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Abstract 68 

This study investigates validity of self-reported mobile phone use in a subset of 75 993 adults 69 

from the COSMOS cohort study.  Agreement between self-reported and operator-derived 70 

mobile call frequency and duration for a 3-month period was assessed using Cohen’s 71 

weighted Kappa (κ).  Sensitivity and specificity of both self-reported high (≥10 calls/day or 72 

≥4 hours/week) and low (≤6 calls/week or <30 minutes/week) mobile phone use were 73 

calculated, as compared to operator data.  For users of one mobile phone, agreement was fair 74 

for call frequency (κ=0.35, 95% CI: 0.35, 0.36) and moderate for call duration (κ =0.50, 95% 75 

CI: 0.49, 0.50).  Self-reported low call frequency and duration demonstrated high sensitivity 76 

(87% and 76% respectively), but for high call frequency and duration sensitivity was lower 77 

(38% and 56% respectively), reflecting a tendency for greater underestimation than 78 

overestimation. Validity of self-reported mobile phone use was lower in women, younger age 79 

groups and those reporting symptoms during/shortly after using a mobile phone.  This study 80 

highlights the ongoing value of using self-report data to measure mobile phone use. 81 

Furthermore, compared to continuous scale estimates used by previous studies, categorical 82 

response options used in COSMOS appear to improve validity considerably, most likely by 83 

preventing unrealistically high estimates from being reported. 84 

 85 

Keywords  86 
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Introduction 88 

The possible adverse health effects of radiofrequency exposure from mobile phones are of 89 

considerable public and scientific interest. Overall, the balance of evidence does not suggest 90 

an excess risk, with studies on mobile phone use and cancer, primarily brain tumours, mostly 91 

reporting risk estimates close to unity,(1-8) though some have reported increased risk of brain 92 

tumours among the heaviest mobile phone users when considering long-term (>10 years) 93 

use.(8-12) However, the majority of these cancer studies are limited by their reliance on 94 

subjective, self-reported measures of telephone use in the past (4, 8-16) which are prone to 95 

substantial recall error,(17-22) and are case-control studies (8, 10-12, 14) which are also 96 

prone to recall and selection bias.(23, 24)  Evidence for potential effects of mobile phone use 97 

on other health outcomes (e.g. headaches, migraines, fatigue, cognition, sleep disturbance, 98 

dizziness, hearing loss, etc) is largely based on cross-sectional studies, with inconsistent 99 

results.(1, 25-29) 100 

 101 

Non-differential random error in continuous exposure measures is more likely, but not 102 

guaranteed, to bias risk estimates towards the null,(30) whereas the impact of non-differential 103 

misclassification of categorical measures, (31, 32) and systematic and differential error is less 104 

predictable, and can attenuate, strengthen, or reverse a true association, or produce spurious 105 

associations.(30, 33-36) Non-differential random error or misclassification also reduces 106 

statistical power to detect a true association.(30) 107 

 108 

Previous validation studies have generally reported fair-to-moderate agreement between self-109 

reported mobile phone use and mobile network operator data,(17, 18, 20-22, 37-41) and have 110 

consistently demonstrated substantial overestimation of call duration by self-reported 111 

measures,(18, 21, 38, 40-43) particularly among the heaviest users.(38) Conversely, call 112 
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frequency tends to be slightly underestimated by self-reported measures,(21, 38, 41) although 113 

some studies report overestimation for both frequency and duration.(17, 40)  However, these 114 

findings are often based on small numbers [e.g. n<100 (17, 21, 41, 42)], and some are drawn 115 

from case-control studies of mobile phone use and risk of cancer,(21, 22, 38, 43) thus 116 

limiting generalizability to the general population. Moreover, it is unknown if validity differs 117 

between subgroups of the population e.g. between males and females, different age groups, 118 

users of more than one mobile phone, those experiencing symptoms when using a mobile 119 

phone, or those concerned about mobile phones/base stations and health. For such groups, 120 

both level of mobile phone use and accuracy of self-reporting may be associated, potentially 121 

resulting in differential error according to usage. 122 

 123 

This study investigates the validity of self-reported mobile phone use, by comparing cross-124 

sectional baseline data on self-reported and operator-derived mobile phone use (frequency 125 

and duration of calls), in a large sub-population of 75 993 adults participating in the 126 

COSMOS (COhort Study of MObile phone uSe and health) project. It also investigates, for 127 

the first time, validity among general population subgroups, e.g. those who experience 128 

symptoms during mobile phone use or have concerns related to mobile phones. 129 

 130 

Participants and methods 131 

Sampling and participants 132 

The study design for the international prospective cohort study COSMOS has been described 133 

in detail elsewhere.(44, 45)  The target population for COSMOS was adult mobile phone 134 

users, aged 18-69 years, in 5 European countries: Denmark, Finland, the Netherlands, 135 

Sweden and the UK, and recently a 6
th

 cohort has been initiated in France.  136 

 137 



7 
 

This analysis focuses on participants recruited into the study in Finland, Sweden and the UK 138 

between 2007 and 2010. Participants were identified by stratified random sampling (based on 139 

call time and age; in Finland and the UK also on sex) from subscriber lists of the major 140 

network operators in each country. Eligible for inclusion were those who gave permission for 141 

