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A B S T R A C T

Background: Terrestrial Trunked Radio (TETRA) is used for radiocommunications among the British police
forces.
Objectives: To investigate association of personal radio use and sickness absence among police officers and staff
from the Airwave Health Monitoring Study.
Methods: Participant-level sickness absence records for 26 forces were linked with personal radio use for 32,102
participants. We used multivariable logistic regression to analyse TETRA usage in year prior to enrolment and
sickness absence (lasting more than 7 or 28 consecutive days) in the following year and a zero-inflated negative
binomial model for analyses of number of sickness absence episodes of any duration (‘spells’) over the same
period. In secondary analyses, we looked at an extended period of observation among a sub-cohort with linked
data over time, using Cox proportional hazards regression.
Results: Median personal radio use (year prior to enrolment) was 29.7 min per month (interquartile range 7.5,
64.7) among users. In the year following enrolment there were 25,655 sickness absence spells among 15,248
participants. There were similar risks of sickness absence lasting more than seven days among users and non-
users, although among users risk was higher with greater use, odds ratio= 1.04 (95% confidence interval [CI]
1.02 to 1.06) per doubling of radio use. There was no association for sickness absence of more than 28 days. For
sickness absence spells, risk was lower among users than non-users (incidence rate ratio= 0.91; 95% CI 0.75 to
1.11), again with higher risk among users for greater radio use. There was no association between radio use and
sickness absence in secondary analyses.
Discussion: There were similar or lower risks of sickness absence in TETRA radio users compared with non-users.
Among users, the higher risk of sickness absence with greater radio use may reflect working pattern differences
among police personnel rather than effects of radiofrequency exposure.

1. Introduction

Terrestrial Trunked Radio (TETRA) is a telecommunications system
widely adopted by police and other emergency services around the
world with over 300,000 users in Great Britain (https://www.
airwavesolutions.co.uk/airwave-in-action/the-emergency-button/).

TETRA uses time division multiplexing whereby the radiofrequency
(RF) signal (380–395MHz) is transmitted in a series of bursts (time-
slots) pulsed at 17.6 Hz (Mobile Telecommunications Health Research
(MTHR), 2007). The Independent Expert Group on Mobile Phones
(Stewart Report) in the UK, reporting in 2000, raised questions about
possible health effects associated with TETRA-like signals; specifically,
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the report suggested that signal modulation around 16 Hz should be
avoided if possible in future signal coding development, based on ex-
perimental findings from a small number of studies which suggested
that there was increased calcium efflux from tissues and cells at this
frequency (Bawin et al., 1975; Independent Expert Group on Mobile
Phones (IEGMP), 2000). The Airwave Health Monitoring Study was
established in 2004 in response to the Stewart report; it is a long-term
occupational cohort study following up the health of police officers and
staff across Great Britain in relation to TETRA use and other exposures
(Elliott et al., 2014).

Anecdotal reports early on in the roll-out of TETRA among the
British police forces suggested that some police officers experienced
symptoms such as nausea, headaches, stomach pains, insomnia and skin
complaints that they associated with TETRA radio use (Chadderton,
2009 and as reported by Wallace et al., 2010). However, subsequent
randomised acute provocation studies of TETRA vs. Sham signal have
not shown any short-term effect on symptoms of the modulated
(pulsed) TETRA signal (Nieto-Hernandez et al., 2011; Riddervold et al.,
2010), although one study reported an apparent association of con-
tinuous (but not pulsed) signal with headache, fatigue and ability to
concentrate (Nieto-Hernandez et al., 2011). Meanwhile, a double-blind
randomised study looking at the effects of exposure to base station
TETRA signals (which are also continuously transmitted (Mobile
Telecommunications Health Research (MTHR), 2007)) again found no

association with symptoms (Wallace et al., 2010).
A randomised provocation study reported effects of TETRA signal

on the electroencephalogram (EEG) when the radio set was positioned
on the upper left quadrant of the chest, but not when positioned by the
head. In a subsequent investigation there was a small effect on heart
rate variability (HRV) with the radio positioned on the chest, thought to
be consistent with vagal nerve stimulation (Burgess et al., 2016); an-
other study looking at head exposure did not report an effect on HRV
(Barker et al., 2007). Other studies have investigated possible effects of
TETRA on cognitive functioning, and reported either no associations
(Eggert et al., 2015; Riddervold et al., 2010) or potential differences in
reaction times and working memory that were not robust to correction
for multiple testing (Sauter et al., 2015).

Concerning possible long-term effects, the International Agency for
Research on Cancer classified exposure to RF electromagnetic fields as
possibly carcinogenic to humans (Group 2B) based mainly on results of
case-control studies of mobile phones and brain cancer (International
Agency for Research on Cancer (IARC), 2013). Recent analyses of Air-
wave Health Monitoring Study data, with limited follow-up (5.9 years),
to date did not show excess cancer risk related to TETRA use (Gao et al.,
2019).

