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A B S T R A C T   

Chemosensory disorders (including smell, taste and chemesthesis) are among the established 
symptoms of COVID-19 infection; however, new data indicate that the changes in chemosensory 
sensation caused by COVID-19 may differ among populations and COVID-19 variants. To date, 
few studies have focused on the influence of the SARS-CoV-2 Omicron variant on qualitative 
changes and quantitative reductions in chemosensory function in China. We conducted a cross- 
sectional study of patients with COVID-19 caused by the Omicron variant, to investigate the 
prevalence of chemosensory disorders and chemosensory function before and during infection, 
using an online questionnaire. A total of 1245 patients with COVID-19 completed the survey. The 
prevalence rates of smell, taste, and chemesthesis disorders were 69.2%, 67.7%, and 31.4%, 
respectively. Our data indicate that sex, age, smoking, and COVID-19-related symptoms, such as 
lack of appetite, dyspnea, and fatigue, may be associated with chemosensory disorders during 
COVID-19. Self-rating of chemosensory function revealed that patients experienced a general 
decline in smell, taste, and chemesthesis function. Further longitudinal research studies are 
needed to generate additional data based on objective assessment and investigate the factors 
influencing chemosensory function in COVID-19.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) was first detected in Wuhan in December 2019, and rapidly spread throughout more than 80 
countries [1,2]. As of February 16, 2023, the number of confirmed COVID-19 cases reached 756, 411, 740, according to the World 
Health Organization (https://covid19.who.int). Chemosensory disorders have been reported as important symptoms of COVID-19 
infection [3–5]. Several self-reported symptom studies conducted mainly in Western populations, including the United States, the 
United Kingdom, and several European countries, have reported a high prevalence of smell and taste loss, ranging from 60% to 80% [6, 
7]. However, a study conducted in an Asian population (Singapore) reported a lower prevalence of 12.6% [8]. Studies from China have 
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reported that 5%–25% of patients experience smell and/or taste disorders [9,10]. The Omicron variant of SARS-CoV-2 was first 
detected in South Africa in November 2021, and became the main epidemic strain in the world by January 15, 2022 [11,12]. Some 
studies have found that the Omicron variant causes less smell and taste dysfunction than non-Omicron SARS-CoV-2 [13–15]. Further, a 
meta-analysis found that the prevalence rates of olfactory dysfunction caused by the Omicron variant are 8%–17% and 2%–17% the in 
UK and USA, respectively [15]. 

In China, the prevalence of olfactory dysfunction caused by the Omicron variant is reported as 0–9% [16–20]. However, the sample 
sizes of studies to date have been relatively small, and researchers have primarily focused on patient characteristics and clinical 
symptoms, with insufficient discussion of chemosensory changes. Chemosensory sensation (including smell, taste, and chemesthesis) 
plays an important role in detecting potential threats, such as toxins, bacteria, and chemical irritants [21]. However, most relevant 
studies have focused solely on smell and taste, ignoring chemesthesis, which refers to the detection of burning, cooling, or tingling in 
the mouth [5,21]. Although smell, taste and chemesthesis are interrelated on the behavioral level, they are independent sensory 
systems, with distinct peripheral and central neural mechanisms [22,23]. It is necessary to explore the influence of COVID-19 on these 
three senses separately. Further, chemosensory disturbances can result in qualitative changes or quantitative reductions in smell or 
taste, associated with different mechanisms. Qualitative changes include parosmia (things smell different from usual), phantosmia 
(hallucination of olfactory senses), smell fluctuation, parageusia (distorted taste sensations) and phantogeusia (hallucination of 
gustatory senses). Quantitative reductions include anosmia (complete loss of olfaction), hyposmia (partial loss of olfaction), ageusia 
(loss of all or specific gustatory senses) and hypogeusia (reduced ability to taste things) [24,25]. 

People from different countries or regions are different in genetics, lifestyle, environmental, and cultural factors, which may lead to 
different prevalence rates of chemical dysfunction due to COVID-19 [15,26]. There is a strong need to conduct a cross-sectional study 
to assess the effects of Omicron variant of SARS-CoV-2 on the senses of smell, taste, and chemesthesis in China. In addition, previous 
studies have generally explored changes or reductions of smell and taste, but have rarely classified patient conditions according to the 
qualitative of the disorders. The primary aim of this study was to investigate the prevalence of chemosensory disorders, as well as 
qualitative and quantitative changes of the chemosensory senses during Omicron infection. A secondary aim was to identify factors 
associated with chemosensory disorders, including sex, age, alcohol intake, chronic rhinitis, allergic rhinitis, and comorbidity or 
specific conditions, as well as COVID-19 related characteristics. 

