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Fitness trackers and smartwatches are wireless electronic devices that 

people usually wear on their wrist or arm. With the aid of sensors, fitness 

trackers record data relating to a person’s bodily functions and fitness, such 

as their pulse, heart rate, calorie consumption, movements and their activ-

ity and sleeping patterns. Smartwatches have additional functionality simi-

lar to that found on smartphones. Both device categories are classed as 

wearables; in other words, wireless devices that people wear directly on 

their bodies for long periods while switched on. 

Fitness trackers and smartwatches can use low-powered wireless technol-

ogies to communicate with other devices such as smartphones and wireless routers (Wi-Fi) and access 

the Internet. Certain devices can also access the Internet directly via a more powerful mobile phone 

connection. 

Because of the way they are worn, fitness trackers and smartwatches result in radiation exposure on 

the wrist, arm or other parts of the body with which they come into contact. Some of this radiation may 

enter the body. To avoid any risk to health, this radiation must fall within the exposure limits that apply 

for the safety of telecommunication devices. The Swiss Federal Office of Public Health has had the 

radiation of some of these devices measured. The following recommendations can be inferred from 

these measurements: 

− The amount of radiation emitted by fitness trackers and smartwatches is low if they access other 

devices via low-powered wireless technologies (Bluetooth) or connect to the Internet via 

smartphones or wireless routers. If you use a fitness tracker or smartwatch to access the Internet 

via a smartphone, you can reduce your exposure to radiation by not carrying the smartphone 

directly against the surface of your body. 

− The radiation emitted by fitness trackers and smartwatches that connect to the Internet directly 

via the mobile phone network are higher and may possibly exceed the exposure limits.  

− You can reduce your exposure to radiation by connecting only during a limited time to the mobile 

phone network, or by accessing the Internet via Wi-Fi. 

− If you have an electronic implant such as a pacemaker, keep the fitness tracker or smartwatch at 

least 15cm away from the implant as a precautionary measure to avoid the implant malfunction-

ing. 
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1 Design and radiation properties  
Most fitness trackers and smartwatches use Bluetooth wireless technology. Depending on the model, 

they may communicate via other low-powered wireless technologies such as Wi-Fi or near field com-

munication (NFC) with an accompanying smartphone or other compatible devices such as payment 

terminals or wireless routers; they may control such devices, or access the Internet via them. Some 

models can access the Internet directly via a 3G, 4G or 5G mobile phone connection. Table 1 shows a 

summary of the wireless technologies used and their principal properties: 

Technology Application Range Frequency [MHz]  

NFC Mobile payment 4 -10cm 13,56 Transmit / 

receive 

Bluetooth Low Energy 

(BLE) 

Connecting directly with other 

BLE devices 

10m 2400-2480  Transmit / 

receive 

Bluetooth version: 4.0 / 

4.1 / 4.2 / 5.0 / 5.1 

Connecting directly with other 

Bluetooth devices 

Class 3: less than 10m  

Class 2: 10m 

2400-2480 Transmit / 

receive 

Wireless LAN (Wi-Fi): 

IEEE 802.11b  

IEEE 802.11g  

IEEE 802.11n 

IEEE 802.11ac 

Connecting to Internet or other 

WLAN devices via a WLAN 

router 

30m indoors 

100m outdoors 

2447 Transmit / 

receive 

GSM 900 2G mobile phone  Dependent on the mobile 

phone provider's cover-

age 

897,6 Transmit / 

receive 

GSM 1800 2G mobile phone 1747,6 Transmit / 

receive 

UMTS 900 3G mobile phone 897,6 Transmit / 

receive 

UMTS 1950 3G mobile phone 1950 Transmit / 

receive 

LTE 4G mobile phone 800; 900; 1800; 

2100; 2600; 3400-

3800 

Transmit / 

receive 

5G 5G mobile phone 700, 1400, 2600, 

3500-3800 

Transmit / 

receive 

GPS Satellite navigation Outdoors, occasionally in-

doors 

 Receive 

GLONASS Satellite navigation  Receive 

Galileo Satellite navigation  Receive 

Table 1 Wireless technologies used in fitness trackers and smartwatches 

2 Radiation 

2.1 Health effects of high-frequency radiation 

There are no specific studies on the health effects of the high-frequency radiation emitted by fitness 

trackers and smartwatches. But there are a large number of studies that have examined the effects on 
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humans of high-frequency radiation from other similar technologies. Scientific bodies have evaluated 

the findings of these studies on several occasions.  