COSMOS to access their operator data and who answered the baseline questionnaire: 142 

comprising 13 070 participants in Finland, 50 736 participants in Sweden and 62 938 143 

participants in the UK.  We further limited the analysis to those who reported one or two 144 

mobile phone numbers (used in the last three months) which could each be matched to a 145 

single network operator (i.e. participants who switched operators within this time were 146 

excluded), and for which complete operator data were successfully obtained for the three 147 

months preceding the completion of the baseline questionnaire for these mobile phone 148 

numbers (N.B. not all mobile phone operators had been contacted at the time of compilation 149 

of data for these analyses). This left 75 993 participants (6 229, 30 874, and 38 890 from 150 

Finland, Sweden and the UK, respectively) in this analysis.  151 

 152 

Consent and ethical approval 153 

COSMOS was approved by the local research ethics committees in each country. Participants 154 

gave written or electronic informed consent. 155 

 156 

Questionnaire data  157 

The COSMOS baseline questionnaire was administered as a web-based survey (Finland and 158 

UK) and/or on paper (Finland and Sweden). It included questions on past and recent use of 159 

mobile phones, symptoms during mobile phone use, risk perception related to mobile phone 160 

use, and demographic information.(44, 45) 161 

 162 
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Self-reported mobile phone use 163 

Participants were asked to report frequency and duration of mobile phone voice calls for the 164 

preceding three months via the following two questions:  165 

 166 

“Over the last three months, how often did you talk on a mobile phone?” with the response 167 

options: <1 call per week (Finland and Sweden only; the UK web-based questionnaire 168 

filtered out these respondents in a previous question), 1-6 calls per week, 1-9 calls per day, 169 

≥10 calls per day.  170 

 171 

“Over the last three months, on average, how much time per week did you spend talking on a 172 

mobile phone?” with the response options: <5 minutes, 5-29 minutes, 30-59 minutes, 1-3 173 

hours, 4-6 hours, >6 hours. 174 

 175 

Questionnaire response category cut-point choices were informed by distributions observed 176 

in operator data in the COSMOS pilot study, and also in the Interphone study,(8, 44), in order 177 

to give categories that would be distinct based on those distributions, and would also appear 178 

logical to participants.  In the UK questionnaire, the highest categories were expanded to 179 

reflect high and rapidly increasing mobile phone use in the general population (i.e. “≥10 calls 180 

per day” was expanded to “10-29 calls/day” and “≥30 calls/day”, and “>6 hrs/week” was 181 

expanded to “7-9 hours/week” and “≥10 hours/week”). For this analysis, these categories 182 

were collapsed to be comparable with Finland and Sweden. 183 

 184 

Respondents were asked to provide the phone numbers of the two (Finland and Sweden) or 185 

three (UK only) mobile phones they used most frequently, and to indicate the proportion of 186 

total calls made by the respondent on each phone, and the proportion of calls made by other 187 
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people on each phone. In these analyses, the third phone reported by 0.3% of UK participants 188 

was ignored for comparability with the Swedish and Finnish data. 189 

 190 

Symptoms during mobile phone use  191 

Participants were asked if they experienced symptoms (“no symptoms, headache, dizziness, 192 

numbness in hands, nausea, hearing loss, tinnitus/ringing sound in ear, warming sensation 193 

on face and/or ear”) whilst using, or shortly after using, a mobile phone. If participants 194 

reported warming sensations only (a common occurrence likely due to heat generated by the 195 

phone battery) they were excluded from the analysis of symptoms. Those reporting any other 196 

symptoms were classified as ‘yes’ for experiencing symptoms related to mobile phone use, 197 

and were compared to those reporting no symptoms. 198 

 199 

Risk perception 200 

Participants were asked if they were concerned (“no concern, a little concern, moderate 201 

concern, high concern, extreme concern”) that mobile phone use, proximity to mobile phone 202 

masts (base stations), or new technology might affect their health. For analysis, participants 203 

were categorised as “no concern” vs. “any concern” for each of mobile phone use, base 204 

stations and new technology. 205 

 206 

Operator-derived mobile phone use 207 

All major network operators (four in both Sweden and UK, and three in Finland) were asked 208 

to provide information on incoming and outgoing calls for at least a three month period for 209 

consenting participants. Network operators were requested to provide data for a time period 210 

which overlapped with self-report data, or as near as possible. The processes by which 211 

operator data were matched and acquired in the UK, Sweden and Finland are described 212 
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elsewhere.(44, 46) For analysis, continuous operator data were categorised to match the 213 

response categories for self-reported call frequency and duration. Operator call duration 214 

values >3 and <3.5 were rounded down to the 1-3 hours/week category, and values ≥3.5 and 215 

<4 were rounded up to the 4-6 hours/week category. 216 

 217 

Statistical analyses 218 

The proportions of participants who under-, correctly, and over-estimated their mobile phone 219 

use, compared to their operator data were calculated.  The proportion of participants 220 

classified in the same usage category for both self-report and operator data and Cohen’s 221 

weighted Kappa, a measure of inter-rater agreement for categorical data,(47, 48) were used to 222 

assess concordance between self-reported and operator data. Kappa values are generally 223 

interpreted as: ≤0=poor, 0.01–0.20=slight, 0.21–0.40=fair, 0.41–0.60=moderate, 0.61–224 

