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Abstract
Objective To examine the role of the Five Factor Model
(FFM) personality traits in reporting the development
of adverse drug reactions (ADRs) when controlling for
sociodemographic variables and health status.
Design Prospective cohort study.
Setting The Estonian Biobank of the Estonian Genome
Centre, University of Tartu.
Participants 814 women and 543 men (mean age=47.9
years; SD=15.2) who after the initial enrolment in the
Estonian Biobank were re-contacted for follow-up
purposes about 5.3 years after the enrolment and for
whom both self- and informant-reported personality data
were available.
Main outcome measure Participants who did not report
having any ADRs at baseline but who reported ADRs at the
follow-up about 5.3 years later versus participants who
did not report any ADRs at either time point. The reports of
developing ADRs were predicted from the FFM personality
traits after statistically controlling for sociodemographic
variables (age, gender and education), baseline indicators
of health status (number of diagnoses and medicines
taken, body mass index and blood pressure), and the
change in health status between the two measurements.
Results The results of a hierarchical binary logistic
regression analysis showed that participants who reported
the development of ADRs between the two measurements
had higher levels of conscientiousness, were more likely
to be women, were taking more medicines at baseline and
had a higher increase in the number of medicines taken
during the study period than participants who did not
report any ADRs at either time point (all p values <0.05).
Higher neuroticism (p=0.067) and a higher number of
diagnosed diseases at baseline (p=0.053) also made
marginal contributions to predicting the development of
ADRs.
Conclusions This study shows for the first time that
higher levels of conscientiousness and neuroticism are
associated with reporting the development of ADRs.

Introduction
Adverse drug reactions (ADRs) are very
common and represent significant issues in
healthcare, as they, for example, may negatively

Strengths and limitations of the study
►► Differently from earlier studies, we used a rela-

tively large population-based adult sample, which
allows us to generalise our findings to the general
population.
►► The prospective nature of our study (the participants
were followed up for a mean period of 5.3 years) let
us examine not just the associations between personality and ADRs, but also the role of the FFM personality traits in reporting the development of ADRs
during the period of the study.
►► When examining the role of the FFM personality
traits in reporting the development of ADRs, we controlled for the relevant sociodemographic (gender,
age and education) and health indicators (number of
medicines taken, number of diagnoses, body mass
index and blood pressure) that may affect the reporting and development of ADRs.
►► We were not able to account for the severity of the
reported ADRs, which has been found to be one of
the main motivations for consumers to report ADRs.
►► All ADRs were self-reported by the participants of
the study during a computer-assisted personal
interview.

impact treatment adherence. ADRs have
been defined as ‘an appreciably harmful or
unpleasant reaction, resulting from an intervention related to the use of a medicinal product,
which predicts hazard from future administration and warrants prevention or specific treatment, or alteration of the dosage regimen, or
withdrawal of the product’ (p1255).1 ADRs
have a major effect on public health resulting
in a broad range of clinically severe conditions
(including a significant numbers of deaths) as
well as in an increased burden on the healthcare system due to a high number of hospitalisations and outpatient visits.2–4 The prevalence
of ADRs among the general population is not
well established,5 but the few existing studies
have shown that the 1-month prevalence of
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The aim of the present study
The aim of the present study was to examine the role of
the FFM personality traits in reporting the development
of ADRs in a large population-based adult sample when
controlling for relevant sociodemographic and health
indicators. All ADRs were self-reported by the participants
2

of the study during the computer-assisted personal interview (CAPI) conducted by a clinician.
Our study went beyond earlier research in several
important aspects. (1) Differently from earlier studies,
we used a relatively large population-based adult sample,
which allows us to generalise our findings to the general
population. (2) The prospective nature of our study (the
participants were followed up for a mean period of 5.3
years) let us examine not just the associations between
personality and self-reported ADRs, but also the role of
the FFM personality traits in developing ADRs during
the period of the study. (3) In addition to self-reports of
personality, we employed informant-reports of personality by knowledgeable others to minimise the common
method bias (ie, response tendencies within raters)
and thereby increase both the reliability and validity
of our findings.35 (4) When examining the role of the
FFM personality traits in reporting the development of
suspected ADRs, we controlled for the relevant sociodemographic (gender, age and education) and health indicators (number of medicines taken, number of diagnoses,
body mass index and blood pressure) that may affect the
reporting and development of ADRs.
Method
Sample
Participants for the present study came from the Estonian
Biobank cohort that is a volunteer-based sample of the Estonian resident adult population of the Estonian Genome
Centre at the University of Tartu (EGCUT).36 The participants were recruited randomly by general practitioners
(GPs), physicians or other medical personnel in private practices and clinics or in the recruitment offices of the EGCUT.
Each participant signed an informed consent form (available
at www.biobank.ee) and the GPs or physicians performed a
standardised health examination of the participants. Participants also donated blood samples for DNA, white blood cells
and plasma tests as well as completed a CAPI together with
a clinician on health-related topics such as lifestyle, diet and
clinical diagnoses.36
Our sample for the current study includes 1357 people
(814 women, 60.0%) who joined the Estonian Biobank
cohort during the years of 2002–2010, who were followed
up longitudinally by the EGCUT in the years of 2007–2014,
and for whom both self- and informant-reported personality data were available. At baseline (T1), the mean age
of the participants was 47.9 years (SD=15.2, ranging from
18 to 86 years). About 11% of the participants had basic
(n=151), 23.7% (n=322) had secondary, 33.8% (n=458)
had vocational secondaryi and 31.4% of the participants
(n=426) had higher education. The second health examination and the completion of the CAPI (ie, T2) took
place on average 5.3 years (SD=3.2) after T1.36

