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Abstract

The aim of this study was to investigate the asso-
ciation between exposure to non-ionizing elec-
tromagnetic radiation from mobile phone base
stations and psychiatric symptoms. In a cross-
sectional study in Salvador, Bahia State, Brazil,
440 individuals were interviewed. Psychiatric
complaints and diagnoses were the dependent
variables and distance from the individual’s
residence to the base station was considered the
main independent variable. Hierarchical lo-
gistic regression analysis was conducted to as-
sess confounding. An association was observed
between psychiatric symptoms and residen-
tial proximity to the base station and different
forms of mobile phone use (making calls with
weak signal coverage, keeping the mobile phone
close to the body, having two or more chips, and
never turning off the phone while sleeping),
and with the use of other electronic devices. The
study concluded that exposure to electromag-
netic radiation from mobile phone base stations
and other electronic devices was associated with
psychiatric symptoms, independently of gender,
schooling, and smoking status. The adoption of
precautionary measures to reduce such exposure
is recommended.

Nonionizing Radiation; Radiation Exposure;
Cell Phones; Psychic Symptoms

http://dx.doi.org/10.1590/0102-311X00104114

ARTIGO ARTICLE

Denize Francisca da Silva 1

Warley Rocha Barros 2

Maria da Concei¢do Chagas de Almeida !
Marco Antonio Vasconcelos Régo 2

Resumo

O objetivo desse estudo foi investigar a associa-
¢do entre exposi¢cdo a radiagoes eletromagnéti-
cas ndo ionizantes da estagdo radiobase de tele-
fonia celular e sintomas a satide. Em um estudo
transversal realizado em Salvador, Bahia, Bra-
sil, entrevistaram-se 440 individuos. Queixas e
diagndsticos psiquidtricos constituiram as va-
ridveis dependentes e a distdncia do domicilio
para estagdo radiobase foi considerada a varid-
vel independente principal. Realizou-se andlise
de regressdo logistica hierarquizada para ava-
liagdo de confundimento e efeito. Observou-se
associagdo entre sintomas psiquidtricos e residir
proximo a estagdo radiobase e formas de uso do
telefone celular (sinal de cobertura fraco, perto
do corpo, dois ou mais chips e nunca desligar
o celular quando dorme) e com uso de outros
eletroeletronicos. Concluiu-se que a exposi¢do
a radiagdo eletromagnética ndo ionizante de
telefonia celular e a outros eletroeletronicos foi
associada aos sintomas psiquidtricos indepen-
dente do sexo, escolaridade e tabagismo. Reco-
menda-se a adog¢do de medidas precauciondrias
no sentido de se reduzir este tipo de exposi¢do.

Radiagdo Nao Ionizante; Exposi¢do a Radiagdo;
Telefones Celulares; Sintomas Psiquicos
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Introduction

The growth in mobile telephony and thus in the
number of mobile phone base stations, which
establish communications with mobile phones,
hasincreasingly benefited contemporary lifestyle
by facilitating communications, offering ease
and comfort, providing the opportunity to re-
main connected to nearby and distant locations,
and allowing Internet use for various purposes.
However, mobile telephony has raised concerns
over the possible health effects for populations
exposed to non-ionizing electromagnetic radia-
tion. Such radiation is characterized by its wave-
length, frequency, and irradiated energy, and is
considered not to carry sufficient energy to alter
an atom’s physical state 1.

In order for mobile telephony communica-
tion to occur, the system is subdivided into cells.
Each cell has an mobile phone base stations ca-
pable of sending power signals throughout its
range. Each mobile phone base stations can serve
several telephones at the same time, assigning
each of them a narrow range of frequencies 2.

Non-ionizing electromagnetic radiation
is absorbed by the skin and by deeper levels of
the body, dissipating repeatedly in depth, po-
tentially causing a temperature increase not
perceived by the body’s natural thermal sensors
(located superficially). The heat generated inter-
nally depends on exposure time, field intensity,
and tissue thickness, and sometimes cannot be
offset by the body, thus resulting in biological
effects 3. The depth of penetration of waves
around 900MHz frequency used in mobile tele-
phony, in tissues with high water content, like
muscle, is 3cm. 2,400MHz waves from microwave
ovens penetrate some 1.7cm. In tissues with low
water content, like bone, the depths are 17.7cm
and 11.2cm, respectively 4.

Most psychiatric disorders appear to origi-
nate from some combination of genetic and
environmental (biological or psychosocial) fac-
tors 5. One of the most extensively documented
observations in epidemiological studies is the
increased prevalence of anxiety and depression
in women when compared to men 6. The associa-
tion between exposure to non-ionizing electro-
magnetic radiation/mobile telephony and these
psychiatric effects has been investigated. San-
tini et al. 7 indicated more significant symptoms
within a radius of 300m from the mobile phone
base stations: irritability, depression, memory
loss, dizziness, decreased libido, headache,
sleep disorders, malaise (200m); and tiredness
(300m). Seven symptoms were more significant
in women: nausea, loss of appetite, visual disor-
ders, depressive tendency, headache, insomnia,
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and malaise. Decreased libido was the most com-
mon complaint in men. According to Navarro et
al. 8 and Bortkiewicz et al. 9, individuals living
close to the mobile phone base stations reported
circulatory problems, sleep disorders, irritabil-
ity, depression, blurred vision, and difficulties in
concentrating. Meanwhile, Abdel-Rassoul et al.
10 suggested a relationship between living near
a mobile phone bases station and neurobehav-
ioral problems like depressive tendency, tremors,
dizziness, headache, sleep disorders, and visu-
al disorders, among others. Likewise, Oberfeld
et al. 11 found that persons living close to base
stations reported more symptoms of irritabil-
ity, fatigue, headache, nausea, memory loss, vi-
sual disturbances, dizziness, and cardiovascular
problems, directly proportional to their exposure
to microwaves.