For example, in 2019 the Swiss “Working group on mobile telephony and radiation”, commissioned by 

the Department of the Environment, Transport, Energy and Communications (DETEC) summarised the 

findings of recent studies and also the evaluations of other bodies on high-frequency radiation from 

mobile communications. The working group restricted itself to studies and evaluations published since 

2014 [1]. The working group classified the carcinogenic effect of high-frequency radiation as plausible 

only to a limited extent. However, it did consider certain physiological effects in humans to be plausible. 

For example, mobile phones held against the head can influence neural oscillations when people are 

awake and also asleep. Having said that, no risk to health can be inferred from these effects. However, 

the effects of high-frequency electromagnetic radiation on people’s wellbeing cannot be experimentally 

proven. While many studies involving cells and animals have found biological effects, the findings of 

these studies are not uniform and do not show a consistent pattern between radiation and effect, for 

instance. The working group’s report also highlighted considerable differences between the evaluations 

of individual bodies. Overall, no body concluded that the high-frequency radiation emitted by mobile 

communications represents a causal risk to human health. 

This conclusion had already been reached by the International Agency for Research on Cancer (IARC) 

prior to the DETEC report. In 2011, it comprehensively evaluated the available data on high-frequency 

radiation. Based on studies into the radiation emitted by mobile phones, the IARC classified high-fre-

quency radiation as “possibly carcinogenic” (Group 2B) [2]. This classification means that epidemiolog-

ical studies and animal studies have shown signs of carcinogenic effects. These effects may possibly 

lead to an increased risk of brain tumours for people who spend a lot of time telephoning with the phone 

against their ear. But the 2B classification also means that these studies have shortcomings concerning 

both their methodology and their assessment of how much radiation these people are exposed to. Ac-

cording to the IARC, the evidence is therefore only of limited significance for a conclusive evaluation of 

the risk that high-frequency radiation poses to human health. The 2011 IARC evaluation was and still is 

considered internationally to be an authoritative evaluation of the health effects of high-frequency radi-

ation. 

2.2 Interference with implants  

FOPH is not aware of any published studies on interference with implants by fitness trackers and smart-

watches. Implant manufacturers recommend maintaining a 15cm separation between fitness trackers 

and the implanted device as a precaution to avoid the implant malfunctioning [3]. 

2.3 Exposure limits 

High-frequency radiation that heats up a person’s tissue to such an extent that thermal damage occurs 

represents a demonstrable risk to health. To prevent high-frequency radiation from causing such acute 

health risks, exposure limits restrict the amount of radiation absorbed by the body so that it does not 

heat the body up excessively and does not lead to acute health risks [4]. Appliances may therefore emit 

radiation such that, when used for their usual and intended purpose, it falls within the exposure limits. 

These exposure limits include a safety factor of 50 for the general population. The basic measure for 

exposure limits is the radiation energy absorbed by the body per time interval and body volume. The 
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unit of measure is the power absorbed per mass of body tissue. It is referred to as the specific absorption 

rate (SAR value) and is specified in watts per kilogramme (W/kg). The exposure limits vary depending 

on the part of the body being irradiated, and relate to different masses of tissue. The limit for local 

exposure of the body must be adhered to in each mass of tissue weighing 10 grams. For the head and 

trunk, the limit is 2W/kg or a maximum of 0.02W/10g. For limbs, it is 4W/kg or a maximum of 0.04W/10g. 

If the entire body is homogeneously irradiated, the exposure limit is 0.08W/kg. Unlike the exposure limit 

for local irradiation, the limit for homogenous radiation must be adhered to in each mass of tissue weigh-

ing 1kg.  

Long-term effects of high-frequency radiation and also the effects of weak high-frequency radiation can-

not be conclusively assessed due to the current state of scientific knowledge. Exposure limits are based 

solely on established findings relating to acute health risks due to strong high-frequency radiation. 

2.4 Measurement of the high-frequency radiation 

The Swiss Federal Office of Public Health had the SAR values of one fitness tracker and two smart-

watches measured at the ITIS Foundation in Zurich [5]. This study does not constitute a market over-

view. However, it does make it possible to estimate the order of magnitude of radiation exposure by 

these devices when they use different wireless technologies. 

