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Abstract


Background/Objectives: Olfactory dysfunction (OD) is associated with a variety of neurologic deficits and impacts socialization decisions, mood, and overall quality of life. As a common symptom comprising the long COVID condition, persistent COVID-19-associated olfactory dysfunction (C19OD) may further impact the presentations of neuropsychiatric sequelae. Our study aims to characterize the longitudinal burden of depression, anxiety, and neuropsychiatric symptoms in a population with C19OD. Methods: Individuals with perceived C19OD completed a psychophysical screening evaluation of their sense of smell using the comprehensive Sniffin’ Sticks olfactory assessment. Only those with validated psychophysical OD were included in this prospective longitudinal study for baseline and one-year follow-up. Participants also completed PHQ-9, Beck Anxiety Inventory (BAI), and neuropsychiatric symptom questionnaires at each time point. Anxiety, depression, and neuropsychiatric symptom prevalence was calculated and compared between time points with Pearson’s chi-squared, Fisher’s exact, and Wilcoxon rank sum tests. Results: Each neuropsychiatric symptom evaluated in this study was reported by 13–49% of longitudinal cohort participants at both baseline and follow-up, except for seizure (0% at baseline and follow-up) and word-finding difficulty (61–68% at baseline and follow-up). Word-finding and focus difficulties were the most commonly reported symptoms. In total, 41% of participants reported some level of depression at baseline and 38% of participants reported depression at one-year follow-up, while 29% and 27% of participants reported some level of anxiety at respective time points. Conclusions: Individuals with C19OD are at risk for developing persistent neuropsychiatric conditions. These neurologic and psychiatric sequelae are persistent with repeated longitudinal assessment, even at nearly 2.5 years following initial COVID-19 diagnosis.
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1. Introduction


There is a long-standing relationship between olfactory dysfunction (OD) and neurodegenerative diseases including Alzheimer’s disease [1,2,3] and Parkinson’s disease [3], in addition to the prevalence of OD in neuropsychiatric and mood disorders [4,5] such as schizophrenia [6]. Alteration in olfaction is one of the earliest signs of neurodegeneration, often occurring years before structural disease progression [1,7,8]. Further, structural and functional studies [9,10,11] suggest OD may exacerbate and contribute to depression [12], anxiety [13,14], and olfactory perceptions associated with certain epileptic conditions [15].



The relationship between OD and neuropsychiatric conditions is one of interest among both public and research communities following the COVID-19 pandemic. Early in the pandemic, smell loss was one of the key indicators of SARS-CoV-2 infection [16,17], and it has colloquially established itself to be a defining feature. Estimates suggest that 6.9% of adults have “long COVID”, a condition defined by persistent COVID symptoms more than three months following diagnosis [18]. Both quantitative (hyposmia, anosmia, hypogeusia, and ageusia) and qualitative (phantosmia, parosmia, phantogeusia, and parogeusia) smell and taste dysfunctions are classic symptoms of long COVID, with nearly a third of patients who recover from COVID-19 reporting persistent qualitative smell/taste dysfunction [19] and approximately a quarter to a third of patients reporting measurable quantitative OD for months after infection [17]. Symptoms of long COVID extend beyond olfaction to multiple organ systems [20] and include a variety of neurologic and psychiatric consequences such as cognitive impairment or brain fog and symptoms of anxiety and depression [21,22,23,24,25]. A large retrospective study of nearly 1.3 million patients tracking neurologic and psychiatric risk following SARS-CoV-2 infection—without accounting for olfaction status—found that the COVID-related increased incidence of anxiety and depression tapered off after an initial spike, though there was a persistent increased risk of other neuropsychiatric disorders including psychosis, cognitive deficit, and dementia [26].



The mental health burden of long COVID and OD is complicated and extensive [25,27]. COVID-19-associated olfactory dysfunction (C19OD) potentially contributes to the varied neuropsychiatric presentations in long COVID and OD, thus requiring a systematic biopsychosocial investigative approach [17,28]. Pre-existing biological relationships between olfaction and neuropsychiatric disorders paired with the distinct social and psychological stressors introduced by the pandemic and abrupt loss of smell [29,30] pose a unique challenge in teasing out the associations between C19OD and neuropsychiatric disease in a young cohort. While studies examined neuropsychiatric conditions following self-reported smell alterations [31,32,33,34], with one study examining anxiety and depression symptoms among individuals with acute smell loss [35], neuropsychiatric outcomes among those with persistent C19OD remain limited.



