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Introduction

In Sweden the annual age-adjusted incidence of testicular

cancer increased significantly by 1.7% (p < 0.02) using

trend test during the time period 1985–2004 (National

Board of Health and Welfare, 2006). An increasing inci-

dence of testicular cancer has also been reported from

several other Western countries during the last decades

(Toppari et al., 1995; Bray et al., 2006). It is the most

common cancer among young males.

The aetiology of testicular cancer is not fully known

and it is usually not regarded as an occupational disease.

Cryptorchidism is one established risk factor (Henderson

et al., 1979; Schottenfeldt et al., 1980). Perinatal exposure,

e.g., to persistent organic pollutants (POPs) with hor-

mone activity (xenoestrogens) has been suggested to be

another risk factor. During recent decades there has also

been an increasing incidence of male developmental

reproductive disorders. Testicular cancer, cryptorchidism,

hypospadia and low sperm count have been grouped

together in the testicular dysgenesis syndrome and may

have common aetiological risk factors (Skakkebæk et al.,

2001). We have reported an increased concentration of

certain POPs in mothers of patients with testicular cancer

compared with mothers of control subjects (Hardell et al.,

2003, 2004a, 2006a). This finding gives support to the

hypothesis that exposure to POPs during the fetal period

is a risk factor for testicular cancer.

In a case–control study on testicular cancer and various

occupational exposures we observed a sixfold increase in

the risk for testicular cancer, mainly seminoma, among

men exposed to polyvinyl chloride (PVC) plastics indica-

ting that exposure in adult life might also influence the

risk (Hardell et al., 1997; Ohlson & Hardell, 2000). How-

ever, in a larger follow-up study we found only a slightly

increased risk of testicular cancer after exposure to PVC-

containing materials (Hardell et al., 2004b; Westberg

et al., 2005). Detailed assessments of the individual expo-

sures did not indicate a dose–response relationship, but

rather an inverse relationship with the highest odds ratios

(OR) in the lowest exposure category. The OR increased

somewhat with increasing latency time. This inverse rela-

tionship between exposure to PVC and OR did not

clearly indicate an increased risk for testicular cancer

despite the overall increased risk as strengthened by tak-

ing latency into account. However, it should be noted
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Summary

A case–control study on testicular cancer included use of cellular and cordless

telephones. The results were based on answers from 542 (92%) cases with sem-

inoma, 346 (89%) with non-seminoma, and 870 (89%) controls. Regarding

seminoma the use of analog cellular phones gave odds ratio (OR) ¼ 1.2, 95%

confidence interval (CI) ¼ 0.9–1.6, digital phones OR ¼ 1.3, CI ¼ 0.9–1.8, and

cordless phones OR ¼ 1.1, CI ¼ 0.8–1.5. The corresponding results for non-

seminoma were OR ¼ 0.7, CI ¼ 0.5–1.1, OR ¼ 0.9, CI ¼ 0.6–1.4, and OR ¼
1.0, CI ¼ 0.7–1.4, respectively. There was no dose–response effect and OR did

not increase with latency time. No association was found with place of keeping

the mobile phone during standby, such as trousers pocket. Cryptorchidism was

associated both with seminoma (OR ¼ 4.2, CI ¼ 2.7–6.5) and non-seminoma

(OR ¼ 3.3, CI ¼ 2.0–5.6), but no interaction was found with the use of cellu-

lar or cordless telephones.
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that many hormone-disrupting chemicals exhibit an

inverted U dose–response curve, e.g., certain phytoestro-

gens (Almstrup et al., 2002).

There has been some concern in the population that

exposure to microwaves in the radiofrequency fields (RF)

during mobile phone calls may be a risk factor for testi-

cular cancer, especially if the phone is located in a pocket

close to the testis. Some exposure to microwaves occurs

in that situation during phone calls but only to a very

low extent during standby of the phone (contact signal

with the base station). In a recent study a genotoxic effect

on epididymal spermatozoa was reported in mice exposed

to 900 MHz microwaves (Aitken et al., 2005). In a

human study on semen quality and mobile phone use

some negative effect on the sperm motility characteristics

was found (Fejes et al., 2005). In a review of exposure to

extremely low-frequency electromagnetic fields (below a

few hundred Hertz) and risk of malignant diseases, no

association with testicular cancer was found, but the data

were limited (Hardell et al., 1995).

