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Abstract
Objective  To investigate prevalence and epidemiological and clinical factors associated with olfactory dysfunction (OD) 
and gustatory dysfunction (GD) in COVID-19 patients according to the disease severity.
Study design  Cross-sectional study.
Methods  A total of 2579 patients with a positive diagnosis of COVID-19 were identified between March 22 and June 3, 
2020 from 18 European hospitals. Epidemiological and clinical data were extracted. Otolaryngological symptoms, includ-
ing OD and GD, were collected through patient-reported outcome questionnaire and Sniffin’Sticks tests were carried out in 
a subset of patients.
Results  A total of 2579 patients were included, including 2166 mild (84.0%), 144 moderate (5.6%) and 269 severe-to-critical 
(10.4%) patients. Mild patients presented an otolaryngological picture of the disease with OD, GD, nasal obstruction, rhi-
norrhea and sore throat as the most prevalent symptoms. The prevalence of subjective OD and GD was 73.7 and 46.8%, and 
decreases with the severity of the disease. Females had higher prevalence of subjective OD and GD compared with males. 
Diabetes was associated with a higher risk to develop GD. Among the subset of patients who benefited from psychophysi-
cal olfactory evaluations, there were 75 anosmic, 43 hyposmic and 113 normosmic patients. The prevalence of anosmia 
significantly decreased with the severity of the disease. Anosmia or hyposmia were not associated with any nasal disorder, 
according to SNOT-22.
Conclusion  OD and GD are more prevalent in patients with mild COVID-19 compared with individuals with moderate, 
severe or critical diseases. Females might have a higher risk of developing OD and GD compared with males.

Keywords  COVID-19 · Coronavirus · SARS-CoV-2 · Anosmia · Hyposmia · Olfactory · Smell · Outcome · 
Epidemiological · Clinical

Introduction

As of November 22, 2020, there were 57,882,183 confirmed 
cases of coronavirus disease 2019 (COVID-19) worldwide, 
including 1,377,395 deaths. While the pandemic seems to 
be under control in Europe and Asia, the number of cases 
in North and South America is still high [1]. The clinical 
picture of the infection includes fever, cough and dyspnea 
but recent studies reported a high prevalence of otolaryn-
gological symptoms, especially in mild patients [2], includ-
ing rhinorrhea, nasal obstruction, throat pain and dysphonia 
[2, 3]. A special attention has been paid to olfactory (OD) 
and gustatory dysfunctions (GD) because they may concern 
a significant number of patients [2, 4, 5]. The majority of 
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studies investigating OD or GD have included patients with 
mild form of the disease, with, consequently, few considera-
tions of patients with moderate, severe or critical diseases. 
To date, a few data are available in the literature about the 
prevalence of OD and GD according to the severity of the 
disease and little is known about the conditions associated 
with the development of OD and GD.

The aim of this study is to investigate the prevalence and 
the associated conditions of GD and OD development in 
COVID-19 patients according to the severity of the disease.

Methods

Ethical statements

The study was approved by five European Institutional 
Review Boards (blinded for review). An electronic informed 
consent was obtained.

Participants and definition

Patients were included from 18 European hospitals between 
March 22nd and June 3rd, 2020. The COVID-19 diagno-
sis was based on nasal swabs and virus identification with 
reverse transcriptase polymerase chain reaction (RT-PCR). 
Some patients benefited from serology (IgM and IgG). The 
patients had nasal swabs after presenting COVID-19-re-
lated symptoms. They were categorized into mild, moder-
ate, severe and critical COVID-19 patients according to the 
COVID-19 Disease Severity Scoring of the World Health 
Organization [6]. Mild patients consisted of home-managed 
patients without evidence of viral pneumonia or hypoxia. 
Moderate COVID-19 patients were defined as individuals 
with clinical findings of pneumonia (e.g., fever, cough, dysp-
nea, or tachypnea) but no sign of severe pneumonia (includ-
ing SpO2 ≥ 90% on room air). The disease was categorized 
as severe when patients showed clinical findings of pneu-
monia associated with one of the following features: res-
piratory rate > 30 breaths/min; severe respiratory distress; or 
SpO2 < 90% on room air. Subjects with critical disease had 
acute respiratory distress syndrome, sepsis or septic shock. 
These patients were admitted into intensive care units (ICU).

