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  Abstract
   Objective:  The study examined cross-sectional associations of personality with BMI and obe-
sity among men and women in a large late midlife community sample.  Methods:  The sample 
comprised 5,286 Danish individuals aged 49–63 years from the Copenhagen Ageing and 
Midlife Biobank (CAMB) with complete information on measured BMI, personality assessed 
by the NEO Five Factor Inventory (NEO FFI), and sociodemographic factors including sex, age 
and educational length. Analysis of variance and logistic regression models were used to in-
vestigate associations between personality and BMI as well as obesity. Personality traits were 
analyzed separately and combined in the same model.  Results:  All personality traits except 
for neuroticism were significantly associated with BMI, with extraversion (p value ranged from 
<0.001 to 0.012) and agreeableness (p value ranged from 0.001 to 0.002) being the most con-
sistent predictors of BMI among men and women, respectively. Furthermore, extraversion 
among men (high scores) (p = 0.016) and agreeableness among women (low scores) (p = 
0.026) were the only personality traits significantly associated with obesity when adjusting for 
duration of education.  Conclusion:  Personality was significantly associated with BMI and to 
a lesser extent with obesity, and these associations differed between men and women. Also, 
it was suggested that the interrelations of the five personality traits should be considered in 
future research of personality and health outcomes. 
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  Introduction

  Obesity defined as a BMI of  ≥ 30 kg/m 2  is a major public health problem associated with 
an elevated risk of developing a wide range of comorbidities such as type 2 diabetes, cardio-
vascular disease, and cancer  [1] . An alarming increase in the prevalence of obesity has been 
reported during the last decades with more than half a billion adults worldwide classified as 
obese in 2014  [2] . Furthermore, it has been estimated that 3.4 million individuals die of 
obesity-related causes each year  [3] . Today, more than 47% of the Danish adult population is 
overweight with a BMI  ≥  25 kg/m 2 , and more than 13% are categorized as obese. Furthermore, 
there is evidence that the prevalence of overweight and obesity peaks in midlife men and 
women aged 50–60 years  [4] .  

  While social, psychosocial, demographic, and genetic factors may be important determi-
nants of general trends in the prevalence of overweight and obesity, they may not necessarily 
explain all of the substantial individual differences in BMI and weight, which can be observed 
in most populations. Upstream factors such as personality traits describe individual differ-
ences in stable behavioral dispositions, and during the last decades there has been a growing 
interest in investigating the influence of personality on health and aging  [5] . This reflects the 
growing body of research suggesting that psychological characteristics and dispositions such 
as personality traits may affect health through individual factors including health-related 
behaviors and differences in the ability to cope with stressful experiences  [5] . For instance, 
disordered eating may reflect a way of regulating emotions  [6] , while self-discipline and moti-
vation is required to engage in regular physical activity  [7] . Thus, in addition to genetic, demo-
graphic, psychosocial and social factors, weight may be substantially influenced by individual 
psychological dispositions including typical ways of thinking, feeling, and behaving. Most 
current research considers such psychological dispositions as relatively stable across 
adulthood emphasizing the predicting role of personality for health  [8] . However, the relation 
is complex and may also involve inverse causality where health factors such as obesity may 
affect individual ways of experiencing and acting.

  During the last 25 years, the most widely used model of personality structure has been 
the big five model,  [9]  which includes five broad traits: neuroticism, extraversion, openness, 
agreeableness, and conscientiousness. Among these traits, the most studied personality 
dimension in health research is neuroticism, and there is robust evidence of associations 
between this personality dimension and a wide range of both mental and physical health 
problems including depression, anxiety, eating disorders, cardiovascular disease, and type 2 
diabetes  [10] . In addition, several studies have observed elevated scores of neuroticism in 
individuals with obesity from the general population  [8, 11, 12] , suggesting a positive asso-
ciation between neuroticism and BMI. In addition, both obese and underweight individuals 
tend to report more psychiatric symptoms than normal-weight individuals  [13] , indicating 
that these weight groups may score higher on neuroticism  [10] . A recent cross-sectional 
study  [12]  investigated associations of personality  [14]  and BMI in a diverse community 
sample of 5,150 individuals aged 18–91 years (mean age 45 years). They reported that high 
neuroticism was related to a higher BMI and risk of obesity while especially conscientiousness 
but also extraversion and openness appeared to be important protective factors. In general, 
correlations were stronger for women and older individuals, emphasizing the importance of 
studying the effect of personality on weight in the midlife and elderly population  [14] . 