Recently, there has been a rapid development in the

use of wireless telephone communication. The Nordic

countries were among the first in the world to introduce

this new technology. During mobile phone calls micro-

waves in the RF field are emitted.

Exposure is characterized through the specific absorp-

tion rate (expressed as W/kg). Analog (NMT; Nordic

Mobile Telephone System) phones operating at 450 MHz

were introduced in Sweden in 1981. In the beginning they

were usually used in a car with fixed external antenna.

Portable NMT 450 phones were introduced in 1984. Ana-

log phones using 900 MHz (NMT 900) were used in Swe-

den between 1986 and 2000. The digital system (GSM;

Global System for Mobile Communication) started in

1991 and has, during recent years, dramatically increased

to be the most common type of phone. This system uses

dual bands, 900 and 1800 MHz, for communication.

From 2003 the third-generation mobile phones, 3G or

UMTS (Universal Mobile Telecommunication System)

started in Sweden operating at 1900 MHz.

Desktop cordless phones use wireless technology. The

analog system in the 800–900 MHz RF was used when

these phones were available in Sweden in 1988. Digital

cordless telephones (DECT) that operate at 1900 MHz

are in use since 1991.

In the case–control study on exposure to PVC plastics

(Hardell et al., 2004b; Westberg et al., 2005) we also

included the same questions on use of cellular and cord-

less telephones as in studies on brain tumours performed

during the same time (Hardell et al., 2006b,c). The con-

cerned research ethics committee approved the study. In

this article we present results for the use of cellular and

cordless telephones and the risk of testicular cancer.

Materials and methods

Subject ascertainment

All cases of testicular cancer (ICD 7 code 178) aged 20–

75 years in the whole Swedish male population in the

years 1993–1997 were identified in the Swedish Cancer

Registry. In total, 1061 cases were reported. Of these, 37

were deceased (only living cases were included), 18 had a

benign tumour and three had cancer in situ. Only germ

cell tumours were included and 15 cases with other histo-

pathological types of testicular cancer were excluded. The

doctors in charge of the cases were contacted and asked

for permission to include the patient in the study. Four

cases were excluded due to e.g., Down’s syndrome. Fur-

thermore, three cases had unknown addresses. Conse-

quently, the remaining study group consisted of 981 cases

– 592 with seminoma and 389 with non-seminoma.

The controls were sampled from the Swedish Popula-

tion Registry by selecting at random one subject to each

case in the same 5-year age groups, i.e. 20–24, 25–

29 years, etc., irrespective of the area of residence. Thus,

the primary sample included 981 cases and 981 matched

controls. This study was performed during 1999–2001.

The questionnaire was answered by 889 (91%) cases.

One case was excluded due to missing data and the

results were based on data from 542 (92% response fre-

quency) cases with seminoma and 346 (89% response fre-

quency) cases with non-seminoma. The response rate for

controls was 870 (89% response frequency). The mean

age was 36 years for cases and 37 years for controls;

40 years for the cases with seminoma and 30 years for the

cases with non-seminoma.

Assessment of exposure

A letter of introduction and an 18-page questionnaire

were sent to the cases and the controls. Reminders were

sent to those who did not respond within 3 weeks and

also a second time to the remaining non-responders. Life-

time working history and specific exposure to agents such

as PVC, organic solvents, pesticides, insect repellents,

asphalts, use of computers, etc. were enquired as reported

previously (Hardell et al., 2004b; Westberg et al., 2005).

Regarding the use of cellular telephones, we asked

about first year of use, type of phone (analog with prefix

010, digital with prefix 07), mean minutes of daily use

over the years, use in a car with external antenna or a

hands-free (both calculated as unexposed) and location of

the phone during standby. Similar questions dealt with

the use of cordless telephones, although without questions

on location during standby.

