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WHAT’S NEW 

Our large prospective study strengthens the evidence for weak positive associations of 

blood pressure with the risk of cancers in several locations: kidney, colon and post-

menopausal breast cancers, and with some specific morphologies: squamous cell carcinoma 

(SCC) in the upper aero-digestive tract and skin and adenocarcinoma in corpus uteri. We also 

report weak inverse associations with lymphomas and cervical SCC. Our findings render 

plausible a hypothesis of shared mechanisms for hypertension and cancer development. 
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ABBREVIATIONS 

AC - adenocarcinoma   

ASH - American Society of Hypertension     

BP - blood pressure      

CI - confidence interval 

DBP - diastolic blood pressure 

EPIC - European Prospective Investigation into Cancer and Nutrition 

ESH - European Society of Hypertension 

HCC - hepatocellular carcinoma 

HR - hazard ratio 

MBP - mean blood pressure, derived as (1/3)*SBP+(2/3)*DBP (used in the current study) 

Me-Can - Metabolic syndrome and Cancer project 

mid-BP - mid-blood pressure, derived as the mean of SBP and DBP (used in Me-Can) 

OR - odds ratio 

RCC - renal cell carcinoma 

RR - risk ratio 

SBP - systolic blood pressure  

SCC - squamous cell carcinoma 

SD - standard deviation
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ABSTRACT 

Several studies have reported associations of hypertension with cancer, but not all 

results were conclusive. We examined the association of systolic (SBP) and diastolic (DBP) 

blood pressure with the development of incident cancer at all anatomical sites in the 

European Prospective Investigation into Cancer and Nutrition (EPIC). Hazard ratios (HR) 

(95% confidence intervals) were estimated using multivariable Cox proportional hazards 

models, stratified by EPIC-participating centre and age at recruitment, and adjusted for sex, 

education, smoking, body mass index, physical activity, diabetes and dietary (in women also 

reproductive) factors. The study included 307,318 men and women, with an average follow-

up of 13.7 (standard deviation 4.4) years and 39,298 incident cancers. We confirmed the 

expected positive association with renal cell carcinoma: HR=1.12 (1.08-1.17) per 10mmHg 

higher SBP and HR=1.23 (1.14-1.32) for DBP. We additionally found positive associations 

for esophageal squamous cell carcinoma (SCC): HR=1.16 (1.07-1.26) (SBP), HR=1.31 (1.13-

1.51) (DBP),  weaker for head and neck cancers: HR=1.08 (1.04-1.12) (SBP), HR=1.09 

(1.01-1.17) (DBP) and, similarly, for skin SCC, colon cancer, post-menopausal breast cancer 

and uterine adenocarcinoma (AC), but not for esophageal AC, lung SCC, lung AC, or uterine 

endometroid cancer. We observed weak inverse associations of SBP with cervical SCC: 

HR=0.91 (0.82-1.00) and lymphomas: HR=0.97 (0.93-1.00). There were no consistent 

associations with cancers in other locations. 

Our results are largely compatible with published studies and support weak associations of 

blood pressure with cancers in specific locations and morphologies. 
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INTRODUCTION 

Hypertension and cancer are complex multifactorial conditions. Hypertension is a 

worldwide public health challenge, with systolic blood pressure (SBP) above 115mmHg 

ranked as the leading risk factor for the global burden of disease in 2017 [1]. The global age-

standardised prevalence of raised blood pressure (SBP≥140mmHg or diastolic BP 

DBP≥90mmHg) in adults was estimated as ≥20% in 2015 [2]. However, whilst hypertension 

is a major risk factor for coronary heart disease and stroke, the evidence is much weaker for 

an association with cancer [3]. 

A meta-analysis of ten longitudinal studies published in 2002 found that individuals 

with hypertension had higher risk of total cancer mortality: odds ratio OR=1.23 (95% 

confidence interval (CI) 1.11-1.36), largely explained, based on 13 case-control studies, by a 

positive association for renal cell carcinoma (RCC) mortality: OR=1.75 (1.61-1.90) [4]. The 

results of subsequent studies have confirmed that hypertension is associated with a higher 

incidence of RCC [5-8]. Whilst, hypertension has not attracted much attention as a risk factor 

for other cancers, recent meta-analyses of observational studies, although summarising only 5 

to 12 prospective studies and with large between-study heterogeneity, have reported higher 

risks for endometrial, prostate, postmenopausal breast and colorectal cancer, comparing 

hypertensive with normotensive participants [9-15]. Further, the largest to date prospective 

study examining the association of individual components of the metabolic syndrome 

(including BP measurements) and cancer in over half a million participants from Norway, 

Sweden and Austria: the Metabolic syndrome and Cancer project (Me-Can) [16], reported 

positive associations of high BP with the risk of cancers in locations other than the kidney in 

both men (oropharynx, colon, rectum and anus, lung with larynx and trachea, bladder, 

malignant melanoma, non-melanoma skin cancer) and women (liver, pancreas, corpus uteri, 

cervix, malignant melanoma) [3]. 
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It is not clear whether the association of hypertension with cancer is causal or it could, 

at least partially, be explained by reverse causality or other biases. It is, however, possible 

that risk factors and mechanisms of pathogenesis are shared by the two conditions. For 

example, it has been hypothesized that predisposition to cancer is increased by chronic 

inflammation [17] and vascular inflammation could be involved in the pathogenesis of 

hypertension [18]. Lipid peroxidation, associated with hypertension and obesity, has also 

been proposed as a mechanism responsible for higher risk of RCC [19]. Further, experimental 

studies have implicated a potential role of the renin-angiotensin-aldosterone system (which 

regulates BP) in the biological processes of cellular proliferation, inflammation, 

angiogenesis, and tissue remodeling [20]. Studies in mice have also provided preliminary 

evidence that blockade of the angiotensin II type 1 receptor attenuates the growth and 

metastatic potential of RCC [21]. 

In the context of the above considerations, the aim of our study was to further explore 

the association between hypertension and cancer. We examined whether measured SBP and 

DBP were associated with the risk of incident cancer at all anatomical sites in the large and 

well-established European Prospective Investigation into Cancer and Nutrition (EPIC) cohort, 

after taking into account obesity smoking and other lifestyle and dietary factors (for both men 

and women) and indicators of sexual maturation and reproductive life (for women), which 

could be potential confounders or shared risk factors for cancer and hypertension. 
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MATERIALS AND METHODS 

Study population 

EPIC is an ongoing, multicentre, prospective cohort study designed to investigate the 

associations between diet, lifestyle, and various medical and environmental risk factors with 

the incidence of cancer and other diseases. The source population (the majority aged between 

25 and 70 years at the time of enrolment) and data collection methods have been described in 

detail previously [22]. Approval for this study was obtained from the ethical review boards of 

the International Agency for Research on Cancer and from all the EPIC participating centres. 

Written informed consent was obtained from all participants before entry into the study. 

Figure 1 shows a detailed flow-chart of study participants with exclusions. 

Assessment of blood pressure and other variables 

SBP and DBP were measured in millimeters of mercury (mmHg) by trained 

personnel. Measurements were obtained during a visit to an EPIC centre and within 6 months 

of recruitment in 91.5% of participants, except in France: all measurements obtained at the 

blood-collection visit, 3.8 years (standard deviation (SD) 1.3) after recruitment; Granada: 

39.2% after 2.0 (0.9) years; San Sebastian: 78.4% after 1.6 (0.7) years; Oxford: 29.3 % after 

0.8 (0.2) years. Two readings (1-5 minutes apart) were performed with a standard mercury 

manometer or oscillometric device on the right arm in a sitting position (after at least 5 

minutes initial resting time). The average value was used as the exposure variable, assuming 

differences are due to random measurement error. Exceptions were the Danish and Swedish 

centres, where one single measurement was taken in the supine position. Mean BP (MBP) 

was defined as (1/3)*SBP+(2/3)*DBP [23] and not as the mean of SBP and DBP (mid-BP), 

used in the Me-Can study [3]. Self-reported information on treatment with antihypertensive 
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medication (at baseline and/or in the past) was available for 264,353 participants (86.9%), of 

which 37,017 (14%) were receiving or had received treatment. 

Information on socio-demographics, lifestyle characteristics, medical history and 

dietary intake was collected via questionnaires at the time of recruitment. Weight and height 

were measured at recruitment using a standardised protocol, except for part of the Oxford 

cohort and France, where height and weight were self-reported. Body mass index (BMI) was 

calculated as weight/height
2
 (kg/m

2
). Food and nutrient intakes were estimated from country-

specific baseline dietary questionnaires [22]. A physical activity index was derived as 

previously described [24]. 

Assessment of cancer 

Incident cancer cases were identified through population cancer registries in 

Denmark, Italy, the Netherlands, Spain, Sweden and the United Kingdom. In France, 

Germany and Greece, a combination of methods was used including health insurance records, 

cancer pathology registries and active follow-up of study participants and their next of kin. 

Cancer incidence data were coded according to the International Classification of Diseases 

for Oncology (ICD-O) [25]. The presented analyses are focused on the first primary 

neoplasm. Participants subsequently diagnosed with a second (or third) cancer, were censored 

at the date of diagnosis of the first cancer. We considered a joint group of any cancer and 

location (ICD-O behavioral code 3 (malignant, primary site)) and separate groups for all 

major anatomic sites (excluding rare morphologies), with further subdivisions for specific 

locations or major morphologies (Supplementary Table 1).  

Statistical analyses 

Hazard ratios (HRs) (95% CIs) were estimated using delayed-entry Cox proportional 

hazards models, with age at recruitment (5-year categories) and EPIC centre (n=25) as 
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stratification variables. Origin of time was the date of birth, aligning individuals by birth 

cohort. Entry time was the date of BP measurement. Time of censorship was the date of first 

incidence of cancer (recruitment to 2013), or death, or last complete follow-up, whichever 

occurred first. 

The main analyses examined the following exposures: SBP and DBP (considered in 

separate models and each as a continuous (per 10mmHg) variable); hypertension (defined as 

a dichotomous (yes/no) variable, according to BP measurements (SBP≥140mmHg, or 

DBP≥90mmHg) or self-reported information, and antihypertensive treatment in hypertensive 

individuals (a binary variable defined according to self-reported antihypertensive treatment 

(yes/no) for individuals fulfilling the hypertension criteria specified above). The latter 

analysis aimed to examine potential associations of antihypertensive drugs, as exogenous 

chemicals, and cancer. Although the results for hypertension (yes/no) would be useful for 

meta-analyses, the risk estimates per 10 mmHg, based on the complete range of SBP and 

DBP, would be more informative than a dichotomous simplification. The secondary analyses 

examined SBP and DBP as categorical variables, with categories based on the definitions of 

the American (ASH) [26] and the European Society of Hypertension (ESH) [27] 

(Supplementary Table 2), and MBP, as a continuous variable and also categorised using 

cohort-wide quartiles (cut-points at 88.8, 96.7, 106.0 mmHg). To test for trend, BP categories 

were analysed as continuous variables, after assigning participants an ordinal score. 

All statistical models were adjusted for the categorical variables listed in 

Supplementary Table 2. Missing values were assigned to separate categories. For pre-

menopausal breast cancers, analyses were restricted to participants with pre-menopausal 

status at recruitment (if known), or under the age of 46 (for unknown menopausal status) and 

were not adjusted for menopausal status or age at menopause. If breast cancer diagnosis was 

before 46 years of age, participants were considered “cases”, otherwise they were censored at 
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46 years, if not censored by age 46 for death, loss to follow-up or other cancer. For post-

menopausal breast cancer, analyses were restricted to participants with physiological or 

surgical menopause at recruitment, or with age≥55 years (for unknown menopausal status). 

Additionally, associations of BP with cancer were examined in strata according to age 

(cut-point at 53 years, the cohort-wide median), sex, BMI (cut-point at 25kg/m
2
), smoking 

status (ever smokers vs never smokers), alcoholic beverages intake (cut-point at 12g 

ethanol/day, the largest ethanol unit used in Europe) and use of antihypertensive treatment in 

individuals with available information for the stratifying factor. Likelihood ratio tests, 

comparing nested models with and without the addition of interaction terms, were used to test 

for statistical interactions on multiplicative scale. BP categories were included in the 

interaction models as ordinal variables. Examining potential biological interactions was 

beyond the scope of this study. 

Sensitivity analyses were also performed, excluding the first two years of follow-up 

(to explore possible reverse causation). Crude estimates of HR (omitting the adjustment 

variables, but retaining the stratification by age at recruitment and study centre) were 

calculated to examine the influence of adjustment. 

All analyses were performed with STATA version 13 software. Plots and data 

summaries were generated in R version 3.4.3. 
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RESULTS AND DISCUSSION 

Characteristics of study participants 

The study cohort consisted of 307,318 individuals (63.4% women), with a mean age 

52.5 (SD=9.9) years at recruitment. During an average follow-up of 13.7 (SD=4.4) years, 

39,298 incident cancers were diagnosed, with major anatomical sites: breast (n=8,154 cases), 

prostate (n=5,848), colorectum (n=4,625) and lung (n=3,229). Mean SBP was 131.5mmHg 

(SD=19.7) and mean DBP was 81.1mmHg (SD=10.9). BP measurements and numbers of 

cancer cases are summarised by country in Supplementary Table 3. Participants with higher 

SBP or DBP were older, more  likely to be men, to have low education or physical activity 

level, to have higher BMI, to have diabetes mellitus and to consume more alcohol and red 

meat, but less fruit and vegetables. Women with higher SBP or DBP were less likely to have 

ever used oral contraceptives. Cohort characteristics are summarised by hypertension and 

treatment status in Table 1 and by BP categories in Supplementary Table 4. 

Associations with the risk of malignant cancers 

Results from all analyses are included in Supplementary Table 5. The presentation 

below focuses on SBP and DBP examined as continuous variables in adjusted models. Forest 

plots with estimates of HR (95% CI) for SBP and DBP in the total dataset are shown in 

Figure 2; for hypertensive status and antihypertensive treatment in Figure 3 and for sub-

groups determined by sex, BMI, age at recruitment, smoking status, alcohol and 

antihypertensive treatment are shown in Supplementary Figure 1. There were positive 

associations of BP with malignant cancers in several locations and with some specific 

morphologies. Analyses of BP categories were largely in agreement with the findings for BP 

examined on a continuous scale. The main findings are presented below, within the context of 
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large published studies and meta-analyses. Anatomical cites and cancers, for which there was 

no overall association, are presented in Supplementary Results and Discussion. 