Augner et al. 12 studied exposure to mobile
phone base stations radiofrequency in three
groups of individuals. Each group was exposed to
a 900MHz field, with variable exposure times. As
exposure intensity increased, there was a signifi-
cant increase in salivary secretion of cortisol and
alpha-amylase (acute metabolic stress proteins);
the same effect was not seen in the secretion of
immunoglobulin A. The authors thus conclud-
ed that exposure to mobile phone base stations
radiofrequencies at intensities lower than the
guidelines of the International Commission on
Non-Ionizing Radiation Protection (ICNIRP) can
cause physiological stress. The guidelines set lim-
its that only consider the acute effects, namely
from high non-ionizing electromagnetic radia-
tion levels and short duration (thermal effects),
thus overlooking the chronic effects of low levels
with long duration (non-thermal effects) 13.

Lakimenko et al. 14 reproduced in cells the
non-thermal effects of mobile phone base sta-
tions radiation using low-intensity radiofrequen-
cies for long exposure times, demonstrating
increased denaturation of various cytoplasmic
proteins, increased formation of reactive oxygen
species, increased intracellular Ca2+, DNA dam-
age, and inhibition of DNA repair, alterations that
can lead to metabolic disturbances. The study
concluded that it is a mistake to explain the dam-
age caused by this radiation, based exclusively
on the thermal factor. Other effects of exposure
to non-ionizing electromagnetic radiation/mo-
bile telephony such as neoplasms (ovary, breast,
lung), sleep disorders, headache, infertility, and
others have been reported in the literature 15,16,17.

However, some studies 18 have failed to iden-
tify negative health effects in populations ex-
posed to non-ionizing electromagnetic radiation.
Blettner et al. 19 found no association between
living close to mobile phone base station and in-



creased cancer incidence, concluding that non-
ionizing electromagnetic radiation emissions
were not related to adverse health outcomes. Ac-
cording to Saravi 20, the data do not suggest that
non-ionizing electromagnetic radiation/mobile
phone base stations pose health risks; even so,
they find that even though the results are con-
flicting, there appears to be a clear need for new
studies on this and other electromagnetic sourc-
es such as radio and television.

Thus, the relationship between exposure to
non-ionizing electromagnetic radiation and in-
creased incidence of human health problems is
a controversial topic, requiring further in-depth
investigation in epidemiological studies. In this
sense, in response to public and government
concern, the World Health Organization devel-
oped a project in 1996 to assess the scientific
evidence for possible adverse health effects re-
lated to non-ionizing electromagnetic radiation.
In 2011, the World Health Organization (WHO)
took a stance when the International Agency for
Research on Cancer (IARC) 21 classified expo-
sure to radiofrequencies as belonging to group
2B, the category that classifies agents as possible
carcinogens. Given the above, the current study
aimed to investigate the association between
exposure to non-ionizing electromagnetic ra-
diation from mobile phone base stations and
psychiatric symptoms.

Methodology

This was a cross-sectional epidemiological study
in two neighborhoods in Salvador, Bahia State,
Brazil. By mapping the mobile phone base sta-
tions in this city 22, a study area was defined based
on the existence of at least one mobile phone
base stations surrounded by urban occupation
up to and beyond a 300m radius, as proposed
by Santini et al. 7. Since they met the established
criteria, two adjoining neighborhoods in Salva-
dor were selected for the study: individuals liv-
ing in the neighborhoods of Bonfim and Monte
Serrat, up to versus greater than 300m from mo-
bile phone base stations, respectively. The mo-
bile phone base stations reported in the study
had been licensed for installation since 2004,
operating with GSM transmission antennas, at
a frequency of 1,800MHz, shared by three more
operators in 2004, 2006, and 2008.

Sample size was calculated (n =474) using the
following parameters: o = 5%; frequency of the
health problem in the unexposed = 5%: preva-
lence ratio = 2; study power = 80%, and exposed/
unexposed ratio 1:1. However, due to difficulty
in access and the exclusion of interviews held in
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households outside the established geographic
limits, a total of 440 interviews were considered
valid for analysis.

The following exclusion criteria were used for
households: exclusively commercial buildings or
institutions; households in which only individu-
alsless than 18 years of age were home at the time
of the intended interview; and homes exposed
to non-ionizing electromagnetic radiation from
other base stations.

A systematic random sample was taken. The
first household was picked, after which every
other household was selected. After the house-
hold was picked a resident 18 years or older was
selected randomly for a face-to-face interview,
conducted by trained interviewers. In addition
to the instrument produced specifically for this
study, a questionnaire was applied, previously
validated for Brazil 23, for screening symptoms
of depression, namely the Center for Epidemio-
logical Studies Depression Scale (CES-D). The
scale is widely used to facilitate diagnosis in non-
psychiatric outpatient clinics, and especially in
research. However, the scale’s sensitivity and
specificity vary in the literature. Risk of depres-
sion was defined as a CES-D score greater than
or equal to 16 23.

The dependent variables were evaluated by
means of interviewees’ self-reporting, including
complaints of irritability, anxiety, decreased li-
bido, palpitation, depressive tendency, and phy-
sician diagnoses of depression and anxiety and
depressive symptoms (CES-D > 16). The princi-
pal independent variable was exposure to non-
ionizing electromagnetic radiation from mobile
phone base stations. Based on existing knowled-
ge on exposure to non-ionizing electromagnetic
radiation/mobile telephony and health effects,
the following secondary variables were selected:
exposure to non-ionizing electromagnetic radia-
tion from mobile phones (years of use, number
of mobile phones, number of chips, use with we-
ak signal coverage, duration of calls, keeping the
device close to the body, and never turning off
the phone), electronic devices (microwave oven,
landline telephone, router, devices kept in the
bedroom), age, sex, income, schooling, alcohol
consumption, and smoking.

