded subjects with braces or pacemaker device, pregnants and smokers. We also excluded subjects with 

any history of cardiovascular disease or any other chronic disorders, and subjects on any pharmacological 

therapy. 

 

2.3 Data collection process 

The experiments and study objectives were explained to all the participants. Before starting the experiment, 

a consent form in both Arabic and English was obtained from each subject. The volunteers were advised not 

to drink caffeine containing beverages such as coffee, and they were allowed to rest for 10-20 minutes before 

recording the data. Prior to the experiment, we measured the height, weight and blood pressure of all 

participants. Demographic data and history were obtained through self-administered questionnaire. One lead 

ECG was recorded at 8:00 am using PowerLab data acquisition system and the associated analysis Labchart 

software (Version 8). The baseline ECG was recorded for 15 minutes, then an LTE mobile phone was 

introduced in four different phases. For each phase, we recorded the ECG for five minutes followed by a rest 

period with no phones, with a total recording time of 50 minutes.  During the first phase, the mobile phone 

was placed at chest level close to the heart in a silent mode.  In the second phase, the mobile was placed in 

the same level but in active call mode.  In the third and fourth phase, the mobile was placed in brain level 

close to the ear in both silent and active call mode, respectively.  The entire process of data collection was 

done by the researchers. 

 

2.4 Data analysis 

ECG data were analyzed by Labchart pro software, version 8, using the software module. Our numerical data, 

including BMI, blood pressure, PR intervals, and ST segment height were presented as mean and standard 

deviation. The mean and standard deviation were also taken of all normal RR intervals (SDANN index, ms). 

The percentages and frequencies of RR intervals with at least 50 ms difference comparing to the previous 

interval (pNN50,%). The percentage were also taken from the low frequency domains ranges (0.04-0.15Hz) 

(LF, ms2), the high ranges (0.15-0.40Hz) (HF) and low to high-frequency ratio (LF/HF). We employed paired 

t-test to assess the HRV parameters before and after exposure to low-frequency electromagnetic fields. All 

statistical data and statistical significance were performed using JMP software (v14.3; SAS Institute, Inc., 

Cary, NC, USA). The information was recorded and analyzed on the physiology laboratories’ computers, on 

an account secured with a password. Ethics clearance was obtained from the institutional review board at 

King Abdullah International Medical Research Center (KIAMRC), Riyadh. The study complied with the 

guidelines of Helsinki declaration. 

 

3. Results 

 

3.1 Demographic characteristics 

We recorded the ECG of a total of 43 female medical students. All the subjects met the study criteria and 
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were healthy with normal BMI of 21.63±3. The mean age was 20 ± 1. Further information and demographic 

analysis are shown in Table 1. During the study period, all the study subjects showed normal sinus rhythm. 

Despite the variation in ECG and HRV parameters among different individuals during the different recording 

phases, all values obtained were within the normal physiological range. 

 

3.2 ECG: descriptive and inferential statistics 

Table 2 summarizes the mean, standard deviation, and the p value of the ECG parameters for each phase. The 

values of PR, P duration, and ST height were significantly increased compared to the baseline values 

(P<0.05), during all phases of the experiment. The other parameters did not show any significant changes 

from the baseline values (P>0.05). 

 

3.3 HRV: descriptive and inferential statistics 

The mean, standard deviation and p value of all the HRV parameters are summarized in Table 3.  The time-

domain measurements, represented in the values of the average, SDRR, SDARR, RMSSD and pRR50, were 

used to quantify the HRV. The frequency-domain measurements, which include the total power, very low 

frequency (VLF), low frequency (LF), high frequency (HF) and LF/HF ratio used to quantify the signal 

energy. The non-linear measurements of SD1 and SD2 were used to measure the complexity and 

unpredictability of HRV. All the parameters of the time-domain, frequency-domain and nonlinear-domain 

showed insignificant changes (P>0.05). 

 

4. Discussion 

In this paper, we aimed to investigate the short-term effect of mobile phones, either on silent mode or during 

active call, on the ECG and HRV parameters of young healthy females. We found that introducing mobile 

phone affected some ECG parameters throughout the four phases of the experiment. On ECG, we noticed 

significant elongation of PR, P duration, and ST height. However, on HRV parameters, no significant changes 

were found. In addition, we noticed no difference in the results between the different settings, as in all phases 

similar results were found. The data on this topic is conflicting and highly affected by the study design. 

Nevertheless, our data provide confirmation to some previous finding. 

 

4.1 Alteration in ECG parameters 

Most studies that addressed the effect of mobile phone focused on HRV, and only a few studies analyzed the 

changes in ECG parameters. Figure 1 presents the changes in the values of P duration throughout the four 

phases of experiment. The P wave is a positive deflection from the isoelectric baseline that occurs prior to the 

QRS complex. It represents atrial depolarization which results in atrial contraction or atrial systole, and its 

normal value is 0.05 – 0.15 mV.  [24]. Figure 2 shows the changes in the values of PR from its baseline values 

during the four phases of experiment. PR interval is the time interval from the onset of P wave until the 

beginning of QRS, and it reflects the time interval between the onset of atrial depolarization until the onset 

of ventricular depolarization [24]. The normal value of PR interval in a healthy human is ranged from 0.12 to 

0.20 [24]. Some studies reported similar results to ours [25]. In contrast, some studies reported a reduction in 

P duration and PR values [23]. However, some studies reported insignificant change in the values of P 

duration and PR [19], [26], [27]. 

