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Abstract
Purpose  Persistent chemosensory dysfunction is a debilitating symptom of Post-COVID-19 Syndrome (PCS). While olfac-
tory training (OT) is effective in early post-viral smell loss, its efficacy in chronic, multisystemic PCS remains unclear. This 
study aimed to characterize a severely affected cohort and to evaluate changes in olfactory function during a structured OT 
intervention.
Methods  In this prospective study, 29 patients with persistent PCS lasting > 12 weeks (mean duration approximately 30 
months) were recruited from a specialized post-COVID outpatient clinic. All patients underwent structured OT (standard-
ized twice-daily exposure protocol) for 12 weeks. Participants underwent psychophysical testing (Sniffin’ Sticks TDI, Taste 
Strips) and completed questionnaires (self-MOQ, VAS, EQ-5D-5 L) before and after a 12-week OT period.
Results  Of 25 patients included in the final analysis, 9 presented with psychophysical anosmia based on the TDI score. 
The cohort exhibited a high symptom burden, with health-related quality of life below population norms. Following OT, no 
statistically significant changes were observed in the objective TDI scores (19.0 ± 8.2 vs. 20.1 ± 10.5; p = 0.52). Similarly, 
subjective ratings (VAS) and questionnaires assessing olfactory quality of life showed no significant differences between 
baseline and follow-up. While individual transient improvements were reported, a persistant discrepancy between objective 
data and subjective perception was observed.
Conclusion  Structured olfactory training was not associated with measurable improvement within the 12-week observation 
period in this cohort of chronic PCS patients. The lack of response may indicate that, in this severely affected subgroup, 
the effectiveness of olfactory training may be limited by factors beyond peripheral olfactory dysfunction, including reduced 
cognitive and functional capacity.
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Introduction

COVID-19 can lead to a broad spectrum of acute symp-
toms, the majority of which resolve spontaneously. 

Symptoms persisting for more than 4 weeks are classified as 
long-COVID, and those lasting minimum of 12 weeks are 
referred to as post-COVID syndrome (PCS) [1]. The clini-
cal presentation is heterogeneous and may include fatigue, 
cognitive impairment, dyspnea, musculoskeletal pain, pain 
syndromes, psychological disturbances, and chemosensory 
dysfunction, often in complex combinations [2, 3].

While the exact pathophysiology of post-COVID syn-
drome remains incompletely understood, risk factors 
include female sex, older age, high body mass index and 
smoking history [4]. Previous hospitalization and intensive 
care admissions increase the likelihood of persistent symp-
toms [4–6], whereas vaccination against SARS-CoV-2 has 
been shown to decrease the incidence of post-COVID con-
ditions [7]. Current management strategies remain largely 

http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-026-10582-5&domain=pdf&date_stamp=2026-9-2
https://doi.org/10.1007/s00405-026-10582-5
mailto:kathrin.kobus@klinik.uni
http://orcid.org/0000-0002-4303-4396


1 3

European Archives of Oto-Rhino-Laryngology

symptomatic and supportive, with a strong focus on reha-
bilitation and functional restoration [8].

Chemosensory dysfunction is one of the most common 
manifestations of acute COVID-19 and may present as hypos-
mia, anosmia, hypogeusia, or qualitative alterations such as 
parosmia [9–11], while psychophysical studies suggest that 
true gustatory dysfunction may be less prevalent than subjec-
tively reported [12]. Recovery of olfactory function occurs in 
approximately 90% of affected individuals within the first 3 
months [13, 14], though 4–5% exhibit long-term or persistent 
deficits [15, 16]. Persistent dysfunction can significantly affect 
quality of life and heighten risk by impairing environmental 
hazard detection [17]. In patients with post-COVID syndrome, 
persistent olfactory dysfunction represents one component 
of a broader multisystemic condition that may additionally 
include fatigue, cognitive impairment, dyspnea, and chronic 
pain [1–3]. In the present study, olfactory training was specifi-
cally intended to target chemosensory dysfunction rather than 
the overall post-COVID symptom burden. Accordingly, the 
expected benefits of olfactory training were considered to be 
primarily olfactory rather than broadly systemic.

Olfactory training (OT) using standardized structured expo-
sure to odorants has demonstrated therapeutic benefit across 
multiple etiologies of smell loss, including post-viral cases [18–
20]. Recent systematic reviews in COVID-19-related olfac-
tory dysfunction suggest that olfactory training may improve 
olfactory function, although results remain heterogeneous and 
depend on factors such as disease duration, training protocol, 
and patient characteristics [16, 20]. However, these findings are 
mainly derived from cohorts with early-phase post-viral olfac-
tory dysfunction and relatively preserved general health status 
[21–23]. Evidence in patients with severe, long-standing and 
multisystemically impaired post-COVID syndrome remains 
limited, particularly for those with disease duration extending 
beyond the typical recovery window and undergoing olfac-
tory rehabilitation [24]. Therefore, the objective of this study 
was to characterize a severely affected post-COVID outpatient 
cohort with long-term chemosensory impairment, represent-
ing a highly chronic and clinically burdened subgroup, and to 
evaluate changes in olfactory function during structured olfac-
tory training using either standardized Sniffin’ Sticks or patient-
selected natural odorants.

Patients and methods

This prospective cohort study was conducted in accordance 
with the Declaration of Helsinki and approved by the Ethics 
Committee of the University of Regensburg (23-3531-101). 
Patients presenting to a specialized post-COVID outpatient 
clinic between March 1st, 2024, and December 31st, 2024, 
were screened for persistent sequelae of SARS-CoV-2 

infection. Individuals reporting chemosensory symptoms 
were referred to the Department of Otorhinolaryngology for 
targeted evaluation.