After descriptive analyses, a hierarchical lo-
gistic regression model was used. We initially
verified any association between independent
variables using the chi-square test. Thus, the co-
variates age, alcohol consumption, income, years
of mobile phone use, use of microwave oven, du-
ration of mobile phone calls, and use of landline
telephone were excluded because they showed
strong associations between each other (p <
0.05). We then structured hierarchical models,
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preselecting variables whose association with the
dependent variable showed p <0.25. The strategy
for entering variables into the model was hierar-
chical, as proposed by Greenland 24 and Fuchs et
al. 25, maintaining at each level the variables with
p<0.10 26,

The first level included macro-social and
lifestyle variables: sex, schooling (primary/sec-
ondary versus university/graduate school) and
smoking. The second level included exposure to
electronic devices: presence of devices in the bed-
room (mobile phones, videogames, notebook,
alarm clock/radio, computer); and router use in
the home. The third level included exposure to
non-ionizing electromagnetic radiation result-
ing from subjects’ behavior in mobile phone use,
that is, whether the individual: made mobile
phone calls with weak signal coverage; used more
than one mobile phone or more than one chip;
turned the mobile phone off when asleep; kept
the mobile phone close to the body. For inclu-
sion in the fourth level, pertaining to exposure
to non-ionizing electromagnetic radiation/mo-
bile phone base stations, three models were con-
structed based on distance from the households
and to the mobile phone base stations: 0-100; 101
to 200m; and > 200m from the mobile phone base
stations; < 300m versus > 300m from the mobile
phone base stations; and < 400 versus > 400m
from the mobile phone base stations. These
models were constructed because the antennas
installed in the mobile phone base stations are
tilted towards the ground in relation to the tower.
Thus, at a given distance from the tower, the elec-
tromagnetic waves reach the ground with maxi-
mum intensity. Before and after this distance, the
waves display significantly lower intensities 27. In
addition to distance, time residing in the vicinity
(<10 versus > 10 years) and time spent at home
(8 to 16 versus 16.1 to 24 hours/day) were also
incorporated at this level. The data were analyzed
in Stata 10 (StataCorp LB, Colege Station, USA).
The Hosmer-Lemeshow statistic 28 was used to
test the model’s goodness-of-fit.

The research project complies with Resolu-
tion n. 196/96 of the Brazilian National Health
Council and was approved by the Ethics Rese-
arch Committee of the Gongalo Moniz Resear-
ch Center, Oswaldo Cruz Foundation (CPqGM/
Fiocruz), filed under protocol n. 358/2011 and
final ruling n. 245/2011. All subjects signed a Free
and Informed Consent Form.

Results

The final study population consisted of 440 in-
dividuals, with a mean age of 48.4 years (range
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18 to 87). Most were females (59.3%), and brown
was the most common self-reported skin color
(51.4%). More than half (60.2%) had finished
secondary school and 39.8% had university or
graduate degrees. One-fourth earned between
one and two minimum wages, 9.1% smoked, and
40.7% consumed alcoholic beverages.

Most subjects had lived in the vicinity for
more than ten years, with an average of 21.3
years, and 61.8% stayed at home between 8 and
16 hours a day. Some 40% lived at a distance of
up to 300m from the mobile phone base stations,
while the rest lived more than 300 meters away.
In relation to mobile phone exposure, 90.9% were
users, 31.3% had used mobile phones for more
than ten years, had at least two chips (56.5%),
were used to carrying their mobile phones close
to the body (67.4%), never turned their mobile
phones off while sleeping (82.5%), made calls to-
taling more than 30 minutes a day (28.6%), and
used their mobile phone even with weak signal
coverage (89.2%).

As for electronic equipment, 50.8% had a
landline phone with a wireless receiver, kept
electronic devices in the bedroom (80%), used
a router at home (52.5%), and used a microwave
oven (65.7%). Distribution according to these
different variables was similar in the two neigh-
borhoods (< 300m and > 300m from the mobile
phone base stations) (Table 1).

As for psychiatric symptoms, there were no
significant differences between those living up
to 300m versus more than 300m from the mobile
phone base stations, in the crude analysis (Table
2). An association was observed between living
100 to 200m from the mobile phone base stations
and a diagnosis of anxiety (OR =2.39; 90%CI: 1.09-
5.26) (Table 3) or depression (OR = 3.25; 90%CI:
1.63-6.45) (Table 3). For individuals living up to
300m from the mobile phone base stations, it was
associated with depressive symptoms (CES-D >
16) (OR = 0.50; 90%CI: 0.32-0.80) (Table 3). Living
up to 400m from the mobile phone base stations
was associated with depressive tendency (OR =
1.55; 90%CI: 1.04-2.33) (Table 4) and depressive
symptoms (CES-D > 16) (OR = 1.66; 90%ClI: 1.08-
2.55) (Table 3). Staying at home 16.1 to 24 hours
a day showed an association with decreased li-
bido (OR = 1.61; 90%CI: 1.01-2.59) (Table 4) and
depressive symptoms (CES-D > 16) (OR = 1.67;
90%CI: 1.06-2.61) (Table 3).

For variables pertaining to exposure to non-
ionizing electromagnetic radiation from mobile
phone use, an association was observed between
having more than one mobile phone and depres-
sive symptoms (CES-D 2> 16) (OR = 1.63; 90%CI:
1.03-2.56) (Table 3). Using two or more chips and
never turning off the mobile phone while sleep-
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Table 1

Distribution of individuals according to macro-social and lifestyle variables and exposure to non-ionizing electromagnetic

radiation/mobile telephony. Salvador, Bahia State, Brazil, 2014.

Variables Total % Exposure p-value
< 300m > 300m
n % n %

Age (years)
18 to 50 237 53.9 93 53.1 144 54.3 0.882
> 50 203 46.1 82 46.9 121 45.7

Sex
Male 179 40.7 69 39.4 110 41.5 0.737
Female 261 59.3 106 60.6 155 58.5

Schooling
Primary and Secondary 265 60.2 100 57.1 165 62.3 0.330
University and graduate 175 39.8 75 42.9 100 37.7

Current occupation
Retirees, pensioners, housewives 136 30.9 51 29.1 85 32.1 0.135
Working 238 54.1 105 60.0 133 50.2
Students 33 7.5 9 5.1 24 9.1
Unemployed 33 7.5 10 5.7 23 8.7

Smoking
No 400 90.9 159 90.9 241 90.9 1.000
Yes 40 9.1 16 9.1 24 9.1

Alcohol consumption
No 261 59.3 105 60,0 156 58.9 0.891
Yes 179 40.7 70 40,0 109 411

Devices in the bedroom
No 88 20.0 32 18.3 56 211 0.543
Yes 352 80.0 143 81.7 209 78.9