The high-frequency radiation emitted by fitness trackers and smartwatches may affect the wrist or lower 

arm in particular. Depending on the position of the arm, other parts of the body may also be exposed, 

such as the trunk or brain. To test whether the radiation from these devices falls within the exposure 

limits in these individual situations, different measurement processes are necessary. These measure-

ment processes are described in international, European and Swiss standards (see also section 3 Legal 

situation).  

During the measurement processes, the fitness trackers and smartwatches are operated in the modes 

in which they emit the most radiation (worst-case scenario). Their SAR values are established sepa-

rately for each of their frequency bands using a “phantom”, i.e. a model of the irradiated body part. 

The results depend greatly on the distance between the irradiating device and the phantom at the time 

of measurement. Since these devices are worn directly on the body, they were attached directly to the 

phantom when the readings were taken. 

Phantoms may either replicate the geometry of a body part or have a simplified shape. To measure the 

fitness trackers and smartwatches, two different phantoms are used for two different usage cases for 

the devices. 

The first case involves the radiation in the head of a person who has bent their arm so that the front of 

a fitness tracker or smartwatch is touching their head. In this case, a simplified “flat phantom” is used 

that is shaped like a head and is filled with liquid (Figure 1). So that the phantom corresponds to the 

body tissue of a head as closely as possible, the electrical properties of the liquid have to be as similar 

as possible to the electrical properties of the tissue in a human head. A large number of very small 

antennae are fixed inside the phantom to measure the radiation that penetrates it. The individual read-

ings make it possible to calculate the distribution of the radiation within the phantom. During the various 

measurements, the fitness tracker or smartwatch is placed directly on the phantom in defined positions, 

so that the following parts of the device are in contact with the phantom: a) watch dial, b) edge of the 
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watch dial, c) right-hand side of the watch strap, d) left-hand side of the watch strap, e) crown, f) meas-

urement points at the side of the devices, g) loudspeaker. 

 

 

Figure 1 Flat phantom of a head with smartwatch 

The second case involves the radiation in the arm of a person wearing a fitness tracker or smartwatch 

on their wrist. In this case, the phantom used is shaped like an arm and filled with liquid (Figure 2). So 

that the measurements generate realistic results, the phantom has to mimic the bodily tissue of an arm 

as closely as possible. This is achieved by matching the electrical properties of the liquid as closely as 

possible to the electrical properties of the tissue of an arm. During the measurements, the reverse side 

of the fitness tracker or smartwatch is attached to the phantom with no clearance. At the top of the 

apparatus, a dosimetric measurement system with a single antenna measures the radiation in the liquid 

within the phantom (Figure 2). A robotic arm positions the antenna at various points within the phantom 

to establish the distribution of the radiation and find the point that is most strongly irradiated. 

Figure 2 Dosimetric measurement system; phantom of an arm with smartwatch 

2.5 Results 

The measurements in the worst-case situation showed that the strongest radiation occurred at the edge 

of the watch dial and on the reverse side of the device (the arm side). Table 1 shows these results for 

the individual devices as absolute values and as a percentage of the relevant exposure limit.  
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Wireless stan-

dard 

SAR: meas-

urement dis-

play side 

[W/kg] 1 

SAR as a percentage of 

exposure limit, display 

side (exposure limit for 

head and trunk: 2W/kg) 

SAR. 

measure-

ment arm 

side 

[W/kg] 2 

SAR as a percent-

age of exposure 

limit, arm side (ex-

posure limit for 

limbs: 4W/kg) 

Fitness tracker 

Bluetooth Not mea-

surable 

0 Not mea-

surable 

0 

Smartwatch 1 

Bluetooth and 

WLAN IEEE 

802.11n together 

Not mea-

surable 

0 0.032 <1% 

Smartwatch 2 

Bluetooth 0.03 <2% Not mea-

surable 

0 

WLAN IEEE 

802.11n 

0.055 <3% 0.038 <1% 

GSM 900MHz 0.938 47% 1.47 37% 

GSM 1800 MHz 0.931 47% 1.58 40% 

UMTS 900MHz 0.959 48% 1.67 42% 

UMTS 1950MHz 2.15 108% 3.21 80% 

Table 2 SAR values for one fitness tracker and two smartwatches 

3 Health evaluation 

The results show that the SAR values of fitness trackers and smartwatches that communicate via a 

Bluetooth or Wi-Fi connection are far below the exposure limits. No risk to health has been proven at 

such low levels of radiation exposure.  