While the provocation studies carried out under randomised la-
boratory testing conditions looked for possible acute effects on symp-
toms of exposure to the TETRA signal, it is possible that longer term

Fig. 1. Sample selection for the analyses.
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exposures to TETRA may be associated with subsequent occurrence of
symptoms or ill-health, and this might lead to increased rates of sick-
ness absence from work. To our knowledge, no previous study has been
carried out to investigate such possibilities. Sickness absence is a major
problem in the police forces – rates for the protective services (in-
cluding the police) in Great Britain are estimated at 5.2% p.a. compared
with 3.1% p.a. for workers across all industries (http://www.hse.gov.
uk/statistics/industry/public-administration/public-services.pdf). Here
we use prospective data from the Airwave Health Monitoring Study to
investigate the association between use of personal radio and sickness
absence among police officers and staff in Great Britain.

2. Materials and methods

2.1. Study population

The Airwave Health Monitoring Study design and rationale have
been described previously (Elliott et al., 2014). As of 31 March 2015
(completion of recruitment), Airwave enrolled 53,114 participants, of
whom 45,514 (85.7%) attended a face-to-face clinic assessment where
we measured height and weight, other clinical parameters and obtained
biological samples (blood, urine).

2.2. Personal radio usage

For each participant we estimated average monthly call duration
from use of personal radio (the device most often used) during the year
prior to enrolment (Vergnaud et al., 2016, 2018). We were able to link
these data to objective records of radio use from the network operator
(call data record [CDR] database). There were 21,447 participants with
objective data on radio use, and we assigned zero use to 16,530 par-
ticipants who self-reported that they were non-users of personal radio
and for whom no data on usage were found in the CDR database. For
the remainder (N= 12,339) we assigned average monthly call duration
from an imputation model based on the available objective data and
participant characteristics, as previously described (Vergnaud et al.,
2018) (Fig. 1).

In addition, in secondary analyses, for participants that could be
linked to their CDR records, we computed average monthly personal
radio duration of use for each year from all the available yearly periods
before enrolment (range up to 9 years, median 3 years, inter-quartile
range [IQR] 2–5 years) and then took the average of those data to
calculate average duration of use in minutes/month.

2.3. Sickness absence records

We defined a sickness absence spell as an episode of any duration in
the sickness absence records provided by 26 forces over different per-
iods from March 2008 to January 2018 (Supplementary methods and
Supplementary Tables 1–3). The absence records comprised informa-
tion on the first and last day of each absence period, the type of absence
(sickness or other absence), and the reason for the absence
(Supplementary Table 1). Sickness absence was coded using the 10th
Revision of the International Classification of Diseases (ICD-10) (http://

apps.who.int/classifications/icd10/browse/2016/en) (Supplementary
Table 4). Data cleaning was performed by removing outliers or missing
records and with exclusion of non-sickness leave such as pregnancy or
compassionate leave (Supplementary methods).

From the 50,316 participants with estimated personal radio use, we
excluded 986 with inconsistent information on personal radio use,
leaving data on 49,330 individuals with an estimate of radio use,
among whom, force-provided and cleaned sickness absence data were
available for 46,035 (Fig. 1).

Reliable joining and leaving dates from the force for each partici-
pant were not provided, so we could not ascertain the dates a partici-
pant was employed in a given force. For the main analyses, we assumed
that participants were employed in their force at least one year before
and one year after reporting working for that force at date of enrolment
to the study (the ‘reference period’, Fig. 2) and only included those who
had complete force-provided sickness absence records during that
period (N=34,383) (Fig. 1). Also excluded were 2281 participants
with more than 28 days of accumulative sick leave in the year before
study enrolment, as their radio use may have been reduced because
they would not have been using the radio during that period. Therefore,
our final study sample comprised 32,102 participants (60% of the entire
cohort, Fig. 1).

2.4. Outcome data

We considered three separate outcomes: i) sickness absence lasting
more than 7 consecutive days, requiring a note from the general
practitioner stating that the individual was fit to return to work (sick-
ness absence of 7 or fewer days does not require a doctor's note); ii)
long-term sickness absence defined as lasting more than 28 consecutive
days (https://www.gov.uk/taking-sick-leave); iii) number of spells of
sickness absence lasting one day or more (Supplementary Table 5). We
also examined specific causes of sickness absence for selected condi-
tions where there were sufficient numbers of sickness absences.

To further assess effects of radio use on sickness absence, in sensi-
tivity analyses we examined two additional outcomes as follows: having
at least one sickness absence spell i) among participants without any
spell more than 7 days duration; ii) of any duration.

2.5. Statistical methods

We considered sickness absence occurring in the year following
enrolment in the main analyses, and at any time after enrolment in
secondary analyses (Fig. 2). In main analyses, we carried out age, sex
(Model 1) and multivariable (Model 2) adjusted logistic regression
analyses to investigate the association between estimated average
monthly radio usage (minutes) in the year prior to enrolment (base 2
log transformed, Supplementary Fig. 1) and risks of i) at least one
sickness absence spell lasting more than 7 days, and ii) at least one
sickness absence spell lasting more than 28 days. In addition to age and
sex, Model 2 was adjusted for rank (police officer or staff), region,
education, job satisfaction, salary, body mass index (BMI, calculated as
weight [kg]/height2 [m2]), alcohol drinking and smoking (Table 1).
Alcohol drinking was classified based on units of alcohol (a standard

Fig. 2. Study periods in the main and secondary analyses.
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measure, 1 unit= 10 ml/8 g of ethanol) contained in different types of
drinks/beverages consumed in the past week, with sex-specific cut offs
to define light, moderate and heavy drinking (Table 1). We included an
interaction term with a binary variable for personal radio user (yes/no),
which gave us an estimate for the odds ratio (OR) of being a radio user
compare with non-user. For amount of use, odds ratios and their 95%
confidence intervals (95% CI) were calculated and represent the esti-
mated risk per doubling of radio usage (i.e. increase in radio use in
minutes per month to twice the original amount). For number of sick-
ness absence spells in the year following enrolment, we estimated in-
cident rate ratios (IRR) and their 95% CI using a zero-inflated negative
binomial model to allow for the presence of zeros and over-dispersion.