Uses router in the home
No 209 47.5 81 46.3 128 48.3 0.751
Yes 231 52.5 94 53.7 137 51.7

Uses microwave oven
No 151 343 51 291 100 37.7 0.079
Yes 289 65.7 124 70.9 165 62.3

Uses landline phone with wireless

receiver

No 213 49.2 85 49.1 128 49.2 1.000
Yes 220 50.8 88 50.9 132 50.8

Years of mobile phone use
<10 264 68.8 100 64.5 164 71.6 0.174
>10 120 31.3 55 355 65 28.4

Uses how many mobile phones
1 287 71.9 111 69.4 176 73.6 0.415
> 112 28.1 43 30.6 63 26.4

Uses how many chips
1 174 43.5 66 41.3 108 45.0 0.523
>2 226 56.5 94 58.8 132 55.0

Turns mobile phone off while asleep
Always 66 17.3 33 21.4 33 14.5 0.104
Never 316 82.7 121 78.6 195 85.5

(continues)
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Table 1 (continued)

Variables Total % Exposure p-value
< 300m > 300m
n % n %

Keeps mobile phone
Far from the body 130 32.6 55 34.4 75 314 0.606
Close to the body 269 67.4 105 65.6 164 68.6

Duration of mobile phone calls

(minutes/day)
<30 280 71.4 109 69.4 171 72.8 0.546
> 30 12 28.6 48 30.6 64 27.2

Weak signal coverage
No 43 10.8 23 14.4 20 8.4 0.083
Yes 356 89.2 137 85.6 219 91.6

Time living in the vicinity (years)
<10 165 37.5 65 371 100 37.7 0.980
> 10 275 62.5 110 62.9 165 62.3

Time spent at home (hours/day)
8-16 273 68.0 119 68.0 154 58.1 0.046
16.1-24 167 32.0 56 32.0 111 41.9

Table 2

Prevalence ratios (PR) for exposure to non-ionizing electromagnetic radiation/mobile telephony and psychiatric symptoms.

Salvador, Bahia State, Brazil, 2014.

Variables Exposure PR (95%Cl)
< 300m > 300m
n % n % n %

Irritability
Yes 148 66.4 57 32.6 91 34.3 0.95(0.72-1.24)
No 242 33.6 118 67.4 174 65.7

Anxiety
Yes 212 48.3 82 46.9 130 49.2 0.95(0.75-1.16)
No 227 51.7 93 53.1 134 50.8

Palpitation
Yes 77 17.5 26 14.9 51 19.2 0.77 (0.50-1.19)
No 363 82.5 149 85.1 214 80.8

Decreased libido
No 89 20.3 30 171 59 22.4 0.76 (0.51-1.34)
Yes 349 79.7 145 82.9 204 77.6

Depressive tendency
Yes 101 23.0 34 19.4 67 254 0.77 (0.53-1.10)
No 338 77.0 141 80.6 197 74.6

Diagnosis of depression
Yes 56 12.7 20 1.4 36 13.6 0.84 (0.50-1.40)
No 384 87.3 155 88.6 229 86.4

Diagnosis of anxiety
Yes 50 1.4 18 10.3 32 121 0.85 (0.49-1.47)
No 390 88.6 157 89.7 233 87.9

CES-D
Positive 95 24.9 27 18.0 68 29.4 0.61(0.41-0.91)
Negative 286 75.1 123 82.0 163 70.6

95%Cl: 95% confidence interval; CES-D: Centre For Epidemiological Studies Depression Scale.
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Table 3

Hierarchical logistic regression model for variables associated with diagnoses of anxiety and depression and depressive symptoms (Center for Epidemiological
Studies Depression Scale — CES-D > 16) and exposure to non-ionizing electromagnetic radiation/mobile telephony, odds ratios (OR), and 90% confidence
intervals (90%Cl). Salvador, Bahia State, Brazil, 2014.

Variables OR OR adjusted (90%Cl)
crude (90%Cl) Level | * Level Il ** Level III *** Level IV # Level IV # Level IV #
MPBS100-200 MPBS300 MPBS400

Diagnosis of
anxiety
Macro-social
and lifestyle
Sex
Male 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Female 2.18(1.20-3.98)  2.37 (1.29-4.36) 2.45(1.32-4.55)  2.74(1.46-5.15) 2.70(1.43-5.10) 2.74 (1.46-5.15)  2.80 (1.48-5.29)
Smoking
No 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Yes 2.06(0.97-4.34)  2.43(1.13-5.23)  2.61(1.19-5.72)  3.01(1.35-6.74)  3.13(1.93-7.03) 3.02(1.35-6.75)  3.01 (1.35-6.73)
Exposure to
electronic
devices
radiation
Devices
in the
bedroom
No 1.00 1.00 1.00 1.00 1.00 1.00
Yes 9.07 (1.69-48.64) 9.54 (1.77-51.50) 10.14 (1.87-55.10) 9.57 (1.76-51.99) 10.15 (1.87-55.13) 10.17 (1.87-55.25)
Exposure
to mobile
telephony
radiation
Weak
signal
coverage
No 1.00 1.00 1.00 1.00 1.00
Yes 2.74 (0.81-9.30) 3.58(1.03-12.42) 3.82(1.10-13.28) 3.58 (1.02-12.40) 3.69 (1.06-12.90)
Exposure to
mobile phone
base station
radiation

Distance (m)

0-100; 1.00 1.00

> 200

101-200  2.31 (1.09-4.90) 2.39 (1.09-5.26)

> 300 1.00 1.00

<300 0.94 (0.55-1.61) 0.97 (0.56-1.69)

> 400 1.00 1.00
<400 0.97 (0.57-1.66) 0.86 (0.49-1.50)

(continues)
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Table 3 (continued)

Variables OR OR adjusted (90%Cl)
crude (90%Cl) Level Il *** Level IV # Level IV # Level IV #
MPBS100-200 MPBS300 MPBS400
Diagnosis of
depression
Macro-social
and lifestyle
Sex
Male 1.00 1.00 1.00 1.00
Female 2.42(1.23-4.78) 2.42(1.23-4.78) 2.40(1.21-4.76)  2.43(1.23-4.81) 2.36 (1.19-4.68)