2. Material and methods 

2.1. Participants 

Participants answered questions in an online survey about their social demographic characteristics, COVID-19 infection status, and 
smell, taste, and chemesthesis between December 20, 2022 and January 20, 2023. A total of 1311 patients (all aged ≥18 years) 
recovered from COVID-19 were invited to participate in the survey. Participants who did not answer all of the questions or failed to 
pass the lie test (“Please choose the second option for this question”) were excluded. The final sample consisted of 1245 participants: 
983 women (79.0%) and 262 men (21.0%), with a mean ± standard deviation (SD) age of 25.45 ± 6.57 years old. According to the 
report of the Institute of Viral Diseases of the Chinese Center for Disease Control and Prevention, from early December 2022 to 
December 27, 2022, nine prevalent COVID-19 sub-types were detected in China, all belonging to the Omicron variant (https://news. 
cctv.com/2022/12/27/ARTIbJdTH7KGewlXTXoPGr0P221227.shtml). In our study, over 97% participants reported infection in 
December 2022. Thus, it can be inferred that the majority of subjects were infected with the Omicron variant of SARS-CoV-2 during 
that time frame. As this was a cross-sectional study, a 0.95 power estimate, an effect size of 0.3, and an α value of 0.05 were used to 
calculate the necessary sample size in the G*Power program [27]. The sample size in our study was far larger than the result proposed 
by the G*Power program. The study received approval from the Ethics Committee of Southern Medical University (202204). All 
participants read an informed consent form and agreed to the use of their data for research. 

2.2. Data collection 

A self-report questionnaire was used to survey patients who had recovered from COVID-19 in China. The questionnaire was adapted 
from existing online questionnaires developed by the Global Consortium for Chemosensory Research (GCCR) [5]. The GCCR core 
questionnaire has been implemented in 10 languages as of April 18, 2020, and used or adapted in many other research studies [4,28, 
29]. Data collected included demographic information, COVID-19-related characteristics, and patient chemosensory situations, before 
and during infection. To study the sense of smell and taste in further detail, smell situation options included anosmia, hyposmia, 
parosmia, phantosmia, and smell fluctuation, and taste situation options included ageusia, hypogeusia, parageusia, and phantogeusia 
[5,25]. 

2.3. Statistical analysis 

Associations between demographic/COVID-19-related characteristics (sex, age, smoking, alcohol, chronic rhinitis, allergic rhinitis, 
comorbidity or special condition, method of diagnosis, rehabilitation status, COVID-19-related symptoms, and COVID-19 vaccination) 
and chemosensory disorders (smell disorders, taste disorders, and chemesthesis disorders) were tested using the Chi-Square test. 
Fisher’s exact test was utilized when the expected cell counts were less than 5. Self-ratings of smell, taste, and chemesthesis function 
before and during COVID-19 diagnosis were evaluated using the Wilcoxon matched pairs signed-rank test. Statistical significance was 
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set at p < 0.05 and all reported p values are two-tailed. All statistical analyses were performed using IBM SPSS Statistics (SPSS, version 
22). 

3. Results 

3.1. General prevalence 

Of 1245 patients infected with COVID-19, 69.2% (861/1245) reported having smell disorder, 67.7% (843/1245) reported having 
taste disorder, and 31.4% (391/1245) reported chemesthesis disorder (Table 1); the prevalence rates of specific types of smell and taste 
disorder are also shown in Table 1. Among patients who experienced anosmia or hyposmia (n = 819), only 12.3% (101/819) reported 
that the anosmia or hyposmia was completely caused by nasal congestion. Further, 56.9% (708/1245) of patients reported loss of both 
smell and taste, 12.3% (153/1245) reported loss of smell only, and 10.8% (135/1245) reported loss of taste only. 

3.2. Smell disorder 

The data presented in Table 2 show that there was a statistically significant difference in smoking status between patients with and 
without smell disorder (p < 0.05); where smell disorder was significantly more common among patients who were current or former 
smokers than non-smokers according to the post-hoc multiple comparisons (p < 0.05). No statistically significant differences in other 
demographic characteristics, including sex, age group, alcohol intake, chronic rhinitis, allergic rhinitis, and comorbidity or special 
condition, were found between patients with and without smell disorder (all p > 0.05). Significant differences in rehabilitation status, 
COVID-19-related symptoms (lack of appetite, dry and sore throat, myalgia, stuffy/running nose, dyspnea and fatigue), and COVID-19 
vaccination status, were also observed between patients with and without smell disorder (all p < 0.05). Chi-square analysis indicated 
that patients with symptoms including lack of appetite, dry and sore throat, myalgia, stuffy/running nose, dyspnea, and fatigue, were 
prone to having smell disorder. Further, patients who did not undergo COVID-19 vaccination were more likely to experience smell 
disorder (p < 0.05). However, the number of patients who have received COVID-19 vaccination was significantly higher than the 
number of unvaccinated individuals, so we can not draw a definitive conclusion on the preventive effects of vaccination on smell 
disorders. Associations between specific types of smell disorder (anosmia, hyposmia, parosmia, phantosmia, and olfactory fluctuation) 
and demographic/COVID-19-related characteristics are presented in the supplemental material (Tables S1–S5). 

