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Correlation of 5-HTT, BDNF and NPSR1 gene polymorphisms
with anxiety and depression in asthmatic patients
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Abstract. Asthmatic patients are known to have a higher risk
of anxiety and depression. In the present study, we aimed to
explore the association of serotonin transporter (5-HTT),
brain-derived neurotrophic factor (BDNF) and neuropeptide S
receptor 1 (NPSR1) gene polymorphisms with anxiety and
depression in asthmatic patients. This was a cross-sectional
study conducted on 143 asthmatic patients and 175 healthy
volunteers. Of the asthmatic patients, 49 suffered from anxiety
and 12 exhibited signs of depression. Patients with a lower level
of education were more prone to depression. Both anxiety and
depression were associated with poor asthma control as evalu-
ated by the Asthma Control Test (ACT) score. The association
of single nucleotide polymorphisms of BDNF, NPSR1 and
5-HTT with anxiety and depression in asthamtic patients was
evaluated. The distribution of 5-HTT gene polymorphisms in
the healthy group, the group with asthma but without anxiety,
and the group with asthma and anxiety had significant differ-
ences. Females with asthma and anxiety were more prone to
BDNF polymorphism. Also, BDNF gene distribution exhibited
significant differences among those in the healthy group, the
group with asthma but no depression, and the group with asthma
and depression; however, NPSR1 gene distribution did not vary
greatly between the groups. The anxiety score was significantly
affected by the interaction between 5-HTT (LL, S*) and BDNF
(A*, GG) (H=5.99, P=0.015). The depression score was signifi-
cantly affected by the interaction between BDNF (A", GG) and
NPSRI1 (AA, T*). We noted that both anxiety and depression led
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to poor asthma control. The interaction between 5-HTT (LL)
and BDNF (A*) increased the risk of anxiety, and the interac-
tion between BDNF (A*, GG) and NPSR1 (AA, T*) increased
the risk of depression in asthmatic patients.

Introduction

Bronchial asthma is a chronic inflammatory disease of
the respiratory tract which is characterized by airway
hyper-responsiveness and reversible airflow restriction.
Currently, standardized treatment and self-management by
patients have significantly reduced the incidence of acute
asthmatic attacks. However, asthma remains a disease
which does not yet have a complete cure (1). Psychological
problems are common in asthmatic patients, even in patients
who have well-controlled asthma. Valenca et al (2) reported
that 43.5% of patients with asthma had at least one type of
psychiatric disorder. Anxiety and depression are the two most
common disorders encountered in asthmatic patients, and tend
to correlate with asthma control (3,4). A recent study reported
that anxiety and depression occurred in 33.3 and 47.7% asth-
matic patients, respectively (5).

Asthmatic patients are at a higher risk of psychiatric
morbidity, with anxiety and depression being the two most
common disorders in these patients (3,4,6-12). Asthma signifi-
cantly affects psychological and social wellbeing due to the
impact it has on routine activities, sleep and the daily life of
patients (3,4,6-12). Conversely, psychological factors may be a
risk factor for the exacerbation of this disorder. Another theory
regarding the link between asthma and psychological factors
describes asthma as a classic psychosomatic disorder caused
by specific psychological conflicts (13).

The serotonin transporter (5-HTT) is known to be associ-
ated with depression and emotional stress (14). The 5'-flanking
promoter region of the 5-HTT gene has a biallelic insertion/dele-
tion (5S-HTTLPR) (15). Furthermore, it has been reported that
the 5S-HTTLPR genotype is linked with severe depression (15);
the polymorphisms within this region are associated with
improved responses to treatment with selective serotonin reup-
take inhibitors (16). Brain-derived neurotrophic factor (BDNF)
is a growth factor which belongs to the neurotrophin family
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and is highly expressed in the hippocampus and amygdala of
the brain (17). It regulates the pathophysiology of mood disor-
ders, including major depressive disorder (MDD) and bipolar
disorder (BD), as well as learning and memory (17,18). Patients
with anxiety and BD are known to have decreased levels of
BDNF (17,18). Previous studies have also implicated BDNF in
the pathogenesis of asthma (19-21). Furthermore, the BDNF
gene polymorphism has been reported to be associated with
allergic asthma and allergic rhinitis (22).

Neuropeptide S receptor 1 (NPSR1) gene has been
suggested to be a candidate gene which is associated with
increased susceptibility to asthma and other atopic disorders
in different populations (23). The signaling system of NPSR1
and its ligand neuropeptide S (NPS) have been implicated in
various pathophysiological pathways, including regulation
of the immunologic phenotype and various neurobiological
phenomena such as wakefulness, arousal, anxiety, learning
and memory (23).