  Some studies have suggested that the personality domain of conscientiousness, 
comprising sub-facets such as self-discipline and order, is a protective factor for overweight 
and obesity  [11, 12, 15, 16]  presumably reflecting more health-promoting behaviors of indi-
viduals high on conscientiousness  [17] . For instance, studies have reported that individuals 
high on conscientiousness are more physically active  [18]  and that they are less likely to 
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overeat  [19]  and to report disordered eating  [20]  than individuals low on this dimension. In 
fact, behavioral factors have been reported to account for 50% of the association of neurot-
icism with BMI and conscientiousness  [12] . Thus, health-related behaviors such as diet, 
physical activity, alcohol consumption, and smoking are important to include in investiga-
tions of personality and BMI as they to some extent may mediate the association of person-
ality with BMI.

  Evidence of associations between the three remaining personality traits – extraversion, 
openness and agreeableness – is less consistent. Some studies suggest that higher extra-
version is associated with a higher BMI  [8, 21] , while others have reported no association 
with BMI  [15, 22, 23] . Yet, some studies report a negative association between extraversion 
and BMI in women only  [12]  and others a positive association in men and no associations 
between this personality dimension and BMI in women  [16, 24] . Agreeableness has been both 
positively  [23]  and negatively  [24]  associated with BMI in men. Finally, some studies do not 
find significant associations between openness and BMI  [15, 23]  while others have reported 
that high openness score was related to lower BMI  [24] . 

  Although, a relatively large body of research has investigated the psychological corre-
lates of overweight and obesity, results are inconsistent, and the association of personality 
with weight status remains unclear. Thus, further research on the association of personality 
with BMI in community samples is highly needed especially in samples including individuals 
aged 50–60 years as the largest increase in the prevalence of overweight and obesity in 
Denmark has been observed in this age group  [25]  and there is some evidence that associa-
tions of personality with weight status are stronger in midlife and older individuals than in 
younger individuals  [12] . 

  Therefore, the current study aimed to investigate the association of personality with BMI 
and obesity in a large Danish community sample of midlife men and women. 

  Material and Methods 

  Study Sample
  This cross-sectional study is based on data from the Copenhagen Ageing and Midlife Biobank (CAMB). 

CAMB is a follow-up of members from three longitudinal cohorts  [26] , The Metropolit Study  [27] , The Copen-
hagen Perinatal Cohort  [28] , and The Danish Longitudinal Study on Work Unemployment and Health  [29] . 
More than 5,500 participants aged 49–63 years of mainly Danish ethnicity (98%) were assessed at this 
midlife follow-up resulting in a response rate of 30%. By design the sex distributions of the three cohorts 
included in the CAMB sample differ. Thus, the Copenhagen perinatal cohort and the Danish Longitudinal 
Study on Work Unemployment and Health cohort include both men and women, while the Metropolit study 
cohort consists of men only. 

  Of the 5,576 participants 5,417 had complete data on sex, age, and years of education. Information about 
personality was missing for 131 of these participants. Thus, the final study sample comprised 5,286 partici-
pants of which 3,613 are men and 1,673 are women.   

  Measures
  BMI
  Height and weight were measured at a clinical examination  [30] . BMI of the participants was calculated 

as weight (kg) / height (m) 2 , and BMI was used as a continuous outcome variable in the analyses of variance 
(ANOVA). For some of the logistic regression models, a binary variable was constructed that defined partici-
pants with a BMI  ≥  30 kg/m 2  as obese and participants with a BMI < 30kg/m 2  as non-obese. 

  Personality
  The Danish version of the NEO Five-Factor Inventory (NEO-FFI) was used to evaluate the personality 

structure of the participants. The NEO-FFI comprises 60 questions and is a well-validated short version of 
the Revised NEO Personality Inventory (NEO PI-R)  [14] , which assesses the Big Five personality traits neurot-
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icism, extraversion, openness, agreeableness, and conscientiousness. All 60 NEO-FFI items are answered on 
a five-point Likert scale from 0 ‘strongly agree’ to 4 ‘strongly disagree’, thus resulting in a 0–48 total score 
range for the 12 items included for each personality dimension. Cronbach’s alpha for the five traits are 
reported to be 0.77–0.84, reflecting a high internal consistency of the Danish version of the test  [31] . The 
relation between personality and BMI was not linear for any of the five traits which is why personality trait 
scores were included as categorical variables with categories reflecting high, medium, and low scores based 
on the tertiles for each trait.

