
1Scientific RepoRtS |         (2020) 10:6322  | https://doi.org/10.1038/s41598-020-63416-7

www.nature.com/scientificreports

Association between olfactory 
function and inhibition of 
emotional competing distractors in 
major depressive disorder
fang Wang 1,2, Jin Jin2, Jun Wang1, Ruoqiao He3, Kaiyun Li4, Xiaonan Hu1, Yongchao Li1 & 
Yuncheng Zhu  2*

We aimed to investigate the changes of olfaction of major depressive disorder (MDD) before and after 
medical treatment, and to preliminarily scrutinize the association between the olfactory function and 
the severity of depressive symptoms, response inhibition, and emotional responding. Forty-eight 
medicine-naïve MDD patients plus 33 healthy controls (HC) matched on gender, ages, and level of 
education, were recruited in the test group. The Chinese Smell Identification Test (CSIT), Self-reported 
Olfactory Scale (SROS), 17-item Hamilton Depression Rating Scale (HAMD-17), Hamilton Anxiety 
Rating Scale (HAMA), and mean reaction time/accuracy rate (ΔMRt) of emotional Stroop test 
were measured. The patients were assessed before the treatment (baseline) and 3 months after the 
treatment (follow-up). The data at the baseline level were measured then associated using multiple 
linear regression stepwise analysis. The MDD patients had lower scores of the CSIT and SROS and 
longer ΔMRt at baseline level compared to Hc while the ΔMRt of MDD patients remained longer after 
3-month treatment (p’s < 0.05). At the baseline level, the regression equation including age and ΔMRt 
of negative word-color congruent (NEG-C), was finally observed as follows: y(CSIT) = 10.676–0.063 
× 1–0.002 × 2, [x1 = the age(y), x2 = the NEG-C (ms)]. The olfactory function of MDD appears to be 
correlated negatively with the age and the ΔMRT of negative stimuli before treatment. After the 
remission of MDD, the olfactory dysfunction was improved, which might be regarded as a responding 
phenotype of brain function of MDD rather than the emotional responding.

Major depressive disorder (MDD) and olfaction disorder (OD) are both chronic diseases that affect human 
being’s life quality1. A systematic review on ten studies chosen for using the Sniffin’ Sticks Test and the 40-item 
Smell Identification Test assessed to reveal the relationship between depression and OD. Results show that both 
of the olfactory threshold, olfactory discrimination, and olfactory identification were influenced by depression2. 
Furthermore, symptoms of depression worsen with the severity of olfactory loss3. It was demonstrated that olfac-
tory bulbectomy, as a well-known method, could induce an animal model of depression in animal experiment4. In 
depression-related brain areas including hippocampus, frontal cortex and hypothalamus, the turnover of seroto-
nin and dopamine decreases in the olfactory bulbectomized rats5. Similarly, in human studies, Cory et al.6 found 
that patients with depression have decreased activities in the left medial orbitofrontal cortex (OFC) accompanied 
with the defect of the olfactory identification. However, Zucco et al.7 argued that the changes mentioned above 
occur in patients with the MDD only, not with the mild or moderate depressive disorder. In the neural circuits 
involved in emotional processing8, these key structures such as amygdala, hippocampus, anterior cingulate cor-
tex(ACC) and OFC, are the imperative functional regions of the human olfactory map9,10.

Emotional response originates from the hypothalamus, whereas the activated component is located at the 
amygdala. Furthermore, through an evolutionary view on the neural circuits, the amygdaloid complex has wide-
spread connections with subcortical structures, this extended amygdala takes a position to the allocortex (olfac-
tory cortex and hippocampus)8,11. Based on these overlapping neural networks, it is highly doubted that the 
depressed patients may have olfactory dysfunction correlated with emotional dysregulation.
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In addition, the correlation between cognitive dysfunction and OD may be related to the mutual pathways of 
OFC and subcortical structures12,13. The OFC and rostral insula bilaterally14 are the secondary olfactory neuro-
anatomic structures taking charge of chemosensory processing15 while the primary olfactory structures generate 
from the piriform cortex, entorhinal cortex, amygdala, and hippocampus16 receiving the inputs from the tractus 
olfactoriusta projected from the olfactory bulb. Therefore, the olfactory system and the emotion have many com-
mon structures, which provide a framework for bridging gaps between the cognitive function and the olfactory 
function via the similar neuropathological basis of depression17.

In the neuropsychology, the emotional Stroop effect is commonly used to evaluate the response inhibition 
with emotional responding in the field of cognitive function18. Under the overlapping controls of the OFC19, there 
are reasons to believe that MDD may have correlated dysfunction between cognition and olfaction. The above 
background shed the light on the purpose of the research to evaluate those changes in MDD by collecting the data 
of clinical manifestations of MDD, the severity of symptoms, and response inhibition with emotional responding. 
Subjects with the non-affective disorder are supposed to show their ability of abstract thinking without abnormal 
emotional involvement even when they present the deficit of response inhibition after adding emotional ele-
ment20. Some researchers proposed that a decrease in attention to olfactory stimuli in depression impaired olfac-
tory identification and discrimination21,22, while the processing of the Stroop test is inseparable from attention. It 
was hypothesized that olfactory dysfunction was more likely to be associated with response inhibition than the 
mood in MDD.