To the best of our knowledge, the association of NPSRI,
BDNF and 5-HTT gene polymorphisms with anxiety or depres-
sion in asthmatic patients has not been previously examined.
Hence, this study was undertaken in order to correlate anxiety
and depression with the clinical characteristics of asthmatic
patients, and to explore their association with 5-HTT, BDNF
and NPSR1 gene polymorphisms.

Subjects and methods

Subjects. This study was approved by the Medical Ethics
Committee for Clinical Research, Zhongda Hospital Affiliated
to Southeast University (Nanjing, China). Written informed
consent was obtained from all subjects. The inclusion criteria
were as follows: patients were of Han Chinese ethnicity aged
>18 years, who had been diagnosed with bronchial asthma as per
the diagnostic criteria established by the Respiratory Diseases
Branch of the Chinese Medical Association (24), without mental
disorders according to the diagnostic standard of the Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition (DSM2-
IV), and had completed at least primary education. Subjects with
chronic diseases (diabetes, hypertension, coronary heart disease,
chronic obstructive pulmonary disease and genetic diseases),
pregnant or lactating women or individuals with a history of drug
abuse were excluded from the study. The healthy controls were
volunteers from Zhongda Hospital, which included hospital staff,
doctors and medical students.

Assessment of asthma control, anxiety and depression.
All patients completed questionnaires using the Hamilton
Anxiety Rating Scale (HAMA), the Hamilton Depression
Rating Scale (HAMD) and the Asthma Control Test (ACT)
score (11). Asthma without anxiety was defined as a HAMA
anxiety score <14 points; asthma with anxiety was defined as
a HAMA anxiety score >14 points; asthma without depres-
sion was defined as a HAMD depression score <7 points; and
asthma with depression was defined as a HAMD depression
score >7 points.

Genomic DNA preparation. Blood for genomic studies was
collected from all asthma patients and healthy controls in an
ethylenediaminetetraacetic acid (EDTA) vial. The genomic

DNA was extracted from 3 ml of EDTA-anticoagulated
whole blood using a Blood Genomic DNA Extraction kit
(cat. no. DP318; Tiangen Biotech (Beijing) Co., Ltd., Beijing,
China) according to the manufacturer's instructions. The quality
and quantity of genomic DNA extracted was examined with
spectrophotometry (ND-1000; NanoDrop products, Thermo
Fisher Scientific, Wilmington, DE, USA). All extracted DNA
had an OD260/280 between 1.7 and 1.9. The purified DNA
samples were stored at -80°C until further testing.

Polymerase chain reaction (PCR) amplification and geno-
typing. Genotyping of BDNF, NPSR1 and 5-HTT was
performed using the PCR-restriction fragment length polymor-
phism (PCR-RFLP) and direct sequencing (GenScript Corp.,
Nanjing, China). For detecting single nucleotide polymor-
phisms (SNPs), 5-HTT (5-HTTLPR), BDNF (rs6265) and
NPSR1 (rs324981) genes were amplified using PCR. The
sequences of all primers and the conditions of PCR-RFLP
analysis for the three polymorphisms (5S-HTTLPR for 5-HTT,
rs324981 for NPSR1 and rs6265 for BDNF) are summarized
in Table I. Each SNP site for DNA sequencing was randomly
selected from 10% of the samples. The sequencing was
performed using the dideoxynucleotide termination method.

Statistical analysis. All statistical analyses were conducted
using SPSS statistical analysis software (version 19.0;
IBM SPSS, Chicago, IL, USA). Hardy-Weinberg equilib-
rium (HWE) was evaluated for each SNP in all groups. The
Satterthwaite test was used to compare the differences in
age between groups with and without anxiety or depression.
The Chi-square test was used to compare the differences in
genotypic distribution among groups. The interactive effects
of different genotypes on the anxiety/depression scores were
analyzed using the Scheirer-Ray-Hare test. A P-value <0.05
was considered to indicate a statistically significant difference.

