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Aims The relationship between mobile phone use for making or receiving calls and hypertension risk remains uncertain. We aimed 
to examine the associations of mobile phone use for making or receiving calls and the use frequency with new-onset hyper-
tension in the general population, using data from the UK Biobank.  

Methods 
and results 

A total of 212 046 participants without prior hypertension in the UK Biobank were included. Participants who have been 
using a mobile phone at least once per week to make or receive calls were defined as mobile phone users. The primary 
outcome was new-onset hypertension. During a median follow-up of 12.0 years, 13 984 participants developed new-onset 
hypertension. Compared with mobile phone non-users, a significantly higher risk of new-onset hypertension was found in 
mobile phone users [hazards ratio (HR), 1.07; 95% confidence interval (CI): 1.01–1.12]. Among mobile phone users, com-
pared with those with a weekly usage time of mobile phones for making or receiving calls <5 mins, significantly higher risks of 
new-onset hypertension were found in participants with a weekly usage time of 30–59 mins (HR, 1.08; 95%CI: 1.01–1.16), 
1–3 h (HR, 1.13; 95%CI: 1.06–1.22), 4–6 h (HR, 1.16; 95%CI: 1.04–1.29), and >6 h (HR, 1.25; 95%CI: 1.13–1.39) (P for trend 
<0.001). Moreover, participants with both high genetic risks of hypertension and longer weekly usage time of mobile phones 
making or receiving calls had the highest risk of new-onset hypertension.  

Conclusions Mobile phone use for making or receiving calls was significantly associated with a higher risk of new-onset hypertension, 
especially among high-frequency users.  
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Graphical Abstract   

Keywords Mobile phone calls • Usage time • New-onset hypertension • Genetic risk of hypertension • UK Biobank  

Introduction 
Hypertension is one of the leading preventable risk factors for cardio-
vascular diseases and premature death worldwide.1 The global 
age-standardized prevalence of raised blood pressure was 24.1% in 
men and 20.1% in women in 2015.2 Therefore, it is urgent to identify 
more modifiable factors to improve the primary prevention of hyper-
tension and reduce its associated severe disease burden. 

In recent years, mobile phones have become a device of everyday life 
around the world, with an estimated 8.2 billion subscriptions world-
wide in 2020.3 This raises important questions about the safety of using 
a mobile phone to make or receive calls, especially for heavy users. 
Some studies in animals or human cells, for example, suggested that 
long-term exposure to radio-frequency electromagnetic fields 
(RF-EMF) emitted by mobile phones was related to oxidative stress, in-
creased inflammation, and DNA damage,4,5 all of which could lead to 
the development of hypertension.6,7 Accordingly, a previous single- 
blind placebo-controlled study of seven healthy men and three women 
reported that exposure of the right hemisphere to an RF-EMF for 
35 min was associated with an increase in resting blood pressure be-
tween 5 and 10 mmHg.8 Of note, this study had a relatively small sam-
ple size and mainly focused on the effects of short-term RF-EMF 
exposure on blood pressure levels. Moreover, previous studies,9–13 

which were mainly cross-sectional9,11–13 or case-control10 designs, 
have evaluated the relationship of mobile phone use or mobile phone 
addiction with the prevalence of hypertension or blood pressure levels 
but reported inconsistent findings. One of the important reasons for 
the mixed results may be that the different studies9–13 included differ-
ent patterns of mobile phone use, including making or receiving calls, 
short messaging service (SMS), playing games, chatting, and so on. 

Furthermore, the cross-sectional and case-control designs limit conclu-
sions about causation and directionality. As such, although making and 
receiving calls is one of the most important functions of mobile phones 
and is closely related to RF-EMF; so far, the relationship between mo-
bile phone use for making and receiving calls and long-term changes in 
blood pressure and the risk of new-onset hypertension remains 
uncertain. 

To address the above gap in knowledge, our current study aimed to 
investigate the association of mobile phone use for making or receiving 
calls and its use duration and frequency with the risk of new-onset 
hypertension in the general population, using data from the large-scale, 
observational UK Biobank. Moreover, since genetic factors may be in-
volved in the development of hypertension, we further investigated the 
joint effect of mobile phone use for making or receiving calls and genetic 
susceptibility of hypertension with new-onset hypertension and ex-
plored the potential gene–behaviour interactions. 

Methods 
Population and study design 
The UK Biobank is a large prospective, observational study designed to 
examine the role of comprehensive exposures in health and diseases. 
The UK Biobank recruited about 500 000 adult participants, aged 37–73 
years, from 22 assessment centres across the United Kingdom from 
2006 to 2010. At enrolment, participants completed a touch-screen ques-
tionnaire and a series of physical measurements and provided biological 
samples. Details of the study design and data collection procedures have 
been described previously.14,15 Incident diagnoses were observed through 
linkage to national health records and follow-up visits.16  
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The current analysis included UK Biobank participants with complete in-
formation on mobile phone use behaviours about making or receiving calls, 
and without prior hypertension at baseline. Finally, a total of 212 046 parti-
cipants were included in the final analysis (see Supplementary material 
online, Figure S1). 

The UK Biobank was approved by the North West Research Ethics 
Committee. All participants gave written informed consent before enrol-
ment in the study. 

