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ABSTRACT

Aim: Neuroticism, i.e. the tendency to experience negative affects such as stress, depression, and anxiety, can
have a significant impact on daily life. The aim of the current study was to investigate to what extent neuroticism
impacts the susceptibility to experiencing immune-related diseases.

Methods: Dutch university students were invited to complete an online survey. Neuroticism, immune fitness, and
past year’s frequency of experiencing immune-related complaints were assessed. Correlational analyses deter-
mined the associations between neuroticism and immune outcomes, and possible sex differences were evaluated.
Results: Data from N = 1790 participants were included. Their mean (SD) age was 21.31 (2.1) years old and
82.2 % of the sample were females. Overall, higher levels of neuroticism were associated with significantly
poorer immune fitness (r = -0.227, p < 0.001). Significant correlations were found between neuroticism and sore
throat, headache, flu, runny nose, coughing, mild fever, sudden high fever, sinusitis, diarrhea, eye infection,
wound infection, and slow healing wounds. However, albeit statistically significant, the magnitude of these
correlations was only modest (r < 0.3). Females scored significantly higher on neuroticism (p < 0.001) and
reported significantly poorer immune fitness than males (p < 0.001). Females experienced sore throat
(p < 0.001), headache (p < 0.001), and eye infection (p = 0.002) significantly more often than males. No sex
differences were observed in the magnitude of the correlations, except for the flu, which had a stronger corre-
lation in females than males.

Conclusions: Significant associations were found between neuroticism, immune fitness, and the frequency of
experiencing immune-related complaints.

1. Introduction

11-point single-item scale, ranging from O (very poor) to 10 (excellent)
(Verster et al., 2022). Scores of the single-item immune fitness scale

Immune fitness is the body’s capacity to respond to health chal-
lenges, by activating an appropriate immune response, which is crucial
to maintain health, prevent and resolve disease, and maintain quality of
life (Verster et al., 2022). Thus, immune fitness is the self-reported
perception of how well one’s immune system functions. As such, this
holistic concept incorporates all factors related to experiencing
immune-related complaints, including but not limited to, their type,
severity, duration, frequency of occurrence, and impact on daily life
(Verster et al., 2022, 2023a). Immune fitness can be assessed with an

correlate significantly with those of the Immune Status Questionnaire
(ISQ) (Verster et al., 2022; Wilod Versprille et al., 2019), and the scale
has an excellent test-retest reliability (Verster et al., 2023b) and stability
over time (ISeri¢ et al., 2025). The single-item immune fitness scale has
been used in both survey research and experimental studies, and its
outcomes have been related to demographics, lifestyle factors, and
health outcomes (Donners et al., 2015; Merlo et al., 2021; Balikji et al.,
2022; Hendriksen et al., 2021). In addition, significant correlations have
been reported between immune fitness scores and saliva concentrations
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of immune biomarkers (Mulder et al., 2023).

As a vital component of health, immune fitness has a variety of
health and behavioral correlates, including perceived general health,
experienced immune-related complaints, sleep quality, daily activities,
interactions with others, and quality of life (Verster et al., 2022; Donners
et al., 2015; Merlo et al., 2021; Balikji et al., 2022; Hendriksen et al.,
2021). Other factors that correlate with immune fitness are mood states
and personality characteristics. For example, several studies reported
correlations between mood and immune fitness (Donners et al., 2015;
Merlo et al., 2021; Balikji et al., 2022; Hendriksen et al., 2021). These
include a strong positive link between immune fitness and positive
emotions, such as happiness and optimism, and substantial negative
correlations between immune fitness and negative emotions and mood
states including stress, anxiety, fatigue, depression and loneliness
(Donners et al., 2015; Merlo et al., 2021; Balikji et al., 2022; Hendriksen
et al., 2021). Furthermore, these negative emotions and mood states,
specifically anxiety and depression, are more common among in-
dividuals with higher levels of neuroticism (Widiger and Oltmanns,
2017).

Neuroticism is a tendency to experience negative affects and it is a
fundamental personality trait in psychopathology (Widiger and Olt-
manns, 2017). Emotions that are characteristic of neuroticism include
anger, irritability, emotional distress, sadness and hostility (Widiger and
Oltmanns, 2017). Due to the array of negative emotions that fall under
the neurotic trait and similar genetic predispositions, it is no surprise
that neuroticism shows significant associations with generalized anxiety
disorder and major depression disorder (Hansell et al., 2012; Watson,
2001). Mood and personality disorders, substance use disorders, and
eating disorders have also been linked to neuroticism (Watson, 2001).