In line with the study design, all eligible patients were 
offered structured olfactory training (OT) as part of stan-
dard clinical care. A non-intervention control group was 
not included due to ethical considerations in this highly 
symptomatic population.

Inclusion criteria comprised a subjective reduction of 
smell and/or taste for at least 12 weeks following a con-
firmed SARS-CoV-2 infection, established via PCR or rapid 
antigen testing. Patients were required to participate in allo-
cated olfactory training for the full duration of the study. 
Exclusion criteria included age < 18 years, absence of che-
mosensory self-report, known alternative causes of olfac-
tory loss, or inability to complete follow-up.

Baseline metrics included demographics, time from 
SARS-CoV-2 infection to presentation, duration of chemo-
sensory impairment, number of SARS-CoV-2 infections, 
vaccination status (number of doses), health-related qual-
ity of life assessed by the EuroQol 5-Dimension 5-Level 
questionnaire (EQ-5D-5  L; higher scores indicate better 
health status) and the 36-Item Short Form Health Survey for 
General Health (SF-36; higher scores indicate better health 
status), fatigue assessed by the Fatigue Scale for Motor and 
Cognitive Functions (FSMC; higher scores indicate greater 
fatigue), pain intensity, occupational status (including sick 
leave), current medication, comorbidities, allergies, and 
nicotine use. All data were pseudonymized prior to analysis.

Psychophysical and subjective chemosensory func-
tion was assessed using the Sniffin’ Sticks threshold–dis-
crimination–identification (TDI) test, the 16-item Taste 
Strips test and the self-reported mini olfactory question-
naire (self-MOQ) [25]. Taste function was additionally 
assessed to provide a comprehensive characterization of 
chemosensory dysfunction and its longitudinal course 
in this patient population, given the close relationship 
between olfaction and flavor perception, while not rep-
resenting a direct therapeutic target of olfactory training 
although no direct effect of olfactory training on gusta-
tory function was anticipated. Patients additionally rated 
their olfactory function using a visual analogue scale 
(VAS; 0 = minimum, 10 = maximum). Nasal endoscopy 
and examination of the oral cavity was performed in all 
cases.

Patients were allocated to 2 training interventions: (i) 
standardized odor training using commercially available 
Sniffin’ Sticks, or (ii) individualized training using patient-
selected natural odorants. In the latter approach, partici-
pants were provided with a list of example substances but 
were free to select alternative odorants according to per-
sonal preference. They were instructed to use four distinct 
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odorants and to replace them after 4 and 8 weeks. The most 
frequently chosen natural scents for the OT were cinnamon, 
vinegar, thyme, and coffee. In contrast to standardized odor 
sets, these natural odorants may vary in composition and 
concentration, allowing for a more individualized training 
approach. The use of both standardized and patient-selected 
odorants reflects different approaches used in clinical prac-
tice; however, the study was not designed to formally com-
pare these interventions.

Olfactory training was performed according to a struc-
tured, video-assisted protocol as originally proposed by 
Hummel et al. [18]. Participants were instructed to train 
twice daily (morning and evening), with focused expo-
sure to each odorant for approximately 10  s and inter-
stimulus intervals. Odor sets were changed after 4 and 
8 weeks. Adherence to olfactory training was assessed 
by patient self-report at follow-up visits; no standardized 
or objective adherence measures were implemented. Fol-
low-up evaluation was conducted after 12 weeks, includ-
ing repeated TDI, gustatory testing, and Self-MOQ. The 
VAS was additionally re-assessed by telephone after 4 
and 8 weeks. No additional treatments were administered 
during the olfactory training period.

Patients with long-standing PCS and chemosensory 
impairment, including clinical severity, symptom dura-
tion, and quality-of-life impact were characterized. The 
primary objective was the psychophysical improvement 
or deterioration of smell or taste, measured using the TDI 
score and the 16-item Taste Strips test. The secondary 
endpoint was subjective improvement assessed via the 
VAS (embedded in the self-MOQ) as well as changes in 
self-MOQ scores. Tertiary endpoints included the correla-
tion of health-related quality of life (HRQoL), fatigue and 
the self-MOQ with the olfactory improvement (ΔTDI). 
Improvement was defined as the change in outcome mea-
sures from baseline to the 12-week follow-up within sub-
jects without implying causality of the intervention due 
to the study design. Between-group comparisons were 
considered exploratory and were not predefined as pri-
mary or secondary endpoints, and no causal inference 
regarding intervention efficacy was intended due to the 
absence of a control group.

Statistical analyses were performed using Python 
(version 3.13) with Pandas, NumPy, SciPy and statsmo-
dels; figures were generated using Matplotlib. Continu-
ous data are presented as median [interquartile range] or 
mean ± standard deviation (SD). Significance was set at 
p < 0.05. Pre- and post-training measures were compared 
using the Wilcoxon signed-rank test; longitudinal VAS 
ratings were analysed using linear mixed-effects mod-
els with a random intercept for participant. Associations 
were assessed using Spearman rank correlations using 

complete cases per analysis, with nonparametric per-
centile bootstrap 95% confidence intervals. Agreement 
between self-MOQ- and TDI-based diagnostic categories 
was quantified using quadratically weighted Cohen’s κ.

Results

Post-COVID-19 syndrome and chemosensory 
impairment

A total of 506 patients presented at the post-COVID-19 
outpatient clinic, of whom 42 were evaluated by the ENT 
department for persistent otorhinolaryngological symptoms 
(Fig. 1). These included a range of complaints such as tin-
nitus, hearing loss, and chemosensory dysfunction. Among 
these, 29 patients (mean age 52.5 ± 13.7 years, 69% male) 
reported impaired smell and/or taste. 1 patient reported onset 
of olfactory loss following COVID-19 vaccination and was 
excluded from further analysis. Of the remaining 28 patients, 
26 patients initiated the training protocol, while 2 declined 
participation. 1 patient was lost to follow-up. Consequently, a 
total of 25 patients were included in the final efficacy analy-
sis, comprising 14 patients in the Sniffin’ Sticks group and 11 
patients in the self-selected odorant group.