Measurements of mobile phone use 
behaviours about making or receiving calls 
Behaviours of mobile phone use in making or receiving calls (length of mo-
bile phone use, weekly usage of mobile phone, and hands-free device/speak-
erphone use with mobile phone) were self-reported and assessed through 
the touch-screen questionnaire at baseline. 

Length of mobile phone use was assessed using the following question, 
‘For approximately how many years have you been using a mobile phone 
at least once per week to make or receive calls?’, and seven options were 
provided to respond: ‘never used a mobile phone at least once per 
week’, ‘1 year or less’, ‘2–4 years’, ‘5–8 years’, ‘more than 8 years’, ‘do 
not know’, and ‘prefer not to answer’. Based on the above question, those 
answering ‘Never used mobile phone at least once per week’ was defined as 
mobile phone non-users, and participants who have been using a mobile 
phone at least once per week to make or receive calls were defined as mo-
bile phone users. And mobile phone users were further asked for weekly 
usage of a mobile phones, and hands-free device/speakerphone use with 
mobile phones, while others did not. 

Weekly usage of mobile phone for making or receiving calls was obtained 
using the following question, ‘over the last 3 months, on average how much 
time per week did you spend making or receiving calls on a mobile phone?’, 
and eight options were given to respond: ‘<5 mins’, ‘5–29 mins’, ‘30–59 
mins’, ‘1–3 h’, ‘4–6 h’, ‘>6 h’, ‘do not know’, and ‘prefer not to answer’. 

Hands-free device/speakerphone uses with mobile phones to make or 
receive calls was assessed using the following question, ‘Over the last 3 
months, how often have you used a hands-free device/speakerphone 
when making or receiving calls on your mobile?’, and seven options were 
given to respond: ‘never or almost never’, ‘less than half the time’, ‘about 
half the time’, ‘more than half the time’, ‘always or almost always’, ‘do not 
know’, and ‘prefer not to answer’. 

Definition of the genetic risk score 
Detailed information about genotyping, imputation, and quality control in 
the UK Biobank study has been described previously.16 A genetic risk score 
(GRS) using 118 single-nucleotide polymorphisms (SNPs) which showed 
a significant association with the risk of hypertension.17 The 
hypertension-GRS was calculated with a weighted method18 as followed: 
GRS =

118
i=1 βi × SNPi , where each SNP was recorded as 0, 1, or 2 accord-

ing to the number of risk alleles. A higher GRS score indicated a higher gen-
etic predisposition to hypertension. Participants were classified into three 
groups low (the first tertile), intermediate (the second tertile), and high 
(the third tertile) genetic risk of hypertension. 

Measurements of covariates 
Procedures for collecting and processing baseline blood and urine samples 
have previously been reported and validated.19 Biochemical assays were 
conducted at a dedicated central laboratory. The estimated glomerular fil-
tration rate (eGFR) was calculated using the chronic kidney disease epi-
demiology collaboration equation.20 

Detailed information on covariates was available through standardized 
questionnaires, including age, sex, race, education, smoking, diet, sleep, 
mental health, income, and the usage of antihypertensive, cholesterol- 
lowering, and glucose-lowering medications. Body mass index (BMI) was 
calculated as weight divided by height squared. Area-based socioeconomic 
status was derived from the postal code of residence by using the 
Townsend deprivation score. Baseline prevalent diabetes was identified 
through multiple procedures considering the type of diabetes and sources 
of the diagnosis.21 Blood pressure was measured twice manually (manual 
sphygmometer) or automatically (Omron HEM-7015IT digital blood 

pressure monitor), and the mean value of the two measurements was 
used to minimize measurement error. 

The details about these measurements can be found in the UK Biobank 
online protocol (www.ukbiobank.ac.uk). 

Study outcome 
The study outcome was new-onset hypertension, based on medical history 
and linked to hospital admissions. The website (http://content.digital.nhs.uk/ 
services) showed the linkage procedure in detail. Participants with hyper-
tension were defined according to the International Classification of 
Diseases edition 10: I10. The duration of follow-up was calculated as the 
time between the date of attendance and the date of diagnosis of new-onset 
hypertension, date of death, the date of loss to follow-up, or 28 February 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics of the total 
participants according to the status of mobile phone use 
(users vs. non-users) 

Baseline characteristics Used a mobile phone at 
least once per week 

Non-users  Users  

Number of participants 26 250 185 796 

Age, years 57.9 ± 7.7 53.1 ± 7.9 

Male, n (%) 10 337 (39.4) 69 549 (37.4) 
White, n (%) 25 300 (96.9) 175 166 (94.5) 

Townsend deprivation index −1.5 ± 2.9 −1.4 ± 3.0 

Education (University), n (%) 10 913 (41.9) 71 173 (38.6) 
Smoking status 2577 (9.8) 21 510 (11.6) 

Physical activity, n (%)  

Low 3785 (17.8) 28 121 (18.0)  
Moderate 9126 (42.9) 63 541 (40.7)  

High 8357 (39.3) 64 533 (41.3) 

Income (<£18 000), n (%) 6329 (28.4)  36 143 (22.0) 
Healthy diet score 3.2 ± 1.4 3.0 ± 1.4 