In the secondary analyses, since we did not have complete in-
formation on leavers from the forces, we only included police personnel
for whom we had CDR data linked to the individual officer or staff
(among the forces with> 5% objective data among users) who were
actively using their radio either before or after the reference period
(N=11,977; Figs. 1 and 2). We estimated average monthly radio use
(base 2 log transformed) derived from all the available data before
enrolment and analysed these data in relation to first occurrence of
sickness absence spell lasting more than 7 and 28 days. An adjusted Cox
proportional hazards model was used to compute hazard ratios (HRs)
with age as the underlying time-scale. The proportional hazards as-
sumption was investigated via graphical inspection of smoothed, scaled
Schoenfeld residuals.

In sensitivity analyses (Supplementary Fig. 2), we A) included only
forces with>5% of objective data among personal radio users in the
year prior to enrolment (N=23,946); B) excluded sickness absences
due to external causes (ICD-10 codes S00-T98 and V01–Y98 in
Supplementary Table 4); C) used a missing category for covariates with
missing data and repeated Model 2 by excluding participants with any
missing covariates; D) investigated potential trend of increasing use
during the pre-enrolment period using a random subject effects model
with year as the independent variable and participant as the random

effect - based on inspection of the data, we then re-ran Model 2 of the
main analysis by excluding participants recruited before 2008; E) cal-
culated a propensity score for being a personal radio user from a logistic
regression model that included Model 2 covariates as predictors, and a
propensity score for duration of use (minutes per month on log2 scale)
from a linear regression model - we then re-ran Model 2 adjusting for
the propensity scores instead of the covariates directly.

All analyses were performed using SAS software (version 9.4).
The study has ethical approval through the National Health Service

multi-site research ethics committee (MREC/13/NW/0588).
Participants signed a consent form permitting use of their data and
samples for future research.

3. Results

Mean age of the 32,102 study participants in the present report was
40.5 years (SD 9.0). There were 11,320 (35.3%) women, 21,141
(65.9%) radio users, 21,332 (66.5%) officers (of whom 5246 [24.6%]
were women and 17,705 [83.0%] were radio users) and 7609 (27.0%)
staff (4685 [61, 6%] women and 1675 [22.0%] radio users). Seventeen
thousand five hundred and sixty (54.7%) participants were overweight
or obese, 13,361 (41.6%) were moderate or heavy drinkers and 3259
(10.2%) were current smokers (Table 1).

Operator-derived data on radio use were less complete and of lower
quality from years 2004–2006, but with no evidence of trend from 2007
onwards (Supplementary Fig. 3). Median personal radio use (average in
the year prior to enrolment) was 29.7 min per month (interquartile
range 7.5–64.7) among users. In the year after enrolment, there were
5653 sickness absence episodes of more than seven days (among 4920
participants), 2134 sickness absence episodes of more than 28 days
(2014 participants) and 25,665 spells of one day or more (15,248
participants).

Table 2 shows the risk of sickness absence associated with personal
radio use. With multivariable adjustment (Model 2), for sickness

Table 1
Characteristics of the study participants (N=32,102).

N (%) N (%)

Sex Salary
Female 11,320 (35.3) Less than £26,000 5105 (15.9)
Male 20,782 (64.7) £26,000–31,999 4440 (13.8)
User of personal radio £32,000–37,999 5915 (18.4)
No 10,961 (34.1) £38,000 plus 10,102 (31.5)
Yes 21,141 (65.9) Missing 6540 (20.4)
Rank Body mass indexa

Officer 21,332 (66.5) Normal Weight 8085 (25.2)
Staff 7609 (23.7) Overweight 11,998 (37.4)
Missing 3161 (9.8) Obese 5562 (17.3)
Region Missing 6457 (20.1)
England 19,467 (60.6) Alcohol drinkingb

Wales 5461 (17.0) Past 1878 (5.9)
Scotland 7174 (22.3) Light and never 13,285 (41.4)
Education Moderate 8113 (25.3)
Vocational qualifications£ 2694 (8.4) Heavy 5248 (16.3)
GCSE equivalent or below 7490 (23.3) Missing 3578 (11.1)
A levels/Highers or equivalent 8323 (25.9) Smoking
Bachelor/Postgraduate 7619 (23.7) Never 21,564 (67.2)
Missing 5976 (18.6) Former 6779 (21.1)
Job satisfaction Current 3259 (10.2)
Dissatisfied 4518 (14.1) Missing 500 (1.6)
Satisfied 20,633 (64.3)
Missing 6951 (21.7)

GCSE, General Certificate of Secondary Education.
£ Including participants that left school.