i

Vocational secondary education means that besides vocational training
the student also acquires upper secondary education.
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suspected or self-reported ADRs in the general public is
about 6% to 8%.6–8
All medicines can cause ADRs, the severity of which
may range from minor to life-threatening. However, the
propensity and likelihood of developing and reporting
ADRs does not only depend on the chemical formula
or the pharmacological action of the drug, but also on
a multitude of other factors, as has been shown, for
instance, by the prevalence of reported ADRs in studies
examining the placebo and nocebo effects of drugs.9 10
Up to now, factors associated with the reporting of the
development of ADRs include genetics,11 gender,12 age,13
polypharmacy,14 drug metabolism15 and several other
individual and social factors.16
A less studied factor that may be relevant for reporting
on the development of ADRs relates to people’s personality characteristics. Personality traits are usually understood as enduring tendencies to feel, think and behave
in a characteristic way in similar life situations17 and there
has been an increasing amount of literature showing that
personality has an important impact on people’s health
and health-related behaviour.18–20 The most prevalent
personality framework is the Five-Factor Model (FFM),21
which proposes neuroticism, extraversion, openness to
experience (openness), agreeableness and conscientiousness as the main factors of personality differences.
Most notably, low neuroticism22 23 and high conscientiousness24–26 have been most frequently shown to predict
longevity and better physical and mental health. There is
also compelling evidence showing that personality traits
shape people’s subjective interpretations of their health
status in important ways.27 People high in neuroticism,
for instance, are more likely to report different symptoms
and medical problems28 and to ask for medical help29
than people low in neuroticism. Higher conscientiousness
has been found to be related to a bias toward reporting
disease among persons who do not meet clinical criteria
for disease,30 while people with higher levels of agreeableness are more likely to get pain relief from a placebo.31
To the best of our knowledge, only a few studies have
specifically examined the relationship between personality traits and the reporting or developing of ADRs. These
studies—that have mostly been conducted in small (65 to
120 participants) samples of non-representative participants, either patients or healthy volunteers in phase 1
drug trials—have shown that people with higher levels of
neuroticism32 33 and/or lower levels of extraversion34 are
likely to report more ADRs than less neurotic and more
extraverted individuals. Therefore, affirming the role of
personality traits in developing and reporting suspected
ADRs in the general population is of vital importance.

Open access

Materials
Personality
The Estonian version of the NEO Personality Inventory-3 (NEO PI-3)37 was used to assess personality. The
NEO PI-3 has 240 items that measure 30 personality
facets, which are grouped into the five FFM domains—
neuroticism, extraversion, openness, agreeableness and
conscientiousness—such that each domain score is a
composite of six facet scores. Neuroticism is a general
tendency to experience negative emotions such as
sadness, anger, hostility and fear. People who score high
on neuroticism are prone to anxiety and psychological
distress, whereas people scoring low on neuroticism
are usually emotionally stable and well-adjusted. Extraversion is a tendency to experience joy and other positive emotions, to seek out stimulation, to be active and
sociable. People who score high on openness to experience are usually intellectually curious, attentive to their
inner feelings, open to new ideas and opportunities.
People scoring low on openness tend to be conservative and conventional, preferring the ‘old way’ of doing
things rather than the ‘new’. Agreeableness is mostly
about interpersonal tendencies referring to people’s
altruistic, sympathetic, cooperative and trustful nature.
Finally, conscientiousness refers to individual differences in an active process of planning, organising, and
carrying out tasks. People scoring high in conscientiousness are thorough, reliable, and task-oriented and
goal-oriented, whereas people scoring low in conscientiousness are more laid-back and less anxious about
setting and reaching their goals.38
Participants completed the self-report form and
informants the observer-report form of the Estonian
NEO PI-3. The items were answered on a 5-point scale
(0=false/strongly disagree … 4=true/strongly agree). Most
of the participants (88%) completed the personality
inventory in the same year as T2 or during the year after
T2 (10%). Nearly all informants (96.5%) completed
the NEO PI-3 in the same year as the participants. The
descriptive statistics of the scales, including Cronbach
alphas, are shown in online supplementary table S1.
Self- and informant-reports of the NEO PI-3 personality
traits correlated with each other in the expected magnitude39 40: Pearson rs were 0.55 for neuroticism, 0.65 for
extraversion, 0.61 for openness, 0.46 for agreeableness
and 0.50 for conscientiousness (all p values <0.001).
For all subsequent analyses, the mean score of self- and
informant-ratings across the five domain scales was used
to minimise the common method bias due to individual
response biases.35
Realo A, et al. BMJ Open 2018;8:e022428. doi:10.1136/bmjopen-2018-022428

