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Neuroticism is positively associated
with leptin/adiponectin ratio, leptin
and IL-6 in young adults

Mikaela Syk**?, Johan Isaksson?, Annica J. Rasmusson?, Lisa Ekselius* &
Janet L. Cunningham?

High neuroticism is related to cardiovascular morbidity. Early detection of metabolic and
cardiovascular risk is important in high-risk groups to enable preventive measures. The aim of this
study was therefore to explore if neuroticism is associated with early biomarkers for cardiovascular
and metabolic disease in young adults from a psychiatry cohort. Blood samples and self-ratings on
neuroticism with the Swedish universities Scales of Personality (SSP) questionnaire were collected
from 172 psychiatric outpatients and 46 healthy controls. The blood samples were analysed for
plasma leptin, adiponectin, CRP, IL-6 and TNF-a. Associations between neuroticism and biomarkers
were assessed using Spearman’s correlation coefficients and generalized linear models adjusting for
confounders. In the adjusted generalized linear models, neuroticism predicted the leptin/adiponectin
ratio (p = 0.003), leptin (p = 0.004) and IL-6 (p = 0.001). These associations were not better explained
by current major depressive disorder and/or anxiety disorder. Adiponectin, CRP and TNF-a were not
associated with neuroticism. In conclusion, the findings suggest that high neuroticism is related to
elevated levels of plasma leptin/adiponectin ratio, leptin and IL-6 in young adults. Young adults with
high neuroticism may therefore benefit from preventive interventions to decrease the risk for future
metabolic and cardiovascular morbidity, but more research is required to test this hypothesis.

Personality traits reflect an individual’s consistent patterns of thoughts, feelings and behaviour and are important
for how an individual will respond to and interact with his or her environment'. Enduring personality traits,
such as neuroticism, may confer long-term vulnerability for shifts in biological homeostasis. These shifts may
then over time contribute to the development of disease. Neuroticism is a major personality trait defined by
frequent and intense experiences of negative emotions (e.g. anxiety), sensitivity to stress and a predisposition to
perceive situations as threatening®’. High levels of neuroticism are associated with common psychopathology,
like depression and anxiety disorders?, as well as physical health problems. High neuroticism has been suggested
as a possible risk factor for cardiovascular disease (CVD)**. It may also have synergistic effects on the increased
risk for CVD in individuals with major depressive disorder (MDD)*. A large prospective cohort study reports a
12% increased risk for CVD mortality for a one standard deviation increase in neuroticism score®. Another large
prospective cohort study describes a 40% increased risk specifically for ischemic heart disease mortality, in the
group with the highest degree of neuroticism®. Growing evidence, although inconclusive, also suggest that high
neuroticism is associated with metabolic and immune dysregulation™’.

The underlying mechanism explaining the association between neuroticism and CVD remains unknown.
However, the literature suggests that socioeconomic status and life-style behaviours may contribute'®!’. Similar
to depression, high neuroticism is associated with an unhealthy lifestyle>*!2. Neuroticism traits may increase
the likelihood that a person experiences psychosocial stress or engages in unhealthy life-style behaviours (e.g.
substance use, physical inactivity, poor diet or smoking)*’. Harmful behaviours and stress may in turn contribute
both directly and indirectly to cardiovascular, metabolic, endocrine or immune dysregulation related to risk for
CVD pathogenesis!>.

Several proteins involved in immune regulation and adipose tissue function are considered potential bio-
markers of cardiovascular and metabolic disease risk!®. Out of these, C-reactive protein (CRP), Interleukin
(IL)-6, Tumour necrosis factor (TNF)-a, leptin and adiponectin may be of particular interest in the context of
neuroticism, given their association with internalizing problems. Elevated levels of CRP, IL-6 and TNF-a have
all been robustly associated with MDD'*!* and growing evidence indicates a similar link to anxiety disorders'®”.
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Previous studies also indicate an association between MDD and elevated levels of leptin and decreased levels of
adiponectin, but the evidence is still inconsistent'®-2°.