Results

Baseline characteristics of subjects. The baseline charac-
teristics of the subjects are summarized in Table II. A total
of 143 (male 63, female 80) asthmatic patients were examined
in this study. There were 49 patients with anxiety and 94
without anxiety. There were 12 patients with depression and
131 without depression. There were 20 males and 29 females
with anxiety, and 7 males and 5 females with depression. A
total of 175 (male 51, female 124) healthy controls, (mean age,
39.11£14.98 years) were included in this study. The mean age
of the asthmatic patients was 50.22+12.95 years. The mean age
of the patients with and without anxiety was 52.76+10.13 and
48.9+14.08 years, respectively, with no significant difference
in age between the two groups (t=-1.88, P=0.063). Similarly,
no significant difference was observed between the mean
ages of patients with and without depression [54.08+8.21 and
49.87+13.27 years, respectively (t=-1.08, P=0.283)]. These
results suggest that the occurrence of both anxiety and depres-
sion in asthmatic patients is not associated with age. Both
age and gender were significantly different in the group with
asthma and the group with asthma and anxiety (age, F=25.74,
P<0.0001; gender, %x*=7.95, P=0.019), when compared with
healthy controls.
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Table I. Characterization of PCR reaction conditions for the analyzed single nucleotide polymorphisms.

Target Primer sequence (5'-3') Tm (°C) Restriction enzyme Allele sizes (bp)
5-HTT F: GGCGTTGCCGCTCTGAATGC 59

R: GAGGGACTGAGCTGGACAACC
BDNF (rs6265) F: ACTCTGGAGAGCGTGAATGG 60 Eco721 A: 171

R: ACTACTGAGCATCACCCTGGA G: 99,72
NPSRI1 (rs324981) F: GCTTTGCATTTCCTCAGTGG 60 Asel T: 471

R: ATTTGTGGCTCGTTTGTGTTTTCT A: 277,194

5-HTT, serotonin transporter; Tm, annealing temperature (°C); BDNF, brain-derived neurotrophic factor (BDNF); NPSR1, neuropeptide S

receptor 1; F, forward; R, reverse.

Table II. Baseline characteristics of study subjects.

Asthma Asthma Asthma Asthma
without with without with
Variable Healthy Asthma anxiety anxiety Statistics  depression depression Statistics
Total 175 143 94 49 131 12
Age (years) 39.11+x14.98 50.22+1295 489+14.08 52.76+£10.13 t=-1.88, 49.87+13.27 54.08+8.21 t=-1.08,
P=0.063 P=0.283
F=25.74,
P<0.0001
Gender
Male 51 63 43 20 56 7 =795,
Female 124 80 51 29 75 5 P=0.019
Education
1 4 (4.35) 2 (4.08) ¥*=0.29, 5(3.88) 1(8.33) ¥*=5.70,
2 22(2391) 14(28.57) P=0.59 29 (22.48) 7 (58.33) P=0.017
3 34 (36.96) 18 (36.73) 50 (38.76) 2 (16.67)
4 32 (4.78) 15 (30.61) 45 (34.88) 2 (16.67)
ACT score N/A 18.49+4 51 19.77+4 16.04+447 P<0.05 18.9+4.37 14+3.67 t=0.76,
P=0.0002

ACT, Asthma Control Test. Education was graded as follows: 1, primary school; 2, junior high school; 3, senior high school and technical

secondary school; 4, college and university.

In the present study, patients who were less educated were
more likely to suffer from depression (*=5.70, P=0.017)
rather than anxiety (%*=0.29, P=0.59). Our results suggest
a negative correlation between depression and education
levels, possibly due to the educated patients having a better
understanding of asthma and other diseases. Upon evalua-
tion of the ACT score, we noted that asthma patients with
anxiety and depression had lower scores as compared to those
without any psychiatric illness (anxiety, 16.04+4.47; P<0.05
and depression, 14+3.67; P=0.0002). These findings suggest a
negative correlation of the ACT score with both anxiety and
depression in asthmatic patients.

Association of 5-HTT gene polymorphisms with anxiety and
depression in asthmatic patients. To examine the association
of 5-HTT gene polymorphisms with anxiety and depression
in asthmatic patients, we analyzed the frequency of 5-HTT

genotypes in the healthy control group, the groups with asthma
but without anxiety/depression, and the groups with asthma and
anxiety/depression (Table III and Fig. 1). In addition, 5-HTT
gene polymorphisms were not detected in 6 healthy subjects.
Therefore, there were data from 169 healthy subjects shown
in Table III.

