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Abstract
Objective: Extensive use of mobile phones has been accompanied by a common public debate about possible adverse effects 
on human health. No study has been published so far to establish any association between the fastest growing innovation of 
mobile phone and fasting blood glucose. The aim was to determine the effects of exposure to electromagnetic field radia-
tion generated by mobile phones on fasting blood glucose in Wistar Albino rats. Materials and Methods: 40 Male Albino 
rats (Wistar Strain) were divided into 5 equally numerous groups. Group A served as the control one, group B received mo-
bile phone radiation for less than 15 min/day, group C: 15–30 min/day, group D: 31–45 min/day, and group E: 46–60 min/day 
for a total period of 3 months. Fasting blood glucose was determined by using Spectrophotometer and serum insulin by 
Enzyme-linked Immunosorbent Assay (ELISA). The Homeostatic Model (HOMA-B) was applied for the assessment of 
β-cell function and (HOMA-IR) for resistance to insulin. Results: Wister Albino rats exposed to mobile phone radiation for 
longer than 15 min a day for a total period of 3 months had significantly higher fasting blood glucose (p < 0.015) and serum 
insulin (p < 0.01) compared to the control group. HOMA-IR for insulin resistance was significantly increased (p < 0.003) 
in the groups that were exposed for 15–30 and 46–60 min/day compared to the control rats. Conclusion: The results of the 
present study show an association between long-term exposure to activated mobile phones and increase in fasting blood 
glucose and serum insulin in Albino rats.
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INTRODUCTION

The widespread use of mobile phones has been going sky-
high over the past decade and the applications offered by 
mobile phone technology have become an essential part 
of personal, business and social life [1], more recently they 
have also been used in telemedicine interventions  [2–4]. 
The appearance changes and evolution of mobile phones 
have been one of the fastest in the history of innovation [5] 

and the number of mobile phone users worldwide has sur-
passed 4.8 billion, which means that every second a person 
on the planet uses a mobile phone [6].
Mobile phones are low-powered radio devices that 
transmit and receive radio frequency radiation at  900–
2000  MHz  [7,8]. They are mainly placed in the front or 
side pockets of clothes or hung on a belt and held close 
to the skull while in use. In spite of the acknowledged 
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MATERIALS AND METHODS

Animal Model:  40 male Albino rats (Wistar 
Strain),  2  months of age, weighing  150–160  g, with the 
same genetic background were used for the experiment. 
Animals were housed collectively (8 animals in each cage) 
and were fed with standard pellet diet (Gold Mohar) and 
water ad libitum. They were maintained under controlled 
temperature of 22–24°C and had a 12–12 h light-dark cycle 
(light on 6:00 a.m. – 6:00 p.m.)  [14]. The animal experi-
mental protocol was approved by the animal ethics board 
and the experiment was performed according to the sug-
gested guidelines. 
Experimental Protocol: All the animals were divided into 
five groups. Group  A  served as the  control group, and 
the remaining four groups (B, C, D and E) were exposed 
to microwave radiation generated by a mobile phone 
at a  specific time of the day (during the light period); 
group  B:  <  15, group  C:  15–30, group  D:  31–45 and 
group E: 46–60 min daily for a total period of 3 months. 
In this experiment, handsets of mobile phones of the 
same brand and model were used. A call was given from 
one set of a GSM (Global System for Mobile Communi-
cations) mobile phone to another set of a mobile phone, 
after ensuring that the mobile phone was powered-on 
and with the call accepting mode (answering mode) 
switched on, then the cell phone was placed inside the 
cage  [14–17]. The cell phone was placed in the center 
of the cage to provide almost equal electromagnetic ra-
diation to the whole body of the animals. The cage was 
made of plastic; the dimension of the cage was 18 inches 
in length and  12  inches in width. The animals were in 
a very close proximity to the cell phone. The electromag-
netic field radiation generated by mobile phones was ap-
proximately 1800 MHz. 
Fasting blood glucose and insulin analysis: At the end of 
the experimental period (3 months) the animals were kept 
fasting for 12 h and were anesthetized with Ether (Etho
xyethane), their blood was collected by cardiac puncture 