Kidney cancer and cancers of the renal pelvis and ureter 

The results of the current analyses confirmed our previous findings [6] of a positive 

association of BP with the risk of RCC: HR=1.12 (1.08-1.17) for SBP and HR=1.23 (1.14-

1.32) for DBP (Figure 2). We found no evidence for a difference between men (with n=431 

cases) and women (n=327) (Supplementary Figure 1A,B). As cancers of the renal pelvis and 

ureter are mainly of transitional cell morphology, i.e. different than the parenchymal cell 

morphology of RCC, they were considered as a negative control and, indeed, there was no 

association with BP in the total dataset (n=112). There was, however, an indication for a 

positive association with SBP in the subgroup with BMI>25kg/m
2
 (n=63): HR=1.16 (1.03-

1.32). The risk was also higher in treated compared to untreated hypertensive individuals: 

HR=2.21 (1.18-4.12) (Figure 3), although for a small number of cases. 

The association of hypertension with a higher risk of RCC is well established. In 

1999, Grossman et al. reported a higher risk for users of diuretics relative to nonusers: 

OR=1.55 (1.42-1.71), based on a meta-analysis of 9 case-control studies, and more than a 

two-fold increased risk, based on three cohort studies [28]. In 2007, a meta-analysis of 18 

studies reported a higher risk of RCC among hypertensive patients (estimated pooled 

OR=1.62 (1.24-2.12)), also for treatment with diuretics and, in women, with non-diuretic 

drugs [7]. At the same time, Weikert et al. reported, based on 250 cases in the EPIC study, 

that high SBP and DBP are associated with a higher risk of RCC, both in men and women 

and found that individuals receiving antihypertensive treatment had higher risk only if 

hypertension was poorly controlled [6]. Earlier, Heath et al. had reported in a large cohort 

high age-adjusted risk-ratio in women: RR=3.1 (1.5-4.3), but not in men: RR=0.8 (0.4-1.3) 
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receiving antihypertensive medication, including diuretics [29] and Grossman et al. had 

reported from a meta-analysis of seven case-control studies a high risk in women: averaged 

OR=2.01 (1.56-2.67), but slightly lower risk in men OR=1.69 (1.34-2.13), but with 

heterogeneity between the studies [28]. However, Haggström et al. reported for the Me-Can 

project a higher risk only in men (n=592): HR=1.39 (1.24-1.56) per 10mmHg higher mid-BP, 

but not in women (n=263): HR=1.05 (0.89-1.24) [3], with similar findings for SBP and DBP 

examined separately [30]. Nevertheless, a more recent meta-analysis of 18 prospective 

studies, with a total of 8097 cases, has confirmed an association of history of hypertension 

with kidney cancer: risk ratio estimate RR=1.67 (1.46-1.90) and an association also of SBP 

and DBP in both men and women [8], in agreement with our findings. A potential 

relationship between hypertension and the risk of renal pelvis and ureter cancer is less well 

studied, but an early case-control study reported a positive association for hypertension 

history longer than 5 years: OR=1.3 (1.0-1.8) and, in agreement with our findings, among 

users of antihypertensive drugs: OR=2.4 (1.1-4.9) [31]. However, as antihypertensive 

treatment may be related to the type and severity of hypertension, it is difficult to separate 

their effects in an observational study. 

Cancers of the upper aero-digestive tract and lung 

We found a positive association of BP with the risk of esophageal carcinoma, but 

more specifically with squamous cell carcinoma (SCC) (n=149): HR=1.16 (1.07-1.26) for 

SBP and HR=1.31 (1.13-1.51) for DBP and not with esophageal adenocarcinoma (AC) 

(n=176) (Figure 2). We also found a weak positive association for head and neck cancers 

(89% of which were SCC morphology): HR=1.08 (1.04-1.12) for SBP and HR=1.09 (1.01-

1.17) for DBP (similarly for mouth and oropharynx and for larynx). For mouth and 

oropharynx, the positive associations were statistically significant only in women, in 
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individuals older than 53 years at recruitment and for alcohol intake>12g/day and for head 

and neck cancers and esophageal SCC only for alcohol intake>12g/day and not below. There 

were, however, fewer cases among never smokers and the 95% CIs were too wide to make 

meaningful conclusions for smoking (Supplementary Figure 1G,H). 

For lung cancer, there was no overall evidence for association of BP with SCC, AC or 

small cell carcinoma morphologies (Figure 2). In subgroup analyses, we observed an inverse 

association of DBP with lung AC among individuals with BMI>25kg/m
2
 (n=528): HR=0.90 

(0.83-0.98) and a positive association of SBP with lung SCC in individuals receiving 

antihypertensive treatment (n=74): HR=1.14 (1.01-1.28). A weak positive association of SBP 

with the risk of total lung cancer was mainly accountable for by other morphologies 

(predominantly unclassified or large cell): HR=1.06 (1.02-1.09). 

Our findings for esophageal cancer are in agreement with the similarly-sized Me-Can project, 

for which Stocks et al. reported a positive association of mid-BP with total esophageal cancer 

(n=285): HR=1.33 (1.13–1.57) per 10mmHg higher BP [3]. Lindkvist et al. further showed 

that this was accountable for by a higher risk of SCC (n=184): HR=1.30 (1.17-1.44) and not 

AC (n=114): HR=1.03 (0.89-1.19), with no major differences between subgroups of never, 

former and current smokers [32]. For head and neck cancers, Stocks et al. did report for the 

Me-Can project an association of mid-BP with the risk of cancers of the lip, oral cavity and 

pharynx, but only in men (n=561): HR=1.31 (1.15-1.48) per 10mmHg increase, and not in 

women (n=177): HR=1.05 (0.85-1.28). They also found a positive association for the 

combined group of cancer of the larynx, trachea and lung in men (n=2810): HR=1.09 (1.03-

1.16) but not in women (n=905): HR=1.00 (0.92-1.10) [3]. Our study includes a similar 

number of lung cancer cases (n=3229), but we have examined separately cancer of the larynx 

and individual lung morphologies. Whilst smoking is a major risk factor for both esophageal 

and lung SCC cancers and can also lead to hypertension, as shown in an animal model [33] 
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and some epidemiological studies [34, 35], we could find a positive association with 

hypertension only for esophageal and not for lung SCC, after adjustment for smoking. If there 

was any residual confounding by smoking, it is likely that we would have observed a positive 

association for lung, as well as for esophageal SCC. In fact, we could find no positive 

association of hypertension with lung SCC even without adjustment for confounders (crude 

HRs in Supplementary Figure 2). Further, a positive association for esophageal AC was 

observed only in unadjusted analyses but was lost after adjustment for confounders, 

indicating that the adjustment, has removed, to a great extent, the confounding by smoking. 

This leads us to conclude that smoking is not likely to explain the association of high BP with 

the risk of SCC in the upper aero-digestive tract. Alcohol, however, may have an influence 

(Supplementary Figure 1I,J), but further investigations are needed to clarify our observations. 

Gastric and colorectal cancers 

We could not find association of BP with the risk of gastric cancer (n=738) (including 

gastric AC (n=403)) in the total cohort (Figure 2). We only found a positive association for 

gastric AC among individuals receiving antihypertensive treatment (n=53): HR=1.22 (1.06-

1.40) for SBP and HR=1.65 (1.27-2.15) for DBP. We also found a weak positive association 

of DBP with the risk of cancer of the colon (n=3003) (75% of which had AC (code 8140/3) 

morphology): HR=1.06 (1.02-1.10) for DBP, similarly for men and women (Supplementary 

Figure 1B), but not the rectum and rectosigmoid junction (n=1622) (81% AC) (Figure 2). 

There was also a weak positive association of SBP with the risk of colorectal cancer 

(similarly for colon and rectum (including rectosigmoid junction)) in men, but not in women 

(in men colon (n=1304): HR=1.03 (1.00-1.06) and rectum (n=876): HR=1.03 (0.99-1.07)). 

We also found a positive association in the subgroup analyses for participants with 
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BMI>25kg/m
2
 (colon: n=1813, rectum: n=966) and for the participants who reported alcohol 

intake>12g/d (colon: n=1091, rectum: n=685) (Supplementary Figure 1C,D,I,J). 

Our data are broadly compatible with results from previous large studies, which 

suggest that high BP is associated with the risk of colorectal cancer in men but not in women. 

In 2001 Tenenbaum et al. reported, in a cohort of patients with stable angina or previous 

myocardial infarction, higher risk of colon cancer (n=96) in individuals receiving diuretics 

compared to nonusers: HR=2.0 (1.2-3.2) [36]. More recently, in a large case-control study in 

Italy, Pelucchi et al. found that history of treated hypertension was associated with colorectal 

cancer risk in men (n=1310) OR=1.24 (1.03-1.48) but not in women (n=946) OR=0.87 (0.71-

1.06) [37]. Stocks et al., considering SBP, DBP and mid-BP in a prospective study (Me-Can), 

also reported a positive association for cancer of the colon in men (n=1747): HR=1.10 (1.03-

1.19) per 10mmHg higher mid-BP but not in women (n=1265): HR=0.95 (0.88-1.02) [3, 38], 

with similar findings for cancer of the rectum and anus [3]. Esposito et al., have subsequently 

reported in a meta-analysis based on 9 studies, a RR=1.09 (1.01-1.18) for high BP, although 

considering jointly men and women [13]. For gastric AC, Lindkvist et al., similar to our total 

cohort results, could not find in the Me-Can project evidence supporting an association with 

mid-BP (n=1210), but they did not consider antihypertensive treatment [39]. 

Breast cancer 

In our study, representing a cohort with the largest to date number of breast cancer 

cases, we found a weak but statistically significant positive association with both, SBP and 

DBP (n=8154): HR=1.03 (1.01-1.04) for SBP and HR=1.03 (1.01-1.06) for DBP. The 

association was similar for post-menopausal cancers (n=4786), but the number of pre-

menopausal cancers was considerably smaller and the 95% CIs were too wide to permit 

conclusions. In sub-group analyses, the positive association of SBP with the risk of post-
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menopausal breast cancer was retained only in ever smokers (n=2180) and there was some 

suggestion for a positive association of SBP with pre-menopausal breast cancer in women 

with alcohol intake≤12g/day (n=201) (Supplementary Figure 1G,I). 

Literature reports on breast cancer are conflicting. In an early case-control study in 

Italy, Soler at al. described a higher risk of breast cancer in women with treated hypertension 

(n=3,406): OR=1.2 (1.1-1.4) and more specifically in post-menopausal (n=2184), at age 55 

years or older (n=1580), in drinking women (n=2,400) and at BMI>25kg/m
2
 (n=1266) and 

not in pre- and peri-menopausal women [40]. However, Bjorge et al. in the Me-Can project 

did not find associations of SBP or DBP with the risk of incident breast cancer (n=4,862), 

however they reported a higher risk of breast cancer mortality for age≥60 years [41]. 

Similarly, Largent et al., defining high BP as treated hypertension in the California Teachers 

Study cohort (n=4,151), found a higher risk associated with antihypertensive treatment longer 

than 5 years: HR=1.18 (1.02-1.36) [42], but no association with hypertension overall. 

However, in the largest to date meta-analysis (n=11,643), Han et al. (in agreement with an 

earlier meta-analysis [12] and with our findings) have reported a higher risk of breast cancer 

in hypertensive women, based on 18 retrospective case-control studies: RR 1.29 (1.14-1.47) 

and on 12 prospective studies: RR=1.07 (1.01-1.14), but only for post-menopausal women 

(13 studies): RR=1.20 (1.09-1.31) and not for pre-menopausal (9 studies): RR=0.97 (0.84-

1.12) [15]. 

Endometrial cancer 

For cancers located in corpus uteri, we found a weak positive association, which 

could be traced only to AC morphology (code 8140/3): HR=1.06 (1.01-1.12) for SBP and 

HR=1.11 (1.02-1.22) for DBP, but not to the endometroid morphology (code 8380/3): 

HR=1.00 (0.96-1.05) for SBP and HR=1.02 (0.93-1.10) for DBP (Figure 2). In sub-group 



Christakoudi & Kakourou et al. HT and CA in EPIC 

analyses, the association for AC morphology was retained only at BMI>25kg/m
2
 and in never 

smokers (Supplementary Figure 1C,D,G,H). The differences between morphologies, 

however, would need further clarification, as the relative proportions of the two morphologies 

differed considerably between the individual countries in the EPIC cohort (Supplementary 

Table 3). 

Large European case-control and cohort studies (n>700 in each), although not 

accounting for specific morphologies, have consistently reported, in agreement with our 

findings, a higher risk of endometrial cancer with high BP [40, 43, 44], especially in obese 

women [43, 44], while a relatively smaller case-control study in the United States (n=469) 

found a higher risk only in women receiving thiazide diuretics [45]. Nevertheless, recent 

meta-analyses, have corroborated a positive association: RR=1.32 (1.12-1.56) (6 prospective 

studies, 1,1469 cases) [9], RR=1.81 (1.08–3.03) (5 studies, 3,112 cases) [10]. 

Cervical cancer 

For cervical SCC (n=145), but not for total cervical cancers (n=223), we found an 

inverse association (Figure 2), which was especially pronounced in women with 

BMI>25kg/m
2
 (n=68): HR=0.81 (0.71-0.93) for SBP and HR=0.74 (0.57-0.95) for DBP 

(Supplementary Figure 1C,D), whilst we found no evidence for association of BP with 

cervical AC (n=37) and a positive association for the remaining morphologies (n=41): 

HR=1.28 (1.10-1.48) for SBP and HR=1.53 (1.17-2.01) for DBP, which would have 

contributed to absence of an overall association for total cervical cancers, but with a small 

number of cases, this could be a chance finding. 

In contrast to our findings, Stocks et al. reported a higher risk of total cervical cancer 

in the Me-Can study (n=424): HR=1.17 (1.01-1.34) per 10mmHg higher mid-BP [3]. Further, 

Ulmer et al. examined individual morphological subtypes and reported, similar to esophageal 
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cancer, a positive association for cervical SCC (n=337): HR=1.28 (1.05-1.57) per SD higher 

mid-BP, but not for cervical AC (n=59): HR=1.09 (0.65-1.83) [46]. 