0.80=substantial, and >0.8=excellent.(48) Call frequency was defined as high if ≥10 calls/day 225 

(12% of respondents in the sample) and low if ≤6 calls/week (33% of respondents in the 226 

sample).  Call duration was defined as high if ≥4 hours/week (19% of respondents in the 227 

sample) and low if <30 minutes/week (31% of respondents in the sample).  These high/low 228 

categories for analysis were chosen in order to get contrasting categories, e.g. a category for 229 

high exposure with more likely high exposure compared to a wider category. Sensitivity and 230 

specificity for high (vs. not high) and low (vs. not low) call frequency and duration, and 95% 231 

confidence intervals (95% CIs) were also calculated, as compared to operator data. Analyses 232 

were conducted for the whole sample, and also stratified by country and number of phones 233 

used (henceforth, ‘one phone users’ and ‘two (or more) phone users’). Additional subgroup 234 

comparisons (pre-specified, based on age group, sex, symptoms, and risk perception) were 235 

conducted among one phone users only. Sensitivity analyses were conducted restricted to 236 

Swedish and Finnish data excluding the following groups: those who reported <10% of total 237 
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use for the first phone (n=2229); those who reported <40% of total use for the two phones 238 

(n=1803); and those who reported other people regularly using their phone(s) (n=1309). For 239 

the UK participants this information was not available. 240 

 241 

Results  242 

Participants’ characteristics and mobile phone use 243 

Among included participants, 68 087 (90%) reported using only one mobile phone and 7 906 244 

(10%) reported using two (or more) mobile phones. According to operator data, the majority 245 

of participants spent at least 30 minutes per week on their mobile phone (74%) and/or made 246 

at least one call per day (89%) (Table 1). Approximately 20% of participants spent at least 4 247 

hours per week on calls and/or made at least 10 calls per day, and were thus defined as 248 

having high mobile phone use (Table 1). Compared with those who used one phone, two (or 249 

more) phone users were more likely to be male and had higher average call duration and 250 

frequency (for both self-reported and operator data) (Table 1). Overall, 10 933 (14%) 251 

reported experiencing symptoms whilst (or shortly after) using a mobile phone and 45 012 252 

(59%) reported some level of concern about mobile phones and health (ranging from a little 253 

concern (36%) up to extreme concern (1%)). 254 

 255 

  256 
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Table 1. Participant characteristics and mobile phone use 

  

  

  

Total  

(n = 75 993) 

One phone 

users  

(n = 68 087) 

Two (or 

more) 

phone users  

(n = 7906) 

  n (%) n (%) n (%) 

Sex                                          

   Men 34 041 (45) 29 713 (44) 4328 (55) 

Women 41 879 (55) 38 306 (56) 3573 (45) 

Missing 73 (0) 68 (0) 5 (0) 

Age group                                    

18-33 years 19 756 (26) 18 099 (27) 1657 (21) 

34-49 years 21 727 (29) 18 969 (28) 2758 (35) 

≥ 50 years 34 351 (45) 30 875 (45) 3476 (44) 

Missing 159 (0) 144 (0) 15 (0) 

Self-reported call duration    

<5 min/week 3121 (4) 2938 (4) 183 (2) 

5 to <30 min/week 20 535 (27) 18 917 (28) 1618 (20) 

30 to <60 min/week 16 057 (21) 14 563 (21) 1494 (19) 

1 to 3hours/week 21 414 (28) 19 134 (28) 2280 (29) 

4 to 6 hours/week 8604 (11) 7437 (11) 1167 (15) 

>6 hours/week
2
 6126 (8) 4982 (7) 1144 (14) 

Missing 136 (0) 116 (0) 20 (0) 

Operator-derived call duration    

<5 min/week 3425 (5) 3318 (5) 107 (1) 

5 to <30 min/week 16 076 (21) 15 050 (22) 1026 (13) 

30 to <60 min/week 11 947 (16) 10 825 (16) 1122 (14) 

1 to 3 hours/week 29 338 (39) 26 263 (39) 3075 (39) 

4 to 6 hours/week 10 185 (13) 8809 (13) 1376 (17) 

>6 hours/week 5022 (7) 3822 (6) 1200 (15) 

Self-reported call frequency    

Less than 1 call per week
1
 487 (1) 444 (1) 43 (1) 

1-6 calls/week 24 539 (32) 22 848 (34) 1691 (21) 

1-9 calls/day 41 633 (55) 37 165 (55) 4468 (56) 

≥10 calls/day
2
 9169 (12) 7490 (11) 1679 (21) 

Missing 165 (0) 140 (0) 25 (0) 

Operator-derived call frequency    

Less than 1 call per week 435 (1) 428 (1) 7 (0) 

1-6 calls/week 7711 (10) 7356 (11) 355 (4) 

1-9 calls/day 52 251 (69) 47 371 (70) 4880 (62) 