Clearly, neuroticism has an established role in psychological condi-
tions, but there is also an increasing body of evidence showing the
crucial impact of this personality trait on physical and mental health
(Lahey, 2009). This impact is reported through both indirect and direct
effects of neuroticism. For instance, there is a direct link between
neuroticism and anxiety and depression disorders (Hansell et al., 2012;
Watson 2001). However, as both disorders are associated with a
disruption of immune functioning, neuroticism can also indirectly
negatively affect physical health. A such, neuroticism has been associ-
ated with abnormal cardiac function and increased mortality (Lahey,
2009). Even when controlling for depression, there is evidence that
neuroticism predicts a wide range of health problems and higher mor-
tality as seen in prospective longitudinal studies (Lahey, 2009). More-
over, individuals with high neuroticism scores tend to report more
somatic complaints, e.g. pain, fatigue and headache (Lahey, 2009;
Denovan et al. 2019). Along with other mental illnesses, neuroticism is
also associated with a higher risk of developing inflammatory diseases,
such as cardiovascular disease, irritable bowel syndrome, asthma and
atopic eczema (Lukewich and El-Baba, 2020). This increased risk is
expected, given that pro-inflammatory markers, including fibrinogen,
interleukin (IL)-6 and C-reactive protein are reported to be elevated in
individuals with high levels of neuroticism (Armon et al., 2013; Men-
gelkoch et al., 2022).

Sex differences have been reported with regard to both neuroticism
and immune fitness. For example, it has been frequently reported that
females score higher on neuroticism than men (Jorm, 1987; Lippa, 2010;
Costa et al., 2001). However, a large cross-cultural comparison in
n = 23,031 individuals revealed significant differences in overall levels
of neuroticism between the 26 cultures that were assessed (Costa et al.,
2001). Moreover, the authors noted that the observed sex differences
were relative small compared to the observed variability within the
sexes (Costa et al., 2001). With regard to immune fitness, Mulder et al.
(2024) evaluated data from n = 8586 males and females (age range
18-103 years old). They found that females reported significantly
poorer immune fitness than males. Except for the elderly, this sex dif-
ference in self-reported immune fitness was found across all age groups
(Mulder et al., 2024). Taken together, sex differences in both
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neuroticism and immune fitness have been reported. However, the
clinical relevance of these differences and its impact on the relationship
of the two constructs with other health outcomes is largely unexplored.

Considering the evident impact of neuroticism on both physical and
mental wellbeing, this study aimed to investigate the influence of
neuroticism on immune fitness and the susceptibility to experiencing
immune-related complaints. It was hypothesized that individuals with
higher levels of neuroticism will report a lower immune fitness and
increased frequency of experiencing immune-related complaints. Based
on previous research it was expected that females will score significantly
higher on neuroticism than males, and report a significantly poorer
immune fitness than males.

2. Materials and methods

October 2016, Dutch university students were invited via Facebook
to participate in an online survey on food and health. There were no
other inclusion or exclusion criteria besides being student within the age
range of 18-30 years old. It was aimed to include at least n = 1000
participants to obtain a margin of error < +/- 3 %. The survey was
hosted via SurveyMonkey. The study was reviewed and approved by the
University of Groningen Psychology Ethics Committee (Approval code:
16072-0, approval date: 25 October 2016) and all participants provided
electronic informed consent.

Demographic variables included sex (male or female) and age
(years). Neuroticism was assessed with the neuroticism scale of the
Eysenck Personality Questionnaire (EPQ) (Eysenck and Eysenck, 1991;
Sanderman et al., 1991). Twenty-two items could be answered with
“yes” or “no”. The scale score (0 or 1 per item) ranges from 0 to 22, with
increasing scores corresponding to higher levels of neuroticism. For the
neuroticism scale, a Cronbach’s o of 0.81 was found in a previous study
among Dutch students (Sanderman et al., 1991).

Momentary immune fitness was assessed with a single-item scale
ranging from very poor (0) to excellent (10) (Verster et al., 2022; Wilod
Versprille et al., 2019). To evaluate the susceptibility to experiencing
immune-related complaints, participants completed a modified version
of the immune fitness questionnaire (Reed et al., 2015). The frequency
of past year’s occurrence of immune-related complaints was rated for 18
items on a 5-point Likert scale (answering options: 0 = never, 1 = once
or twice, 2 = occasionally, 3 = regularly, and 4 = frequently). The
immune-related complaints were sore throat, headaches, flu, runny
nose, coughing, cold sores, mild fever, sudden high fever, warts, pneu-
monia, bronchitis, sinusitis, meningitis, ear infection, diarrhea, eye
infection, wound infection, and slow healing wounds.