Demographic, epidemiological and clinical 
outcomes

The following demographic and epidemiological data were 
collected with a standardized online questionnaire: gender; 
age; ethnicity; smoking and comorbidities (i.e., heart, res-
piratory, kidney, liver, neurological, autoimmune diseases, 
diabetes, hypertension and gastroduodenal disorders). Mild-
to-moderate patients fulfilled themselves the questionnaire, 

while physicians completed the questionnaire after anam-
nesis or on medical record for the hospitalized patients who 
were not able to electronically complete the evaluations.

From a clinical standpoint, general symptoms were 
assessed as present or absent. Otolaryngological symptoms 
were rated with a 5-point scale ranging from 0 (absent) to 
4 (very severe symptoms). Both subjective olfactory and 
gustatory functions were assessed through items of the smell 
and taste component of the National Health and Nutrition 
Examination Survey [7].

Psychophysical evaluations

Sniffin’Sticks tests (Medisense, Groningen, Netherlands) 
were used to assess the psychophysical evaluations in a sub-
set of patients who came from three hospitals (blinded for 
review). The Sniffin’Sticks test is a validated psychophysical 
olfactory test using 16 smell pens. Each pen was presented 
to individual who had to choose the adequate smell between 
4 given options [8]. The final score ranges from 0 (no olfac-
tion) to 16 (perfect olfaction). Normosmia consists of score 
between 12 and 16; hyposmia is defined by a score ranging 
from 9 to 11 and anosmia is defined with a score < 9 [8]. 
The evaluations were made within the 2 weeks of the onset 
of the olfactory disease in mild and moderate patients and 
3–4 weeks for severe or critical patients who were in ICU. 
This subgroup of patients filled in the French version of 
the sinonasal outcome tool-22 (SNOT-22) [9] simultane-
ously with Sniffin’Sticks tests and the subjective evaluations. 
SNOT-22 was used to assess the presence of nasal com-
plaints and the potential relationship between nasal obstruc-
tion/rhinorrhea and OD.

Statistical analyses

Statistical analyses were performed using the Statistical 
Package for the Social Sciences for Windows version 22.0 
(IBM Corp, Armonk, NY, USA). According to the type of 
outcomes, the following tests were used to compare severity 
groups: Kruskal–Wallis, Chi-square and Mann–Whitney U 
test. Multivariate analysis was used to study the associations 
between outcomes. Because there were few critical COVID-
19 patients, we considered severe and critical forms in a 
single group for the analyses.

Results

A total of 2579 patients were included. There were 2166 
mild (84.0%), 144 moderate (5.6%), and 269 severe-to-criti-
cal (10.4%) patients, respectively. The flow chart of the study 
is available in Fig. 1. The demographic, epidemiological and 
clinical outcomes of patients are available in Table 1. The 
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following ethnicities were represented: Caucasia (89.1%), 
South America (5.1%), North Africa (2.0%), Black Africa 
(1.2%) or other (2.6%). There were 1630 women (63.2%). 
The mean age was 44.4 ± 16.7 years old. The severe-to-
critical patients were older (71.7 ± 13.7) than the moderate 

(63.9 ± 18.5) and mild (39.6 ± 12.0; p = 0.001) patients. The 
female/male ratio of mild, moderate and severe-to-critical 
patients was 2/1, 1/1 and 1.1/1.6, respectively (p < 0.05).

The most prevalent comorbidities were hypertension 
(16.0%), diabetes (5.9%), gastroesophageal disorders (i.e., 

Fig. 1   Flow chart. COVID-19 coronavirus disease 2019; RT-PCR reverse transcriptase polymerase chain reaction
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reflux and gastric ulcer) (5.0%) and heart disorders (4.9%). 
Moderate and severe-to-critical COVID-19 patients had 
higher prevalence of hypertension (60.5 versus 7.9), diabe-
tes (27.6 versus 1.9), gastroesophageal disorders (8.52 versus 
4.0), renal (12.1 versus 0.5), respiratory (14.0 versus 0.5), 

heart (16.0 versus 1.8), liver (4.4 versus 0.8) and neurologi-
cal disorders (13.7 versus 0.6) than mild patients (p < 0.05).