Only 4.8% (60/1245) of patients reported parosmia, while 7.9% (98/1245) reported phantosmia. Pleasantness rating score on 100- 
point scale of the distorted smell caused by parosmia was 25.72 ± 24.81 (Mean ± SD), and that of phantom smells was 26.74 ± 25.98 
(Mean ± SD). Parosmic individuals mostly reported smells of food (e.g., meat, rice, or soup) or other daily necessities (e.g., toothpaste, 
shampoo, or liquid detergent) that became roasted, burnt, or spoiled (e.g., “The smell of chicken soup turned to burning”). In 
phantosmic individuals, the most frequently reported phantom smells were smoky, burnt, and rotten. 

Patients rated their smell function before and during COVID-19 on a 100-point scale. Compared to scores before COVID-19 (88.53 
± 13.24, Mean ± SD), those during COVID-19 (52.38 ± 32.83, Mean ± SD) were significantly lower (t = 38.386, p < 0.001) (Fig. 1). 

3.3. Taste disorder 

There were no statistically significant differences in demographic characteristics, such as sex, age group, and smoking/alcohol 
intake, between patients with and without taste disorder (all p > 0.05, Table 3). Patients with COVID-19-related symptoms, such as 
lack of appetite, dry and sore throat, myalgia, headache, diarrhea, cough/expectoration, stuffy/running nose, dyspnea, and fatigue had 
a significant chance of experiencing taste disorder (all p < 0.05). Associations between specific types of taste disorder (ageusia, 
hypogeusia, parageusia, phantogeusia) and demographic/COVID-19-related characteristics are detailed in the supplemental material 

Table 1 
The prevalence of smell, taste, and chemesthesis disorders among patients with COVID-19.  

Variables n Total prevalence (N = 1245) Prevalence in people with smell/taste/chemesthesis disorder 

Smell disordera 861 69.2% \ 
Anosmia 290 23.3% 33.7% 
Hyposmia 529 42.5% 61.4% 
Parosmia 60 4.8% 7.0% 
Phantosmia 98 7.9% 11.4% 
Smell fluctuation 438 35.2% 50.9% 

Taste disordera 843 67.7% \ 
Ageusia 236 19.0% 28.0% 
Hypogeusia 499 40.1% 59.2% 
Parageusia 282 22.7% 33.5% 
Phantogeusia 333 26.7% 39.5% 

Chemesthesis disorder 391 31.4% \ 
Complete loss 35 2.8% 9.0% 
Partial loss 356 28.6% 91.0%  

a Multiple responses. 
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(Tables S6–S9). Additionally, of patients with total loss or decrease of specific taste (n = 597), 36.9% (220/597) reported total loss or 
decrease in the taste of sour, 45.9% (274/597) of sweet, 20.1% (120/597) of bitter, 51.4% (307/597) of salty, and 71.9% (429/597) of 
umami. 

Parageusia was described in 22.7% (282/1245) of patients, while phantogeusia was identified in 26.7% (333/1245) of patients. 
Pleasantness rating score on 100-point scale of the distorted gustatory sense caused by parosmia was 19.80 ± 21.33 (Mean ± SD), 
while that for gustatory hallucination was 24.97 ± 34.38 (Mean ± SD). Most patients with parageusia described that the flavors of 
foods, such as orange, meat, or candy, became bitter (e.g., “The rice has turned bitter”). Patients with phantogeusia most frequently 
reported a constant bitter flavor, without anything in mouth. 

Similar to smell, patients rated their taste function before and during COVID-19. The score during COVID-19 (58.78 ± 29.74, Mean 
± SD) was significantly lower than that before COVID-19 (90.13 ± 11.60, Mean ± SD) (t = 37.173, p < 0.001). 

3.4. Chemesthesis disorder 

No significant differences in demographic characteristics, including sex, age group, smoking and alcohol intake, chronic rhinitis, 

Table 2 
Association between smell disorder and demographic/COVID-19-related characteristics among patients.  

