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ABSTRACT Depression, anxiety and high neuroticism (affective traits) are often comorbid with asthma.
A causal direction between the affective traits and asthma is difficult to determine; however, there may be
a common underlying pathway attributable to shared genetic factors. Our aim was to determine whether a
common genetic susceptibility exists for asthma and each of the affective traits.

An adult cohort from the Swedish Twin Registry underwent questionnaire-based health assessments
(n=23693) and genotyping (n=15908). Firstly, questionnaire-based associations between asthma and
affective traits were explored. This was followed by genetic analyses: 1) polygenic risk scores (PRS) for
affective traits were used as predictors of asthma in the cohort, and 2) genome-wide association results
from UK Biobank were used in linkage-disequilibrium score regression (LDSC) to quantify genetic
correlations between asthma and affective traits. Analyses found associations between questionnaire-based
asthma and affective traits (OR 1.67, 95% CI 1.50–1.86 major depression; OR 1.45, 95% CI 1.30–1.61
anxiety; and OR 1.60, 95% CI 1.40–1.82 high neuroticism). Genetic susceptibility for neuroticism
explained the variance in asthma with a dose–response effect; that is, study participants in the highest
neuroticism PRS quartile were more likely to have asthma than those in the lowest quartile (OR 1.37, 95%
CI 1.17–1.61). Genetic correlations were found between depression and asthma (rg=0.17), but not for
anxiety or neuroticism.

We conclude that the observed comorbidity between asthma and the affective traits may in part be due
to shared genetic influences between asthma and depression (LDSC) and neuroticism (PRS), but not
anxiety.
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Introduction
Asthma is a complex disease involving inflammation of the lungs and airways. It is the most common
chronic respiratory disease in adults worldwide with a prevalence of 4–8% [1, 2]. Adults with asthma have
twice as high risk of also having depression or anxiety compared with the general population [3–7]. This
can lead to lowered quality of life and worse health outcomes. In particular, having depression can lead to
poor adherence to inhaled corticosteroids, poor asthma control and increased asthma exacerbations [8–10].
Despite a number of studies investigating the link between asthma, depression and anxiety, direction of
causality has been difficult to determine [11], hence leading to the conclusion that perhaps a common
underlying pathway exists [12].

Similarly, several studies have shown that the personality trait neuroticism influences the risk for asthma
in adults, possibly increasing the risk up to three times among those with high neuroticism scores [13–15].
Neuroticism is characterised by a tendency to experience emotional instability and excessive worry, and
has notable stability across the lifespan [16, 17]. It is also often a predecessor of depression and anxiety,
which are considered to be psychiatric diagnoses that can change throughout a person’s lifetime. All three
affective traits show considerable correlations on both phenotypic and genotypic levels [18, 19].

A common genetic pathway seems to be a plausible explanation for co-occurrence between asthma and the
affective traits especially as adult asthma is moderately heritable, as are depression, anxiety and
neuroticism [20–22]. A Finnish study of adult twins found some evidence for a genetic association
between asthma and anxiety/depression [23]. Our own familial aggregation study in twin children
suggested a common underlying cause for asthma and anxiety/depression, however, a genetic hypothesis
was not supported [24]. Both of these studies relied on twin modelling based on within-pair comparisons
rather than using genotypic information. Furthermore, a shared genetic susceptibility between asthma and
neuroticism has not been investigated at the molecular genetic level to date. More direct genetic research is
needed to assess whether there is genetic variance shared between affective traits and asthma using recent
information from powerful genome-wide association studies (GWASs) for each of these conditions.

The objectives of this study are to: 1) confirm associations between asthma and affective traits (depression,
anxiety and neuroticism); and 2) investigate whether there is evidence for a shared genetic relationship
between each of the affective traits and asthma in adults. This will be done by using results from large
GWASs to investigate cross-trait genetic association using a polygenic risk score (PRS) approach and to
estimate genetic correlations between traits using linkage disequilibrium score regression (LDSC).