Statistical analyses were conducted with SPSS (IBM Corp. Released
2013. IBM SPSS Statistics for Windows, Version 29.0. Armonk, NY, USA:
IBM Corp.). Mean and standard deviation (SD) were computed for each
variable. Missing cases were omitted from the analyses. Visual inspec-
tion, confirmed by the Kolmogorov-Smirnov test, revealed that the data
was not normally distributed. Therefore, nonparametric tests were
applied. Possible sex differences between the study outcomes were
evaluated with the Independent-Samples Mann-Whitney U Test. Sex
differences were considered statistically significant if p < 0.05. The ef-
fect size for sex differences was computed as n2 = Z2/n — 1. The effect
size n? ranges from 0 to 1, and its size is can be interpreted as small
(0.01-0.06), moderate (0.06-0.14) or large (>0.14) (Tomczak and
Tomczak, 2014). Spearman’s correlations were used to evaluate the
associations of neuroticism with immune fitness, and the frequency of
occurrence of immune-related complaints. Correlations were considered
statistically significant if p < 0.05 (p < 0.0027, after Bonferroni’s
correction for multiple correlations). Using the Fisher r-to-z trans-
formation (online calculator, available at http://vassarstats.net/rdiff.
html, assessed: 25 January 2024), possible sex differences in the
magnitude of the correlations were investigated. Sex differences were
considered significant if p < 0.05.


http://vassarstats.net/rdiff.html
http://vassarstats.net/rdiff.html

E. Iseri¢ et al.

3. Results

Data from N = 1790 participants were included in the current
analysis. Their mean (SD) age was 21.31 (2.1) years old and 82.2 % of
the sample were females. The mean (SD) of neuroticism and experi-
encing immune-related complaints are summarized in Table 1.

The mean (SD) neuroticism score was 8.77 (5.5). Cronbach’s alpha of
the EPQ neuroticism scale in this study was 0.881. Females scored
significantly higher on neuroticism and reported a significantly poorer
immune fitness compared to men (p < 0.001). In relation to experi-
encing immune-related complaints, females reported experiencing sore
throat, headache, mild fever, sinusitis, ear and eye infection, and slow
healing wounds significantly more often than males (p < 0.05). When
applying a conservative Bonferroni’s correction (p < 0.0027), the sex
differences for sore throat, headache, and eye infection remained sta-
tistically significant. However, the observed effect sizes of the significant
sex differences in neuroticism and immune outcomes were small
(0.012-0.047).

Table 2 shows the correlations between neuroticism and experi-
encing immune-related complaints. Overall, higher levels of neuroticism
were significantly associated with poorer immune fitness. Significant
correlations were found between neuroticism and sore throat, headache,
flu, runny nose, coughing, mild fever, sudden high fever, sinusitis,
diarrhea, eye infection, wound infection, and slow healing wounds. The
overall correlations remained significant if conducting a partial corre-
lation, controlling for sex (data not shown). However, albeit statistically
significant, the magnitude of these correlations was modest (r < 0.3). No
significant differences in the magnitude of the correlations found be-
tween males and females, except for flu, which showed a stronger cor-
relation in females.

4. Discussion

The current analysis revealed that higher levels of neuroticism were
significantly associated with poorer immune fitness. Poorer immune
fitness implies having an increased risk of experiencing immune-related
complaints. In line, significant correlations were found between
neuroticism and experiencing a variety of immune-related complaints,
including sore throat, headache, flu, runny nose, coughing, mild fever,
sudden high fever, sinusitis, diarrhea, eye infection, wound infection,
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and slow healing wounds. However, although significant, these corre-
lations were only modest (r < 0.3).

In line with previous research (Jorm, 1987; Lippa, 2010; Costa et al.,
2001; Mulder et al., 2024) females scored significantly higher on
neuroticism, and reported significantly poorer immune fitness than
males. However, no sex differences were observed in magnitude of the
correlations, except for the flu, which had a stronger correlation in fe-
males than males.