≥10 calls/day 15 596 (20) 12 932 (19) 2664 (34) 
1 
Finland and Sweden only. The UK questionnaire filtered out, in the previous question, those 257 

who reported <1 call per week. Note: percentages are rounded to the nearest integer so totals 258 

may not equal 100.  
2 
In the UK questionnaire, the highest self-report response categories for 259 

call duration (“7-9 hours/week” and “≥10 hours/week”) and call frequency (“10-29 260 
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calls/day” and “≥30 calls/day”] were collapsed to >6 hours/week and ≥10 calls/day 261 

respectively to be comparable with Finland and Sweden for analysis. 262 

 263 

 264 

Comparison of self-report and operator data  265 

Agreement  266 

We found that a considerable proportion of respondents misclassified their mobile phone use 267 

(approximately 60% and 40% for call duration and frequency, respectively) (Table 2,  268 

Supplementary Tables 1 & 2). Approximately a third of the participants underestimated their 269 

mobile phone call duration and frequency. The proportion of participants overestimating 270 

mobile phone use was much lower (23% for duration and 5% for call frequency among one- 271 

phone users) (Table 2). This pattern was similar among one- and two (or more)- phone users 272 

and across the countries. 273 

 274 

Table 2. Percentage of participants who underestimated, correctly estimated and 

overestimated their mobile phone use, by country and number of mobile phones 

 
 Call frequency

1
 Call duration

1
 

  
Under- 

estimate 

Correct 

estimate 

Over- 

estimate 

Under- 

estimate 

Correct 

estimate 

Over- 

estimate 

One phone users      
Finland 26.3 69.2 4.5 42.0 43.2 14.7 

Sweden 35.8 59.4 4.8 35.7 43.9 20.3 

UK 36.5 58.1 5.4 31.1 43.3 25.6 

All 35.4 59.5 5.1 33.8 43.5 22.7 

Two (or more) phone users      
Finland 29.4 63.9 6.6 45.8 41.8 12.4 

Sweden 36.0 55.5 8.4 41.0 37.0 22.0 

UK 36.9 56.1 6.9 36.5 37.9 25.6 

All 36.0 56.1 7.9 39.9 37.5 22.6 
1
Agreement (%) calculated based on 3 categories for call frequency and 6 categories for call 

duration.  
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Weighted Cohen’s Kappa and sensitivity 275 

Agreement between self-reported and operator data was moderate for call duration (κ=0.50, 276 

95% CI: 0.49, 0.50 and κ=0.41, 95% CI: 0.39, 0.42 for one- and two (or more)- phone users, 277 

respectively) and fair for call frequency (κ=0.35, 95% CI: 0.35, 0.36 and κ=0.30, 95% CI: 278 

0.28, 0.31 for one- and two (or more)- phone users, respectively) (Table 3).  For one phone 279 

users, sensitivity of the self-report questionnaire was 87% and 76% for low call frequency 280 

and low call duration, respectively, and 38% and 56% for high call frequency and high call 281 

duration, respectively.  Compared with one phone users, two (or more) phone users showed 282 

lower agreement between self-report and operator data, and lower sensitivity of self-report 283 

for low use (72% and 66% for low call frequency and low call duration respectively), but 284 

slightly greater sensitivity for high use (43% and 58% for high call frequency and high call 285 

duration respectively). Sensitivity of self-report for high call duration was greater for the UK 286 

compared with Finland and Sweden.  287 
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 288 

Table 3. Agreement, sensitivity and specificity for self-reported compared with operator-derived phone use by 

country and number of mobile phones 

  
Country N 

Weighted Kappa 

(95% CI) 

Sensitivity (95% CI) Specificity (95% CI) 

  High use
1
 Low use

1
 High use

1
 Low use

1
 

Call frequency
1
 

       
One phone users Finland 5820 0.30 (0.28-0.33) 38 (33-42) 81 (78-85) 97 (96-97) 76 (75-77) 

Sweden 25559 0.39 (0.38-0.40) 36 (34-37) 89 (88-90) 96 (95-96) 73 (73-74) 

UK 36568 0.33 (0.32-0.33) 40 (39-41) 85 (84-86) 95 (95-95) 71 (71-72) 

All 67947 0.35 (0.35-0.36) 38 (37-39) 87 (86-88) 95 (95-96) 72 (72-73) 

 
 

      

Two (or more) 

phone users 

Finland 377 0.30 (0.22-0.38) 47 (34-60) 80 (62-97) 93 (91-96) 76 (72-81) 

Sweden 5187 0.27 (0.25-0.29) 39 (37-42) 74 (68-79) 89 (88-90) 81 (80-82) 

UK 2317 0.33 (0.30-0.36) 50 (46-53) 67 (58-76) 91 (89-92) 79 (77-81) 

All 7881 0.30 (0.28-0.31)  43 (41-45) 72 (68-77) 90 (89-91) 80 (79-81) 

 
 

      

Call duration
2
  

 
      

One phone users Finland 5822 0.40 (0.38-0.42) 42 (39-44) 69 (66-73) 93 (92-93) 85 (84-86) 

Sweden 25582 0.53 (0.53-0.54) 54 (52-55) 81 (80-82) 92 (91-92) 84 (83-84) 

