Personality and the risk of cancer: a 16-year follow-up study of the GAZEL
cohort

Cédric Lemogne1234* , Silla M. Consoli 34, Béatrice Geoffroy-Perez 5, Mireille Coeur et-Pellicer 26, Hermann Nabi 26, Maria
Melchior 26, Frédéric Limosin 134, MarieZinsZG, Pierre Ducimetiéreze, Mar cel GoldbergZG, Sylvaine Cordier !

1 CPN, Centre de Psychiatrie et Neurosciences Université ParisV - Paris Descartes, Université Pierre et Marie Curie (UPMC) - Paris VI ,
INSERM : U894 , 2 ter Rue d'Alésia - 75014 PARIS, FR

2 CESP, Centre de Recherche en Epidémiologie et Santé des Populations INSERM : U1018 , Université Paris XI - Paris Sud , Hopital Paul
Brousse, Assistance Publique - Hépitaux de Paris (AP-HP) , 16 Avenue Paul Vaillant Couturier 94807 Villgjuif Cedex, France, FR

3 Service Universitaire de Psychiatrie de I'Adulte et du sujet agé Hopitaux Universitaires Paris-Ouest (HUPO) , Assistance Publique - H6
pitaux de Paris (AP-HP) , 4 Parvis Corentin-Celton 92130 Issy-les-Moulineaux, FR

4 Université ParisV - Paris Descartes Sorbonne Paris Cité - Faculté de Médecine , 12 Rue de I'Ecole de Médecine - 75270 Paris Cedex 06,
FR

5 Département Santé-Travail Institut de Veille Sanitaire , Hopital Saint-Maurice, 12 Rue du Val d'Osne 94415 Saint Maurice, FR

6 Epidemiologie Université de Versailles Saint-Quentin-en-Yvelines (UVSQ) , 55 Avenue de Paris 78000 Versailles, FR

7 Irset, Institut de Recherche, Santé, Environnement et Travail INSERM : U1085 , Université de Rennes 1 , Ecole Nationale de la Santé
Publique , Université des Antilles et de la Guyane, Biosit , 263 Avenue Général Leclerc 35042 Rennes Cedex, FR

* Correspondence should be addressed to: Cédric Lemogne <cedric.lemogne@egp.aphp.fr >

Abstract
Objective

L arge-scale prospective studies do not support an association between neuroticism and extroversion with cancer incidence. However,
resear ch on other personality constructsis inconclusive. This longitudinal study examined the associations between four personality
measures, Type 1 “suppressed emotional expression,” Type 5 “rational/anti-emotional,” hostility and Type A with cancer incidence.

Methods

Per sonality measures were available for 13,768 members in the GAZEL cohort study (baseline assessment in 1993). Follow-up for
diagnoses of primary cancerswas obtained from January 1, 1994 to December 31, 2009. Associations between personality and cancer
incidence wer e evaluated using Cox proportional hazards analyses and adjusted for potential confounders.

Results

During a median follow-up of 16.0 years[range: 9 days-16 years], 1,139 participantsreceived at least one diagnosis of primary cancer.
The mean duration between baseline and cancer diagnosis was 9.3 years. Type 1 personality was associated with a decreased risk of
breast cancer [hazard ratio (HR) per standard deviation: 0.81, 95% confidence interval (Cl) = 0.68-0.97, p=.02]. Type 5 personality
was not associated with prostate, breast, colorectal or smoking-related cancers, but was associated with other cancers (HR per
standard deviation: 1.17, 95% CI = 1.04-1.31, p=.01). Hostility was associated with an increased risk of smoking-related cancers,
which was explained by smoking habits, and Type A was not associated with any of the cancer end-points.

Conclusions

Several personality measures were prospectively associated with the incidence of selected cancers. These links may warrant further
epidemiological studies and investigations about potential biobehavioral mechanisms.
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I ntroduction

Personality has long been hypothesized to predispose individuals to cancer initiation or progression. The early observation by Kissen
and Eysenck (1) that patients with lung cancer may show high levels of extroversion and low levels of neuroticism led to posit a “
cancer-prone” personality. However, well-designed large-scale prospective studies have convincingly dismissed thisinitial hypothesis (2-
6). According to the International Agency for Research on Cancer (7), excluding a risk factor as carcinogenic warrants 1) several
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methodologically sound studies that 2) are mutually consistent in not showing a positive association. Whereas these two criteria may be
considered as fulfilled as regards extroversion and neuroticism (8), most of studies that addressed other personality constructs had serious
methodological limitations: a retrospective or cross-sectional design, a focus on cancer mortality rather than cancer incidence, alack of
comprehensive adjustment on confounding variables, a short follow-up period or a relatively small sample size, resulting in insufficient
statistical power to analyze specific cancer sites. Overall, these studies have mostly produced negative results or mixed results at best (9-
12). The present study took advantage of the large-scale prospective French GAZEL cohort (13) to examine the association between
cancer incidence and four measures of personality.

Type 1 personality, characterized by suppressed emotional expression in the context of interpersonal relationships, and Type 5
personality, characterized by rational/anti-emotional tendencies, were proposed by Grossarth-Maticek and Eysenck (14) to account for the
early observation of a negative association between neuroticism and cancer (1). These two personality types were claimed to be associated
with poor stress coping strategies, resulting in high levels of cortisol and related immune deficiencies (14). Owing to serious
methodological and ethical issues, it was suggested that the early reports by these authors, supporting a strong link with cancer, should be
withdrawn from the literature (8, 15, 16), making these personality constructs unfashionable for psychosomatic research. As a
conseguence, the hypothesis of their association with cancer incidence remains to be properly tested, whereas these early, questionable
results still influence the results of recent impactful meta-analyses (16). The primary aim of the present study was to challenge these
results focusing on cancer incidence rather than mortality. Type 5 personality was found to predict poor survival among lung cancer
patients (17) but some prospective studies failed to find significant associations between other measures of rational/anti-emotional
tendencies and cancer incidence (18-21) or mortality (22). However, none specifically examined Type 5 personality and cancer incidence
and most well-designed studies considered only breast cancer (19, 21) or were underpowered to properly analyze specific cancer sites (18,
20). Finally, there is evidence linking related constructs such as alexithymia with deficiencies in cell-mediated immunity (23), suggesting
possible causal pathways between Type 5 and cancer onset.

Here, we examined the associations between cancer incidence and Type 1 and Type 5 personality measures in the GAZEL cohort
study, considering several main sites of cancer separately. In addition, we report exploratory analyses regarding two other personality
constructs more widely accepted in psychosomatic research: Type A behavior pattern and hostility. Statistical analyses specifically
addressed the potential role of several health behaviors, such as smoking habits, in mediating any association between personality and the
risk of cancer (11, 12).

Material and M ethods

Participants

Details of the GAZEL cohort study are available elsewhere (13). The target population consisted of 44,992 employees of the French
national gas and electricity company “Electricité de France-Gaz de France” (EDF-GDF): 31,411 men aged 40-50 and 13,511 women aged
35-50. The study protocol was approved by the French authority for data confidentiality (“Commission Nationale Informatique et Liberté”)
and by the Ethics Evaluation Committee of the “Institut National de la Santé et de la Recherche Médicale” (INSERM) (IRB0000388,
FWAO00005831). In 1989, 20,625 employees (45.8%) (15,011 men and 5,614 women) gave written informed consent to participate in the
GAZEL cohort study. Since then, participants were followed by means of an annual mailed questionnaire, as well as through
administrative databases. The 1993 questionnaire, which was mailed to the 20,488 alive cohort members, included the Personality-Stress
Inventory (PSI), the Buss and Durkee Hostility Inventory (BDHI) and the Bortner Type A Rating Scale (BTARS).