The questionnaires were scrutinized by a specially

trained interviewer and supplemented over the phone if
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necessary. We gave all questionnaires an ID-code that did

not show if it was a case or a control. Thus, interviews

and coding of data for the statistical analysis were made

blinded as to case or control status. Exposure £1 year

before diagnosis was disregarded, hence the same year

was used for the matched control and the corresponding

case.

Statistical methods

Unconditional logistic regression analysis was used to cal-

culate OR and 95% confidence intervals (CI), (Stata/SE

8.2 for Windows; StataCorp, College Station, TX, USA).

We used this method due to low numbers in some of the

calculations as it allowed us to also include all subjects in

the analyses, including those in incomplete matched pairs.

Subjects who had not used cellular or cordless phones

were regarded as unexposed in the statistical calculations.

The exposed cases and controls were divided according to

the type of phone in question, i.e. analog, digital cellular

telephones and cordless telephones. We also calculated OR

and 95% CI for use of any of these phone types and for

different combinations. Adjustment was made for age,

cryptorchidism and year of diagnosis, hence the same year

was used for the case and the corresponding control.

Adjustment for year of diagnosis was made as the study

included the years 1993–1997 and use of cellular and cord-

less telephones increased over the years. We used age as a

continuous variable in the analysis. Latency or tumour

induction period was analysed using three time periods:

>1–5, >5–10 and >10 years since first use of a cellular or

cordless telephone until diagnosis. In the dose–response

calculations the median number of cumulative lifetime use

in hours among controls was used as the cut-off, although

in Table 1 it is based on tertiles among the controls. Note

that the overall results for all latency groups were calcula-

ted in one analysis, whereas the dose–response was ana-

lysed separately for each latency category.

Results

Of the 542 responding seminoma cases, 125 (23%) repor-

ted use of an analog cellular phone, 98 (18%) a digital

cellular phone and 104 (19%) a cordless phone. The cor-

responding results for the 346 non-seminoma cases were

50 (14%), 66 (19%) and 70 (20%) respectively. Regarding

the 870 responding controls, 173 (20%) reported use of

analog phones, 137 (16%) digital and 165 (19%) cordless

phones.

In Table 1 results are given for the cumulative number

of hours of use of the different phone types and in total.

Increased OR was found for seminoma in the lowest

cumulative exposure group (1–127 h) for use of analog

mobile phones or cordless phones. However, OR

decreased with increasing cumulative number of hours of

use.

Table 1 Odds ratio (OR) and 95% confidence interval (CI) for cumulative lifetime use in hours (tertiles among controls) of analog and digital cel-

lular telephones, cordless telephones and any combination of the three phone types

1–127 h 128–547 h >547 h

Ca/Co OR 95% CI Ca/Co OR 95% CI Ca/Co OR 95% CI

Total

Analog 102/78 1.3 0.9–1.8 46/62 0.7 0.5–1.04 27/33 0.8 0.5–1.4

Digital 85/66 1.2 0.8–1.8 48/46 0.9 0.6–1.5 31/25 1.1 0.6–1.9

Cordless 60/38 1.5 1.002–2.4 77/72 1.1 0.8–1.6 36/55 0.6 0.4–0.97

Total, any combination 135/120 1.1 0.9–1.5 142/124 1.1 0.8–1.4 93/114 0.8 0.6–1.04

Seminoma

Analog 73/78 1.6 1.1–2.3 34/62 0.9 0.6–1.5 18/33 0.9 0.5–1.6

Digital 52/66 1.5 0.97–2.3 28/46 1.1 0.7–1.8 18/25 1.2 0.6–2.4

Cordless 37/38 1.7 1.1–2.9 46/72 1.2 0.8–1.8 20/55 0.6 0.4–1.1

Total, any combination 92/120 1.4 0.99–1.9 94/124 1.3 0.96–1.8 55/114 0.8 0.6–1.2