Healthy sleep score 3.1 ± 1.0 3.1 ± 1.0 

Total mental health complaints 4.3 ± 3.3 4.6 ± 3.2 
BMI, kg/m2 25.3 ± 4.1 26.1 ± 4.1 

Systolic blood pressure, mmHg 125.0 ± 9.7 123.6 ± 9.9 

Diastolic blood pressure, mmHg 75.9 ± 7.0 76.2 ± 7.0 
Triglycerides, mmol/L 1.6 ± 0.9 1.6 ± 0.9 

HDL cholesterol, mmol/L 1.5 ± 0.4 1.5 ± 0.4 

LDL cholesterol, mmol/L 3.6 ± 0.8 3.6 ± 0.8 
C-reactive protein, mg/L 2.2 ± 4.3 2.1 ± 3.9 

Glucose, mmol/L 5.0 ± 1.0 4.9 ± 0.9 

eGFR, mL/min/1.73 m2 90.6 ± 12.4 93.6 ± 12.5 
Cholesterol-lowering medication use,  

n (%) 

2312 (8.8) 11 972 (6.4) 

Glucose-lowering medications use,  
n (%) 

417 (1.6) 2317 (1.2) 

Diabetes, n (%) 605 (2.3) 3514 (1.9) 

Depression, n (%) 1593 (6.1) 10 851 (5.8) 
Family history of hypertension 10 011 (38.1) 81 205 (43.7) 

BMI, body mass index; HDL cholesterol, high-density lipoprotein cholesterol; LDL 
cholesterol, low-density lipoprotein cholesterol; eGFR, estimated glomerular 
filtration rate. 
aThe results are presented as Mean ± SD or n (%).   
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2018, for Wales, and 31 March 2021, for Scotland and England, whichever 
occurred first. 

Statistical analysis 
Baseline characteristics, presented as means ± SD for continuous variables 
or proportions for categorical variables, according to the weekly usage time 
of mobile phones for making or receiving calls (<5 min, 5–29 min, 30–59 

min, 1–3 h, 4–6 h, and >6 h), were compared using χ2-tests for categorical 
variables and one-way analysis of variance for continuous variables among 
mobile phone users. 

The relationship of mobile phone uses (vs. non-users) with new-onset 
hypertension in the total population, and the associations of the length of 
mobile phone use (≤1 year, 2–4 years, 5–8 years, and >8 years), weekly 
usage time of mobile phones for making or receiving calls, and hands-free 
device/speakerphone use to make or receive calls (never or almost never, 
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Table 2 Baseline characteristics of mobile phone users according to weekly usage time of mobile phones making or 
receiving calls 

Baseline characteristicsa Weekly usage of mobile phone P values 

<5 min 5–29 min 30–59 min 1–3 h 4–6 h > 6 h  

Number of participants 34 216 70 594 33 700 29 290 8788 9208    
Age, years 55.8 ± 8.0 54.0 ± 7.9 52.5 ± 7.6 51.0 ± 7.3 49.8 ± 6.9 48.8 ± 6.4  <0.001 

Male, n (%) 11 961 (35.0) 23 596 (33.4) 12 818 (38.0) 12 579 (42.9) 4025 (45.8) 4570 (49.6)  <0.001 

White, n (%) 32 869 (96.3) 67 289 (95.6) 31 746 (94.4) 27 046 (92.6) 8001 (91.2) 8215 (89.4)  <0.001 
Townsend deprivation index −1.7 ± 2.9 −1.5 ± 3.0 −1.2 ± 3.1 −1.1 ± 3.2 −1.0 ± 3.2 −1.0 ± 3.3  <0.001 

Education (university), n (%) 12 972 (38.2) 27 620 (39.4) 13 159 (39.3) 11 236 (38.6) 3150 (36.1) 3036 (33.2)  <0.001 

Current smoker, n (%) 2927 (8.6) 7114 (10.1) 4142 (12.3) 4177 (14.3) 1437 (16.4) 1713 (18.7)  <0.001 
Physical activity, n (%)              <0.001  

Low 5177 (18.3) 10 221 (17.3)  4931 (17.3)  4622 (18.5)  1505 (19.9)  1665 (21.1)     

Moderate 11 900 (42.1) 24 779 (42.1) 11 367 (39.8)  9795 (39.2)  2881 (38.1)  2819 (35.7)     
High 11 156 (39.5) 23 920 (40.6) 12 282 (43.0) 10 586 (42.3)  3180 (42.0)  3409 (43.2)    

Income (<£18 000), n (%) 6102 (20.7) 10 486 (16.8) 4470 (14.9) 3632 (13.8) 1035 (13.0) 1102 (13.2)  <0.001 

Healthy diet score 3.2 ± 1.4 3.1 ± 1.4 3.0 ± 1.4 2.9 ± 1.4 2.9 ± 1.4 2.8 ± 1.4  <0.001 
Healthy sleep score 3.2 ± 1.0 3.2 ± 1.0 3.1 ± 1.0 3.1 ± 1.0 3.0 ± 1.0 3.0 ± 1.0  <0.001 