benefits, mobile phone users often complain about burn-
ing sensations or a heating around the ear. The enhance in 
temperature may be due to the heating of a mobile phone, 
which is due to dissipation of electrical power and expo-
sure to radio frequency (RF) [9]. Mobile phone users also 
report headaches, sleep disturbances, tension, fatigue, diz-
ziness [1], impaired hearing and vision [10]. 
It has also been reported that exposure to mobile phones 
can cause detrimental effects to the central nervous sys-
tem, cardiovascular and hematopoietic systems, as well as 
testis and utero-placental functions. It is also suspected 
of inducing cancer and possible effects on cellular DNA. 
Electromagnetic waves generated by mobile phones can 
inflict their results through both thermal and non-thermal 
effects [11]. Despite the large number of studies published 
over a decade, it still remains unclear whether the use of 
mobile phones may lead to serious debilitating problems 
such as mobile phone radiation-induced hyperglycemia. 
It is well acknowledged that sooner or later, if one develops 
hyperglycemia, it ultimately leads to diabetes mellitus. 
Diabetes mellitus, is rapidly emerging as a global health 

care problem with devastating human, social and eco-
nomic impact that threatens to reach pandemic levels 
by 2030 [12]. At present, approximately 250 million peo-
ple worldwide live with diabetes and by 2025 this total is 
expected to increase to over  380  million. Furthermore, 
almost one  million people a year and about  2 people 
a minute die due to the complications of diabetes melli-
tus  [13]. It seems worthwhile to discuss the fact that for 
the last decade the use of mobile phones has skyrocketed 
and, similarly, the prevalence of diabetes mellitus has also 
been rising rather abruptly. No study has been published 
so far to establish any association between the world’s fast-
est growing innovation, i.e. the mobile phone and rapidly 
emerging hyperglycemia  / diabetes mellitus. Therefore, 
the aim of this study was to determine the effects of expo-
sure to electromagnetic field radiation generated by mo-
bile phones on fasting blood glucose in Wistar Albino rats. 
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RESULTS

Table 1 shows the fasting serum glucose and serum insulin 
levels in Wistar Albino rats exposed to mobile phone radia-
tion for < 15, 15–30, 31–45, 46–60 min/day for the total per
iod of 3 months as compared to the control group (Figures 1 
and  2). Fasting blood glucose was significantly increased 
in the animals exposed to  radiation for 15–30  min/day 
(p < 0.01) and 46–60 min/day (p < 0.03) compared to the 
controls. However, no significant difference in the fasting 
serum glucose was observed between the group exposed to 
mobile phone radiation for the period of less than 15 min 
and the group exposed for 31–45 min/day. 
In group D, the IQR and SD were high due to the higher 
value of FBS in one of the case, but there is no bimodal 
distribution. Furthermore, the fasting serum insulin level 
showed a significant increase in animals exposed to mobile 
phone radiation for the period of 31–45 min/day (p < 0.01) 
and 45–60 min/day (p < 0.03) as compared to the control 
group. Nevertheless, no significant difference in serum in-
sulin was observed in animals exposed to mobile phone 
radiation for less than 15 min/day and 15–30 min/day for 
the period of three months. 
Table  2 demonstrates the comparison of the β-cell func-
tion (HOMA-B) and serum insulin resistance (HOMA-IR) 

at (10–10:30 a.m.) to minimize the diurnal variation, and 
it was kept in plain container tubes, labeled with a spe-
cific code number. Blood samples were allowed to clot 
at room temperature and then centrifuged at  3000  rpm 
for 10 min; serum was separated and stored at –70°C until 
the analysis. Fasting serum glucose was determined spec-
trophotometerically, with the use of the Dimension® Clin-
ical Chemistry System, DADE Behring RXL-Max, USA 
and serum insulin was determined by Rat/Mouse Insulin 
Enzyme-linked Immunosorbent Assay (ELISA) Kit  96-
Well Plate (Cat-EZRMI  13 K), Linko Research,  USA, 
and plates were read using Bio-Tek Instrument Inc, Micro-
Plate reader Model Elx-800, USA. 
The Homeostasis Model Assessment (HOMA): For the 
determination of insulin resistance and the function of 
the pancreatic β-cells, the homeostasis model assessment 
(HOMA) provides valid and reliable information based 
on the fasting blood glucose levels and serum insulin [18]. 