Methods
Study population
The Swedish Twin Registry was chosen as the study population as it provided both phenotypic and
genotypic information from adults on affective traits and asthma for a large number of individuals. Data
were derived from three data collection occasions in the Swedish Twin Registry (figure 1) [25–27]. In
1972–1973 like-sexed twins born 1926–1958 were mailed a questionnaire collecting demographic, medical,
pollution exposure, life-style and personality information, including information about neuroticism. About
36000 twins responded (aged 15–47 years) [25]. These were followed up in 1998–2002 (ages 41–74 years)
with a computer-assisted telephone interview, including questions regarding common complex diseases
such as asthma, depression and anxiety. There was a 74% response rate of those alive and living in
Sweden, n=23693 [26]. In addition, at this time, opposite-sex pairs were recruited for the telephone
interview, increasing the number to a total of 38633 participants. Between 2002 and 2010 (ages 44–82
years) these same twins that were still alive and had not participated in other genetic studies were asked to
donate blood for bio-banking and genotyping purposes [27]. Approximately half of those contacted gave
blood samples [27] Genotype information is now available for 15902 of these.

Measures
Asthma
Asthma is a derived variable based on questions reflecting current or previous asthma and allergy. We
scored positive for asthma participants that either reported that their asthma had been diagnosed by a
doctor or they had probable asthma. To be positive for probable asthma, the subject had to have one of:
1) self-reported asthma, whistle breathing, breathlessness at rest or breathlessness on waking up; and one
of 2) asthma triggered by pollen, fur or hay, asthma onset between 4 and 30 years of age, self-reported hay
fever with a debut between 4 and 30 years of age, asthma onset aged <4 years and still have asthma/age
last had asthma was 4–20 years [28].
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Affective traits
Major depression is a derived variable based on a number of questions based on the Composite
International Diagnostic Interview Short Form (CIDI-SF). Positive for major depression is given if there
are: symptoms of major depression (dysphoria and anhedonia) and a CIDI-SF sum score ⩾4 or positive
for antidepressant use [29].

Self-report anxiety was a positive answer to the question: “Have you ever had a period lasting one month
or longer when most of the time you felt worried and anxious?”

A short form of the Eysenck Personality Questionnaire was used to measure neuroticism [30]. Neuroticism
was used both as a continuous trait and as a categorical trait divided into approximate quartiles (scores: 0–
1, 2, 3–4, >5).

Polygenic risk scores
Single nucleotide polymorphism (SNP)-based genotyping was carried out using DNA from whole blood.
Summary statistics from large GWAS (discovery sample) were used to compute genetic propensity scores

Recruitment in 1973

All like-sexed twins born in Sweden in 1926–1958

Q73 questionnaire (n=36 536)

Data: neuroticism

Died/lost to follow up (n=12 843)

Cohort used for 

questionnaire-based 

analysis

Did not answer regarding asthma 

(n=238)

Participated in other genetic studies, 

loss to follow up or died (n=22 487)

Telephone interview 1998–2002

Age 41–74 years

n=23 693 from Q73

+ additional opposite-sexed twins born 1926–1958

n=14 940

Data: asthma, lifetime major depression, 

lifetime anxiety, demographic and lifestyle data

Blood serum samples collected in 2002–2010

Genotyped n=15 902

Data: PRS

UK Biobank GWAS summary results

GWAS range n=322 668–337 159

Phenotypes: neuroticism, self-report depression and 

anxiety, seen a GP or psychiatrist for nerves, anxiety, 

tension or depression

Cohort used for PRS 

analysis

Cohort used for LDSC 

analysis

FIGURE 1 Flowchart of participation in the Swedish Twin registry, birth years 1926–1958. PRS: polygenic risk
scores; GWAS: genome-wide association studies; GP: general practitioner; LDSC: linkage-disequilibrium
score regression.

https://doi.org/10.1183/13993003.02142-2018 3

ASTHMA | K. LEHTO ET AL.



for each trait in our own study population (target sample) using the individual genotypes. We calculated
polygenic risk scores (PRS) for major depressive disorder (PRSMDD), primary anxiety disorders (PRSANX)
and neuroticism (PRSN) by summing risk alleles (0, 1 or 2 alleles) at each SNP across the genome,
weighted by individual SNP effect size derived from the discovery GWAS [18, 31, 32]. 8 sets of PRSs were
computed based on the p-values of independent SNP associations in the discovery GWASs with the
cut-off points ranging from GWAS significant signals starting at a p-value threshold (pT) of 5×10−8 to
incorporating all genetic signals, pT=1. This approach helps to reach the best balance between capturing
meaningful genetic signals while reducing noise in our target sample. PRSs were then transformed to
z-scores for use in further analyses (more details on PRS methods can be found in the supplementary
material).