a Body mass index (BMI) was calculated as weight (kg) divided by height2 (m2) based on clinical measurement at an assessment visit and categorized
into: normal weight, BMI≤25 kg/m2; overweight, 25 < BMI<30 kg/m2; obese, BMI≥30 kg/m2.

b Alcohol drinking was defined based on number of alcohol units (a standard measure, 1 unit= 10 ml/8 g of ethanol) and calculated from different
type of drinks/beverages (each with different ethanol content or alcohol units) consumed in the past week using sex-specific cut-offs: light and
never,< 11 units in men or<7 in women; moderate, ≤22 in men or≤ 15 in women; heavy or binge,> 22 in men or> 15 in women.
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absence lasting more than seven days, risks for users vs. non-users were
similar (OR=0.99; 95% CI 0.88 to 1.11) and results were consistent
when the analysis was performed among officers only, or officers on
mobile duties. Among users, there was a positive association between
amount of use and sickness absence risk, OR=1.04 (95% CI 1.02 to
1.06) for a doubling of radio use, which remained when the analysis
was restricted to police officers. There was no evidence for an asso-
ciation between radio use and sickness absence lasting more than 28
days.

Table 3 shows results for radio use with number of spells of sickness
absence. Users had a lower rate of sickness absence than non-users
(IRR=0.82; 95% CI 0.77–0.87) in the fully adjusted model, and among
users, there was an association between amount of use and sickness
absence, IRR=1.06 (95% CI 1.05 to 1.07) for a doubling of radio use.

Table 4 shows selected cause-specific results for one or more sick-
ness absence spells. For most causes, risk of sickness absence was lower
among users than non-users, and among users, risk of sickness absence
was higher with increasing radio use for a wide range of disorders and
symptoms. These included nervous, respiratory, digestive and muscu-
loskeletal systems; symptoms, signs and abnormal laboratory findings;
injury, poisoning and external causes; headache, abdominal pain,
nausea and vomiting as well as miscellaneous causes.

In secondary analyses, median follow-up time was 1.5 years (IQR:
0.6 to 3.0) and 2.0 years (IQR: 0.8 to 4.0) until first occurrence of a spell
lasting more than 7 days and 28 days, respectively; there was no as-
sociation between radio usage and time to first occurrence
(Supplementary Table 6). The proportional hazards assumption was
met in all Cox models.

In the sensitivity analyses, results were essentially unchanged

among forces with objective radio use data for more than 5% of per-
sonal radio users (Supplementary Table 7A). When external causes of
sickness absence were excluded results were weaker and no longer
significant for doubling of usage among users in relation to sickness
absence of more than 7 consecutive days (Supplementary Table 7B).
Excluding participants with missing data (Supplementary Table 7C) or
those recruited before 2008 (Supplementary Table 7D) did not mate-
rially change the main findings, similarly for propensity score adjust-
ment (Supplementary Table 7E). When we examined occurrence of
sickness absence spells of 7 days or fewer duration or any duration,
personal radio users were at lower risk than non-users, and among users
doubling of usage increased the odds of a sickness absence by 1.09–1.13
(Supplementary Table 8), similar to the findings for number of spells of
sickness absence (Table 3).

4. Discussion

In this large study of use of the TETRA radio system and sickness
absence among the British police forces, personal radio users had si-
milar or lower risk of sickness absence compared with non-users,
though among users, there were higher risks with greater use in most
analyses. In main analyses, for all sickness absence causes combined,
this ranged up to seven percent higher risk for a doubling of average
monthly radio use (median 29.7 min per month in the year prior to
enrolment into the study). Personal radio use was more prevalent
among police officers (who were mainly men) than non-police staff
(mainly women), but in most instances, results restricted to police of-
ficers were similar to those for the cohort as a whole.

Among radio users, the higher risk of one or more sickness absence

Table 2
Association of personal radio use with risk of sickness absence in the year following enrolment.

Model 1 Model 2

ORc (95% CI) P-value ORc (95% CI) P-value

(a) Sickness absence of more than 7 consecutive daysa

All (N=32,102)
Non-user (1605/10,961) 1 1
User (3315/21,141) 0.98 (0.88–1.10) 0.773 0.99 (0.88–1.11) 0.852
Doubling of minutes of use 1.06 (1.04–1.08) < .0001 1.04 (1.02–1.06) 0.0002
Officer only (N=21,322)
Non-user (503/3627) 1 1
User (2732/17,705) 0.96 (0.84–1.11) 0.597 0.96 (0.84–1.11) 0.610
Doubling of minutes of use 1.06 (1.03–1.08) < .0001 1.03 (1.01–1.06) 0.004
Officer on mobile dutiesd (N=10,086)
Non-user (70/501) 1 1
User (1601/9585) 0.96 (0.68–1.34) 0.792 1.04 (0.74–1.46) 0.821
Doubling of minutes of use 1.06 (1.02–1.11) 0.005 1.03 (0.99–1.08) 0.144
(b) Sickness absence of more than 28 consecutive daysb