  Confounders 
  Confounders and potential mediators were included based on previous literature and available infor-

mation. 

  Education in Years
  A continuous variable with information on ‘duration of education’ was derived from two categorical 

variables: school education and vocational training. Nine categories of school education were recoded to 
8–12 years and seven categories of vocational training to 0–5 years, combined resulting in the applied 8–17 
years scale of educational length. For a detailed description see Mortensen et al.  [32] .

  Potential Mediators (Health Behavior Factors)
  Fast Food Eating
  A binary variable (healthy vs. unhealthy eaters) was constructed based on a question concerning the 

frequency of fast food eating defined as eating foods such as burgers, pizzas, hot dogs, shawarmas etc. 
Answers ranged from 1 (never) to 6 (every day). Healthy eaters were defined as participants eating fast food 
less than once a week.

  Leisure Time Physical Activity
  Leisure time physical activity was self-reported. Participants were asked which of the following four 

statements best described their general level of leisure time physical activity: hard exercise at elite level 
several times a week; exercise or heavy domestic work at least 4 hs a week; easy physical activity such as 
walking and cycling at least 4 h a week; or sedentary activity such as reading and television watching.

  Alcohol Consumption
  Participants reported their usual alcohol consumption in units for weekdays and weekends for different 

alcoholic beverages including beer, wine, spirits etc. The participants’ total weekly (weekdays + weekends) 
alcohol consumption was calculated, and a categorical alcohol consumption variable was constructed based 
on the Danish national guidelines for alcohol consumption. Four categories were derived: 1 (0 units a week); 
2 (1–21 units per week for men and 1–14 units per week for women); 3 (more than 21 units per week for 
men and more than 14 units a week for women) and 4 (more than 35 units per week). 

  Smoking
  Smoking was self-reported, and a binary variable was constructed with participants who answered ‘Yes, 

I smoke’ or ‘Yes, I smoke but not every day’ categorized as ‘smokers’ and participants who answered ‘No, but 
I have smoked previously’ or ‘No, I have never smoked’ categorized as ‘non-smokers’. 

  Data Analysis
  Descriptive statistics were used to investigate participant characteristics, and differences between men 

and women were examined using chi-square tests or independent t-tests depending on the nature of the 
dependent variable. 

  Associations of personality with BMI were investigated in linear models and in logistic regression 
models using a binary obesity variable as outcome. Preliminary analyses showed a tendency towards an 
interaction effect of personality and sex on BMI. In line with previous studies, all analyses were therefore 
conducted separately for men and women. Preliminary analyses showed that age analyzed as a binary 
variable was not associated with BMI in either men or women and was therefore not included the main 
analyses. In contrast, duration of education was significantly associated with BMI in both men (r = –0.19, p < 
0.001) and women (r = –0.14, p < 0.001) and was therefore included in the main analyses. 
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  Firstly, we investigated the association of each personality trait with BMI using analysis of variance 
(ANOVA) in an unadjusted model. Since, there is a number of relatively strong correlations among the five 
personality traits assessed by the NEO FFI in the CAMB sample  [5] , a second model was analyzed using multi-
factorial ANOVA, which included all five personality traits assessed by the NEO FFI. Finally, a model adjusting 
for duration of education in addition to the five personality traits was investigated using analysis of cova-
riance (ANCOVA). 

  Secondly, we used logistic models to investigate associations of each personality trait with a binary 
obesity variable as outcome. Again, an unadjusted model and a fully adjusted model that included all five 
personality traits and duration of education was investigated. As underweight has been associated with 
psychological characteristics similar to that of obesity, including more mental distress  [13] , the logistic 
analyses were repeated excluding underweight participants (N = 55). Thus, the sample used in the logistic 
analyses comprised 5,231 participants. 

  Finally, to investigate the potential mediating effect of health behavior, supplementary linear and 
logistic models were conducted adjusting for fast food eating behavior, physical activity, alcohol consumption, 
and smoking. Analyses were performed in a combined model including all five traits and duration of education.