Prostate cancer 

Our study, based on a reasonably large number of incident cases (n=5,848), provided 

no evidence for association of SBP or DBP with the risk of prostate cancer: HR=0.99 (0.98-

1.01) for SBP and HR=1.01 (0.99-1.04) for DBP, except for some weak inverse association, 

mainly with SBP, which was found only in never smokers (n=1937): HR=0.97 (0.95-1.00). 

Contrary to our findings, the CONOR study (n=1974) [47] has reported a weak 

positive association between SBP and DBP and the risk of prostate cancer and recent meta-

have confirmed this [11, 14]. Based on 10 studies (n=4343), Esposito et al. reported RR=1.15 

(1.01-1.30) [11] and Gacci et al. (7 studies) reported RR=1.10 (1.01-1.19) [14]. However, the 

Me-Can study (n=6673) [48] found only a positive association of SBP and DBP with prostate 

cancer death, while Stocks et al. reported in the Swedish Construction Workers cohort an 

inverse association with the risk of total prostate cancer (n=10,002) and non-aggressive 

tumours (n=2817), but a positive association of DBP with the risk of aggressive tumours 

(n=2402)  [49]. In the light of these discrepancies, it would be important to examine further 

the impact of cancer aggressiveness or grading in EPIC, but this was beyond the scope of the 

current study. 

Blood and lymphoid cancers 

Our data revealed an inverse association of BP with the risk of all-type lymphomas 

(n=1058), and specifically with non-Hodgkin lymphomas (n=882): HR 0.96 (0.92-0.99) for 

SBP and borderline for DBP: HR=0.95 (0.89-1.02), whilst we found no evidence for 
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association with leukaemia (n=1308), or specifically with multiple myeloma (n=475) (Figure 

2). 

In the Me-Can study, Nagel et al. considered a total of 2,751 cases of myeloid and 

lymphoid neoplasms and their results did not support associations with mid-BP, except for a 

suggestion, based on a small number of cases (n=46), for an inverse association with the risk 

of T-cell non-Hodgkin lymphomas in men: HR=0.54 (0.29-1.01) [50]. Lymphoid cells are 

closely involved in inflammatory processes and recent studies have specifically linked T-cell 

subtypes with vascular remodelling and the development of hypertension [51], so there may 

be some mechanistic explanation, but this would need a more detailed investigation. 

Skin cancer 

We found evidence for a positive association with the risk of skin SCC for DBP 

(n=1399): HR=1.07 (1.02-1.13) and for antihypertensive treatment among hypertensive 

individuals: HR=1.45 (1.22-1.72). 

The Me-Can project also reported higher risk of skin SCC, but only in men (n=566): 

HR=1.11 (0.95–1.31) for one SD higher mid-BP and not in women (n=286): HR=0.95 (0.76-

1.19) [52]. Several studies have also reported higher risk in association with antihypertensive 

drugs, especially diuretics [53], but there were no sufficient treatment details in EPIC to 

explore further. 

Sensitivity analyses 

Excluding the first two years of follow-up did not have material influence on the 

findings (Supplementary Figure 2), except for abolishing the inverse association for cervical 

SCC (without changing it to positive), which may be the result of selection bias introduced by 

the exclusion. However, crude HRs (unadjusted) (Supplementary Figure 3) had indicated 
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some associations, which were lost or mitigated after adjustment for confounders. Thus, 

crude HRs indicated positive associations of SBP and DBP not only with esophageal SCC or 

the endometroid cancer morphology in corpus uteri, but also of the AC morphology in both 

locations, and further positive associations of DBP with gastric cancer (total and AC 

morphology) and of SBP, not only DBP, with cancers of the rectum and rectosigmoid 

junction, as well as with colon cancer. Additionally, crude HRs indicated positive 

associations of SBP and DBP with bladder cancer, of SBP with liver cancer (accountable for 

only by HCC) and of DBP with multiple myeloma. In addition, in the absence of adjustment 

for confounders a weak inverse association was observed for SBP with prostate cancer (SBP 

only) and DBP with lung AC. Associations observed only in crude and not in adjusted HR 

estimates suggest that the differences in the selection of adjustment variables in our and other 

studies may be responsible for some of the discrepancies in the findings. Of note, we have 

included adjustment for dietary factors, information on which was either not available or not 

included in the analyses in other published studies. This may be of particular relevance to 

cancers of the gastrointestinal tract. Similarly, we have used detailed information on 

reproductive factors in women, although adjustment did not affect our findings for breast and 

cervical cancers (Supplementary Figure 3). 

Strengths and limitations 

Our study has several strengths and limitations. Major advantages are the prospective 

design and the large sample size, including several European countries. Furthermore, BP was 

measured by trained personnel and was not self-reported. Detailed information on lifestyle, 

diet and, in women, reproductive history and hormonal treatments was also available, 

enabling adjustment for potential confounders and shared risk factors. 
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The main limitation of our study is that BP was measured only at one timepoint. 

Moreover, specific information on the type of antihypertensive medications in treated 

individuals was unavailable. Theoretically, antihypertensive treatment could lead to a lower 

“observed” BP, i.e. measured during the investigation, compared to the “underlying” BP, i.e. 

the BP that could be reached without treatment. If high BP is causally associated with cancer, 

controlling BP would mitigate the association, but if high BP and cancer share common 

mechanisms, the association would remain when BP is controlled, unless treatment targets 

the mechanism of BP development. In practice, however, a single timepoint measurement 

may not be representative of the commonly “observed” BP and this applies to untreated and 

treated individuals alike. Individuals receiving treatment are also likely to have a more 

sustained high BP, confirmed by a doctor. Treated individuals in our study showed, indeed, 

considerably higher SBP (mean difference 19.8mmHg (95% CI 19.6-20.1)) and DBP 

(9.5mmHg (9.4-9.6)) compared to cohort participants without antihypertensive treatment and 

even showed marginally higher SBP (1.2mmHg (1.0-1.4)) and DBP (0.4mmHg (0.3-0.5)) 

compared to untreated hypertensive individuals (self-reported or with “observed” high BP 

(Table 1)). Therefore, when there was a positive association for both hypertension and 

antihypertensive treatment, as for kidney cancer, we could not discriminate associations 

related to the severity and duration of high BP from association related to the administration 

of antihypertensive medication (Figure 3). Nevertheless, a positive association only for 

treated compared to untreated hypertension, as for cancers of the renal pelvis and ureter, 

might be more suggestive of the involvement of treatment (Figure 3). There is a growing 

body of literature evaluating associations between antihypertensive medication and cancer 

development, but with overall inconclusive findings. An involvement of drugs in cancer 

pathogenesis is possible, because they are exogenous chemical compounds administered 
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often for very long time [54], but we have not reviewed this literature, because our study 

could not contribute reliably to the debate. 

Finally, information about potential confounders and shared risk factors was self-

reported, which may have contributed to misclassification bias and there are always 

potentially unmeasured risk factors, which may result in residual confounding. 

CONCLUSIONS 

The results of our study, involving over 300,000 participants, are largely compatible 

with published studies. We confirmed a positive association between BP and RCC and 

additionally found a positive association of BP with malignant cancers in several anatomical 

cites, including postmenopausal breast and colon cancers, and with specific morphologies, 

i.e. SCC in the upper aero-digestive tract and the skin or AC in corpus uteri and other 

unspecified locations. We also found an inverse association of BP with the risk of non-

Hodgkin lymphomas and cervical SCC. These associations, however, are mainly weak and 

future research is required to clarify potential shared mechanisms. Admittedly, observations 

based on smaller number of cases could be chance findings, but they could also give some 

directions for further studies. 

ACKNOWLEDGEMENTS 

The coordination of EPIC is financially supported by the European Commission (DG-

SANCO) and the International Agency for Research on Cancer. The national cohorts are 

supported by Danish Cancer Society (Denmark); Ligue Contre le Cancer, Institut Gustave 

Roussy, Mutuelle Générale de l’Education Nationale, Institut National de la Santé et de la 

Recherche Médicale (INSERM) (France); German Cancer Aid, German Cancer Research 

Center (DKFZ), Federal Ministry of Education and Research (BMBF), Deutsche Krebshilfe, 



Christakoudi & Kakourou et al. HT and CA in EPIC 

Deutsches Krebsforschungszentrum and Federal Ministry of Education and Research 

(Germany); the Hellenic Health Foundation (Greece); Associazione Italiana per la Ricerca sul 

Cancro-AIRC-Italy and National Research Council (Italy); Dutch Ministry of Public Health, 

Welfare and Sports (VWS), Netherlands Cancer Registry (NKR), LK Research Funds, Dutch 

Prevention Funds, Dutch ZON (Zorg Onderzoek Nederland), World Cancer Research Fund 

(WCRF), Statistics Netherlands (The Netherlands); ERC-2009-AdG 232997 and Nordforsk, 

Nordic Centre of Excellence programme on Food, Nutrition and Health (Norway); Health 

Research Fund (FIS), PI13/00061 to Granada, PI13/01162 to EPIC-Murcia, Regional 

Governments of Andalucía, Asturias, Basque Country, Murcia, Navarra, and the Catalan 

Institute of Oncology (Barcelona) (Spain); Swedish Cancer Society, Swedish Research 

Council and County Councils of Skåne and Västerbotten (Sweden); Cancer Research UK 

(14136 to EPIC-Norfolk; C570/A16491 and C8221/A19170 to EPIC-Oxford), Medical 

Research Council (1000143 to EPIC-Norfolk, MR/M012190/1 to EPIC-Oxford) (United 

Kingdom). 

For information on how to submit an application for gaining access to EPIC data and/or 

biospecimens, please follow the instructions at http://epic.iarc.fr/access/index.php 

KKT was supported by the Hellenic Republic, General Secretary of Research and 

Technology, Aristeia II funding programme for his work in this paper. 

DISCLAIMER 

Where authors are identified as personnel of the International Agency for Research on Cancer 

/ World Health Organization, the authors alone are responsible for the views expressed in this 

article and they do not necessarily represent the decisions, policy or views of the International 

Agency for Research on Cancer / World Health Organization. 

http://epic.iarc.fr/access/index.php


Christakoudi & Kakourou et al. HT and CA in EPIC 

REFERENCES

1. Stanaway JD, Afshin A, Gakidou E, Lim SS, Abate D, Abate KH, Abbafati C, Abbasi N,

Abbastabar H, Abd-Allah F, Abdela J, Abdelalim A, Abdollahpour I, Abdulkader RS, Abebe
M, Abebe Z, Abera SF, Abil OZ, Abraha HN, Abrham AR, Abu-Raddad LJ, Abu-Rmeileh

NME, Accrombessi MMK, Acharya D, Acharya P, Adamu AA, Adane AA, Adebayo OM,

Adedoyin RA, Adekanmbi V, Ademi Z, Adetokunboh OO, Adib MG, Admasie A, Adsuar

JC, Afanvi KA, Afarideh M, Agarwal G, Aggarwal A, Aghayan SA, Agrawal A, Agrawal S,
Ahmadi A, Ahmadi M, Ahmadieh H, Ahmed MB, Aichour AN, Aichour I, Aichour MTE,

Akbari ME, Akinyemiju T, Akseer N, Al-Aly Z, Al-Eyadhy A, Al-Mekhlafi HM, Alahdab F,

Alam K, Alam S, Alam T, Alashi A, Alavian SM, Alene KA, Ali K, Ali SM, Alijanzadeh M,
Alizadeh-Navaei R, Aljunid SM, Alkerwi AA, Alla F, Alsharif U, Altirkawi K, Alvis-

Guzman N, Amare AT, Ammar W, Anber NH, Anderson JA, Andrei CL, Androudi S,

Animut MD, Anjomshoa M, Ansha MG, Antó JM, Antonio CaT, Anwari P, Appiah LT,

Appiah SCY, Arabloo J, Aremu O, Ärnlöv J, Artaman A, Aryal KK, Asayesh H, Ataro Z,
Ausloos M, Avokpaho EFGA, Awasthi A, Ayala Quintanilla BP, Ayer R, Ayuk TB,

Azzopardi PS, Babazadeh A, Badali H, Badawi A, Balakrishnan K, Bali AG, Ball K, Ballew

SH, Banach M, Banoub JaM, Barac A, Barker-Collo SL, Bärnighausen TW, Barrero LH,
Basu S, Baune BT, Bazargan-Hejazi S, Bedi N, Beghi E, Behzadifar M, Behzadifar M, Béjot

Y, Bekele BB, Bekru ET, Belay E, Belay YA, Bell ML, Bello AK, Bennett DA, Bensenor

IM, Bergeron G, Berhane A, Bernabe E, Bernstein RS, Beuran M, Beyranvand T, Bhala N,
Bhalla A, Bhattarai S, Bhutta ZA, Biadgo B, Bijani A, Bikbov B, Bilano V, Bililign N, Bin

Sayeed MS, Bisanzio D, Biswas T, Bjørge T, Blacker BF, Bleyer A, Borschmann R, Bou-

Orm IR, Boufous S, Bourne R, Brady OJ, Brauer M, Brazinova A, Breitborde NJK, Brenner

H, Briko AN, Britton G, Brugha T, Buchbinder R, Burnett RT, Busse R, Butt ZA, Cahill LE,
Cahuana-Hurtado L, Campos-Nonato IR, Cárdenas R, Carreras G, Carrero JJ, Carvalho F,

Castañeda-Orjuela CA, Castillo Rivas J, Castro F, Catalá-López F, Causey K, Cercy KM,

Cerin E, Chaiah Y, Chang H-Y, Chang J-C, Chang K-L, Charlson FJ, Chattopadhyay A,
Chattu VK, Chee ML, Cheng C-Y, Chew A, Chiang PP-C, Chimed-Ochir O, Chin KL,

Chitheer A, Choi J-YJ, Chowdhury R, Christensen H, Christopher DJ, Chung S-C, Cicuttini

FM, Cirillo M, Cohen AJ, Collado-Mateo D, Cooper C, Cooper OR, Coresh J, Cornaby L,

Cortesi PA, Cortinovis M, Costa M, Cousin E, Criqui MH, Cromwell EA, Cundiff DK, Daba
AK, Dachew BA, Dadi AF, Damasceno AaM, Dandona L, Dandona R, Darby SC, Dargan PI,

Daryani A, Das Gupta R, Das Neves J, Dasa TT, Dash AP, Davitoiu DV, Davletov K, De La

Cruz-Góngora V, De La Hoz FP, De Leo D, De Neve J-W, Degenhardt L, Deiparine S,
Dellavalle RP, Demoz GT, Denova-Gutiérrez E, Deribe K, Dervenis N, Deshpande A, Des