Variables Smell disorder (%) Total (%) χ2 p value Cramer’s V 

Yes (n = 861) No (n = 384) N = 1245 

Sex 
Male 170 (19.7) 92 (24.0) 262 (21.0) 2.838 0.092 0.048 
Female 691 (80.3) 292 (76.0) 983 (79.0) 

Age, years 
18–29 702 (81.5) 327 (85.2) 1029 (82.7) 4.600 0.204 0.061 
30–39 116 (13.5) 38 (9.9) 154 (12.4) 
40–49 30 (3.5) 16 (4.2) 46 (3.7) 
≥ 50 13 (1.5) 3 (0.8) 16 (1.3) 

Smoking 
Current 32 (3.7) 5 (1.3) 37 (3.0) 8.796 0.012 0.084 
Former 38 (4.4) 9 (2.3) 47 (3.8) 
Never 791 (91.9) 370 (96.4) 1161 (93.3) 

Alcohol 
Yes 441 (51.2) 184 (47.9) 625 (50.2) 1.159 0.282 0.031 
No 420 (48.8) 200 (52.1) 620 (49.8) 

Chronic rhinitis 
Yes 137 (15.9) 48 (12.5) 185 (14.9) 2.443 0.118 0.044 
No 724 (84.1) 336 (87.5) 1060 (85.1) 

Allergic rhinitis 
Yes 208 (24.2) 91 (23.7) 299 (24.0) 0.031 0.861 0.005 
No 653 (75.8) 293 (76.3) 946 (76.0) 

Any comorbidity or special conditiona 

Yes 106 (12.3) 42 (10.9) 148 (11.9) 0.478 0.489 0.020 
No 755 (87.7) 342 (89.1) 1097 (88.1) 

Method of diagnosis 
PCR test 134 (15.6) 67 (17.4) 201 (16.1) 0.697 0.706 0.024 
Antigen test 459 (53.3) 200 (52.1) 659 (52.9) 
Symptoms 268 (31.1) 117 (30.5) 385 (30.9) 

Rehabilitation status 
Complete 283 (32.9) 167 (43.5) 450 (36.1) 12.979 <0.001 0.102 
Partial 578 (67.1) 217 (56.5) 795 (63.9) 

Symptomsb 

Fever 818 (95.0) 358 (93.2) 1176 (94.5) 1.601 0.206 0.036 
Lack of appetite 547 (63.5) 168 (43.8) 715 (57.4) 42.502 <0.001 0.185 
Dry and sore throat 692 (80.4) 284 (74.0) 976 (78.4) 6.449 0.011 0.072 
Myalgia 604 (70.2) 240 (62.5) 844 (67.8) 7.120 0.008 0.076 
Headache 598 (69.5) 256 (66.7) 854 (68.6) 0.958 0.328 0.028 
Diarrhea 191 (22.2) 71 (18.5) 262 (21.0) 2.181 0.140 0.042 
Cough/expectoration 747 (86.8) 321 (83.6) 1068 (85.8) 2.182 0.140 0.042 
Stuffy/running nose 704 (81.8) 281 (73.2) 985 (79.1) 11.855 0.001 0.098 
Dyspnea 158 (18.4) 43 (11.2) 201 (16.1) 10.036 0.002 0.090 
Fatigue 602 (69.9) 232 (60.4) 834 (67.0) 10.842 0.001 0.093 

COVID-19 vaccination 
Yes (n = 1208) 828 (96.2) 380 (99.0) 1208 (97.0) 7.174 0.007 0.076 
No (n = 37) 33 (3.8) 4 (1.0) 37 (3.0)  

a Comorbidity or special condition includes hypertension, diabetes, cardiovascular disease, cerebrovascular disease, neoplastic disease, immune 
deficiency, chronic kidney disease, thyroid disease, rheumatoid arthritis, spinal joint disease, bronchial asthma, mental illness, and in the third 
trimester of pregnancy or perinatal period. 

b Multiple responses. 
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allergic rhinitis, and any comorbidity or special condition, were found between patients with and without chemesthesis disorder (all p 
> 0.05, Table 4). Significant differences in COVID-19-related symptoms (lack of appetite, dyspnea, and fatigue) were detected between 
patients with and without chemesthesis disorder (all p < 0.05). 

Patients also rated their chemesthesis function before and during COVID-19. The score during COVID-19 (71.82 ± 26.48, Mean ±
SD) was also significantly lower than that before COVID-19 (88.50 ± 15.83, Mean ± SD) (t = 24.700, p < 0.001). 