Adverse drug reactions
The participants were asked whether there are any medicines that have caused them ADRs during their whole
life and if yes, what were the specific suspected ADRs. All
ADRs were self-reported by the participants of the study
during the CAPI conducted by a clinician. The medicine
that the respondent reported as causing their ADR was
coded according to the Anatomical Therapeutic Chemical (ATC) classification system (http://www.whocc.no/
atc_ddd_index). The suspected ADRs caused by medicines were coded using the 10th revision of the International Statistical Classification of Diseases and Related
Health Problems (ICD-10) classification system.41
Health indicators
All measures of current health status described below
were retrieved from the EGCUT, which contains data
gathered from the databases of healthcare institutions
and registries, as well as from the information provided
by the participant, using the above-mentioned CAPI.
Anthropometric measures (ie, height and weight) and
blood pressure were measured by EGCUT recruiters36 at
the end of the CAPI. The means of the health indicators at
T1 and T2, and the difference and correlations between
the measurements are shown in the online supplementary table S2.
Clinical diagnoses. For each participant, the number of
diagnoses recorded in the Estonian Health Insurance
Fund (EHIF) for the year of data collection (both at T1
and T2) was used. The EHIF covers the costs of health
services required by eligible persons in the case of illness
and is the only organisation in Estonia dealing with
compulsory health insurance (https://www.
haigekassa.
ee/en).
Use of medicines. First, participants were asked during
the CAPI which diseases they had been diagnosed with
and which medicines they had used during the previous
2 months in connection with these illnesses (‘Which
medicines have you used during the last 2 months in
connection with diagnosed diseases?’). Later, the participants were also asked ‘Which medicines do you use regularly (which have not been discussed earlier)?’ The total
number of taken medicines, either regularly or in connection with specific diseases during the last 2 months, was
used in all later analyses.
Blood pressure. Systolic and diastolic blood pressure (BP)
were measured in a sitting position at the end of the CAPI
interview both at T1 and T2.
Body mass index (BMI). BMI was calculated on the basis
of objectively measured weight and height during the
CAPI at T1 and T2 as weight/height2 (kg/m2).
Statistical analyses
Pearson product–moment correlation coefficients were
computed to examine correlations between self- and
informant-reports of the NEO PI-3 personality traits.
Cronbach alphas were calculated to examine internal
consistency of the NEO PI-3 five domain scales. A one-way
3
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The mean age of informants (996 women, 75.1%) was
45.2 (SD=16.1) years. On average, the informants had
known the targets for 27.4 (SD=14.6) years. About 41%
of the informants were spouses or partners, 24.8% were
parents, 14.4% were friends and 18.7% were other relatives (eg, children and siblings) or acquaintances.
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Patient and public involvement
Patients and public were not involved in the development
of the research question and the selection of outcome
measures.
Results
The reported frequency of ADRs
At baseline (T1), there were 162 participants (11.9% of
the total sample) who reported taking medicines that had
caused them ADRs.ii Among those who reported taking
medicines that had caused them ADRs at T1, the average
number of ADRs per participant was 1.5 (SD=1.4), with

ii
Almost a third (30.3%) of reported medicines at baseline fell into
the category of anti-infective for systemic use (J) with beta-lactam antibacterials and penicillins (J01C) being the most frequently reported
medicines to cause ADRs (17.4%). The other most frequent groups of
medicines (18.3%) causing ADRs were medicines acting on the nervous
system (N), especially other analgesics and antipyretics (N02B, 8.3%)
and local anaesthetics (N01B, 5.0%); medicines affecting the cardiovascular system (C, 11.9%), especially selective calcium channel blockers
with mainly vascular effects (C08C, 4.1%) and plain ACE inhibitors
(C09A, 3.2%); and medicines affecting musculoskeletal systems (M,
10%), especially anti-inflammatory and antirheumatic products, non-steroids (M01A, 7.3%). At T2, the most frequently mentioned medicines
causing ADRs were anti-infective for systemic use (J, 31.1%, especially
J01C: beta-lactam antibacterials and penicillins, 17.8%); medicines
acting on the nervous system (N, 16.6%; especially N02B: other analgesics and antipyretics, 5.9% and N01B: local anaesthetics, 4.8%); medicines affecting musculoskeletal systems (M, 14.3%; especially M01A:
anti-inflammatory and antirheumatic products, non-steroids, 11.9%)
and medicines affecting the cardiovascular system (C, 13.1%, especially
C08C: selective calcium channel blockers with mainly vascular effects,
3.3% and C09A: plain ACE inhibitors, 2.9%). The three most frequent
ATC classes of medicines reported causing ADRs in our study were the
same as what was found in the analysis of spontaneous reporting of
ADRs in the UK ‘Yellow Card Scheme’.48 Even more importantly, as the
most frequent ATC classes of medicines that were reported in our study
were the same at T1 and T2, it is unlikely that the type of medicines
would have had a strong independent influence on the development of
ADRs between T1 and T2.