Jarlais DC, Dessie GA, Deveber GA, Dey S, Dharmaratne SD, Dhimal M, Dinberu MT, Ding

EL, Diro HD, Djalalinia S, Do HP, Dokova K, Doku DT, Doyle KE, Driscoll TR, Dubey M,
Dubljanin E, Duken EE, Duncan BB, Duraes AR, Ebert N, Ebrahimi H, Ebrahimpour S,

Edvardsson D, Effiong A, Eggen AE, El Bcheraoui C, El-Khatib Z, Elyazar IR, Enayati A,

Endries AY, Er B, Erskine HE, Eskandarieh S, Esteghamati A, Estep K, Fakhim H, Faramarzi

M, Fareed M, Farid TA, Farinha CSES, Farioli A, Faro A, Farvid MS, Farzaei MH, Fatima B,
Fay KA, Fazaeli AA, Feigin VL, Feigl AB, Fereshtehnejad S-M, Fernandes E, Fernandes JC,

Ferrara G, Ferrari AJ, Ferreira ML, Filip I, Finger JD, Fischer F, Foigt NA, Foreman KJ,

Fukumoto T, Fullman N, Fürst T, Furtado JM, Futran ND, Gall S, Gallus S, Gamkrelidze A,
Ganji M, Garcia-Basteiro AL, Gardner WM, Gebre AK, Gebremedhin AT, Gebremichael TG,

Gelano TF, Geleijnse JM, Geramo YCD, Gething PW, Gezae KE, Ghadimi R, Ghadiri K,

Ghasemi Falavarjani K, Ghasemi-Kasman M, Ghimire M, Ghosh R, Ghoshal AG, Giampaoli
S, Gill PS, Gill TK, Gillum RF, Ginawi IA, Giussani G, Gnedovskaya EV, Godwin WW,

Goli S, Gómez-Dantés H, Gona PN, Gopalani SV, Goulart AC, Grada A, Grams ME, Grosso

G, Gugnani HC, Guo Y, Gupta R, Gupta R, Gupta T, Gutiérrez RA, Gutiérrez-Torres DS,

Haagsma JA, Habtewold TD, Hachinski V, Hafezi-Nejad N, Hagos TB, Hailegiyorgis TT,
Hailu GB, Haj-Mirzaian A, Haj-Mirzaian A, Hamadeh RR, Hamidi S, Handal AJ, Hankey



Christakoudi & Kakourou et al. HT and CA in EPIC 

GJ, Hao Y, Harb HL, Harikrishnan S, Haro JM, Hassankhani H, Hassen HY, Havmoeller R, 

Hawley CN, Hay SI, Hedayatizadeh-Omran A, Heibati B, Heidari B, Heidari M, Hendrie D, 
Henok A, Heredia-Pi I, Herteliu C, Heydarpour F, Heydarpour S, Hibstu DT, Higazi TB, 

Hilawe EH, Hoek HW, Hoffman HJ, Hole MK, Homaie Rad E, Hoogar P, Hosgood HD, 

Hosseini SM, Hosseinzadeh M, Hostiuc M, Hostiuc S, Hoy DG, Hsairi M, Hsiao T, Hu G, Hu 

H, Huang JJ, Hussen MA, Huynh CK, Iburg KM, Ikeda N, Ilesanmi OS, Iqbal U, Irvani SSN, 
Irvine CMS, Islam SMS, Islami F, Jackson MD, Jacobsen KH, Jahangiry L, Jahanmehr N, 

Jain SK, Jakovljevic M, James SL, Jassal SK, Jayatilleke AU, Jeemon P, Jha RP, Jha V, Ji JS, 

Jonas JB, Jonnagaddala J, Jorjoran Shushtari Z, Joshi A, Jozwiak JJ, Jürisson M, Kabir Z, 
Kahsay A, Kalani R, Kanchan T, Kant S, Kar C, Karami M, Karami Matin B, Karch A, 

Karema C, Karimi N, Karimi SM, Kasaeian A, Kassa DH, Kassa GM, Kassa TD, Kassebaum 

NJ, Katikireddi SV, Kaul A, Kawakami N, Kazemi Z, Karyani AK, Kefale AT, Keiyoro PN, 
Kemp GR, Kengne AP, Keren A, Kesavachandran CN, Khader YS, Khafaei B, Khafaie MA, 

Khajavi A, Khalid N, Khalil IA, Khan G, Khan MS, Khan MA, Khang Y-H, Khater MM, 

Khazaei M, Khazaie H, Khoja AT, Khosravi A, Khosravi MH, Kiadaliri AA, Kiirithio DN, 

Kim C-I, Kim D, Kim Y-E, Kim YJ, Kimokoti RW, Kinfu Y, Kisa A, Kissimova-Skarbek K, 
Kivimäki M, Knibbs LD, Knudsen AKS, Kochhar S, Kokubo Y, Kolola T, Kopec JA, Kosen 

S, Koul PA, Koyanagi A, Kravchenko MA, Krishan K, Krohn KJ, Kromhout H, Kuate Defo 

B, Kucuk Bicer B, Kumar GA, Kumar M, Kuzin I, Kyu HH, Lachat C, Lad DP, Lad SD, 
Lafranconi A, Lalloo R, Lallukka T, Lami FH, Lang JJ, Lansingh VC, Larson SL, Latifi A, 

Lazarus JV, Lee PH, Leigh J, Leili M, Leshargie CT, Leung J, Levi M, Lewycka S, Li S, Li 

Y, Liang J, Liang X, Liao Y, Liben ML, Lim L-L, Linn S, Liu S, Lodha R, Logroscino G, 
Lopez AD, Lorkowski S, Lotufo PA, Lozano R, Lucas TCD, Lunevicius R, Ma S, Macarayan 

ERK, Machado ÍE, Madotto F, Mai HT, Majdan M, Majdzadeh R, Majeed A, Malekzadeh R, 

Malta DC, Mamun AA, Manda A-L, Manguerra H, Mansournia MA, Mantovani LG, 

Maravilla JC, Marcenes W, Marks A, Martin RV, Martins SCO, Martins-Melo FR, März W, 
Marzan MB, Massenburg BB, Mathur MR, Mathur P, Matsushita K, Maulik PK, Mazidi M, 

Mcalinden C, Mcgrath JJ, Mckee M, Mehrotra R, Mehta KM, Mehta V, Meier T, Mekonnen 

FA, Melaku YA, Melese A, Melku M, Memiah PTN, Memish ZA, Mendoza W, Mengistu 
DT, Mensah GA, Mensink GBM, Mereta ST, Meretoja A, Meretoja TJ, Mestrovic T, 

Mezgebe HB, Miazgowski B, Miazgowski T, Millear AI, Miller TR, Miller-Petrie MK, Mini 

GK, Mirarefin M, Mirica A, Mirrakhimov EM, Misganaw AT, Mitiku H, Moazen B, Mohajer 

B, Mohammad KA, Mohammadi M, Mohammadifard N, Mohammadnia-Afrouzi M, 
Mohammed S, Mohebi F, Mokdad AH, Molokhia M, Momeniha F, Monasta L, Moodley Y, 

Moradi G, Moradi-Lakeh M, Moradinazar M, Moraga P, Morawska L, Morgado-Da-Costa J, 

Morrison SD, Moschos MM, Mouodi S, Mousavi SM, Mozaffarian D, Mruts KB, Muche AA, 
Muchie KF, Mueller UO, Muhammed OS, Mukhopadhyay S, Muller K, Musa KI, Mustafa G, 

Nabhan AF, Naghavi M, Naheed A, Nahvijou A, Naik G, Naik N, Najafi F, Nangia V, 

Nansseu JR, Nascimento BR, Neal B, Neamati N, Negoi I, Negoi RI, Neupane S, Newton 
CRJ, Ngunjiri JW, Nguyen AQ, Nguyen G, Nguyen HT, Nguyen HLT, Nguyen HT, Nguyen 

M, Nguyen NB, Nichols E, Nie J, Ningrum DNA, Nirayo YL, Nishi N, Nixon MR, Nojomi 

M, Nomura S, Norheim OF, Noroozi M, Norrving B, Noubiap JJ, Nouri HR, Nourollahpour 

Shiadeh M, Nowroozi MR, Nsoesie EO, Nyasulu PS, Obermeyer CM, Odell CM, Ofori-
Asenso R, Ogbo FA, Oh I-H, Oladimeji O, Olagunju AT, Olagunju TO, Olivares PR, Olsen 

HE, Olusanya BO, Olusanya JO, Ong KL, Ong SK, Oren E, Orpana HM, Ortiz A, Ota E, 

Otstavnov SS, Øverland S, Owolabi MO, P A M, Pacella R, Pakhare AP, Pakpour AH, Pana 
A, Panda-Jonas S, Park E-K, Parry CDH, Parsian H, Patel S, Pati S, Patil ST, Patle A, Patton 

GC, Paudel D, Paulson KR, Paz Ballesteros WC, Pearce N, Pereira A, Pereira DM, Perico N, 

Pesudovs K, Petzold M, Pham HQ, Phillips MR, Pillay JD, Piradov MA, Pirsaheb M, Pischon 
T, Pishgar F, Plana-Ripoll O, Plass D, Polinder S, Polkinghorne KR, Postma MJ, Poulton R, 

Pourshams A, Poustchi H, Prabhakaran D, Prakash S, Prasad N, Purcell CA, Purwar MB, 

Qorbani M, Radfar A, Rafay A, Rafiei A, Rahim F, Rahimi Z, Rahimi-Movaghar A, Rahimi-

Movaghar V, Rahman M, Rahman MHU, Rahman MA, Rai RK, Rajati F, Rajsic S, Raju SB, 
Ram U, Ranabhat CL, Ranjan P, Rath GK, Rawaf DL, Rawaf S, Reddy KS, Rehm CD, Rehm 

J, Reiner RC, Reitsma MB, Remuzzi G, Renzaho AMN, Resnikoff S, Reynales-Shigematsu 



Christakoudi & Kakourou et al. HT and CA in EPIC 

LM, Rezaei S, Ribeiro ALP, Rivera JA, Roba KT, Rodríguez-Ramírez S, Roever L, Román 

Y, Ronfani L, Roshandel G, Rostami A, Roth GA, Rothenbacher D, Roy A, Rubagotti E, 
Rushton L, Sabanayagam C, Sachdev PS, Saddik B, Sadeghi E, Saeedi Moghaddam S, Safari 

H, Safari Y, Safari-Faramani R, Safdarian M, Safi S, Safiri S, Sagar R, Sahebkar A, Sahraian 

MA, Sajadi HS, Salam N, Salamati P, Saleem Z, Salimi Y, Salimzadeh H, Salomon JA, Salvi 

DD, Salz I, Samy AM, Sanabria J, Sanchez-Niño MD, Sánchez-Pimienta TG, Sanders T, 
Sang Y, Santomauro DF, Santos IS, Santos JV, Santric Milicevic MM, Sao Jose BP, Sardana 

M, Sarker AR, Sarmiento-Suárez R, Sarrafzadegan N, Sartorius B, Sarvi S, Sathian B, 

Satpathy M, Sawant AR, Sawhney M, Saylan M, Sayyah M, Schaeffner E, Schmidt MI, 
Schneider IJC, Schöttker B, Schutte AE, Schwebel DC, Schwendicke F, Scott JG, Seedat S, 

Sekerija M, Sepanlou SG, Serre ML, Serván-Mori E, Seyedmousavi S, Shabaninejad H, 

Shaddick G, Shafieesabet A, Shahbazi M, Shaheen AA, Shaikh MA, Shamah Levy T, Shams-
Beyranvand M, Shamsi M, Sharafi H, Sharafi K, Sharif M, Sharif-Alhoseini M, Sharifi H, 

Sharma J, Sharma M, Sharma R, She J, Sheikh A, Shi P, Shibuya K, Shiferaw MS, 

Shigematsu M, Shin M-J, Shiri R, Shirkoohi R, Shiue I, Shokraneh F, Shoman H, Shrime 

MG, Shupler MS, Si S, Siabani S, Sibai AM, Siddiqi TJ, Sigfusdottir ID, Sigurvinsdottir R, 
Silva DaS, Silva JP, Silveira DGA, Singh JA, Singh NP, Singh V, Sinha DN, Skiadaresi E, 

Skirbekk V, Smith DL, Smith M, Sobaih BH, Sobhani S, Somayaji R, Soofi M, Sorensen 

RJD, Soriano JB, Soyiri IN, Spinelli A, Sposato LA, Sreeramareddy CT, Srinivasan V, 
Starodubov VI, Steckling N, Stein DJ, Stein MB, Stevanovic G, Stockfelt L, Stokes MA, 

Sturua L, Subart ML, Sudaryanto A, Sufiyan MaB, Sulo G, Sunguya BF, Sur PJ, Sykes BL, 

Szoeke CEI, Tabarés-Seisdedos R, Tabuchi T, Tadakamadla SK, Takahashi K, Tandon N, 
Tassew SG, Tavakkoli M, Taveira N, Tehrani-Banihashemi A, Tekalign TG, Tekelemedhin 

SW, Tekle MG, Temesgen H, Temsah M-H, Temsah O, Terkawi AS, Tessema B, 

Teweldemedhin M, Thankappan KR, Theis A, Thirunavukkarasu S, Thomas HJ, Thomas ML, 

Thomas N, Thurston GD, Tilahun B, Tillmann T, To QG, Tobollik M, Tonelli M, Topor-
Madry R, Torre AE, Tortajada-Girbés M, Touvier M, Tovani-Palone MR, Towbin JA, Tran 

BX, Tran KB, Truelsen TC, Truong NT, Tsadik AG, Tudor Car L, Tuzcu EM, Tymeson HD, 

Tyrovolas S, Ukwaja KN, Ullah I, Updike RL, Usman MS, Uthman OA, Vaduganathan M, 
Vaezi A, Valdez PR, Van Donkelaar A, Varavikova E, Varughese S, Vasankari TJ, 

Venkateswaran V, Venketasubramanian N, Villafaina S, Violante FS, Vladimirov SK, 

Vlassov V, Vollset SE, Vos T, Vosoughi K, Vu GT, Vujcic IS, Wagnew FS, Waheed Y, 

Waller SG, Walson JL, Wang Y, Wang Y, Wang Y-P, Weiderpass E, Weintraub RG, 
Weldegebreal F, Werdecker A, Werkneh AA, West JJ, Westerman R, Whiteford HA, 