This is the easiest and most popular assessment model 
for β-cell function derived from basal measurements of 
insulin and glucose  [19]. The comparison of the fasting 
serum glucose values with the model’s predictions allows 
a  quantitative assessment of the contributions of insulin 
resistance and deficient β-cell function to the fasting hy-
perglycemia [20]. HOMA-B was calculated using the fol-
lowing formula: 20×fasting insulin / (fasting glucose – 3.5) 
and HOMA-IR was computed as: fasting insulin×fasting 
glucose/22.5 [21].
Statistical analysis: Data were entered into the compu
ter, and the SPSS version 13.0 was used. A Non-Paramet-
ric Kruskal-Wallis statistical test was used to find out the 
level of significance among the groups and Non-Paramet-
ric Mann-Whitney test was applied to compare the results 
between the control animals and the subjects exposed to 
radiation generated by mobile phones during different 
time periods. Data were expressed as median ±  inter-
quartile range as well as mean ± standard deviation (SD). 
P-value < 0.05 was considered significant.

Fig. 1. Comparison of the effect of exposure duration 
to electromagnetic field radiation generated by activated 
mobile phones on the Fasting Blood Glucose (FBG)  
in Wistar Albino rats
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among the control subjects and the animals exposed 
to mobile phone radiation for  <  15,  15–30,  31–45 and 
46–60 min/day for the total period of 3 months. A signifi-
cant difference in the β-cell function (HOMA-B) was found 
between the control rats and the rats exposed to radiation 
for less than 15 min/day, but no significant difference for 
HOMA-B was observed in the other groups. Table 2 shows 
the comparison of serum insulin resistance (HOMA-IR) 
among the control rats and the animals exposed to mo-
bile phone radiation throughout different time periods 
(Figure 3). There was significantly higher insulin resistance 

Table 1. Comparison of fasting blood glucose and serum insulin among Wistar Albino rats exposed to electromagnetic field radiation 
generated by an activated mobile phone compared to the control group

Parameter Group A
(N = 8)

Group B
(N = 8)

Group C
(N = 8)

Group D
(N = 8)

Group E
(N = 8)

FBG (mmol/lit)
median (IQR) 3.65 (1.65) 2.90 (1.02) 4.85 (2.75)* 5.15 (4.25) 4.70 (1.97)*
M±SD 3.62±0.79 3.07±1.18 5.17±1.41 5.63±2.57 5.98±3.93

Serum insulin (ng/ml) 
median (IQR) 0.03 (0.002) 0.03 (0.003) 0.04 (0.004) 0.04 (0.01)* 0.04 (0.004)*
M±SD 0.0396±0.0016 0.0398±0.0016 0.0416±0.003 0.0458±0.005 0.0426±0.002

FBG – Fasting Blood Glucose; IQR – Interquartile Range.
M – mean; SD – standard deviation.
Group A – control. Exposed for the total period of 3 months: Group B – exposed for < 15 min/day; Group C – exposed for 15–30 min/day; Group 
D – exposed for 31–45 min/day; Group E – exposed for 46–60 min/day.
* Significant level among the groups from p < 0.03.

Fig. 2. Comparison of the effect of exposure duration to 
electromagnetic field radiation generated by activated mobile 
phones on serum insulin in Wistar Albino rats

Table 2. Comparison of the β-cell function (HOMA-B) and insulin resistance (HOMA-IR) among Wistar Albino rats exposed to 
electromagnetic field radiation generated by an activated mobile phone compared to the control group

Parameter Group A
(N = 8)

Group B
(N = 8)

Group C
(N = 8)

Group D
(N = 8)

Group E
(N = 8)

HOMA-B
median (IQR) 0.7363 (4.3325) –1.0750* (1.8813) 0.6216 (1.7506) 0.2444 (2.0112) 0.6714 (0.6785)
M±SD 1.2553±3.1685 –1.3713±1.3493 1.2133±1.2878 –1.2149±3.5374 0.7889±0.6406

HOMA-IR
median (IQR) 0.00633 (0.0032) 0.0053 (0.0018) 0.00894* (0.0048) 0.00915 (0.0120) 0.00884* (0.0047)
M±SD 0.00641±0.00157 0.00547±0.00220 0.00967±0.00325 0.01190±0.00659 0.01120±0.00686