Experimental procedures
Participants. We recruited 48 untreated patients with MDD and 33 healthy individuals matched on gender, 
age, level of education (see Table 1), and ethnicity (Han). The patients were assessed before treatment (baseline) 
and three months after the antidepressant treatment (follow-up), while the healthy individuals were also assessed 
twice.

The patients were recruited from Shanghai Changning Mental Health Center or Shanghai Yangpu Mental 
Health Center, an inpatient psychiatric ward, which was registered in the period of 01/01/2017 to 07/31/2018. The 
diagnosis was confirmed by two psychiatrists independently, and the diagnosis of MDD with or without anxiety 
disorder was ascertained according to the International Statistical Classification of Diseases and Related Health 
Problems, 10th Revision (ICD-10)23. Inclusion criteria were: aged 18 to 60 years; Chinese Han ethnicity; the score 
of 17-item Hamilton Depression Rating Scale (HAMD-17) ≥ 17 points; sufficient socio-cultural background 
to understand the informed consent; first-diagnosed or long-term drug discontinuance (more than 12 weeks) 
defined as longer than five times of elimination half-life of any selective serotonin reuptake inhibitors (SSRIs)24,25; 
accepting one kind of SSRIs as the only intervention strategy. Exclusion criteria were: any other mental disor-
ders in ICD-10; catching a cold within two weeks; history of chronic nasitis, nasosinusitis or nasal deformity; 
history of brain trauma, neurodegenerative disease or cerebrovascular disease; colour blindness or abnormal 
vision (uncorrected or corrected vision); pregnancy or postpartum period; drug abuse; alcohol consumption; 
current smoking; accepting modified electric convulsive treatment within 4 weeks; alternative treatment strategy 
employed in MDD patients who had no remission despite the adequate trial of SSRIs; pharmacological interac-
tion between the current use of medications and antidepressants; suicide ideation (the score of the third item of 
HAMD-17 ≥ 3 points); olfaction experts, such as wine taster or perfumer.

The healthy individuals were recruited through advertisement. Inclusion criteria were: aged 18 to 60 
years; Chinese Han ethnicity; the score of HAMD-17 < 7 points; the score of Hamilton Anxiety Rating Scale 
(HAMA) < 7 points. Exclusion criteria were: respiratory diseases; the history of mental disorder; color blind-
ness or abnormal vision; pregnancy or postpartum period; drug abuse; alcohol consumption; current smoking; 
olfaction experts. Our study was based on approval by the Institutional Ethical Committee for clinical research 
of Shanghai Yangpu Mental Health Center (No. YJY2018–3), Shanghai, China. We ensured that all subjects were 
given an adequate understanding of the study, and written informed consent was provided according to the 
Declaration of Helsinki (1964). The study was approved by the Institutional Review Board at Shanghai Mental 
Health Center and the Institute of Psychology, Chinese Academy of Sciences.

Finally, thirty-five (72.9%) patients out of 48 remained in our cohort study after 3 months of antidepres-
sant treatment. 13 (27.1%) patients dropped out. Meanwhile, 10 (20.8%) patients out of 48 had discontinued 

MDD HC

t p valuen = 48 n = 33

Gender / 0.81a

Male 13 (27.1%) 10 (30.3%)

Female 35(72.9%) 23(69.7%)

Smoking habits / 1.00a

Non-smoker 34 (70.8%) 24 (72.7%)

Ex-smoker 14 (29.2%) 9 (27.3%)

Age(y) 35.5 ± 11.8 33.9 ± 10.3 0.63 0.53

Education level(y) 11.9 ± 3.2 13.0 ± 3.6 1.41 0.16

Table 1. Comparison of the demographic information between MDD and HC groups. MDD: major depressive 
disorder;. HC: healthy control;. mean (±SD) for the normal distribution data and number plus rate (n,%) for 
the qualitative data;. ap was calculated by fisher’s exact test.

https://doi.org/10.1038/s41598-020-63416-7


3Scientific RepoRtS |         (2020) 10:6322  | https://doi.org/10.1038/s41598-020-63416-7

www.nature.com/scientificreportswww.nature.com/scientificreports/

antidepressant medication (4 (8.3%) patients out of 10 worried about long-term side effects, 3 (6.3%) patients 
believed oneself to have been cured, and 3 (6.3%) patients were intolerant and had adverse drug reactions). Then, 
the rest 3 (6.3%) patients found it inconvenient to visit back in the hospital. 22 (66.7%) healthy individuals out of 
33 completed the second round of assessment with 11(33.3%) healthy individuals being dropped out due to the 
inconvenience of visiting the hospital.

evaluation instruments
Demographic and clinical information. The demographic and clinical information of eligible subjects 
was collected with a self-designed case report form including career, gender, age, education level, previous health 
status, current medication status, history of addiction (tobacco, alcohol, coffee, drugs).

The severity of symptoms was assessed by the HAMD-1726 and the HAMA27, two reliable and valid 
instruments.

Chinese smell identification test. The Chinese Smell Identification Test (CSIT) was developed to evaluate 
the human olfactory function system. The CSIT had a test-retest reliability of 0.92 and was validated against the 
Sniffin’ Sticks Identification Test 16 and the University of Pennsylvania Smell Identification Test28.