 

Figure 3 illustrates the changes in the values of ST height throughout the four phases of experiment. The ST 

segment is the section that connects the QRS complex and the T wave hence it represents the interval between 

ventricular depolarization and repolarization [28]. Similar results were found in one study [23]. Nevertheless, 

another study revealed that phone exposure produced no significant alterations in ST-segment [26]. 

Additionally, some studies reported an increase in HR in their sample [23], [25], [29]. HR, or heart rate, is 

https://www.teikyomedicaljournal.com/
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the number of heartbeats per second, and its elevation is associated with higher risk of mortality [30]. 

However, our finding does not support this claim. In fact, many studies conducted on the short-term effect of 

mobile phones on the heart and ECG denied any elevation in HR [18], [19], [26], [27]. Based on our findings 

and reviews, we believe that it is unlikely that short-term use of mobile phone, in any setting, can affect the 

ECG parameters, as most of the changes are, although conflicting, seems to be within physiological limits. 

 

4.2 Alteration in HRV parameters 

The table 4 explains the HRV parameters and their relation to the autonomic nervous system. Currently, HRV 

parameters can be used to reflect the autonomic balance in the body [14]. Despite the multiple studies on this 

topic, the HRV results are inconsistent. Two studies with similar design were done on healthy young subjects 

denied any significant changes in HRV parameters due to using phones during active call or on silent mode 

[31], [32]. Another study was done on two groups of lean and obese male medical students found that HRV 

parameters changed only in their obese groups when the phone was placed on the chest while ringing [26]. In 

contrast, another study was done on a sample of female and male students reported changes in the frequency 

domain in their male subjects, but not the females, with significant changes in RMSSD for both genders [20]. 

Another study conducted on a sample of males and females reported significant reduction in PNN50% and 

HF, but significant increase in LF and LF/HF ratio only in their female subjects [21]. However, in their male 

subjects only NN50 was significantly reduced. In contrary, a study conducted on 25 healthy male subjects 

showed a significant increase in SDNN, VLF and HF, and a significant reduction in LF and LF/HF ratio [33]. 

 

In this study, we claim that mobile phone does not affect the HRV of at least young healthy fit female 

individuals. Hence, we also believe that the EMF emitted by mobile phones do not disturb the autonomic 

function, at least in this group. As briefly reviewed above, the literature does support our claim [26], [31], 

[32]. This fact is in line with what another study mentioned, which is changes in HRV upon introducing 

mobile phones, if found, are very similar to the changes created by daily activities and normal emotions, such 

as excitement [34]. We also believe that wide variation between the different studies, to a contradictory level 

in some parameters, also support our claim. The reported changes can be also a result of the difficulty in 

capturing accurate HRV values, especially in healthy individuals. HRV readings can be affected by multiple 

factors, such as breath pattern, body position, movement, blood pressure regulation and thermoregulation 

[35], [36]. For instance, the frequency domain parameters are known to be affected by the respiratory rate 

[35]. We also cannot exclude the effect of sex differences on some study results, as it well-known that HRV 

responds differently in males and females [35]. 

 

5. Limitations 

Despite our attempt to optimize our settings and methodology to provide highly accurate results, this study 

has some limitations.  One of the limiting factors was the moderate sample size, since a larger sample size 

that is randomly assigned is needed to achieve a higher statistical power.  Secondly, we disregarded the 

specific absorption rate SAR while conducting the study. The specific absorption rate is the rate of energy 

absorption by each kilogram of the human body, and the value varies among different mobile models and 

versions.  

 

6. Conclusion 

The effect of short-term exposure to electromagnetic waves generated by cellular phones, during active call 

and silent mode, on female electrocardiogram and heart rate variability were assessed. On ECG, minimal 

elongation of P duration, PR, and ST height values were noticed. On HRV, no changes were found. Short-

term exposure to mobile phones produces minimal alterations that remain within the normal physiological 

levels. We conclude that short-term exposure to mobile phones, while affecting some ECG components, does 
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not result in abnormalities in the ECG and HRV, hence not affecting the functioning and autonomic control 

of the heart.  
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Table 1: Demographic data of the participants (n=43) 

Value  Parameter  

20 ± 1 Average Age 
0 (0%) 

 
Smokers 

107.90 ± 13.25 

 
Systolic BP (mmHg) 

69.33 ± 9.06 

 
Diastolic  

80.28 ±15.13 MAP 
158.88 ± 6.63 Height (m) 
53.44 ± 6.33 Weight (Kg) 

21.63±3 BMI (Kg/m²) 