In the analyzed cohort, olfactory dysfunction coincided 
with the onset of the acute COVID-19 infection. Patients 
had experienced a mean of 2.0 ± 1.1 SARS-CoV-2 infections 
and had received 2.5 ± 0.9 vaccinations; 1 was unvaccinated. 
7 patients were active smokers. The mean interval between 
symptom onset and first consultation at the post-COVID-19 
outpatient clinic was 29.6 ± 12.2 months. Qualitative olfac-
tory dysfunction (parosmia) was reported by 17 patients.

General health status and quality of life were notably 
impaired. The median EQ-5D-5 L VAS score was 50 [10; 
80] (German normative mean 71.59 ± 21.36, [26]), with a 
corresponding median Index (Utility) score of 0.72 [-0.12; 
0.93] (German normative mean 0.88 ± 0.18, [26]). Similarly, 
the median SF-36 General Health score was 35 [5; 95] (Ger-
man normative mean 69.3; 95% CI 68.7–69.9) [27]). Evalu-
ation of fatigue via the FSMC revealed severe fatigue in 18 
patients and moderate fatigue in 3 patients. Moreover, the 
cohort exhibited a high somatic and socioeconomic burden, 
with 20 patients reporting persistent pain and 15 currently 
on sick leave. Baseline demographic, clinical, and patient-
reported characteristics are summarized in Table 1.

Visual analogue scale (VAS)

Mean VAS scores (0 = minimum, 10 = maximum) increased 
from 2.7 ± 2.3 at baseline to 3.2 ± 2.2 at week 4 and 3.2 ± 2.1 at 
week 8, before decreasing to 2.4 ± 2.1 at week 12 (Fig. 2). In the 
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overall linear mixed-effects model (random intercept for par-
ticipant), VAS did not change significantly over time (all con-
trasts vs. baseline p > 0.05). In exploratory subgroup-specific 
mixed-effects models, the Sniffin’ Sticks group showed higher 
VAS at weeks 4 and 8 compared with baseline (p = 0.013 for 
both), whereas no significant changes were observed in the 
odorants group. In the combined model including a time-by-
group interaction, there was no evidence that VAS trajectories 
differed between training modalities (week 4 × group p = 0.19; 
week 8 × group p = 0.23; week 12 × group p = 0.08).

Self-MOQ

The Self-MOQ assesses subjective recognition of everyday 
odors, with scores > 4.5 indicating anosmia, 3.5–4.5 hypos-
mia, and < 3.5 normosmia. Mean scores showed no signifi-
cant change, shifting from 4.0 ± 1.4 at baseline to 4.2 ± 1.3 
after training (p = 0.14). Among the 25 patients, 14 met cri-
teria for anosmia and 4 for hyposmia at baseline. After the 

training period, 17 patients met the criteria for anosmia and 
2 for hyposmia; the remaining patients were classified as 
normosmic.

Psychophysical olfactory testing (TDI)

The composite TDI score (sum of threshold, discrimina-
tion, and identification scores) was calculated to assess 
overall olfactory function. Mean TDI scores increased from 
19.0 ± 8.2 at baseline to 20.1 ± 10.5 after 12 weeks of train-
ing; however, this change was not statistically significant 
(p = 0.52). No significant pre-to-post changes were observed 
within either the Sniffin’ Sticks group (p = 0.33) or the self-
selected scents group (p = 0.83) (Fig. 3).

Regarding clinically relevant changes (defined as ≥ 5.5 
points), 5 patients demonstrated improvement, while 2 
patients showed deterioration (Table 2) [28].

Based on established cut-offs (TDI ≤ 16.5: anosmia; 
16.5 < TDI < 30.5: hyposmia; ≥ 30.5: normosmia), 9 patients 

Fig. 1  Patient flow chart. Illustra-
tion of the screening, inclusion, 
and analysis process. N, n: num-
ber of patients
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presented with anosmia, 14 with hyposmia, and 2 with nor-
mosmia at baseline. After the 12-week training period, the 
number of normosmic patients increased to 7, while those 
with hyposmia decreased to 7. The number of patients with 
anosmia remained relatively stable (n = 11). Comparable dis-
tribution patterns were observed in both training subgroups.

Correlation of HRQoL/ fatigue with ΔTDI

In correlation analyses restricted to patients who com-
pleted olfactory testing at baseline and week 12 and had 
non-missing HRQoL/ fatigue measures (n = 24), baseline 
EQ-5D-5  L index, EQ-VAS, SF-36 General Health, and 

FSMC total score were not significantly associated with 
olfactory improvement (ΔTDI). Effect estimates were small 
and imprecise (Spearman ρ = 0.25 for EQ-5D-5 L index; ρ 
= −0.08 for EQ-VAS; ρ = 0.29 for SF-36 General Health; 
ρ = 0.04 for FSMC; all p ≥ 0.17), and all bootstrap 95% con-
fidence intervals included 0. Exploratory subgroup analy-
ses by training modality showed similarly wide confidence 
intervals; within the natural odorants subgroup, SF-36 Gen-
eral Health exhibited a moderate positive correlation with 
ΔTDI (ρ = 0.60), but this did not reach statistical signifi-
cance (p = 0.065) and remained imprecise (bootstrap 95% 
CI including zero).