The CSIT was tested in a quiet room with proper ventilation and without odor. Subjects were required to avoid 
eating garlic and drinking alcohol at breakfast, or exposing themselves in advance to strong smells in the garden, 
kitchen or other areas in the house. The process was arranged from 8:00 a.m. to 11:00 a.m. The Self-reported 
Olfactory Scale (SROS) was obtained before the CSIT using a 5-point scale from the worst to the best.

During the procedure of CSIT, participants were not allowed to eat food. After removing the cap of felt-tip 
pens which had been dipped into the different odorants respectively; they were placed 2 cm below subjects’ noses 
for 2 s. The ten pens which contained ten different kinds of odors; were placed in front of the subjects who should 
distinguish the proper smell from four choices of different odors. The interval time took 30 seconds. A correct 
odor choice was recorded as 1 point, while the wrong choice represented 0 point. For the consideration of avoid-
ing smell fatigue, each individual had only one chance to complete the procedure. Total score ranged from 0 to 10, 
where a higher score represented a better olfactory function.

Emotional stroop test. In the Emotional Stroop test (EST)29, the words were divided into three groups, 
containing neutral words (NEU), positive words (POS) and negative words (NEG) from scrutinized Chinese 
thesaurus30. Each group contained 20 words. Words in red or blue appeared randomly in the middle of the screen 
after a “+” symbol disappeared allowing an interval of 0.1 s for successive selection. The operation instruction 
was displayed on the screen at the very beginning. If the red or blue color appeared, the “F” or “J” key of the key-
board should be pressed respectively. Subjects were asked to place their left index finger on the “F” key and the 
right one on the “J” key. The E-prime 2.0 software was designed to define the blue color to be congruent with the 
negative words and the red to the positive words. If not, the selection would be programmed to be incongruent. 
The software recorded mean reaction time (MRT) and accuracy rate of the positive words and the negative words 
with word-color congruent (-C) or -incongruent (-I) as the POS-C, POS-I, NEG-C or NEG-I. The procedure was 
divided into three parts and forty trials in each part while one-minute intervals between each part. When com-
paring to healthy controls (HC), the MRT of each targeted variable indicated the different severity of response 
inhibition deficit and emotional response.

Considering the interaction of the MRT with the accuracy rate, Coomans F et al. suggest the parameter that 
governs the probability to answer fast is the parameter that governs the probability to answer correctly in their 
model. When performing fast processes in response to time-accuracy data, response time/accuracy is an alterna-
tive approach31. Therefore, we used the accuracy rate to correct the MRT. The adjusted MRT was represented as 
ΔMRT (MRT/accuracy rate). The procedure can better explain the correlation between response speed, rate of 
accuracy, and cognitive function. The longer the ΔMRT is, the worse the response inhibition will be.

Statistical methods
IBM SPSS version 17.0 for Windows (Chicago Inc., USA) was performed for statistical analysis. All of the data 
were performed for normality and homogeneity of variance. Normal distribution data were represented as mean 
± SD, then, the between-group variance was examined by Student’s t-test for two independent samples, while 
skewed distribution data was represented as median (IQR 25–75) performed by Mann-Whitney u Test. Fisher’s 
exact test was conducted to analyze the demographic data represented as a number plus rate (n,%). The signif-
icance level was defined as α = 0.05 (two-tailed). Potential statistical data correlations were conducted using 
multiple linear regression stepwise analysis within the CSIT, demographic information, HAMD-17, HAMA, and 
EST, the probability for stepwise through entry: 0.05 and removal: 0.10.

Results
The demographic information. Table 1 presents the descriptive statistics for the participant groups. 
There were no statistical differences in gender, smoking habits, age, or education level between the two groups 
(p’s > 0.05).

The HAMD-17, HAMA, olfactory level of MDD before and after 3 months of treatment. The 
HAMD-17 and the HAMA of the MDD patients showed difference before and after 3 months of treatment 
(p’s < 0.05). MDD patients showed lower scores of the CSIT and SROS at baseline level (p’s < 0.05) compared to 
HC but no differences at follow-up level (p’s > 0.05) shown in Table 2.

Comparison of the parameters of the EST between MDD and HC groups. MDD patients showed 
longer MRT and ΔMRT of all the parameters at baseline level compared to HC (p’s < 0.05), while the MRT and 
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ΔMRT of MDD patients remained longer after the 3-month treatment compared to HC (p’s < 0.05). Shorter MRT 
and ΔMRT of the follow-up MDD patients were observed compared to the baseline MDD patients (p’s < 0.05). 
However, there were no difference of the MRT and ΔMRT in HC group between the first test and 3-month retest 
(p’s > 0.05). These results were shown in Fig. 1 and Table 3.

MDD patients showed lower accuracy rate of POS-C at baseline level compared to HC (p < 0.05), while we 
observed no difference in the other four parameters (p’s > 0.05). There was no difference between MDD and HC 
at the follow-up level (p’s > 0.05). The accuracy rates of the observed MDD did not increase after the 3-month 
treatment (p’s > 0.05). See Table 3.