Per sonality measures

The PSI is a 70-item questionnaire with ‘true-false’ answers that aims to identify 6 personality types, each claimed to be specifically
associated with increased or decreased morbid risks (14). Five of the personality scales are measured by 10 items each (sum of the ‘true
responses), and one (Type 4) is measured by 20 items (sum of the ‘true’ responses, divided by 2). Six personality scores ranging from 0 to
10 are thus calculated. A pilot study in 1991 among a random sample of 408 male GAZEL cohort members examined the 3-month retest
reliability of the French version of the PSI (24). The 6 subscales of the PS| assess the following constructs: Type 1 = dependence on
withdrawing objects (i.e. either persons or situations), leading to suppressed emotional expression in the context of interpersonal
relationships; Type 2 = dependence on disturbing objects, leading to hostile thoughts and feelings; Type 3 = dependence on objects that are
both withdrawing and disturbing, leading to ambivalent behaviors oscillating between the positive and negative aspects of the objects;
Type 4 = autonomy and self-regulation; Type 5 = rational/anti-emotional tendencies; Type 6 = antisocial tendencies. Here, we focused on
Type 1 and Type 5 subscales for three main reasons: first, we aimed to limit multiple comparisons as much as possible; second, we
nonetheless aimed to challenge previous results linking Type 1 and Type 5 with cancer; third, a principal component analysis suggested
that Types 1, 2, 3 and, inversely, Type 4 may indeed relate to the same latent construct, whereas Types 5 and 6 may represent independent
constructs (25).
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Type 1 personality (Cronbach’s a = 0.61 in the GAZEL cohort, 3-month retest r coefficient = 0.65, p<.001), is close to the type C
personality proposed by Temoshok (26). It is characterized by a tendency to suppress negative emotions, especially anger, and to be
unassertive in order to seek harmony with others (e.g. “I often feel inhibited when it comes to openly showing negative feelings such as
hatred, aggression, or anger”). Type 1 correlates positively with emotion-oriented coping strategies, neuroticism and aexithymia, and
negatively with extraversion (27).

Type 5 personality (Cronbach’s a = 0.57 in the GAZEL cohort, 3-month retest r coefficient = 0.63, p<.001), once referred to as “
rational/anti-emotional”, shares a tendency to suppress emotion with Type 1 personality but also features non-emotional and rational
tendencies such as inhibited emotional reactions and lack of confidence in one’s own feelings (e.g. “I can only express feelings when they
have arational basis’). Type 5 correlates positively with task-oriented coping strategies and alexithymia, and negatively with psychoticism.
It does not correlate with neuroticism or extraversion (27).

Hostility was assessed with the French version of Buss and Durkee Hostility Inventory (BDHI) (24, 28). The BDHI is composed of 75
items with ‘true-false’ answers. It has eight subscales, seven of which are designed to measure different components of hostility: assault,
verbal aggression, indirect hostility, irritability, negativism, resentment, and suspicion. The sum of these seven sub-scales leads to a ‘total
hostility’ score with a high 3-month test-retest reliability (r = 0.87, p<.001) (24). In order to limit multiple comparisons, we focused on the
total hostility score (Cronbach’s a = 0.88 in the GAZEL cohort).

Although the 1991 pilot study (24) considered the Jenkins Activity Survey as index of Type A personality, the 1993 questionnaire
included the Bortner Type A Rating Scale (BTARS) (29). It consists of 14 items each comprising two statements with a graded scale
between the two statements (24-point scale in the original version, 6-point scale in the version adapted for the GAZEL cohort). Examples
of statements include ‘never late’ versus ‘casual about appointments. Importantly, the BTARS captures time urgency, job involvement,
hard driving, need for achievement, ambition and competitiveness, but not hostility. The sum of the 14 items yields a global score ranging
from 14 to 84 (Cronbach’s a = 0.64 in the GAZEL cohort). This scale was translated and validated for the French population against the
Friedman and Rosenman (30) structured interview for assessing Type A, agreement observed 71.5% (31).

Cancer cases

All participants were followed-up for diagnoses of primary cancers from January 1, 1994 to December 31, 2009. Diagnoses of primary
cancer came from two sources. Diagnoses during the period of employment came from a registry kept by the medical departments at
EDF-GDF and that has been validated for accuracy and completeness (32). Diagnoses after retirement came from the systematic validation
of each self-reported primary cancer through a diagnosis validation survey that began in 2009. Each annual questionnaire asked
participants to report whether or not they were hospitalized or diagnosed with severa diseases; including cancer. All participants who
self-reported a cancer at least once during the follow-up were contacted (if aive) to give consent for a detailed diagnostic investigation
with their physician.

In afirst set of analyses, we considered as cases all participants with a validated diagnosis as well as participants who reported a
diagnosis of primary cancer but who died from a cancer before the onset of the diagnosis validation survey. Living status and the date of
death were obtained annually for all participants from EDF-GDF itself as it pays out retirement benefits. Causes of death were available
from baseline (i.e. January 1, 1994) to December 31, 2009 and were coded by the French national cause-of-death registry (CépiDc,
INSERM) using the ICD 9" and 10t Revision.

We planned to examine the four most frequent types of cancer in France, separately: prostate cancer in men, breast cancer in women,
smoking-related cancers (i.e. cancer of the oral cavity and pharynx, esophagus, larynx, trachea, bronchi and lungs, and bladder) and
colorectal cancer (33). A fifth category encompassing al other sites was also examined. Non-melanoma skin cancers and in situ neoplasms
were not considered as cancer cases.

Covariates

Age, sex, and occupation grade (blue-collar workers or clerks, first-line supervisors or sales representatives, management) were
obtained from employer’s human resources files at baseline. Alcohol consumption, smoking, fruits and vegetables consumption (<1, 1-2,
>2 times per week), height, weight, physical activity (at least one time per week, occasionally, none) and perceived health status were
self-reported at baseline. Alcohol consumption, as drinks per week, was categorized as non-drinkers, occasional and moderate drinkers (1-
27 for men, 1-20 for women) or heavy drinkers (=28 for men, 221 for women). Smoking in the same period was categorized into 5 classes:
never-smokers, ex-smokers of fewer than 20 pack-years, current smokers of fewer than 20 pack-years, ex-smokers of more than 20
pack-years and current smokers of more than 20 pack-years. Body mass index (BMI) was calculated by dividing weight in kilograms by
height in meters squared and categorized as < 18.5, 18.5-24.9, 25-29.9 or =30 kg/m?. Perceived health status was reported with an 8-point
Likert scaleranging from 1 (‘very bad’) to 8 (‘very good).
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Statistical analyses

All statistical analyses were computed with PASW 18.0.0 software (SPSS Inc.). Personality scores had a normal distribution.
Coefficients of correlation and ANOVAs were computed to examine the relation of personality scores with continuous and discrete
covariates, respectively. The association of personality scores and covariates with cancer incidence was estimated with Hazard Ratios
(HR) and 95% confidence intervals (Cl) computed in Cox regressions. The follow-up ran from January 1, 1994 to the date of cancer
diagnosis, death, refusal to receive further questionnaire, or December 31, 2009, whichever occurred first. For participants who reported a
diagnosis of cancer after retirement, but who died from a cancer before the onset of the diagnosis validation survey, the estimated date of
diagnosis was the date of the first self-report minus 180 days (i.e. the mean interval between two annual questionnaires). Discrete
covariates were considered as nominal variables. Each personality score was considered as a continuous variable as we did not have a
priori hypotheses to posit a more sophisticated relationship than alinear one.