Total mental health complaints 4.4 ± 3.2 4.5 ± 3.2 4.6 ± 3.2 4.6 ± 3.2 4.7 ± 3.3 4.8 ± 3.3  <0.001 

BMI, kg/m2 25.6 ± 4.0 25.9 ± 4.1 26.2 ± 4.1 26.5 ± 4.2 26.9 ± 4.3 27.1 ± 4.4  <0.001 
Systolic blood pressure, mmHg 124.4 ± 9.7 123.8 ± 9.9 123.3 ± 9.9 123.1 ± 9.9 123.1 ± 9.9 122.9 ± 9.8  <0.001 

Diastolic blood pressure, mmHg 76.0 ± 6.9 76.1 ± 7.0 76.2 ± 7.0 76.4 ± 7.0 76.6 ± 7.1 76.9 ± 7.0  <0.001 

Triglycerides, mmol/L 1.5 ± 0.9 1.5 ± 0.9 1.5 ± 0.9 1.6 ± 1.0 1.6 ± 1.0 1.7 ± 1.1  <0.001 
HDL cholesterol, mmol/L 1.5 ± 0.4 1.5 ± 0.4 1.5 ± 0.4 1.5 ± 0.4 1.4 ± 0.4 1.4 ± 0.4  <0.001 

LDL cholesterol, mmol/L 3.6 ± 0.8 3.6 ± 0.8 3.6 ± 0.8 3.5 ± 0.8 3.5 ± 0.8 3.5 ± 0.8  <0.001 

C-reactive protein, mg/L 2.1 ± 3.9 2.1 ± 3.9 2.2 ± 4.1 2.2 ± 4.0 2.2 ± 3.8 2.3 ± 3.8  0.142 
Glucose, mmol/L 4.9 ± 0.9 4.9 ± 0.9 4.9 ± 0.9 4.9 ± 0.9 4.9 ± 0.9 4.9 ± 1.0  <0.001 

eGFR, mL/min/1.73 m2 91.9 ± 12.5 93.0 ± 12.5 94.0 ± 12.4 95.1 ± 12.4 95.7 ± 12.4 96.3 ± 12.4  <0.001 

Cholesterol-lowering medications use, n (%) 2590 (7.6) 4743 (6.7) 2065 (6.1) 1607 (5.5) 458 (5.2) 509 (5.5)  <0.001 
Glucose-lowering medications use, n (%) 461 (1.3) 798 (1.1) 419 (1.2) 375 (1.3) 111 (1.3) 153 (1.7)  <0.001 

Diabetes, n (%) 661 (1.9) 1247 (1.8) 635 (1.9) 579 (2.0) 178 (2.0) 214 (2.3)  0.004 

Depression, n (%) 1903 (5.6) 4104 (5.8) 2060 (6.1) 1781 (6.1) 503 (5.7) 500 (5.4)  0.008 
Family history of hypertension, n (%) 14 026 (41.0) 30 517 (43.2) 14 998 (44.5) 13 303 (45.4) 4033 (45.9) 4328 (47.0)  <0.001 

Length of mobile phone use, n (%)              <0.001  
1 year or less 2529 (7.4) 1975 (2.8) 372 (1.1) 181 (0.6) 38 (0.4) 24 (0.3)     

2–4 years 10 636 (31.1) 16 282 (23.1) 5408 (16.0) 3071 (10.5) 708 (8.1) 455 (4.9)     

5–8 years 13 079 (38.2) 28 291 (40.1) 12 696 (37.7) 9700 (33.1) 2507 (28.5) 2017 (21.9)     
More than 8 years 7972 (23.3) 24 046 (34.1) 15 224 (45.2) 16 338 (55.8) 5535 (63.0) 6712 (72.9)    

Hands-free device/speakerphone use, n (%)            <0.001  

Never or almost never 32 564 (95.2) 62 527 (88.6) 26 606 (78.9) 19 584 (66.9) 4942 (56.2) 4278 (46.5)     
Less than half the time 879 (2.6) 4873 (6.9) 4058 (12.0) 5357 (18.3) 1879 (21.4) 2062 (22.4)     

About half the time 306 (0.9) 1564 (2.2) 1502 (4.5) 1991 (6.8) 867 (9.9) 1029 (11.2)     

More than half the time 145 (0.4) 690 (1.0) 741 (2.2) 1181 (4.0) 525 (6.0) 757 (8.2)     
Always or almost always 322 (0.9) 940 (1.3) 793 (2.4) 1177 (4.0) 575 (6.5) 1082 (11.8)  　 

BMI, body mass index; HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate. 
aThe results are presented as mean ± SD or n (%).   
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less than half the time, about half the time, more than half the time, and al-
ways or almost always) with new-onset hypertension in the mobile phone 
users, were estimated using Cox proportional hazards models [hazards ra-
tio (HR) and 95% confidence interval (CI)]. Model 1 adjusted for age and 
sex. Model 2 adjusted for age, sex, BMI, race, Townsend deprivation index, 
family history of hypertension, education, smoking status, systolic blood pres-
sure (SBP), triglycerides, low-density lipoprotein (LDL) cholesterol, high- 
density lipoprotein (HDL) cholesterol, C-reactive protein, blood glucose, 
eGFR, use of cholesterol-lowering medications, and glucose-lowering medi-
cations. Model 3 included all the covariates in Model 2 plus mutual adjust-
ments for different behaviours of mobile phones making or receiving calls. 
The proportional hazards assumptions for the Cox model were tested using 
the Schoenfeld residuals method and no violation of this assumption was de-
tected. In the sensitivity analyses, we further adjusted for physical activity, 
household income, healthy sleep scores,22 healthy diet scores,23 self-reported 
depression, and hypertension-GRS.17 In addition, we investigated the associ-
ation between weekly usage time of mobile phones to make or receive calls 
and differences in SBP at follow-up and baseline in a subset of UK Biobank 
participants (n = 16 229) who were invited to follow-up in 2012–13. 