Multiple linear regression stepwise analysis of the CSIT in the baseline MDD group. In this 
study, our aim was to associate the score of the CSIT with age (y), education level (y), the score of HAMD-17, 
HAMA, and SROS, and ΔMRT (ms) of the NEU, POS-C, POS-I, NEG-C and NEG-I before or after the 3-month 
treatment through the stepwise analysis of multiple linear regression. The regression model, which was finally 
constructed by age and the NEG-C (F = 11.89, P < 0.001, R2 = 0.346, adjusted R2 = 0.317) at baseline level, is 
shown in Table 4. The regression equation was finally obtained as follows:

Δ= . − . − . = = −y x x x x10 676 0 063 0 002 , [ the age(y), the MRT of the NEG C(ms)]1 2 1 2

Discussion
We suggested that the total scores of the CSIT and SROS for olfactory function were discrepant between MDD 
and HC groups. Furthermore, the antidepressant treatment achieved the expected treatment goals by comparing 
the CSIT and HAMD-17 before and after 3-month treatment. The olfactory identification ability was recovered 
with the remission of MDD through adequate dosage and duration of antidepressant treatment32. Until today, 
olfactory evaluation has always been neglected by the physicians during diagnosis course in China. The CSIT is 
specially designed for the olfactory characteristics of the Chinese population, compared with the University of 
Pennsylvania Smell Identification Test (UPSIT) and the Sniffin’Sticks Identification Test 16 (SS-16) commonly 
used in the world, it has a good reliability28. The CSIT made up for the shortage of olfactory evaluation based on 
the Chinese population.

Some experts suggested that the subjects were just the patients with MDD in previous studies, and then 
reached the conclusion that the lower odor identification performance belongs to these individuals with 
MDD33,34. However, mild or moderate depression do not accompany with olfactory dysfunction7. We doubted 
that the severity of symptom might be related with olfactory processing even though diagnosed as MDD. 
Therefore, we studied the relationship between the CSIT and the HAMD-17 in untreated MDD through multiple 
linear regression stepwise analysis. As a result, the correlation between the scale and the olfactory function did 
not reach consistency as expected. The reason for this is that the severity of depressive symptoms might not affect 
olfactory function, course, and duration of depression35.

The neurobiology may explain the olfactory dysfunction of MDD. The pathological basis of emotional reg-
ulation, olfactory function, and response inhibition share common functional regions such as the OFC and 
ACC36–38. Studies indicate that pathological changes in depressive state are associated with a large number of 
neurobiological changes leading to the dysfunction, which point to those interactive functional regions39. Those 
neurobiological changes strengthen the connections of brain regions with depression while weakening connec-
tions between the limbic system and neural networks exposed to the stress in the prefrontal cortex40.

To cope with the endless flow of information from sensory perception, the brain has to develop a simple and 
effective processing program within limited neuronal connections, which is the so-called “selective attention”. 
Once a sensory input is defined as a non-correlated signal, the response inhibition reduces the expression of a 
distractor, and then prevents it from reaching the response system in order to reduce unnecessary interference. 
Therefore, interference suppression becomes the core concept in the response inhibition, which is called inhibi-
tion of competing distractors or inhibition of competing for automatic response41. Emotional setting and shifting 
involved in Stroop test can solve the assessment of competing for automatic response simply (such as the central 
dimension of the EST)42. In the EST, the POS-C, POC-I, NEG-C and NEG-I words reflect response inhibition and 
emotional response under different color-emotional word interference, while the NEU words reflect responding 
baseline only. Our results showed that even with the remission of the disease, the NEU, POS-C, POC-I, NEG-C 
and NEG-I of MDD patients ameliorate after the treatment but remain worse than those of control participants. 

Scores

Baseline

t/Z p

Follow-up

t/Z p

MDD (baseline 
vs follow-up)

HC (baseline 
vs follow-up)

MDD n = 48
HC 
n = 33 MDD n = 35 HC n = 22 t/Z p t/Z p

HAMD -17 20.9 ± 3.6 / / / 7.8 ± 4.1 / / / 15.4 <0.01 / /

HAMA 18.7 ± 8.8 / / / 10.7 ± 4.3 / / / 5.51 <0.01 / /

SROS 3 (3,4) 4 (3,5) 3.85 <0.01 4 (3,5) 4 (3,4) 1.28 0.20 4.10 <0.01 1.18 0.24

CSIT 7 (6,8) 9 (8,9) 4.09 <0.01 8 (8,9) 9 (9,10) 1.83 0.07 3.73 <0.01 1.19 0.24

Table 2. Comparison of the HAMD-17, HAMA, olfactory level between Baseline and Follow-up of MDD 
group. Mean (±SD) for the normal distribution data; median (IQR 25–75) for the skewed distribution data;. 
HAMD−17: the 17-item Hamilton Depression Rating Scale;. HAMA: the Hamilton Anxiety Rating Scale;. 
CSIT: the Chinese Smell Identification Test;. SROS: the Self-reported Olfactory Scale.
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However, we cannot distinguish accurately whether the improvements are caused by each emotional competing 
distractor. Then, we performed a regression model showing that the NEG-C was associated with the CSIT at 
the baseline level. Olfactory deficiency is more likely to be affected by negative emotional responding, but the 
deficit of negative emotional responding cannot be recognized by the HAMD-17 in this model. Our results may 
be explained through two systematic reviews of the EST: emotional Stroop effect seems to rely more on a slow 
disengagement process than on a fast43 while robust depression-related Stroop effects play an imperative role in 
negative stimuli for clinically depressed versus healthy people44.