Widecka J, Wijeratne T, Winkler AS, Wiyeh AB, Wiysonge CS, Wolfe CDA, Wong TY, Wu 

S, Xavier D, Xu G, Yadgir S, Yadollahpour A, Yahyazadeh Jabbari SH, Yamada T, Yan LL, 
Yano Y, Yaseri M, Yasin YJ, Yeshaneh A, Yimer EM, Yip P, Yisma E, Yonemoto N, Yoon 

S-J, Yotebieng M, Younis MZ, Yousefifard M, Yu C, Zaidi Z, Zaman SB, Zamani M, Zavala-

Arciniega L, Zhang AL, Zhang H, Zhang K, Zhou M, Zimsen SRM, Zodpey S,Murray CJL. 
Global, regional, and national comparative risk assessment of 84 behavioural, environmental 

and occupational, and metabolic risks or clusters of risks for 195 countries and territories, 

1990–2017: a systematic analysis for the Global Burden of Disease Study 2017. The Lancet 

2018; 392: 1923-1994 

2. Zhou B, Bentham J, Di Cesare M, Bixby H, Danaei G, Cowan MJ, Paciorek CJ, Singh G,

Hajifathalian K, Bennett JE, Taddei C, Bilano V, Carrillo-Larco RM, Djalalinia S,

Khatibzadeh S, Lugero C, Peykari N, Zhang WZ, Lu Y, Stevens GA, Riley LM, Bovet P,

Elliott P, Gu D, Ikeda N, Jackson RT, Joffres M, Kengne AP, Laatikainen T, Lam TH,
Laxmaiah A, Liu J, Miranda JJ, Mondo CK, Neuhauser HK, Sundström J, Smeeth L, Soric M,

Woodward M, Ezzati M, Abarca-Gómez L, Abdeen ZA, Rahim HA, Abu-Rmeileh NM,

Acosta-Cazares B, Adams R, Aekplakorn W, Afsana K, Aguilar-Salinas CA, Agyemang C,
Ahmadvand A, Ahrens W, Al Raddadi R, Al Woyatan R, Ali MM, Alkerwi AA, Aly E,

Amouyel P, Amuzu A, Andersen LB, Anderssen SA, Ängquist L, Anjana RM, Ansong D,

Aounallah-Skhiri H, Araújo J, Ariansen I, Aris T, Arlappa N, Aryal K, Arveiler D, Assah FK,

Assunção MCF, Avdicová M, Azevedo A, Azizi F, Babu BV, Bahijri S, Balakrishna N,
Bandosz P, Banegas JR, Barbagallo CM, Barceló A, Barkat A, Barros AJD, Barros MV, Bata



Christakoudi & Kakourou et al. HT and CA in EPIC 

I, Batieha AM, Baur LA, Beaglehole R, Romdhane HB, Benet M, Benson LS, Bernabe-Ortiz 

A, Bernotiene G, Bettiol H, Bhagyalaxmi A, Bharadwaj S, Bhargava SK, Bi Y, Bikbov M, 
Bjerregaard P, Bjertness E, Björkelund C, Blokstra A, Bo S, Bobak M, Boeing H, Boggia JG, 

Boissonnet CP, Bongard V, Braeckman L, Brajkovich I, Branca F, Breckenkamp J, Brenner 

H, Brewster LM, Bruno G, Bueno-De-Mesquita HB, Bugge A, Burns C, Bursztyn M, De 

León AC, Cacciottolo J, Cameron C, Can G, Cândido APC, Capuano V, Cardoso VC, 
Carlsson AC, Carvalho MJ, Casanueva FF, Casas J-P, Caserta CA, Chamukuttan S, Chan 

AW, Chan Q, Chaturvedi HK, Chaturvedi N, Chen C-J, Chen F, Chen H, Chen S, Chen Z, 

Cheng C-Y, Dekkaki IC, Chetrit A, Chiolero A, Chiou S-T, Chirita-Emandi A, Cho B, Cho 
Y, Chudek J, Cifkova R, Claessens F, Clays E, Concin H, Cooper C, Cooper R, Coppinger 

TC, Costanzo S, Cottel D, Cowell C, Craig CL, Crujeiras AB, Cruz JJ, D'arrigo G, D'orsi E, 

Dallongeville J, Damasceno A, Dankner R, Dantoft TM, Dauchet L, De Backer G, De 
Bacquer D, De Gaetano G, De Henauw S, De Smedt D, Deepa M, Dehghan A, Delisle H, 

Deschamps V, Dhana K, Di Castelnuovo AF, Dias-Da-Costa JS, Diaz A, Dickerson TT, Do 

HTP, Dobson AJ, Donfrancesco C, Donoso SP, Döring A, Doua K, Drygas W, Dulskiene V, 

Džakula A, Dzerve V, Dziankowska-Zaborszczyk E, Eggertsen R, Ekelund U, El Ati J, Ellert 
U, Elliott P, Elosua R, Erasmus RT, Erem C, Eriksen L, De La Peña JE, Evans A, Faeh D, 

Fall CH, Farzadfar F, Felix-Redondo FJ, Ferguson TS, Fernández-Bergés D, Ferrante D, 

Ferrari M, Ferreccio C, Ferrieres J, Finn JD, Fischer K, Föger B, Foo LH, Forslund A-S, 
Forsner M, Fortmann SP, Fouad HM, Francis DK, Franco MDC, Franco OH, Frontera G, 

Fuchs FD, Fuchs SC, Fujita Y, Furusawa T, Gaciong Z, Gareta D, Garnett SP, Gaspoz J-M, 

Gasull M, Gates L, Gavrila D, Geleijnse JM, Ghasemian A, Ghimire A, Giampaoli S, 
Gianfagna F, Giovannelli J, Goldsmith RA, Gonçalves H, Gross MG, Rivas JPG, Gottrand F, 

Graff-Iversen S, Grafnetter D, Grajda A, Gregor RD, Grodzicki T, Grøntved A, Gruden G, 

Grujic V, Gu D, Guan OP, Gudnason V, Guerrero R, Guessous I, Guimaraes AL, Gulliford 

MC, Gunnlaugsdottir J, Gunter M, Gupta PC, Gureje O, Gurzkowska B, Gutierrez L, 
Gutzwiller F, Hadaegh F, Halkjær J, Hambleton IR, Hardy R, Harikumar R, Hata J, Hayes 

AJ, He J, Hendriks ME, Henriques A, Cadena LH, Herrala S, Heshmat R, Hihtaniemi IT, Ho 

SY, Ho SC, Hobbs M, Hofman A, Dinc GH, Hormiga CM, Horta BL, Houti L, Howitt C, 
Htay TT, Htet AS, Hu Y, Huerta JM, Husseini AS, Huybrechts I, Hwalla N, Iacoviello L, 

Iannone AG, Ibrahim MM, Ikram MA, Irazola VE, Islam M, Ivkovic V, Iwasaki M, Jackson 

RT, Jacobs JM, Jafar T, Jamrozik K, Janszky I, Jasienska G, Jelakovic B, Jiang CQ, Joffres 

M, Johansson M, Jonas JB, Jørgensen T, Joshi P, Juolevi A, Jurak G, Jureša V, Kaaks R, 
Kafatos A, Kalter-Leibovici O, Kamaruddin NA, Kasaeian A, Katz J, Kauhanen J, Kaur P, 

Kavousi M, Kazakbaeva G, Keil U, Boker LK, Keinänen-Kiukaanniemi S, Kelishadi R, 

Kemper HCG, Kengne AP, Kersting M, Key T, Khader YS, Khalili D, Khang Y-H, Khaw K-
T, Kiechl S, Killewo J, Kim J, Klumbiene J, Kolle E, Kolsteren P, Korrovits P, Koskinen S, 

Kouda K, Koziel S, Kristensen PL, Krokstad S, Kromhout D, Kruger HS, Kubinova R, 

Kuciene R, Kuh D, Kujala UM, Kula K, Kulaga Z, Kumar RK, Kurjata P, Kusuma YS, 
Kuulasmaa K, Kyobutungi C, Laatikainen T, Lachat C, Lam TH, Landrove O, Lanska V, 

Lappas G, Larijani B, Laugsand LE, Laxmaiah A, Bao KLN, Le TD, Leclercq C, Lee J, Lee 

J, Lehtimäki T, Lekhraj R, León-Muñoz LM, Levitt NS, Li Y, Lilly CL, Lim W-Y, Lima-

Costa MF, Lin H-H, Lin X, Linneberg A, Lissner L, Litwin M, Lorbeer R, Lotufo PA, 
Lozano JE, Luksiene D, Lundqvist A, Lunet N, Lytsy P, Ma G, Ma J, Machado-Coelho GLL, 

Machi S, Maggi S, Magliano DJ, Majer M, Makdisse M, Malekzadeh R, Malhotra R, Rao 

KM, Malyutina S, Manios Y, Mann JI, Manzato E, Margozzini P, Marques-Vidal P, Marrugat 
J, Martorell R, Mathiesen EB, Matijasevich A, Matsha TE, Mbanya JCN, Posso AJMD, 

Mcfarlane SR, Mcgarvey ST, Mclachlan S, Mclean RM, Mcnulty BA, Khir ASM, Mediene-

Benchekor S, Medzioniene J, Meirhaeghe A, Meisinger C, Menezes AMB, Menon GR, 
Meshram II, Metspalu A, Mi J, Mikkel K, Miller JC, Miquel JF, Mišigoj-Durakovic M, 

Mohamed MK, Mohammad K, Mohammadifard N, Mohan V, Yusoff MFM, Møller NC, 

Molnár D, Momenan A, Mondo CK, Monyeki KDK, Moreira LB, Morejon A, Moreno LA, 

Morgan K, Moschonis G, Mossakowska M, Mostafa A, Mota J, Motlagh ME, Motta J, 
Muiesan ML, Müller-Nurasyid M, Murphy N, Mursu J, Musil V, Nagel G, Naidu BM, 

Nakamura H, Námešná J, Nang EEK, Nangia VB, Narake S, Navarrete-Muñoz EM, Ndiaye 



Christakoudi & Kakourou et al. HT and CA in EPIC 

NC, Neal WA, Nenko I, Nervi F, Nguyen ND, Nguyen QN, Nieto-Martínez RE, Niiranen TJ, 

Ning G, Ninomiya T, Nishtar S, Noale M, Noboa OA, Noorbala AA, Noorbala T, Noto D, Al 
Nsour M, O'reilly D, Oh K, Olinto MTA, Oliveira IO, Omar MA, Onat A, Ordunez P, 

Osmond C, Ostojic SM, Otero JA, Overvad K, Owusu-Dabo E, Paccaud FM, Padez C, 

Pahomova E, Pajak A, Palli D, Palmieri L, Panda-Jonas S, Panza F, Papandreou D, Parnell 

WR, Parsaeian M, Pecin I, Pednekar MS, Peer N, Peeters PH, Peixoto SV, Pelletier C, 
Peltonen M, Pereira AC, Pérez RM, Peters A, Petkeviciene J, Pham ST, Pigeot I, Pikhart H, 

Pilav A, Pilotto L, Pitakaka F, Plans-Rubió P, Polakowska M, Polašek O, Porta M, Portegies 

MLP, Pourshams A, Pradeepa R, Prashant M, Price JF, Puiu M, Punab M, Qasrawi RF, 
Qorbani M, Radic I, Radisauskas R, Rahman M, Raitakari O, Raj M, Rao SR, Ramachandran 

A, Ramos E, Rampal S, Reina DaR, Rasmussen F, Redon J, Reganit PFM, Ribeiro R, Riboli 

E, Rigo F, De Wit TFR, Ritti-Dias RM, Robinson SM, Robitaille C, Rodríguez-Artalejo F, 
Rodriguez-Perez Del Cristo M, Rodríguez-Villamizar LA, Rojas-Martinez R, Rosengren A, 

Rubinstein A, Rui O, Ruiz-Betancourt BS, Horimoto ARVR, Rutkowski M, Sabanayagam C, 

Sachdev HS, Saidi O, Sakarya S, Salanave B, Salazar Martinez E, Salmerón D, Salomaa V, 

Salonen JT, Salvetti M, Sánchez-Abanto J, Sans S, Santos D, Santos IS, Dos Santos RN, 
Santos R, Saramies JL, Sardinha LB, Margolis GS, Sarrafzadegan N, Saum K-U, Savva SC, 

Scazufca M, Schargrodsky H, Schneider IJ, Schultsz C, Schutte AE, Sen A, Senbanjo IO, 

Sepanlou SG, Sharma SK, Shaw JE, Shibuya K, Shin DW, Shin Y, Siantar R, Sibai AM, 
Silva DaS, Simon M, Simons J, Simons LA, Sjöström M, Skovbjerg S, Slowikowska-Hilczer 

J, Slusarczyk P, Smeeth L, Smith MC, Snijder MB, So H-K, Sobngwi E, Söderberg S, 

Solfrizzi V, Sonestedt E, Song Y, Sørensen TIA, Jérome CS, Soumare A, Staessen JA, Starc 
G, Stathopoulou MG, Stavreski B, Steene-Johannessen J, Stehle P, Stein AD, Stergiou GS, 

Stessman J, Stieber J, Stöckl D, Stocks T, Stokwiszewski J, Stronks K, Strufaldi MW, Sun C-

A, Sundström J, Sung Y-T, Suriyawongpaisal P, Sy RG, Tai ES, Tammesoo M-L, 

Tamosiunas A, Tang L, Tang X, Tanser F, Tao Y, Tarawneh MR, Tarqui-Mamani CB, Taylor 
A, Theobald H, Thijs L, Thuesen BH, Tjonneland A, Tolonen HK, Tolstrup JS, Topbas M, 

Topór-Madry R, Tormo MJ, Torrent M, Traissac P, Trichopoulos D, Trichopoulou A, Trinh 

OTH, Trivedi A, Tshepo L, Tulloch-Reid MK, Tuomainen T-P, Tuomilehto J, Turley ML, 
Tynelius P, Tzourio C, Ueda P, Ugel E, Ulmer H, Uusitalo HMT, Valdivia G, Valvi D, Van 