4. Discussion 

In the current study, we found that the prevalence rates of smell, taste, and chemesthesis disorder in 1245 patients with COVID-19 
during the period of Omicron variant dominance were 69.2%, 67.7%, and 31.4%, respectively. Previous studies reported prevalence 
rates of olfactory dysfunction ranging from 3.2% to 98.3% and of taste dysfunction ranging from 5.6% to 62.7% [26,30]. Previous 
research has found that the reported prevalence of smell, taste, and chemesthesis disorder varies according to differences in popu-
lation, assessment method, and virus strain [30]. A meta-analysis based on data from 24 studies, including over 8400 participants from 
13 countries, found the pooled prevalence rates of patients with smell and taste dysfunction were 41.0% and 38.2%, respectively [26]. 
Another meta-analysis involving 18 studies showed that the prevalence of alteration of the sense of smell or taste was 47% [31]. 
Importantly, recent studies have focused primarily on quantitative changes in smell and taste, while qualitative changes of smell and 
taste were not addressed [26,32–34]; however, we included five types of smell disorder (anosmia, hyposmia, parosmia, phantosmia 
and olfactory fluctuation), and four types of taste disorder (ageusia, hypogeusia, parageusia, phantogeusia) in our study. The prev-
alence of anosmia in our study was 23.3%, that of hyposmia was 42.5%, ageusia was 19.0%, and hypogeusia was 40.1%. Studies have 
also found that the prevalence of smell and taste disorder decreased during the period of Omicron variant dominance, but remained 
more than 30%, similar to our findings [30,35]. 

Males are reported to be more prone to loss of smell and taste senses than females [36]; however, our data demonstrate that females 
were more prone to complete loss of olfaction, similar to the findings of Lechien et al. [7,8]. In terms of taste loss, we did not detect 
significant differences between the sexes, similar to Al-Rawi et al. [3,37]. Further, Al-Rawi et al. found more significant smell and taste 
loss among individuals in their late 30s [3], consistent with our finding that patients aged 30–39 years are more prone to anosmia and 
ageusia. Previous research showed that smokers are more vulnerable to anosmia and ageusia [36]; however, we detected no significant 
differences between smokers and non-smokers in terms of anosmia and ageusia in our study. Interestingly, we found that smoking had 
adverse effects on smell disorders in general. We also found that some COVID-19 related symptoms, such as lack of appetite, dyspnea, 
and fatigue, were associated with chemosensory disorder rates. Associations of these factors with chemosensory disorders have been 
reported in previous research [6,8]; however, whether they are risk factors for chemosensory disorders requires further study. 

In the current study, we report the prevalence, quality, and quantity of chemosensory changes in patients infected with the Omicron 
variant in China. Patients often confuse chemesthesis with smell and taste when self-reporting, thus our survey included an expanded 
section relating to chemesthesis, with the aim of better distinguishing the influences of COVID-19 infection on smell, taste and 
chemesthesis. We also made detailed distinctions among the quality and quantity of changes in smell and taste, and found that these 
changes differed in the COVID-19 infected population, which may provide reference data for the follow-up research on the mechanism 
underlying COVID-19 influence on smell and taste. Moreover, we expanded the Chinese version of the GCCR core questionnaire, to 
provide reference data for future domestic research. 

Our study also had several limitations. First, the participants were mostly from the southern areas of China. Second, the collection 
of the data for our study was based on self-report, which may lead to potential biases, such as recall bias and response bias. These biases 
may potentially limit the reliability and generalizability of the findings from our study. Additional objective assessment of chemo-
sensory disorders is needed in future studies. However, during the COVID-19 pandemic, compared to face-to-face clinical measures of 
smell and taste, online survey is more convenient and secure. Still, it is important to note that the results of our study can not substitute 
for the results obtained from objective measurement methods. Third, in our study, we observed significant associations between 
chemosensory disorders during COVID-19 and variables such as sex, age, smoking, as well as COVID-19-related symptoms such as the 
lack of appetite, dyspnea, and fatigue. Nevertheless, it is important to note that the effect size, as indicated by Cramer’s V, was 

Fig. 1. Self-ratings of smell, taste, and chemesthesis function before and during COVID-19 period. (a) The self-ratings of smell function before and 
during COVID-19 on the 100-point scale. (b) The self-ratings of taste function before and during COVID-19 on the 100-point scale. (c) The self- 
ratings of chemesthesis function before and during COVID-19 on the 100-point scale. ***p < 0.001. 
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relatively small, suggesting relatively weak associations. It is crucial to await further research with a larger sample size containing 
participants with higher diversity and more balanced gender ratio to ascertain the potential correlation between these factors and 
COVID-19-induced chemosensory dysfunction. 