Elevated levels of CRP, IL-6 and TNF-a indicate chronic low-grade inflammation, which has a key role in
the development of atherosclerosis?!. CRP, IL-6 and TNF-a levels also predict cardiovascular morbidity and
mortality?*?. Leptin and adiponectin are adipocyte-derived hormones linked to the metabolic syndrome®’.
Leptin is involved in the long-term regulation of energy balance, the hypothalamic-pituitary—adrenal (HPA)-
axis and the immune system?®*. High leptin levels can unfavourably affect the vascular structure by promoting
hypertension, angiogenesis and atherosclerosis and are a risk factor for myocardial infarction’. In contrast to
leptin, adiponectin has protective anti-inflammatory, anti-atherogenic and insulin-sensitizing effects'®. Low levels
of adiponectin are a risk factor for diabetes type 2 and CVD'*?. The leptin-adiponectin (L/A) ratio is suggested
as a sensitive biomarker for early metabolic dysregulation (e.g. changes in insulin sensitivity and triglyceride
clearance), and may be more useful than each alone?.

Some studies have investigated if neuroticism is associated with inflammatory serum markers like CRP or
cytokines, predominantly IL-6, with mixed results®!*?7—¢, In a recent meta-analysis, no associations were found
between neuroticism and CRP or IL-6%. This could partly be explained by the heterogeneity between previous
studies, with differences in sample size and quality and content of the personality questionnaires®.

Far less work has addressed a potential association between neuroticism and leptin, adiponectin, or the L/A
ratio. While Narita and colleagues observe a positive correlation between trait anxiety and the L/A ratio in healthy
elders”, others have not found any association between neuroticism and leptin or adiponectin in community-
dwelling adults or women with severe, morbid obesity?”-**. None of these studies have looked into individuals
with psychiatric disorders, who may be a risk population for maladaptive neuroticism.

To summarize, there is a paucity of studies examining the link between neuroticism and early biomarkers
of metabolic and immune dysregulation, especially in young adults and risk populations for maladaptive neu-
roticism. Previous studies have also showed mixed results. Given the negative consequences of metabolic and
immune dysregulation on the risk for CVD, early detection is important in risk populations such as patients
with psychiatric disorders.

Using a cohort of young adults seeking psychiatric care and healthy age-matched controls, we saw an oppor-
tunity to approach this research question. Young adults seeking psychiatric care were considered an appropriate
study population since common psychiatric disorders are linked to higher neuroticism?, psychiatric patients are
a risk population for cardiovascular and metabolic disease'** and metabolic dysregulation in young adulthood
may have far-reaching effects on long-term health.

The majority of the young adults seeking psychiatric outpatient care in Uppsala are women with affective or
anxiety disorders*’. Women may be of particular interest in the context of metabolic/immunological dysregula-
tion and neuroticism, since they generally report a higher degree of neuroticism? and have distinctively higher
circulating levels of leptin*! compared with men.

An unhealthy life-style (e.g. smoking and substance addiction), affective disorders and use of antidepres-
sants may be confounding or mediating factors for the relationship between early biomarkers of metabolic
and cardiovascular risk and neuroticism, since they are linked to both>'#4%%3, Some established risk factors for
metabolic and cardiovascular disease (e.g. elevated blood pressure) are associated with neuroticism®*, but could
be considered manifestations of the same disease process, rather than confounders.

We hypothesized that neuroticism is (i) positively associated with the L/A ratio, leptin, CRP, IL-6, TNF-a and
(ii) negatively associated with adiponectin. Because personality traits may have more long-term effects on somatic
health than state conditions, due to their persistence over time, we also hypothesized that (iii) neuroticism is a
stronger predictor of these markers than a state diagnosis of MDD and/or anxiety disorder. Because both leptin
and adiponectin levels are higher in women and women are overrepresented in psychiatric disease, we further
hypothesized that (iv) these associations are stronger in women than in men.

Methods

Study design and participants. The material and data used in this cross-sectional study were obtained
from the Uppsala Psychiatric Patient Samples (UPP), which has previously been described in more detail**°. The
UPP cohort was initiated in October 2012 and all consecutive new patients aged 18 to 25 years at the psychiatric
outpatient clinic for young adults at the Department of Psychiatry in Uppsala, Sweden, are asked to participate.
The patients primarily suffer from affective disorders, with varying stage and degree of illness. The patient data
in this study were gathered between 2012 and 2014. Since 2013, individuals without previous or current contact
with psychiatry units were recruited to the UPP from a pool of university students and personnel and included
as a control cohort. The control data and samples comprising this study were collected between 2013 and 2015.