Der Schouw YT, Van Herck K, Van Rossem L, Van Valkengoed IGM, Vanderschueren D, 

Vanuzzo D, Vatten L, Vega T, Velasquez-Melendez G, Veronesi G, Verschuren WMM, 

Verstraeten R, Victora CG, Viet L, Viikari-Juntura E, Vineis P, Vioque J, Virtanen JK, 
Visvikis-Siest S, Viswanathan B, Vollenweider P, Voutilainen S, Vrdoljak A, Vrijheid M, 

Wade AN, Wagner A, Walton J, Mohamud WNW, Wang M-D, Wang Q, Wang YX, 

Wannamethee SG, Wareham N, Wederkopp N, Weerasekera D, Whincup PH, Widhalm K, 
Widyahening IS, Wiecek A, Wijga AH, Wilks RJ, Willeit J, Willeit P, Williams EA, 

Wilsgaard T, Wojtyniak B, Wong TY, Wong-Mcclure RA, Woo J, Woodward M, Wu AG, 

Wu FC, Wu SL, Xu H, Yan W, Yang X, Ye X, Yiallouros PK, Yoshihara A, Younger-
Coleman NO, Yusoff AF, Yusoff MFM, Zambon S, Zdrojewski T, Zeng Y, Zhao D, Zhao W, 

Zheng Y, Zhu D, Zimmermann E,Zuñiga Cisneros J. Worldwide trends in blood pressure 

from 1975 to 2015: a pooled analysis of 1479 population-based measurement studies with 

19·1 million participants. The Lancet 2017; 389: 37-55 

3. Stocks T, Van Hemelrijck M, Manjer J, Bjorge T, Ulmer H, Hallmans G, Lindkvist B, Selmer

R, Nagel G, Tretli S, Concin H, Engeland A, Jonsson H,Stattin P. Blood pressure and risk of

cancer incidence and mortality in the Metabolic Syndrome and Cancer Project. Hypertension

2012; 59: 802-810

4. Grossman E, Messerli FH, Boyko V,Goldbourt U. Is there an association between

hypertension and cancer mortality? Am J Med 2002; 112: 479-486

5. Chow WH, Dong LM,Devesa SS. Epidemiology and risk factors for kidney cancer. Nat Rev

Urol 2010; 7: 245-257

6. Weikert S, Boeing H, Pischon T, Weikert C, Olsen A, Tjonneland A, Overvad K, Becker N,

Linseisen J, Trichopoulou A, Mountokalakis T, Trichopoulos D, Sieri S, Palli D, Vineis P,
Panico S, Peeters PH, Bueno-De-Mesquita HB, Verschuren WM, Ljungberg B, Hallmans G,



Christakoudi & Kakourou et al. HT and CA in EPIC 

Berglund G, Gonzalez CA, Dorronsoro M, Barricarte A, Tormo MJ, Allen N, Roddam A, 

Bingham S, Khaw KT, Rinaldi S, Ferrari P, Norat T,Riboli E. Blood pressure and risk of 
renal cell carcinoma in the European prospective investigation into cancer and nutrition. Am J 

Epidemiol 2007; 167: 438-446 

7. Corrao G, Scotti L, Bagnardi V,Sega R. Hypertension, antihypertensive therapy and renal-cell

cancer: a meta-analysis. Curr Drug Saf 2007; 2: 125-133

8. Hidayat K, Du X, Zou SY,Shi BM. Blood pressure and kidney cancer risk: meta-analysis of

prospective studies. J Hypertens 2017; 35: 1333-1344

9. Aune D, Sen A,Vatten LJ. Hypertension and the risk of endometrial cancer: a systematic

review and meta-analysis of case-control and cohort studies. Sci Rep 2017; 7: 44808

10. Esposito K, Chiodini P, Capuano A, Bellastella G, Maiorino MI,Giugliano D. Metabolic

syndrome and endometrial cancer: a meta-analysis. Endocrine 2014; 45: 28-36

11. Esposito K, Chiodini P, Capuano A, Bellastella G, Maiorino MI, Parretta E, Lenzi

A,Giugliano D. Effect of metabolic syndrome and its components on prostate cancer risk:

meta-analysis. J Endocrinol Invest 2013; 36: 132-139

12. Esposito K, Chiodini P, Capuano A, Bellastella G, Maiorino MI, Rafaniello C,Giugliano D.

Metabolic syndrome and postmenopausal breast cancer: systematic review and meta-analysis.
Menopause 2013; 20: 1301-1309

13. Esposito K, Chiodini P, Capuano A, Bellastella G, Maiorino MI, Rafaniello C, Panagiotakos

DB,Giugliano D. Colorectal cancer association with metabolic syndrome and its components:

a systematic review with meta-analysis. Endocrine 2013; 44: 634-647

14. Gacci M, Russo GI, De Nunzio C, Sebastianelli A, Salvi M, Vignozzi L, Tubaro A, Morgia

G,Serni S. Meta-analysis of metabolic syndrome and prostate cancer. Prostate Cancer

Prostatic Dis 2017; 20: 146-155

15. Han H, Guo W, Shi W, Yu Y, Zhang Y, Ye X,He J. Hypertension and breast cancer risk: a

systematic review and meta-analysis. Sci Rep 2017; 7: 44877

16. Stocks T, Borena W, Strohmaier S, Bjorge T, Manjer J, Engeland A, Johansen D, Selmer R,

Hallmans G, Rapp K, Concin H, Jonsson H, Ulmer H,Stattin P. Cohort Profile: The Metabolic

syndrome and Cancer project (Me-Can). Int J Epidemiol 2010; 39: 660-667

17. Coussens LM,Werb Z. Inflammation and cancer. Nature 2002; 420: 860-867

18. Dinh QN, Drummond GR, Sobey CG,Chrissobolis S. Roles of inflammation, oxidative stress,

and vascular dysfunction in hypertension. Biomed Res Int 2014; 2014: 406960

19. Gago-Dominguez M, Castelao JE, Yuan JM, Ross RK,Yu MC. Lipid peroxidation: a novel

and unifying concept of the etiology of renal cell carcinoma (United States). Cancer Causes

Control 2002; 13: 287-293

20. George AJ, Thomas WG,Hannan RD. The renin-angiotensin system and cancer: old dog, new

tricks. Nat Rev Cancer 2010; 10: 745-759

21. Araujo WF, Naves MA, Ravanini JN, Schor N,Teixeira VP. Renin-angiotensin system (RAS)

blockade attenuates growth and metastatic potential of renal cell carcinoma in mice. Urol

Oncol 2015; 33: 389 e381-387

22. Riboli E, Hunt KJ, Slimani N, Ferrari P, Norat T, Fahey M, Charrondiere UR, Hemon B,

Casagrande C, Vignat J, Overvad K, Tjonneland A, Clavel-Chapelon F, Thiebaut A,
Wahrendorf J, Boeing H, Trichopoulos D, Trichopoulou A, Vineis P, Palli D, Bueno-De-

Mesquita HB, Peeters PH, Lund E, Engeset D, Gonzalez CA, Barricarte A, Berglund G,

Hallmans G, Day NE, Key TJ, Kaaks R,Saracci R. European Prospective Investigation into

Cancer and Nutrition (EPIC): study populations and data collection. Public Health Nutr 2002;
5: 1113-1124

23. Safar ME,Boudier HS. Vascular development, pulse pressure, and the mechanisms of

hypertension. Hypertension 2005; 46: 205-209

24. Wareham NJ, Jakes RW, Rennie KL, Schuit J, Mitchell J, Hennings S,Day NE. Validity and

repeatability of a simple index derived from the short physical activity questionnaire used in
the European Prospective Investigation into Cancer and Nutrition (EPIC) study. Public Health

Nutr 2003; 6: 407-413



Christakoudi & Kakourou et al. HT and CA in EPIC 

25. Who. International Classification of Diseases for Oncology.

http://codes.iarc.fr/abouticdo.php; Accessed: 24/01/2019

26. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL, Jr., Jones DW,

Materson BJ, Oparil S, Wright JT, Jr.,Roccella EJ. Seventh report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.

Hypertension 2003; 42: 1206-1252

27. Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G, Grassi G,

Heagerty AM, Kjeldsen SE, Laurent S, Narkiewicz K, Ruilope L, Rynkiewicz A, Schmieder
RE, Boudier HA, Zanchetti A, Vahanian A, Camm J, De Caterina R, Dean V, Dickstein K,

Filippatos G, Funck-Brentano C, Hellemans I, Kristensen SD, Mcgregor K, Sechtem U,

Silber S, Tendera M, Widimsky P, Zamorano JL, Erdine S, Kiowski W, Agabiti-Rosei E,
Ambrosioni E, Lindholm LH, Viigimaa M, Adamopoulos S, Agabiti-Rosei E, Ambrosioni E,

Bertomeu V, Clement D, Erdine S, Farsang C, Gaita D, Lip G, Mallion JM, Manolis AJ,

Nilsson PM, O'brien E, Ponikowski P, Redon J, Ruschitzka F, Tamargo J, Van Zwieten P,

Waeber B,Williams B. 2007 Guidelines for the Management of Arterial Hypertension: The
Task Force for the Management of Arterial Hypertension of the European Society of

Hypertension (ESH) and of the European Society of Cardiology (ESC). J Hypertens 2007; 25:

1105-1187

28. Grossman E, Messerli FH,Goldbourt U. Does diuretic therapy increase the risk of renal cell

carcinoma? Am J Cardiol 1999; 83: 1090-1093

29. Heath CW, Jr., Lally CA, Calle EE, Mclaughlin JK,Thun MJ. Hypertension, diuretics, and

antihypertensive medications as possible risk factors for renal cell cancer. Am J Epidemiol

1997; 145: 607-613

30. Haggstrom C, Rapp K, Stocks T, Manjer J, Bjorge T, Ulmer H, Engeland A, Almqvist M,

Concin H, Selmer R, Ljungberg B, Tretli S, Nagel G, Hallmans G, Jonsson H,Stattin P.

Metabolic factors associated with risk of renal cell carcinoma. PLoS One 2013; 8: e57475

31. Liaw KL, Linet MS, Mclaughlin JK, Yu MC, Schoenberg JB, Lynch CF, Niwa S,Fraumeni

JF, Jr. Possible relation between hypertension and cancers of the renal pelvis and ureter. Int J
Cancer 1997; 70: 265-268

32. Lindkvist B, Johansen D, Stocks T, Concin H, Bjorge T, Almquist M, Haggstrom C,

Engeland A, Hallmans G, Nagel G, Jonsson H, Selmer R, Ulmer H, Tretli S, Stattin P,Manjer

J. Metabolic risk factors for esophageal squamous cell carcinoma and adenocarcinoma: a
prospective study of 580,000 subjects within the Me-Can project. BMC Cancer 2014; 14: 103

33. Talukder MA, Johnson WM, Varadharaj S, Lian J, Kearns PN, El-Mahdy MA, Liu X,Zweier

JL. Chronic cigarette smoking causes hypertension, increased oxidative stress, impaired NO

bioavailability, endothelial dysfunction, and cardiac remodeling in mice. Am J Physiol Heart

Circ Physiol 2011; 300: H388-396

34. Bowman TS, Gaziano JM, Buring JE,Sesso HD. A prospective study of cigarette smoking

and risk of incident hypertension in women. J Am Coll Cardiol 2007; 50: 2085-2092

35. Halperin RO, Gaziano JM,Sesso HD. Smoking and the risk of incident hypertension in

middle-aged and older men. Am J Hypertens 2008; 21: 148-152

36. Tenenbaum A, Motro M, Jonas M, Fisman EZ, Grossman E, Boyko V, Behar S,Reicher-Reiss

H. Is diuretic therapy associated with an increased risk of colon cancer? Am J Med 2001; 110:
143-145

37. Pelucchi C, Negri E, Talamini R, Levi F, Giacosa A, Crispo A, Bidoli E, Montella M,

Franceschi S,La Vecchia C. Metabolic syndrome is associated with colorectal cancer in men.

Eur J Cancer 2010; 46: 1866-1872

38. Stocks T, Lukanova A, Bjorge T, Ulmer H, Manjer J, Almquist M, Concin H, Engeland A,

Hallmans G, Nagel G, Tretli S, Veierod MB, Jonsson H,Stattin P. Metabolic factors and the

risk of colorectal cancer in 580,000 men and women in the metabolic syndrome and cancer

project (Me-Can). Cancer 2011; 117: 2398-2407

39. Lindkvist B, Almquist M, Bjorge T, Stocks T, Borena W, Johansen D, Hallmans G, Engeland

A, Nagel G, Jonsson H, Selmer R, Diem G, Haggstrom C, Tretli S, Stattin P,Manjer J.

Prospective cohort study of metabolic risk factors and gastric adenocarcinoma risk in the



Christakoudi & Kakourou et al. HT and CA in EPIC 

Metabolic Syndrome and Cancer Project (Me-Can). Cancer Causes Control 2013; 24: 107-

116 

40. Soler M, Chatenoud L, Negri E, Parazzini F, Franceschi S,La Vecchia C. Hypertension and

hormone-related neoplasms in women. Hypertension 1999; 34: 320-325

41. Bjorge T, Lukanova A, Jonsson H, Tretli S, Ulmer H, Manjer J, Stocks T, Selmer R, Nagel G,

Almquist M, Concin H, Hallmans G, Haggstrom C, Stattin P,Engeland A. Metabolic

syndrome and breast cancer in the me-can (metabolic syndrome and cancer) project. Cancer
Epidemiol Biomarkers Prev 2010; 19: 1737-1745

42. Largent JA, Bernstein L, Horn-Ross PL, Marshall SF, Neuhausen S, Reynolds P, Ursin G,

Zell JA, Ziogas A,Anton-Culver H. Hypertension, antihypertensive medication use, and

breast cancer risk in the California Teachers Study cohort. Cancer Causes Control 2010; 21:
1615-1624

43. Bjorge T, Stocks T, Lukanova A, Tretli S, Selmer R, Manjer J, Rapp K, Ulmer H, Almquist

M, Concin H, Hallmans G, Jonsson H, Stattin P,Engeland A. Metabolic syndrome and

endometrial carcinoma. Am J Epidemiol 2010; 171: 892-902

44. Weiderpass E, Persson I, Adami HO, Magnusson C, Lindgren A,Baron JA. Body size in

different periods of life, diabetes mellitus, hypertension, and risk of postmenopausal

endometrial cancer (Sweden). Cancer Causes Control 2000; 11: 185-192

45. Fortuny J, Sima C, Bayuga S, Wilcox H, Pulick K, Faulkner S, Zauber AG,Olson SH. Risk of

endometrial cancer in relation to medical conditions and medication use. Cancer Epidemiol

Biomarkers Prev 2009; 18: 1448-1456

46. Ulmer H, Bjorge T, Concin H, Lukanova A, Manjer J, Hallmans G, Borena W, Haggstrom C,

Engeland A, Almquist M, Jonsson H, Selmer R, Stattin P, Tretli S, Kleiner A, Stocks T,Nagel

G. Metabolic risk factors and cervical cancer in the metabolic syndrome and cancer project

(Me-Can). Gynecol Oncol 2012; 125: 330-335

47. Martin RM, Vatten L, Gunnell D,Romundstad P. Blood pressure and risk of prostate cancer:

Cohort Norway (CONOR). Cancer Causes Control 2010; 21: 463-472

48. Haggstrom C, Stocks T, Ulmert D, Bjorge T, Ulmer H, Hallmans G, Manjer J, Engeland A,

Nagel G, Almqvist M, Selmer R, Concin H, Tretli S, Jonsson H,Stattin P. Prospective study

on metabolic factors and risk of prostate cancer. Cancer 2012; 118: 6199-6206

49. Stocks T, Hergens MP, Englund A, Ye W,Stattin P. Blood pressure, body size and prostate

cancer risk in the Swedish Construction Workers cohort. Int J Cancer 2010; 127: 1660-1668

50. Nagel G, Stocks T, Spath D, Hjartaker A, Lindkvist B, Hallmans G, Jonsson H, Bjorge T,

Manjer J, Haggstrom C, Engeland A, Ulmer H, Selmer R, Concin H, Stattin P,Schlenk RF.