Previous research demonstrated well-established bidirectional links
between personality and health outcomes, in particular between
neuroticism and immune function (Luchetti et al., 2014). For example,
IL-6 concentration has been related to neuroticism (Sutin et al., 2010).
There are several pathways that could explain our findings. Neuroticism
is associated with increased levels of stress, which could explain the link
between neuroticism and immune fitness (Rohleder, 2014). In addition,
personality influences health practices and behaviors (i.e., attaining a
healthy lifestyle). For example, perhaps to relief anxiety and worry
associated with neuroticism, cigarette smoking (Goodwin and Hamilton,
2002) and greater alcohol consumption (Larkins and Sher, 2006) have
been linked to neuroticism. These findings are in line with the obser-
vations in the current study.

Research into factors that may negatively influence immune fitness is
important. This is illustrated by the results of a recent evaluation of the
economic costs of experiencing reduced immune fitness for the Dutch
economy (Sips et al., 2023). This study found that the estimated costs of
for the Dutch economy in 2019, in terms of days of absenteeism (2.9
days), day of presenteeism (19 days), and productivity loss due to
reduced immune fitness (-22.8 %) equaled € 10.7 billion. Next to these
economic costs, the findings of this study can also have significant im-
plications for healthcare. Previous research among young adults showed
that neuroticism is associated with stress, negative mood, and poorer
health (Yang et al., 2020; Nagel et al., 2018). In the context of the
observed relationship between neuroticism and experiencing
immune-related complaints this may be of concern, as it can be hy-
pothesized that higher levels of neuroticism may be associated with
poorer treatment compliance (Axelsson et al., 2011). Indeed, other
research found that increased levels of stress and negative mood were
associated with poorer adherence to treatment (Weaver et al., 2005;
Volpato et al., 2021). Since the findings of the current study suggest that
patients with higher levels of neuroticism are more likely to experience

Table 1
Mean (SD) of neuroticism and experiencing immune-related complaints.
Overall Males Females
Mean (SD) Mean (SD) Mean (SD) p-value nz

N 1790 282 1508 - -

Age (years) 21.31 (2.1) 21.65 (2.0) 21.25(2.1) 0.003 * 0.005
Neuroticism 8.77 (5.5) 6.15 (4.9) 9.26 (5.5) <0.001 * 0.044
Immune fitness 7.53 (1.4) 8.05 (1.2) 7.44 (1.4) <0.001 * 0.029
Sore throat 1.48 (0.9) 1.26 (0.8) 1.52 (0.9) <0.001 * 0.012
Headache 2.13 (0.9) 1.68 (0.8) 2.22 (0.9) <0.001 * 0.047
Flu 0.65 (0.7) 0.59 (0.6) 0.67 (0.7) 0.116 0.001
Runny nose 1.91 (1.0) 1.82 (1.0) 1.93 (1.0) 0.057 0.002
Coughing 1.59 (1.0) 1.63 (1.0) 1.59 (1.0) 0.506 <0.001
Cold sores 0.22 (0.6) 0.21 (0.6) 0.23 (0.6) 0.989 <0.001
Mild fever 0.63 (0.7) 0.47 (0.6) 0.66 (0.6) 0.009 0.009
Sudden high fever 0.11 (0.4) 0.08 (0.3) 0.11 (0.4) 0.222 0.001
Warts 0.16 (0.6) 0.09 (0.4) 0.17 (0.6) 0.050 0.002
Pneumonia 0.03 (0.2) 0.03 (0.2) 0.04 (0.2) 0.841 <0.001
Bronchitis 0.09 (0.4) 0.08 (0.4) 0.09 (0.4) 0.496 <0.001
Sinusitis 0.22 (0.5) 0.18 (0.5) 0.23 (0.5) 0.020 0.003
Meningitis 0.00 (0.02) 0.00 (0.0) 0.00 (0.03) 0.666 <0.001
Ear infection 0.17 (0.5) 0.10 (0.3) 0.18 (0.5) 0.032 0.003
Diarrhea 1.29 (1.0) 1.20 (0.9) 1.31 (1.0) 0.168 0.001
Eye infection 1.38 (0.4) 0.07 (0.3) 0.15 (0.5) 0.002 * 0.005
Wound infection 0.10 (0.4) 0.07 (0.4) 0.11 (0.4) 0.079 0.002
Slow healing wounds 0.26 (0.7) 0.18 (0.6) 0.27 (0.7) 0.018 0.003

Sex differences are considered statistically significant if p < 0.0027, after Bonferroni’s correction for multiple correlations, indicated by *. n* = effect size. SD =

standard deviation
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Table 2
Correlations between neuroticism and experiencing immune-related complaints.
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Overall Males Females Males vs Females
r p-value r p-value r p-value Z p-value