These pathological and physiological changes not only interfere with the processing of the emotional and 
cognitive functions in depression, but have an inseparable impact on the olfactory system as well45. This statement 
was also supported by our study. We observed that the MDD patients, not only had mood dysregulation, but 
also their response inhibition and olfactory functions, were significantly impaired. The emotional Stroop effect 
reflects the process of emotional responding and the response inhibition29, however, little evidence was shown 
on neuropsychological interaction of the olfactory function in MDD simultaneously. In the olfactory correlation 
analysis, the response inhibition deficit with emotional responding was negatively correlated with the impaired 
olfaction, especially in the negative emotional responding, as well as age. It is consistent with the current findings 
that age is a high-risk factor for olfactory dysfunction in depression32. Our findings are inconsistent with the 

Figure 1. Difference between groups in the parameters of the emotional Stroop test (*P < 0.05). Adjusted mean 
reaction time= mean reaction timedisappeared allowing an interval ofaccuracy rate; NEU: neutral words; POS: 
positive words; NEG: negative words; -C: congruent; -I: incongruent.
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severity of depression measured by the HAMD for predicting olfactory function46, on the other hand, the severity 
of olfactory impairment is related to theΔMRT of NEG-C in the EST with moderate correlation. Another out-
come revealed that the response inhibition could not return to the average level after the 3-month treatment. The 
cognitive impairments in MDD are trait-like phenomena47, which was duplicated by our study.

Although similar questions have been addressed before, it is still necessary to establish data on original olfac-
tory test tools targeting Chinese people to conduct further olfactory-related research on Chinese. Meanwhile, 
there has been no association of such olfactory research on depression with cognitive function in China. However, 
our study has many limitations. First of all, the sample size of this study was relatively modest, which does limit 
the power of the test, so we need to expand the sample size in the future for this series of research. Other than that, 
for a more detailed discussion on the olfactory function in depression, more influenced factors can be taken into 
consideration, such as gender, the severity of depression, course and duration of depression. Moreover, though 
the follow-up subjects had clear curative effects, patients with refractory depression or poor treatment compli-
ance48 hardly can be included in real-world study even when they do meet the inclusion and exclusion criteria, 
which needs to be considered in the high-quality design.

We indicate olfactory identification deficit in the patients with MDD. However, Swiecicki L et al.49 did not 
find that difference between the HC and recurrent depressive disorder. It is suggested that acute episode of the 
disease may have a different phenotype of chemical sense, for the HAMD-17 (20.9 ± 3.6) was higher in our study 
compared to their description of the severity of MDD symptom using the HAMD-21 (15.2 ± 1.6).

The reduced volume of olfactory bulb of depressive patients was observed from the perspective of organic 
brain syndrome50–52. A previous study divided patients with depression into two subgroups–therapy responders 
and nonresponders, and found the therapy responders exhibited no significant difference in olfactory bulb vol-
ume compared to HCs. However, that of nonresponders was 23% smaller compared to responders50. They sug-
gested that odor identification is significantly impaired in depressive episode and recovered from treatment. We 
similarly excluded the MDD patients who had no remission despite the adequate trial of SSRIs (nonresponders). 

Baseline

t/Z p

Follow-up

t/Z p

MDD 
(baseline vs 
follow-up)

HC 
(baseline vs 
follow-up)

MDD n = 48 HC n = 33 MDD n = 35 HC n = 22 t/Z p t/Z p

NEU

MRT(ms) 690 ± 207 476  ±  102 6.16 <0.01 532 ± 114 460 ± 73 2.64 0.01 4.44 <0.01 0.64 0.52

Accuracy 0.97  ±  0.04 0.98 ± 0.02 0.59 0.56 0.98 ± 0.03 0.98 ± 0.02 0.75 0.46 1.25 0.22 0.05 0.96

ΔMRT(ms) 708 ± 210 486 ± 99 6.37 <0.01 542  ± 117 471 ± 77 2.77 <0.01 4.60 <0.01 0.62 0.54

POS-C

MRT(ms) 670 ± 170 490 ± 132 5.14 <0.01 539  ± 109 455 ± 63 3.28 <0.01 4.02 <0.01 1.30 0.20

Accuracy 0.97 ± 0.06 0.99 ± 0.02 2.12 0.04 0.98 ± 0.03 0.98 ± 0.03 0.64 0.53 1.21 0.23 1.79 0.08

ΔMRT(ms) 692 ± 174 494 ± 132 5.52 <0.01 548 ± 114 465 ± 65 3.51 <0.01 4.27 <0.01 1.10 0.28

POS-I

MRT(ms) 658 ± 162 495 ± 135 4.75 <0.01 538 ± 98 462 ± 71 3.16 <0.01 3.87 <0.01 1.05 0.30

Accuracy 0.97 ± 0.07 0.98 ± 0.03 1.37 0.12 0.98 ± 0.04 0.98 ± 0.02 0.02 0.83 1.29 0.20 0.52 0.60

ΔMRT(ms) 683 ± 170 506 ± 145 4.88 <0.01 549 ± 100 469 ± 73 3.46 <0.01 4.18 <0.01 1.25 0.22

NEG-C

MRT(ms) 693 ± 217 475 ± 112 5.93 <0.01 573 ± 149 462 ± 77 3.70 <0.01 2.83 <0.01 0.48 0.63