Non-seminoma

Analog 29/78 1.0 0.6–1.6 12/62 0.5 0.2–0.9 9/33 0.8 0.3–1.7

Digital 33/66 1.0 0.6–1.6 20/46 0.9 0.5–1.6 13/25 1.0 0.5–2.1

Cordless 23/38 1.5 0.8–2.7 31/72 1.1 0.7–1.8 16/55 0.6 0.3–1.1

Total, any combination 43/120 0.9 0.6–1.3 48/124 0.9 0.6–1.3 38/114 0.7 0.5–1.1

Number of exposed cases (Ca) and controls (Co) are given. Unconditional logistic regression analysis adjusted for age, year of diagnosis and

cryptorchidism was used. Test for trend yielded for analog phones p ¼ 0.03, digital p ¼ 0.65, cordless p ¼ 0.01, any combination p ¼ 0.09.

For seminoma analog phones p ¼ 0.07, digital p ¼ 0.62, cordless p ¼ 0.02, any combination p ¼ 0.04; for non-seminoma analog phones

p ¼ 0.15, digital p ¼ 0.94, cordless p ¼ 0.10, any combination p ¼ 0.77.
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Table 2 gives the results for different latency periods.

In total, regarding seminoma and the lowest exposure

group, analog cellular phones gave OR ¼ 1.6, CI ¼ 1.1–

2.2 (£160 h), digital OR ¼ 1.5, CI ¼ 1.03–2.3 (£182 h),

and cordless phones OR ¼ 1.5, CI ¼ 1.1–2.1 (£365 h).

However, lower OR was calculated in the highest expo-

sure group and there was no dose–response effect. For

non-seminoma, no significantly increased OR was calcula-

ted. No subjects had used digital or cordless phones for

>10 years. Regarding analog phones, the >10 year latency

period yielded for seminoma OR ¼ 2.1, CI ¼ 0.8–5.1,

increasing to OR ¼ 2.6, CI ¼ 0.8–8.1 in the highest expo-

sure group. These results were, however, based on low

numbers.

We analysed OR for use of the different types of

phones only or in any combination (see Table 3) without

any significantly increased risks. We also analysed the

influence of age at first reported use of the phones. No

significantly increased OR was found and age was not a

determinant of the risk (data not shown).

The median cumulative number of hours for the mobile

phone in standby was 17 520 h among the controls

(Table 4). Somewhat increased OR were calculated in the

>10 year latency group, but these results were based on

rather low numbers and no dose–response effect was

found. Regarding seminoma, OR ¼ 1.3, CI ¼ 1.03–1.7

was calculated in total for >1 year latency. In addition,

subjects who had always used an external antenna in a car

were included, although in the analysis of mobile phone

use during calls, such use was regarded as no exposure.

In Table 5 results are displayed for keeping the mobile

phone in different pockets of the clothes. No overall

Table 2 Number of exposed cases (Ca) with testicular cancer and controls (Co), odds ratio (OR) and 95% confidence interval (CI) for use of

cellular or cordless telephones. Unconditional logistic regression analysis adjusted for age, year of diagnosis and cryptorchidism was used. In the

dose–response calculations median number of cumulative use in hours among controls in the total material was used as the cut-off

>1–5 year latency >5–10 year latency >10 year latency Total, >1 year latency

Ca/Co OR (CI) Ca/Co OR (CI) Ca/Co OR (CI) Ca/Co OR (CI)

Total (n ¼ 888, 515 unexposed)

Analog 99/113 0.9 (0.6–1.2) 62/51 1.2 (0.8–1.8) 14/9 1.5 (0.6–3.7) 175/173 1.0 (0.8–1.3)

£160 h 71/61 1.2 (0.8–1.7) 35/22 1.6 (0.9–2.8) 4/4 0.9 (0.2–3.8) 110/87 1.3 (0.9–1.7)

>160 h 28/52 0.5 (0.3–0.8) 27/29 0.9 (0.5–1.5) 10/5 2.1 (0.7–6.2) 65/86 0.7 (0.5–1.01)

Digital 154/134 1.1 (0.8–1.4) 10/3 2.8 (0.8–11) 0/0 – 164/137 1.1 (0.8–1.5)

£182 h 91/70 1.2 (0.9–1.7) 5/0 – 0/0 – 96/70 1.3 (0.9–1.8)