Covariates
Age at interview, sex, years of education, body mass index (BMI) and current smoking were derived from
the 1998–2002 questionnaire.

Statistical analysis
Questionnaire-based associations
Multiple logistic regression models were used to determine the associations between each of the affective
traits and asthma in the 23693 twins with data available on all traits of interest. Models included:
1) unadjusted; 2) adjusted for potential confounders of age, sex and education; 3) adjusted for age, sex,
education and lifestyle mediators; 4) adjusted for age, sex, education and neuroticism; and 5) adjusted for
age, sex, education and mutually adjusted for the other affective traits to see if any one trait was driving
the observed associations. We also stratified the analysis by sex. Relatedness of twin pairs was accounted
for by including a standard error sandwich estimator based on twin pair ID.

PRS analysis
First, the PRSs for affective traits in our sample were validated (more details can be found in the
supplementary material). Then, the association between questionnaire-based asthma and the PRS for each
affective trait was tested in separate logistic regression models, adjusting for age, sex, 10 genetic ancestry
principle components, genotyping array and relatedness. Principle components are used to account for
population stratification within the study population. The variance in asthma explained by each PRS was
determined by comparison of Nagelkerke R2 from full (PRS and covariates) and reduced (covariates only)
models. False discovery rate (FDR) at <0.05 was applied to deal with multiple testing over eight p-value
thresholds. Next, the PRS pT explaining the greatest asthma variance was divided into quartiles based on
distribution of PRS pT. Odds ratios were computed comparing the first quartile (i.e. the lowest genetic risk
for affective traits) to other three quartiles in logistic regression models with asthma as an outcome,
adjusted as above.

Genetic correlations
In a separate analysis based on GWAS summary statistics from the UK Biobank, genetic correlations
between asthma and affective traits were estimated using LDSC without needing individual-level genotype
information, as is the case with PRS approach. Association test statistics are regressed on their
linkage-disequilibrium (LD) scores, a measure of each SNPs relationship with other variants [33]. The
analyses were conducted in the LD Hub environment [34]. The most recently published GWAS summary
statistics for asthma were used [35], restricted to samples with European descent. GWAS summary
statistics for the affective traits were based on UK Biobank data available from www.nealelab.is/
uk-biobank/. UK Biobank summary results for affective traits were chosen for their broad inclusion of
variables of interest. These included: two composite questions regarding a doctor or psychiatrist visit for
anxiety/depression/tension/nerves; self-reported depression; self-reported anxiety/panic attacks and
neuroticism score. Because neuroticism score is constructed from items tapping into depression symptoms
and worry/anxiety [36], we also analysed all 12 neuroticism items to test which items show the highest
genetic correlations with asthma. See the supplementary table E1 for a more detailed list of variables and
GWAS sample sizes.

Sensitivity analyses
Associations were tested for probable asthma to check that the associations did not differ from our derived
asthma variable that included asthma diagnoses, in case chronic obstructive pulmonary disease cases had
been misdiagnosed as asthma.

Data management was conducted using SAS 9.4. Statistical analysis was conducted using STATA/IC 15.1.

The study was approved the Regional Ethical Review Board in Stockholm, Sweden.
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Results
The population of twins used for the questionnaire-based association analyses had a mean±SD age of
56.0±7.92 years at testing in 1998–2002. The prevalence of asthma in this population was 7.9% (n=2137),
and 40% of these reported both a diagnosis and symptoms (probable asthma), 33% only a diagnosis and
27% only symptoms. The prevalence of major depression was 20.1% and anxiety 19.9%. The descriptive
characteristics and affective traits for those with and without asthma is shown in table 1.