Accuracy 0.97 ± 0.04 0.98 ± 0.03 0.73 0.47 0.98 ± 0.03 0.98 ± 0.05 0.11 0.91 1.34 0.19 0.30 0.77

ΔMRT(ms) 714 ± 226 485 ± 110 6.09 <0.01 584 ± 155 470 ± 73 3.74 <0.01 2.94 <0.01 0.54 0.59

NEG-I

MRT(ms) 695 ± 209 475 ± 94 6.43 <0.01 531 ± 113 466 ± 75 2.40 0.02 4.62 <0.01 0.39 0.70

Accuracy 0.98 ± 0.04 0.98 ± 0.03 0.45 0.66 0.99 ± 0.03 0.99 ± 0.02 0.55 0.59 1.60 0.11 1.78 0.08

ΔMRT(ms) 714 ± 213 485 ± 93 6.61 <0.01 538 ± 115 469 ± 72 2.52 0.02 4.84 <0.01 0.65 0.52

Table 3. Comparison of parameters of the EST between MDD and HC groups. MRT: mean reaction time; 
ΔMRT: adjusted MRT; NEU: neutral words; POS: positive words; NEG: negative words; -C: congruent; -I: 
incongruent.

B SE Beta t p R2 ΔR2

Constant 10.676 0.805 13.268 <0.001

0.346 0.317Age(y) −0.063 0.018 −0.447 3.555 0.001

NEG-C (ms) −0.002 0.001 −0.277 2.202 0.033

Table 4. Results of multiple linear regression stepwise analysis of the CSIT in the baseline MDD group. B: 
non-standardized partial regression coefficient;. SE: Standard error;. Beta: standardized partial regression 
coefficient;. R2: multiple correlation coefficient-square;. ΔR2: adjusted R2.
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Therefore, combined with their findings, we assume that the olfactory bulb structure may not, or just temporarily, 
be influenced and functionally normalized to HC level at follow-up.

Another study found that structural markers, such as the olfactory bulb volume may relate to the vulnerability 
to depression while functional markers reflect current symptomatology52. This hypothesis deserves to be verified 
by monitoring each of them at different times, including threshold, identification and discrimination while func-
tional imaging of olfactory bulb volume was employed.

In conclusion, patients with MDD showed decreased olfactory ability, but this phenomenon only occurred 
in the acute phase of MDD. Correlation analysis indicated that the MRT of negative stimuli and age may be two 
biological predictors of olfactory perception prognosis in patients with MDD. With the remission of the disease, 
olfactory dysfunction returned to be normalized. The present study suggests that the remission of MDD may be 
regarded as a response phenotype of brain function, including the cognitive function and olfactory function but 
not the emotional responding. The causes of drop-outs in MDD group were mainly due to drug discontinuation. 
This is also close to the drop-out rate of treatment in the real-world treatment process53.

Received: 15 May 2019; Accepted: 30 March 2020;
Published: xx xx xxxx

References
 1. Croy, I., Nordin, S. & Hummel, T. Olfactory disorders and quality of life–an updated review. Chem. Senses 39, 185–194 (2014).
 2. Kohli, P., Soler, Z. M., Nguyen, S. A., Muus, J. S. & Schlosser, R. J. The Association Between Olfaction and Depression: A Systematic 

Review. Chem. Senses 41, 479–486 (2016).
 3. Khil, L. et al. Association between major depressive disorder and odor identification impairment. J. Affect. Disord. 203, 332–338 

(2016).
 4. Shin, M. S., Park, S. S., Lee, J. M., Kim, T. W. & Kim, Y. P. Treadmill exercise improves depression-like symptoms by enhancing 

serotonergic function through upregulation of 5-HT1A expression in the olfactory bulbectomized rats. J. Exerc. Rehabil. 13, 36–42 
(2017).

 5. Hellweg, R., Zueger, M., Fink, K., Hortnagl, H. & Gass, P. Olfactory bulbectomy in mice leads to increased BDNF levels and 
decreased serotonin turnover in depression-related brain areas. Neurobiol. Dis. 25, 1–7 (2007).

 6. Croy, I., Nordin, S. & Hummel, T. Olfaction as a marker for depression in humans. J. Affect. Disord. 160, 80–86 (2014).
 7. Zucco, G. M. & Bollini, F. Odour recognition memory and odour identification in patients with mild and severe major depressive 

disorders. Psychiatry Res. 190, 217–220 (2011).
 8. Loonen, A. J. & Ivanova, S. A. Circuits regulating pleasure and happiness in major depression. Med. Hypotheses 87, 14–21 (2016).
 9. Jiang, Y. et al. Olfactory Bulbectomy Leads to the Development of Epilepsy in Mice. PLoS One 10, e0138178 (2015).
 10. Kazour, F. et al. Olfactory and gustatory functions in bipolar disorders: A systematic review. Neurosci. Biobehav. Rev. 80, 69–79 

(2017).
 11. Elias, W. J., Ray, D. K. & Jane, J. A. Lennart Heimer: concepts of the ventral striatum and extended amygdala. Neurosurg Focus 25 