4

about 70% of participants reporting one ADR, 17% two
ADRs and the remaining three or more ADRs.
At T2, there were roughly twice as many participants
(n=329, 24.1% of the total sample) than at T1 who
reported taking medicines that had caused them ADRs;
difference between time points: χ2(1)=201.9, p<0.001.
On average, 1.6 ADRs (SD=1.2) were reported per
participant at T2, with 66% of participants reporting
one, 22% two and the remaining participants three or
more ADRs. The frequency of specific ADRs (as coded
by ICD-10) both at T1 and T2 is shown in the online
supplementary table S3.
There were 217 participants who did not report ADRs
caused by medicines at T1, but did so at T2. In our
further analyses, this group of participants (n=217) was
compared against those participants (n=978) who did
not report any medicines causing ADRs at either time
point. A χ2 test showed that respondents who developed
ADRs between T1 and T2 were predominantly women
and had less likely higher education compared with
people who did not report any ADRs either at T1 or
T2 (see table 1). The results of the analyses of variance
showed that people who developed ADRs between T1
and T2 had higher levels of neuroticism and conscientiousness, were older, had been diagnosed with more
diseases (both at T1 and T2), were taking more medicines (both at T1 and T2) and had higher BMI and
systolic BP (only at T2) than those who did not report
ADRs at either time point (all differences significant at
p<0.05). Finally, people who developed ADRs by T2 had
also a bigger increase in the number of medicines taken
and in the level of BMI from T1 to T2 as compared with
those who never reported any ADRs (all differences
significant at p<0.05).
Next, we conducted a hierarchical binary logistic
regression analysis in order to predict the reporting on
the development of ADRs between T1 and T2 from the
FFM personality traits when controlling for sociodemographic variables, baseline measurements of health status
and the change in health status between the two measurements. Only those variables were included in the model
as predictors on which there were significant differences
between people who reported developing ADRs between
T1 and T2 versus participants who did not report any
ADRs at either time point.
The following nine variables entered in three blocks
were included in the binary logistic hierarchical regression model in order to predict the reporting of the development of ADRs: (1) baseline age, gender and education;
(2) number of diagnoses at T1, number of medicines
taken at T1, change in the number of medicines taken
from T1 to T2 and change in BMI from T1 to T2; and (3)
neuroticism and conscientiousness at T2.
The nine variables together explained 11.6% of the variation (as indicated by the Nagelkerke pseudo R2) in the dependent variable (ie, developing ADRs between T1 and T2).
Being a woman, taking more medicines at T1, an increase
in the number of medicines taken from T1 to T2 and higher
Realo A, et al. BMJ Open 2018;8:e022428. doi:10.1136/bmjopen-2018-022428
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analysis of variance was used to examine the mean differences in the continuous variables between the participants who reported developing ADRs between T1 and
T2 and who did not report any medicines causing ADRs
at either time point. Gender and education differences
between the participants who reported developing ADRs
between T1 and T2 and who did not report any medicines
causing ADRs at either time point were tested using the χ2
test. A hierarchical binary logistic regression analysis was
performed to examine the role of the FFM personality
traits in reporting the development of ADRs between T1
and T2 when controlling for sociodemographic variables,
baseline measurements of health status and the change in
health status between the two measurements. In logistic
regression analysis, higher education was defined as the
reference or baseline category (1) for the education variable. All analyses were conducted using IBM SPSS Statistics software, V.24.
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No ADRs either at T1 or T2
(n=978)

Reported developing ADRs
between T1 and T2 (n=217)

M

M

SD

SD

F

df

P values

NEO PI-3 domain scales (T2)
 Neuroticism

81.96

21.36

85.99

22.53

6.17

1193

0.013

 Extraversion

102.21

23.08

100.54

23.21

0.92

1193

0.337

97.59

18.10

97.68

17.40

0.00

1193

0.944

 Agreeableness

122.21

16.72

121.66

17.95

0.19

1193

0.666

 Conscientiousness

125.32

20.06

128.99

18.49

6.10

1193

0.014

 Number of EHIF diagnoses (T1)

4.91

4.18

6.76

5.26

31.55

1193

<0.001

 Number of EHIF diagnoses (T2)

4.96

4.36

6.80

5.04

29.61

1193

<0.001

 Change in the number of EHIF diagnoses from T1 to
T2

0.05

3.94

0.06

5.05

0.00

1193

0.954

 Number of medicines taken (T1)

1.20

1.90

1.85

2.30

19.47

1193

<0.001

 Number of medicines taken (T2)

2.09

2.52

3.47

3.44

46.34

1193

<0.001

 Change in the number of medicines taken from T1 to
T2

0.89

2.13

1.62

2.87

18.13

1193

<0.001

 BMI (T1)

26.83

5.08

27.27

5.09

1.32

1193

0.251

 BMI (T2)

27.81

5.62

28.66

5.69

4.03

1191

0.045

 Openness to experience

Health Indicators

 Change in BMI from T1 to T2

0.97

2.59

1.37

2.76

4.11

1191

0.043

 Systolic BP (T1)

127.27

17.13

129.46

17.43

2.88

1192

0.090

 Systolic BP (T2)

133.29

19.71

136.37

20.56

4.25

1192

0.039

 Change in systolic BP from T1 to T2

6.04

19.03

6.83

20.20

0.30

1191

0.584

 Diastolic BP (T1)

78.61

10.87

79.08

10.93

0.33

1192

0.564

 Diastolic BP (T2)

83.01

11.28

83.52

10.88

0.38

1192

0.539

4.40

12.17

4.44

13.06

0.00

1191

0.971

46.79

15.57

50.60

13.11

11.23

1193

<0.001

Χ2

df

P values

 Change in diastolic BP from T1 to T2
Sociodemographic variables (T1)
Age

No ADRs either at T1 or T2
(n = 978)

Reported developing ADRs
between T1 and T2 (n = 217)

n

n

%

%

Sociodemographic variables (T1)
Gender
 Females

538

55.0

159

73.3

 Males

440

45.0

58

26.7

Education
 Basic

121

12.4

19

8.8

 Secondary

227

23.2

59

27.2

 Secondary vocational

326

33.3

87

40.1

 Higher

304

31.1

52

24.0

24.37

1

<0.000

8.53

3

0.036

Number of EHIF diagnoses is the number of diagnoses recorded in the Estonian Health Insurance Fund for the year of data collection.
Number of medicines taken is the number of medicines taken during the previous 2 months, either regularly or for treating specific diseases.
ADR, adverse drug reaction; BMI, body mass index; BP, blood pressure; EHIF, Estonian Health Insurance Fund; FFM, Five-Factor Model; NEO PI-3,
NEO Personality Inventory-3; T1, first measurement; T2, second measurement (on average 5.3 years after T1).

levels of conscientiousness were all associated with increased
odds of developing suspected ADRs from medicines between
T1 and T2 (p values<0.05). A higher number of diagnosed
diseases (p=0.053) and higher neuroticism (p=0.067) also
made marginal contribution to predicting the reporting of
the development of ADRs (see table 2).
Realo A, et al. BMJ Open 2018;8:e022428. doi:10.1136/bmjopen-2018-022428