The population of twins used for the asthma–PRS association tests had a mean±SD age of 54.8±7.37 years
at testing in 1998–2002. The descriptive characteristics and prevalences were similar to the population
used for the questionnaire-based analyses (table 1). The prevalence of asthma in this population was 9.0%,
major depression 21.7% and anxiety 20.5%.

Questionnaire-based associations between each of major depression, anxiety, neuroticism (both continuous
and categorical) and asthma are reported in table 2. The associations remained significant after adjusting
for potential confounders (Model 2) and mediators (Model 3). Associations were slightly stronger for men
than for women (table 2). When the models for major depression and anxiety were also adjusted for
neuroticism, the associations slightly reduced but the significance stayed the same (Model 4; table 2).
Mutual adjustment for all three affective traits seemed to attenuate the association between anxiety and
asthma (particularly in females) and only slightly lowered the associations for major depression and
neuroticism (continuous) (Model 5; table 2).

TABLE 1 Descriptive features of the Swedish Twin Registry study populations

Phenotypic analysis
population

Genetic analysis (polygenic
risk scores) population

Asthma
n=2135

No asthma
n=21414

Asthma
n=1448

No asthma
n=14454

Age
Mean±SD 55.03±7.98 56.11±7.94 53.57±7.13 54.93±7.34
Range 41–74 41–74 41–74 41–74

Sex n (%)
Males 913 (42.76) 10167 (47.48) 600 (41.44) 6976 (48.26)
Females 1222 (57.24) 11247 (52.52) 848 (58.56) 7478 (51.74)

Level of education n (%)
>9 yrs 567 (26.56) 5357 (25.02) 460 (31.77) 4274 (29.57)
⩽9 yrs 1417 (66.37) 14809 (69.16) 878 (60.64) 9360 (64.76)
Missing 151 (7.07) 1248 (5.83) 110 (7.60) 820 (5.67)

Smoking n (%)
Yes 410 (19.2) 4395 (20.52) 228 (15.75) 2582 (17.86)
No 1719 (80.52) 16951 (79.16) 1220 (84.25) 11862 (82.07)
Missing 6 (0.28) 68 (0.32) 0 10 (0.07)

Body mass index 2103 21041 1437 14335
Mean±SD 25.81±4.08 24.94±3.46 25.55±3.72 24.87±3.33
Range 14.7–47.8 14.0–47.8 15.0–45.5 16.2–47.3

Major depression n (%)
Yes 629 (29.46) 4103 (19.16) 450 (31.08) 2999 (20.75)
No 1429 (66.93) 16537 (77.23) 980 (67.68) 11292 (78.12)
Missing 77 (3.61) 774 (3.61) 18 (1.24) 163 (1.13)

Anxiety n (%)
Yes 562 (26.32) 4103 (19.16) 402 (27.76) 2865 (19.82)
No 1541 (72.18) 17103 (79.87) 1037 (71.62) 11486 (79.47)
Missing 32 (1.50) 208 (0.97) 9 (0.62) 103 (0.71)

Neuroticism
Subjects n 1902 19181 811 8463
Mean±SD 3.26±2.49 2.73±2.30 3.20±2.43 2.70±2.27
Range 0–9 0–9 0–9 0–9
Quartile 1 575 (26.93) 7177 (33.52) 241 (16.64) 3192 (22.08)
Quartile 2 294 (13.77) 3136 (14.64) 136 (9.39) 1373 (9.50)
Quartile 3 458 (21.45) 4714 (22.01) 201 (13.88) 2108 (14.58)
Quartile 4 575 (26.93) 4154 (19.40) 233 (16.09) 1790 (12.38)
Missing 233 (10.91) 2233 (10.43) 637 (43.99) 5991 (41.45)

https://doi.org/10.1183/13993003.02142-2018 5

ASTHMA | K. LEHTO ET AL.



The sensitivity analysis using the probable asthma definition did not change the effect sizes
(supplementary table E2).

Validation of polygenic risk scores for major depression, anxiety and neuroticism confirmed them as
significant predictors of each respective trait in our study population (figure E1). The PRSN explained up
to 0.2% of the variance in asthma (p<0.001), which was about half of the variance explained by the
genetic score in neuroticism itself (figure 2). No associations were seen for PRSMDD and PRSANX with
asthma. One pT of each three affective traits was selected for subsequent analysis in quartiles, based on the
highest variance explained in asthma, which was pT<0.5 for all three traits.