Subjective - objective concordance (self-MOQ vs. 
TDI)

At baseline, self-MOQ scores (higher = worse subjective 
olfaction) showed a strong inverse association with psycho-
physical olfactory function (TDI; higher = better function) 
(Spearman ρ = −0.69, p < 0.001; bootstrap 95% CI − 0.84 to 
− 0.43; n = 25). At week 12, the correlation was weaker and 
did not reach statistical significance (ρ = −0.38, p = 0.062; 
bootstrap 95% CI − 0.79 to 0.13). Changes over time were 
not concordant: Δself-MOQ was not associated with ΔTDI 
(ρ = 0.17, p = 0.42; bootstrap 95% CI − 0.27 to 0.53).

Agreement between self-MOQ- and TDI-based categorical 
classifications (anosmia/ hyposmia/ normosmia) was mod-
erate at baseline (quadratically weighted Cohen’s κ = 0.57; 
n = 25) and decreased to fair–moderate at week 12 (κ = 0.39; 
n = 25), indicating only partial concordance between subjec-
tive categorization and psychophysical testing. These findings 
suggest that subjective and objective measures capture related 
but distinct dimensions of olfactory dysfunction.

Gustatory function (16-item taste strips)

Mean cumulative taste scores (range 0–16) increased from 
6.2 ± 4.1 at baseline to 7.2 ± 4.7 after the training period. This 
change was not statistically significant (p = 0.11). Subgroup 
analysis similarly revealed no significant improvements for 
either the self-selected scents group (p = 0.19) or the Sniffin’ 
Sticks group (p = 0.34).

Discussion

In the present study, only minimal changes in psycho-
physical olfactory and gustatory function were observed 
over the 3-month follow-up period. Given the absence of 
a non-intervention control group, these findings should 
be interpreted descriptively, and spontaneous recovery or 
regression to the mean cannot be excluded. This finding 

Table 1  Demographic characteristics and longitudinal outcomes of 
psychophysical and subjective assessments

Total Cohort Patient-
Selected OT

OT with 
Sniffin’ 
Sticks

n = 25 n = 11 n = 14
Age (years) 51.3 ± 13.7 50.9 ± 12.9 51.6 ± 14.6
Male sex (%) 72 55 86
Nasal polyps, n 2 1 1
EQ Index (median) 0.72 [-0.12; 

0.93]
0.62 [0.25; 
0,76]

0.72 [0.30; 
0,73]

EQ VAS (median) 50 [10; 80] 46 [40; 66] 50 [42; 60]
SF-36 (median) 35 [5; 95] 37,5 [21; 59] 32,5 [26; 

40]

TDI (Baseline) 19.0 ± 8.2 19.6 ± 9.0 18.5 ± 7.9
TDI (Week 12) 20.1 ± 10.5 19.5 ± 10.2 20.5 ± 11.1
  p-value 0.52 0.83 0.33
  anosmia (T0/ T3) 9 / 11 4 / 5 5 / 6
  hyposmia (T0/ T3) 14 / 7 5 / 3 9 / 4
  normosmia (T0/ T3) 2 / 7 2 / 3 0 / 4

Taste (Baseline) 6.2 ± 4.1 6.6 ± 4.0 5.9 ± 4.4
Taste (Week 12) 7.2 ± 4.7 8.1 ± 4.5 6.4 ± 5.0
  p-value 0.11 0.19 0.34
VAS (Baseline) 2.7 ± 2.3 2.9 ± 2.7 2.5 ± 2.0
VAS (Week 4) 3.2 ± 2.2 2.9 ± 2.1 3.4 ± 2.4
VAS (Week 8) 3.2 ± 2.1 3.0 ± 2.1 3.4 ± 2.2
VAS (Week 12) 2.4 ± 2.1 1.9 ± 1.9 2.7 ± 2.2
  p-value 0.37 0.11 0.57
self-MOQ (Baseline) 4.0 ± 1.4 4.2 ± 1.3 3.9 ± 1.5
self-MOQ (Week 12) 4.2 ± 1.3 4.5 ± 1.0 4.1 ± 1.5
  p-value 0.14 0.25 0.39
Data are presented as mean ± standard deviation (SD), unless oth-
erwise indicated as median [interquartile range] (e.g., for EQ-5D, 
SF-36). Intra-group comparisons (baseline vs. 12 weeks) were cal-
culated using the Wilcoxon signed-rank test and for VAS ratings the 
linear mixed-effects models. OT Olfactory Training, TDI Compos-
ite score of Threshold, Discrimination, and Identification (Sniffin’ 
Sticks), VAS Visual Analog Scale (0–10), self-MOQ Self-reported 
Mini Olfactory Questionnaire, T0 Baseline, T1 4 weeks, T2 8 weeks, 
T3 12 weeks (final assessment). n Number of patients
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contrasts with prior investigations that demonstrated mea-
surable improvements following structured olfactory train-
ing (OT) in patients with post-viral olfactory dysfunction 
[20–23]. A key distinguishing factor in our cohort is the 
latency between infection and intervention. While olfactory 
regeneration appears to be most robust in the early post-
infectious phase, any potential efficacy may decline as the 
duration of dysfunction increases. With a mean latency of 
nearly 30 months between the initial COVID-19 infection 
and study inclusion, our cohort represents a markedly long-
standing symptom duration as a negative prognostic factor 

for olfactory rehabilitation [29–32]. This may suggests that 
the potential for neuroplastic recovery could be significantly 
diminished in cases of chronic, long-term dysfunction.