All (N=32,102)
Non-user (677/10,961) 1 1
User (1337/21,141) 1.13 (0.96–1.33) 0.135 1.07 (0.90–1.26) 0.450
Doubling of minutes of use 1.02 (0.99–1.05) 0.188 1.00 (0.97–1.03) 0.886
Officer only (N=21,322)
Non-user (250/3627) 1 1
User (1094/17,705) 0.91 (0.75–1.11) 0.357 0.91 (0.75–1.12) 0.368
Doubling of minutes of use 1.02 (0.99–1.06) 0.148 1.00 (0.97–1.03) 0.985
Officer on mobile duties (N=10,086)
Non-user (31/501) 1 1
User (615/9585) 0.88 (0.53–1.44) 0.599 0.98 (0.59–1.61) 0.928
Doubling of minutes of use 1.05 (0.99–1.12) 0.114 1.01 (0.95–1.08) 0.755

OR, odds ratio; 95% CI, 95% confidence interval.
a At least one sickness absence spell (an episode of any duration in the sickness absence record provided by the forces) lasting more than 7 consecutive days that

requires a “fitness to return to work” note from the general practitioner.
b At least one sickness absence spell lasting more than 28 consecutive days.
c Estimates are the odds ratios from logistic model comparing users to non-users, and, among users, for a doubling of personal radio use (increase in average radio

use in minutes per month to twice the original amount) in the year preceding enrolment. Model 1 adjusted for age and sex; Model 2 further adjusted for rank, region,
education, job satisfaction, salary, BMI, alcohol drinking and smoking.

d Officer on mobile duties includes beat officer, community support officer, covert officer, dog handler, firearms officer, mobile patrol officer, ops support unit
officer, on-ops support, patrol inspector, shift sergeant, traffic officer and traffic warden.
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spells with greater radio use was found for a broad range of symptoms,
e.g. headache, abdominal pain, and illness reporting, such as re-
spiratory, digestive and musculoskeletal systems, as well as absence due
to injury, poisoning and other external causes, although risks were
slightly lower for all symptoms excluding such causes. The wide-ran-
ging and non-specific nature of these illnesses and symptoms along with
the fact that as a group radio users tended to have lower risk of sickness
absence than non-users argue against RF exposure as being the cause.
Rather, greater use of police radio might indicate longer time spent in
front-line policing, which itself might lead to increased workload or
stress-related ill-health (Dantzer, 1987; Magnavita and Garbarino,
2013).

Although the roll out of TETRA among the British police forces was
initially accompanied by anecdotal reports of symptoms such as nausea

and headache from use of the radio (Chadderton, 2009 and as reported
by Wallace et al., 2010), subsequent randomised provocation studies of
the modulated (pulsed) TETRA signal did not find any association of
TETRA with short-term symptoms (Barker et al., 2007; Nieto-
Hernandez et al., 2011; Riddervold et al., 2010), cognitive or other
effects (Eggert et al., 2015; Riddervold et al., 2010; Sauter et al., 2015).
Small biological effects of TETRA exposure on the EEG and ECG,
thought to be indicative of vagal nerve stimulation in the chest, were
not accompanied by symptoms (Burgess et al., 2016). Overall, there is
little support in the literature to date for an effect of TETRA-RF ex-
posures on human health (Gao et al., 2019; National Radiological
Protection Board, 2001).

Our study has a number of strengths. To our knowledge, this is the
first time that the possible effects of radiocommunications on rates of

Table 3
Association of personal radio use with number of spellsa of sickness absence in the year following enrolment.

Model 1 Model 2

IRRb (95% CI) P-value IRRb (95% CI) P-value

All (N=32,102)
Non-user 1 1
User 0.75 (0.71–0.79) < .0001 0.82 (0.77–0.87) < .0001
Doubling of minutes of use 1.07 (1.06–1.08) < .0001 1.06 (1.05–1.07) < .0001
Officer only (N=21,322)
Non-user 1 1
User 0.83 (0.77–0.89) < .0001 0.82 (0.77–0.88) < .0001
Doubling of minutes of use 1.08 (1.07–1.09) < .0001 1.06 (1.05–1.08) < .0001
Officer on mobile dutiesc (N=10,086)
Non-user 1 1
User 0.85 (0.72–1.00) 0.046 0.86 (0.74–1.02) 0.078
Doubling of minutes of use 1.08 (1.06–1.10) < .0001 1.07 (1.05–1.09) < .0001

IRR, incident rate ratio, 95% confidence interval.
a A spell is an episode of any duration in the sickness absence record provided by the forces.
b Estimates for the association with number of spells are the incident risk ratios from the zero-inflated negative binomial model comparing users to non-users, and,

among users, for a doubling of personal radio use (increase in average radio use in minutes per month to twice the original amount) in the year preceding enrolment.
Model 1 adjusted for age and sex; Model 2 further adjusted for rank, region, education, job satisfaction, salary, BMI, alcohol drinking and smoking.

c Officer on mobile duties includes beat officer, community support officer, covert officer, dog handler, firearms officer, mobile patrol officer, ops support unit
officer, on-ops support, patrol inspector, shift sergeant, traffic officer and traffic warden.

Table 4
Association of personal radio use with having at least one spella of sickness absence in the year following baseline by selected International Classification of Diseases
(ICD) groups (N=32,102).