To test the hypothesis that some personality features might increase the risk of cancer through their influence on health behaviors (e.g.
smoking habits), unadjusted analyses and two multivariate models were computed. Model 1 was adjusted for all covariates except for
health behaviors, whereas model 2 was further adjusted for health behaviors (i.e. acohol consumption, smoking, fruits and vegetables
consumption and physical activity). Whenever a personality measure was significantly associated with cancer in model 1, the contribution

of health behaviors to this association was appreciated by the percentage of change in the HR from model 1 to model 2, calculated with the
fO”OWing formula: 100 = l:HR'm-::cb:'I 2 _HR'lu-::-:L:'I I) Jll a_IR'm-::-:h'I 17 1)

Model 2aincluded all the cancer cases for which we had a date of diagnosis (see above). In sensitivity analyses, we also considered
two additional models. In model 2b, which aimed at optimizing the diagnosis sensitivity, all the participants who died from a cancer were
considered as cases, including those who did not report a diagnosis of cancer during the follow-up. The estimated date of diagnosis was the
date of death minus 886 days (i.e. the mean survival time among participants with an ascertained date of diagnosis and who subsequently
died from a cancer). In model 2c, which aimed at optimizing the diagnosis specificity, only participants with a validated diagnosis of
cancer were considered as cases, excluding participants who reported a cancer during the follow-up but died from a cancer before the
diagnosis validation survey.

Results

All personality scores (i.e. Type 1, Type 5, hostility and Type A) were available for 14,522 GAZEL cohort members (70.8%).
Compared with non responders, responders were more likely to be male, older, to have a higher occupational grades, to eat fruits and
vegetables more than twice a week and to have physical activity at least once a week, and were less likely to be heavy or non drinkers or
current smokers and to have extreme BMI (all p<.05).

Among the responders, 754 (5.2%) were excluded from this study: 18 died and one asked to receive no further questionnaire before the
beginning of the follow-up (i.e. January 1, 1994); 203 had previously had a cancer diagnosis at baseline; 408 self-reported either a cancer
or an hospitalization for cancer but these cases were not confirmed owing to the following reasons: lack of written consent to participate in
the diagnosis validation survey (N=296 volunteers including 17 who died before the onset of the survey), death of the volunteer (N=7),
refusal to respond to the survey when contacted (N=2) or failure to contact the volunteer and his or her physician (N=103); 124 died from a
cancer without having reported a diagnosis of cancer or an hospitalization for cancer during the follow-up. These 124 individuals were
excluded from subsequent analyses to increase the specificity of cancer diagnoses, except in model 2b, which aimed at optimizing the
diagnosis sensitivity (see above). The study population included 13,768 participants whose characteristics are displayed in Table 1.

Associations between personality scores and discrete and continuous variables are displayed in Table 2 and 3, respectively.

During a median follow-up of 16.0 years [range: 9 days-16 years], 1139 (8.3%) participants (881 men, 258 women) received at least
one diagnosis of a primary cancer (other than nonmelanoma skin cancer), including 121 participants (103 men, 18 women) who
self-reported a cancer or a hospitalization for cancer during follow-up but died from a cancer before the diagnosis validation survey.
Among participants who received at least one diagnosis of a primary cancer, the mean duration of follow-up prior to the first cancer
diagnosis was 9.3 years. There were 413 prostate cancer cases among men, 146 breast cancer cases among women, 124 colorectal cancer
cases (106 men, 18 women), 137 smoking-related cancer cases (132 men, 5 women), and 352 cases of other cancers (256 men, 96
women). Among this residual category, the most frequent cancers were lymphoid and hematopoietic cancers (N=95), cancers of the
urinary organs (N=49), non colorectal digestive cancers (N=45) and melanomas (N=44). Associations between covariates and cancer
incidence in multivariate analyses are displayed in Table 4.

Associations between personality scores and cancer incidence are displayed in Table 5. Type 1 personality was not associated with an
increased risk of cancer, regardless of cancer site, and was even associated with a decreased risk of breast cancer in women. Type 5
personality score was associated with an increased risk of other cancers. Hostility was associated with an increased risk of smoking-related
cancers in model 1, but no longer in model 2a (HR change: -56%). Indeed, this association was no longer significant when further
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adjusting model 1 with smoking only (HR for one standard deviation: 1.14, 95% Cl: 0.96-1.35, p=.13, HR change: -38%). Type A was not
associated with the risk of cancer, regardless of cancer site. Including participants who died from a cancer without having reported a
cancer during the follow-up (model 2b) or excluding those who reported a cancer during the follow-up but died from a cancer before the
diagnosis validation survey (model 2c) yielded similar results. There was no interaction between gender and Type 5 personality as regards
its association with other cancers (Wald's statistic = 0.717, degree of freedom = 1, p=.40).

Some post hoc analyses were a so performed.

To examine a potential dose-response relationship between Type 1 and the risk of breast cancer, and between Type 5 and the risk of
other cancers, we divided these personality scores into quartiles. As regards Type 5 personality, we found that the highest quartile (versus
the lowest) was significantly associated with an increased risk of other cancers, with intermediate HR for the second and third quartiles
(Table 6). Asregards Type 1 personality, we did not find evidence for a clear dose-response relationship, the lowest HR being associated
with the third quartile, with intermediate HR for the second and the fourth quartiles (Table 6).

To examine whether Type 1 and Type 5 were associated with biases in reporting diseases, we examined the correlations between the
total number of diseases reported by each participant in the 1993 questionnaire and these personality scores. It was positively associated
with Type 1 personality (r = 0.129, p<.001) and negatively associated with Type 5 personality (r = -0.055, p<.001), suggesting that Type 1
was not associated with under-reporting diseases and that Type 5 personality was not associated with over-reporting diseases.

To examine the validity and the independence of Type 1 and Type 5 measures, we performed a principal component analysis over the
20 items of the two personality subscales. The Kaiser-Meyer-Olkin measure of sampling adequacy was 0.78 and the Bartlett’s test of
sphericity was significant (x 2=28124.742, df=190, p<.001). As expected, the scree test was clearly consistent with a two-factor solution.
After varimax rotation, all except two items of the Type 1 subscale were selectively loading on the first factor and all except two items of
the Type 5 subscale were selectively loading on the second factor. Computing the two personality scores without these items yielded
slightly higher alpha coefficients for both Type 1 (Cronbach’s a = 0.63) and Type 5 (Cronbach’s a = 0.58). Type 1 was still associated with
adecreased risk of breast cancer (HR for one standard deviation: 0.83, 95% Cl: 0.69-1.00, p=.047) and Type 5 was still associated with an
increased risk of other cancers (HR for one standard deviation: 1.19, 95% CI: 1.06-1.34, p=.004).

