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 Comment 

and ipsilateral use. It has been speculated that this discrepancy 
might be due to a distorting bias in the Hardell studies  [9, 10] . For 
example, it has been stressed that Hardell et al.  [11]  reported twice 
as many diagnoses of previous cancers among brain tumor cases 
than among controls, which could have influenced risk estimates. 
While it is a well-known fact that cancer survivors have an in-
creased risk for secondary cancer and the mentioned discrepancy 
between cases and controls must have occurred in all other stud-
ies as well, the Hardell group was the first to report previous di-
agnoses; they demonstrated that if cases and controls with previ-
ous cancer affected results at all then by reducing risk estimates. 
The questionnaire method has also been mentioned as a source of 
recall bias, while other researchers  [2]  highlighted exposure as-
sessment blinded to case status by the Hardell group. Indeed, in-
terview and questionnaire methods have their pros and cons: in-
terviews may introduce a bias from the expectations of the inter-
viewer and the interaction between interviewee and interviewer; 
interviews are more demanding than answering a questionnaire 
at home where it is possible to check telephone bills or to inspect 
contracts with network providers to verify data. For these reasons, 
the questionnaire method seems to be superior to the interview 
technique. However, personal interviews also have their advan-
tages: data can be immediately checked for errors and discrepan-
cies, and the interviewer can assist in recalling inquired items. 
Due to memory problems and a reduced cognitive capacity data 
collection soon after surgery seems to be prone to recall bias. Such 
problems are less pronounced if data are collected by question-
naire and patients can go through the items at their own pace. A 
disadvantage is, however, that lag time between diagnosis and 
data collection is longer and many patients may die before con-
tacted. In their studies of malignant brain tumors Hardell et al. 
 [12]  excluded 27% of cases for this reason while in the Interphone 
study  [5]  the corresponding figure was 18% only, which can be at-
tributed to earlier data collection with more than 40% of those 
interviewed still being in hospital. The Hardell studies have par-
ticularly been criticized for excluding deceased patients (although 
this was the case in the Interphone studies as well). Should mobile 
phone use enhance tumor growth rate and speed up progression 
it is possible that it also increases case fatality rate. In this case 
leaving out dead and terminally ill cases would bias risk estimates 
towards zero. A bias in the other direction, i.e. a spuriously in-
creased risk, is not possible. 

  There is an ongoing discussion in epidemiology how to handle 
the high case fatality rate of some diseases and the possible biases 
introduced by either leaving out these cases or collecting retro-
spective information from other sources (e.g. by proxy inter-
views). It was proposed to match deceased patients to deceased 
controls  [13]  in order to avoid bias by differential exposure assess-
ment. Exactly this was done by the Hardell group using two types 
of matched controls: individuals that died from cancers other 
than brain cancer and individuals that died from non-malignant 
diseases. For cases as well as both types of controls the same ques-

 In the past decade more than 20 epidemiological studies in-
vestigating the relationship between mobile phone use and brain 
tumors have been published. Several meta-analyses  [1–4]  con-
cluded that for malignant brain tumors there is an indication of 
an increased risk from long-term use especially when use of a mo-
bile phone on the same side of the head where the tumor devel-
oped (ipsilateral use) is considered.

  An essential problem in case-control studies is the retrospec-
tive exposure assessment. Most of the studies were either from the 
Interphone consortium or the Hardell group from Sweden that 
applied different protocols for exposure assessment. In the Inter-
phone studies most of the interviews were conducted as comput-
er-assisted personal interviews, while the Hardell group used 
mailed questionnaires. Information regarding mobile phone use 
extracted by these methods was similar: duration of mobile phone 
use, number and duration of calls, use of headsets etc. and side of 
the head the phone was held during calls. The Hardell group 
found increased risks overall and especially increasing risk esti-
mates with prolonged duration since the first use of a mobile 
phone. Risk further increased if ipsilateral exposure was consid-
ered. Also the Interphone trial found an increased risk for long-
term ipsilateral mobile phone use  [5] , however, estimates were 
lower than reported by the Hardell group. 

  These results provoked a controversy concerning potential re-
porting bias  [6] . It has been argued that there is over-reporting of 
ipsilateral mobile phone use in cases because of reduced risk esti-
mates for the contralateral side. However, this was an artifact of 
the estimation procedure. No contralaterally reduced risk was 
found when the analyses were applied correctly  [5] . 

  Validation studies carried out within the Interphone trial 
comparing self-reports with data from network operators  [7, 8]  
revealed no differential bias for short-term recall but a possible 
overestimation in cases for mobile phone use in the more distant 
past, which, however, relied on data from one country only. Over-
all, these validation studies did not support the assumption of a 
distorting recall bias.

  The results of the Hardell group, not only for malignant brain 
tumors but also for meningioma and acoustic neuroma, indicate 
distinctly higher risks as compared to those of the Interphone 
group, although the difference was less pronounced for long-term 
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tionnaire-based data collection method was applied. Results are 
presented in this volume of  Neuroepidemiology   [14] . By this ap-
proach two essential problems were solved: first, the magnitude 
of bias introduced by leaving out deceased patients can be as-
sessed, and second, the influence of attribution bias on risk esti-
mates can be determined. The first is immediately evident and 
results indicate that bias from leaving out deceased patients is 
small (considering that non-differential exposure misclassifica-
tion from relying on proxy information reduces risk estimates). 
The second follows from consideration of the origin of reporting 
bias: it has been argued that patients with a disease such as cancer 
seek explanation for the cause of their illness and might blame the 
mobile phone. If this is the case they might overrate amount and 
duration of use. It may be argued that relatives are less fallible in 
this respect. But most importantly, if there is also in relatives such 
a tendency of overestimation, it must be more pronounced in rel-
atives of individuals that died from cancer than from other causes. 
Consequently, if there is a bias that leads to spuriously increased 
risk estimates, this would manifest itself by distinctly higher odds 
ratios using non-cancer controls. Hardell’s group showed that this 
is not the case. There is no significant difference between odds 
ratios using cancer or non-cancer controls. For either sets of con-
trols odds ratios are elevated for intensive use of a mobile phone.

  For the time being, evidence collected in epidemiological 
studies points rather to an underestimation of risk from mobile 
phone use and less bias in the Hardell studies as compared to 
those of the Interphone group that are affected by selection and 
possibly also by misclassification bias. 
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