Patients were included in the study if they were between 18 and 25-years-old and seeking psychiatric out-
patient-care. Controls were included if they were aged 18 to 30. Controls who screened positive for a current
psychiatric disorder (n = 8) in the diagnostic interviews (see more details below) or had current psychotropic
medication (n = 3) were excluded from the study.

Exclusion criteria for the total study population were systemic inflammatory disease (n = 9), diabetes mel-
litus (n = 3), cancer (n = 0), coeliac disorder (n = 7), pregnancy (n = 1), treatment with testosterone (n = 1), lack
of blood sample or insufficient diagnostic assessments (n = 15), incomplete neuroticism score (n = 6), current
diagnosis of bulimia nervosa (n = 16) or anorexia nervosa (n = 3) or if more than 4 months had passed between
the initial health examination and blood sample collection (n = 1). The median time between health examina-
tion and blood sample collection was 11 days (IQR = 19 days). In total, 228 patients (179 women and 49 men)
and 60 healthy controls (45 women and 15 men) had data available from the UPP during the study period. After
exclusion criteria were applied, 173 patients (133 women and 40 men) and 46 controls (36 women and 10 men)
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Total study population (N = 218) | Healthy controls (n = 46) | Psychiatric patients (n = 172)
General characteristics
Sex: Female, n (%) 168 (77) 36 (78) 132 (77)
Age, years, median (IQR) 21.00 (3.00) 22.00 (3.00) 21.00 (4.00)***
Smoking, n (%)° 52 (24) 1(2) 51 (30)***
Educational level: University, n (%) 127 (58) 45 (98) 82 (48)**
Psychiatric characteristics
Neuroticism score, mean (SD) 59.10 (8.75) 50.39 (5.92) 61.43 (7.88)**
Antidepressants, n (%)* 82 (38) 0(0) 82 (48)***
Any anxiety disorder, n (%) 108 (50) 0(0) 108 (63)***
Current MDD, n (%) 74 (34) 0(0) 74 (43)**
Life-time unipolar depressive episode, 124 (57) 3(7) 121 (70)*
n (%)
Bipolar disorder, n (%) 27 (12) 0(0) 27 (16)**
Substance addiction, n (%) 16 (7) 0(0) 16 (9)*
Somatic status
BM]I, kg/mz, median (IQR)" 22.41 (4.80) 22.38 (2.67) 22.49 (5.63)
WHR, median (IQR)? 0.76 (0.08) 0.74 (0.07) 0.76 (0.08)**
SBP, mmHg, median (IQR)® 119.00 (10.00) 110.00 (15.00) 120.00 (10.00)*
DBP, mmHg, median (IQR)* 70.00 (5.00) 70.00 (10.00) 65.50 (5.00)*
Biomarkers of interest
L/A ratio, median (IQR) 1.35 (2.09) 1.17 (1.19) 1.47 (2.37)
Leptin, ng/mL, median (IQR) 14.00 (17.46) 11.48 (12.13) 16.31 (20.85)*
Adiponectin, ug/mL, median (IQR) 9.45 (4.49) 9.36 (4.09) 9.45 (4.69)
CRP, mg/L, median (IQR) 0.79 (2.10) 0.46 (0.64) 1.00 (2.51)*
IL-6, pg/mL, median (IQR)! 0.29 (0.34) 0.23 (0.22) 0.33 (0.37)**
TNF-a, pg/mL, median (IQR)f 1.86 (1.02) 1.91 (0.97) 1.85(1.18)

Table 1. Descriptive table of the study participants and comparisons between psychiatric patients and

healthy controls. To test if there was a significant difference between patients and controls, the Chi-square

test (or Fisher’s test when applicable) was used for the categorical variables and the Mann-Whitney test for

the continuous variables. IQR interquartile range, BMI body mass index, WHR Waist-hip ratio, SBP systolic
blood pressure, DBP diastolic blood pressure, L/A leptin/adiponectin. *p < 0.05, **p < 0.01, ***p < 0.001. *SSRI,
SNRY, tricylic antidepressants, Mirtazapine, Mianserin or Buproprion. Missing data for: ®Fourteen controls and
forty-nine patients; “Four patients; “Thirteen patients and two controls; “Two patients; ‘Sixteen patients.

remained and were included in the study (see Supplementary Fig. S1 for a flow-chart of the selection process).
One patient without a previous history of diabetes was later excluded when it was discovered that she had a
HbA Ic value of 67, thereby fulfilling the diagnostic criteria for diabetes. Out of the remaining 218 participants,
46 were healthy controls and 172 were psychiatric patients, Table 1.