UK 36567 0.48 (0.47-0.48) 61 (60-62) 71 (70-72) 89 (89-89) 84 (83-84) 

All 67971 0.50 (0.49-0.50) 56 (55-56) 76 (75-76) 90 (90-91) 84 (84-84) 

 
 

      

Two (or more) 

phone users 

Finland 378 0.39 (0.33-0.45) 49 (40-58) 76 (58-94) 91 (88-95) 86 (82-90) 

Sweden 5191 0.40 (0.39-0.42) 57 (54-59) 67 (64-71) 85 (84-86) 84 (83-85) 

UK 2317 0.41 (0.39-0.44) 61 (58-65) 63 (58-68) 82 (80-84) 86 (84-87) 

All 7886 0.41 (0.39-0.42) 58 (56-59) 66 (64-69) 84 (84-85) 84 (84-85) 
1 
Call frequency: High use ≥10 calls/day; Low use ≤6 calls/week.  Call duration: High use ≥4 h/week; Low use <30 min/week. 289 
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Subgroup comparisons: sex and age group   290 

Agreement between self-report and operator call frequency was significantly higher for men 291 

(κ=0.41, 95% CI: 0.40, 0.41) than women (κ=0.30, 95% CI: 0.29, 0.31), and increased across 292 

age strata (Table 4). Sensitivity of self-report for high call frequency was lower among 293 

women and young adults compared with men and older adults respectively (Table 4). 294 

 295 

There was little difference in agreement (weighted kappa) between self-report and operator 296 

call duration according to sex or age strata (Table 4).  For call duration, sensitivity of self-297 

reported low call duration increased with increasing age (69% (95% CI: 68%, 70%), 77% 298 

(95% CI: 76%, 78%), 79% (95% CI: 78%, 80%) for 18-33 years, 34-49 years and ≥50 years, 299 

respectively), but the opposite was seen for high call duration as sensitivity decreased with 300 

increasing age (64% (95% CI: 63%, 66%), 58% (95% CI: 56%, 59%), 46% (95% CI: 44%, 301 

47%) for 18-33 years, 34-49 years and ≥50 years, respectively). There were no sex 302 

differences in sensitivity for either low or high call duration 303 

 304 
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1 
Call frequency: High use ≥10 calls/day; Low use ≤6 calls/week. Call duration: High use ≥4 h/week; Low use <30 min/week. 

2 
Symptoms: ‘Yes’ 

defined as reported experiencing at least one (non-warming) health symptom in relation to mobile phone use. Those who reported warming 

sensations only were excluded from the analysis of symptoms.  Total N included in symptoms analysis sums to less than the total number of one 

Table 4. Agreement, sensitivity and specificity for self-reported compared with operator-derived phone use, by age, 

sex, symptoms and concerns about mobile phone use (among one phone users only) 

  Group N 
Weighted Kappa 

(95% CI) 

Sensitivity (95% CI) Specificity (95% CI) 

High use
1
 Low  use

1
 High  use

1
 Low  use

1
 

Call frequency (3 

categories)        

 Sex Men 29646 0.41 (0.40-0.41) 47 (46-49) 83 (82-85) 93 (93-94) 78 (77-78) 

Women 38233 0.30 (0.29-0.31) 28 (27-29) 90 (89-90) 97 (97-97) 68 (68-69) 

Age 18-33yr 18075 0.29 (0.28-0.30) 30 (29-32) 90 (87-90) 97 (97-97) 68 (68-69) 

34-49yr 18923 0.35 (0.34-0.36) 41 (40-43) 84 (83-86) 95 (94-95) 74 (74-75) 

≥50yr 30805 0.39 (0.38-0.40) 41 (40-43) 87 (86-88) 95 (95-95) 74 (73-75) 

Symptoms
2
 Yes 9714 0.34 (0.32-0.35) 42 (40-44) 81 (78-84) 94 (94-95) 78 (77-79) 

No 43487 0.36 (0.35-0.36) 38 (37-39) 88 (88-89) 96 (96-96) 70 (69-70) 

Concern about 

mobile phone
3
 

Yes 40295 0.34 (0.33-0.35) 38 (37-39) 86 (85-87) 95 (95-96) 74 (74-74) 

No 25439 0.37 (0.36-0.38) 39 (37-40) 88 (87-89) 96 (95-96) 70 (69-70) 

  
      

Call duration (6 

categories) 

 

 
     

Sex Men 29661 0.49 (0.48-0.50) 55 (54-57) 75 (74-76) 90 (90-91) 84 (83-84) 

Women 38242 0.50 (0.50-0.51) 56 (54-57) 76 (75-77) 90 (90-91) 84 (84-85) 

Age 18-33yr 18080 0.52 (0.51-0.53) 64 (63-66) 69 (68-70) 87 (86-87) 88 (87-88) 

34-49yr 18927 0.52 (0.51-0.53) 58 (56-59) 77 (76-78) 89 (89-90) 85 (85-86) 

≥50yr 30820 0.46 (0.46-0.47) 46 (44-47) 79 (78-80) 93 (92-93) 81 (80-81) 

Symptoms
2
 Yes 9716 0.44 (0.43-0.46) 57 (55-59) 65 (62-67) 85 (85-86) 90 (89-90) 