Crucially, however, the lack of improvement may not be 
solely attributable to chronicity but also to the specific mor-
bidity of the cohort. Previous research has predominantly 
focused on otherwise healthy individuals presenting with 
isolated smell loss and mild systemic symptoms [20–23]. 
In stark contrast, our patients suffered from a severe, multi-
systemic PCS [1, 2], characterized by pronounced fatigue, 
chronic pain, and long-term occupational disability. In this 

Fig. 3  Changes in olfactory function (TDI score) after 12 weeks. (A) Standardized training group (Sniffin’ Sticks). (B) Patient-selected odorant 
group. Boxplots show median and IQR; grey lines indicate individual trajectories

 

Fig. 2  Longitudinal course of 
subjective olfactory function. 
Visual Analogue Scale (VAS) 
scores were assessed at baseline, 
and after 4, 8, and 12 weeks of 
training. Grey lines represent 
individual patient trajectories, 
illustrating high inter-individual 
variability. The black line 
indicates the mean ± standard 
deviation (SD)
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context, olfactory impairment is embedded within a com-
plex neurocognitive and somatic symptom cluster [1–3]. It 
is therefore conceivable that this systemic burden could be 
associated with reduced effectiveness of olfactory training, 
although this cannot be established in the present study. Since 
successful olfactory training relies on top-down cognitive 
processing and sustained attention, its effects are thought to 
be mediated by experience-dependent neuroplasticity within 
central olfactory networks and by attentional and multisen-
sory mechanisms rather than peripheral regeneration alone 
[33, 34]. Thus, cognitive fatigue and impaired attention in 
severe PCS may potentially reduce effective training expo-
sure and blunt rehabilitation-related plasticity. However, this 
interpretation remains hypothetical and cannot be directly 
inferred from the present data.

A further important consideration is patient adherence 
to the training protocol. Adherence was assessed based 
on patient self-report, with all participants indicating that 
they had performed the training as instructed. However, no 
standardized or objective adherence measures (e.g., train-
ing diaries or digital monitoring) were implemented. Given 
the pronounced fatigue, cognitive impairment, and overall 
symptom burden in this cohort, reduced or inconsistent 
adherence cannot be excluded and may have influenced 
the observed outcomes. This constitutes a relevant poten-
tial confounder and may have contributed to the limited 
changes observed.

This hypothesis of a depleted physiological and 
psychological reserve is substantiated by our analysis of 
health-related quality of life (HRQoL). To account for the data 
distribution, we report median values, which reveal a profound 
impairment deviating substantially from population norms. 
While the German normative mean for the EQ-5D-5 L Index 
is 0.88 ± 0.18 [26], our cohort presented a markedly lower 
median of 0.72 [-0.12; 0.93]. 22 of 25 patients (88%) scored 
below this population average. This pattern is paralleled in 
the EQ-VAS and SF-36 General Health scores, confirming 
a widespread deficit [26, 27]. However, baseline HRQoL 
and fatigue measures were not significantly associated with 
subsequent olfactory improvement over 12 weeks (ΔTDI). 
Correlation estimates were small and accompanied by wide 
bootstrap confidence intervals, indicating considerable 
uncertainty and suggesting that, within this limited sample, 
baseline HRQoL did not reliably predict training-related 
olfactory change. Effect sizes were small and imprecise, with 
confidence intervals including zero, indicating substantial 
statistical uncertainty. While an exploratory signal of a 
positive association between SF-36 General Health and ΔTDI 
was observed in the natural odorants subgroup, this finding 
did not reach statistical significance and should be interpreted 
cautiously given the small subgroup size and imprecision. 
Overall, these data suggest that although systemic burden is 
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substantial in this population, its relationship to short-term 
olfactory change may be complex and potentially mediated 
by unmeasured factors (e.g., qualitative chemosensory 
symptoms, cognitive constraints, or adherence).

Furthermore, the persistent distress underscores a notable 
discrepancy we observed between subjective self-ratings and 
psychophysical test results. Our data provide quantitative sup-
port for a dissociation between subjective olfactory experi-
ence and psychophysical performance in this severely affected 
PCS cohort. While self-MOQ correlated strongly with TDI at 
baseline, the association weakened at week 12 and changes in 
self-MOQ did not track changes in TDI over time. In addition, 
agreement between self-MOQ- and TDI-derived diagnostic 
categories was only moderate at baseline and decreased further 
at follow-up, underscoring that subjective classification and 
psychophysical testing capture overlapping but non-identical 
constructs. This subjective-objective dissociation has been 
described in post-COVID cohorts [35], and is further supported 
by the symptom profile of our cohort of our study group (19 of 
28 patients reported parosmia). It is crucial to note that standard 
psychophysical tools like the TDI primarily measure olfactory 
function (threshold and identification) but are blind to such 
qualitative distortions. Consequently, patients may correctly 
identify an odor (yielding higher TDI scores) while perceiving 
it as distorted or aversive in daily life. This high prevalence of 
parosmia explains why the ‘normosmia’ label masked a clini-
cally relevant impairment in our cohort. Furthermore, the per-
sistent subjective burden implies that for patients with severe 
PCS, this qualitative deficit remains a major source of anxiety 
and reduced quality of life, aligning with the bidirectional rela-
tionship described by Croy et al. [17].

The interpretation of our findings is subject to several 
limitations. First, the relatively small sample size and the 
absence of a non-training control group substantially restrict 
causal inferences regarding the specific efficacy of olfac-
tory training, as spontaneous recovery and regression to 
the mean cannot be excluded. Second, although 2 different 
olfactory training approaches were applied, the study was not 
designed or powered to formally compare these groups, and 
any between-group analyses must therefore be considered 
exploratory. Third, adherence was not objectively measured 
and may represent an additional source of bias. Fourth, due to 
the cohort’s heterogeneity regarding comorbidities and symp-
tom trajectories, a detailed subgroup stratification was not 
feasible. Fifth, a potential practice effect cannot be entirely 
ruled out for the group using Sniffin’ Sticks, as the training 
set included 3 odors (lemon, clove, and rose) that also serve 
as items in the TDI identification test. Sixth, selection bias is 
likely, as participants were recruited from a tertiary care set-
ting and represented a highly symptomatic subgroup. Finally, 
psychophysical assessments may have been influenced by 
fluctuating motivation or cognitive fatigue (performance 

bias) [17], and the 3-month observation period may have 
been insufficient to capture delayed recovery trajectories in 
this very long-term chronic population [36]. Future controlled 
studies are needed to disentangle intervention-specific effects 
from natural recovery in this patient population. Accordingly, 
the present findings should be interpreted as descriptive and 
hypothesis-generating.