Participants first underwent an initial clinical health examination at the time of inclusion. Blood pressure
was measured while seated. Weight was measured with a digital scale in kg and body-mass index (BMI) was
calculated as weight in kg divided by height in squared meters. A waist-hip ratio was calculated from waist and
hip circumference measurements. The participants returned for a second visit in which questionnaires on socio-
demographics, medical history, current medication (including use of antidepressants) and smoking status (yes/
no) were answered in conjunction with blood sample collection.

Independent variables. Psychiatric diagnoses were assessed using the Diagnostic and Statistical Manual
of Mental Disorders (DSM)-IV criteria?’. The assessment was based on a clinical interview and a diagnostic
interview with the M.LN.L-International Neuropsychiatric Interview (M.LN.L 6.0)*® or the Swedish version of
the Structured Clinical Interview for DSM IV axis I disorders (SCID-I)*. The controls were interviewed with
the M.ILN.I. 6.0.

Personality traits were assessed with the Swedish universities Scales of Personality (SSP) self-rating ques-
tionnaire. It has demonstrated good psychometric properties in a Swedish normative sample*. The SSP is rated
on a four-point Likert scale (1 “does not apply at all” to 4 “applies completely”) with 91 items grouped into 13
different scales where each scale is composed of seven items®>>'. The SSP is designed to assess personality traits
linked to biological correlates and vulnerability to psychopathology, making it a relevant questionnaire in psy-
chobiological research®®°!.

SSP scale scores were transformed to standardized T-scores, with a computerized script in accordance with
instructions in the Swedish SSP manual (version 2.1). The T-scores are adjusted for age and sex, and standard-
ized to have a mean of 50 and a standard deviation (SD) of 10, based on a representative Swedish sample®. Fac-
tor analyses in previous studies suggest that the SSP scales measure three broader dimensions of personality:
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neuroticism, extraversion and aggression®®*!. These factors correlate with the basic personality dimensions of
the Revised NEO Personality Inventory scales, according to an Estonian study®’. A neuroticism score was con-
structed from the overall mean of the T-scores of the SSP scales constituting the neuroticism factor in previous
studies, i.e. Somatic trait anxiety, Psychic trait anxiety, Stress susceptibility, Lack of assertiveness, Embitterment
and Mistrust®®!. Gustavsson and colleagues reported a satisfactory internal consistency for these SSP subscales,
with Cronbach’s alpha coefficients ranging from 0.74 to 0.82°°. A higher neuroticism score indicates a higher
degree of neuroticism.

Dependent variables. Blood sample collection and assessment of biomarkers. Blood samples were ob-
tained non-fasting. Samples were collected during office hours (mean = 12:00 AM, SD =2 h) and kept in — 80 °C
at Uppsala Biobank. Total plasma adiponectin and leptin were analysed with a solid phase sandwich enzyme-
linked immunosorbent assay (ELISA) (Mercodia AB, Uppsala, Sweden). This procedure is previously described
in more detail®*. Assay sensitivity was 0.05 ng/mL for leptin and 1.25 ng/mL for adiponectin. Three controls and
two patients had undetectable measures for leptin, which was replaced by the lowest limit of detection. The total
assay mean coefficient of variation was 5.6% for adiponectin and 5.0% for leptin.

Plasma protein levels of CRP, IL-6 and TNF-a were analysed with an electrochemiluminescence sandwich
immunoassay using Meso Scale Discovery (K15049D and K15198D, Rockville, MD, USA) multiplex platform.
According to the manufacturer, the inter-assay variation for CRP, IL-6 and TNF-a was less than 10%.

The plasma leptin concentration (ng/mL) was divided by the plasma adiponectin concentration (ug/mL) to
create the L/A ratio.