5. Conclusion 

In conclusion, the current study found that the prevalence rates of smell, taste, and chemesthesis disorder in 1245 patients with 
COVID-19 during the period of Omicron variant dominance were 69.2%, 67.7%, and 31.4%, respectively. Patients experienced a 
general decline in the function of smell, taste, and chemesthesis. Sex, age, smoking, and COVID-19-related symptoms, such as lack of 
appetite, dyspnea, and fatigue, may be associated with chemosensory disorders during COVID-19. The present study contributes to 
existing knowledge of chemosensory disorders in COVID-19 by providing Chinese data collected during Omicron variant dominance. 

Table 3 
Association between taste disorder and demographic/COVID-19-related characteristics among patients.  

Variables Taste disorder (%) Total (%) χ2 p value Cramer’s V 

Yes (n = 843) No (n = 402) N = 1245 

Sex 
Male 167 (19.8) 95 (23.6) 262 (21.0) 2.393 0.122 0.044 
Female 676 (80.2) 307 (76.4) 983 (79.0) 

Age, years 
18–29 687 (81.5) 342 (85.1) 1029 (82.7) 2.763 0.430 0.047 
30–39 113 (13.4) 41 (10.2) 154 (12.4) 
40–49 32 (3.8) 14 (3.5) 46 (3.7) 
≥ 50 11 (1.3) 5 (1.2) 16 (1.3) 

Smoking 
Current 27 (3.2) 10 (2.5) 37 (3.0) 3.276 0.194 0.051 
Former 37 (4.4) 10 (2.5) 47 (3.8) 
Never 779 (92.4) 382 (95.0) 1161 (93.3) 

Alcohol 
Yes 430 (51.0) 195 (48.5) 625 (50.2) 0.681 0.409 0.023 
No 413 (49.0) 207 (51.5) 620 (49.8) 

Chronic rhinitis 
Yes 129 (15.3) 56 (13.9) 185 (14.9) 0.405 0.524 0.018 
No 714 (84.7) 346 (86.1) 1060 (85.1) 

Allergic rhinitis 
Yes 206 (24.4) 93 (23.1) 299 (24.0) 0.253 0.615 0.014 
No 637 (75.6) 309 (76.9) 946 (76.0) 

Any comorbidity or special conditiona 

Yes 109 (12.9) 39 (9.7) 148 (11.9) 2.709 0.100 0.047 
No 734 (87.1) 363 (90.3) 1097 (88.1) 

Method of diagnosis 
PCR test 135 (16.0) 66 (16.4) 201 (16.1) 1.526 0.466 0.035 
Antigen test 438 (52.0) 221 (55.0) 659 (52.9) 
Symptoms 270 (32.0) 115 (28.6) 385 (30.9) 

Rehabilitation status 
Complete 292 (34.6) 158 (39.3) 450 (36.1) 2.567 0.109 0.045 
Partial 551 (65.4) 244 (60.7) 795 (63.9) 

Symptomsb 

Fever 800 (94.9) 376 (93.5) 1176 (94.5) 0.971 0.324 0.028 
Lack of appetite 554 (65.7) 161 (40.0) 715 (57.4) 73.354 <0.001 0.243 
Dry and sore throat 677 (80.3) 299 (74.4) 976 (78.4) 5.652 0.017 0.067 
Myalgia 591 (70.1) 253 (62.9) 844 (67.8) 6.411 0.011 0.072 
Headache 599 (71.1) 255 (63.4) 854 (68.6) 7.342 0.007 0.077 
Diarrhea 196 (23.3) 66 (16.4) 262 (21.0) 7.647 0.006 0.078 
Cough/expectoration 739 (87.7) 329 (81.8) 1068 (85.8) 7.566 0.006 0.078 
Stuffy/running nose 681 (80.8) 304 (75.6) 985 (79.1) 4.388 0.036 0.059 
Dyspnea 158 (18.7) 43 (10.7) 201 (16.1) 13.016 <0.001 0.102 
Fatigue 598 (70.9) 236 (58.7) 834 (67.0) 18.413 <0.001 0.122 

COVID-19 vaccination 
Yes 814 (96.6) 394 (98.0) 1208 (97.0) 1.985 0.159 0.040 
No 29 (3.4) 8 (2.0) 37 (3.0)  

a Comorbidity or special conditions included hypertension, diabetes, cardiovascular disease, cerebrovascular disease, neoplastic disease, immune 
deficiency, chronic kidney disease, thyroid disease, rheumatoid arthritis, spinal joint disease, bronchial asthma, mental illness, and in the third 
trimester of pregnancy or perinatal period. 

b Multiple responses. 
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Table 4 
Association between chemesthesis disorder and demographic/COVID-19-related characteristics among patients.  