Discussion
In the current study, we examined the role of the FFM
personality traits in reporting the development of
suspected ADRs in a large-scale adult cohort of >1300
individuals, when controlling for sociodemographic
variables and health status. The findings of our analysis
5
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Table 1 Differences in FFM personality traits, health and sociodemographic indicators between participants who reported
developing ADRs between T1 and T2 versus participants who did not report ADRs at either time point

Realo A, et al. BMJ Open 2018;8:e022428. doi:10.1136/bmjopen-2018-022428

0.02

0.01

0.09

1.04

1.11

1.13

1.04

0.45

1.01

Exp(B)

0.01

0.04

0.10

0.12

0.04

−0.68

B

Block 3

−4.45

0.90

0.01

0.00

0.03

0.03

0.05

0.02

0.18

0.01

SE

24.46

5.48

3.37

1.65

9.25

7.16

3.74

6.33

13.87

1.98

Wald

<0.001

0.019

0.067

0.199

0.002

0.007

0.053

0.0.97

<0.001

0.159

p values

0.01

1.01

1.01

1.04

1.11

1.13

1.04

0.51

1.01

Exp(B)

Number of EHIF diagnoses is the number of diagnoses recorded in the Estonian Health Insurance Fund for the year of data collection.
Number of medicines taken is the number of medicines taken during the previous 2 months, either regularly or for treating specific diseases.
Gender: 0=male, 1=female; Education: higher education was defined as the reference or baseline category (1).
ADR, adverse drug reaction; BMI, body mass index; EHIF, Estonian Health Insurance Fund; FFM, Five-Factor Model; NEO PI-3 , NEO Personality Inventory-3; T1, first measurement; T2, second measurement (on average
5.3 years after T1).

 Constant

 
Χ2(2)=6.37, p=0.041

 
Nagelkerke R2=0.116

0.01

<0.001

0.204

0.002

0.005

0.037

0.105

<0.001

0.167

p values

0.01

51.44

1.62

10.07

7.89

4.37

6.14

20.83

1.91

Wald

 Conscientiousness

0.33

0.03

0.03

0.05

0.02

0.18

0.01

SE

 Neuroticism

NEO PI-3 domain scales (T2)

 
Χ2(2)=31.01, p<0.0001

−2.37

0.04

 Change in BMI from T1 to T2

 
Nagelkerke R2=0.108

0.10

−0.81

 Change in the number of medicines from T1
to T2

0.08

0.41

1.02

0.13

<0.001

0.047

7.97

68.00

<0.001

<0.001

27.02

16.51

0.04

0.31

0.17

0.01

 Number of medicines taken (T1)

−2.51

−0.89

Exp(B)

 Number of EHIF diagnoses (T1)

Health indicators

 
Χ2(5)=50.37, p<0.0001

 
Nagelkerke R2=0.058

 Education

 Gender

 Age

Sociodemographic variables (T1)

p values

B

Wald

Block 2
SE

B
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Block 1

Table 2 Results of the hierarchical binary logistic regression analysis examining the role of the FFM personality traits in reporting the development of ADRs between T1
and T2 while controlling for sociodemographic and health indicators at T1 and the change in health status from T1 to T2

Open access

Open access

Realo A, et al. BMJ Open 2018;8:e022428. doi:10.1136/bmjopen-2018-022428

Despite several strengths of this study, including the relatively large population-based adult cohort, the prospective nature of our research, the use of both self-ratings
and observer ratings of personality and the well-validated
personality inventory, our research also had some limitations. One of the main limitations of our study was that we
were not able to account for the severity of the reported
ADRs, which has been found to be one of the main motivations for consumers to report ADRs.46 However, largescale studies in Denmark and the UK have shown that
the general public and physicians tend to report similar
proportions of serious or severe ADRs47 48 and, therefore,
we have no reason to believe that taking into account the
severity of ADRs would have impacted our results in any
substantial way.
Another limitation of our study relates to the fact the
design of our study did not allow for causality assessment of ADRs, which is the approved method used for
estimating the strength of relationship between drug(s)
exposure and occurrence of ADRs.49 Instead, similarly
to several earlier studies,7 8 our study examined people’s
perceptions of an unwanted effect that they attributed to
the use of a medicinal product. However, there is substantial evidence that the quality of patient reports is similar
to that of health professional reports.50 It has been also
suggested that since only a small percentage of the ADRs
that occur are reported by health professionals, it is difficult to establish the true occurrence and extent of ADRs
in the general population, and therefore, more information on the prevalence of experienced ADRs and on
how patients themselves perceive ADRs, as was done in
the present study, is needed.7 Therefore, we believe that
our study makes a valuable contribution to this important
stream of research, which has a strong potential to
increase our knowledge about the possible harm of medicines.50 51
The last limitation is that FFM personality traits were
measured only once, and not at baseline, but at the
follow-up about 5.3 years after the enrolment in the
study. Although personality traits are not set in stone and
people change in terms of personality traits across the life
course,52 there is little reason to believe that the scores of
neuroticism and conscientiousness would have dramatically changed during our study53 54 or that having experienced a difficult life event such as serious illness or injury,
for instance, would have had strong effects on the scores
of the FFM personality traits.28 55 On the contrary, it is
personality traits that consistently predict the occurrence
of different life events,56 including the onset of diseases.57
To sum up, the findings from the current study, examining personality traits in addition to sociodemographic
and health indicators as predictors of reporting the
development of ADRs in a large population-based adult
sample, suggest that people with high levels of conscientiousness and neuroticism are more likely to report on
the development of ADRs, even after controlling for age,
gender, medicine use and the number of diagnoses. As
people with high levels of neuroticism are less likely to
7
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showed that participants who reported developing ADRs
during the study had significantly higher levels of conscientiousness (p=0.019) as well as marginally higher levels
of neuroticism (p=0.067), even when the relevant sociodemographic and health variables were taken into account.
Extensive research has revealed that conscientiousness is a strong lifelong predictor of longevity and good
health.25 42 There are multiple pathways by which conscientiousness is associated with health, but most likely conscientiousness promotes health by engaging in healthier
behaviours and by choosing healthier situations and
environments, thereby minimising different small health
risks.26 Among other things, conscientiousness has been
found to be related to more frequent visits to the general
practitioner,29 meaning that conscientious individuals are
more vigilant about their health and pay greater attention
to their health problems. This may explain why conscientious individuals in our study were more likely to develop
and report ADRs, as they may perceive any bodily reactions as an important health risk factor.
Another personality trait that was significantly associated and, after controlling for relevant sociodemographic
and health-related variables, marginally predicted the
development and reporting of ADRs in our study was
neuroticism. Similarly to low conscientiousness, high
neuroticism is a strong and robust predictor of different
mental and physical health problems as well as of the
frequency of health service use.22 Again, there are probably different pathways through which neuroticism influences health, but it is possible that the development of
ADRs among people high in neuroticism is related to
their enhanced physiological responses that result from
chronic over-activation of the autonomic nervous system18
or from greater sympathetic and hypothalamic–pituitary–
adrenal reactivity.22 It has been also found that people
high in neuroticism respond more strongly to sensations
of pain and discomfort and, as a result, they are more
likely to notice and attend to bodily sensations and minor
discomforts, including unfounded symptoms without a
physiological basis.28 30 Also, conscientiousness is related
to a bias toward reporting disease among individuals who
actually do not meet clinical criteria for disease, meaning
that highly conscientious individuals ‘may use lower
criteria to establish illness because they are more cautious
about their health and eager to report illness so they may
obtain an early diagnosis and treatment’ (p. 376).30 Thus,
it is possible that individuals high in conscientiousness
and high in neuroticism are over-reporting ADRs due
to heightened levels of self-awareness, pain sensitivity or
attentional focus, which results in heightened perception,
over-reaction and vigilance about their bodily sensations
and symptoms.30 43 High levels of neuroticism, accompanied by high conscientiousness—a phenomenon called
‘healthy neuroticism’—is however also seen as a good
thing and is often associated with health benefits, as
persons showing this combination are vigilant about their
health and in case of any health problems take the necessary action.44 45