Confounders. Sex, use of antidepressants, current MDD, substance addiction and anxiety disorders were
considered possible confounders. The MDD, substance addiction and anxiety disorder diagnoses were based on
the results of the clinical and diagnostic interviews. The anxiety disorder diagnoses included generalized anxiety
disorder, social anxiety disorder, panic disorder, agoraphobia, post-traumatic stress disorder or obsessive—com-
pulsive disorder. Smoking was considered a possible confounder but not included in the statistical analysis due
to lack of data in the male study population.

Statistics. Data were analysed using the Statistical Package for the Social Sciences (SPSS v25, IBM). Statisti-
cal significance was defined as p < 0.05. Data were regarded as normally distributed if the following conditions
were met: skewness divided by the standard error of skewness between + 2 and visually estimated normal dis-
tribution (histogram, box-plot). None of the dependent variables (L/A ratio, leptin, adiponectin, CRP, IL-6 and
TNEF-a) were normally distributed.

To test if there was a significant difference in psychiatric characteristics, life-style factors, somatic status or
biomarkers of interest between patients and controls, the Chi-square test (or Fisher’s test when appropriate) was
used for the categorical variables and the Mann-Whitney test for the continuous variables.

Associations between the neuroticism score and the dependent variables (L/A ratio, leptin, adiponectin, CRP,
IL-6 and TNF-a), BMI, waist-hip ratio and systolic- and diastolic blood pressure were assessed with Spearman’s
correlation coefficients. For the dependent variables associated with neuroticism, circulating levels were com-
pared between participants with a high neuroticism score (1 SD or more above the norm) and a low-normative
neuroticism score (below the norm) with the Mann-Whitney test. The effect size for the group comparisons was
estimated with Rosenthal’s effect size ((r = z/(SQRT(n))))*% Because of known large differences in plasma leptin
levels between men and women*®, we repeated the Spearman’s correlation tests and the group comparisons in
men and women separately.

Generalized linear models (GLzM) with gamma log link distribution were constructed for each dependent
variable that was significantly associated with the neuroticism score in the Spearman’s test. The neuroticism score
was included in the GLzMs as an independent variable along with possible confounders. The generalized linear
models were not adjusted for biological variables (e.g. BMI, waist-hip ratio and blood pressure) known to impact
the dependent variables, if they could also be considered part of the same metabolic/cardiovascular dysregulation
process as the dependent variables. Instead, these biological variables were included in a generalized linear model
as the dependent variable, if they were significantly associated with the neuroticism score in the Spearman’s test.

As sensitivity analyses, the GLzMs were repeated in the patient population (without controls) and in the
female study population. The male study population was too small to perform GLzMs.

In an exploratory post-hoc analysis, Spearman’s bivariate correlation coefficients were also used to explore
the associations between the T-scores of the SSP subscales constituting the neuroticism score and the L/A ratio,
leptin, adiponectin, CRP, IL-6 and TNF-a.

Ethics. The study was carried out in accordance with the latest version of the Declaration of Helsinki and was
approved by the Regional Ethical Review Board in Uppsala, Sweden. Fully informed and written consent was
obtained from each participant. Overall, patients participating in the UPP report a positive response to partici-
pation in research, with high voluntariness and low levels of regret*.

Results
Participant characteristics. Characteristics of the study sample and comparisons between psychiatric
patients and healthy controls are presented in Table 1. A majority were women. Fifty-eight percent reported
university studies as their highest level of education. Eighteen percent were obese.

The psychiatric patients reported higher neuroticism scores than the controls (p < 0.001). They were also
younger and less likely to have attended university. The waist-hip ratio was higher in the group with psychiatric
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Neuroticism score L/A ratio
L/A ratio 0.19** -
Leptin 0.19%* 0.94%%*
Adiponectin -0.05 —0.30%**
CRP* 0.11 0.40*+*
IL-6* 0.18* 0.31%*
TNF-a* -0.05 ~0.04
BMI® 0.12 0.55%**
WHR® 0.15* -0.03
SBP¢ 0.06 0274+
DBP¢ -0.04 031+

Table 2. Spearman’ correlation coeflicients (p) in the total study population (N = 218). BMI body mass index,
WHR waist-hip ratio, SBP systolic blood pressure, DBP diastolic blood pressure, L/A leptin/adiponectin. *p

< 0.05; *p < 0.01; ***p < 0.001. Missing data for: “Sixteen patients; *Four patients; “Thirteen patients and two
controls; 9Two patients.
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Figure 1. Leptin/adiponectin (L/A) ratio and neuroticism score in the female and male study populations.

patients than in the group with healthy controls. However, there was no difference in BMI between the groups.
Furthermore, the psychiatric patients had higher systolic blood pressure, but lower diastolic blood pressure than
the controls. In addition, plasma leptin, CRP and IL-6 levels were higher in the psychiatric patients than in the
controls. The L/A ratio and adiponectin and TNF-a levels did not differ between the groups.