Moreover, we estimated the joint effect of weekly usage time of mobile 
phones for making or receiving calls and the genetic risk of hypertension 
(low, intermediate, high) with new-onset hypertension, using weekly usage 

time of mobile phones <30 min (vs. ≥30 min) with low genetic risk as ref-
erence. Possible modifications of the relationship of weekly usage time of 
mobile phone for making or receiving calls (<30 min vs. ≥30 min) with new- 
onset hypertension were also assessed for the following variables: age (<60 
or ≥60 years), sex (female or male), BMI (<30 or ≥30 kg/m2), smoking sta-
tus (current, previous, or never), SBP (<125 [median] or ≥ 125 mmHg), 
family history of hypertension (no or yes), eGFR (<60 or ≥60 mL/min/ 
1.73 m2) diabetes (no or yes), length of mobile phone use, and hands-free 
device/speakerphone use to make or receive calls. Interactions 
between subgroups and weekly usage time of mobile phone for making 
or receiving calls categories (<30 or ≥30 min) were examined by likelihood 
ratio testing. 

A two-tailed P < 0.05 was considered to be statistically significant in all ana-
lyses. Analyses were performed using R software (http://www.R-project.org/). 

Results 
Baseline characteristics of the participants 
As shown in the flow chart (see Supplementary material online, 
Figure S1), a total of 212 046 participants were included in the final 
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Table 3 Association between mobile phone uses (users vs. non-users) and new-onset hypertension in total 
participants, and relations of different mobile phone use behaviours with new-onset hypertension in mobile phone users 

Mobile phone use  N Cases Model 1a Model 2b Model 3c 

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value  

Total participants (N = 212 046) 
Mobile phone users (used mobile phone at least once per week)  

No  26 250  2067 Ref — Ref — — —  

Yes  185 796  11 917  1.15 (1.09, 1.20)  <0.001  1.07 (1.01, 1.12)  0.018 — — 
Mobile phone users (N = 185 796) 
Length of mobile phone use  

≤ 1 year  5119  377 Ref — Ref — Ref —  
2–4 years  36 560  2488  1.00 (0.90, 1.11)  0.995  1.03 (0.91, 1.15)  0.668  1.01 (0.90, 1.14)  0.828  

5–8 years  68 290  4231  0.96 (0.87, 1.07)  0.493  1.00 (0.90, 1.13)  0.934  0.98 (0.87, 1.10)  0.739   

> 8 years  75 827  4821  1.05 (0.95, 1.17)  0.324  1.08 (0.96, 1.21)  0.192  1.03 (0.92, 1.16)  0.585 
Weekly usage time of mobile phones for making or receiving calls   

< 5min  34 216  2404 Ref    Ref    Ref     

5–29 min  70 594  4466  1.04 (0.99, 1.10)  0.095  1.00 (0.95, 1.06)  0.965  1.00 (0.95, 1.06)  0.981  
30–59 min  33 700  2129  1.17 (1.10, 1.24)  <0.001  1.08 (1.02, 1.16)  0.015  1.08 (1.01, 1.16)  0.018  

1–3 h  29 290  1802  1.28 (1.20, 1.36)  <0.001  1.14 (1.06, 1.22)  <0.001  1.13 (1.06, 1.22)  0.001  

4–6 h  8788  529  1.38 (1.25, 1.51)  <0.001  1.16 (1.05, 1.29)  0.005  1.16 (1.04, 1.29)  0.006   
> 6 h  9208  587  1.60 (1.45, 1.75)  <0.001  1.25 (1.13, 1.39)  <0.001  1.25 (1.13, 1.39)  <0.001 

P for trend       <0.001    <0.001    <0.001    

Categories   
<30 min  104 810  6870 Ref    Ref    Ref      

≥30 min  80 986  5047  1.23 (1.18, 1.27)  <0.001  1.12 (1.08, 1.17)  <0.001  1.12 (1.07, 1.17)  <0.001 

Hands-free device/speakerphone used for making or receiving calls 
Never or almost never  150 501  9805 Ref    Ref    Ref    

Less than half the time  19 108  1108  1.06 (0.99, 1.12)  0.094  1.02 (0.95, 1.10)  0.512  0.98 (0.91, 1.05)  0.515 

About half the time  7259  431  1.10 (1.00, 1.21)  0.062  1.06 (0.96, 1.18)  0.268  1.00 (0.90, 1.11)  0.988 
More than half the time  4039  232  1.07 (0.94, 1.22)  0.338  0.97 (0.84, 1.12)  0.686  0.90 (0.78, 1.04)  0.173 