The majority of healthy individuals had the SS (59.17%)
genotype. However, in the group with asthma but without
anxiety, the majority had the LS (56.67%) genotype, followed
by SS (42.22%) and LL (11.11%) genotypes. In the group with
asthma and anxiety, the LS and SS genotypes accounted for
44.68 and 48.94%, respectively, whereas LL accounted for only
6.38%. None of the females had the LL genotype in this group.
There were significant differences in the distribution of 5-HTT
genotypes in the group with asthma but without anxiety, and
the group with asthma and anxiety, when compared with the
healthy controls (%*=10.18, P=0.038). Furthermore, there were
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Table III. Genotype distributions and allele frequencies of 5-HTT polymorphisms for asthmatic patients vs. control group.

Genotype
Subject LL LS SS Total Statistics
Healthy 6 (3.55) 63 (37.28) 100 (59.17) 169
Male 3(6.12) 17 (34.69) 29 (59.18) 49
Female 3 (2.50) 46 (38.33) 71 (59.17) 120
Asthma without anxiety 10 (11.11) 42 (56.67) 38 (42.22) 90
Male 4(9.76) 20 (48.78) 17 (41.46) 41
Female 6(12.24) 22 (44.90) 21 (42.86) 49
Asthma with anxiety 3(6.38) 21 (44.68) 23 (48.94) 47 ¥*=10.18,P=0.038
Male 3 (15.79) 7 (36.84) 9 (47.37) 19 ¥*=4.02,P=0.43
Female 0 (0.00) 14 (50.00) 14 (50.00) 28 ¥’=10.97,P=0.027
Asthma without depression 12 (9.52) 59 (46.83) 55 (43.65) 126
Male 6 (11.32) 24 (45.28) 23 (43.40) 53
Female 6(8.22) 35 (47.95) 32 (43.84) 73
Asthma with depression 1(9.09) 4 (36.36) 6 (54.55) 11 ¥*=9.34, P=0.053
Male 1(14.29) 3 (42.86) 3 (42.86) 7 ¥*=3.04,P=0.55
Female 0 (0.00) 1 (25.00) 3 (75.00) 4 ¥*=7.09,P=0.13

5-HTT, serotonin transporter.
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Figure 1. Genotyping single nucleotide polymorphism (SNP) (5-HTTLPR) in the serotonin transporter (5-HTT) gene. (A) PCR products were resolved in 3% aga-
rose gel. Lanes 1, 3,5, 6,2 and 4: LL, homozygous; lanes 7 and 8: SS, homozygous; and lane 9: SL, heterozygous. (B) Representative sequence of S-HTTLPR.
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Table IV. Genotype distribution and allele frequencies of BDNF polymorphisms in asthmatic patients vs. controls.

Genotype
Subject AA AG GG Total Statistics
Healthy 69 (40.35) 90 (52.63) 12 (7.02) 171
Male 22 (43.14) 27 (52.94) 2(3.92) 51
Female 47 (39.17) 63 (52.50) 10 (8.33) 120
Asthma without anxiety 37 (40.66) 30 (32.97) 24 (26.37) 91
Male 17 (40.48) 17 (40.48) 8 (19.05) 42
Female 20 (40.82) 13 (26.53) 16 (32.65) 49
Asthma with anxiety 20 (44 .44) 14 (31.11) 11 (24.44) 45 ¥?=24.72,P<0.0001
Male 9 (47.37) 5(26.32) 5(26.32) 19 ¥*=9.34,P=0.053
Female 11 (42.31) 9 (34.62) 6 (23.08) 26 ¥*=19.35, P=0.0007
Asthma without depression 52 (41.6) 42 (33.6) 31 (24.8) 125
Male 22 (40.74) 21 (38.89) 11 (20.37) 54
Female 30 (42.25) 21 (29.58) 20 (28.17) 71
Asthma with depression 5(4545) 2 (18.18) 4 (36.36) 11 ¥?=26.40, P<0.0001
Male 4 (57.14) 1(14.29) 2 (28.57) ¥*=10.82, P=0.029
Female 1 (25.00) 1(25.00) 2 (50.00) 4 ¥*=18.92, P=0.0008

BDNEF, brain-derived neurotrophic factor.

significant differences in the distribution of 5-HTT genotypes
among female patients (%*=10.97, P=0.027) with asthma and
anxiety when compared with healthy females. However,
similar results were not noted for males. These findings suggest
an association between the 5S-HTT gene polymorphisms and
female asthmatic patients with anxiety.