Open access

Acknowledgements The authors are grateful to the Estonian Genome Centre
of the University of Tartu and its director, Professor Andres Metspalu, for help in
collecting the data and the kind permission to use the data in the current study.
Contributors AR: conceived the study, prepared the data, and contributed to the
analysis of data and writing of the manuscript. LK-A: helped with data preparation.
AWME, HvM and JA: contributed to the interpretation of data and critically reviewed
and commented on the manuscript. All authors reviewed and approved the final
version of the manuscript.
Funding Preparation of this manuscript was supported by institutional
research funding (IUT2-13) from the Estonian Ministry of Education and Science
to JA and by the European Research Council Consolidator Grant to AWME
(ERC-2013-CoG-617700).
Disclaimer The authors were completely independent from funders in conducting
this study and writing this manuscript.
Competing interests None declared.
Patient consent Not required.
Ethics approval This research was approved by the Research Ethics Committee
of the University of Tartu (approvals: 236/M-29, 14 May 2014; 206/T-4, 22 August
2011; 170/T-38, 28 April 2008; 166/T-21, 17 December 2007).
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No additional data available. The data used for this
research are available for scrutiny at the Estonian Genome Centre of the University
of Tartu (EGCUT), but cannot be released because of the licensing conditions to
which we are obliged to adhere.
Open access This is an open access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative works on different terms,
provided the original work is properly cited, appropriate credit is given,
any changes made indicated, and the use is non-commercial. See:©http://
creativecommons.org/licenses/by-nc/4.0/.