Associations between the study variables.  The results of the Spearman’s correlation tests are presented
in Table 2. The neuroticism score was positively correlated with the L/A ratio, leptin and IL-6. Adiponectin, CRP
and TNF-a were not correlated with the neuroticism score. The neuroticism score was also positively correlated
with the waist-hip ratio, but not with BMI, systolic blood pressure or diastolic blood pressure. In the female
study population, the neuroticism score remained correlated with the L/A ratio (r = 0.26, p = 0.001), leptin (r =
0.27, p = 0.0004) and IL-6 (r = 0.20, p = 0.011). No correlation was found between the neuroticism score and any
of the dependent variables in the male study population, Supplementary Table S1.

In the total study population, the group with a high (> 60) neuroticism score had higher L/A ratio (n, =
109, median = 1.59) than the group with a low-normative (< 50) neuroticism score (n, = 34, median = 0.89; p =
0.002). Leptin levels were also higher in the high neuroticism group (n, = 109, median = 17.01 ng/mL) than in
the low-normative neuroticism score group (n, = 34, median = 11.03 ng/mL, p = 0.002). IL-6 levels did not differ
between the two groups (p = 0.07). Similarly, in the female study population, the group with a high neuroticism
score had higher L/A ratio (n, = 88, median = 2.18) than the low-normative neuroticism score group (n, = 28,
median = 0.95; p < 0.001), Fig. 1. The women with a high neuroticism score also had higher leptin levels (n, =
88, median = 21.78 ng/mL) than the women in the low-normative neuroticism score group (n, = 28, median =
11.92 ng/mL p < 0.001). In the male study population, there was a similar trend, but it was not significant, Fig. 1.
In the total study population, the effect size was small for both the L/A ratio (r = 0.26) and the leptin levels (r
= 0.25). In the female study population, the effect size was moderate for both the L/A ratio (r = 0.31) and the
leptin levels (r = 0.33).

Generalized linear models. In the generalized linear models (GLzMs) adjusting for possible confounders,
the neuroticism score remained positively associated with the L/A ratio, leptin and IL-6, Table 3. Furthermore,
the use of antidepressants was independently positively associated with the L/A ratio. Substance addiction was
independently negatively associated with IL-6. MDD or any anxiety disorder were not associated with the L/A
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L/A ratio® Leptin® IL-6"
Factors B (SE) B (SE) B (SE)
Neuroticism score 0.023 (0.008)** 0.019 (0.007)** 0.023 (0.007)**
MDD —0.272 (0.140) —-0.130 (0.122) —0.057 (0.128)
Any anxiety disorder 0.044 (0.147) 0.012 (0.126) —-0.163 (0.132)
Antidepressants 0.435 (0.132)* 0.356 (0.115)** 0.100 (0.119)
Substance addiction —0.385 (0.237) ~0.188 (0.207) ~0.493 (0.222)*
Sex® 1.346 (0.146)*** 1.538 (0.128)*** 0.147 (0.137)

Table 3. Generalized linear models for the L/A ratio, leptin and IL-6 in the total study population (N = 218).
L/A leptin/adiponectin, MDD major depressive disorder, SE standard error. *p < 0.05; **p < 0.01; **p < 0.001.
Included: *n = 218; °n = 202; ‘Reference = Male.

Figure 2. Graphical abstract.

ratio, leptin or IL-6 in the GLzM:s in the total study population, Table 3. The associations between the neuroti-
cism score and the L/A ratio, leptin and IL-6 remained significant in the patient population (w/o controls) and
in the female study population, Supplementary Tables S2 and S3. In the patient population, current MDD was
negatively associated with the L/A ratio.