>182 h 63/64 0.9 (0.6–1.3) 5/3 1.4 (0.3–6.4) 0/0 – 68/67 0.9 (0.6–1.3)

Cordlessa 120/114 1.1 (0.8–1.4) 54/51 1.0 (0.7–1.6) 0/0 – 174/165 1.0 (0.8–1.4)

£365 hb 95/71 1.4 (0.97–1.9) 34/25 1.3 (0.8–2.3) 0/0 – 129/96 1.4 (1.001–1.8)

>365 hb 24/43 0.5 (0.3–0.9) 20/26 0.7 (0.4–1.4) 0/0 – 44/69 0.6 (0.4–0.9)

Seminoma (n ¼ 542, 299 unexposed)

Analog 70/113 1.1 (0.8–1.5) 42/51 1.4 (0.9–2.1) 13/9 2.1 (0.8–5.1) 125/173 1.2 (0.9–1.6)

£160 h 51/61 1.5 (0.99–2.3) 24/22 1.8 (0.98–3.4) 4/4 1.4 (0.3–5.9) 79/87 1.6 (1.1–2.2)

>160 h 19/52 0.6 (0.4–1.1) 18/29 1.0 (0.6–2.0) 9/5 2.6 (0.8–8.1) 46/86 0.9 (0.6–1.3)

Digital 92/134 1.3 (0.9–1.8) 6/3 3.9 (0.9–16) 0/0 – 98/137 1.3 (0.9–1.8)

£182 h 56/70 1.5 (0.98–2.2) 3/0 – 0/0 – 59/70 1.5 (1.03–2.3)

>182 h 36/64 1.0 (0.7–1.6) 3/3 1.9 (0.4–9.7) 0/0 – 39/67 1.1 (0.7–1.7)

Cordlessa 69/114 1.1 (0.8–1.6) 35/51 1.2 (0.7–1.9) 0/0 – 104/165 1.1 (0.8–1.5)

£365 hb 56/71 1.5 (0.99–2.2) 23/25 1.6 (0.8–2.9) 0/0 – 79/96 1.5 (1.1–2.1)

>365 hb 12/43 0.5 (0.3–0.98) 12/26 0.8 (0.4–1.7) 0/0 – 24/69 0.6 (0.4–1.02)

Non-seminoma (n ¼ 346, 216 unexposed)

Analog 29/113 0.7 (0.4–1.1) 20/51 1.0 (0.5–1.8) 1/9 0.3 (0.04–2.6) 50/173 0.7 (0.5–1.1)

£160 h 20/61 0.9 (0.5–1.6) 11/22 1.3 (0.5–2.9) 0/4 – 31/87 0.9 (0.6–1.5)

>160 h 9/52 0.4 (0.2–0.9) 9/29 0.8 (0.4–1.8) 1/5 0.9 (0.1–8.0) 19/86 0.6 (0.3–0.97)

Digital 62/134 0.9 (0.6–1.4) 4/3 2.0 (0.4–10) 0/0 – 66/137 0.9 (0.6–1.4)

£182 h 35/70 1.0 (0.6–1.6) 2/0 – 0/0 – 37/70 1.0 (0.6–1.7)

>182 h 27/64 0.9 (0.5–1.5) 2/3 1.1 (0.2–7.5) 0/0 – 29/67 0.9 (0.5–1.4)

Cordlessa 51/114 1.1 (0.7–1.6) 19/51 0.9 (0.5–1.6) 0/0 – 70/165 1.0 (0.7–1.4)

£365 hb 39/71 1.4 (0.9–2.2) 11/25 1.2 (0.5–2.5) 0/0 – 50/96 1.3 (0.9–2.0)

>365 hb 12/43 0.6 (0.3–1.2) 8/26 0.7 (0.3–1.6) 0/0 – 20/69 0.6 (0.4–1.1)

aFor two cases no information was obtained on the use of cordless phones, hence not included here.
bFor one case cumulative number of hours is missing.
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association was found for different location or according

to laterality of the phone and side of testicular cancer.

Most ORs were close to unity. As in Table 4 subjects

always using external antenna in a car were included in

the calculations.