MAP: Mean arterial pressure  

BMI: Body mass index  
 

Table 2: ECG parameters 

Parameter Baseline Phase 1 Phase 2 Phase 3 Phase 4 

HR 
87.60±9.73 87.70±9.24 88.32±8.32 87.26±8.67 87.50±7.61 

 0.66 0.21 0.26 0.53 

P duration 

0.08±0.01 0.08±0.01 0.08±0.01 0.08±0.01 0.08±0.01 

 0.00* 0.00* 0.00* 0.00* 

PR 0.14±0.02 0.14±0.02 0.15±0.02 0.15±0.02 0.15±0.02 
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 0.010* 0.00* 0.00* 0.00* 

QRS 

0.08±0.02 0.08±0.02 0.08±0.03 0.08±0.02 0.08±0.02 

 0.32 0.17 0.64 0.46 

QT 

0.32±0.02 0.32±0.02 0.31±0.02 0.32±0.02 0.32±0.02 

 0.08 0.18 0.67 0.12 

P Amplitude 

0.06±0.03 0.06±0.03 0.06±0.05 0.07±0.02 0.07±0.02 

 0.24 0.30 0.33 0.23 

S Amplitude 

-0.08±0.07 -0.08±0.08 -0.07±0.07 -0.08±0.07 -0.08±0.07 

 0.33 0.14 0.41 0.20 

ST Height 

0.03±0.03 0.04±0.03 0.04±0.03 0.04±0.03 0.04±0.03 

 0.00* 0.02* 0.00* 0.01* 

Values are presented as mean ±SD (n=43) on the upper row, and P values on the lower row.  

* Values are significantly different (P<0.05) 

 

Table 3: HRV parameters 

Parameter Baseline Phase 1 Phase 2 Phase 3 Phase 4 

Average 
698±82.82 693.40±72.95 688.51±136.51 692.24±136.58 675.54±130.28 

- 0.43 0.63 0.87 0.22 

SDRR 
52.31±20.66 71.14±124.71 47.32±18.86 53.61±38.95 50.97±36.77 

- 0.63 0.12 0.40 0.25 

SDARR 
13.90±13.38 10.28±8.86 14.18±10.87 15.24±12.15 12.69±13.33 

- 0.11 0.92 0.76 0.68 

RMSSD 
45.30±27.53 48.36±38.69 41.70±25.70 45.79±47.47 41.12±37.64 

- 0.37 0.18 0.33 0.17 

pRR50 
25.52±65.45 13.62±13.21 19.33±22.20 15.85±17.45 13.69±17.25 

- 0.27 0.58 0.41 0.26 

Total Power 
2700±2272 2177±1295 2716±2065 2459±2050 2540±2270 

- 0.06 0.68 0.26 0.49 

VLF (ms) 
1003±842 998.24±1068.80 920.77±1213.39 829.90±941.07 1268.49±2821.53 

- 0.87 0.62 0.32 0.56 

LF (ms) 
1544±1794 1441.36±1475.66 1185.85±891.93 1263.95±1079 1143.20±976.16 

- 0.51 0.10 0.34 0.11 

HF (ms) 
1055±1281 1279.34±1899.58 989.31±1039.03 1393.36±1829 122.45±1765.66 

- 0.40 0.71 0.13 0.86 

LF/HF 
1.89±1.28 1.86±1.51 2.24±2.32 1.95±1.55 2.18±1.54 

- 0.83 0.19 0.60 0.07 

SD1 
30.01±16.85 34.07±27.33 29.48±18.21 32.42±33.62 29.13±26.65 

- 0.61 0.33 0.56 0.31 

SD2 
64.80±23.45 68.89±39.41 59.91±22.10 67.71±44.91 65.15±45.83 

- 0.55 0.14 0.54 0.37 

Values are presented as mean ±SD (n=43) on the upper row, and P values on the lower row.  

* Values are significantly different (P<0.05) 

 

Table 4: HRV parameters 

Domain Index Definition Autonomic system   

T
im

e 
 SDRR Standard deviation of RR intervals Sympathetic and parasympathetic 

SDARR 
Standard deviation of the average RR 

intervals for each 5 min segment  
Sympathetic and parasympathetic 
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RMSSD 
Root mean square of successive RR interval 

differences 
Parasympathetic 

pRR50 
Percentage of successive RR intervals that 

differ by more than 50 ms 
Parasympathetic 

F
re

q
u

e
n

c
y
  

VLF 
Absolute power of the very-low-frequency 

band (0.0033–0.04 Hz) 

Likely sympathetic and 

parasympathetic  

LF 
Absolute power of the low-frequency band 

(0.04–0.15 Hz) 

Likely sympathetic and 

parasympathetic  

HF 
Absolute power of the high-frequency band 

(0.15–0.4 Hz) 
Parasympathetic 

LF/HF Ratio of LF-to-HF power  

N
o
n

li
n

e
a

r 

SD1 
Poincaré plot standard deviation 

perpendicular the line of identity 
Sympathetic 

SD2 
Poincaré plot standard deviation along the 

line of identity 
Parasympathetic 

Adapted from [35], [36]. 

 

 
Figure 1 changes in P duration values throughout the four phases. 
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Figure 2 changes in PR values throughout the four phases. 

 

 
Figure 3 changes in ST height values throughout the four phases. 

 

 

 

 

 

 

 

 

 