Always or almost always  4889  341  1.22 (1.10, 1.36)  <0.001  1.04 (0.92, 1.17)  0.503  0.97 (0.86, 1.10)  0.660 

aModel 1: adjusted for age, and sex. 
bModel 2: adjusted for covariates in Model 1 plus BMI, race, Townsend deprivation index, family history of hypertension, education, smoking status, systolic blood pressure, triglycerides, 
low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, C-reactive protein, blood glucose, eGFR, use of cholesterol-lowering medications, and 
glucose-lowering medications use. 
cModel 3: adjusted for covariates in Model 2 plus mutual adjustments for the different behaviour of using mobile phones.   
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analysis. The mean (SD) age was 53.7 (8.0) years, 79 886 (37.7%) were 
male, and 185 796 participants (87.6%) were mobile phone users. 

Compared with mobile phone non-users, mobile phone users were 
younger, more likely to be smokers, had higher BMI, lower SBP levels, 
higher frequency of family history of hypertension, and lower usage of 
cholesterol-lowering medications and glucose-lowering medications 
(Table 1). Moreover, among mobile phone users, participants with a 
longer weekly usage time of mobile phones making or receiving calls 
were younger, more likely to be male, current smokers, and to use 
hands-free device/speakerphone; had lower SBP, healthy sleep score, 
and higher Townsend deprivation index, physical activity, income, 
healthy diet score, total mental health complaints, BMI, eGFR, 
C-reactive protein levels, higher frequency of family history of hyper-
tension, and higher length of mobile phone use (Table 2). 

Association of mobile phone use and 
new-onset hypertension in the total 
population 
During a median follow-up period of 12.0 years, 13 984 (6.6%) partici-
pants developed new-onset hypertension. 

Compared with mobile phone non-users, a significantly higher risk of 
new-onset hypertension was found in mobile phone users (HR, 1.07; 
95%CI: 1.01–1.12) (Table 3). 

Association of weekly usage time of mobile 
phones for making or receiving calls with 
new-onset hypertension among mobile 
phone users 
Overall, there were no significant relationships between the length of mo-
bile phone use and hands-free device/speakerphone use to make or receive 
calls with new-onset hypertension among mobile phone users (Table 3). 

However, compared with participants with a weekly usage time of mo-
bile phones for making or receiving calls <5mins, significantly higher risks 
of new-onset hypertension were found in those with a weekly usage time 
of 30–59 min (HR, 1.08; 95%CI: 1.01–1.16), 1–3 h (HR, 1.13; 95%CI: 
1.06–1.22), 4–6 h (HR, 1.16; 95%CI: 1.04–1.29), and >6 h (HR, 1.25; 
95%CI: 1.13–1.39) (P for trend <0.001). Accordingly, a significantly higher 
risk of new-onset hypertension was found in those with a weekly usage 
time of mobile phones ≥30 min (HR, 1.12; 95%CI: 1.07–1.17), compared 
with participants with weekly usage time <30 min (Table 3). 

Sensitivity analyses 
Similar results were found in male and female participants (see  
Supplementary material online, Table S1). Further adjustments for meno-
pause status and oestradiol levels did not substantially change the results 
in female participants (see Supplementary material online, Table S1). 
Moreover, there was a significantly positive association between weekly 
usage of mobile phones for making or receiving calls and the increase in 
SBP levels at follow-up (vs. that at baseline) (median follow-up duration: 
4.4 years) (see Supplementary material online, Figure S2). 

Further adjustments for physical activity, income levels, healthy sleep 
scores, healthy diet scores, self-reported depression, and GRS of hyper-
tension also did not substantially change the association of weekly usage 
time of mobile phones for making or receiving calls with new-onset 
hypertension (see Supplementary material online, Table S2). 

Joint effect of weekly usage time of mobile 
phones for making or receiving calls and 
genetic risk of hypertension on new-onset 
hypertension among mobile phone users 
Compared with participants with a weekly usage time of mobile phones 
for making or receiving calls <30 min and low genetic risk of hyperten-
sion, those with a weekly usage time of mobile phones ≥30 min and 
high genetic risk had the highest risk of new-onset hypertension (HR, 
1.33; 95%CI: 1.24–1.43) (Figure 1). However, the interaction between 
the weekly usage time of mobile phones and the genetic risk of hyper-
tension on new-onset hypertension was not significant (P for inter-
action = 0.699) (Figure 1). 

Stratified analyses 
Stratified analyses were performed to further assess the association be-
tween the weekly usage time of mobile phones for making or receiving 
calls (<30 vs. ≥30 min) and new-onset hypertension in various sub-
groups (Figure 2). 

None of the variables, including age, sex, BMI, smoking status, SBP, 
family history of hypertension, eGFR, diabetes, length of mobile phone 
use, and hands-free device/speakerphone use to make or receive calls, 
significantly modified the association between weekly usage time of 
mobile phones making or receiving calls and new-onset hypertension 
(all P for interaction >0.05). 