Discussion

To our knowledge, thisis the first large-scale prospective study to examine the association between the PS| personality types and the
incidence of cancer. Adjusting for an extensive set of covariates, we found no evidence for an association between Type 1 personality and
an increased risk of cancer, regardless of cancer site. Type 1 personality was indeed associated with a decreased risk of breast cancer. This
association remained significant in sensitivity analyses but there was no evidence for a clear dose-response relationship. Type 5
personality, which is characterized by rational/anti-emotional tendencies, was associated with an increased risk of other cancers. Post hoc
analyses with a quartile approach suggested a dose-response relationship. Type 5 personality, however, was not associated with the risk of
breast, prostate, colorectal or smoking-related cancers. In addition, there was a positive association between hostility and the risk of
smoking-related cancers, which was explained by smoking habits. Finally, Type A personality was not associated with the risk of cancer,
regardless of cancer site.

Strengths of the present study include its large sample size, the long duration of follow-up (i.e. 15.2 years on average), the wide set of
covariates, the study of different cancer sites and the study of cancer incidence rather than mortality. Cancer diagnoses were carefully
ascertained and validated and sensitivity analyses yielded similar results. Our data are consistent with known associations for established
risk factors such as age, alcohol consumption and smoking, as well as for social and demographic variables and protective factors (33).
They are also consistent with the lack of association between rational/anti-emotional tendencies and the incidence of breast cancer (19,
21). In comparison with previous studies that failed to find significant associations between other measures of rational/anti-emotional
tendencies and cancer incidence (18, 20), the present study had more statistical power owing to afive to ten-fold greater number of events.
Indeed, one of these studies found a positive association between control of depressive feelings and cancer mortality, with a similar trend
for cancer incidence (20).

Severa limitations should nevertheless be acknowledged. Although most of the cancer cases were thoroughly ascertained and
validated, thus making false positives unlikely, there may have been false negatives for cancer cases that were diagnosed after retirement.
Indeed, 124 individuals died from a cancer without having self-reported a diagnosis of cancer or a hospitalization for cancer during the
follow-up. Severa of them died from a cancer with poor prognosis (e.g. lung cancer) and the lack of self-reported cancer incidence data
may be due to the short time period between diagnosis and death. However, including these participants in the analysis yielded similar
results. Owing to the possibility of false negatives, our results may partially result from reporting biases. For instance, the tendency to
report cancer or to engage in screening procedures could have been lower in Type 1 and higher in Type 5. Theses hypotheses are,
however, unlikely. First, the number of self-reported diseases tended to be positively associated with Type 1 and negatively with Type 5.

Second, Type 1 and Type 5 were not associated with an increased risk of prostate cancer diagnosis, which may capture both real incidence
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and excessive screening based on the prostate specific antigen, or with colorectal cancer, for which routine screening is recommended for
everyone over 50 yearsin France (33).

Since our study is observational, our findings should be interpreted with caution. For instance, our results might have been partially
confounded by some unmeasured variables, such as genetic factors or early socioeconomic adversity, or mediated by unmeasured health
behaviors, such as adherence to medical recommendations or preventive measures. For instance, the inverse association between Type 1
and the risk of breast cancer may have been partialy explained by some specific risk factors such as exposure to estrogen, history of
full-term pregnancies or breastfeeding. As regards potential mediators, personality factors have been found to be associated with
behavioral risk factors such as smoking status or acohol consumption. In the present study, the association of hostility with the incidence
of smoking-related cancers vanished after adjustment for health behaviors, as did similar trends regarding Type 1 and Type 5. Such
findings could be of some relevance for cancer prevention. For instance, smoking cessation programs may benefit from taking into account
the potential role of smoking in coping with hostile thoughts and feelings. Given the considerable role of smoking as arisk factor, one may
argue that residua confounding due to inadequate adjustment may account for previous findings linking personality with smoking-related
cancers (10). It is thus noteworthy that smoking-related cancers were not included in the other sites category, which was significantly
associated with Type 5 personality. Likewise, although Type 5 personality appeared to be connected with acohol consumption, the risk of
cancers at other sites was not. However, the measure of some health behaviors, such as diet or physical exercise, may have been too crude
to rule out residual confounding.

Our results may also have been confounded by shared biological processes. For instance, immune and inflammatory processes that are
involved in cancer onset and progression may aso influence psychological processes that are eventually captured by personality measures
(34-36). Direct evidence linking personality with cancer risk through immune mechanisms is sparse in humans (37, 38). However, the
activity of some brain regions involved in the neural underpinnings of personality, such as the medial prefrontal cortex (39), has been
found to mediate the bi-directional relationships between immune and psychological processes among healthy subjects (40, 41). Immune
processes may therefore shape both cancer vulnerability and some aspects of personality, potentially accounting for the present results
without any causal link between personality and cancer. Since combined analyses across cancer sites may blur associations, site-specific
analyses are needed. Further studies may look for a specific association between Type 5 personality and cancer sites for which immune
mechanisms are central, such as those associated with viral infection (e.g. B-cell lymphomas or cervical cancers) (34) or those in which
immune therapy have proven efficacy (e.g. malignant melanomas, kidney cancers) (42). Interestingly, most of theses cancers were
included into the “other sites’ category, suggesting promising research avenues for future studies with a greater number of incident cases of
these cancers. Our study was indeed underpowered to further test this hypothesis, as aresult of the rather young age of study participants at
the end of the follow-up.

Other limitations should be considered. First, although the GAZEL cohort covers al regions of France, various areas ranging from
small villages to large cities and a wide range of socioeconomic status and occupations, it is not representative of the general population as
it includes only middle-aged working individuals with employment security and excluded certain categories of the population (e.g.
agricultural workers, self-employed, foreigners) (13). Furthermore, cancer incidence among the employees of the French national gas and
electricity company was found to be lower in those who participated in the GAZEL Cohort Study than in those who did not (43). Although
we believe that this selection is unlikely to have systematically biased our results, we cannot formally rule out this hypothesis. Third, Type
1 and Type 5 personality measures had low internal consistency and 3-month retest coefficients and Type A personality measure also had a
low internal consistency. Poor measurement of these personality constructs might have contributed to the generally null pattern of results
observed. Fourth, owing to the number of statistical tests performed, we cannot rule out a role of chance in our results. This might
especially apply to the unexpected association between Type 1 and a reduced risk of breast cancer, as it did not demonstrate a clear
dose-response relationship.

Although there is strong evidence to dismiss the relationships between general personality constructs and cancer risk (8), several
personality constructs have not been properly tested yet. To our knowledge, our study is the first that examined the association between
cancer incidence and the personality types posited to be “cancer-prone’ by Grossarth-Maticek and Eysenck (14). Although one might have
expected negative results, especially given the serious concerns surrounding the early reports by these authors (15, 16), we found some
support for a link between rational/anti-emotional tendencies and the risk of at least some cancers. Should these findings be replicated,
further studies would be needed to explore the underlying mechanisms of this association, as potential prevention strategies should address
the processes through which psychological processes may be associated with cancer, rather than these processes per se (44).