  Results

   Table 1  presents participant characteristics including age, BMI, obesity, duration of 
education, level of physical activity, fast food eating, alcohol consumption, smoking, and 
personality for the total study sample and separately for men and women. The age range for 
the total CAMB sample was 49–63 years, with a subsample from the Danish Longitudinal 
Study on Work Unemployment and Health and the Copenhagen perinatal cohorts aged 49–53 
years and a subsample aged 56–63 years from the Metropolit study and The Danish Longitu-
dinal Study on Work Unemployment and Health cohorts. Of the total 5,286 participants, more 
than 15% had a BMI > 30 kg/m 2  and were therefore classified as obese. The mean duration 
of education was 13.2 years, with women having a significantly longer education than men. 
Almost 60% of the total sample described their general level of physical activity as easy 
activity at least 4 h a week, and 10% reported to mainly engage in sedentary activities. More 
than 13% of the total sample reported to eat fast food more than once a week. Furthermore, 
men and women differed significantly on all included characteristics except for prevalence of 
obesity. Thus, men had a higher mean BMI, were more likely to engage in hard or elite level 
physical activity, reported to eat fast food more frequently, reported shorter education, and 
had lower scores on all five personality traits compared with women. The size of the effect of 
sex on personality was small for all traits (from 0.06 standard deviation (SD) for extraversion 
to 0.44 SD for agreeableness).

  Associations of personality with BMI are shown in  table 2 , and the results differed 
substantially between men and women. In the models including all five personality traits, 
extraversion was significantly associated with BMI in both men and women with higher, BMI 
among men and women scoring high on this trait. These associations remained significant 
after adjusting for duration of education. Significant negative associations of openness with 
BMI were observed among men and women in the model that included all traits. That is, 
higher BMI was observed among participants scoring low on openness. However, these asso-
ciations became non-significant when including duration of education. Agreeableness was 
significantly associated with BMI in women with higher BMI observed among low scoring 
women, and these associations remained after adjusting for duration of education. In men, 
conscientiousness significantly predicted BMI in all models with higher BMI in the low scoring 
category, but this personality dimension did not predict BMI in women. Associations of 
neuroticism and BMI were non-significant for both men and women. 
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  Overall, significant associations between personality and BMI were weaker when inves-
tigating each personality trait separately. Also, associations of extraversion with BMI were 
non-significant in women in models including one trait at a time while these associations 
were significant when including all traits. In general, a higher BMI was observed among men 
scoring high on extraversion and low on openness and conscientiousness, whereas women 

 Table 1.  Sample characteristics including age, BMI, obesity, duration of education, physical activity, fast food 
eating, alcohol consumption, smoking, and personality for the total sample and for men and women

Total Men Women P value*

N 5,286 3,613 1,673

Age, %
49–53 years
56–63 years

42.8
 57.2

26.6
73.4

77.8
22.2

<0.001

BMI, M (SD) 26.1 (4.2) 26.5 (3.9) 25.3 (4.8) <0.001

Obesity (%)
Obesity
Non-obesity

15.1
84.9

15.7
84.3

13.8
86.2

0.070

Education in years, M (SD) 13.2 (2.4) 13.1 (2.5) 13.3 (2.2) 0.002

Physical activity, %
Elite level 
Hard work
Light work
Sedentary

2.3
30.3
57.3
9.6

2.8
32.9
53.6
10.7

1.2
25.1
66.2
7.5

 <0.001

Fast food eating, %
>1 day/week
≤1 day/week

13.5
86.5

16.0
84.0

7.9
92.1

<0.001

Alcohol consumption, %
Non-drinkers
Light drinkers
Drinkers
Heavy drinkers

11.4
70.9
13.3
4.4

8.6
71.2
14.1
6.1

17.5
70.1
11.7
0.7

<0.001

Smoking, %
Smoker
Non-smoker

23
77

23.2
76.8

22.5
77.5

0.617

Personality, M (SD)
Neuroticism
Extraversion
Openness
Agreeableness
Conscientiousness

17.6 (7.1)
30.8 (6.2)
28.3 (6.2)
33.5 (5.2)
33.6 (5.5)

16.8 (7.0)
30.7 (6.2)
28.0 (6.2)
32.8 (5.2)
33.6 (5.5)

19.3 (7.2)
31.1 (6.3)
28.9 (6.1)
35.1 (4.9)
33.7 (5.3)

<0.001
0.019
<0.001
<0.001
0.354

 M = mean; SD = standard deviation.
*P value of independent t-tests or chi-square tests of the difference between men and women depending 

on the nature of the dependent variable. Level of significance p < 0.05.
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scoring low on openness and medium on agreeableness had a higher BMI. However, the size 
of these effects was relatively small. For instance, in the unadjusted model the difference in 
BMI between individuals scoring high versus low on openness was 0.13 SD among men and 
0.18 SD among women.