General and otolaryngological outcomes

The prevalence of general symptoms is reported in Table 1. 
The most prevalent general symptoms were headache, cough 
and myalgia. The prevalence and severity of otolaryngologi-
cal symptoms are reported in Table 2. Nasal obstruction, 
rhinorrhea and sore throat were the most prevalent symp-
toms associated with COVID-19. According to the NHNES 
questions, 1901 (73.7%) and 1205 (46.8%) patients com-
plained from subjective OD and GD. The distribution of 
the most prevalent general and otolaryngological symptoms 
according to the severity groups is available in Fig. 2. Mild 
COVID-19 patients had more frequently otolaryngological 
symptoms compared with moderate and severe-to-critical 
patients.

Gustatory dysfunction

The subjective GD, which was defined by impairment of 
the following four taste modalities: salty, sweet, bitter and 
sour [6], was reported in 53.7% (N = 1164), 15.3% (N = 22) 
and 7.1% (N = 19) of mild, moderate and severe-to-critical 
COVID-19 patients, respectively (Table 3). The prevalence 
of GD was significantly higher in mild patients compared 
with moderate and severe-to-critical patients (p = 0.001). 
Aroma dysfunction (AD), which was defined as impairment 
of perception of tasting flavors in food and/or drinks that are 
not salty, sweet, bitter or sour (like chocolate, banana and 
fish), was evaluated in 2105 patients. Among them, aroma 
perception was reduced in 1116 patients (53.0%), loss in 
330 subjects (15.7%) and distorted in 330 patients (15.7%). 
The overall prevalence of AD was 84.4%. AD concerned 
80.7% of mild patients, while moderate and severe-to-crit-
ical COVID-19 patients had AD (distortion, reduction or 
loss) in 35.3 and 17.2% of cases, respectively (Table 3). The 

Table 1   Patient characteristics

F/M female/male; N number; SD standard deviation; y year(s)

Characteristics Patients (N = 2579)

Age (y—Mean; SD) 44.4 ± 16.7
Gender (F/M) 1630/949
Current smoker 362 (14.0)
History of seasonal allergy 460 (17.8)
Comorbidities
 Diabetes 152 (5.9)
 Hypertension 412 (16.0)
 Renal insufisiency 59 (2.3)
 Liver insufisiency 38 (1.5)
 Respiratory insufisiency 65 (2.5)
 Gastroesophageal disorder 128 (5.0)
 Heart disorder 126 (4.9)
 Neurological disorder 101 (3.9)
 Autoimmun disorder 25 (1.0)

General symptoms (N—%)
 Headache 1542 (59.8)
 Cough 1423 (55.2)
 Myalgia 1379 (53.5)
 Dyspnea 1165 (45.2)
 Fever (> 38C) 1087 (42.1)
 Anorexia 1047 (40.6)
 Arthralgia 859 (39.5)*
 Diarrhea 799 (31.0)
 Asthenia, malaise or confusion 764 (29.6)
 Chest pain 258 (19.2)*
 Abdominal pain 462 (17.9)
 Nausea, vomiting 451 (17.5)
 Sticky mucus/phlegm 336 (13.0)

Table 2   Otolaryngological 
symptom severity of COVID-19 
patients

*Dysphonia was not assessed on all patients

Otolaryngological Symptom Severity

Prevalence Absent (0) Mild (1) Moderate (2) Severe (3) Very severe (4)

Nasal obstruction 53.7 1193 (46.3) 517 (20.1) 388 (15.0) 307 (11.9) 174 (6.7)
Rhinorrhea 49.5 1302 (50.5) 653 (25.3) 363 (14.1) 193 (7.5) 68 (2.6)
Sore throat 41.9 1498 (58.1) 512 (19.9) 298 (11.6) 175 (6.8) 96 (3.7)
Postnasal drip 39.4 1562 (60.6) 481 (18.7) 271 (10.5) 161 (6.2) 104 (4.0)
Face pain/heaviness 35.3 1669 (64.7) 324 (12.6) 236 (9.2) 202 (7.8) 148 (5.7)
Ear pain 21.4 2028 (78.6) 287 (11.1) 138 (5.4) 89 (3.5) 37 (1.4)
Dysphonia 27.8* 619 (72.2) 144 (16.8) 54 (6.3) 29 (3.4) 11 (1.3)
Dysphagia 17.0 2141 (83.0) 227 (8.8) 123 (4.8) 56 (2.2) 32 (1.2)
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prevalence of AD was significantly higher in mild patients 
compared to moderate-to-critical (p = 0.001).