Acknowledgements:

The authors thank the French national gas and electricity company “Electricité de France-Gaz de France” (EDF-GDF), especially the “Service
Général de Meédecine de Controle’, and the “Caisse centrale d’action sociale du personnel des industries ¢lectrique et gaziére’. The GAZEL
Cohort Study was funded by EDF-GDF and INSERM, and received grants from the “Cohortes Santé TGIR Program”, “Agence nationale de la
recherche” (ANR) and “Agence frangaise de sécurité sanitaire de I'environnement et du travail” (AFSSET). The personality data collection

Page 6/15
Psychosom Med . Author manuscript



Personality and therisk of cancer

was funded by the “Caisse Nationale d’Assurance Maladie” and by the “Ligue Nationale contre le Cancer”. The present study was funded by
the IReSP, the “Fondation d’entreprise du Groupe Pasteur Mutualité” and the “Sociétée Mutualiste des Médecins du département de Paris’. We
also wish to acknowledge the “Cohortes’ team of the Unit INSERM 1018-Versailles St-Quentin University responsible for the GAZEL data
base management.

Footnotes:

None of the authors have conflicts of interest to report. CL has accepted paid speaking engagements in industry-sponsored symposia from
Astra Zeneca, Euthérapie, Lundbeck, Pierre Fabre and Pfizer. SMC has accepted paid speaking engagements in industry-sponsored symposia
from Astra Zeneca, Euthérapie, Lilly, Lundbek, Merck Sharp Dohme and Pfizer.

Acronyms

BMI : Body Mass Index

Cl : Confidence Interval

EDF-GDF : “Electricité de France-Gaz de France”

HR : Hazard Ratio

PS| : Personality Stress Inventory

SD : Standard Deviation

References:

® 1. Kissen DM , Eysenck HJ. Personality in male lung cancer patients . J Psychosom Res. 1962 ; 6: 123 - 7

® 2. Schapiro IR, Ross-Petersen L , Saelan H , Garde K , Olsen JH , Johansen C . Extroversion and neuroticism and the associated risk of cancer: a Danish cohort study . Am J
Epidemiol . 2001 ; 153 : 757 - 63

® 3. LillbergK , Verkasalo PK , Kaprio J, HeleniusH , Koskenvuo M . Persondlity characteristics and the risk of breast cancer: a prospective cohort study . Int J Cancer . 2002 ;
100: 361- 6

® 4 . NakayaN , Tsubono Y , Hosokawa T , Nishino Y , Ohkubo T , Hozawa A , ShibuyaD , Fukudo S, Fukao A , Tsuji | , Hisamichi S. Personality and the risk of cancer . J
Natl Cancer Inst . 2003 ; 95: 799 - 805

® 5. Hansen PE, Floderus B , Frederiksen K , Johansen C . Personality traits, health behavior, and risk for cancer: a prospective study of Swedish twin court . Cancer . 2005 ;
103: 1082 - 91

® 6. NakayaN , Bidstrup PE , Saito-NakayaK , Frederiksen K , Koskenvuo M , Pukkala E , Kaprio J, Floderus B, Uchitomi Y , Johansen C . Personality traits and cancer risk
and survival based on Finnish and Swedish registry data. Am J Epidemiol . 2010 ; 172 : 377 - 85

® 7. International Agency for Research on Cancer (IARC) . Preamble to the IARC Monographs on the Evaluation of Carcinogenic Risks to Humans . Lyon IARC ; 2006 ;
http://monographs.iarc.fr/ENG/Preamble/CurrentPreamble.pdf

® 8. Ranchor AV , Sanderman R, Coyne JC . Invited commentary: personality as a causal factor in cancer risk and mortality--time to retire a hypothesis? . Am J Epidemiol .
2010; 172:386- 8

® 9. Butow PN, Hiller JE, Price MA , Thackway SV , Kricker A , Tennant CC . Epidemiological evidence for a relationship between life events, coping style, and personality
factorsin the development of breast cancer . J Psychosom Res. 2000 ; 49 : 169 - 81

® 10. Dalton SO, Boesen EH , Ross L , Schapiro IR, Johansen C . Mind and cancer: do psychological factors cause cancer? . Eur JCancer . 2002 ; 38 : 1313 - 23

® 11 . Garssen B . Psychological factors and cancer development: Evidence after 30 years of research . Clin Psychol Rev . 2004 ; 24 : 315 - 38

® 12.DeVriesAMM , Forni V , Voellinger R, Stiefel F. Alexithymiain Cancer Patients: Review of the Literature . Psychother Psychosom . 2012 ; 81: 79 - 86

® 13. Goldberg M , Leclerc A , Bonenfant S, Chastang JF, Schmaus A , Kaniewski N, Zins M . Cohort profile: the GAZEL Cohort Study . Int J Epidemiol . 2007 ; 36: 32 - 39

® 14 . Grossarth-Maticek R, Eysenck HJ . Personality, stress and disease: description and validation of anew inventory . Psychol Rep . 1990 ; 66 : 355 - 73

® 15. van der Ploeg HM . What awonderful world it would be: areanalysis of some work of Grossarth-Maticek . Psychol Inq. 1991; 2:280-5

® 16 . Coyne JC, Ranchor AV , Palmer SC . Meta-analysis of stress-related factorsin cancer . Nat Rev Clin Oncol . 2010;7:1- 2

® 17 . Nagano J, Ichinose Y , Asoh H , Ikeda J, Ohshima A , Sudo N , Kubo C . A prospective Japanese study of the association between personality and the progression of
lung cancer . Intern Med . 2006 ; 45 : 57 - 63

® 18. Persky VW , Kempthorne-Rawson J, Shekelle RB . Personality and risk of cancer: 20-year follow-up of the Western Electric Study . Psychosom Med . 1987 ; 49 : 435 -
49

® 19. Hahn RC, Petitti DB . Minnesota Multiphasic Personality Inventory-rated depression and the incidence of breast cancer . Cancer . 1988 ; 61: 845- 8

® 20 . Tijhuis MAR , Elshout JRAF , Feskens EJM , Janssen M , Kromhout D . Prospective investigation of emotional control and cancer risk in men (the Zutphen Elderly
Study) (The Netherlands) . Cancer Causes Control . 2000 ; 11 : 589 - 95

® 21 . Bleiker EM , Hendriks JH , Otten JD , Verbeek AL , van der Ploeg HM . Personality factors and breast cancer risk: a 13-year follow-up . JNatl Cancer Inst . 2008 ; 100 :
213-18

® 22 . HirokawaK , Nagata C , TakatsukaN , Shimizu H . The relationships of arationality/antiemotionality personality scale to mortalities of cancer and cardiovascular disease
in acommunity population in Japan . J Psychosom Res . 2004 ; 56 : 103 - 11

® 23 . Guilbaud O, Corcos M , Hjalmarsson L , Loas G , Jeammet P . |s there a psychoneuroimmunological pathway between alexithymia and immunity? Immune and
physiological correlates of alexithymia. Biomed Pharmacother . 2003 ; 57 : 292 - 5

® 24 . Consoli SM , Cordier S, Ducimetiére P . Validation of a personality questionnaire designed for defining subgroups at risk for ischemic cardiopathy or cancer in the
GAZEL cohort . Rev Epidemiol Sante Publique. 1993 ; 41: 315 - 26

® 25. Amelang M . Using personality variablesto predict cancer and heart disease . Eur JPers. 1997 ; 11: 319 - 42

® 26 . Temoshok L . Personality, coping style, emotion and cancer: toward an integrative model . Cancer Surv . 1987 ; 6 : 545 - 67

® 27 . Schmitz P. Personality, stress-reactions and disease . Pers Ind Diff . 1992 ; 13 : 683 - 91