Exposure to
mobile phone
base station
radiation
Distance (m)
0-100;
> 200
101-200
> 300
<300
> 400
<400
Depressive
symptoms
(CES-D > 16)
Macro-social
and lifestyle
Sex
Male
Female
Exposure to
electronic
devices
radiation
Router
No
Yes
Exposure
to mobile
telephony
radiation
Number
of mobile
phones
No

Yes

1.00

3.30 (1.48-7.40)
1.00

0.72 (0.79-2.56)
1.00

1.42 (0.79-2.56)

1.00
3.61(2.19-5.96)

1.00
0.71(0.47-1.07)

1.00
1.52(0.98-2.35)

3.61(2.19-5.96) 3.58 (2.17-5.91)

1.00
3.71 (2.24-6.14)

1.00
1.63 (1.03-2.56)

1.00

3.25(1.63-6.45)

1.00
3.44 (2.08-5.72)

1.00
1.89 (1.13-2.89)

1.00
0.71(0.38-1.13)

1.00
3.53 (2.11-5.90)

1.00
2.70 (1.40-5.23)

1.00
1.33 (0.73-2.41)

1.00
3.34 (2.01-5.58)

1.00
2.63 (1.36-5.09)

(continues)
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Variables OR OR adjusted (90%Cl)
crude (90%Cl) Level | * Level Il ** Level Il *** Level IV # Level IV # MPBS300 Level IV #
MPBS100-200 MPBS400
Exposure to
mobile phone
base station
radiation
Time spent
at home
(hours/day)
8-16 1.00 1.00 1.00 1.00
16.1-24 1.80(1.18-2.74) 1.67 (1.06-2.61)  1.56 (0.99-2.46) 1.63 (1.04-2.56)
Distance (m)
0-100; 1.00
- 200 1.00
101-200 0.79 (0.36-1.72) 0.70(0.31-1.58)
> 300 1.00 1.00
<300 0.52 (0.33-0.81) 0.50 (0.32-0.80)
> 400 1.00 1.00
<400 1.73(1.14-2.61) 1.66 (1.08-2.55)

MPBS100-200: distance between 100 and 200m from the households and the mobile phone base stations; MPBS300: distance of 300m from the households
and the mobile phone base stations; MPBS400: distance of 400m from the households and the mobile phone base stations.

* Contextual variables;

** Selected variables from level | and variables related to exposure to non-ionizing electromagnetic radiation from electronic devices;

*** Selected variables from levels | and Il and variables related to non-ionizing electromagnetic radiation from mobile phones;

# Selected variables from levels |, II, and Il and variables related to exposure to non-ionizing electromagnetic radiation/mobile phone base stations.

ingwas associated with anxiety (Table 4). Keeping
the mobile phone close to the body was associ-
ated with palpitation (Table 5). Using the mobile
phone with weak signal coverage was associated
with irritability (Table 5) and diagnosis of anxiety
(Table 3). As for covariates related to exposure
to electronic equipment, “keeping devices in the
bedroom” was associated with irritability (Table
5) and diagnosis of anxiety (Table 3), while pal-
pitation was significantly less common among
individuals with a router at home (Table 5).

An association was observed between female
gender and eight psychiatric symptoms (irrita-
bility, palpitation, anxiety, depressive tendency,
decreased libido, diagnosis of anxiety and de-
pression, and depressive symptoms, CES-D > 16)
(Tables, 3, 4, and 5).

Discussion
The relationship between exposure to non-

ionizing electromagnetic radiation/mobile te-
lephony and health effects has raised concern

in the scientific community, as well as among
policymakers, specifically related to populations
around mobile phone base stations and mobile
phone users.

The theme is highly relevant for public health
and appears in the literature with conflicting re-
sults. This calls for adoption of the precautionary
principle, a decision made when scientific infor-
mation is insufficient, inconclusive, or uncertain
and there are indications that the possible ef-
fects for the environment, human and animal
health, or plant protection may be potentially
hazardous and inconsistent with the chosen lev-
el of protection 29.

The current study showed an association
between exposure to non-ionizing electromag-
netic radiation/mobile phone base stations for
individuals living between 100 and 200m from
the mobile phone base stations and diagnoses of
anxiety and depression; those living up to 300m
from the mobile phone base stations showed a
significantly lower association with depressive
symptoms (CES-D > 16); and living up to 400m
from the mobile phone base stations was asso-
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Table 4

Hierarchical logistic regression model for variables associated with anxiety, depressive tendency, and decreased libido and exposure to non-ionizing

electromagnetic radiation/mobile telephony, odds ratios (OR), and 90% confidence intervals (90%Cl). Salvador, Bahia State, Brazil, 2014.

Variables OR crude OR adjusted (90%Cl)
(90%Cl) Level | * Level Il ** Level III *** Level IV # Level IV # Level IV #
MPBS100-200 MPBS300 MPBS400
Anxiety
Macro-social and lifestyle
Sex
Male 1.00 1.00 1.00 1.00 1.00 1.00
Female 1.79 (1.27-2.51) 1.69 (1.19-2.40) 1.69 (1.19-2.40) 1.68 (1.18-2.40) 1.69 (1.19-2.41) 1.67 (1.17-237)

Exposure to mobile phone
Chips
1
>2
Turns mobile phone off
when asleep
Always
Never
Exposure to mobile phone
base station radiation
Distance (m)
0-100; > 200
101-200
> 300
<300
> 400
Depressive tendence
Macro-social and lifestyle
Sex
Male
Female
Exposure to mobile phone
base station radiation
Distance (m)
0-100; > 200
101-200
> 300
<300
> 400
Exposure to mobile phone
base station radiation
Years living in vicinity
<10
>10
Time spent at home
(hours/day)
8-16
16.1-24

1.00
1.49 (1.07-2.08)

1.00
2.08 (1.31-3.31)

1.00

1.48 (0.82-2.70)
1.00

0.89 (0.64-1.25)

1.00
3.26 (2.05-5.19)