In the group with asthma without depression, the LS and SS
genotypes accounted for 46.83 and 43.65%, respectively; LL
accounted for only 9.52%. In the group with asthma and depres-
sion, LS and SS accounted for 36.36 and 54.55%, respectively,
whereas LL accounted for only 9.09%. It is important to note
that none of the females had the LL genotype. The Chi-square
test showed that 5-HTT gene distributions in the healthy group,
and in asthma patients with or without depression group were
similar (%*=9.34, P=0.053). Also, there was no gender bias
between the three groups. These findings suggest that there
is no association between 5-HTT gene polymorphisms and
asthmatic patients with depression.

Association of BDNF gene polymorphisms with anxiety and
depression. The frequency of BDNF gene polymorphisms in
the healthy controls, asthmatic patients without anxiety/depres-
sion, and groups with asthma and anxiety/depression was
also examined (Table IV and Fig. 2). In addition, BDNF
gene polymorphisms were not detected in 4 healthy subjects.
Therefore, there were data from 171 healthy subjects shown
in Table IV. We noted that 52.63% of healthy individuals had
the AG genotype. In the group with asthma but not anxiety,
the major genotype of BNDF was AA (40.66%), followed by
AG (32.97%) and GG (26.37%). In the group with asthma
and anxiety, the major genotype of BNDF was AA (44.44%),
followed by AG (31.11%) and GG (24.44%). BDNF genotype
distributions in the group with asthma but not anxiety, and

the group with asthma and anxiety (x*=24.72, P<0.0001)
were significantly different when compared with the control
group. Furthermore, there were significant differences in
the distribution of the BNDF genotype among the female
asthmatic patients with anxiety when compared with healthy
females (y*=19.35, P=0.0007). A corresponding association
was not observed in male patients. These findings suggest an
association between BDNF gene polymorphisms and female
asthmatic patients with anxiety.

In the group of asthmatic patients without depression
AA, AG and GG genotypes of BNDF accounted for 41.6,
33.6 and 24.8%, respectively. In the group with asthma and
depression, AA, AG and GG genotypes accounted for 45.45,
18.18 and 36.36%, respectively. In this group, AA, AG and GG
genotypes were present in 57.14, 14.29 and 28.57% of males,
respectively, and 25.00, 25.00 and 50.00% of females, respec-
tively. There were significant differences in the distribution of
BDNF genotypes in the asthmatic patients with and without
depression (%*=26.40, P<0.0001), when compared with the
healthy controls. Further analysis revealed significant differ-
ences in the distribution of BNDF genotypes among both male
(x*=10.82, P=0.029) and female patients (*=18.92, P=0.0008)
with asthma and depression, when compared with healthy
males and females, respectively. These findings suggest an
association between BDNF gene polymorphisms and asth-
matic patients with depression regardless of gender.

Association of NPSR1 gene polymorphisms with anxiety and
depression. To examine the association between NPSR1 gene
polymorphisms and both anxiety and depression in asthmatic
patients, we analyzed the frequencies of NPSR1 genotypes
in the healthy control group, the groups with asthma but
without anxiety/depression, and the groups with asthma and
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Figure 2. Genotyping single nucleotide polymorphism (SNP) (rs6265) in the brain-derived neurotrophic factor (BDNF) gene. (A) PCR products were digested
with Eco72I and resolved in 3% agarose gel. Lanes 1 and 2: AA, homozygous; lanes 4 and 5: AG, heterozygous; and lanes 3 and 6: GG, homozygous.

(B-D) Representative sequences of GG, AG and AA, respectively.

Table V. Genotype distribution and allele frequencies of NPSR1 polymorphisms in asthmatic patients vs. controls.

Genotype
Subject TT AT AA Total Statistics
Healthy 59 (34.50) 79 (46.20) 33 (19.30) 171
Male 19 (37.25) 26 (50.98) 6 (11.76) 51
Female 40 (33.33) 53 (44.17) 27 (22.50) 120
Asthma without anxiety 26 (28.57) 49 (53.85) 16 (17.58) 91
Male 13 (30.95) 23 (54.76) 6 (14.29) 42
Female 13 (26.53) 26 (53.06) 10 (20.41) 49
Asthma with anxiety 16 (34.78) 20 (43.48) 10 (21.74) 46 v*=1.94,P=0.75
Male 7 (36.84) 8 (42.11) 4 (21.05) 19 v*=1.53,P=0.82
Female 9 (33.33) 12 (44 .44) 6 (22.22) 27 v?=1.23,P=0.87
Asthma without depression 40 (31.75) 62 (49.21) 24 (19.05) 126
Male 19 (35.19) 26 (48.15) 9 (16.67) 54
Female 21 (29.17) 36 (50.00) 15 (20.83) 72
Asthma with depression 2 (18.18) 7 (63.64) 2 (18.18) 11 v*=1.72,P=0.79
Male 1(14.29) 5(7143) 1(14.29) 7 v?=2.22,P=0.70
Female 1 (25.00) 2 (50.00) 1(25.00) 4 v*=0.72,P=0.95

NPSR1, neuropeptide S receptor 1.

anxiety/depression (Table V and Fig. 3). In addition, NPSR1
gene polymorphisms were not detected in 4 healthy subjects.