N (%) b ICD-10 code Users vs non-users (reference) Doubling of minutes of use among users

ORc (95% CI) P-value ORc (95% CI) P-value

ICD group
Infectious diseases 1368 (4.3) A00-B99 0.88 (0.72–1.09) 0.248 1.02 (0.98–1.06) 0.327
Mental and behavioural 755 (2.4) F00–F99 0.82 (0.62–1.08) 0.158 1.01 (0.96–1.06) 0.722
Nervous system 994 (3.1) G00-G99 0.67 (0.51–0.87) 0.003 1.06 (1.01–1.11) 0.017
Headache 935 (2.9) G44,G43.9 0.65 (0.49–0.85) 0.002 1.07 (1.02–1.12) 0.011
Respiratory system 5963 (18.6) J00-J99 0.89 (0.80–0.99) 0.036 1.04 (1.02–1.06) < .0001
Flu and cold 3819 (11.9) J00,J11 0.89 (0.77–1.01) 0.074 1.05 (1.02–1.07) 0.0002
Digestive system 3171 (9.9) K00–K93 0.90 (0.77–1.04) 0.149 1.05 (1.02–1.07) 0.001
Musculoskeletal system 1436 (4.5) M00-M99 0.95 (0.78–1.17) 0.654 1.08 (1.04–1.12) < .0001
Genitourinary system 438 (1.4) N00–N99 0.94 (0.65–1.36) 0.734 1.05 (0.98–1.12) 0.187
Symptoms, signs, abnormal laboratory findings 1934 (6.0) R00-R99 0.73 (0.60–0.89) 0.002 1.10 (1.06–1.13) < .0001
Abdominal pain 571 (1.8) R10 0.51 (0.35–0.75) 0.001 1.19 (1.12–1.27) < .0001
Nausea and vomiting 986 (3.1) R11 0.86 (0.66–1.11) 0.240 1.04 (1.00–1.09) 0.070
Injury, poisoning, other consequences of external causes 2172 (6.8) S00-T98 0.86 (0.72–1.02) 0.089 1.13 (1.10–1.17) < .0001
Factors influencing health status and contact with health services 1168 (3.6) Z00-Z99 0.97 (0.78–1.20) 0.783 0.99 (0.95–1.03) 0.523
Miscellaneousd 1859 (5.8) – 0.52 (0.42–0.64) < .0001 1.18 (1.14–1.22) < .0001

ICD International Classification of Diseases; OR odds ratio; 95% CI, 95% confidence interval.
a A spell is an episode of any duration in the sickness absence record provided by the forces.
b Number of participants and % of all participants.
c Estimates are the odds ratios from logistic model comparing users to non-users, and, among users, for a doubling of personal radio use (increase in average radio

use in minutes per month to twice the the original amount) in the year preceding enrolment. The model adjusted for age, sex, region, education, rank, salary, job
satisfaction, BMI, smoking and alcohol drinking.

d The description in the sickness absence record provided by the force was ‘Miscellaneous’ and no specific cause was reported.
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sickness absence among the emergency services have been investigated.
We included in the present analyses 32,102 police officers and staff,
making this, we believe, by far the largest study of sickness absence
among police forces worldwide. A systematic review of sickness ab-
sence among the police published in 2009 identified 21 studies, most of
which included no more than a few hundred people (or fewer), with a
combined sample size across all studies of 18,562 (Korlin et al., 2009).
Most of these studies were cross-sectional, and therefore more prone to
bias and reverse causation than the prospective design adopted by the
Airwave Health Monitoring Study. Subsequent reports have again been
modest in size (Arial et al., 2010; Fekedulegn et al., 2013; Habersaat
et al., 2015) except for a cross-sectional web-based survey of over
16,000 Swedish police employees that identified significant associa-
tions of sickness absence with discrimination, harassment and threats of
violence (Svedberg and Alexanderson, 2012).

Unlike most previous studies, sickness absence in the present study
was based on objective data from police records rather than self-re-
ports. We analysed diagnostic information including free text to code
specific causes of sickness absence according to the International
Classification of Diseases, and were thus able to group sickness absence
episodes across forces. Our estimate of radio usage also took advantage
of objective data, from computerised records of the network operator
where these could be reliably linked to individual personnel (Vergnaud
et al., 2016). We carried out extensive sensitivity analyses, results of
which were in keeping with our main findings.

Our study has a number of limitations. We defined a 2-year re-
ference period for the main analyses as one year prior, to one year post
enrolment, although in the absence of detailed personnel data we were
not able to confirm that individual police officers and staff were em-
ployed by the force over the entire two-year period. We required that
sickness absence data were available for that two-year (‘reference’)
period, to ensure completeness of follow-up in the year post enrolment,
and to allow us to exclude people with extended absence (more than 28
days) in the year prior to enrolment. This was because we were con-
cerned that such individuals would not only have lower radio use in the
year that defined exposure (as they were off sick), but also may have
been more likely to take sick leave during the follow-up year, leading to
potential reverse causation. We did look at extended data on radio
usage (up to 9 years) in a subsample where we had a record of such use
for individual police personnel, and did not find an association of radio
use with sickness absence in this subsample.