(2008).
 12. Smaga, I. et al. Changes in the Brain Endocannabinoid System in Rat Models of Depression. Neurotox. Res. 31, 421–435 (2017).
 13. Han, P., et al. Alterations of Brain Gray Matter Density and Olfactory Bulb Volume in Patients with Olfactory Loss after Traumatic 

Brain Injury. J Neurotrauma 23 (2018).
 14. Djordjevic, J., Zatorre, R. J., Petrides, M., Boyle, J. A. & Jones-Gotman, M. Functional neuroimaging of odor imagery. Neuroimage 

24, 791–801 (2005).
 15. Patin, A. & Pause, B. M. Human amygdala activations during nasal chemoreception. Neuropsychologia 78, 171–194 (2015).
 16. Soudry, Y., Lemogne, C., Malinvaud, D., Consoli, S. M. & Bonfils, P. Olfactory system and emotion: common substrates. Eur. Ann. 

Otorhinolaryngol. Head. Neck Dis. 128, 18–23 (2011).
 17. Fagundo, A. B., et al. Modulation of Higher-Order Olfaction Components on Executive Functions in Humans. Plos One 10 (2015).
 18. Stolicyn, A., Steele, J. D. & Series, P. Conditioned task-set competition: Neural mechanisms of emotional interference in depression. 

Cogn. Affect. Behav. Neurosci. 17, 269–289 (2017).
 19. Spielberg, J. M. et al. Transdiagnostic dimensions of anxiety and depression moderate motivation-related brain networks during goal 

maintenance. Depress. Anxiety 31, 805–813 (2014).
 20. Ho, M. C., Hsu, Y. C., Lu, M. L., Gossop, M. & Chen, V. C. ‘Cool’ and ‘Hot’ executive functions in suicide attempters with major 

depressive disorder. J. Affect. Disord. 235, 332–340 (2018).
 21. Croy, I. & Hummel, T. Olfaction as a marker for depression. J. Neurol. 264, 631–638 (2017).
 22. Hedner, M., Larsson, M., Arnold, N., Zucco, G. M. & Hummel, T. Cognitive factors in odor detection, odor discrimination, and odor 

identification tasks. J. Clin. Exp. Neuropsychol. 32, 1062–1067 (2010).
 23. Organization, W. H. International Classification of Diseases and Related Health Problems, 10th revision. Geneva. World Health 

Organization (1992).
 24. Morales-Medina, J. C., Iannitti, T., Freeman, A. & Caldwell, H. K. The olfactory bulbectomized rat as a model of depression: The 

hippocampal pathway. Behav. Brain Res. 317, 562–575 (2017).
 25. DeVane, C. L. Pharmacokinetics of the newer antidepressants: clinical relevance. Am. J. Med. 97, 0002–9343 (1994).
 26. Bo, Q. et al. Quality of life in euthymic patients with unipolar major depressive disorder and bipolar disorder. Neuropsychiatr. Dis. 

Treat. 15, 1649–1657 (2019).
 27. Li, X. et al. Prevalence, clinical correlates and IQ of suicidal ideation in drug naive Chinese Han patients with major depressive 

disorder. J. Affect. Disord. 248, 59–64 (2019).
 28. Feng, G. et al. Development of the Chinese Smell Identification Test. Chem. Senses 44, 189–195 (2019).
 29. Caparos, S. & Blanchette, I. Emotional Stroop interference in trauma-exposed individuals: a contrast between two accounts. 

Conscious. Cogn. 28, 104–112 (2014).
 30. Jiang, X., Zhu, Y. & Fang, Y. Response Inhibition and Emotional Regulation in the Patients with Attention-Deficit/Hyperactivity 

Disorder and Comorbidity of Disruptive, Impulse-Control, and Conduct Disorders. Psychiatry Investig. 16, 872–874 (2019).
 31. Coomans, F., Hofman, A., Brinkhuis, M., van der Maas, H.L. & Maris, G. Distinguishing Fast and Slow Processes in Accuracy - 

Response Time Data. Plos One 11 (2016).
 32. Clepce, M., Gossler, A., Reich, K., Kornhuber, J. & Thuerauf, N. The relation between depression, anhedonia and olfactory hedonic 

estimates–a pilot study in major depression. Neurosci. Lett. 471, 139–143 (2010).
 33. Takahashi, T. et al. Olfactory sulcus morphology in patients with current and past major depression. Psychiatry Res. Neuroimaging 

255, 60–65 (2016).
 34. Kamath, V. et al. Olfactory processing in bipolar disorder, major depression, and anxiety. Bipolar Disord. 13, 12625 (2018).
 35. Pabel, L. D., Hummel, T., Weidner, K. & Croy, I. The impact of severity, course and duration of depression on olfactory function. J. 

Affect. Disord. 238, 194–203 (2018).

https://doi.org/10.1038/s41598-020-63416-7


8Scientific RepoRtS |         (2020) 10:6322  | https://doi.org/10.1038/s41598-020-63416-7

www.nature.com/scientificreportswww.nature.com/scientificreports/

 36. Watters, A. J. et al. Profiling risk for depressive disorder by circuit, behavior and self-report measures of emotion function. J. Affect. 
Disord. 227, 595–602 (2018).

 37. Pellegrino, R., Drechsler, E., Hummel, C., Warr, J. & Hummel, T. Bimodal odor processing with a trigeminal component at sub- and 
suprathreshold levels. Neuroscience 363, 43–49 (2017).