Therefore, there were data from 171 healthy subjects shown
in Table V.
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Figure 3. Genotyping single nucleotide polymorphism (SNP) (rs324981) in the neuropeptide S receptor 1 (NPSR1) gene. (A) PCR products were digested with
Asel and resolved in 3% agarose gel. Lane 1: TT, homozygous; lanes 2, 4 and 6: AT, heterozygous; and lanes 3 and 5: AA, homozygous. (B-D) Representative

sequence of AA, AT and TT, respectively.

Table VI. Genotype distributions of 5-HTT and BDNF and NPSR1 polymorphisms in asthmatic patients with and without

anxiety or depression.

5-HTT BDNF NPSR1
S+ LL A* GG T AA
Asthma without anxiety 84 (89.36) 10 (10.64) 70 (74.47) 24 (25.53) 78(82.98)  16(17.02)
Asthma with anxiety 46 (93.88) 3 (6.12) 38 (77.55) 11 (22.45) 39(79.59) 10 (20.41)
Asthma without depression 119 (90.84) 12 (9.16) 100 (76.34) 31(23.66) 107 (81.68) 24 (18.32)
Asthma with depression 11 (91.67) 1(8.33) 8 (66.67) 4(33.33) 10 (83.33) 2 (16.67)

5-HTT, serotonin-transporter; BDNF, brain-derived neurotrophic factor; NPSR1, neuropeptide S receptor 1.

In the healthy controls, NPSR1 genotypes AT, TT and AA
accounted for 46.20, 34.50 and 19.30%, respectively. Among
the asthmatic patients, AT was the most common genotype that
accounted for 53.85,43.48,49.21 and 63.64%, in asthma without
anxiety, asthma with anxiety, asthma without depression, and
asthma with depression, respectively; followed by TT (28.57,
34.78, 31.75 and 18.18%, respectively); and AA (17.58, 21.74,
19.05 and 18.18%, respectively). NPSR1 genotype distribu-
tion in the asthma without anxiety group, and the asthma
with anxiety group (x*=1.94, P=0.75) were not found to be
significantly different when compared with healthy controls.
Furthermore, there were no significant differences in genotype
distribution among male ()*=1.53, P=0.82) and female patients
(x*=1.23, P=0.87) in the asthma with anxiety group, when
compared with healthy males and females, respectively. These
findings suggest a lack of association between NPSR1 gene
polymorphisms (both overall and gender related) and asthmatic
patients with anxiety.

NPSR1 genotype distribution was not found to be signifi-
cantly different in the asthma without depression group, and
the asthma with depression group (y*=1.72, P=0.79), when
compared with healthy controls. Furthermore, there were no
significant differences in genotype distribution among male
(x*=2.22, P=0.70) and female asthmatic patients (x*=0.72,
P=0.95) with depression, when compared with healthy males
and females, respectively. These findings also indicate a lack of
association between NPSR1 gene polymorphisms (both overall
and gender related) and depression in asthmatic patients.

Allele frequencies of 5-HTT, BDNF and NPSRI in asthma
patients with and without anxiety or depression. We analyzed
the allele frequencies of 5-HTT, BDNF and NPSRI in the
asthmatic patients with and without anxiety or depres-
sion (Table VI). The majority of patients with asthma had the
S* allele in the 5-HTT gene, A* in the BDNF gene and T* in
the NPSR1 gene. The frequency of the S* allele in the 5-HTT
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Table VII. Interaction between 5-HTT and BDNF polymor-
phisms and its affect on the anxiety score of asthmatic patients.

Anxiety score

BDNF 5-HTT Frequency Median Quartile Statistics
A* S* 97 11 9 H=5.99,
GG S* 33 8 8 P=0.015
A* LL 10 82 6
GG LL 2 20 12

5-HTT, serotonin transporter; BDNF, brain-derived neurotrophic
factor.

Table VIII. Interaction between BDNF and NPSR1 polymor-
phisms and its affect on the depression score of asthmatic patients.