Cryptorchidism was associated both with seminoma

(OR ¼ 4.2, 95 CI ¼ 2.7–6.5; 76 cases, 32 controls) and

non-seminoma (OR ¼ 3.3, CI ¼ 2.0–5.6; 38 cases, 32

controls). No interaction was found between the use of

cellular and cordless phones and cryptorchidism (data

not shown).

Discussion

This was a population based case–control study on testi-

cular cancer. Cases were identified from the Swedish Can-

cer Register. The reporting of new cases to the register is

compulsory and it has a high inclusion of new cases as

both a histopathological and a clinical report is sent to

the register. This study included prevalent cases during

the time period 1993–1997 and only 37 (3%) of the cases

had died, as the prognosis of testicular cancer is good. In

total, 92% of the cases in the register were included in

the study, thus it is unlikely that any selection bias of

importance occurred. The response rate was high both

for cases and controls, which is of importance to minim-

ize bias in exposure reporting.

Assessment of use of cellular and cordless phones was

one part in this study that mainly concerned occupational

exposures. The results regarding contact with PVC have

already been reported (Hardell et al., 2004b; Westberg

et al., 2005). We used the same questions for wireless

Table 3 Number of exposed cases (Ca) with testicular cancer and

controls (Co), odds ratio (OR) and 95% confidence interval (CI) for

use of cellular or cordless telephones for different combinations of

phone use. Unconditional logistic regression analysis adjusted for age,

year of diagnosis and cryptorchidism was used

>1 year latency

Ca/Co OR CI

Total

Analog only 77/101 0.7 0.5–1.03

Digital only 88/71 1.2 0.8–1.7

Cordless only 85/88 1.0 0.7–1.4

Analog + Digital 52/40 1.3 0.8–2.0

Analog + cordless 65/51 1.2 0.8–1.8

Digital + cordless 44/45 0.9 0.6–1.5

Analog + Digital + cordless 20/19 1.0 0.5–2.0

Total, any combination 372/358 1.0 0.8–1.2

Seminoma

Analog only 62/101 1.0 0.7–1.4

Digital only 55/71 1.5 0.96–2.2

Cordless only 50/88 1.0 0.7–1.4

Analog + Digital 30/40 1.3 0.8–2.2

Analog + cordless 41/51 1.5 0.9–2.3

Digital + cordless 22/45 1.0 0.5–1.7

Analog + Digital + cordless 9/19 0.9 0.4–2.1

Total, any combination 243/358 1.2 0.9–1.5

Non-seminoma

Analog only 15/101 0.4 0.2–0.7

Digital only 33/71 0.9 0.5–1.5

Cordless only 35/88 1.1 0.7–1.7

Analog + Digital 22/40 1.4 0.8–2.5

Analog + cordless 24/51 1.1 0.6–1.9

Digital + cordless 22/45 1.0 0.6–1.8

Analog + Digital + cordless 11/19 1.4 0.6–3.3

Total, any combination 129/358 0.8 0.6–1.1

Table 4 Number of exposed cases (Ca) with testicular cancer and controls (Co), odds ratio (OR) and 95% confidence interval (CI) for cellular tele-

phones during standby. Unconditional logistic regression analysis adjusted for age, year of diagnosis and cryptorchidism was used. In the dose–

response calculations the median number of cumulative use in hours among controls in the total material was used as the cut-off

>1–5 year latency >5–10 year latency >10 year latency Total, >1 year latency

Ca/Co OR (CI) Ca/Co OR (CI) Ca/Co OR (CI) Ca/Co OR (CI)

Total (n ¼ 888, 476 unexposed)

Mobile phone, standbya 202/202 1.0 (0.8–1.3) 105/85 1.3 (0.9–1.8) 34/21 1.6 (0.9–2.9) 341/308 1.1 (0.9–1.4)

£17520 hb 144/146 1.0 (0.7–1.3) 23/15 1.7 (0.9–3.4) 5/2 2.8 (0.5–15) 172/163 1.1 (0.8–1.4)