® 28. BussAH , Durkee A . Aninventory for assessing different kinds of hostility . J Consult Psychol . 1957 ; 21: 343 - 9

® 29. Bortner RW . A short rating scale as a potential measure of pattern A behavior . J Chronic Dis. 1969 ; 22: 87 - 91

® 30 . Friedman M , Rosenman RH . Association of specific overt behavior pattern with blood and cardiovascular findings; blood cholesterol level, blood clotting time, incidence
of arcus senilis, and clinical coronary artery disease . JAMA . 1959 ; 169 : 1286 - 96

® 31. The Belgian-French Pooling Project . Assessment of type A behavior by the Bortner Scale and ischaemic heart disease . Eur Heart J. 1984 ; 5: 440 - 6

® 32. Chevalier A, Goldberg M , Godard C , Guénel P, Callet B, Antonini B, Medard A , Coing F . Cancer incidence among active male workers at Electricite de France-Gaz
de France . Rev Epidemiol Sante Publique. 1996 ; 44 : 25 - 36

® 33. Institut National du Cancer (INCa) . Lasituation du cancer en France en 2011 . Collection Rapports & synthéses . Boulogne-Billancourt INCa; 2011 ;

® 34 . Antoni MH , Lutgendorf SK , Cole SW , Dhabhar FS, Sephton SE , McDonald PG, Stefanek M , Sood AK . The influence of bio-behavioural factors on tumour biology:
pathways and mechanisms . Nat Rev Cancer . 2006 ; 6 : 240 - 8

Page 7/15
Psychosom Med . Author manuscript



Personality and therisk of cancer

® 35 . Reyes-Gibby CC, Wu X , Spitz M , Kurzrock R , Fisch M , Bruera E , Shete S . Molecular epidemiology, cancer-related symptoms, and cytokines pathway . Lancet
Oncol . 2008 ; 9: 777 - 85

® 36 . Honkalampi K , Lehto SM , Koivumaa-Honkanen H , Hintikka J, Niskanen L , Vakonen-Korhonen M , Viinaméaki H . Alexithymia and tissue inflammation . Psychother
Psychosom . 2011 ; 80 : 359 - 64

® 37 . Todarello O, CasamassimaA , MarinaccioM , LaPesaMW , Caradonnal , Valentino L , Marinaccio L . Alexithymia, immunity and cervical intragpithelial neoplasia: a
pilot study . Psychother Psychosom . 1994 ; 61 : 199 - 204

® 38 . Todarello O, Casamassima A , Daniele S, Marinaccio M , Fanciullo F, Valentino L , Tedesco N , Wiesel S, Simone G , Marinaccio L . Alexithymia, immunity and
cervical intraepithelial neoplasia: replication . Psychother Psychosom . 1997 ; 66 : 208 - 13

® 39. Lemogne C, Gorwood P, Bergouignan L , Pélissolo A , Lehéricy S, Fossati P . Negative affectivity, self-referential processing, and the cortical midline structures . Soc
Cogn Affect Neurosci . 2011 ; 6: 426 - 33

® 40 . Harrison NA , Brydon L , Walker C, Gray MA , Steptoe A , Critchley HD . Inflammation Causes Mood Changes Through Alterations in Subgenual Cingulate Activity
and Mesolimbic Connectivity . Biol Psychiatry . 2009 ; 66 : 407 - 14

® 41 . Slavich GM , Way BM , Eisenberger NI , Taylor SE . Neural sensitivity to social rejection is associated with inflammatory responses to social stress. Proc Natl Acad Sci
USA . 2010; 107 : 14817 - 22

® 42 . Kaufman HL . Vaccines for melanomaand renal cell carcinoma. Semin Oncol . 2012 ; 39 : 263 - 75

® 43 . Goldberg M , Chastang JF, Leclerc A , ZinsM , Bonenfant S, Buge! | , Kaniewski N, Schmaus A , Niedhammer | , Piciotti M , Chevalier A , Godard C , Imbernon E .
Socioeconomic, Demographic, Occupational, and Health Factors Associated with Participation in a Long-term Epidemiologic Survey: A Prospective Study of the French
GAZEL Cohort and Its Target Population . Am J Epidemiol . 2001 ; 154 : 373 - 84

® 44 ., Boesen EH , Johansen C . Impact of psychotherapy on cancer survival: time to move on? . Curr Opin Oncol . 2008 ; 20: 372- 7

Page 8/15
Psychosom Med . Author manuscript



Tablel
Characteristics of the participants.

Personality and the risk of cancer

MEN (N=10,136

WOMEN (N=3,632)

CONTINUOUSVARIABLES Mean (SD) Missing: N (%) M ean (SD) Missing: N (%)
Age (years) 485 (2.9) 0(0.0) 45.7 (4.2) 0(0.0)
Per ceived health status 5.7 (1.3 0(0.0) 55(1.3) 1(0.0)
CATEGORICAL VARIABLES N (%) Missing: N (%) N (%) Missing: N (%)
Occupational grade 5(0.0) 5(0.1)
Blue-collar workers, clerks 1092 (10.8) 787 (21.7)
First-line supervisors, sales representatives 5221 (51.5) 2452 (67.6)
Management 3818 (37.7) 388 (10.7)
Alcohol consumption 295 (2.9) 88 (2.4)
Non-drinkers 818 (8.3) 806 (22.7)
Occasional and moderate drinkers 7472 (75.9) 2596 (73.3)
Heavy drinkers 1551 (15.8) 142 (4.0)
Smoking 64 (0.6) 12 (0.3)
Never-smokers 3729 (37.0) 2450 (67.7)
Ex-smokers < 20 pack-years 2792 (27.7) 527 (14.6)
Ex-smokers = 20 pack-years 976 (9.7) 362 (10.0)
Current smokers < 20 pack-years 1399 (13.9) 97 (2.7)
Current smokers = 20 pack-years 1176 (11.7) 184 (5.1)
Fruits consumption 516 (5.1) 252 (6.9)
<1 x/week 733 (7.6) 197 (5.8)
1-2 x [ week 1367 (14.2) 316 (9.3)
> 2 x [ week 7520 (78.2) 2867 (84.8)
Vegetables consumption 586 (5.8) 269 (7.4)
<1 x/week 242 (2.5) 56 (1.7)
1-2 x [ week 3400 (35.6) 949 (28.2)
> 2 x [ week 5908 (61.9) 2358 (70.1)
BMI 38(0.4) 25(0.7)
<185 30(0.3) 139 (3.9)
18.5-24.99 4451 (44.1) 2700 (74.9)
25-29.99 4895 (48.5) 594 (16.5)