Conclusion

In conclusion, our findings indicate that while olfactory 
training is an established intervention for early post-viral 
dysfunction in otherwise healthy individuals, it may have 
limited rehabilitative value in patients with severe, chronic 
PCS. The lack of improvement suggests that in this highly 
chronic and systemically impaired population,

the effectiveness of olfactory training may be limited 
in this cohort, potentially due to factors such as reduced 
cognitive reserve and sustained attentional impairment, 
although this cannot be directly inferred from the present 
data. Future therapeutic strategies should therefore con-
sider integrating systemic and neurocognitive rehabilita-
tion approaches alongside sensory training.

Acknowledgements  We would like to thank Hanne Albig and Maria 
Weller for their active support.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This work was supported by the Free State of Bavaria within 
the framework of the funding initiative 'Post-COVID-Syndrome Fund-
ing Initiative 2.0' ('Förderinitiative Post-COVID-Syndrom 2.0').

Declarations

Conflicts of interest  No conflicts of interest.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, adap-
tation, 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 Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted 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 licence, visit ​h​t​t​​p​:​/​/​​c​r​e​​a​t​i​​v​e​c​o​m​m​o​n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/​​​​​.​​

References

1.	 Nalbandian A, Sehgal K, Gupta A et al (2021) Post-acute COVID-
19 syndrome. Nat Med 27(4):601–615. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​8​/​s​4​
1​5​9​1​-​0​2​1​-​0​1​2​8​3​-​z​​​​​​​

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41591-021-01283-z
https://doi.org/10.1038/s41591-021-01283-z


1 3

European Archives of Oto-Rhino-Laryngology

2.	 Davis HE, Assaf GS, McCorkell L et al (2021) Characterizing 
long COVID in an international cohort: 7 months of symptoms 
and their impact. E Clin Med 38:101019. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​
j​.​e​c​l​i​n​m​.​2​0​2​1​.​1​0​1​0​1​9​​​​​​​

3.	 Lopez-Leon S, Wegman-Ostrosky T, Perelman C et al (2021) 
More than 50 long-term effects of COVID-19: a systematic 
review and meta-analysis. Sci Rep 11:16144. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​3​8​/​s​4​1​5​9​8​-​0​2​1​-​9​5​5​6​5​-​8​​​​​​​

4.	 Tsampasian V, Elghazaly H, Chattopadhyay R et al (2023) Risk 
factors associated with Post–COVID-19 condition: a systematic 
review and meta-analysis. JAMA Intern Med 183(6):566–580. 
https:/​/doi.or​g/10.10​01/ja​mainternmed.2023.0750

5.	 Sudre CH, Murray B, Varsavsky T et al (2021) Attributes and pre-
dictors of long COVID. Nat Med 27:626–631. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​3​8​/​s​4​1​5​9​1​-​0​2​1​-​0​1​2​9​2​-​y​​​​​​​

6.	 Thompson EJ, Williams DM, Walker AJ et al (2022) Long 
COVID burden and risk factors in 10 UK longitudinal studies and 
electronic health records. Nat Commun 13:3528. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​4​6​7​-​0​2​2​-​3​0​8​3​6​-​0​​​​​​​

7.	 Antonelli M, Penfold RS, Merino J et al (2022) Risk factors 
and disease profile of post-vaccination SARS-CoV-2 
infection in UK users of the COVID Symptom Study app: 
a prospective, community-based, nested, case-control study. 
Lancet Infect Dis 22:43–55. https:/​/doi.or​g/10.10​16/S1​
473-3099(21)00460-6

8.	 Sivan M, Taylor S (2020) NICE guidance on long COVID. BMJ 
371:m4938. https:/​/doi.or​g/10.11​36/bm​j.m4938

9.	 Parma V, Ohla K, Veldhuizen MG et al (2020) More Than 
Smell — COVID-19 is associated with severe impairment of 
smell, taste, and chemesthesis. Chem Senses 45:609–622. ​h​t​t​​p​s​
:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​9​3​/​c​h​e​m​s​e​/​b​j​a​a​0​4​1​​​​​​​

10.	 Hannum ME, Ramirez VA, Lipson SJ et al (2020) Objective 
sensory testing methods reveal a higher prevalence of olfactory 
loss in COVID-19 – positive patients compared to subjective 
methods: a systematic review and meta-analysis. Chem Senses 
45:865–874. https:/​/doi.or​g/10.10​93/ch​emse/bjaa064

11.	 Hintschich CA, Brosig A, Hummel T et al (2022) Gustatory func-
tion in acute COVID-19 – results from home-based psychophysi-
cal testing. Laryngoscope 132:1082–1087. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​
2​/​l​a​r​y​.​3​0​0​8​0​​​​​​​

12.	 Hintschich CA, Le Bon S, Trecca E et al (2024) Taste loss in 
COVID-19 – psychophysical evidence supporting a low preva-
lence. Rhinology 62(4):511–512. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​4​1​9​3​/​R​h​i​n​
2​4​.​0​4​0​​​​​​​

13.	 Vaira LA, Hopkins C, Petrocelli M et al (2020) Smell and taste 
recovery in coronavirus disease 2019 patients: a 60-day objective 
and prospective study. J Laryngol Otol 134(8):703–709. ​h​t​t​​p​s​:​/​​/​d​o​​i​
.​o​​r​g​/​1​0​.​1​0​1​7​/​S​0​0​2​2​2​1​5​1​2​0​0​0​1​8​2​6​​​​​​​