Immune Fitness —-0.227 <0.001 * —-0.161 0.007 —0.204 <0.001 * 0.68 0.497
Sore throat 0.137 <0.001 * 0.158 0.008 0.112 <0.001 * 0.72 0.472
Headache 0.274 <0.001 * 0.187 0.002 * 0.244 <0.001 * -0.92 0.358
Flu 0.125 <0.001 * —0.005 0.938 0.142 <0.001 * —-2.27 0.023*
Runny nose 0.121 <0.001 * 0.106 0.075 0.114 <0.001 * —0.012 0.905
Coughing 0.112 <0.001 * 0.193 0.001 * 0.102 <0.001 * 1.27 0.204
Cold sores 0.018 0.436 0.072 0.231 0.006 0.820 1.01 0.303
Mild fever 0.159 <0.001 * 0.071 0.237 0.165 <0.001 * —1.46 0.144
Sudden high fever 0.101 <0.001 * 0.110 0.064 0.094 <0.001 * 0.25 0.803
Warts 0.059 0.012 0.69 0.249 0.049 0.057 0.31 0.757
Pneumonia 0.050 0.036 —0.015 0.797 0.059 0.022 -1.14 0.254
Bronchitis 0.036 0.124 0.014 0.822 0.037 0.147 —-0.35 0.726
Sinusitis 0.095 <0.001 * 0.077 0.199 0.085 <0.001 * -0.12 0.905
Meningitis 0.040 0.090 - - 0.044 0.090 - -

Ear infection 0.039 0.095 —0.008 0.899 0.037 0.153 —0.69 0.490
Diarrhea 0.198 <0.001 * 0.182 0.002 * 0.199 <0.001 * -0.27 0.787
Eye infection 0.104 <0.001 * 0.041 0.497 0.096 <0.001 * —-0.85 0.395
Wound infection 0.114 <0.001 * 0.038 0.530 0.118 <0.001 * —-1.24 0.215
Slow healing wounds 0.179 <0.001 * 0.118 0.049 0.178 <0.001 * —0.94 0.347

Spearman’s correlations are considered significant if p < 0.0027, after Bonferroni’s correction for multiple correlations, indicated by *. Significant differences in the

magnitude of correlations of males and females (p < 0.05) are indicated by *.

immune-related complaints, this would be of concern and therefore,
future research should evaluate the possible impact of neuroticism on
adherence to treatment regimens and its relevance for disease course in
terms of symptom duration and severity.

The study has several limitations that should be acknowledged and
taken into account when interpreting the data. First, the correlations are
only of modest magnitude, and they do not demonstrate causality. To
establish the latter, longitudinal studies are needed. Second, the fre-
quency of occurrence of immune-related complaints was assessed. While
these data are important and offer an impression of immune status, the
assessments do not provide information on the severity and duration of
experiencing these symptoms, or their impact on daily life. Third, other
factors that may impact immune fitness and susceptibility to experi-
encing immune-related complaints were not taken into account. These
factors, such as nutrition, physical activity, and sleep, should be
considered in future studies, as they could explain the observed rela-
tionship between neuroticism and immune fitness in the current study.
Fourth, the participants in this study were students, i.e. a young and
relative healthy cohort. The latter is evident from their relatively high
observed mean immune fitness scores. Correlations may be of greater
magnitude in patient populations or older age groups and it is therefore
unclear to what extent the current findings can be generalized to these
groups. Fifth, 82.2 % of the sample were female. This reflects the student
population in the Netherlands. In addition, the topic of the survey
(“Food and health”) may have been more appealing to females than
males. Given the large sample size, the number of males was sufficient to
conduct reliable comparisons between the sexes. Sixth, the EPQ was
used to assess neuroticism. While this is a validated and reliable scale,
future studies could implement other scales such as the NEO-Five Factor
Inventory (NEO-FFI) to verify the current findings. Finally, the findings
were all self-reported. This retrospective reporting may have introduced
recall bias. When designing future studies, these limitations could be
considered, as well as assessing biomarkers of systemic inflammation to
further support the subjective assessments of immune fitness.

In conclusion, significant associations were found between neuroti-
cism, immune fitness, and the frequency of experiencing immune-
related complaints. Females scored significantly higher on neuroti-
cism, and reported significantly poorer immune fitness than males.
However, no sex differences were observed in magnitude of the corre-
lations, except for the flu, which had a stronger correlation in females
than males.
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