Exploratory post-hoc analyses of the SSP subscales. In the total study population, the L/A ratio and
leptin levels were both positively correlated with the SSP subscales Stress susceptibility, Mistrust and Embitter-
ment. Adiponectin was also negatively correlated with Stress susceptibility, CRP was positively correlated with
Embitterment and IL-6 was positively correlated with Stress susceptibility and Embitterment. Additional data
are given in Supplementary Table S4.

In the female study population, the L/A ratio and leptin levels were positively correlated with Psychic trait
anxiety, Somatic trait anxiety, Stress susceptibility, Mistrust and Embitterment. Adiponectin was negatively
correlated with Stress susceptibility. CRP was positively correlated with Somatic trait anxiety. IL-6 was posi-
tively correlated with Somatic trait anxiety and Stress susceptibility. None of the SSP subscales included in the
neuroticism score were correlated with the dependent variables in the male study population. Additional data
are given in Supplementary Table S5.

Discussion
This study aimed to investigate the relationship between neuroticism and biomarkers involved in immune system/
adipose tissue crosstalk, with relevance for metabolic and cardiovascular disease risk, in young adults with and
without psychiatric co-morbidity. Out of these biomarkers, neuroticism was positively associated with the L/A
ratio, leptin and IL-6, independent of current diagnosis of MDD or anxiety disorder. The degree of neuroticism
was not related to circulating levels of adiponectin, CRP and TNF-a. See Fig. 2 for a graphical abstract of the
study.

To the best of our knowledge, this is the first study to report an association between neuroticism and leptin.
This study also replicates and extends the literature on the relationship between neuroticism, the L/A ratio,

Scientific Reports |

(2021) 11:9690 |

https://doi.org/10.1038/s41598-021-89251-y nature portfolio



www.nature.com/scientificreports/

adiponectin, CRP, IL-6 and TNF-a by focusing on previously unaddressed populations: young adults with and
without psychiatric disorders. Elevated L/A ratio, elevated leptin and decreased adiponectin are suggested early
biomarkers of the metabolic syndrome'®. The metabolic syndrome may in turn contribute to the elevated risk
for cardiovascular morbidity and early death observed in psychiatric patients'>*. In this context, the focus on
young psychiatric patients is of extra importance because it is a patient population for whom early preventive
measures and treatment may have a large impact on their future health.

The positive association between neuroticism and L/A ratio is in line with the results of Narita et al. observing
a positive association between trait anxiety and L/A ratio. In contrast to the findings of our study, three previous
studies observe no significant associations between leptin and neuroticism or trait anxiety in non-psychiatric
populations?”*”*. Potential explanations include between-studies differences in age, choice of personality ques-
tionnaire, neuroticism range, socioeconomic status, somatic and mental health state and methods for blood
sample collection/biomarker analysis. For example, non-fasting blood samples were used in the present study,
whereas previous studies of personality and leptin used fasting blood samples. The study population of our study
also reported relatively high levels of neuroticism, which are likely to be associated with a higher degree of mala-
daptive biological functioning and behaviour. Considering this, it can be speculated that one possible reason some
previous studies did not observe an association between leptin and neuroticism, is that their non-psychiatric
study populations had neuroticism levels closer to the norm, which may not be as maladaptive. Neuroticism may
in some individuals even have beneficial health effects®, which could contribute to heterogeneity between studies.

Blunted cortisol and cardiac stress reactivity may be related to high neuroticism®. This could possibly explain
our observation of a positive association between neuroticism and plasma leptin levels, because decreased sym-
pathetic activity increases leptin synthesis and secretion from adipose tissue in animal models and cortisol levels
are negatively associated with leptin levels*>**. Life-style factors may also contribute to the positive association
between neuroticism and leptin levels, but this was not supported by the available data in our study.

Leptin administration in animals have shown some promise for anxiety reduction®-%, which would seem
to be in contrast with our finding of a positive association with neuroticism. One possible explanation for this
discrepancy is that higher plasma leptin might not reflect increased leptin signalling in the central nervous
system, because of central leptin resistance®, It is also still unclear how results in animals are attributable to
the administrated dose of leptin in relation to physiological levels or to alterations in downstream regulation of
leptin signalling.