Metabolic factors and blood cancers among 578,000 adults in the metabolic syndrome and
cancer project (Me-Can). Ann Hematol 2012; 91: 1519-1531

51. Wade B, Abais-Battad JM,Mattson DL. Role of Immune Cells in Salt-Sensitive Hypertension

and Renal Injury. Current opinion in nephrology and hypertension 2016; 25: 22-27

52. Nagel G, Bjorge T, Stocks T, Manjer J, Hallmans G, Edlinger M, Haggstrom C, Engeland A,

Johansen D, Kleiner A, Selmer R, Ulmer H, Tretli S, Jonsson H, Concin H, Stattin
P,Lukanova A. Metabolic risk factors and skin cancer in the Metabolic Syndrome and Cancer

Project (Me-Can). Br J Dermatol 2012; 167: 59-67

53. Schmidt SA, Schmidt M, Mehnert F, Lemeshow S,Sorensen HT. Use of antihypertensive

drugs and risk of skin cancer. J Eur Acad Dermatol Venereol 2015; 29: 1545-1554

54. Messerli FH. Risk factors for renal cell carcinoma: hypertension or diuretics? Kidney Int

2005; 67: 774-775



Christakoudi & Kakourou et al. HT and CA in EPIC 

FIGURE CAPTIONS 

Figure 1 Flow diagram for EPIC participants included in the current study 

n – number of participants; ca – number of cancer cases. 

Figure 2 Forest plot of hazard ratios for continuous systolic and diastolic blood pressure 

AC – adenocarcinoma; CNS – central nervous system; HCC – hepatocellular carcinoma; 

SCC – squamous cell carcinoma; SmallCC – small cell carcinoma; Vertical order – 

determined by the hazard ratio estimates for systolic blood pressure (SBP) of the main 

anatomical locations (dot symbols), each followed by the relevant specific locations or 

morphologies marked with ^ (+ symbols) (other locations, not included in those specified, 

are shown last); Hazard ratios – estimates (95% confidence intervals) (per 10mmHg higher 

blood pressure) derived from Cox proportional hazards models, stratified by study centre and 

age at recruitment (5-year categories) and adjusted for potential confounders and risk factors 

listed in Supplementary Table 2). For cervical AC (n=37): HR=0.96 (0.79-1.17) for SBP and 

HR=0.84 (0.59-1.19) for DBP and for other morphology in the cervix (non-SCC and non-

AC) (n=41): HR=1.28 (1.10-1.48) for SBP and HR=1.53 (1.17-2.01) for DBP (considered 

only in the main analyses and excluded to avoid the larger confidence intervals dominating 

the plot); * p<0.05, ** p<0.005. 

Figure 3 Forest plot of hazard ratios for dichotomous hypertension and 

antihypertensive treatment 

AC – adenocarcinoma; CNS – central nervous system; HCC – hepatocellular carcinoma; 

SCC – squamous cell carcinoma; SmallCC – small cell carcinoma; Hypertension – defined 

as systolic blood pressure (SBP) ≥140 mmHg, or diastolic BP (DBP) ≥90 mmHg at the BP 

measurement visit, or self-reported history of hypertension; Antihypertensive treatment 

status – either self-reported or no treatment assumed if there was self-reported absence of 

diagnosis of hypertension; Cases – numbers per group (hypertension / no hypertension & 
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treated / untreated hypertension); Vertical order – determined by the hazard ratio estimates 

for SBP of the main anatomical locations (dot symbols), each followed by the relevant 

specific locations or morphologies marked with ^ (+ symbols) (as per Figure 2) (other 

locations, not included in those specified, are shown last); Hazard ratios – estimates (95% 

confidence intervals) (per 10 mmHg higher BP) were derived from Cox proportional hazards 

models, stratified by study centre and age at recruitment (5-year categories) and adjusted for 

potential confounders and risk factors listed in Supplementary Table 2. For cervical AC 

(n=37): HR=1.23 (0.58-2.06) and for other morphology in the cervix (non-SCC and non-AC) 

(n=41): HR=1.82 (0.92-3.63) (considered only in the main analyses and omitted from the plot 

to avoid the larger confidence intervals dominating the plot); * p<0.05, ** p<0.005. 
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Table 1 Baseline demographic, lifestyle and reproductive characteristics by 

hypertension and treatment status  

Characteristics  

(men and women) 

Total No 

hypertension 

Hypertension Untreated 

hypertension 

Treated 

hypertension 

Cohort size 307318 174179 133139 73714 37017 

Female 194727 (63.4) 117264 (67.3) 77463 (58.2) 41779 (56.7) 23736 (64.1) 

Age at recruitment, years 52.5 (9.9) 49.8 (9.8) 56.1 (8.7) 54.9 (8.6) 57.8 (7.6) 

Body Mass Index, kg/m2 25.8 (4.2) 24.8 (3.7) 27.1 (4.5) 26.7 (4.3) 28.2 (4.7) 

Alcohol intake, g/day 12.4 (17.1) 11.2 (15.2) 13.9 (19.2) 15.4 (20.2) 12.3 (18.0) 

Fruit consumption, g/day 230.6 (176.7) 235.2 (182.3) 224.6 (169.0) 226.3 (172.6) 230.9 (164.4) 

Vegetable consumption, g/day 200.9 (145.4) 205.0 (149.9) 195.6 (139.2) 190.9 (138.4) 195.9 (143.6) 

Red meat consumption, g/day 48.2 (36.3) 46.5 (35.7) 50.5 (37.0) 53.1 (37.7) 47.4 (34.0) 

Blood pressure, mmHg 

Systolic blood pressure 131.5 (19.7) 119.4 (10.9) 147.3 (17.4) 146.7 (15.9) 147.9 (20.0) 

Diastolic blood pressure 81.1 (10.9) 75.2 (7.5) 88.8 (9.8) 88.6 ( 9.1) 89.0 (10.6) 

Diabetes 

Self-reported diabetes 8588 (2.8) 2516 (1.4) 6072 (4.6) 2410 (3.3) 3067 (8.3) 
Missing information 30147 (9.8) 16247 (9.3) 13900 (10.4) 615 (0.8) 657 (1.8) 

Smoking status 
Never smoker 141931 (46.2) 80450 (46.2) 61481 (46.2) 33057 (44.8) 18603 (50.3) 

Former smoker 86314 (28.1) 45575 (26.2) 40739 (30.6) 21901 (29.7) 11154 (30.1) 
Current smoker (≤ 20 pack-years) 32226 (10.5) 21711 (12.5) 10515 (7.9) 6539 (8.9) 2716 (7.3) 

Current smoker (> 20 pack-years) 34907 (11.4) 19428 (11.2) 15479 (11.6) 9777 (13.3) 3655 (9.9) 
Missing information 11940 ( 3.9) 7015 (4.0) 4925 (3.7) 2440 (3.3) 889 (2.4) 

Physical activity 
Inactive 67194 (21.9) 32680 (18.8) 34514 (25.9) 16013 (21.7) 11191 (30.2) 

Moderately inactive 100295 (32.6) 57476 (33.0) 42819 (32.2) 23828 (32.3) 12268 (33.1) 
Moderately active 70977 (23.1) 42530 (24.4) 28447 (21.4) 16954 (23.0) 7300 (19.7) 

Active 62152 (20.2) 36956 (21.2) 25196 (18.9) 15696 (21.3) 6021 (16.3) 

Missing information 6700 ( 2.2) 4537 (2.6) 2163 (1.6) 1223 (1.7) 237 (0.6) 

Education 

None 9377 ( 3.1) 3478 (2.0) 5899 (4.4) 2863 (3.9) 2973 (8.0) 
Primary school completed 90254 (29.4) 43392 (24.9) 46862 (35.2) 25274 (34.3) 14288 (38.6) 

Technical/professional school 77398 (25.2) 43025 (24.7) 34373 (25.8) 18676 (25.3) 9033 (24.4) 
Secondary school 53830 (17.5) 35179 (20.2) 18651 (14.0) 11377 (15.4) 4730 (12.8) 

Longer education (inc. University) 67606 (22.0) 43999 (25.3) 23607 (17.7) 14246 (19.3) 5875 (15.9) 
Missing information 8853 ( 2.9) 5106 (2.9) 3747 (2.8) 1278 (1.7) 118 (0.3) 

Age at first menstrual period * 
< 12 years 27085 (13.9) 16544 (14.1) 10541 (13.6) 5521 (13.2) 3116 (13.1) 

>=12 and < 15 years 125828 (64.6) 76353 (65.1) 49475 (63.9) 27400 (65.6) 15450 (65.1) 
>= 15 years 32391 (16.6) 17996 (15.3) 14395 (18.6) 7842 (18.8) 4618 (19.5) 

Missing information 9423 ( 4.8) 6371 (5.4) 3052 (3.9) 1016 (2.4) 552 (2.3) 

Age at first full term pregnancy* 
≤ 21 years 36839 (18.9) 20636 (17.6) 16203 (20.9) 8514 (20.4) 5607 (23.6) 

> 21 and ≤ 30 years 106230 (54.6) 62619 (53.4) 43611 (56.3) 23884 (57.2) 13515 (56.9) 
≥ 30 years 15709 ( 8.1) 9715 (8.3) 5994 (7.7) 3391 (8.1) 1689 (7.1) 

Missing information 35949 (18.5) 24294 (20.7) 11655 (15.0) 5990 (14.3) 2925 (12.3) 

Full-term pregnancies * 

None 25571 (13.1) 16963 (14.5) 8608 (11.1) 4966 (11.9) 2397 (10.1) 
One 28796 (14.8) 17156 (14.6) 11640 (15.0) 6350 (15.2) 3656 (15.4) 

Two 75357 (38.7) 45696 (39.0) 29661 (38.3) 16246 (38.9) 9280 (39.1) 
Three 33031 (17.0) 18740 (16.0) 14291 (18.4) 7483 (17.9) 4664 (19.6) 

Four or more 14897 ( 7.7) 7360 (6.3) 7537 (9.7) 3601 (8.6) 2832 (11.9) 
Missing information 17075 ( 8.8) 11349 (9.7) 5726 (7.4) 3133 (7.5) 907 (3.8) 

Menopausal status * 
Pre-menopausal 58190 (29.9) 45853 (39.1) 12337 (15.9) 7856 (18.8) 2450 (10.3) 

Post-menopausal 96806 (49.7) 46876 (40.0) 49930 (64.5) 25486 (61.0) 16640 (70.1) 
Peri-menopausal or unknown 33371 (17.1) 21490 (18.3) 11881 (15.3) 6918 (16.6) 3292 (13.9) 

Surgical post-menopausal 6360 ( 3.3) 3045 (2.6) 3315 (4.3) 1519 (3.6) 1354 (5.7) 

Continues on next page 
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Table 1 (continued) 

Reproductive characteristics 

(women) 

Total No 

hypertension 

Hypertension Untreated 

hypertension 

Treated 

hypertension 

Age at menopause * 

< 40 years 4301 ( 2.2) 2106 (1.8) 2195 (2.8) 1067 (2.6) 769 (3.2) 
≥ 40 and ≤ 46 years 18912 ( 9.7) 9058 (7.7) 9854 (12.7) 4754 (11.4) 3650 (15.4) 

> 46 and ≤ 50 years 31996 (16.4) 15578 (13.3) 16418 (21.2) 8510 (20.4) 5579 (23.5) 
> 50 and ≤ 56 years 29427 (15.1) 13238 (11.3) 16189 (20.9) 8327 (19.9) 5619 (23.7) 

> 56 years 1997 ( 1.0) 753 (0.6) 1244 (1.6) 595 (1.4) 469 (2.0) 
Missing or not applicable 108094 (55.5) 76531 (65.3) 31563 (40.7) 18526 (44.3) 7650 (32.2) 

Oral contraceptive use * 
Never 82568 (42.4) 43393 (37.0) 39175 (50.6) 20706 (49.6) 12755 (53.7) 

Former 91622 (47.1) 58870 (50.2) 32752 (42.3) 18294 (43.8) 9916 (41.8) 
Current 10050 ( 5.2) 7434 (6.3) 2616 (3.4) 1829 (4.4) 594 (2.5) 

Missing information 10487 ( 5.4) 7567 (6.5) 2920 (3.8) 950 (2.3) 471 (2.0) 

Hormone replacement therapy * 
Never 129049 (66.3) 79952 (68.2) 49097 (63.4) 26920 (64.4) 14842 (62.5) 

Former 16259 ( 8.3) 8638 (7.4) 7621 (9.8) 3937 (9.4) 2598 (10.9) 
Current 30133 (15.5) 17724 (15.1) 12409 (16.0) 6596 (15.8) 3891 (16.4) 

Missing information 19286 ( 9.9) 10950 (9.3) 8336 (10.8) 4326 (10.4) 2405 (10.1) 

* Reproductive characteristics in women; Categorical variables: number of individuals

(percentage from total number in category (for reproductive factors in women only)); 

Continuous variables: mean (standard deviation). 