Variables Chemesthesis disorder (%) Total (%) χ2 p value Cramer’s V 

Yes (n = 391) No (n = 854) N = 1245 

Sex 
Male 70 (17.9) 192 (22.5) 262 (21.0) 3.385 0.066 0.052 
Female 321 (82.1) 662 (77.5) 983 (79.0) 

Age, years 
18–29 310 (79.3) 719 (84.2) 1029 (82.7) 5.169 0.160 0.064 
30–39 60 (15.3) 94 (11.0) 154 (12.4) 
40–49 15 (3.8) 31 (3.6) 46 (3.7) 
≥ 50 6 (1.5) 10 (1.2) 16 (1.3) 

Smoking 
Current 12 (3.1) 25 (2.9) 37 (3.0) 0.180 0.914 0.012 
Former 16 (4.1) 31 (3.6) 47 (3.8) 
Never 363 (92.8) 798 (93.4) 1161 (93.3) 

Alcohol 
Yes 203 (51.9) 422 (49.4) 625 (50.2) 0.672 0.412 0.023 
No 188 (48.1) 432 (50.6) 620 (49.8) 

Chronic rhinitis 
Yes 62 (15.9) 123 (14.4) 185 (14.9) 0.448 0.503 0.019 
No 329 (84.1) 731 (85.6) 1060 (85.1) 

Allergic rhinitis 
Yes 86 (22.0) 213 (24.9) 299 (24.0) 1.276 0.259 0.032 
No 305 (78.0) 641 (75.1) 946 (76.0) 

Any comorbidity or special conditiona 

Yes 49 (12.5) 99 (11.6) 148 (11.9) 0.226 0.635 0.013 
No 342 (87.5) 755 (88.4) 1097 (88.1) 

Method of diagnosis 
PCR test 60 (15.3) 141 (16.5) 201 (16.1) 0.734 0.693 0.024 

Antigen test 204 (52.2) 455 (53.3) 659 (52.9) 
Symptoms 127 (32.5) 258 (30.2) 385 (30.9) 

Rehabilitation status 
Complete 126 (32.2) 324 (37.9) 450 (36.1) 3.794 0.051 0.055 
Partial 265 (67.8) 530 (62.1) 795 (63.9) 

Symptomsb 

Fever 369 (94.4) 807 (94.5) 1176 (94.5) 0.008 0.930 0.002 
Lack of appetite 261 (66.8) 454 (53.2) 715 (57.4) 20.262 <0.001 0.128 
Dry and sore throat 312 (79.8) 664 (77.8) 976 (78.4) 0.661 0.416 0.023 
Myalgia 270 (69.1) 574 (67.2) 844 (67.8) 0.416 0.519 0.018 
Headache 266 (68.0) 588 (68.9) 854 (68.6) 0.084 0.772 0.008 
Diarrhea 84 (21.5) 178 (20.8) 262 (21.0) 0.066 0.797 0.007 
Cough/expectoration 341 (87.2) 727 (85.1) 1068 (85.8) 0.955 0.329 0.028 
Stuffy/running nose 309 (79.0) 676 (79.2) 985 (79.1) 0.003 0.959 0.001 
Dyspnea 87 (22.3) 114 (13.3) 201 (16.1) 15.698 <0.001 0.112 
Fatigue 284 (72.6) 550 (64.4) 834 (67.0) 8.218 0.004 0.081 

COVID-19 vaccination 
Yes 374 (95.7) 834 (97.7) 1208 (97.0) 3.742 0.053 0.055 
No 17 (4.3) 20 (2.3) 37 (3.0)  

a Comorbidity or special conditions included hypertension, diabetes, cardiovascular disease, cerebrovascular disease, neoplastic disease, immune 
deficiency, chronic kidney disease, thyroid disease, rheumatoid arthritis, spinal joint disease, bronchial asthma, mental illness, and in the third 
trimester of pregnancy or perinatal period. 

b Multiple response. 

Y. Chen et al.                                                                                                                                                                                                           



Heliyon 9 (2023) e20715

8

CRediT authorship contribution statement 

Ying Chen: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Project 
administration. Yuying Chen: Conceptualization, Data curation, Formal analysis, Investigation, Project administration, Writing – 
original draft, Methodology. Lixin Chen: Conceptualization, Data curation, Formal analysis, Investigation. Hangying Wu: Concep-
tualization, Data curation, Formal analysis, Investigation. Xiang Liu: Conceptualization, Data curation, Investigation. Chao Yan: 
Conceptualization, Data curation, Investigation. Laiquan Zou: Conceptualization, Data curation, Formal analysis, Investigation, 
Methodology, Project administration, Resources, Supervision, Writing – original draft, Writing – review & editing. 