Quartile-based analysis revealed a dose–response effect for neuroticism risk scores, that is, with each
increasing quartile of neuroticism score the risk of asthma increased (table 3). For example, individuals
with the highest neuroticism scores in the top quartile had a 37% higher odds (p<0.001) of having asthma
compared with the group with the lowest genetic risk. No elevated asthma risk was observed with
increasing genetic predisposition for MDD or anxiety.

The LDSC found that asthma was genetically correlated with the composite questions regarding a visit to a
doctor or psychiatrist for anxiety, depression, tension or nerves (table 4). There was also a modest genetic
correlation of asthma with self-reported depression (rg=0.17), but not with anxiety or neuroticism score.
Item-level analysis for neuroticism revealed genetic correlation between asthma and items tapping into
depressed mood (fed-up feelings, loneliness) rather than worry/anxiety.

Discussion
In this study we attempted to triangulate the role of genetic influences on the associations between asthma
and affective traits by first investigating phenotypic associations and then applying two different genetic
methods (PRS approach and LDSC) to investigate shared genetic relationship between asthma and
affective traits. To the best of our knowledge, this is the first time a genetic link between asthma and
depression, anxiety and neuroticism has been investigated using genome-wide data. The phenotypic results
found associations between asthma and the affective traits: major depression, anxiety and neuroticism. The
PRS analysis using genotypes from a large twin population found modest associations between asthma and

TABLE 2 Questionnaire-based associations between affective traits and asthma for the whole population and separately for
men and women

Model 1: unadjusted Model 2: adjusted# Model 3: mediators¶ Model 4: neuroticism+ Model 5: mutual§

Major Depression 1.77*** (1.60–1.96) 1.67*** (1.50–1.86) 1.66*** (1.49–1.85) 1.60*** (1.42–1.79) 1.53*** (1.35–1.74)
Anxiety 1.52*** (1.37–1.68) 1.45*** (1.30–1.61) 1.44*** (1.29–1.60) 1.30*** (1.16–1.47) 1.13 (0.99–1.29)
Neuroticism## 1.10*** (1.08–1.12) 1.09*** (1.06–1.11) 1.09*** (1.07–1.11) 1.06*** (1.04–1.09)
Quartile 1 1.00 1.00 1.00
Quartile 2 1.17* (1.01–1.36) 1.13 (0.97–1.31) 1.16 (0.99–1.35)
Quartile 3 1.21** (1.06–1.38) 1.14 (1.00–1.31) 1.17* (1.02–1.35)
Quartile 4 1.72*** (1.52–1.95) 1.60*** (1.40–1.82) 1.64*** (1.44–1.88)

Males
Major Depression 1.84*** (1.55–2.18) 1.77*** (1.48–2.11) 1.76*** (1.47–2.10) 1.66*** (1.37–2.01) 1.51*** (1.21–1.87)
Anxiety 1.64*** (1.38–1.94) 1.60*** (1.34–1.90) 1.60*** (1.34–1.91) 1.42*** (1.18–1.72) 1.27* (1.02–1.58)
Neuroticism## 1.11*** (1.07–1.15) 1.11*** (1.07–1.15) 1.11*** (1.08–1.15) 1.09*** (1.05–1.13)
Quartile 1 1.00 1.00 1.00
Quartile 2 1.16 (0.94–1.44) 1.14 (0.92–1.42) 1.16 (0.93–1.44)
Quartile 3 1.14 (0.94–1.39) 1.10 (0.90–1.35) 1.12 (0.91–1.37)
Quartile 4 1.84*** (1.51–2.24) 1.81*** (1.48–2.21) 1.85*** (1.52–2.27)