The development of subjective GD was positively asso-
ciated with the presence of diabetes (p = 0.001). Diabetes 
was also associated with the development of AD (p = 0.013). 
Patients with hypertension had a lower proportion of AD 
(47.0%) compared with those without hypertension (73.5%; 
p = 0.003). Smokers reported more frequently AD (73.3%) 
compared with non-smoking COVID-19 patients (67.3%; 
p = 0.002). Among patients with AD, non-smokers more fre-
quently reported reduction of aroma perception compared 
with smokers who reported total loss or distortion of aroma 
perception.

Olfactory dysfunctions

Among the patients with OD 1545 (59.9%) and 356 (13.8%) 
reported that the OD consisted of partial or total loss of 
smell. The prevalence of subjective OD in mild, moderate 
and severe-to-critical patients was 85.3% (N = 1847), 21.5% 

(N = 31) and 7.4% (N = 20), respectively (p = 0.001). Cacos-
mia and phantosmia were reported in 63.6% (N = 1427/2242) 
and 14.1% (N = 316/2242) of cases. Irrespective of disease 
severity, the subjective OD developed before (14.6%), dur-
ing (25.4%) or after (55.0%) the other symptoms. The mean 
duration time of OD was 11.5 ± 5.7 days.

Among the 2579 patients, 231 patients benefited from 
Sniffin’Sticks tests, including 181 mild, 23 moderate and 27 
severe-to-critical individuals. The median time between the 
onset of OD and the realization of psychophysical evalua-
tion was 18 days. The mean Sniffin’Stick test was 10.5 ± 3.7. 
There were 75 anosmic, 43 hyposmic and 113 normosmic 
patients, corresponding to a prevalence of psychophysical 
OD of 51.0% (Table 3). Precisely, Sniffin’Stick test was 
9.9 ± 3.7, 11.3 ± 4.1 and 13.1 ± 2.0 in mild, moderate and 
severe groups (p = 0.001; Fig. 3). The numbers of patients 
with hyposmia and anosmia in mild group were 36 (19.9%) 
and 63 (34.8%).

There were 4 (17.4%) and 9 (39.1%) hyposmic and anos-
mic individuals in moderate patient group. In severe group, 

Fig. 2   Distribution of the most prevalent general and otolaryngological symptoms according to the severity
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there were 3 (11.1%) hyposmic and 3 (11.1%) anosmic 
patients. The prevalence of psychophysical OD in mild, 
moderate, and severe-to-critical COVID-19 patients was 
54.7, 56.5 and 38%, respectively. The proportion of anosmic 
and hyposmic patients was significantly higher in mild and 
moderate patients compared with severe-to-critical patients 
(p = 0.001).

The mean SNOT-22 at the time of the olfac-
tory assessment was 33.5 ± 20.7. Mild, moderate and 

severe-to-critical patients had SNOT-22 mean values of 
32.9 ± 20.4, 42.6 ± 20.9 and 29.4 ± 21.1, respectively.

Associations between OD, GD and epidemiological 
outcomes

Patients with hypertension had a low proportion of OD than 
those without hypertension (74.9% versus 88%; p = 0.001). 
Females had higher prevalence of subjective total loss of 
smell compared with males (74.2 versus 65.3%; p = 0.001). 
However, males had a higher proportion of partial loss of 
smell compared with females (19.2 versus 13.7%; p = 0.001). 
Cacosmia was more prevalent in females compared with 
males (67.9 versus 61.7%; p = 0.018). Findings were simi-
lar for GD (58.4 versus 53.4%; p = 0.038). Moreover, 18.7 
and 9.7% of females and males reported total loss of aroma 
sense, respectively (p = 0.001). Note that aroma percep-
tion was distorted in 15.7 and 15.6% of females and males; 
while, 11.3% females and 18.1% males did not report AD 
(p = 0.001).