 38. Tang, H. et al. Cascade of neural processing orchestrates cognitive control in human frontal cortex. Elife 18, 12352 (2016).
 39. Lorenzetti, V., Allen, N. B., Fornito, A. & Yucel, M. Structural brain abnormalities in major depressive disorder: a selective review of 

recent MRI studies. J. Affect. Disord. 117, 1–17 (2009).
 40. Arnsten, A. F. Stress weakens prefrontal networks: molecular insults to higher cognition. Nat. Neurosci. 18, 1376–1385 (2015).
 41. Nigg, J. T. On inhibition/disinhibition in developmental psychopathology: views from cognitive and personality psychology and a 

working inhibition taxonomy. Psychol. Bull. 126, 220–246 (2000).
 42. Zhu, Y., Jiang, X. & Ji, W. The Mechanism of Cortico-Striato-Thalamo-Cortical Neurocircuitry in Response Inhibition and 

Emotional Responding in Attention Deficit Hyperactivity Disorder with Comorbid Disruptive Behavior Disorder. Neurosci. Bull. 
34, 566–572 (2018).

 43. Phaf, R. H. & Kan, K. J. The automaticity of emotional Stroop: a meta-analysis. J. Behav. Ther. Exp. Psychiatry 38, 184–199 (2007).
 44. Epp, A. M., Dobson, K. S., Dozois, D. J. & Frewen, P. A. A systematic meta-analysis of the Stroop task in depression. Clin. Psychol. 

Rev. 32, 316–328 (2012).
 45. Yuan, T. F., Hou, G. & Arias-Carrion, O. Chronic stress impacts on olfactory system. CNS Neurol. Disord. Drug. Targets 14, 486–491 

(2015).
 46. Yaldizli, O. et al. The association between olfactory bulb volume, cognitive dysfunction, physical disability and depression in 

multiple sclerosis. Eur. J. Neurol. 23, 510–519 (2016).
 47. Shilyansky, C. et al. Effect of antidepressant treatment on cognitive impairments associated with depression: a randomised 

longitudinal study. Lancet Psychiatry 3, 425–435 (2016).
 48. Zhu, Y. et al. Causes of drug discontinuation in patients with major depressive disorder in China. Prog. Neuropsychopharmacol. Biol. 

Psychiatry 24, 109755 (2019).
 49. Swiecicki, L. et al. Gustatory and olfactory function in patients with unipolar and bipolar depression. Prog. Neuropsychopharmacol. 

Biol. Psychiatry 33, 827–834 (2009).
 50. Negoias, S. et al. Olfactory bulb volume predicts therapeutic outcome in major depression disorder. Brain Imaging Behav. 10, 

367–372 (2016).
 51. Gul, A. I. et al. Correlation Between Olfactory Bulb Volume and Chronic Depression: A Magnetic Resonance Imaging Study. Klinik 

Psikofarmakol. Bulteni-Bulletin Clin. Psychopharmacol. 25, 280–286 (2015).
 52. Rottstaedt, F. et al. Size matters - The olfactory bulb as a marker for depression. J. Affect. Disord. 229, 193–198 (2018).
 53. Berwian, I. M., Walter, H., Seifritz, E. & Huys, Q. J. Predicting relapse after antidepressant withdrawal - a systematic review. Psychol. 

Med. 47, 426–437 (2017).

Acknowledgements
This work was supported by the SHSMU-ION Research Center for Brain Disorders, the starting talent program 
of Shanghai Mental Health Center (2016-QH-02), and the Project of Shanghai Yangpu Mental Health Center 
(YJY2018–3). This tool was based on the olfactory characteristics of the Chinese population and developed and 
supported by Wen Zhou from the Department of Psychology, University of Chinese Academy of Sciences, and we 
also thank Min Zhu for proofreading this paper.

Author contributions
F.W. designed the study, collected and analyzed data and wrote the first draft of the manuscript. J.J. provided 
the information of the Chinese Smell Identification Test. J.W., X.H., Y.L. collected data. R.H. proofread the final 
edition. All authors read and approved the final manuscript. K.L. programmed the test of the Eprime 2.0. Y.Z. 
contributed to data analysis, translation and manuscript revision.

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Y.Z.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-63416-7
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association between olfactory function and inhibition of emotional competing distractors in major depressive disorder
	Experimental procedures
	Participants. 

	Evaluation instruments
	Demographic and clinical information. 
	Chinese smell identification test. 
	Emotional stroop test. 

	Statistical methods
	Results
	The demographic information. 
	The HAMD-17, HAMA, olfactory level of MDD before and after 3 months of treatment. 
	Comparison of the parameters of the EST between MDD and HC groups. 
	Multiple linear regression stepwise analysis of the CSIT in the baseline MDD group. 

	Discussion
	Acknowledgements
	Figure 1 Difference between groups in the parameters of the emotional Stroop test (*P < 0.
	Table 1 Comparison of the demographic information between MDD and HC groups.
	Table 2 Comparison of the HAMD-17, HAMA, olfactory level between Baseline and Follow-up of MDD group.
	Table 3 Comparison of parameters of the EST between MDD and HC groups.
	Table 4 Results of multiple linear regression stepwise analysis of the CSIT in the baseline MDD group.