>17520 hb 46/40 1.1 (0.7–1.8) 77/65 1.2 (0.8–1.7) 28/19 1.4 (0.8–2.6) 151/124 1.2 (0.9–1.6)

Seminoma (n ¼ 542, 277 unexposed)

Mobile phone, standbya 131/202 1.2 (0.9–1.6) 69/85 1.4 (0.99–2.0) 23/21 1.7 (0.9–3.1) 223/308 1.3 (1.03–1.7)

£17520 hb 96/146 1.2 (0.9–1.7) 17/15 1.9 (0.9–4.0) 3/2 1.8 (0.3–11) 116/163 1.3 (0.99–1.8)

>17520 hb 29/40 1.4 (0.8–2.4) 48/65 1.3 (0.9–2.0) 19/19 1.6 (0.8–3.1) 96/124 1.4 (1.01–1.9)

Non-seminoma (n ¼ 346, 199 unexposed)

Mobile phone, standbya 71/202 0.8 (0.6–1.1) 36/85 1.2 (0.8–1.9) 11/21 1.8 (0.8–4.0) 118/308 0.9 (0.7–1.3)

£17520 hb 48/146 0.7 (0.5–1.1) 6/15 1.8 (0.6–4.9) 2/2 6.2 (0.8–50) 56/163 0.8 (0.6–1.2)

>17520 hb 17/40 0.9 (0.5–1.7) 29/65 1.2 (0.7–2.0) 9/19 1.6 (0.7–3.8) 55/124 1.1 (0.7–1.6)

aTime (years) was missing for one control, hence excluded from the analysis.
bNumber of hours missing for 18 cases and 21 controls.
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communication as in our studies on other tumour types

during that time period (Hardell et al., 2004c, 2005,

2006b,c). In this study we also added questions on the

position of the mobile phone during standby. The expo-

sure to microwaves during standby is very low, at most a

few signals per hour for location of the closest base

station. No case or control had always used a hands-free,

and therefore the mobile phone was not close to the testis

during phone calls. In fact, only 11 cases and eight con-

trols had at some time used a hands-free device.

It might be difficult to get reliable answers on the ques-

tion about mean minutes of daily use of mobile or cord-

less phones. Type of mobile phone, analog or digital, is

easier to remember due to different prefix – 010 for

analog phone and 07 for digital phone. It is almost

impossible to get information about the model of the

phone and the manufacturer. However, any recall bias

should be similar for cases and controls as testicular can-

cer has not been associated with the use of mobile or

cordless phones in the population.

The exposures were assessed and coded in a blinded

way as to case or control status to avoid observational

bias. If necessary, supplementary phone calls were made

to the study subjects to clarify exposure details in the

questionnaires, without knowledge as to whether it was a

case or a control.

In the analysis we adjusted for age, year of diagnosis

and cryptorchidism as cryptorchidism is an established

Table 5 Number of exposed cases (Ca) with testicular cancer and controls (Co), odds ratio (OR) and 95% confidence interval (CI) for use of

cellular telephones for tumour location in relation to the location of the mobile phone using >1 year latency period. Ipsilateral ¼ same side for

cancer and phone, contralateral ¼ opposite side. Unconditional logistic regression analysis adjusted for age, year of diagnosis and cryptorchidism

was used. Note that more than one phone location was reported by some subjects

Locality/type of telephone

All

Ca/Co

OR (CI)

Ipsilateral

Ca/Co

OR (CI)

Contralateral

Ca/Co

OR (CI)

Total

Pocket on trouser-leg 34/52

0.6 (0.4–0.99)

20/24

0.7 (0.4–1.4)

14/27

0.5 (0.2–0.9)

Trousers pocket 56/47

1.1 (0.7–1.7)

42/24

1.4 (0.8–2.5)

27/27

0.9 (0.5–1.6)

Hip-pocket 16/23

0.7 (0.4–1.4)

8/10

0.7 (0.3–1.8)

8/14

0.6 (0.2–1.4)

Waist-belt pocket 100/87

1.1 (0.8–1.6)

56/35

1.5 (0.9–2.3)

42/41

0.9 (0.6–1.5)