Neuroticism was positively associated with IL-6, but not with CRP or TNF-a. Some previous studies
also observe a positive association between IL-6 and neuroticism?**4%, whereas others observe a negative
association®*% or no association®%¢’. Elliot et al. (2017) observe a positive association with IL-6 in a subgroup
with low socioeconomic status, but a negative association in a subgroup with high socioeconomic status. Dif-
ferences in socioeconomic status are therefore one possible explanation for the mixed results between studies.
Most previous work support our result that neuroticism was not associated with CRP#28:31-3368 or TNF-o%32,
Studies observing a positive association between CRP and neuroticism® have a higher mean age than our
study population, which could possibly explain the difference in results. Because IL-6 upregulation is not specific
for an inflammatory state”’, the lack of association with TNF-a suggests that the association between IL-6 and
neuroticism may not be explained by low-grade inflammation, but by other mechanisms involving IL-6, e.g.
energy homeostasis or tissue repair.

There were no significant associations between any of the dependent variables and the neuroticism score in
the men. This could suggest that the associations are specific for women, but the results should be interpreted
with much caution since the male study population was underpowered. Before any conclusions can be drawn
regarding a possibly sex-specific association, the results need to be repeated and validated in a larger male study
population.

An exploratory analysis with all the subscales of the neuroticism dimension in a post-hoc exploratory analysis
showed that higher leptin and L/A ratio were linked to several of the constituent subscales. Similar to earlier
research, there was no association between adiponectin and neuroticism in this study. However, based on the
results of the exploratory analysis, it can be hypothesized that adiponectin is negatively associated with stress
susceptibility specifically, but not with overall neuroticism. In support of this hypothesis, there are earlier obser-
vations of decreased adiponectin in stress-susceptible mice in response to chronic stress; mediated by a decrease
in adipose peroxisome proliferator-activator receptor (PPAR)-y, a key regulator of adiponectin production”'.
Adiponectin is also suggested to have a protective effect against stress-induced negative effects on emotional
homeostasis’"’?, wherefore decreased adiponectin may contribute to increased stress-susceptibility.

Systolic or diastolic blood pressure were not related to neuroticism in our study population, which is in
contrast with the results of previous studies®*.

The findings of this study need to be considered in light of several limitations. Because of the cross-sectional
design the study cannot be used to infer conclusions on causality. Prospective studies should therefore be consid-
ered as a next step in future research. Another major limitation is the use of non-fasting blood samples. However,
there is a high correlation (sex-adjusted partial correlation coefficients > 0.95) between fasting and non-fasting
blood-samples for leptin, adiponectin and the L/A ratio”. The choice of study population limits the generaliz-
ability of the results (e.g. to a different age distribution, or non-psychiatric populations), but reduces the risk that
the observed effects are influenced by age. Furthermore, it cannot be excluded that the psychiatric state of the
participants (e.g. co-morbid depressive symptoms) may have influenced their response to the SSP questionnaire?.
In future studies, this potential bias could possibly be addressed by including repeated measurements, multiple
informants or clinical evaluations. Although we controlled the results for some potential confounders, data
were not available on other important possible confounders such as physical activity or diet>**#>7%, The small
sample size may have limited the power to detect significant effects, especially in the male study population. The
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null associations in the men should therefore be interpreted with caution. Finally, it is a limitation that other
personality traits relevant to both psychopathology and cardio-metabolic health were not measured in this study.

Strengths of the present study include a study population with a wide range of neuroticism, a panel of multiple
biomarkers of inflammation and adipose tissue dysfunction, systematic and standardized diagnostic assessments
for all participants and the use of a questionnaire for assessment of neuroticism that has been designed to assess
traits related to psychopathology and validated for a Swedish population.

In conclusion, the findings suggest that higher neuroticism, independent of diagnosis of current MDD or
anxiety disorder, is associated with elevated levels of L/A ratio, leptin and IL-6 in young adults with and without
psychiatric co-morbidity. We demonstrate that these associations are prevalent already in early adulthood and
this is in line with the hypothesis that high neuroticism may be a vulnerability factor for future metabolic and
cardiovascular disease risk. Young adults with psychiatric disorders and high neuroticism may therefore benefit
from interventions to prevent future metabolic and cardiovascular morbidity, but more research is required to
test this hypothesis. These findings merit further study in other populations, preferably with a prospective study
design to provide more information on causality.

Data availability
The data that support the findings of this study are available from the corresponding author upon request in
accordance with the General Data Protection Regulation.
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