1.00

1.03 (0.51-2.06)
1.00

0.86 (0.44-1.00)
1.00

1.65 (2.05-2.45)

1.00
0.72 (0.49-1.07)

1.00
1.64 (1.10-2.46)

1.00
3.26 (2.05-5.19)

1.00
1.43 (1.01-2.02)

1.00
1.94 (1.21-3.10)

1.00
1.44 (1.02-2.04)

1.00
1.44 (0.95-2.18)

1.00
1.44 (1.02-2.04)

1.00 1.00 1.00
1.95(1.22-3.12) 1.90 (1.19-3.05) 1.90 (1.18-3.04)

1.00
1.45 (0.78-2.70)
1.00
0.84 (0.59-1.20)
1.00
1.18 (0.83-1.68)

1.00 1.00 1.00
3.08 (1.92-4.93) 3.29 (2.07-5.24) 2.98 (1.86-4.80)

1.00
0.92 (0.45-1.88)
1.00
0.65 (0.42-0.99)
1.00
1.55 (1.04-2.33)

1.00
0.71(0.48-1.06)

1.00
0.73 (0.49-1.08)

1.00
0.71(0.47-1.07)

1.00
1.34 (0.88-2.04)

1.00
1.33(0.88-2.03)

MPBS100-200: distance between 100 and 200m from the households and the mobile phone base stations; MPBS300: distance of 300m from the households
and the mobile phone base stations; MPBS400: distance of 400m from the households and the mobile phone base stations.

* Contextual variables;

** Selected variables from level | and variables related to exposure to non-ionizing electromagnetic radiation from electronic devices;

*** Selected variables from levels | and Il and variables related to non-ionizing electromagnetic radiation from mobile phones;

# Selected variables from levels |, II, and Ill and variables related to exposure to non-ionizing electromagnetic radiation/mobile phone base stations.
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Table 5

Hierarchical logistic regression model for variables associated with irritability and palpitation and exposure to non-ionizing electromagnetic radiation/mobile

telephony, odds ratios (OR), and confidence intervals (90%Cl). Salvador, Bahia State, Brazil, 2014.

Variables OR crude OR adjusted (90%Cl)
(90%Cl) Level I * Level Il ** Level IIl *** Level IV # Level IV # Level IV #
MPBS100-200 MPBS300 MPBS400
Irritability
Macro-social and lifestyle
Sex
Male 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Female 2.33(1.61-3.34)  2.32(1.60-3.38) 2.35(1.62-3.42) 2.51(1.72-3.68) 2.50(1.71-3.66) 2.51(1.72-3.68) 2.46 (1.68-3.60)
Schooling
Primary and Secondary 1.00 1.00
University and 1.40 (0.98-1.97) 1.39(0.97-1.98)
Graduate

Exposure to electronic
devices radiation
Devices in the bedroom
No 1.00 1.00 1.00 1.00 1.00 1.00
Yes 2.36 (1.37-4.05) 2.40(1.38-4.17) 2.43 (1.40-4.24) 2.39 (1.37-4.16) 2.43(1.40-4.24) 2.44 (1.40-4.25)
Exposure to mobile
telephony radiation
Weak signal coverage
No 1.00 1.00 1.00 1.00 1.00
Yes 2.20(1.16-4.18) 2.72(1.41-5.26) 2.89 (1.49-5.60) 2.70 (1.40-5.23) 2.63 (1.36-5.09)
Exposure to mobile phone
base station radiation

Distance (m)

0-100; > 200 1.00 1.00

101-200 1.74 (0.85-3.48) 1.83(0.97-3.43)

> 300 1.00 1.00

<300 0.90 (0.63-1.28) 0.95 (0.66-1.37)

> 400 1.00 1.00

<400 1.40 (0.92-2.12) 1.25(0.87-1.79)
Palpitation

Macro-social and lifestyle

Sex
Male 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Female 2.10(1.29-3.42)  2.10(1.29-3.42) 2.04 (1.25-3.33) 2.21(1.34-3.63) 2.23(1.36-3.67) 2.22(1.35-3.66) 2.18 (1.33-3.59)

Exposure to electronic

devices radiation

Router
No 1.00 1.00 1.00 1.00 1.00 1.00
Yes 0.58 (0.37-0.90) 0.60 (0.38-0.93) 0.58 (0.37-0.91) 0.57 (0.37-0.90) 0.60 (0.37-0.91) 0.58 (0.37-0.91)

(continues)
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Table 5 (continued)

Variables OR crude OR adjusted (90%Cl)
(90%Cl) Level | * Level Il ** Level IIl *** Level IV # Level IV # Level IV #
MPBS100-200 MPBS300 MPBS400
Exposure to mobile
telephony radiation
Keeps mobile phone
Far from the body 1.00 1.00 1.00 1.00 1.00

Close to the body
Exposure to mobile phone
base station radiation

Distance (m)

0-100; > 200

101-200

> 300

<300

> 400

<400

2.08 (1.23-3.53)

1.00

0.63 (0.26-1.55)
1.00

0.67 (0.42-1.07)
1.00

1.14(0.73-1.77)

2.34 (1.37-4.00)

2.33(1.36-3.40) 2.34 (1.36-4.01) 2.35(1.37-4.03)

1.00
0.59 (0.23-1.47)
1.00
0.67 (0.42-1.07)
1.00
1.13(0.71-177)

MPBS100-200: distance between 100 and 200m from the households and the mobile phone base stations; MPBS300: distance of 300m from the households
and the mobile phone base stations; MPBS400: distance of 400m from the households and the mobile phone base stations.