Breast-pocket 123/104

1.2 (0.9–1.6)

70/54

1.1 (0.8–1.7)

66/53

1.2 (0.8–1.7)

Seminoma

Pocket on trouser-leg 20/52

0.7 (0.4–1.3)

11/24

0.9 (0.4–1.9)

9/27

0.6 (0.3–1.3)

Trousers pocket 33/47

1.3 (0.8–2.2)

25/24

1.8 (0.97–3.4)

14/27

1.0 (0.5–2.0)

Hip-pocket 11/23

0.9 (0.4–1.9)

7/10

1.2 (0.4–3.2)

4/14

0.5 (0.2–1.7)

Waist-belt pocket 65/87

1.4 (0.97–2.0)

32/35

1.5 (0.9–2.6)

31/41

1.3 (0.8–2.2)

Breast-pocket 78/104

1.4 (0.9996–2.0)

45/54

1.4 (0.9–2.1)

39/53

1.3 (0.8–2.1)

Non-seminoma

Pocket on trouser-leg 14/52

0.5 (0.3–0.99)

9/24

0.6 (0.3–1.4)

5/27

0.4 (0.1–1.03)

Trousers pocket 23/47

1.1 (0.6–1.9)

17/24

1.3 (0.6–2.5)

13/27

1.0 (0.5–2.0)

Hip-pocket 5/23

0.6 (0.2–1.8)

1/10

0.3 (0.03–2.2)

4/14

0.7 (0.2–2.4)

Waist-belt pocket 35/87

1.0 (0.6–1.6)

24/35

1.7 (0.9–3.0)

11/41

0.5 (0.3–1.1)

Breast-pocket 45/104

1.0 (0.6–1.5)

25/54

1.0 (0.6–1.6)

27/53

1.1 (0.7–1.9)
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risk factor for testicular cancer. As the mean age for cases

with seminoma was 10 years higher than for non-semino-

ma cases and the controls were age matched in 5-year

groups, it was necessary to adjust for age in the uncondi-

tional logistic regression analysis. In the analysis adjust-

ment was also made for year of diagnosis as the use of

both cellular and cordless phones has increased over the

years.

The main result of this study was no association

between the use of cellular or cordless telephones and tes-

ticular cancer. This finding is in accordance with the

hypothesis that the fetal period is the most important

period regarding the risk of testicular cancer. We found

some significant associations that might be explained by

the large number of analyses as there seemed to be no

biological relevance of the findings.

It should be noted that few subjects had used such

phones with long enough latency periods, and therefore

long-term health risks cannot be evaluated. In fact, only

14 cases (13 with seminoma and one with non-semino-

ma) and nine controls had used analog phones with a

latency period >10 years and no subject had used a digi-

tal or cordless phone with that latency period. For semi-

noma significantly increased OR were calculated in the

lowest exposure group with >1 year latency period for

all phone types in question. However, there was no

dose–response effect and no significant trend for increas-

ing OR with increasing latency period. In fact, in some

of the calculations, OR decreased with latency period

with a significant trend. As one would expect, cryptor-

chidism was associated with an increased risk for both

seminoma and non-seminoma. The use of cellular or

cordless phones did not interact with cryptorchidism as

a risk factor.

Regarding seminoma somewhat increased ORs were

found for mobile phones during standby. There was no

dose–response effect and these results may only reflect the

use of a mobile phone (see Table 2). Furthermore, when

analysing the location of the mobile phone during standby

time no association was found with testicular cancer.

Keeping the phone in a pocket close to the testis did not

increase the risk and there was no association with later-

ality of the phone and cancer. The subjects did not regu-

larly keep the phone in a pocket during phone calls as no

person had always used hands-free devices. Exposure to

microwaves, although very low, would only occur during

a signal from the phone to the base station for position

during standby.

In summary, this study did not find evidence that the

use of cellular or cordless phones increases the risk of tes-

ticular cancer, although long-term health effects cannot

be ruled out. However, our results in other studies of an

association with brain tumours are strengthened as these

studies were performed with overlapping time for inter-

view with similar study methods.
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