Females
Major Depression 1.67*** (1.47–1.90) 1.62*** (1.42–1.85) 1.60*** (1.40–1.84) 1.56*** (1.36–1.80) 1.54*** (1.32–1.80)
Anxiety 1.40*** (1.23–1.60) 1.37*** (1.19–1.57) 1.34*** (1.17–1.54) 1.24** (1.07–1.44) 1.06 (0.90–1.25)
Neuroticism## 1.08*** (1.05–1.11) 1.07*** (1.04–1.11) 1.07*** (1.04–1.10) 1.05** (1.02–1.08)
Quartile 1 1.00 1.00 1.00
Quartile 2 1.14 (0.93–1.41) 1.12 (0.90–1.38) 1.15 (0.93–1.43)
Quartile 3 1.21* (1.01–1.44) 1.16 (0.96–1.40) 1.21 (1.00–1.46)
Quartile 4 1.57*** (1.33–1.87) 1.50*** (1.26–1.78) 1.54*** (1.29–1.84)

Data are presented as odds ratios with 95% confidence intervals. #: adjusted for age, sex, education level; ¶: adjusted for age, sex, education
level+body mass index and current smoking; +: adjusted for age, sex, education level+neuroticism; §: adjusted for age, sex, education level+the
other affective traits; ##: measured as a continuous trait. *: p<0.05; **: p<0.01; ***: p<0.001.
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genetic susceptibility for neuroticism. The LDSC using GWAS summary statistics from UK Biobank
detected genetic overlap between asthma and depression.

We found higher asthma risk in individuals with major depression, which is in line with previous research
[4, 5, 7]. Modest but significant genetic correlation between self-reported depression and asthma was
found using the LDSC approach, suggesting possible genetic overlap and shared biological pathways
between these disorders. Possible biological candidates for depression and asthma comorbidity may
include cytokine inflammatory factors such as interleukin (IL)-1, IL-4, IL-7 and tumour necrosis factor
(TNF)-α [37]. However, we did not detect a significant association between asthma and PRS for major
depressive disorder. The discordant results of the two methods could be potentially explained by different
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FIGURE 2 Polygenic risk scores (PRSs) for each of the affective traits explaining variance in asthma (n=15
908). MDD: major depressive disorder; ANX: primary anxiety disorders; N: neuroticism; pT: p-value threshold.
Uncorrected p-values: *: p<0.05; **: p<0.01; ***: p<0.001.

TABLE 3 Associations of affective traits’ polygenic risk score (PRS) quartiles (compared to the
lowest genetic risk quartile) for each of the affective traits and asthma

PRS# quartile OR 95% CI p-value

Lower Upper

Major depression Quartile 2 0.94 0.80 1.10 0.45
Quartile 3 1.04 0.88 1.21 0.67
Quartile 4 1.12 0.96 1.31 0.17

Anxiety Quartile 2 1.12 0.96 1.32 0.16
Quartile 3 1.14 0.97 1.34 0.11
Quartile 4 1.12 0.96 1.32 0.16

Neuroticism Quartile 2 1.18 1.00 1.39 0.05
Quartile 3 1.25 1.06 1.48 0.01
Quartile 4 1.37 1.17 1.61 <0.001

#: the threshold probabilities selected were pT=0.5 for all three traits.
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diagnostic criteria used in the two depression GWASs (diagnostic interview in PRS summary statistics
versus self-reported depression in UK Biobank) or differences in their power to detect genetic signals, UK
Biobank having a larger sample size. The ability of PRSs to detect associations increases with increasing
power of the discovery GWAS [38, 39], therefore future replications are warranted with GWASs conducted
in larger samples.

Anxiety has repeatedly been associated with asthma at the phenotypic level [3, 40, 41]. Our phenotypic
results confirmed these associations in models where the effect of each affective trait was explored
separately. However, considering the substantial correlation among anxiety, depression and neuroticism,
we also conducted mutual adjustment for all affective traits. These results indicated a significant drop in
the effect size of anxiety particularly in women, but not in the other affective traits. This could potentially
indicate that depression and neuroticism may have a stronger influence on asthma compared to anxiety,
particularly in women. Similar patterns were also seen in both analyses using genetic data. First, PRSs for
anxiety failed to predict asthma in our sample. These results could potentially be explained by the lower
power of the anxiety PRS compared to the neuroticism PRS, due to the smaller sample size of the original
GWAS for anxiety. However, the genetic correlation method, LDSC, did not suffer from these limitations
since data were derived from the well-powered UK Biobank sample. Yet the results suggested the same
pattern: significant genetic correlations were found between asthma and self-reported depression as well as
depression-related neuroticism items, but no genetic correlation was found with self-reported anxiety nor
anxiety-related neuroticism items. Nevertheless, these results should be replicated in the future, when new
GWASs with larger sample sizes on anxiety disorders emerge.