* Contextual variables;

** Selected variables from level | and variables related to exposure to non-ionizing electromagnetic radiation from electronic devices;

*** Selected variables from levels | and Il and variables related to non-ionizing electromagnetic radiation from mobile phones;

# Selected variables from levels |, II, and Ill and variables related to exposure to non-ionizing electromagnetic radiation/mobile phone base stations.

ciated with depressive tendency and depressive
symptoms (CES-D > 16). Staying at home from
16.1 to 24 hours a day was associated with de-
creased libido in individuals living 100 to 200m
from the mobile phone base stations. These find-
ings are similar to those of other studies pub-
lished in the literature. A French study 7 focused
on 530 individuals living within a radius of 300m
from the mobile phone base stations, and the sig-
nificant symptoms according to distance from
the source were: irritability, depression, memory
loss, dizziness, decreased libido (100m); head-
ache, sleep disturbance, malaise (200m), and
tiredness (300m). Navarro et al. 8 indicated an
association between exposure and depressive
symptoms in the population 150m from the mo-
bile phone base stations. Likewise, Bortkievicz et
al. 9, Abdel-Rassoul et al. 19, and Hutter et al. 30
found more neurobehavioral effects in popula-
tions living near the mobile phone base stations
when compared to those living more than 300m
or 400m from the mobile phone base stations.
Eger et al. 16 found that five years or more after
installation and operation of the mobile phone
base stations, the risk of developing cancer tri-
pled for residents within less than 400m from
the source, the main beam of which touched the
ground at a horizontal distance of 350m. Wolf &
Wolf 15 also indicated a fourfold increase in can-
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cer incidence in residents within 350m from the
mobile phone base stations.

Antennas in mobile phone base stations are
installed such that radiation emission is maximal
when perpendicular to the antenna 27. In rela-
tion to the tower, the antennas are tilted towards
the ground, such that at a given distance from
the tower the waves reach the ground with maxi-
mum intensity. Before and after this distance, the
waves display significantly lower intensities. The
terrain’s topography, tower height, antennas’ tilt,
irradiated energy, and distance from the tower
to the households are also preponderant factors
in determining the region with the highest in-
cidence of waves emitted by the mobile phone
base stations, since the waves bounce off natural
obstacles and buildings. Thus, households lo-
cated between 100 to 200m from the tower show
higher risk when compared to those located
nearer (0 to 100m) and farther (> 200m) from the
mobile phone base stations 27,31,

One problem with exposure to non-ionizing
electromagnetic radiation/mobile phone base
stations has been the distance from the source
to the households. For example, at 150m from a
mobile phone base stations, typical values for an
electric field (0.5 to 2V/m) 32 are considered low,
but they represent continuous exposure. High ra-
diation levels have been found 16 in areas around



where the principal beam it reaches the ground,
and in combination with local reflection, from
that point onward; the intensity of the radiation
decreases with the square of the distance from
the point of the antenna feed. In addition, the
principal radiation lobe is in the direction deter-
mined by the tilt’s angle, while there are also side
lobes arranged at other angles, thereby scattering
the radiation.

Hardell et al. 33 found an association between
mobile phone use and risk of brain tumors. Ac-
cording to the authors, the results indicate that
risk of exposure to non-ionizing electromagnetic
radiation from mobile phones is lower in areas
at a short distance from the mobile phone base
stations, due to adaptive power control (APC).
This corroborates the findings presented in other
studies, by Lonn et al. 34 and Hillert et al. 35, who
demonstrated that APC in cellular phones is reg-
ulated by the distance between the mobile phone
base stations. Thus, in areas with a long distance
between mobile phone base stations (generally
rural), the output power level is higher when
compared to urban areas, where the distance be-
tween mobile phone base stations is shorter.

In this sense, a possible explanation for the
current study’s findings, for example OR > 1 when
evaluating psychiatric symptoms at distances
between 100 and 200m, may be the exposure to
non-ionizing electromagnetic radiation/mobile
phone base stations. At a distance of 300m, the
risk is expected to decrease, since there is less
exposure to non-ionizing electromagnetic radia-
tion/mobile phone base stations . This can be ex-
plained by the automatic control of gain or power
irradiated by mobile phone devices, which de-
crease as they approach the mobile phone base
stations, in agreement with some studies 33,34,35.
The risk increases again after 400m, possibly due
to exposure to non-ionizing electromagnetic ra-
diation from mobile phones which intensifies
when the devices are farther from the mobile
phone base stations (weak signal coverage). Au-
tomatic gain adjustment results in higher power
and thus greater exposure of the user’s head, re-
sulting in higher OR, due to exposure to non-ion-
izing electromagnetic radiation from the mobile
phone, not from the mobile phone base stations.

One way to estimate protective spacing of
homes in neighborhoods around mobile phone
base stations is to use the Friis equation to cal-
culate exclusion zones, or areas in which the
estimated level of the electric field may exceed
the guidelines, considering not only the effects
of high levels and short exposure times, like the
ICNIRP standards, but also those that consider
the effects of low levels and long exposure times.
This procedure shows the region with reduction
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of possible risks of exposure from non-ionizing
electromagnetic radiation/mobile phone base
stations for the health of individuals living or
working outside this region 36.

For variables related to exposure to non-
ionizing electromagnetic radiation from mobile
phones, having more than one mobile phone de-
vice was associated with depressive symptoms
(CES-D = 16), and using two or more chips and
never turning the mobile phone off when asleep
were associated with anxiety. Using the mobile
phone with weak signal coverage was associated
with diagnosis of anxiety and irritability. Coureau
et al. 37 found a statistically significant associa-
tion between using the mobile phone for more
than two hours a day and brain tumors, conclud-
ing that the data reinforce the results of previous
studies on intensive use of mobile phones and
such tumors. Martin et al. 38 conducted measure-
ments of the spectra of non-ionizing electromag-
netic radiations in Sao José dos Campos and Tau-
baté, Sao Paulo State, Brazil, indicating that the
sources with the heaviest pollution in frequen-
cies ranging from 1MHz to 9.4GHz were mobile
phones and VHE Kuster & Kuhn 39 indicated that
mobile phones are the strongest source of the
brain’s exposure to electromagnetic fields, and
that exposure is influenced by the user’s behav-
ior and choice of the device. Important factors
include the device’s design and the use of ear-
phones (which reduces exposure by ten times).

Other studies 4041 have associated excessive
and intensive use of wireless communication
technologies with psychiatric effects.