Depression score

BDNF NPSR1 Frequency Median Quartile Statistics
A* T* 87 6 6 H=4.22,
A+ AA 21 3 6 P=0.04
GG T* 30 45 7

GG AA 5 8 7

BDNF, brain-derived neurotrophic factor; NPSR1, neuropeptide S
receptor 1.

gene was 89.36% (without anxiety), 93.88% (with anxiety),
90.84% (without depression) and 91.67% (with depression). LL
only accounted for 10.64,6.12,9.16 and 8.33%, respectively. The
frequency of the A* allele in the BDNF gene was 74.47% (without
anxiety), 77.55% (with anxiety), 76.34% (without depression)
and 66.67% (with depression); GG accounted for 25.53, 22 .45,
23.66 and 33.33%, respectively. The frequency of the T* allele
in the NPSR1 gene was 82.98% (without anxiety), 79.59% (with
anxiety), 81.68% (without depression), and 83.33% (with depres-
sion); and AA accounted for 17.02, 20.41, 18.32 and 16.67%,
respectively.

Correlation of 5-HTT, BDNF and NPSRI gene polymor-
phisms with anxiety/depression scores. When the alleles were
LL (5-HTT) and A* (BDNF), the anxiety score had the highest
median value. Scheirer-Ray-Hare analysis demonstrated that
the anxiety score was significantly affected by the interac-
tions between 5S-HTT (LL, S*) and BDNF (A*, GG) (H=5.99,
P=0.015), as shown in Table VII. In addition, BDNF gene
polymorphisms were not detected in 1 patient. Therefore, there
were data from 142 patients shown in Table VII. This suggests a
synergistic effect of the interaction between 5S-HTT and BDNF
on the anxiety score. When the alleles were GG (BDNF) and
AA (NPSRI1), the depression score had the maximum median
value. Scheirer-Ray-Hare analysis showed that the depression
score was significantly affected by the interactions between
BDNF (A*, GG) and NPSR1 (AA, T") (H=4.22, P=0.04), as
shown in Table VIII. The results suggest that the interaction

between BDNF and NPSRI1 had a synergistic effect on the
depression score.

Discussion

Asthmatic patients are known to have a higher risk of developing
mental disorders (25). The interactions between behavioral,
neural, endocrine and immune processes have been studied in
asthmatic patients and it has been noted that a major role is played
by psychological factors in the development of asthma (26).
The higher risk of anxiety and depression in asthmatic patients
is also well documented (5,12,27-29). Furthermore, anxiety and
depression are closely associated with poor asthma control and
aggravated symptomatology (2,3,30). Genetic polymorphisms
may predispose asthmatic patients to anxiety or depression.
In this study, we sought to examine the correlation between
both anxiety and depression and the clinical characteristics of
asthmatic patients, and we explored the association between
NPSR1, BDNF and 5-HTT gene polymorphisms and anxiety
and depression in these patients. We found no evidence of any
association between age or education level and the occurrence
of anxiety. However, depression was associated with a lower
level of education, but not age. Both anxiety and depression
negatively correlated with the ACT score.

Genetic factors are thought to influence the susceptibility
of asthmatic patients to anxiety or depression. We noted that
the interaction between 5-HTT (LL) and BDNF (A*) exerted a
synergistic effect to increase the anxiety score in the asthmatic
patients whereas the interaction between BDNF (A", GG) and
NPSRI (AA, T*) exerted a synergistic effect to increase the
depression score in asthmatic patients.