14.	 Lechien JR, Chiesa-Estomba CM, Beckers E et al (2021) Preva-
lence and 6-month recovery of olfactory dysfunction: a multicen-
tre study of 1363 COVID-19 patients. Eur Arch Otorhinolaryngol 
290(2):451–461. https:/​/doi.or​g/10.11​11/jo​im.13209

15.	 Tan BKJ, Han R, Chao JJ et al (2022) Prognosis and persistence 
of smell and taste dysfunction in patients with covid-19: meta-
analysis with parametric cure modelling of recovery curves. BMJ 
378:e069503. https:/​/doi.or​g/10.11​36/bm​j-2021-069503

16.	 Boscolo-Rizzo P, Fabbris C, Polesel J et al (2022) Two-year 
prevalence and recovery rate of altered sense of smell or taste in 
patients with mildly symptomatic COVID-19. JAMA Otolaryn-
gol Head Neck Surg 148(9):889–891. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​1​/​j​a​
m​a​o​t​o​.​2​0​2​2​.​1​9​8​3​​​​​​​

17.	 Croy I, Nordin S, Hummel T (2014) Olfactory disorders and qual-
ity of life — an updated review. Chem Senses 39:185–194. https:/​
/doi.or​g/10.10​93/ch​emse/bjt072

18.	 Hummel T, Rissom K, Reden J et al (2009) Effects of olfactory 
training in patients with olfactory loss. Laryngoscope 119:496–
499. https:/​/doi.or​g/10.10​02/la​ry.20101

19.	 Damm M, Pikart LK, Reimann H et al (2013) Olfactory train-
ing is helpful in postinfectious olfactory loss: a randomized, con-
trolled, multi center study. Laryngoscope 124:826–. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​
g​/​1​0​.​1​0​0​2​/​l​a​r​y​.​2​4​3​4​0​​​​​​​

20.	 Hwang SH, Kim SW, Basurrah MA et al (2023) The efficacy of 
olfactory training as a treatment for olfactory disorders caused by 
coronavirus disease-2019: a systematic review and meta-analysis. 
AM J Rhinol Allergy 37(4):495–501. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​1​7​7​/​1​9​4​
5​8​9​2​4​2​2​1​1​5​0​9​7​7​​​​​​​

21.	 Yaylaci A, Azak E, Önal A et al (2023) Effects of classical olfac-
tory training in patients with COVID–19–related persistent loss of 
smell. Eur Arch Otorhinolaryngol 280:757–763. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​
.​1​0​0​7​/​s​0​0​4​0​5​-​0​2​2​-​0​7​5​7​0​-​w​​​​​​​

22.	 Lechner M, Liu J, Counsell N et al (2022) The COVANOS trial 
– insight into post-COVID olfactory dysfunction and the role of 
smell training. Rhinology 60(3):188–199. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​4​1​9​3​
/​R​h​i​n​2​1​.​4​7​0​​​​​​​

23.	 Denis F, Septans AL, Periers L et al (2021) Olfactory training and 
visual stimulation assisted by a web application for patients with 
persistent olfactory dysfunction after SARS-CoV-2 infection: 
observational study. J Med Internet Res 23(5):e29583. ​h​t​t​p​s​:​/​/​d​o​i​
.​o​r​g​/​1​0​.​2​1​9​6​/​2​9​5​8​3​​​​​​​

24.	 Guntinas-Lichius O, Bitter T, Takes R et al (2025) Post COVID-
19 and Long COVID symptoms in otorhinolaryngology — a nar-
rative review. J Clin Med 14(2):506. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​9​0​/​j​c​m​
1​4​0​2​0​5​0​6​​​​​​​

25.	 Zou L, Linden L, Cuevas M et al (2019) Self-reported mini olfac-
tory questionnaire (Self-MOQ): A simple and useful measure-
ment for the screening of olfactory dysfunction. Laryngoscope 
00:1–5. https:/​/doi.or​g/10.10​02/la​ry.28419

26.	 Grochtdreis T, Dams J, König HH et al (2019) Health-related 
quality of life measured with the EQ-5D-5L: estimation of nor-
mative index values based on a representative German popula-
tion sample and value set. Eur J Health Econ. 2019;20:933–944. 
https:/​/doi.or​g/10.10​07/s1​0198-019-01054-1

27.	 Ellert U, Kurth BM (2013) Health-related quality of life in 
adults in Germany, Results of the German Health Interview 
and Examination Survey for adults (DEGS1). Bundesge-
sundheitsbl. 2013;56:643–649. https:/​/doi.or​g/10.10​07/s0​
0103-013-1700-y

28.	 Gudziol V, Lötsch J, Hähner A et al (2006) Clinical significance 
of results from olfactory testing. Laryngoscope. 2006;116:1858–
1863. https:/​/doi.or​g/10.10​97/01​.mlg.0000234915.51189.cb

29.	 Lechien JR, Vaira LA, Saussez S (2023) Effectiveness of olfac-
tory training in COVID–19 patients with olfactory dysfunction: a 
prospective study. Rhinology 280:1255–1263. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​0​7​/​s​0​0​4​0​5​-​0​2​2​-​0​7​6​6​5​-​4​​​​​​​

30.	 Sheng W-H, Liu W-D, Wang J-T et al (2021) Dysosmia and 
dysgeusia in patients with COVID-19 in northern Taiwan. J 
Formos Med Assoc 120:311–317. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​j​f​m​
a​.​2​0​2​0​.​1​0​.​0​0​3​​​​​​​