With regards to neuroticism, other studies have found up to a 15-year longitudinal association between
neuroticism and the development of asthma [5, 13, 15]; our study extends this period up to 29 years. Even
after this long follow-up time, the association between neuroticism and asthma was still rather strong (OR
1.60, 95% CI 1.40–1.82 for the highest quartile of neuroticism scores), with effects similar to concurrently
measured major depression (lowest versus highest quartile). Neuroticism is known to be a relatively stable
personality trait [16, 17] and therefore may also be associated with asthma throughout the life span. We
were able to demonstrate that PRSs for neuroticism were associated with asthma, which may provide some
explanation for such long-term associations. The effects of such genetic composite scores are small, but the
predictive ability of PRSs will improve with increasing power of GWASs to detect very small genetic
signals. However, in the LDSC analysis we did not find evidence for genetic overlap between neuroticism
and asthma despite data from a larger resource compared with the GWAS used for creating the
neuroticism PRS. The neuroticism score as measured in UK Biobank and used in this study for LDSC, is
composed of 12 heterogeneous items, some capturing more depressed mood and others nervousness and
anxiety. Recently, it was reported that the genetic signal in neuroticism may originate from two different
genetic clusters: depressed mood (“mood swings”, “loneliness”, “fed-up feelings”, “miserableness”) and
worry (“nervous feelings”, “worrier/anxious feelings”, “tense/highly strung”, “suffer from nerves”) [36, 42].

TABLE 4 Linkage-disequilibrium regression results between affective traits from UK Biobank
and asthma from the Multiancestry Consortia association study [35]

Disorder/trait Genetic correlation p-value

Seen doctor (general practitioner) for nerves, anxiety,
tension or depression

0.1261 0.0025

Seen a psychiatrist for nerves, anxiety, tension or depression 0.1443 0.0037
Self-reported depression 0.1736 0.0058
Self-reported anxiety/panic attacks 0.0919 0.3863
Neuroticism score 0.0734 0.176
Mood swings 0.0566 0.224
Miserableness 0.1022 0.0623
Irritability 0.009 0.878
Sensitivity/hurt feelings 0.0668 0.2001
Fed-up feelings 0.1216 0.0133
Nervous feelings 0.0084 0.8874
Worrier/anxious feelings 0.0554 0.3441
Tense/highly strung 0.0667 0.2595
Worry too long after embarrassment −0.0458 0.3789
Suffer from nerves 0.029 0.6426
Loneliness, isolation 0.1374 0.0033
Guilty feelings 0.0996 0.0658
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Therefore, we investigated the genetic correlations for each neuroticism item separately and indeed found
depression-related items to be more strongly associated with asthma compared to worry/anxiety related
items. This further suggests that the genetic association may be stronger between asthma and depression
than with anxiety.

This study has some limitations. The weak associations of anxiety in comparison to the other two affective
traits could be influenced by the single-item anxiety measure that was used in the questionnaire-based
association testing. The assessments of major depression and neuroticism were based on composite
questions and therefore might be more robust. However, the LDSC analysis, which did not suffer from this
limitation, still suggested the same pattern. Another limitation is that we were not able to test the direction
of the association between asthma and affective traits, despite the longitudinal association found between
neuroticism and asthma.

Conclusion and future directions
In conclusion, the observed comorbidity between asthma and the affective traits is in part due to genetic
influences on the affective traits, and a moderate shared genetic risk of importance for both asthma and
depression and neuroticism but not anxiety. This is the first study to observe a genetic susceptibility
between asthma and affective traits. Replication studies will be advantageous in the future using more
powerful GWAS once they become available. Furthermore, this study provides endorsement for future
basic science research into the specific shared biological pathways for inflammatory and psychiatric
disorders.
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