  Associations between personality and obesity are presented in  table 3 . Results from the 
logistic analyses that excluded underweight participants did not differ from the analyses that 
included all participants. Therefore, only results of the logistic analyses that excluded under-
weight participants are presented here. In the model investigating all five personality traits, 
extraversion, openness, and conscientiousness significantly predicted obesity in men with 
high scores on extraversion and low scores on openness and conscientiousness increasing 
the odds of being obese. However, only extraversion predicted obesity in men after adjusting 
for education. In women, openness and agreeableness significantly predicted obesity with 
low scores on these traits increasing the odds of obesity. While the association of openness 
with obesity became non-significant, agreeableness remained a significant predictor when 
adjusting for duration of education. Thus, women with a low agreeableness score had 40% 
higher odds of being obese than women in the medium score group and 30% increased odds 
of being obese compared with women scoring high on agreeableness independently of 
duration of education. These odds ratios suggest the lowest risk of obesity in medium score 
group who also had the lowest mean BMI ( table 3 ). 

  Neuroticism was not associated with obesity in any of the analyses.
  In the analyses that investigated each personality trait separately, openness and consci-

entiousness were significantly associated with obesity in men, and only agreeableness was 
associated with obesity in women.

  Supplementary Analyses
  The supplementary linear analyses investigating the effect of health behavior showed 

that extraversion (p < 0.001), agreeableness (p = 0.011), and conscientiousness (p = 0.028) 
remained significantly associated with BMI among men after adjusting for fast food eating, 
alcohol consumption, smoking, and physical activity in addition to duration of education, 
while this was the case for extraversion (p = 0.009) and agreeableness (p = 0.009) among 
women. Thus, this analysis presents some evidence that the observed associations of extra-
version, agreeableness, and conscientiousness with BMI are partly independent of the 
included health behavior factors.

  In the supplementary logistics analyses extraversion remained significantly associated 
with obesity among both men (p = 0.004) and women (p = 0.029) after adjusting for the 
selected health behaviors and education with men and women scoring high on extraversion 
having 1.6 and 1.5 higher odds of obesity than their low scoring counterparts, respectively. 
Thus, the analyses provide evidence of an effect of this personality trait, which is independent 
of the included health behavior factors.

  Discussion

  Results of the current study indicated that some personality traits assessed by the NEO 
FFI were associated with BMI and to a lesser extent with obesity. Also, personality-BMI and 
personality-obesity associations differed substantially between men and women. In general, 
personality was more strongly associated with BMI and especially obesity in men than in 
women possibly reflecting a power problem with women constituting less than one-third of 
the sample.
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  When interpreting the findings, it is important to note the difference between linear 
analyses of BMI and logistic analyses of obesity. Linear analyses of BMI are primarily influ-
enced by weight variation within the normal range while the logistic analyses focus on 
prediction of obesity vs. normal weight and overweight. Obviously, the same factors may not 
determine normal-weight variation and obesity.

  Extraversion
  Extraversion was the main predictor of BMI in men, and the findings suggest a stronger 

association of extraversion with normal-weight variation than with obesity. 
  In general, these results are in line with most previous research. While Sutin et al.  [12]  

found negative associations of extraversion with BMI in women and no association with BMI 
in men, several other population-based studies investigating personality and BMI have 
reported extraversion to be positively associated with BMI in men and unrelated to BMI in 
women  [8, 16, 21, 24] . 