722 (7.1) 174 (4.8)
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230
Physical activity 592 (5.8) 308 (8.5)
> 1 x [ week 3493 (36.6) 1129 (34.0)
Occasionaly 3234 (33.9) 884 (26.6)
None 2817 (29.5) 1311 (39.4)
BMI: Body Mass Index; SD: Standard Deviation.
Table2
Associations between personality variables and discrete covariates.
Typel Type5 Hostility TypeA
Mean SD p Mean SD p Mean SD p Mean SD p
Gender <.001 <.001 <.001 <.001
Mae 3.7 21 6.3 19 28.2 10.0 52.8 7.7
Female 40 22 5.6 21 29.5 9.7 54.4 75
Occupational grade <0012 <0012 <.001 <0012
Blue-collar workers, clerks 4.1 2.2 6.0 1.9 30.5 104 51.8 7.9
First-line supervisors, sales representatives 38 21 6.1 20 29.1 10.0 52.9 7.7
Management 35 21 6.2 21 26.7 9.3 54.4 7.3
Alcohol consumption .03 0042 <.001 .005
Non-drinkers 39 21 6.0 2.0 28.4 104 53.3 7.9
Occasional and moderate drinkers 3.7 2.1 6.1 20 28.2 9.7 53.3 7.6
Heavy drinkers 38 21 6.2 2.0 30.0 104 52.6 7.7
Smoking <.001 .24 <.001 .04
Never-smokers 39 22 6.1 20 275 9.9 53.2 7.6
Ex-smokers < 20 pack-years 3.6 20 6.1 2.0 28.7 9.7 53.3 74
Ex-smokers = 20 pack-years 37 2.0 6.1 20 29.0 9.8 53.3 7.8
Current smokers < 20 pack-years 37 20 6.1 21 30.7 929 53.6 7.8
Current smokers = 20 pack-years 39 21 6.2 20 30.2 10.2 52.8 81
Fruits consumption 022 .32 <0012 .68
<1x/week 40 21 6.1 20 29.8 10.2 53.4 8.1
1-2 x [ week 38 21 6.1 2.0 29.1 10.1 53.1 75
> 2 x [ week 37 21 6.1 20 28.2 9.8 53.2 7.6
Vegetables consumption .045 .16 <.001 .99
<1x/week 41 22 6.2 21 31.2 104 53.3 85
1-2 x [ week 37 21 6.2 2.0 28.9 10.0 53.2 75
Page 10/15
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> 2 x [ week 38 21 6.1 2.0 28.2 9.8 53.2 7.7
BMI .001 <.001 <.001 .16
<185 4.2 25 5.7 21 29.1 9.3 535 8.0
18.5-24.99 38 21 6.1 2.0 28.1 9.9 53.3 7.6
25-29.99 37 21 6.2 2.0 28.8 10.0 53.2 1.7
230 3.9 21 6.1 2.0 30.0 10.1 52.7 8.0
Physical activity <.001 082 <.0012 12
> 1 x [/ week 3.6 21 6.1 2.0 28.0 9.8 53.0 75
Occasionally 37 21 6.1 20 284 9.7 534 75
None 4.0 22 6.2 2.0 29.0 10.3 53.2 8.0

BMI: Body Mass Index; SD: Standard Deviation.
ANOV As were computed to examine the relation of personality scores with continuous and discrete covariates.

@ p<.05 for linearity and p=.10 for deviation from linearity.

Table3
Pearson’s correl ation coefficients between personality variables and continuous variables.
Typel Type5 Hostility TypeA Age

(LR 0104
Hostility 0.001"" -0.006
Uypes ~0137"" ~0.071"™" 0309
Age 0.027" 0095 ~0.042"" ~0.074""
Per ceived health status —0.145"" 0.017" 0211 ~0.079™" 0.008
i p<.05;

p<.01;

p<.001.
Table4
Associations between cancer incidence and covariatesin multivariate analyses (Hazard Ratios and 95% confidence interval).
Prostate (men) Breast (women) Colorectal Smoking-related Other sites
N =368/ 8,877 N =125/ 3,094 N =114/11,973 N =113/11,968 N =301/11,973
Age 111" [1.07-1.15] 1.05 " [1.00-1.09] 1.08 " [1.02-1.15] U U8 1.04 " [1.00-1.07]
Gender
Mae - - 1.00 1.00 1.00
Female = = 0.62[0.35-1.11] 011™ [0.04-0.32] 1.21[0.89-1.65]
Occupational grade
Blue-collar workers, clerks 1.00 1.00 1.00 1.00 1.00
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First-line supervisors, sales representatives 156 T [0.98-2.49] 0.97[0.62-1.52] 1.1410.60-2.17] 059" [0.36-0.96] 0.99[0.69-1.43]
Management 217" [1.36-3.45] 1.20[0.64-2.25] 1.17[0.59-2.31] 040" [0.23-0.71] 1.35[0.91-2.00]
Alcohol consumption

Non-drinkers 1.00 1.00 1.00 1.00 1.00

Occasional and moderate drinkers 1.1910.78-1.80] 1.19[0.75-1.89] 1.5410.74-3.19] 0.99[0.52-1.88] 0.99[0.69-1.42]
Heavy drinkers 1.34[0.83-2.16] 239" [1.11-5.16] 1.38[0.57-3.33] 1.07[0.52-2.18] 1.05[0.65-1.68]
Smoking

Never-smokers 1.00 1.00 1.00 1.00 1.00
Ex-smokers < 20 pack-years 1.19[0.93-1.51] 0.97[0.57-1.64] 0.86 [0.54-1.37] 1.79[0.88-3.66] 0.84[0.62-1.14]
Ex-smokers = 20 pack-years 0.99 [0.68-1.44] 1.09[0.61-1.97] 0.70[0.33-1.47] o3t [0.97-5.52] 1.1410.78-1.67]
Current smokers < 20 pack-years 0.74[0.52-1.06] 0.84[0.26-2.67] 1.14[0.65-2.00] am™ [2.19-8.89] 1.00[0.68-1.48]
Current smokers = 20 pack-years 060" [0.39-0.93] 0.74[0.30-1.87] 0.65[0.30-1.40Q] 12337 [6.70-22.67] 0.93[0.61-1.42]
Fruits consumption

<1 x/week 1.00 1.00 1.00 1.00 1.00

1-2 x [ week 1.1810.73-1.90] 0.98[0.35-2.70] 1.14[0.50-2.60] 044" [0.23-0.87] 1.13[0.66-1.94]
> 2 x [ week 1.01[0.66-1.54] 1.29[0.56-2.97] 0.93[0.45-1.91] o62T [0.38-1.03] 1.01[0.63-1.62]
Vegetables consumption

<1 x/week 1.00 1.00 1.00 1.00 1.00

1-2 x [ week 0.72[0.39-1.30] 2.52[0.35-18.44] 029" [0.13-0.64] 1.45[0.45-4.7Q] 1.14[0.50-2.62]
> 2 x [ week 0.69 [0.38-1.25] 2.05[0.28-14.80] 032" [0.15-0.69] 1.22[0.38-3.96] 1.15[0.51-2.62]
BMI

<185 0.90[0.12-6.43] 1.00[0.37-2.75] 2.42[0.58-10.15] 2.76[0.64-11.78] 0.85[0.27-2.70]
18.5-24.99 1.00 1.00 1.00 1.00 1.00

25-29.99 0.91[0.74-1.13] 1.01[0.63-1.60] 1.080.73-1.60] 0.87[0.59-1.28] 0.96[0.75-1.23]
230 1.01[0.66-1.55] 0.32[0.08-1.32] 0.52[0.19-1.46) 026" [0.08-0.84] 1.00[0.61-1.62]
Physical activity

21 x [ week 076" [0.59-0.99] 0.92[0.60-1.39] 0.89[0.56-1.41] 058" [0.34-0.99] 1.09[0.82-1.46]
Occasionally 0.97[0.76-1.25] 0.82[0.52-1.29] 0.96 [0.60-1.52] 1.00[0.66-1.52] 1.15[0.86-1.53]
None 1.00 1.00 1.00 1.00 1.00

Per ceived health status 1.02[0.94-1.11] 0.98[0.86-1.13] 1.07[0.92-1.24) 0.94[0.82-1.08] 089" [0.81-0.97]
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BMI: Body Mass Index; N: number of events/ number of participants at risk.
Hazard ratios and 95% confidence interval were computed through Cox regressions.

t p<.10;
: p<.05;
- p<.01;
™ p<.001.
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Tableb
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Associations between cancer incidence and personality variables (Hazard ratio per standard deviation and 95% confidence interval).