No 43521 0.50 (0.49-0.50) 54 (53-55) 78 (77-79) 92 (92-92) 81 (80-81) 

Concern about 

mobile phone
3
 

Yes 40299 0.50 (0.49-0.50) 56 (55-57) 75 (74-76) 90 (90-90) 85 (85-85) 

No 25460 0.50 (0.49-0.51) 54 (52-55) 77 (76-78) 91 (91-92) 82 (81-83) 
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mobile phone users due to excluding those who were missing data on symptoms (N=7495), reported warming sensation only (N=4939), reported 

contradictory answers (e.g. ticked the box “no symptoms” but then reported that they were experiencing certain symptoms when using a mobile 

phone) (N=2312), or were missing data on call frequency (N=140) or call duration (N=116), N.B. these Ns are not mutually exclusive.   

 
3
 Concern about mobile phone use: ‘Yes’ defined as any level of concern regarding mobile phone use, and compared to those who expressed no 

concern about mobile phone use.  Total N included in concerns analysis sums to less than the total number of one mobile phone users due to 

excluding those who were missing data on concerns (N=2213), or were missing data on call frequency (N=140) or call duration (N=116), N.B. 

these Ns are not mutually exclusive.
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Subgroup comparisons: symptoms and risk perception 305 

Agreement between self-reported and operator call duration was significantly lower among 306 

those who reported experiencing symptoms whilst (or shortly after) using a mobile phone  307 

(κ=0.44 (95% CI: 0.43, 0.46)) compared with those without symptoms (κ=0.50 (95% CI: 308 

0.49, 0.50)), primarily because those with symptoms were more likely to overestimate low 309 

call duration (sensitivity=65% (95% CI: 62%, 67%) vs. 78% (95% CI: 77%, 79%) for those 310 

with and without symptoms respectively) (Table 4). A similar pattern was observed for call 311 

frequency, but the differences were smaller. 312 

 313 

We observed little difference in the validity of either self-reported call frequency or call 314 

duration when comparing those concerned about the health effects of mobile phones vs. those 315 

without concerns, according to any of the measures (i.e. Kappa or sensitivity) (Table 4).  316 

Whilst there was a statistically significant difference in agreement between self-report and 317 

operator call frequency (κ=0.34, 95% CI: 0.33, 0.35 vs. κ=0.37, 95% CI: 0.36, 0.38 for 318 

concerned vs. no concern respectively), in absolute terms this difference is very small.  319 

Likewise there was no difference in the validity of either self-reported call frequency or call 320 

duration between those who reported concerns about either base stations or new technologies 321 

compared with those who did not (results not shown). 322 

 323 

Sensitivity analyses 324 

Results of subgroup analyses were similar, when repeated for two (or more) phone users, and 325 

when analyses excluded those who reported <10% of total use for the first phone, those who 326 

reported <40% of total use for the two phones, and those who reported regular use of their 327 

phone(s) by other people (results not shown).  328 

 329 
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Discussion 330 

Main Findings 331 

In this largest validation study to date, we found fair to moderate agreement between self-332 

reported and operator-derived data on mobile phone use. The sensitivity of self-report was 333 

generally high for correctly identifying those with the smallest amount of mobile phone use, 334 

but lower for identifying heavy mobile phone use, in line with our observation that 335 

respondents in this study were more likely to underestimate than overestimate their mobile 336 

phone use. Subgroup analyses revealed that validity of self-reported mobile phone use 337 

differed according to sex, age, number of mobile phones and reported symptoms, but not 338 

according to risk perception regarding mobile phones. Users of two (or more) phones, and 339 

those who experienced symptoms during mobile phone use, were more likely to overestimate 340 

a small amount of mobile phone use compared with one phone users and those without 341 

symptoms.   342 

 343 

Comparison with other studies 344 

Compared to previous validation studies, our study found a similar proportion of respondents 345 

who misclassified their mobile phone use, in the order of 60%.(18, 38) Previous validation 346 

studies have demonstrated that subjects were prone to misclassify their mobile phone use by 347 

overestimating  call duration ,(17, 18, 21, 38, 41-43) and suggest that the magnitude of 348 

overestimation, for both frequency and duration of calls, increases with increasing use.(38, 349 

42)  For example, a large published validation study (with 508 subjects from the Interphone 350 

case-control study), reported overestimation of mobile phone use by a factor of 4.64 among 351 

the heaviest users (>1640 hours of lifetime cumulative call time), but underestimation by a 352 

factor of 0.26 among lightest users (<5 hour of lifetime cumulative call time).(38)  In 353 

contrast, our study suggests a tendency for underestimation of heavy mobile phone use (for 354 
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both call duration and call frequency) within the COSMOS cohort. In the majority of 355 

previous validation studies, including those from the Interphone study,(18, 38) respondents 356 

reported their mobile phone use on a continuous scale,(17, 18, 21, 38) whereas the COSMOS 357 

questionnaire had categorical response options.  It is possible that categorisation of mobile 358 

phone use can help to reduce overestimation in questionnaire data by truncating unrealistic or 359 

implausibly high usage estimates, a recurrent problem in previous studies of potential health 360 

effects of mobile phone use.(1, 17, 18, 38, 42, 43)  Another explanation might be that in 361 