To explore a potential association between anxiety/depres-
sion and the demographic and clinical characteristics of the
patients, we disaggregated the study subjects by age, gender,
educational level and ACT scores. Consistent with a previous
study (31), the incidence of asthma correlated with age and
gender. However, significant differences in asthmatic patients
with or without anxiety and with or without depression were not
noted with respect to age or gender. The incidence of anxiety
or depression was similar between males and females, as well
as with respect to age. The results of our study differ from
some earlier studies in this respect (32,33). For example, in a
study by Fernandes et al (33), the risk of anxiety was noted as
being directly proportional to age, and inversely proportional
to the socioeconomic level, particularly in women. Notably,
we found that depression rather than anxiety was associated
with a lower level of education. Consistent with the findings
of previous studies (2,3,5,7,10,34), both anxiety and depression
were associated with poor asthma control, as evaluated by the
ACT score in our study. Amelink ez al (7) reported that patients
with severe prednisone-dependent asthma were at a higher risk
of emotional distress than those with severe non-prednisone
dependent asthma, or those with mild to moderate asthma.
Thus, co-existing anxiety and/or depression may be a major
determinant of treatment outcomes in asthmatic patients.
These findings underline the importance of screening asth-
matic patients for anxiety and depression, as part of the routine
management of these patients. Furthermore, adjunctive behav-
ioral therapy or psychiatric intervention should be considered
for these patients.
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Our study also assessed the role of genetic factors in
contributing to the increased risk of anxiety or depression
in asthmatic patients. We explored the association between
SNPs of 5-HTT, BDNF and NPSR1 genes and anxiety or
depression in asthmatic patients. Our results demonstrated an
association between 5-HTT gene polymorphisms and anxiety
in female asthmatic patients. To the best of our knowledge,
this is the first report linking 5-HTT gene polymorphisms
with anxiety in asthmatic patients. Caspi et al (35) reported
an association between polymorphisms in the promoter
region of the 5-HTT gene and the influence of stressful life
events on depression. However, a meta-analysis of 14 inde-
pendent studies (14) did not support this conclusion. This
previous analysis showed that the 5-HTT polymorphism
was not associated with an increased risk of depression in
males alone, females alone or both males and females (14).
BDNEF is a neurotrophic factor which plays a critical role in
maintaining the function of the neurons (21). It has also been
reported to play a pivotal role in the pathogenesis of major
depression and other mood disorders (21,36). In addition to
being highly expressed in the brain, it is also expressed in the
lungs (37). Braun et al (38) suggested a link between BDNF
and allergic bronchial asthma. Genetic variants of BDNF
have been implicated in the causation of allergic asthma in
various populations (19,22,39-41). However, whether poly-
morphisms of the BDNF gene predispose asthmatic patients
to be affected by mood disorders has not yet been established.
In the present study, gene polymorphisms in BDNF were not
only associated with anxiety in female asthmatic patients,
but were also linked with depression in the asthmatic popula-
tion regardless of gender. These results suggest that BDNF
genetic variants play an important role in the pathogenesis of
anxiety and depression in asthmatic patients.

The NPS receptor signaling pathway is involved in the
pathogenesis of asthma and allergies (42). It also regulates
anxiety and arousal in rodents (43). Donner et al (22) suggested
that the NPS and NPSR1 signaling pathway is involved in regu-
lating human susceptibility to anxiety disorders. The NPSR1
gene has been linked with asthma, high serum total IgE levels
and other atopic diseases (44). By contrast, the present study
showed that NPSR1 gene polymorphisms were not associated
with either anxiety or depression in asthmatic patients.

Furthermore, we found that the S* (5-HTT), A* (BDNF) and
T* (NPSR1) alleles had the highest frequency in the asthmatic
patients regardless of anxiety or depression. More importantly,
the risk and severity of anxiety or depression appeared to be
influenced by the interaction between gene-gene polymorphisms.
Asthmatic patients carrying both risk alleles 5S-HTT (LL) and
BDNF (A") had enhanced anxiety scores, and those carrying
risk alleles BDNF (A*, GG) and NPSR1 (AA, T*) had increased
depression scores. A previous study demonstrated that the NPSR1
polymorphism in AA carriers was linked to increased anxiety
scores. However, the fear-potentiated startle is affected by the
interaction between 5-HTT and NPSR1 polymorphisms (45). In
our study, there was no evidence to suggest that the interaction
between 5-HTT and NPSR1 polymorphisms plays a role in
inducing anxiety or depression in asthmatic patients. Our
findings suggest that anxiety and depression in asthmatic patients
are influenced not only by polymorphisms of individual genes,
but also by interactions between different gene polymorphisms.

It is necessary to acknowledge some limitations of our
study. In the present study, the assessment of anxiety and
depression was undertaken using a simple questionnaire,
without conducting a structured interview. Another limitation
is the cross-sectional study design, due to which the results
may not be consistent over time. The third possible limitation
is the existence of selection bias in the study, as all the patients
were enrolled from a single hospital.

In conclusion, the present study demonstrates differences
in the risk factors for anxiety and depression in asthmatic
patients. Depression was negatively associated with the level of
education. There was a correlation between both anxiety and
depression and poor asthma control. The interaction between
5-HTT (LL) and BDNF (A*) appeared to increase the risk of
anxiety, whereas the interaction between BDNF (A*, GG) and
NPSRI1 (AA, T*) appeared to increase the risk of depression in
asthmatic patients.
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