Declaration of competing interest 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper. 

Acknowledgements 

We thank all the participants who participated in our study. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2023.e20715. 

References 

[1] N. Zhu, D. Zhang, W. Wang, X. Li, B. Yang, J. Song, X. Zhao, B. Huang, W. Shi, R. Lu, P. Niu, F. Zhan, X. Ma, D. Wang, W. Xu, G. Wu, G.F. Gao, W. Tan, A novel 
coronavirus from patients with pneumonia in China, 2019, N. Engl. J. Med. 382 (2020) 727–733, https://doi.org/10.1056/NEJMoa2001017. 

[2] W. Guan, Z. Ni, Y. Hu, W. Liang, C. Ou, J. He, L. Liu, H. Shan, C. Lei, D.S.C. Hui, B. Du, L. Li, G. Zeng, K.-Y. Yuen, R. Chen, C. Tang, T. Wang, P. Chen, J. Xiang, 
S. Li, J. Wang, Z. Liang, Y. Peng, L. Wei, Y. Liu, Y. Hu, P. Peng, J. Wang, J. Liu, Z. Chen, G. Li, Z. Zheng, S. Qiu, J. Luo, C. Ye, S. Zhu, N. Zhong, Clinical 
characteristics of coronavirus disease 2019 in China, N. Engl. J. Med. 382 (2020) 1708–1720, https://doi.org/10.1056/NEJMoa2002032. 

[3] N.H. Al-Rawi, A.R. Sammouda, E.A. AlRahin, F.A.A. Ali, G.S.A. Arayedh, H.A. Daryanavard, M.H. Saeed, A.S.A. Nuaimi, Prevalence of anosmia or ageusia in 
patients with COVID-19 among United Arab Emirates population, Int. Dent. J. 72 (2022) 249–256, https://doi.org/10.1016/j.identj.2021.05.006. 

[4] S.-H. Lee, Z.X. Yeoh, I.S. Sachlin, N. Gazali, S.A. Soelar, C.Y. Foo, L.L. Low, S.B. Syed Alwi, T.M.I. Tengku Kamalden, J. Shanmuganathan, M. Zaid, C.Y. Wong, H. 
H. Chua, S. Yusuf, D. Muhamad, P.R. Devesahayam, H.B. Ker, Z. Salahuddin, M. Mustafa, H. Sawali, H.G. Lee, S. Din, N.A. Misnan, A. Mohamad, M.N. Ismail, 
C. Periasamy, T.S. Chow, E.K. Krishnan, C.L. Leong, L.P.F. Lim, N.Z. Zaidan, M.Z. Ibrahim, S. Abd Wahab, S.S. Mohd Hashim, Malaysian Covid-19 Anosmia 
Research Group, N.A. Bachok, L. Sim, T. Ti, T.H. Lee, S.N.A. Mohd Nor, K.S. Tay, A. Gouri Pagan, A. Aman, K. Mohamed Awang, J.N. Salleh, H. Manickam, 
N. Mohamad Zaki, C.K. Moh, R. Thurairaju, H.H. Yee, N. Abd Aziz, R. Ramli, R. Mohd Noor, A. Mat Jelani, M.F. Alimi Mustapha, A.A. Ab Aziry, K. Lohanadan, S. 
F. Abdul Razak, Y.T. Saw, J.H.L. Kong, C.S.L. Teh, K.K. Prem Singh, A. Karunakaran, N. Rajendram, N.K. Nik Mohd, N.A. Ja’afar, S.S. Che Mohd Razali, 
S. Baskaran, F.H. Hassan, K. Thuraisingam, H. Hithayathullah, P.K. Manjeet Singh, S.-H. Lee, N.H. Zainul, M.C. Ooi, S.A. Mahadzir, N.A. Mohd Yusoff, A. 
F. Mohamad Illiayas, Y.S. Tan, I. Ismail, H.K. Chan, J. Saniasiaya, T.K. Ng, K. Ramasamy, F.F. Mohd Saifuddin, Self-reported symptom study of COVID-19 
chemosensory dysfunction in Malaysia, Sci. Rep. 12 (2022) 2111, https://doi.org/10.1038/s41598-022-06029-6. 

[5] V. Parma, K. Ohla, M.G. Veldhuizen, M.Y. Niv, C.E. Kelly, A.J. Bakke, K.W. Cooper, C. Bouysset, N. Pirastu, M. Dibattista, R. Kaur, M.T. Liuzza, M.Y. Pepino, 
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