European Prospective Investigation into Cancer and Nutrition (EPIC) cohort 

(n= 521 324, ca= 60 230)

Recruitment: 1991 – 1999 (n=7 up to 2001) ; Follow-up: recruitment to 2013

Denmark, France, Germany, Greece, Italy, Netherlands, Norway, Spain, Sweden, United Kingdom

Prevalent cancer at recruitment (n= 25 184, ca= 3770)

Blood pressure measured after malignant cancer diagnosis or administrative censoring (n=631, ca=400)

Energy intake to estimated energy requirement ratio (top/bottom 1% of cohort) (n= 9573, ca= 1084)

Main analysis dataset 

(n= 307 318, ca= 39 298)

Lifestyle questionnaire not completed (n= 1277, ca= 104)

Dietary questionnaire not completed (n= 4982, ca= 811)

Blood pressure measurements missing (n= 168 211, ca= 14 761)

France (n= 47 600 (71%), ca= 3456 (73%)); Germany (n= 15 509 (32%), ca= 1708 (40%)); 

Norway (n=33 975 (all participants), ca=3032); Spain (n=33 709 (84%), ca=3556 (85%) including all participants 

from Asturias (n=8279, ca=791) and Navarra (n=7777, ca=987)); 

United Kingdom (n= 35 223 (47%), ca= 2777 (32%)); Other countries (n= 2195 (1%), ca= 232 (0.8%))

≤ 53 years

n= 153 303

ca= 12 018

Age at recruitment

> 53 years

n= 154 015

ca= 27 280

Smoking status

n= 301 857

ca= 35 941

Ever 

smokers

n= 160 623

ca= 23 704

Antihypertensive 

treatment

No treatment

n= 227 336

ca= 26 864

Treated

n= 37 017

ca= 5 538

Sex

Men

n= 112 591

ca= 17 452

Women

n= 194 727 

ca= 21 846

Alcohol intake

≤ 12 g/day

n= 205 214

ca= 24 429

> 12 g/day

n= 102 104

ca= 14 869

First 2 years 

of follow-up

excluded Never 

smokers

n= 141 931

ca= 15 120

BMI

≤ 25 kg/m2

n= 146 326

ca= 17 441

> 25 kg/m2

n= 160 992

ca= 21 857

Date of diagnosis missing (n= 20) or follow-up time missing (n= 4128, ca= 2)
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Head and neck

Digestive system

Respiratory system

Urinary system

Reproductive system

Skin

Nervous and endocrine system

Hematopoietic system

Other

Any cancer (39298)

Head and neck (combined) (683)

Esophagus (387)

Stomach (738)

Colorectal (4625)

Liver and bile ducts (653)

Pancreas (990)

Lung (combined) (3229)

Kidney (758)
Renal pelvis and ureter (112)
Bladder (1192)

Prostate (5848)
Breast (female) (8154)

Ovary (1007)
Corpus uteri (1164)

Cervix uteri (223)

Anogenital (not cervix) (244)

Skin SCC (1399)
Melanoma (skin) (1617)

Brain and CNS (591)

Thyroid (420)

Leukemia (1308)

Lymphoma (all types) (1058)

Other location AC (406)
Other location or other morphology (2492)

^ Mouth and oropharynx (332)
^ Larynx (239)

^ Esophageal AC (176)
^ Esophageal SCC (149)

^ Gastric AC (403)

^ Colon (3003)
^ Rectum and rectosigmoid junction (1622)

^ HCC (191)
^ Gallbladder and  bile ducts (346)

^ Lung AC (1130)
^ Lung SCC (613)
^ Lung SmallCC (379)
^ Lung (other morphology) (1107)

^ Breast pre−menopausal (256)
^ Breast post−menopausal (4786)

^ Uterine AC (488)
^ Endometroid AC (546)

^ Cervix SCC (145)

^ Anogenital SCC (173)

^ Glioblastoma (297)

^ Multiple myeloma (475)

^ Non−Hodgkin lymphomas (882)

1.01 (1.01−1.02) **

1.08 (1.04−1.12) **
1.07 (1.01−1.13) *
1.12 (1.04−1.19) **

1.09 (1.03−1.15) **
1.04 (0.96−1.13)
1.16 (1.07−1.26) **
1.00 (0.96−1.05)
1.01 (0.95−1.06)
1.01 (0.99−1.03)
1.01 (0.99−1.03)
1.01 (0.98−1.04)
1.01 (0.97−1.05)
1.05 (0.97−1.14)
0.99 (0.93−1.05)
1.01 (0.98−1.05)

1.03 (1.01−1.05) **
1.02 (0.99−1.06)
0.99 (0.95−1.03)
1.04 (0.99−1.10)
1.06 (1.02−1.09) **

1.12 (1.08−1.16) **
1.05 (0.95−1.16)
1.01 (0.98−1.05)

0.99 (0.98−1.01)
1.03 (1.01−1.04) **
1.07 (0.97−1.18)
1.02 (1.01−1.04) **
0.99 (0.96−1.03)
1.04 (1.00−1.07) *
1.06 (1.01−1.12) *
1.00 (0.96−1.05)
0.99 (0.91−1.06)
0.91 (0.82−1.00)
0.98 (0.92−1.06)
1.02 (0.94−1.11)

1.01 (0.98−1.04)
1.01 (0.98−1.04)

1.00 (0.95−1.05)
0.97 (0.91−1.04)
1.02 (0.96−1.08)

0.99 (0.96−1.02)
0.99 (0.94−1.05)
0.97 (0.93−1.00) *
0.96 (0.92−0.99) *

1.08 (1.03−1.14) **
1.02 (0.99−1.04)

1.02 (1.01−1.03) **

1.09 (1.01−1.17) *
1.13 (1.02−1.25) *
1.11 (0.98−1.25)

1.15 (1.04−1.26) **
1.08 (0.94−1.24)
1.31 (1.13−1.51) **
1.06 (0.98−1.13)
1.05 (0.96−1.16)
1.04 (1.01−1.07) **
1.06 (1.02−1.10) **
1.01 (0.96−1.06)
0.98 (0.90−1.05)
0.92 (0.80−1.06)
1.01 (0.91−1.12)
1.01 (0.95−1.08)

1.00 (0.97−1.04)
0.98 (0.92−1.04)
0.97 (0.89−1.04)
0.99 (0.90−1.10)
1.05 (0.99−1.11)

1.22 (1.14−1.31) **
0.97 (0.81−1.17)
1.00 (0.95−1.06)

1.01 (0.99−1.04)
1.03 (1.01−1.06) **
1.06 (0.92−1.21)
1.04 (1.01−1.07) *
1.00 (0.94−1.06)
1.06 (1.00−1.12) *
1.11 (1.02−1.22) *
1.02 (0.93−1.10)
0.98 (0.86−1.12)
0.88 (0.74−1.05)
0.97 (0.86−1.11)
1.00 (0.86−1.16)

1.07 (1.02−1.13) *
1.00 (0.95−1.05)

0.97 (0.90−1.06)
0.96 (0.85−1.07)
1.03 (0.93−1.14)

0.97 (0.92−1.03)
1.01 (0.92−1.11)
0.96 (0.90−1.02)
0.95 (0.89−1.02)

1.03 (0.93−1.13)
1.02 (0.98−1.06)

Cancer type (cases) ^ subtype Systolic blood pressure (10 mmHg) Diastolic blood pressure (10 mmHg)

Hazard ratio 0.8 0.9 1.0 1.1 1.2 1.3 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
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Head and neck

Digestive system

Respiratory system

Urinary system

Reproductive system

Skin

Nervous and endocrine system

Hematopoietic system

Other

Any cancer (20374 / 18924 & 5538 / 10895)

Head and neck (combined) (382 / 301 & 106 / 212)

Esophagus (227 / 160 & 37 / 119)

Stomach (401 / 337 & 122 / 214)

Colorectal (2521 / 2104 & 678 / 1327)

Liver and bile ducts (390 / 263 & 129 / 200)

Pancreas (553 / 437 & 152 / 298)

Lung (combined) (1707 / 1522 & 409 / 970)

Kidney (465 / 293 & 159 / 217)
Renal pelvis and ureter (59 / 53 & 23 / 20)
Bladder (688 / 504 & 179 / 386)

Prostate (3376 / 2472 & 844 / 1839)
Breast (female) (3509 / 4645 & 1013 / 1918)

Ovary (453 / 554 & 112 / 241)
Corpus uteri (624 / 540 & 219 / 291)

Cervix uteri (87 / 136 & 28 / 42)

Anogenital (not cervix) (131 / 113 & 35 / 77)

Skin SCC (815 / 584 & 221 / 392)
Melanoma (skin) (771 / 846 & 197 / 426)

Brain and CNS (291 / 300 & 71 / 149)

Thyroid (161 / 259 & 57 / 88)

Leukemia (695 / 613 & 205 / 351)

Lymphoma (all types) (504 / 554 & 119 / 273)

Other location AC (238 / 168 & 53 / 147)
Other location or other morphology (1326 / 1166 & 370 / 698)

^ Mouth and oropharynx (180 / 152 & 42 / 109)
^ Larynx (142 / 97 & 50 / 66)

^ Esophageal AC (106 / 70 & 12 / 49)
^ Esophageal SCC (90 / 59 & 16 / 54)

^ Gastric AC (210 / 193 & 53 / 112)

^ Colon (1656 / 1347 & 457 / 862)
^ Rectum and rectosigmoid junction (865 / 757 & 221 / 465)

^ HCC (124 / 67 & 42 / 60)
^ Gallbladder and  bile ducts (196 / 150 & 60 / 103)

^ Lung AC (573 / 557 & 138 / 350)
^ Lung SCC (327 / 286 & 74 / 173)
^ Lung SmallCC (214 / 165 & 56 / 116)
^ Lung (other morphology) (593 / 514 & 141 / 331)

^ Breast pre−menopausal (36 / 220 & 5 / 18)
^ Breast post−menopausal (2517 / 2269 & 783 / 1316)

^ Uterine AC (274 / 214 & 93 / 132)
^ Endometroid AC (277 / 269 & 96 / 131)

^ Cervix SCC (51 / 94 & 17 / 25)

^ Anogenital SCC (93 / 80 & 23 / 56)

^ Glioblastoma (144 / 153 & 37 / 71)

^ Multiple myeloma (254 / 221 & 87 / 125)

^ Non−Hodgkin lymphomas (409 / 473 & 96 / 226)

1.03 (1.01−1.05) *

1.21 (1.03−1.42) *
1.15 (0.91−1.45)
1.37 (1.04−1.80) *

1.20 (0.97−1.49)
1.11 (0.80−1.52)
1.47 (1.04−2.09) *
0.94 (0.80−1.10)
0.83 (0.67−1.02)
1.00 (0.94−1.07)
1.02 (0.94−1.10)
0.97 (0.88−1.08)
1.09 (0.92−1.29)
1.18 (0.86−1.63)
1.07 (0.85−1.35)
1.11 (0.97−1.27)

1.04 (0.97−1.12)
1.04 (0.91−1.17)
0.95 (0.80−1.13)
1.25 (1.01−1.55) *
1.04 (0.91−1.17)

1.41 (1.21−1.65) **
0.93 (0.63−1.39)
1.02 (0.91−1.16)

1.01 (0.96−1.07)
1.03 (0.98−1.08)
0.91 (0.63−1.32)
1.06 (1.00−1.13) *
0.97 (0.85−1.11)
1.16 (1.02−1.32) *
1.21 (0.99−1.47)
1.11 (0.92−1.33)
0.91 (0.68−1.23)
0.71 (0.49−1.03)
1.12 (0.85−1.47)
1.17 (0.85−1.62)

1.09 (0.97−1.22)
1.00 (0.90−1.12)

0.97 (0.81−1.15)
0.92 (0.72−1.17)
1.04 (0.84−1.29)

1.01 (0.90−1.13)
0.98 (0.81−1.19)
0.84 (0.74−0.96) *
0.81 (0.70−0.93) **

1.30 (1.05−1.60) *
1.02 (0.94−1.11)

1.07 (1.04−1.11) **

1.34 (1.05−1.71) *
0.96 (0.66−1.39)
2.29 (1.55−3.38) **

0.84 (0.57−1.23)
0.58 (0.30−1.12)
0.86 (0.48−1.53)
1.06 (0.84−1.35)
1.05 (0.75−1.47)
1.00 (0.91−1.10)
1.00 (0.89−1.13)
1.00 (0.85−1.19)
1.12 (0.88−1.42)
1.19 (0.78−1.83)
1.02 (0.72−1.43)
0.98 (0.80−1.21)

0.98 (0.87−1.10)
0.92 (0.75−1.13)
1.06 (0.79−1.40)
1.17 (0.83−1.63)
0.93 (0.76−1.15)

1.43 (1.15−1.78) **
2.21 (1.18−4.12) *
0.97 (0.80−1.17)

1.08 (0.99−1.17)
1.03 (0.95−1.12)
           −
1.04 (0.95−1.15)
0.87 (0.69−1.11)
1.32 (1.09−1.58) **
1.22 (0.92−1.61)
1.27 (0.96−1.69)
1.30 (0.78−2.16)
1.33 (0.69−2.57)
0.85 (0.56−1.30)
0.81 (0.48−1.35)

1.45 (1.22−1.72) **
1.12 (0.94−1.34)

1.03 (0.76−1.38)
1.17 (0.77−1.77)
1.22 (0.85−1.75)

1.14 (0.95−1.37)
1.28 (0.96−1.71)
0.99 (0.79−1.24)
0.97 (0.76−1.25)

0.79 (0.57−1.09)
1.11 (0.97−1.26)

Cancer type (cases) ^ subtype Hypertension vs No hypertension Treated vs Untreated hypertension

Hazard ratio 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 2.5 3.0



Christakoudi & Kakourou et al. HT and CA in EPIC 

Novelty and Impact: 

Is there a link between high blood pressure and cancer? In this large, prospective study, the 

authors found that hypertension is indeed associated with a moderate increase in risk for 

several cancers, including renal, esophageal, head and neck, skin, colon, post-menopausal 

breast cancer, and uterine cancer. These results may potentially enhance screening and risk 

assessment. Further research may also identify shared mechanisms for both hypertension and 

cancer, such as inflammation, lipid peroxidation, etc. 