Figure 1 Joint effect of weekly usage time of mobile phones for making or receiving calls (<30 vs. ≥30 min) and the genetic risk of hypertension (low, 
intermediate, high) on new-onset hypertension among mobile phone users.* *Adjusted for age, sex, body mass index, race, Townsend deprivation 
index, family history of hypertension, education, smoking status, systolic blood pressure, triglycerides, low-density lipoprotein (LDL) cholesterol, high- 
density lipoprotein (HDL) cholesterol, C-reactive protein, blood glucose, eGFR, use of cholesterol-lowering medications, and glucose-lowering med-
ications use., length of mobile phone use, and hands-free device/speakerphone use.   
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Figure 2 Stratified analyses of the association between weekly usage time of mobile phones for making or receiving calls (<30 vs. ≥30 min) and new- 
onset hypertension among mobile phone users.* *Adjusted, if not stratified, for age, sex, BMI, race, Townsend deprivation index, family history of 
hypertension, education, smoking status, systolic blood pressure, triglycerides, LDL cholesterol, HDL cholesterol, C-reactive protein, blood glucose, 
eGFR, use of cholesterol-lowering medications and glucose-lowering medications use, length of mobile phone use, and hands-free device/speakerphone 
use to make or receive calls.   
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Discussion 
In this large, population-based prospective cohort study, we first de-
monstrated that mobile phone use for making or receiving calls was sig-
nificantly related to a higher risk of new-onset hypertension. More 
importantly, among mobile phone users, there was a significantly posi-
tive association between the weekly usage time of mobile phones for 
making or receiving calls and new-onset hypertension. In addition, the 
association between weekly usage of mobile phones for making or re-
ceiving calls and the risk of hypertension was strengthened by the gen-
etic susceptibility to hypertension. Nevertheless, there were no 
significant associations between the length of mobile phone use or 
hands-free device/speakerphone use to make or receive calls and the 
risk of new-onset hypertension. These findings suggested that it is 
the frequency of mobile phone use for making or receiving calls, rather 
than the length of start using it, that determined the effect of mobile 
phone use on the risk of hypertension. In other words, long-term 
healthy mobile phone use for making or receiving calls may not affect 
the risk of hypertension as long as it is used for no more than 30 min 
per week to make or receive calls. 

Several previous cross-sectional studies have examined the associ-
ation of mobile phone use with the prevalence of hypertension and 
blood pressure levels. Amiri et al.9 reported that blood pressure levels 
and duration of mobile phone use were associated negatively in women 
who used their phones for at least 8 h. However, no significant associ-
ation was found in men. Suresh et al.11 classified participants who had 
working cell phones in the family as cell phone users, and found that 
cell phone usage was protectively related to the prevalence of self- 
reported hypertension. Stalin et al.12 reported that there was a negative 
association between mobile phone usage (including calling, SMS, playing 
games, listening to music, internet usage, and so on) and the prevalence 
of hypertension. However, a case-control study suggested a significantly 
positive association between total call duration per day and the preva-
lence of hypertension.10 Another cross-sectional study found that 
phone addiction was associated with a significantly higher prevalence 
of hypertension in adolescents.13 One of the important explanations 
for the inconsistent results from the above studies9–13 could be that dif-
ferent studies included different patterns of mobile phone use, including 
making and receiving calls, SMS, having a working cell phone in the fam-
ily, and so on. At the same time, cross-sectional and case-control de-
signs preclude the ability to assess causality and directivity. Overall, 
the above studies9–13 showed that although making and receiving calls 
is one of the most important patterns of mobile phone use, to date, the 
relationship between mobile phone use for making and receiving calls 
and long-term changes in blood pressure and the risk of new-onset 
hypertension remains uncertain. Our current study addressed this 
knowledge gap in a timely manner by considering mobile phone use 
for making and receiving calls and its use frequency at the same time. 

Our study provides some new insights. First, mobile phone use for 
making or receiving calls was related to a significantly higher risk of new- 
onset hypertension, especially in those with a longer weekly usage time. 
The potential mechanisms included, first, the forearm lift, in conjunction 
with the static handshake exercise, a typical telephoning position, may 
increase sympathetic activity24,25 and lead to a short-term increase in 
plasma adrenomedullin levels,26 thereby increasing blood pressure le-
vels. However, our study showed that the use of hands-free devices/ 
speakerphones was not significantly related to the risk of new-onset 
hypertension, suggesting that telephoning position could not fully ex-
plain the positive association between a long-term calling and new- 
onset hypertension. Second, the high frequency of mobile phone use 
might be linked to adverse mental health27 and sleep disorders,28,29 

both of which can lead to vascular damage,30,31 and in turn, result in ele-
vated blood pressure. Third, some previous studies have shown that 
the RF-EMF of mobile phones can cause a number of harmful effects 
at the molecular and cellular levels, including DNA damage, oxidative 

stress, and inflammation,4,5 all of which might contribute to the patho-
genesis of hypertension.6,7 Consistently, a previous single-blind 
placebo-controlled study also observed that exposure of the right 
hemisphere to an RF-EMF for 35 min was related to an increase in rest-
ing blood pressure between 5 and 10 mmHg.8 Moreover, Chen et al.32 