Considering patients with psychophysical olfactory test-
ing, we found significant positive associations between the 
score of Sniffin’Sticks tests and the patient age (rs = 0.246; 
p < 0.001); fever severity (rs = 0.210; p = 0.004), cough 
(rs = 0.212; p = 0.003), dyspnea (rs = 0.243; p = 0.001) 
and asthenia (rs = 0.225; p = 0.002); all of these symptoms 
being more prevalent in patients with moderate and severe-
to-critical COVID-19 forms. There was a statistical trend 
for females to have a lower Sniffin’Sticks test result com-
pared with males (9.7 ± 4.1 versus 10.8 ± 3.6; p = 0.05). 
The subjective perception of loss of smell was positively 
associated with the results of the psychophysical evalua-
tions (p < 0.001). In other words, patients who reported OD 
had a higher probability to be anosmic or hyposmic at the 

Table 3   General, olfactory, gustatory and aroma outcomes of 
COVID-19 patients

GD gustatory dysfunction; OD olfactory dysfunction; SD standard 
deviation

Subjective OD and GD Number (%)

Self-reported GD N = 2579
 All patients 1205 (46.8)
 Subgroups
  Mild 1164 (53.7)
  Moderate 22 (15.3)
  Severe-to-critical 19 (7.1)

Self-reported aroma sense dysfunction N = 2105
 All patients 1776 (84.4)
 Total loss of aroma perception sense 330 (15.7)
 Partial loss of aroma 1116 (53.0)
 Distortion 330 (15.7)
 No problem 329 (15.6)
 Subgroups
  Mild 1753 (80.7)
  Moderate 18 (35.3)
  Severe-to-critical 5 (17.2)*

Self-reported OD N = 2579
 All patients 1901 (73.7)
 Partial loss of smell 1545 (59.9)
 Total loss of smell 356 (13.8)
 Cacosmia 1427 (63.6)
 Phantosmia 316 (14.1)
 Subgroups
  Mild 1847 (85.3)
  Moderate 31 (21.5)
  Severe-to-critical 20 (7.4)

Onset of Smell Dysfunction N = 1955
 Before the other symptoms 285 (14.6)
 Concomittant with other symptoms 497 (25.4)
 After the other symptoms 1075 (55.0)
 Did not remember/Missing data 98 (5.0)
 Mean duration (Mean, SD, days) 11.5 ± 5.7

Psychophysical olfactory tests N = 231
 Normosmic 113 (48.9)
 Hyposmic 43 (18.6)
 Anosmic 75 (32.5)

Fig. 3   Mean and standard deviation of Sniffin’Stick test values 
according to the severity group
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psychophysical tests. There was a significant association 
between Sniffin’s Sticks tests and self-reported AD. Anos-
mic and hyposmic patients reported more frequently AD 
(p < 0.001). There was no significant association between 
Sniffin’sticks test results and SNOT-22 items and total score.

Discussion

The recent study of home-managed COVID-19 patients 
resulted in the identification of an otolaryngological pic-
ture of the disease, which could particularly concern mild 
COVID-19 forms [10, 11]. Among the common otolaryn-
gological symptoms, olfactory and gustatory dysfunctions 
were reported in many studies conducted around the world 
[12–14] and are currently considered as prognostic factor for 
lower severity of COVID-19 [15]. However, to date, a few 
studies have investigated the prevalence of sense disorders 
regarding the severity of the infection, as defined by WHO 
criteria.

In this large cross-sectional study, we observed different 
clinical pictures depending on the severity of the disease. 
Mild disease might concern more frequently young patients 
who usually have otolaryngological symptoms including 
OD, GD and AD, while elderly patients have a higher risk 
to develop moderate-to-critical COVID-19, which are both 
characterized by general symptoms (e.g., cough, dyspnea, 
anorexia, nausea) and fewer otolaryngological disorders. In 
other words, the development of OD, GD and, to a lesser 
extend, AD may be considered as good prognostic outcomes 
of COVID-19 because less associated with moderate and 
severe-to-critical forms of the disease. Similar findings have 
been suggested in a recent cohort study of 949 patients who 
did not benefit from psychophysical evaluations [15].