  These somewhat mixed results may reflect that different aspects of the personality 
dimension extraversion contribute to low and high BMI  [12] . For instance, it has been indi-
cated that ‘sensitivity to reward’, a feature of extraversion related to an appetitive-positive 
affect system  [33] , is positively associated with overweight  [8, 33] , whereas subfacets of 
extraversion such as being active and outgoing may be negatively related to BMI. In relation 
to BMI, the importance of the different subfacets may depend on the age of the sample. This 
may explain why studies with younger samples have reported negative associations between 
extraversion and BMI and obesity  [12]  while positive associations between extraversion and 
BMI/obesity have been found among men in the present study and in previous studies with 
midlife and older samples  [16, 21, 24] , suggesting a cumulative effect of extraversion on BMI 
through the adult lifespan. This may reflect that men high on extraversion are more outgoing 
and more likely to participate in social events that often include food and drinks. They may 
worry less about weight and calorie consumption and therefore are more likely to experience 
a gradual increase in their BMI as they grow older. In extroverted women, BMI changes 
through the lifespan may be influenced by several other factors such as pregnancy, meno-
pause, and perhaps greater weight consciousness. However, further research investigating 
the potential mechanisms underlying the association between extraversion and BMI and 
obesity is highly needed.  

  Agreeableness
  Agreeableness was associated with BMI in both women and men and with obesity in 

women independently of duration of education. Interestingly, women with medium scores 
had the lowest BMI and the lowest odds of being obese, suggesting a non-linear relation 
between agreeableness and BMI/obesity in women. 

  In contrast, a recent meta-analysis  [16] , comprising 78,931 participants from nine cohort 
studies with a mean age of 50 years, concluded that agreeableness was not significantly asso-
ciated with obesity. Others have reported that higher obesity prevalence was associated with 
higher agreeableness score in men, but not in women  [34] , independently of socioeconomic 
status in adulthood  [23] . Thus, results of the current study are contrasting earlier findings 
with regard to the relation of agreeableness and BMI and obesity. Provencher et al.  [35]  found 
very elevated agreeableness scores among 154 overweight women and women with obesity 
with a mean age of 42.4 years compared with a standard reference group of women  [14] , but 
higher level of agreeableness predicted lower score on susceptibility to hunger. Thus, it could 
be speculated that susceptibility to hunger and inappropriate eating behavior contribute to 
the higher BMI and the higher prevalence of obesity among women scoring low on agree-
ableness observed in the current study. 
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  Openness
  The unadjusted analyses that included all personality traits showed significant (inverse) 

associations with BMI and obesity in both men and women. However, in the models adjusting 
for duration of education, these associations became non-significant. 

  Historically, the personality trait of openness has been linked to intelligence  [9] , and 
positive associations between this personality dimension and cognitive ability in the CAMB 
sample have been reported elsewhere  [32] . Furthermore, intelligence has consistently been 
associated with health outcomes, possibly because intelligence reflects knowledge, reasoning 
and problem-solving skills that are useful in engaging in a healthy lifestyle and in preventing 
unhealthy conditions and chronic disease  [36] . For instance, two Danish longitudinal studies 
of 1,790  [37]  and 6,292 men  [38]  both reported that low intelligence and low educational 
level were associated with subsequent BMI changes and the risk of developing obesity. In the 
present study, individuals high on openness had on average 2.04 years longer education than 
individuals low on openness (data not shown). Thus, results of the present study suggest that 
duration of education may partly explain the relation between openness and BMI/obesity.

  Conscientiousness
  Conscientiousness was negatively associated with BMI in men, but not in women, and in 

men the association with obesity was significant in the unadjusted analyses and in the 
analyses adjusting for all five personality traits. Estimates for BMI and obesity were similar 
for men and women in our study, suggesting that the non-significant associations in women 
reflect power problems. This assumption is consistent with a recent meta-analysis  [16]  of 
associations of personality and obesity reporting that across 78,931 individuals, those with 
high conscientiousness had almost 40% lower odds of being obese compared with indi-
viduals low on this personality dimension. However, in the current study associations of 
conscientiousness with risk of obesity became non-significant in adjusted models including 
duration of education. Individuals high on conscientiousness are typically characterized by 
being organized and self-disciplined  [14] , and it has been suggested that they therefore are 
more likely to follow a healthy diet and engage in health behaviors in general  [12, 17] . In the 
present study men with high scores on conscientiousness had longer education compared 
with men in the low conscientiousness group (13.5 vs. 12.7 years; p < 0.001), were less likely 
to eat fast food every week (14.5% vs. 19.5% fast food eaters; p = 0.001), less likely to smoke 
(17% vs. 31.1%; p < 0.001), and reported a higher level of physical activity (31.6% vs. 21.0% 
engaging in hard work or elite level exercise; p < 0.001) and a lower level of alcohol 
consumption (3.8% vs. 9.2% categorized as heavy drinker; p < 0.001). Thus, in line with 
existing reports  [12]  showing that behavioral factors account for about 50% of the associ-
ation between conscientiousness and BMI, results of the current study suggest that consci-
entiousness primarily contribute to obesity through health behaviors including eating and 
drinking habits, physical activity, and smoking. However, conscientiousness remained a 
significant predictor of BMI (p = 0.028) and obesity (p = 0.037) in analyses adjusting for all 
five personality traits in addition to duration of education and the selected health behavior 
factors.