We were unable to obtain sickness absence records for all forces (or
they could not be linked to an individual's radio usage), and, in addi-
tion, we made a number of exclusions, so that the final sample may not
be representative of the cohort as a whole, although it had similar de-
mographic distribution as the whole sample (data not shown). We re-
stricted our analyses to use of personal radio as those records could be
linked (in 63% of users) to objective computerised data on radio use
from the network operator. We did not include other radio devices,
such as pooled or in-vehicle radios, which could not be linked back to
one individual. Nonetheless, most of the radiocommunications in a
force are done using personal radio.

Our estimate of average monthly radio use in the year prior to en-
rolment used a combination of objective data from the network op-
erator where available, self-report (which identified non-users of per-
sonal radio) and imputation. We have previously shown that our
imputation model performed better than relying on self-reported data
alone (Vergnaud et al., 2018), since self-reports tended to give biased
estimates of radio usage, over-estimating at low levels and under-esti-
mating at higher levels (Vergnaud et al., 2016). Nonetheless, reliance
on imputation may have resulted in misclassification of radio usage,
which may have introduced bias into our analyses of the association
between radio use and sickness absence (most likely toward the null
assuming the errors were non-systematic).

In conclusion, in this large study of sickness absence and use of the
TETRA radio-communication system among the British police forces,

we found similar or lower risks of sickness absence overall on com-
paring users and non-users of personal radios. An association between
amount of radio use among users and sickness absence seems more
likely to have reflected different working patterns among police per-
sonnel with higher compared to lower radio use, than the effects of RF
exposure.

Funding

The Study is funded by the Home Office (grant number 780-TETRA)
and the Medical Research Council (grant number MR/R023484/1),
with additional support from the National Institute for Health Research
(NIHR) Imperial Biomedical Research Centre (BRC). P.E. acknowledges
support from the Imperial BRC, the MRC-PHE Centre for Environment
and Health (MR/L01341X/1), the NIHR Health Protection Research
Unit on Health Impact of Environmental Hazards (HPRU-2012-10141),
and the UK Dementia Research Institute at Imperial College London
supported by UK DRI Ltd, funded by the UK Medical Research Council,
Alzheimer's Society and Alzheimer's Research UK. The Airwave Health
Monitoring Study uses the computing resources of the UK MEDical
BIOinformatics partnership - aggregation, integration, visualization and
analysis of large, complex data (UK MED-BIO), which is supported by
the Medical Research Council (MR/L01632X/1). D.C.M. is supported by
a Cancer Research UK Population Research Fellowship. The views ex-
pressed in this publication are those of the authors and not necessarily
those of the sponsors.

Author contributions

P.E. is the principal investigator of the Airwave Health Monitoring
Study. He designed the study, drafted the paper, and has primary re-
sponsibility for interpretation and final content. M.A. prepared the
sickness absence data, performed the statistical analyses and con-
tributed to the paper writing. H.G. contributed to data analysis and
interpretation and helped draft the paper. A-C.V. prepared the sickness
absence data and led the development of the algorithm for assigning
TETRA use to individual participants. A.H. developed and maintained
the database. D.M. was responsible for acquiring and analyzing op-
erator derived records data. J.S. developed and maintained the data-
base. D.S. was responsible for setting up and monitoring the enrolment
in each police force and reviewed the ICD-10 codes assigned to the
sickness absence records. H.W.K. designed and implemented the im-
putation model. C.M. reviewed the ICD-10 codes assigned to the sick-
ness absence records. D.C.M. co-designed the study and interpreted the
results. All authors approved the final version of the manuscript.

Competing interest

The authors declare no conflict of interest.

Acknowledgements

We thank all the participants of the Airwave Health Monitoring
Study. We also thank Louisa Cavaliero who assisted in data collection
and management.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.envres.2019.05.012.

References

Arial, M., et al., 2010. Association of work related chronic stressors and psychiatric
symptoms in a Swiss sample of police officers; a cross sectional questionnaire study.
Int. Arch. Occup. Environ. Health 83, 323–331.

P. Elliott, et al. Environmental Research 175 (2019) 148–155

154

https://doi.org/10.1016/j.envres.2019.05.012
https://doi.org/10.1016/j.envres.2019.05.012
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref1
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref1
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref1


Barker, A.T., et al., 2007. The effect of GSM and TETRA mobile handset signals on blood
pressure, catechol levels and heart rate variability. Bioelectromagnetics 28, 433–438.

Bawin, S.M., et al., 1975. Effects of modulated VHF fields on the central nervous system.
Ann. N. Y. Acad. Sci. 247, 74–81.

Burgess, A.P., et al., 2016. Acute Exposure to Terrestrial Trunked Radio (TETRA) has
effects on the electroencephalogram and electrocardiogram, consistent with vagal
nerve stimulation. Environ. Res. 150, 461–469.

Chadderton, S., 2009. Lancashire police officers suing force over radio system Lancashire
Telegraph. Available at: http://www.lancashiretelegraph.co.uk/news/4827926.
Lancashire_police_officers_suing_force_over_radio_system/, Accessed date: 11 April
2019.

Dantzer, M.L., 1987. Police-related stress: a critique for future research. J. Police Crim.
Psychol. 3, 43–48.

Eggert, T., et al., 2015. Terrestrial Trunked Radio (TETRA) exposure and its impact on
slow cortical potentials. Environ. Res. 143, 112–122.