8

References

1. Edwards IR, Aronson JK. Adverse drug reactions: definitions,
diagnosis, and management. Lancet 2000;356:1255–9.
2. Pirmohamed M, James S, Meakin S, et al. Adverse drug reactions
as cause of admission to hospital: prospective analysis of 18 820
patients. BMJ 2004;329:15–19.
3. Wu TY, Jen MH, Bottle A, et al. Ten-year trends in hospital
admissions for adverse drug reactions in England 1999-2009. J R
Soc Med 2010;103:239–50.
4. Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug
reactions in hospitalized patients: a meta-analysis of prospective
studies. JAMA 1998;279:1200–5.
5. Bouvy JC, De Bruin ML, Koopmanschap MA. Epidemiology of
adverse drug reactions in Europe: a review of recent observational
studies. Drug Saf 2015;38:437–53.
6. Hakkarainen KM, Andersson Sundell K, Petzold M, et al. Prevalence
and perceived preventability of self-reported adverse drug
events–a population-based survey of 7099 adults. PLoS One
2013;8:e73166.
7. Isacson D, Johansson L, Bingefors K. Nationwide survey of
subjectively reported adverse drug reactions in Sweden. Ann
Pharmacother 2008;42:347–53.
8. Gyllensten H, Rehnberg C, Jönsson AK, et al. Cost of illness of
patient-reported adverse drug events: a population-based crosssectional survey. BMJ Open 2013;3:e002574.
9. Barsky AJ, Saintfort R, Rogers MP, et al. Nonspecific medication side
effects and the nocebo phenomenon. JAMA 2002;287:622–7.
10. Planès S, Villier C, Mallaret M. The nocebo effect of drugs.
Pharmacol Res Perspect 2016;4:e00208.
11. Wilke RA, Lin DW, Roden DM, et al. Identifying genetic risk factors
for serious adverse drug reactions: current progress and challenges.
Nat Rev Drug Discov 2007;6:904–16.
12. Tran C, Knowles SR, Liu BA, et al. Gender differences in adverse
drug reactions. J Clin Pharmacol 1998;38:1003–9.
13. Routledge PA, O'Mahony MS, Woodhouse KW. Adverse drug
reactions in elderly patients. Br J Clin Pharmacol 2004;57:121–6.
14. Rambhade S, Chakarborty A, Shrivastava A, et al. A survey on
polypharmacy and use of inappropriate medications. Toxicol Int
2012;19:68–73.
15. Ajayi FO, Sun H, Perry J. Adverse drug reactions: a review of relevant
factors. J Clin Pharmacol 2000;40:1093–101.
16. Alomar MJ. Factors affecting the development of adverse drug
reactions (Review article). Saudi Pharm J 2014;22:83–94.
17. Allik J, McCrae RR. A Five-Factor Theory perspective. In:
McCrae RR, Allik J, eds. The five-factor model of personality
across cultures. New York: Kluwer Academic/Plenum Publishers,
2002:303–21.
18. Friedman HS, Personality KML. well-being, and health. Annual
Review of Psychology 2014;65:719–42.
19. Goodwin RD, Friedman HS. Health status and the five-factor
personality traits in a nationally representative sample. J Health
Psychol 2006;11:643–54.
20. Smith TW, MacKenzie J. Personality and risk of physical illness. Annu
Rev Clin Psychol 2006;2:435–67.
21. McCrae RR, John OP. An introduction to the five-factor model and its
applications. J Pers 1992;60:175–215.
22. Lahey BB. Public health significance of neuroticism. Am Psychol
2009;64:241–56.
23. Ormel J, Jeronimus BF, Kotov R, et al. Neuroticism and common
mental disorders: meaning and utility of a complex relationship. Clin
Psychol Rev 2013;33:686–97.
24. Bogg T, Roberts BW. Conscientiousness and health behaviors: a
meta-analysis. Psychological Bulletin 2004;130:887–919.
25. Bogg T, Roberts BW. The case for conscientiousness: evidence and
implications for a personality trait marker of health and longevity. Ann
Behav Med 2013;45:278–88.
26. Friedman HS, Kern ML, Hampson SE, et al. A new life-span
approach to conscientiousness and health: combining the pieces of
the causal puzzle. Dev Psychol 2014;50:1377–89.
27. Kööts-Ausmees L, Schmidt M, Esko T, et al. The role of the Five
Factor personality traits in self-reported general health. European
Journal of Personality 2016.
28. Watson D, Pennebaker JW. Health complaints, stress, and distress:
exploring the central role of negative affectivity. Psychol Rev
1989;96:234–54.
29. Jerram KL, Coleman PG. The big five personality traits and reporting
of health problems and health behaviour in old age. Br J Health
Psychol 1999;4:181–92.
30. Feldman PJ, Cohen S, Doyle WJ, et al. The impact of personality
on the reporting of unfounded symptoms and illness. J Pers Soc
Psychol 1999;77:370–8.

Realo A, et al. BMJ Open 2018;8:e022428. doi:10.1136/bmjopen-2018-022428

BMJ Open: first published as 10.1136/bmjopen-2018-022428 on 10 July 2018. Downloaded from http://bmjopen.bmj.com/ on April 12, 2021 by guest. Protected by copyright.

volunteer to phase I drug trials34 58–60 than people with
low levels of neuroticism, our results suggest that certain
ADRs may remain undetected in phase I drug trials or the
number of ADRs may be smaller than expected from the
general population. Even more importantly, reporting
of ADRs is no longer reserved for drug trials or healthcare professionals, but also available to the general public
who have been invited as reporters of drugs and ADRs
in many European and world countries.61 Thus, our findings also suggest that people high in conscientiousness
and neuroticism may be more likely to report ADRs using
spontaneous reporting systems such as the Yellow Card
Scheme in the UK,48 for instance. However, we should
note that it is not entirely clear whether people high in
conscientiousness and neuroticism (so-called’ healthy
neurotics’) over-report ADRs (including physiologically
unfounded symptoms) or whether’ healthy neurotics’ are
actually adequate in reporting of ADRs and it is those low
in conscientiousness and neuroticism who significantly
under-report potential ADRs. To that aim, future longitudinal studies need to be performed, in which participants
high and low on these personality traits are followed in
their health course for a longer period of time. Nevertheless, our findings are among the first to demonstrate that
personality traits such as conscientiousness and neuroticism are not merely associated with reporting ADRs,62
but may also serve as risk factors for the development of
ADRs on top of different sociodemographic and health
indicators.