  Neuroticism
  Finally, there was no evidence for associations between the personality trait neuroticism 

and BMI as well as obesity. That is, neuroticism was not a significant predictor of BMI or 
obesity in either men or women. This is contrasting earlier studies reporting significant 
positive associations between neuroticism and BMI  [8, 11] . There is some evidence that 
neuroticism scores are lower in midlife than in younger and older ages  [39]  possibly explaining 
why neuroticism was not associated with BMI or obesity in the current study. Also, the CAMB 
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study had a relatively modest response rate of 30%, possibly reflecting a selection bias, which 
should be considered when interpreting the results. For instance, it is likely that participants 
and non-participants differ on certain individual factors, with participants being more 
resourceful, having less mental distress, longer education, and better health than non-partic-
ipants. Future research should therefore further investigate the neuroticism-BMI relation in 
individuals from the community.  

  Strengths and Limitations

  This study has several strengths including a large community-based sample of indi-
viduals in late midlife, objectively measured weight and height, and detailed information 
about personality, sociodemographic factors, and health behavior. Yet, some limitations 
should be mentioned. 

  Firstly, the cross-sectional design limits the interpretation of the results with regard to 
causality. That is, the direction of the relationship between personality and obesity could not 
be inferred from the current data. However, personality is assumed to be relatively stable 
from early adulthood  [14] , and in general longitudinal research has suggested that person-
ality influences outcomes related to health behavior including BMI and obesity across the 
adult lifespan  [11] . 

  Secondly, by design there is very little age variation within the CAMB sample. Age has 
previously been found to be one of the most consistent predictors of overweight and obesity 
with middle-aged and older individuals in higher risk of being obese than their younger coun-
terparts  [40, 41] . Members of the CAMB sample are all 49–63 years of age, and thus results of 
the present study are restricted to midlife individuals. Furthermore, cultural differences may 
affect public and individual perspectives on obesity  [42] , and it is therefore uncertain whether 
the current results can be generalized beyond the Danish population.

  Finally, duration of education was, in line with other studies  [16] , analyzed as a confounder. 
However, in the current study some personality traits, especially openness and conscien-
tiousness, were positively associated with duration of education indicating that personality 
may influence education, thus being a mediator. In this perspective, controlling for duration 
of education may be problematic which is why the primary focus of the current study is on 
the model not including duration of education. Also, information on health behavior, including 
physical activity, fast food eating, smoking and alcohol consumption, was self-reported. It has 
been suggested that especially overweight individuals and individuals with obesity tend to 
over-report health-promoting behaviors while under-reporting health behaviors detrimental 
to health. Thus, the influence of health behavior on the personality-BMI/obesity relation in 
the current study may be influenced by such reporting bias reducing the actual effect of these 
behaviors. On the other hand, self-reported fast food eating is most likely an insufficient indi-
cator of food intake patterns, and a more complete measure of food intake might explain more 
variance.

  Conclusions

  Despite these limitations, the results of the present study suggest that personality is 
significantly associated with BMI and to a lesser extent with obesity. High extraversion and 
low openness were associated with a higher BMI in both men and women while low consci-
entiousness and low agreeableness were also significantly associated with a higher BMI in 
men and women respectively. Generally, these associations were relatively weak, and the 
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only personality traits that were significantly associated with risk of obesity when adjusting 
for duration of education were extraversion (high scores) in men and agreeableness (low 
scores) in women. Some of the observed differences in associations between analyses of BMI 
and analyses of obesity and between associations for men and women may reflect the asso-
ciated statistical power problems.

  Finally, the current study addressed the question of whether to analyze personality 
traits separately or whether to consider the significant inter-correlations among the five 
personality traits  [5]  and include them in the same model. In general, the personality-BMI/
obesity associations in this study became stronger in models adjusting for all five person-
ality traits. Future studies should consider the interrelations of the different personality 
traits when investigating associations of personality and health outcome such as BMI and 
obesity. 
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