Elliott, P., et al., 2014. The Airwave Health Monitoring Study of police officers and staff in
Great Britain: rationale, design and methods. Environ. Res. 134, 280–285.

Fekedulegn, D., et al., 2013. Shiftwork and sickness absence among police officers: the
BCOPS study. Chronobiol. Int. 30, 930–941.

Gao, H., et al., 2019. Personal radio use and cancer risks among 48,518 British police
officers and staff from the Airwave Health Monitoring Study. Br. J. Canc. 120,
375–378.

Habersaat, S.A., et al., 2015. Health in police officers: role of risk factor clusters and
police divisions. Soc. Sci. Med. 143, 213–222.

Independent Expert group on mobile phones (IEGMP), 2000. Mobile phones and health.
The Stewart report. Chilton, didcot, UK. Available at: http://disi.unal.edu.co/
∼gjhernandezp/STEMETICS/
ReportOfTheIndependentExpertGroupOnMobilePhones.pdf, Accessed date: 11 April
2019.

International Agency for Research on Cancer (IARC), 2013. IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans, vol. 102.

Korlin, J., et al., 2009. Sickness absence among women and men in the police: a sys-
tematic literature review. Scand. J. Publ. Health 37, 310–319.

Magnavita, N., Garbarino, S., 2013. Is absence related to work stress? A repeated cross-
sectional study on a special police force. Am. J. Ind. Med. 56, 765–775.

Mobile telecommunications health research (MTHR), 2007. Mobile telecommunications
health research (MTHR) committee report (chairman prof Lawrie challis). Available
at: https://tcca.info/fm_file/mthr_report_2007-pdf/, Accessed date: 11 April 2019.

National Radiological Protection Board, 2001. Possible Health Effects from Terrestrial
Trunked Radio (TETRA). Report of an Advisory Group on Non-ionising Radiation,
vol. 12. Doc NRPB, pp. 1–80.

Nieto-Hernandez, R., et al., 2011. Can exposure to a terrestrial trunked radio (TETRA)-
like signal cause symptoms? A randomised double-blind provocation study. Occup.
Environ. Med. 68, 339–344.

Riddervold, I.S., et al., 2010. No effect of TETRA hand portable transmission signals on
human cognitive function and symptoms. Bioelectromagnetics 31, 380–390.

Sauter, C., et al., 2015. Do signals of a hand-held TETRA transmitter affect cognitive
performance, well-being, mood or somatic complaints in healthy young men? Results
of a randomized double-blind cross-over provocation study. Environ. Res. 140,
85–94.

Svedberg, P., Alexanderson, K., 2012. Associations between sickness absence and har-
assment, threats, violence, or discrimination: a cross-sectional study of the Swedish
Police. Work 42, 83–92.

Vergnaud, A.C., et al., 2018. Estimation of TETRA radio use in the Airwave health
monitoring study of the British police forces. Environ. Res. 167, 169–174.

Vergnaud, A.C., et al., 2016. Validation of objective records and misreporting of personal
radio use in a cohort of British Police forces (the Airwave Health Monitoring Study).
Environ. Res. 148, 367–375.

Wallace, D., et al., 2010. Do TETRA (Airwave) base station signals have a short-term
impact on health and well-being? A randomized double-blind provocation study.
Environ. Health Perspect. 118, 735–741.

P. Elliott, et al. Environmental Research 175 (2019) 148–155

155

http://refhub.elsevier.com/S0013-9351(19)30264-6/sref2
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref2
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref3
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref3
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref4
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref4
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref4
http://www.lancashiretelegraph.co.uk/news/4827926.Lancashire_police_officers_suing_force_over_radio_system/
http://www.lancashiretelegraph.co.uk/news/4827926.Lancashire_police_officers_suing_force_over_radio_system/
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref6
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref6
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref7
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref7
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref8
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref8
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref9
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref9
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref10
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref10
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref10
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref11
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref11
http://disi.unal.edu.co/%7Egjhernandezp/STEMETICS/ReportOfTheIndependentExpertGroupOnMobilePhones.pdf
http://disi.unal.edu.co/%7Egjhernandezp/STEMETICS/ReportOfTheIndependentExpertGroupOnMobilePhones.pdf
http://disi.unal.edu.co/%7Egjhernandezp/STEMETICS/ReportOfTheIndependentExpertGroupOnMobilePhones.pdf
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref13
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref13
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref14
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref14
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref15
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref15
https://tcca.info/fm_file/mthr_report_2007-pdf/
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref17
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref17
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref17
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref18
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref18
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref18
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref19
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref19
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref20
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref20
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref20
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref20
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref21
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref21
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref21
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref22
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref22
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref23
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref23
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref23
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref24
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref24
http://refhub.elsevier.com/S0013-9351(19)30264-6/sref24

	Use of TETRA personal radios and sickness absence in the Airwave Health Monitoring Study of the British police forces
	Introduction
	Materials and methods
	Study population
	Personal radio usage
	Sickness absence records
	Outcome data
	Statistical methods

	Results
	Discussion
	Funding
	Author contributions
	Competing interest
	Acknowledgements
	Supplementary data
	References