When fitness trackers and smartwatches communicate directly with the Internet via a mobile phone 

connection, this results in higher SAR values within the same range as the SAR values of mobile phones, 

and which may under some circumstances exceed the exposure limits. Whether such higher levels of 

radiation pose a health hazard cannot be conclusively assessed due to the limited number of studies. 

Moreover, due to the different types of use and differing exposure of bodily tissue, it is not possible to 

ascertain whether the IARC classification for mobile phones as “possibly carcinogenic” also applies to 

fitness trackers and smartwatches that use mobile phone technology. 

As a precautionary measure it is therefore recommended that mobile phone connections should only be 

used for a limited period of time and, where possible, that low-radiation Bluetooth or Wi-Fi connections 

should be used instead. 

 
1 Measurement in the flat phantom of the head 
2 Measurement in the phantom of the arm 
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4 Legal regulations 

Fitness trackers and smartwatches are subject to the Ordinance on Telecommunications Installations 

(FAV) [6], which sets out basic requirements for protecting the health and safety of persons who use 

or are exposed to radiation from telecommunications installations. These requirements are elaborated 

in Swiss-European standards. The limits specified in these standards correspond to those given in the 

1999/519/EC: Council Recommendation of 12 July 1999 on the limitation of exposure of the general 

public to electromagnetic fields (0 Hz to 300 GHz) - Publications Office of the EU. 

Manufacturers are responsible for ensuring that their appliances comply with the conformity criteria. In 

Switzerland, no authority checks whether Fitness trackers and smartwatches meet these standards 

(23.4244 | Mobile phones emit more radiation than permitted. The time has come to check the NIR 

limits in Switzerland too!  | Item of business | The Swiss Parliament – available in German, French and 

Italian. 

5 Bibliography 
1 Bericht Mobilfunk und Strahlung, 2019. Herausgegeben von der Arbeitsgruppe Mobilfunk und Strah-

lung im Auftrag des UVEK. https://www.bafu.admin.ch/bafu/de/home/themen/elektrosmog/dos-

siers/bericht-arbeitsgruppe-mobilfunk-und-strahlung.html  

2 IARC Monographs on the Evaluation of Carcinogenic Risks to Humans Volume 102: Non-ionizing 

Radiation, Part 2: Radiofrequency Electromagnetic Fields. 2011 ISBN 978 92 832 1325 3 

3 Boston Scientific Electromagnetic (EMI) Compatibility Table. CRM-368607-AB 2017 

4 1999/519/EC: Council Recommendation of 12 July 1999 on the limitation of exposure of the general 

public to electromagnetic fields (0 Hz to 300 GHz) (OJ L 199 30.07.1999, p. 59, ELI: http://data.eu-

ropa.eu/eli/reco/1999/519/oj).  

5 Christian Funck, Sven Kühn, Tolga Goren, Niels Kuster, 2017: Dosimetric Assessment of Wrist-Worn 

Communication Devices. IT’IS Laboratories: IT’IS Foundation, Zeughausstrasse 43, 8004 Zürich. 

6 SR 784.101.2 Verordnung über Fernmeldeanlagen FAV 

Contact 

Federal Office of Public Health FOPH 

str@bag.admin.ch 

 

https://op.europa.eu/en/publication-detail/-/publication/9509b04f-1df0-4221-bfa2-c7af77975556
https://op.europa.eu/en/publication-detail/-/publication/9509b04f-1df0-4221-bfa2-c7af77975556
https://www.parlament.ch/de/ratsbetrieb/suche-curia-vista/geschaeft?AffairId=20234244
https://www.parlament.ch/de/ratsbetrieb/suche-curia-vista/geschaeft?AffairId=20234244
https://www.parlament.ch/de/ratsbetrieb/suche-curia-vista/geschaeft?AffairId=20234244
https://www.parlament.ch/de/ratsbetrieb/suche-curia-vista/geschaeft?AffairId=20234244
https://www.bafu.admin.ch/bafu/de/home/themen/elektrosmog/dossiers/bericht-arbeitsgruppe-mobilfunk-und-strahlung.html
https://www.bafu.admin.ch/bafu/de/home/themen/elektrosmog/dossiers/bericht-arbeitsgruppe-mobilfunk-und-strahlung.html
http://data.europa.eu/eli/reco/1999/519/oj
http://data.europa.eu/eli/reco/1999/519/oj