HOMA-B – β-cell function; HOMA-IR – Insulin Resistance; IQR – Interquartile Range.
* Significant level among the groups A & C, E from p < 0.003.
Other abbreviations as in Table 1.
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to mobile phone radiation for  15–30 and  46–60  min/day 
for the total period of three months. In addition, it mani-
fested that the fasting serum insulin level increased sig-
nificantly upon exposure to mobile phones for 31–45 and 
46–60 min/day. It was also shown that HOMA-IR signifi-
cantly increased in the groups which were exposed to the 
radiation in question for 15–30 and 46–60 min/day. 
The findings of the present study support the concept that 
exposure to mobile phones throughout different time pe-
riods cause hyperglycemia with a  simultaneous and sig-
nificant increase in serum insulin levels. It is logical that 
hyperglycemia elicits insulin secretion. Eventually, a com-
pensatory rise in the insulin level helps to control the hy-
perglycemia [25].
In the present study, we found that Wistar Albino rats ex-
posed to mobile phones for less than 15 min showed no 
change in the blood glucose and serum insulin. It shows 
the usual relation between them, i.e. when blood glucose 
was low, insulin was also low. However, when the dura-
tion of exposure to mobile phone radiation was increased 
(15–30,  31–45 and  45–60  min/day for the total period 
of 3 months), blood glucose increased with a compensa-
tory rise in the insulin level to control hyperglycemia. 
It has been reported that sustained hyperglycemia indu
ces early and severe β-cell dysfunction, and excess glucose 
causes β-cell loss via apoptosis  [26]. Cell phone radiation 
can lead to the change of genetic regulation [27] and exacer-
bate oxidative stress [14,28]. Oxidative stress may more di-
rectly promote the onset of diabetes mellitus by decreasing 
insulin sensitivity and destroying the β-cell function within 
the pancreas [29]. It is well accredited that earlier or later 
if one develops hyperglycemia, it ultimately leads to the 
development of diabetes mellitus. Considering the results 
of the present study and its connection with mobile phone 
radiation, it is important to find out whether the resultant 
hyperglycemia is indeed associated with β-cell dysfunction 
or resistance to insulin. Diabetes mellitus is a metabolic dis-
ease that is characterized by hyperglycemia due to defects in 

among rats exposed to mobile phone radiation for 15–30 
and 46–60 min/day for 3 months, but no significant diffe
rences in HOMA-IR was observed for the groups exposed 
to mobile phone radiation for < 15 min and 31–45 min/day.

DISCUSSION

Physiological functions are mainly based on the electrical 
events for keeping the body within the sufficient strength to 
perform the normal physiological functions. The possibility 
of induction of biological and health effects by low energy 
radiation emitted by mobile phones remains a  debatable 
issue [22]. In spite of years of research, there is still an on-
going discussion whether such radiation could induce any 
physiologically relevant effects  [22]. The vast majority of 
the research conducted so for has focused mainly on head-
aches, sleep disorders, or allergy-like symptoms  [23] and 
cancer [24]. In addition, studies have also shown that mo-
bile phone radiation has a wide range of damaging effects 
on the brain, heart, male reproductive system [11], eyes and 
it also causes oxidative damage [14], but no one has dealt 
yet with the emerging health problem such as mobile phone 
radiation-induced hyperglycemia. This is the first study in 
the literature which has shown a significant increase in fast-
ing serum glucose levels in Albino rats that were exposed 

Fig. 3. Comparison of resistance to insulin based on HOMA-IR 
among Wistar Albino rats exposed to electromagnetic field 
radiation generated by activated mobile phones compared to 
the control group
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insulin secretion, insulin action, or both insulin secretion and 
action. In fact, the reduced insulin secretion and its action 
frequently coexist and this abnormality becomes the prime 
cause of the increase in the blood glucose level [13]. In our 
study, hyperglycemia was hypothesized to be linked with 
increased insulin secretion. It was understood that hyper-
glycemia was not developed due to decreased secretion of 
insulin. Considering the association between hyperglycemia 
and increased insulin secretion, we  applied Homeostasis 
Model Assessment (HOMA), which is based on the plasma 
levels of fasting glucose and insulin. This model has been 
widely applied for quantifying insulin resistance and β-cell 
function  [18]. We  found that HOMA-IR was significantly 
increased, and the increase in HOMA-IR reflects resistance 
to insulin [19].

CONCLUSION

The results of the present study show an association 
between long-term exposure to activated mobile phone 
and increases in fasting blood glucose and serum insulin. 
We cannot deny the benefits related to the services pro-
vided by the mobile phone industry, but we also strongly 
believe that health is more important and it cannot be 
compromised over anything. It is suggested that further 
studies may be conducted with added assessment and 
measurements of EMFR and FBG or insulin in a much 
larger group of animals, perhaps exposed for a much lon-
ger period than 3 months.
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