The association between mild COVID-19 form and the 
development of OD is not yet elucidated. We suspect that the 
spread of severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) into the olfactory neuroepithelium and the 
olfactory bulb may lead to the development of local immu-
nological reaction, which limits the spread of the virus in 
the host but leads to injuries of the neuroepithelium and 
olfactory bulb. This neurological hypothesis is supported by 
recent studies that identified injuries and edema of the olfac-
tory cleft [16] and abnormalities of olfactory bulb on the 
magnetic resonance imaging [17]. Moreover, SARS-CoV-2 
was identified in brain and olfactory bulb of non-survivors 
in a cadaveric study [18]. According to our data and the 
literature, the presence of otolaryngological symptoms and 
related OD could be a sign of a local inflammatory reaction, 
which could limit the virus spread into the host. The lack of 
association between SNOT-22 items and total score and the 
development of OD support the neurological process and 
not the OD related to nasal obstruction, which is frequently 

observed in usual viral infections such as common cold. 
Patients with subjective OD would have higher proportions 
of GD and AD. Although we used NHNES questionnaire, 
which is validated, it is possible that many patients with 
isolated OD had ‘flavor disorder’ and, therefore, confused 
OD, GD and AD. For this reason, it is important to conduct 
future studies using psychophysical olfactory assessments 
and gustometry, so as to establish the potential association 
between these sense disorders. About the positive associa-
tion between subjective and psychophysical olfactory evalu-
ations, our results supported those of previous study [19].

In addition to the age and the disease severity, many con-
ditions were found to be associated with the development of 
OD, GD or AD. In our study, diabetes was associated with 
the development of GD and there was a trend of associa-
tion with Sniffin’Stick test results. The association between 
diabetes and the development of OD is well known and sup-
ported by a recent meta-analysis [20]. Similar findings were 
observed in patients with GD, confirming the potential role 
of diabetes in the development of sense disorders [21]. In 
this study, we found that patients with hypertension had a 
lower proportion of subjective OD and AD compared with 
those without hypertension. The role of hypertension and the 
potential intake of angiotensin converting enzyme inhibitors 
in the development of OD, GD and AD was not extensively 
studied because only one report argued that COVID-19 
patients with hypertension could have a significantly lower 
risk of OD compared with those without hypertension [22]. 
In the same vein, the association between tobacco, COVID-
19 and AD is still unclear and requires future investigations 
using objective measurements or psychophysical evaluations 
of sense functions.

The occurrence of gender-related differences in COVID-
19 presentation and clinical course has already been sus-
pected in recent investigations and confirmed in the present 
study [23]. Due to chromosomal, hormonal and inflam-
matory differences, females could have a better prognosis 
of the disease, a higher proportion of mild and moderate 
forms, and, therefore, a higher proportion of OD [10, 23, 
24]. Moreover, we observed higher proportions of OD, GD, 
cacosmia and AD in females compared with males, support-
ing the existence of gender differences in the host response 
to the viral infection. This hypothesis has to be confirmed 
in future studies using objective methods of olfactory and 
gustatory evaluations.

The main strength of this study is the high number of 
patients and the use of standardized patient-reported outcome 
questionnaire. Moreover, to the best of our knowledge, this 
study is the first investigation that reported subjective and 
psychophysical OD according to the WHO clinical state of 
COVID-19 patients. Through our collected data, we have iden-
tified clinical outcomes associated with the development of 
subjective or psychophysical OD, GD or AD. The relevance 
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of some of these factors was confirmed in a subset of patients 
benefiting from psychophysical olfactory evaluations.

The main weakness of the study is the delay between 
the onset of the OD and the subjective and psychophysical 
evaluations. However, in practice, it was difficult to perform 
olfactory evaluations at the onset of the OD because the 
health situation limited us in the realization of our evalua-
tions in mild patients, who were home-managed according 
to European government decisions, and moderate-to-critical 
(hospitalized) patients who required intensive cares. In addi-
tion, we were unable to perform olfactory cleft examination 
through nasal fibroscopy regarding the health recommen-
dations of the majority of European hospitals. The delayed 
inclusion of severe-to-critical survivors in the study and the 
lack of inclusion of dead patients who early died are another 
potential inclusion bias which did not allow us to draw a 
clear conclusion about the prevalence of OD, GD and AD 
in severe-to-critical COVID-19 patients.

Conclusion

The prevalence of subjective and psychophysical OD was 
higher in mild COVID-19 patients compared with moder-
ate and severe-to-critical patients. Subjective GD and AD 
could be more prevalent in mild COVID-19 forms but future 
studies using objective taste measurements are needed to 
confirm these findings. Age, gender and diabetes were iden-
tified as favoring factors of development of OD, GD or AD; 
while hypertension was associated with a lower probability 
to develop OD.
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