31.	 Serrano TLI, Antonio MA, Giacomin LT et al (2025) Olfactory 
training for the treatment of COVID-19 related smell loss: a ran-
domised double-blind controlled trial. Rhinology 63(3):325–333. 
https:/​/doi.or​g/10.41​93/Rh​in24.081

32.	 Kattar N, Do TM, Unis GD et al (2021) Olfactory training for 
postviral olfactory dysfunction: systematic review and meta-anal-
ysis. Otolaryngol Head Neck Surg 164(2):244–254. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​
g​/​1​0​.​1​1​7​7​/​0​1​9​4​5​9​9​8​2​0​9​4​3​5​5​0​​​​​​​

33.	 Knollndorfer K, Kowalczyk K, Hoche E et al (2014) Recovery 
of olfactory function induces neuroplasticity effects in patients 

https://doi.org/10.1016/j.eclinm.2021.101019
https://doi.org/10.1016/j.eclinm.2021.101019
https://doi.org/10.1038/s41598-021-95565-8
https://doi.org/10.1038/s41598-021-95565-8
https://doi.org/10.1001/jamainternmed.2023.0750
https://doi.org/10.1038/s41591-021-01292-y
https://doi.org/10.1038/s41591-021-01292-y
https://doi.org/10.1038/s41467-022-30836-0
https://doi.org/10.1038/s41467-022-30836-0
https://doi.org/10.1016/S1473-3099(21)00460-6
https://doi.org/10.1016/S1473-3099(21)00460-6
https://doi.org/10.1136/bmj.m4938
https://doi.org/10.1093/chemse/bjaa041
https://doi.org/10.1093/chemse/bjaa041
https://doi.org/10.1093/chemse/bjaa064
https://doi.org/10.1002/lary.30080
https://doi.org/10.1002/lary.30080
https://doi.org/10.4193/Rhin24.040
https://doi.org/10.4193/Rhin24.040
https://doi.org/10.1017/S0022215120001826
https://doi.org/10.1017/S0022215120001826
https://doi.org/10.1111/joim.13209
https://doi.org/10.1136/bmj-2021-069503
https://doi.org/10.1001/jamaoto.2022.1983
https://doi.org/10.1001/jamaoto.2022.1983
https://doi.org/10.1093/chemse/bjt072
https://doi.org/10.1093/chemse/bjt072
https://doi.org/10.1002/lary.20101
https://doi.org/10.1002/lary.24340
https://doi.org/10.1002/lary.24340
https://doi.org/10.1177/19458924221150977
https://doi.org/10.1177/19458924221150977
https://doi.org/10.1007/s00405-022-07570-w
https://doi.org/10.1007/s00405-022-07570-w
https://doi.org/10.4193/Rhin21.470
https://doi.org/10.4193/Rhin21.470
https://doi.org/10.2196/29583
https://doi.org/10.2196/29583
https://doi.org/10.3390/jcm14020506
https://doi.org/10.3390/jcm14020506
https://doi.org/10.1002/lary.28419
https://doi.org/10.1007/s10198-019-01054-1
https://doi.org/10.1007/s00103-013-1700-y
https://doi.org/10.1007/s00103-013-1700-y
https://doi.org/10.1097/01.mlg.0000234915.51189.cb
https://doi.org/10.1007/s00405-022-07665-4
https://doi.org/10.1007/s00405-022-07665-4
https://doi.org/10.1016/j.jfma.2020.10.003
https://doi.org/10.1016/j.jfma.2020.10.003
https://doi.org/10.4193/Rhin24.081
https://doi.org/10.1177/0194599820943550
https://doi.org/10.1177/0194599820943550


1 3

European Archives of Oto-Rhino-Laryngology

with smell loss. Neural Plast 2014:140419. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​
1​5​5​/​2​0​1​4​/​1​4​0​4​1​9​​​​​​​

34.	 Li Z, Anne A, Hummel T (2023) Olfactory training: effects of mul-
tisensory integration, attention towards odors and physical activity. 
Chem Senses 48:bjad037. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​9​3​/​c​h​e​m​s​e​/​b​j​a​d​0​3​7​​​​​​​

35.	 Vilarello BJ, Jacobson PT, Snyder CJ (2024) Subjective versus 
psychophysical measures of chemosensory alterations following 
COVID-19. J Otorhinolaryngol Relat Spec 86(3–4):107–117. 
https:/​/doi.or​g/10.11​59/00​0539378

36.	 Otte MS, Bork M-L, Zimmermann PH et al (2021) Persist-
ing olfactory dysfunction improves in patients 6 months after 
COVID-19 disease. Acta Otolaryngol 141(6):626–629. ​h​t​t​​​​p​​s​:​​/​​/​d​​
o​i​​.​o​​r​g​​/​1​0​.​1​0​8​0​/​0​0​0​1​6​4​8​9​.​2​0​2​1​.​1​9​0​5​​​​​​​

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1155/2014/140419
https://doi.org/10.1155/2014/140419
https://doi.org/10.1093/chemse/bjad037
https://doi.org/10.1159/000539378
https://doi.org/10.1080/00016489.2021.1905
https://doi.org/10.1080/00016489.2021.1905

	﻿Limited observed efficacy of olfactory training in severe long-term post-COVID-19 syndrome: a prospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Patients and methods
	﻿Results
	﻿Post-COVID-19 syndrome and chemosensory impairment
	﻿Visual analogue scale (VAS)
	﻿Self-MOQ
	﻿Psychophysical olfactory testing (TDI)
	﻿Correlation of HRQoL/ fatigue with ΔTDI
	﻿Subjective - objective concordance (self-MOQ vs. TDI)
	﻿Gustatory function (16-item taste strips)

	﻿Discussion
	﻿Conclusion
	﻿References