Open access

Realo A, et al. BMJ Open 2018;8:e022428. doi:10.1136/bmjopen-2018-022428

48. Avery AJ, Anderson C, Bond CM, et al. Evaluation of patient
reporting of adverse drug reactions to the UK 'Yellow Card
Scheme': literature review, descriptive and qualitative analyses, and
questionnaire surveys. Health Technol Assess 2011;15:1–234.
49. Agbabiaka TB, Savović J, Ernst E. Methods for causality assessment
of adverse drug reactions. Drug Saf 2008;31:21–37.
50. Blenkinsopp A, Wilkie P, Wang M, et al. Patient reporting of
suspected adverse drug reactions: a review of published literature
and international experience. Br J Clin Pharmacol 2007;63:148–56.
51. Vilhelmsson A, Svensson T, Meeuwisse A, et al. What can we learn
from consumer reports on psychiatric adverse drug reactions with
antidepressant medication? Experiences from reports to a consumer
association. BMC Clin Pharmacol 2011;11:16.
52. Roberts BW, Walton KE, Viechtbauer W. Patterns of mean-level
change in personality traits across the life course: a meta-analysis of
longitudinal studies. Psychol Bull 2006;132:1–25.
53. Mõttus R, Realo A, Allik J, et al. Within-trait heterogeneity in age
group differences in personality domains and facets: implications
for the development and coherence of personality traits. PLoS One
2015;10:e0119667.
54. Costa PT, McCrae RR. Age changes in personality and their origins:
comment on Roberts, Walton, and Viechtbauer (2006). Psychol Bull
2006;132:26–8.
55. Jeronimus BF, Riese H, Sanderman R, et al. Mutual reinforcement
between neuroticism and life experiences: a five-wave, 16year study to test reciprocal causation. J Pers Soc Psychol
2014;107:751–64.
56. Specht J, Egloff B, Schmukle SC. Stability and change of personality
across the life course: the impact of age and major life events on
mean-level and rank-order stability of the Big Five. J Pers Soc
Psychol 2011;101:862–82.
57. Weston SJ, Hill PL, Jackson JJ. Personality traits predict the onset of
disease. Soc Psychol Personal Sci 2015;6:309–17.
58. Meyer FP, Haschke R, Röhl FW. The healthy volunteer in clinical
pharmacology: personality and motivation. Eur J Clin Pharmacol
1995;48:91–6.
59. Pieters MS, Jennekens-Schinkel A, Schoemaker HC, et al. Selfselection for personality variables among healthy volunteers. Br J
Clin Pharmacol 1992;33:101–6.
60. Ball CJ, McLaren PM, Morrison PJ. The personality structure of
'normal' volunteers. Br J Clin Pharmacol 1993;36:369–71.
61. Härmark L, van Hunsel F, Grundmark B. ADR Reporting by the
general public: lessons learnt from the Dutch and Swedish systems.
Drug Saf 2015;38:337–47.
62. Tishler CL, Bartholomae S, Rhodes AR. Personality profiles of normal
healthy research volunteers: a potential concern for clinical drug trial
investigators? Med Hypotheses 2005;65:1–7.

9

BMJ Open: first published as 10.1136/bmjopen-2018-022428 on 10 July 2018. Downloaded from http://bmjopen.bmj.com/ on April 12, 2021 by guest. Protected by copyright.

31. Peciña M, Azhar H, Love TM, et al. Personality trait predictors
of placebo analgesia and neurobiological correlates.
Neuropsychopharmacology 2013;38:639–46.
32. Ong D, Popat A, Knowles SR, et al. Objective psychological
measurement and clinical assessment of anxiety in adverse drug
reactions. Can J Clin Pharmacol 2004;11:e8–16.
33. Davis C, Ralevski E, Kennedy SH, et al. The role of personality
factors in the reporting of side effect complaints to moclobemide
and placebo: a study of healthy male and female volunteers. J Clin
Psychopharmacol 1995;15:347–52.
34. Almeida L, Falcão A, Vaz-da-Silva M, et al. Personality characteristics
of volunteers in Phase 1 studies and likelihood of reporting adverse
events. Int J Clin Pharmacol Ther 2008;46:340–8.
35. Chang L, Connelly BS, Geeza AA. Separating method factors
and higher order traits of the Big Five: a meta-analytic multitraitmultimethod approach. J Pers Soc Psychol 2012;102:408–26.
36. Leitsalu L, Haller T, Esko T, et al. Cohort profile: estonian biobank
of the Estonian Genome Center, University of Tartu. Int J Epidemiol
2015;44:1137–47.
37. McCrae RR, Costa PT, Martin TA. The NEO-PI-3: a more readable
revised NEO Personality Inventory. J Pers Assess 2005;84:261–70.
38. Costa PT, McCrae RR. Revised NEO Personality Inventory (NEOPI-R) and NEO Five-Factor Inventory (NEO-FFI) professional manual.
Odessa, FL: Psychological Assessment Resources, 1992.
39. Connolly JJ, Kavanagh EJ, Viswesvaran C. The convergent
validity between self and observer ratings of personality: a metaanalytic review. International Journal of Selection and Assessment
2007;15:110–7.
40. Hall JA, Andrzejewski SA, Murphy NA, et al. Accuracy of judging
others’ traits and states: comparing mean levels across tests. J Res
Pers 2008;42:1476–89.
41. Hohl CM, Karpov A, Reddekopp L, et al. ICD-10 codes used to
identify adverse drug events in administrative data: a systematic
review. J Am Med Inform Assoc 2014;21:547–57.
42. Friedman HS, Tucker JS, Tomlinson-Keasey C, et al. Does childhood
personality predict longevity? J Pers Soc Psychol 1993;65:176–85.
43. Barsky AJ, Goodson JD, Lane RS, et al. The amplification of somatic
symptoms. Psychosom Med 1988;50:510–9.
44. Turiano NA, Mroczek DK, Moynihan J, et al. Big 5 personality
traits and interleukin-6: evidence for "healthy Neuroticism" in a US
population sample. Brain Behav Immun 2013;28:83–9.
45. Friedman HS. Long-term relations of personality and health:
dynamisms, mechanisms, tropisms. J Pers 2000;68:1089–107.
46. van Hunsel F, van der Welle C, Passier A, et al. Motives for reporting
adverse drug reactions by patient-reporters in the Netherlands. Eur J
Clin Pharmacol 2010;66:1143–50.
47. Aagaard L, Nielsen LH, Hansen EH. Consumer reporting of adverse
drug reactions. Drug Saf 2009;32:1067–74.