COSMOS participants were asked to report call duration per day or per week, whereas, in the 362 

Interphone (18, 38) and CEFALO (43) studies, for example, most or all participants reported 363 

call duration per call, and cumulative call duration was calculated as the product of call 364 

frequency and call duration per call.  Hence, even if the call duration per call was only 365 

slightly overestimated, it could potentially lead to a considerable cumulative overestimation 366 

over the several months long validation study period. These data should also be interpreted in 367 

the context of temporal trends in mobile phone use, i.e. levels of mobile phone use, as 368 

measured in our study between 2007-2010, are likely to be higher compared to levels of 369 

mobile phone use when earlier validation studies were conducted. 370 

 371 

Agreement between self-reported and operator call duration in this study was moderate 372 

(κ=0.50) but, nonetheless, considerably higher when compared to previous studies [e.g. 373 

κ=0.18,(21) 0.30,(37) and 0.45 (38)].  By virtue of access to operator data for many 374 

participants, COSMOS did not collect as detailed self-reported estimates of call duration as 375 

for example in the Interphone study. Therefore, it is likely that this observed improvement in 376 

validity compared to previous studies again arises from the use of categorical rather than 377 

continuous scale response options in self-reported call frequency and duration questionnaires.  378 

 379 
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Our findings demonstrate differential validity of self-reported mobile phone use according to 380 

sex, age, number of mobile phones, and self-reported experience of symptoms during mobile 381 

phone use. A few previous validation studies have alluded to population subgroup differences 382 

in validity of self-reported mobile phone use,(17, 21, 38, 42) but the evidence to date is 383 

inconsistent and based on very small numbers of participants.  In contrast with our findings, a 384 

study of 68 adults reported better agreement between self-report and operator call frequency 385 

among women (κ=0.49) than men (κ=0.17).(21) Others have found no clear evidence for 386 

differences in validity of self-report exposure assessment by sex (38, 42), age (38, 42) or 387 

education.(38)  One possible explanation for the demographic differences in validity 388 

observed in our study, could be differences in the use of mobile phones for work versus 389 

private/social purposes by age and by sex.  This may influence the level of use, and also the 390 

accuracy of recall. 391 

 392 

To our knowledge, this study is the first to investigate and quantify validity of self-reported 393 

mobile phone use among those who experience symptoms during mobile phone use or have 394 

concerns related to mobile phones.  395 

Our findings demonstrate that those who experience symptoms when using a mobile phone 396 

are more likely to overestimate light mobile phone use, particularly call duration, compared 397 

to those without symptoms. This suggests that an individual’s experience and/or perception 398 

of their health may influence the self-reporting of mobile phone use, likely affecting the 399 

validity of such exposure assessments. More specifically, it is possible that rumination bias (a 400 

form of information bias), whereby those with symptoms overestimate (consciously or 401 

subconsciously) their phone use in an effort to explain their symptoms, could be occurring in 402 

this subset of individuals. This finding has potential implications for the interpretation of 403 

previous cross-sectional studies investigating associations between mobile phone use and the 404 
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symptoms reported here.(15, 16, 49)  Overestimation of mobile phone use among those who 405 

report such symptoms would likely bias cross-sectional risk estimates away from the null, 406 

even if a true association does not exist,(30) thus potentially distorting any observed 407 

associations. We were unable to investigate whether the severity of symptoms influenced 408 

validity of self-reported mobile phone use in this study as we did not collect information on 409 

intensity, frequency or duration of symptoms. This should be explored in future research.  We 410 

did not find a difference in validity when comparing those with no concern vs. any concern 411 

regarding mobile phone use.  412 

 413 

Implications 414 

In the past, many studies investigating the health effects of long-term mobile phone use have 415 

relied on self-report data to measure mobile phone use.(9, 14, 50) This is particularly true for 416 

the majority of case-control studies, where retrospective operator data was not available.(9, 417 

14, 50)  418 

 419 

However, self-report data continues to be valuable for newer studies in this field that adopt a 420 

prospective study design, such as the COSMOS cohort study. For these type of studies, it is 421 

possible to collect both self-report and operator data prior to the development of health 422 

outcomes, avoiding the potential problem of recall bias. Whilst operator data remain the gold 423 

standard measure of mobile phone use, these data have limitations nonetheless. Self-reported 424 

measures provide valuable information such as use of hands-free or lending/borrowing a 425 

mobile phone, that can supplement operator data, in order to facilitate a better understanding 426 

of an individual’s mobile phone use. Furthermore, self-report data is particularly valuable 427 

when operator data is not available. This scenario is not uncommon in longitudinal studies, 428 

where an individual may change phone number, operator or country of residence, thereby 429 
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precluding ongoing matching of operator data. In an international context, long-term operator 430 

data may not be available due to resource limitations or lack of willingness from network 431 

operators to provide these data for research purposes. 432 

 433 

Our study demonstrates that there is considerable improvement to validity when a 434 

categorical, rather than continuous, scale is used to measure self-reported mobile phone. This 435 

highlights the ongoing value of using self-report data to measure mobile phone use.  436 