From the physical point of view, when com-
paring the results of exposure to non-ionizing
electromagnetic radiation from mobile phone
base stations with that of mobile phones them-
selves, the individual’s mobile phone behavior
can certainly favor greater exposure. Using two or
more chips, never turning the device off, keeping
it close to the body, and using it in places with
weak signal coverage can lead to greater exposure
to non-ionizing electromagnetic radiation, when
compared to exposure to radiation from mobile
phone base stations.

The amount of energy one receives when
talking for six seconds on a mobile phone 42 is
equivalent to being exposed for 24 hours to a
mobile phone base station at 100m, and when
one holds a mobile phone device very close to
the ear, the power level received is greater than
when holding the device farther away. However,
when signal coverage is poor, individuals tend to
hold the device as close as possible, without real-
izing that this behavior increases the absorption
of radiation. Using a mobile phone with weak
signal coverage, a habit reported by most of our
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interviewees, is worrisome, since the reduced
number of available channels due to overcrowd-
ing of users involves a higher field level and thus
higher power in the device, which increases auto-
matically in the attempt to locate another mobile
phone base stations to keep the call going. Sev-
eral studies 7817 have indicated an association
between exposure to non-ionizing electromag-
netic radiation/ mobile phone base stations and
health effects, only considering exposure to mo-
bile phone base stations and overlooking expo-
sure to non-ionizing electromagnetic radiation
resulting from mobile phones use and thus APC.

Electronic devices in the bedroom (mobile
phone, notebook, router, TV, etc.) can increase
the risk of exposure to non-ionizing electromag-
netic radiation, and in this study they were as-
sociated with irritability and diagnosis of anxiety.
Palpitations were significantly less frequent in
individuals that used a router in the home. For a
distance up to 5m from the source (router), a low
electric field is found (0.1 to 0.2V/m) 32.

In this sense, despite the lack of a convinc-
ing explanation as to the biological plausibility
of psychiatric effects from exposure to non-ion-
izing electromagnetic radiation, these findings
should serve as a warning, especially due to the
intensive use of mobile phone devices, where the
electric field levels are much higher (10 to 150
/m, close to the head) 32 when compared to those
from mobile phone base stations, which are lo-
cated far from the individual’s body. In addition,
the results on exposure to non-ionizing electro-
magnetic radiation and depressive symptoms
(CES-D = 16) reinforce the findings, since CES-D
has been validated in Brazil 23. Nevertheless, the
current study’s findings should be viewed with
caution, since this was a cross-sectional study,
subject to reverse causality bias, given that infor-
mation on exposure and outcome was obtained
simultaneously. For example, do individuals that
use mobile phones more tend to become more
anxious, or does anxiety lead to greater use of the
mobile phone? This reasoning can also be ap-
plied to other associations described above.

Despite adjustment, one cannot entirely rule
out confounding. An example is possible con-
founding in the association between decreased
libido and staying longer at home. Although the
majority (54.1%) of the individuals were working,
7.5% were studying and 7.5% were unemployed
(Table 1), and it is important to note that because
they spend more time at home, they may have
some clinical illness that causes limitations, or
they may be on some medication, both of which
are factors that can alter libido. It is important to
identify the degree of difficulty in generalizing
the findings to other populations, even within the
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city of Salvador. The two neighborhoods were not
selected randomly, but as a convenience sample,
since they displayed the necessary logistic and
methodological conditions for conducting the
research. Notwithstanding the important formal
requisites of statistics, one can raise the hypothe-
sis that the study’s findings may be valid for simi-
lar populations, especially from the socioecono-
mic point of view. Important well-known asso-
ciations, for example between smoking and lung
cancer or between ionizing radiation and leuke-
mia, were found in specific populations, but are
valid for all human beings, due to a species issue,
while respecting the various possibilities of effect
modification. In addition, studies on distances
from mobile phone base stations and especially
the exposure to non-ionizing electromagnetic
radiation from mobile phone devices should be
conducted in the future, since the effects of non-
-ionizing electromagnetic radiation depend on
the exposure field’s characteristics.

Conclusions

Exposure to non-ionizing electromagnetic radia-
tion related to living between 100 and 200m from
a mobile phone base stations and individual
behavior in the use of mobile phones and other
electronic devices were associated with some
psychiatric symptoms, after adjusting for vari-
ous other potential confounding variables, es-
pecially gender. Despite the study’s limitations
and considering the controversies on the issue,
described for the first time in Brazil based on a
household survey and using a random sample,
we recommend the adoption of precautionary
measures to reduce the absorption of radiation
from this type of exposure, especially in young
people, namely: reduce the time per day spent
on mobile phone calls, avoid using the mobile
phone with weak signal coverage, refrain from
keeping the mobile phone close to the body, use
earphones or pop phones, avoid mobile phone
use by children, whenever possible use the hard-
wire landline phone, and avoid residing or work-
ing within 200m of mobile phone base stations.
The results can help improve public policies, in
the sense of informing decision-making on risk
evaluation, management, and communication
aimed at individual health promotion.



Resumen

El objetivo de este estudio fue investigar la asociacion
entre la exposicion a la radiacion electromagnética no
ionizante de una estacion base telefonia movil y sus
efectos sobre la salud. Se trata de un estudio transver-
sal en Salvador, Bahia, Brasil, donde se entrevistaron
a 440 personas. Las quejas y diagndsticos psiquidtri-
cos fueron las variables dependientes y la distancia del
hogar a la estacion base se consideré como la variable
independiente principal. Se realizo un andlisis de re-
gresion logistica jerdrquica para evaluar la confusion
y modificacion de los efectos. Se observo una asocia-
cion entre los efectos psiquidtricos y residir cerca de
una estacion base y formas de uso del teléfono celular
(débil cobertura de la sefial, cerca del cuerpo dos o mds
chips y nunca apagar el teléfono cuando se duerme)
y uso de otros aparatos electrénicos. Se concluyo que
la exposicion a radiacion no ionizante de la telefonia
movil y otros aparatos electronicos se asocio con efec-
tos psiquidtricos, independiente de sexo, la educacion
y el tabaquismo. Se recomienda la adopcion de medi-
das de precaucion, con el fin de reducir la exposicion.

Radiacién No Ionizante; Exposicion a la Radiacion;
Teléfonos Celulares; Sintomas Psiquicos
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