All sites Prostate (men) Breast (women) Colorectal Smoking-related Other sites
Unadjusted N =1,139/ 13,767 N =413/10,134 N =146/ 3,631 N =124/ 13,767 N =137/ 13,759 N =352/ 13,767
Typel 1.01[0.96-1.07] 1.01[0.92-1.12] 0.86[0.74-1.01] 0.94[0.78-1.12] 1.17 [0.99-1.37] 1.01[0.91-1.12]
Type5 108" [L02-1.15] 1.01[0.92-1.12] 1.01[0.86-1.18] 1.07[0.90-1.28] 121" [1.02-1.44] 115" [1.04-1.28)
Hostility 1.05[0.99-1.11] 1.05[0.96-1.16] 0.91[0.77-1.08] 0.88[0.74-1.06] 129" [1.09-1.52] 1.07 [0.97-1.19]
Type A 1.00 [0.94-1.06] 1.03[0.94-1.14] 1.01[0.85-1.19] 0.91[0.77-1.09] 0.85[0.72-1.00] 1.09[0.98-1.21]
Model 1 N = 1,133/ 13,694 N =412/ 10,091 N =145/ 3,601 N =124/ 13,694 N =136/ 13,687 N = 348/ 13,694
Typel 1.00 [0.94-1.06] 1.03[0.93-1.13] 084" [0.71-0.99] 0.95[0.79-1.14] 1.15[0.97-1.36] 0.98[0.88-1.09]
Type5 106" [1.00-1.13] 1.00[0.91-1.11] 0.98[0.84-1.15] 1.02[0.85-1.22] 1.13[0.95-1.35] 116" [1.04-1.29]
Hostility 1.06 [0.99-1.12] 1.09[0.98-1.20] 0.92[0.77-1.09] 0.91[0.76-1.09] 123" [1.04-1.45] 1.06 [0.95-1.18]
Type A 1.00[0.95-1.07] 1.01[0.92-1.12] 1.03[0.87-1.21] 0.95[0.79-1.13] 0.92[0.78-1.09] 1.07 [0.96-1.20]
Model 2a N =995/11,973 N =368/ 8,877 N =125/ 3,094 N =114/11,973 N =113/ 11,968 N =301/11,973
Typel 0.97 [0.91-1.04 1.01[0.91-1.12] 081" [0.68-0.97] 0.90[0.74-1.09] 1.07 [0.88-1.29] 0.96 [0.86-1.08]
Type5 1.06 [0.99-1.13] 1.02[0.92-1.13] 0.96 [0.81-1.14] 1.05[0.87-1.26] 1.04[0.86-1.26] 117" [1.04-1.31]
Hostility 1.03[0.96-1.10] 1.08 [0.97-1.20] 0.90[0.75-1.09] 0.89[0.73-1.08] 1.10[0.91-1.33] 1.06 [0.94-1.19]
Type A 1.01[0.95-1.08] 1.02[0.92-1.13] 1.07[0.89-1.28] 0.92[0.76-1.11] 0.95[0.79-1.14] 1.08[0.96-1.21]
Model 2b N =1,055/12,033 N =369/ 8,923 N =127/3,108 N =118/ 12,033 N =133/ 12,028 N =334/12,033
Typel 0.96 [0.90-1.02] 1.01[0.91-1.12] 080" [0.67-0.96] 0.90[0.75-1.09] 0.99[0.83-1.18] 0.95[0.85-1.06]
Type5 1.05[0.98-1.11] 1.02[0.92-1.13] 0.96[0.81-1.13] 1.07 [0.89-1.29] 1.01[0.85-1.20] 112" [1.01-1.26]
Hostility 1.04[0.97-1.1Q] 1.08 [0.97-1.20] 0.89[0.74-1.08] 0.90[0.74-1.09] 1.11[0.94-1.32] 1.08 [0.96-1.20]
Type A 1.01[0.95-1.08] 1.02[0.92-1.14] 1.06 [0.88-1.27] 0.92[0.76-1.11] 1.00[0.85-1.18] 1.06 [0.95-1.19]
Model 2c N =887/ 11,865 N =360/ 8,785 N =122/ 3,078 N =95/11,865 N =79/11,860 N = 258/ 11,865
Typel 0.97 [0.91-1.04] 1.01[0.91-1.12] 081" [0.67-0.97] 0.91[0.74-1.12] 1.13[0.90-1.41] 0.93[0.82-1.05]
Type5 1.06 [0.99-1.13] 1.02[0.91-1.13] 0.97 [0.81-1.15] 1.11[0.90-1.37] 1.00[0.80-1.25] 118" [1.04-1.33]
Hostility 1.05[0.98-1.12] 1.08[0.97-1.21] 0.88[0.73-1.07] 0.89[0.72-1.10] 1.15[0.92-1.44] 1.11[0.98-1.26]
Type A 1.01[0.95-1.08] 1.02[0.92-1.14] 1.05[0.87-1.27] 0.91[0.74-1.11] 0.96 [0.77-1.20] 1.08[0.95-1.22]
N: number of events/ number of participants at risk.
Hazard ratios and 95% confidence interval were computed through Cox regressions.
p<.05;
p<.01.
Model 1 was adjusted for age, gender, occupational grade, BMI and perceived health status.
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Model 2a = model 1 further adjusted for health behaviors (i.e. acohol consumption, smoking, fruits and vegetables consumption and sport).
Model 2b = model 2aincluding participants who died from a cancer without having reported a cancer during the follow-up.
Model 2c = model 2a excluding participants who reported a cancer during the follow-up but died from a cancer before the diagnosis validation survey.

Table 6
Associations between Type 1 quartiles and breast cancers and between Type 5 quartiles and other cancers (Hazard Ratios and 95% confidence interval).
Type 1 and breast cancers (women) Type5 and other cancers

Model 1 Model 2a Model 1 Model 2a

N =145/ 3,601 N =125/ 3,094 N = 348/ 13,694 N =301/11,973
Quartile2vs. 1 0.68[0.43-1.09] 0.63[0.38-1.04] 1.20[0.83-1.74] 1.22[0.82-1.81]
Quartile3vs. 1 048" [0.29-0.80] 042" [0.24-0.73] 1.28[0.93-1.75] 1.25[0.89-1.75]
Quartile4vs. 1 0.64[0.38-1.06] 0.56 " [0.33-0.97] 1537 [1.11-2.12] 1517 [1.07-2.14]

N: number of events/ number of participants at risk.
Hazard ratios and 95% confidence interval were computed through Cox regressions.

. p<.05;

"~ p<.01.
Model 1 was adjusted for age, gender, occupational grade, BMI and perceived health status.
Model 2a = model 1 further adjusted for health behaviors (i.e. acohol consumption, smoking, fruits and vegetables consumption and sport).
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