 437 

Our findings also suggest that validity of self-report data, whilst still valuable to 438 

epidemiological research in this field, can be influenced by gender, age and the presence of 439 

symptoms. Therefore, it is important to understand the impact that demographic and health 440 

factors have on the validity of self-report data when interpreting subsequent epidemiological 441 

analyses. 442 

Strengths and limitations  443 

This is by far the largest study to date to investigate the validity of self-reported estimates of 444 

mobile phone use, and the first to report detailed subgroup comparisons, including those 445 

experiencing symptoms when using a mobile phone and/or concerns related to mobile phone 446 

use, in the general population. Our findings are likely to be more representative of the 447 

population at large than those of previous validation studies, which have largely been based 448 

on case-control studies of cancer risk.(21, 22, 38, 43) However, it is possible that the 449 

participants included in this validation study have a greater interest in the potential health 450 

effects of mobile phones and possibly, therefore, a greater awareness of their mobile phone 451 

use, than those who did not provide consent for their operator data to be accessed; this would 452 

likely result in underestimation of the true measurement error. In addition, mobile phone use 453 

over time is likely to be a highly dynamic phenomenon, dependant on a variety of 454 
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technological and social factors. Therefore, current mobile phone use may differ from earlier 455 

periods in time when other validation studies were conducted. 456 

 457 

The use of categorical response options for assessing mobile phone use in the COSMOS 458 

questionnaire can be considered both a strength and limitation of this study. Some 459 

information on inter-individual variation is lost through categorisation. However, as 460 

demonstrated in this study, the use of categorical response option may guide participants and 461 

prevent unrealistic responses and/or spurious precision, which may greatly misclassify 462 

mobile phone use, a recurrent problem in previous studies.(17, 18, 38, 43)   463 

 464 

It is also important to recognise that operator data collected and reported by operators are 465 

primarily for the purposes of billing rather than scientific research. For example, this 466 

distinction becomes evident when considering how dropped calls are reported in the data; that 467 

is, calls that are disconnected due to signal loss or other technical issues, causing the caller to 468 

redial. The operator may record these as two separate calls and bill the user as such, whereas 469 

the caller may perceive this to be the one continuous call. However, in order to have an 470 

appreciable difference to our study findings, dropped calls would (a) need to occur often 471 

enough for study participants to misclassify their call frequency into another response 472 

category and (b) occur in different proportions between subgroups of study participants. In 473 

our opinion, these scenarios are unlikely and, therefore, dropped calls are unlikely to make 474 

any appreciable difference to our overall findings.  475 

 476 

Operator data can also lead to exposure misclassification if linking or retrieved information is 477 

incorrect or if individuals regularly use a mobile phone, which is subscribed in someone 478 

else’s name or vice versa, if the phone used in operator linkage is used regularly by other 479 
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people.  We conducted several sensitivity analyses in an attempt to account for these potential 480 

sources of error and the results did not change, so any influence is likely to be small. 481 

Furthermore, the operator records may involve errors as they are extracted from different 482 

sources by the operators to incorporate all incoming and outgoing calls.  For example, calls 483 

between two customers of the same network operator are sometimes counted only once, as 484 

some operators rely on billing records. Although efforts were made to obtain operator data 485 

for the three month period as close to the baseline as possible, there was some variation due 486 

to differences in operators’ data storage protocols. Thus, in some instances, the three month 487 

period, for which operator data were obtained, was not always identical to the three month 488 

period for which self-reported data, or operator data on additional mobile phones, were 489 

obtained. It was assumed that mobile phone use would be relatively stable over these time 490 

intervals, but we cannot rule out the possibility that some disagreement in usage (particularly 491 

among those who used more than one mobile phone) could be attributed to these timing 492 

differences.  Finally, direct comparison of the validity of self-reported call frequency 493 

compared with self-reported duration of calls is limited in this study, as the number of 494 

response categories differed for each variable (three for call frequency vs. six for call 495 

duration) and, thus, the level of agreement for each variable differs depending on the 496 

statistical method used (i.e. simple agreement indices favoured call frequency as the most 497 

accurate self-report parameter, whereas, for example, sensitivity for high use was greater for 498 

call duration compared to call frequency).(51)  499 

 500 

Conclusions 501 

Our findings support the ongoing use of self-report data in epidemiological research 502 

measuring mobile phone use. Furthermore, categorical response options in self-administered 503 

questionnaires appear to prevent unrealistically high self-reported mobile phone usage 504 
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estimates.  Whilst this may lead to some underestimation of heavy mobile phone use, the 505 

overall validity is greatly improved compared to questionnaires requiring participants to self-506 

report call frequency and duration on a continuous scale. We recommend that self-reported 507 

mobile phone use is collected, but only prospectively, and not after disease has occurred.  508 

This study also demonstrates differences in validity of self-reported mobile phone use 509 

according to level of mobile phone use, and provides the first evidence for differences in 510 

validity of self-reported mobile phone use between those who do and do not experience 511 

symptoms while using a mobile phone. Studies investigating potential health effects of 512 

mobile phone use should consider taking these differential factors into account when 513 

interpreting risk estimates.  514 
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