reported that although there was no significant relationship between 
the daily duration of having the cell phones on with sperm quality para-
meters, daily talking time on the cell phone was negatively related to 
sperm concentration and total count, due to increased oxidative stress 
and DNA fragmentation and apoptosis caused by RF-EMF radiation. 
Zhang et al.33 also found a similar inverse association between daily talk-
ing time on the cell phone and the sperm concentration. A recent 
meta-analysis in human studies34 further showed that increased mobile 
phone use was related to an increased risk of DNA damage. Since the 
observed harmful effects of calling time and RF-EMF radiation on differ-
ent health outcomes,32–34 we speculate that relatively long-term ex-
posure to RF-EMF during making or receiving calls may possibly also 
have an important role in the occurrence of hypertension. However, 
the biological mechanisms underlying the positive association between 
time spent making or receiving calls on a mobile phone and the risk of 
hypertension still need to be further elucidated. 

Second, we first assessed the joint effect of weekly usage of mobile 
phones for making or receiving calls and the genetic risks of hyperten-
sion on new-onset hypertension. Our findings showed that although 
the genetic risks of hypertension did not show significant modifying ef-
fects, those with both longer weekly usage time of mobile phones for 
making or receiving calls and high genetic risk had the highest risk of 
new-onset hypertension. On the one hand, these results suggested 
that the association between mobile phone use for making or receiving 
calls and the risk of hypertension might be independent of an indivi-
dual’s genetic risk profile. On the other hand, due to the highest abso-
lute risk of new-onset hypertension, those with high genetic risks of 
hypertension may need to pay more attention to the frequency of mo-
bile phone use for making or receiving calls. 

Of note, our study showed that sex did not significantly modify the 
association between mobile phone calls and the risk of hypertension. 
Consistently, Suresh et al.11 reported that cell phone use was asso-
ciated with the prevalence of hypertension, independent of age and 
sex. However, Amiri et al.9 found that blood pressure levels and dur-
ation of mobile phone use were associated negatively in women but 
not in men. That inconsistency may be due to the difference in study 
designs and the included covariates. The previous two studies9,11 

were cross-sectional designs, which could not assess causality and di-
rectivity. Moreover, our study found that further adjustments for the 
menopause status and oestradiol levels, two important factors not con-
sidered in previous studies, did not materially change the results in wo-
men. Nonetheless, future studies are needed to further investigate the 
possible modifying effect of sex. 

Several limitations need to be addressed. First, in the UK biobank, the 
questionnaire on mobile phone use was limited to the characteristics of 
making or receiving calls, and other use patterns of mobile phone use, 
such as SMS, playing games, internet usage, and so on, were not col-
lected. However, making or receiving calls has traditionally been consid-
ered an important mobile phone function, and has been widely used as 
the major mobile phone use characteristic in several large population- 
based cohort studies, such as the UK Million Women Study35 and 
Cohort Study of Mobile Phone Use and Health.29 Second, based on 
the available UK Biobank data, our current analysis could not account 
for some possible confounding factors, such as the type of mobile 
phone technology used, and other sources of electromagnetic waves. 
Third, since the study populations were predominantly White 
middle-aged or older adults and healthier than the UK general popula-
tion,36 the results cannot be directly generalized to other populations. 
Four, in this study, information on mobile phone use for making or re-
ceiving calls and other variables were based on questionnaires and bio  
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samples at baseline. Mobile phone use might have changed over the 
years, which could have affected the results of this study. However, 
with the pace of work and life accelerating worldwide, mobile phone 
users may spend more time making or receiving calls. Therefore, it is 
possible that our study underestimated the association between weekly 
usage time making or receiving calls and the risk of new-onset hyperten-
sion. In fact, according to the answers to the question ‘Is there any dif-
ference between your mobile phone use now compared to 2 years 
ago?’, only 12.8% and 13.7% of the participants at baseline and at 
2012–13 follow-up in the UK biobank study reported that the mobile 
phone use was now less frequent. What’s more, we also found a signifi-
cantly positive association between weekly usage of mobile phones for 
making or receiving calls and an increase in SBP levels at the 2012–13 
follow-up (vs. that at baseline) (see Supplementary material online, 
Figure S2). This result, with a more objective outcome and having direct 
data indicating relatively stable mobile use during follow-up, further sup-
ported our findings of the positive association between weekly usage of 
mobile phones for making or receiving calls and new-onset hyperten-
sion. Fifth, since the proportions of both secondary hypertension and 
pregnancy at baseline, were very low in UK Biobank, we did not ac-
count for these variables in our analysis. Finally, as an observational 
study, although we have adjusted for a range of important covariates, 
the possibility of residual confounding due to unknown or unmeas-
ured factors cannot be ruled out. Finally, overall, due to these limita-
tions, our study was just hypothesis-generating and should be 
confirmed in more studies. 

In conclusion, mobile phone use for making or receiving calls was sig-
nificantly associated with a higher risk of new-onset hypertension, espe-
cially in those with a longer weekly usage time, among the general 
population. Our findings and the underlying mechanisms should be fur-
ther evaluated in more studies. If further confirmed, our study suggests 
that reducing the time spent using mobile phones to make or receive 
calls may play a role in the primary prevention of hypertension in the 
general population. 
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