Thus, the objective of this prospective cohort study is to evaluate the prevalence and changes in anxiety, depression, and neuropsychiatric symptoms longitudinally in a long COVID population comprised entirely of individuals with quantitative psychophysical testing-confirmed C19OD.




2. Materials and Methods


A total of 145 interested individuals were screened for enrollment. After applying inclusion criteria, 97 participants were enrolled in the study for baseline neuropsychiatric symptom reporting and olfactory psychophysical assessment, with 48 participants following up at one year. Individuals were recruited and evaluated in accordance with the proposed protocols (AAAU5380) approved by the Columbia University Irving Medical Center Institutional Review Board. Participants were recruited via referral from clinicians at Columbia University Irving Medical Center for COVID-related smell loss and the Columbia University online research recruitment platform. Informed consent was retrieved from interested individuals prior to participation in the study.



To participate in the study, the following inclusion criteria were applied: age ≥ 18 years, confirmed SARS-CoV-2 positivity via PCR or SARS-CoV-2 nucleocapsid antibody serology, self-reported persistent OD (>3 months), and OD confirmed by psychophysical testing. Clinical diagnosis of COVID-19 was accepted if the participant was diagnosed prior to widespread testing availability. OD was defined as a Sniffin’ Sticks TDI score ≤ 30.5, indicating the presence of anosmia or hyposmia (classified as quantitative dysfunction) [36]. Exclusion criteria included any diagnosed pre-existing olfactory dysfunction, SNOT-22 rhinologic subdomain score ≥ 21 as assessed on pre-evaluation surveys, any pre-existing neurologic or other health problems than can independently cause olfactory dysfunction, and any self-reported pre-existing functional cognitive deficit.



Prior to in-person evaluation, participants completed surveys to report any neuropsychiatric or neurologic symptom appearance or worsening since SARS-CoV-2 infection. For each symptom assessed, participants were given the option to select “Yes”, “No”, or “Unsure”. Further, participants completed the validated Beck Anxiety Inventory (BAI) [37,38] and Patient Health Questionnaire-9 (PHQ-9) [39] screening instruments to detect and measure symptoms associated with anxiety and depression. They also completed surveys assessing patient demographics, COVID-19 history, and perception of COVID illness severity.



Olfactory assessment was completed by a trained research assistant using the validated extended Odofin Sniffin’ Sticks test (Burghart Messtechnik GmBH, Holm, Germany), including odor threshold (T), odor discrimination (D), and odor identification (I). Measurement of T, D, and I and the combined TDI score was completed following the initial protocol established by Hummel et al. (1997) [40] and repeated in other studies examining various neurologic outcomes [41,42]. The Sniffin’ Sticks test uses felt-tipped pens containing odorants dissolved in propylene glycol. Each felt-tipped pen was placed 2 cm in front of the participant’s nostrils for 3 s. For threshold testing, the subject was asked to identify the odorant-containing pen among a triplet with a gradually increasing concentration of the odorant. For discrimination, the subject selected the unique odorant out of a triplet containing two identical odorants over 16 trials of triplets. Finally, for the identification test, subjects were presented with 16 common odors which they were asked to identify out of 4 multiple choice options. Individual scores for T, D, and I range from 1 to 16, and the sum of the individual scores comprise the TDI score. Individuals are deemed normosmic, hyposmic, or anosmic based on cutoffs of >30.5, 16.5–30.5, and <16.5, respectively [43].



IBM SPSS Statistics for macOS, version 29.0 (IBM Corp., Armonk, NY, USA) was used for all statistical analyses. Neuropsychiatric and neurologic symptom prevalence was calculated both at baseline and at one-year follow-up. To account for any potential bias in longitudinal analysis due to loss to follow-up, participants were stratified by follow-up status, and a comparison of baseline characteristics including age, sex, education status, BAI, PHQ-9, and TDI was completed using the Wilcoxon rank sum test. Among participants completing both assessments (longitudinal cohort), a paired longitudinal analysis of prevalence for each symptom between time points was assessed using the McNemar test. Further, the change in symptom status for each neuropsychiatric and neurologic symptom was reported.



We used BAI and PHQ-9 screening instruments to identify individuals with symptoms associated with anxiety [37] and depression [39]. Individuals were stratified by severity using cutoffs for BAI score (no anxiety: 0–7; mild: 8–15; moderate: 16–25; and severe: 26–63) and PHQ-9 score (no depression: 0–4; mild: 5–9; moderate: 10–14; moderately severe: 15–19; and severe: 20–27), respectively, for both the full study population at baseline and for the longitudinal cohort at each time point. Among the longitudinal cohort, a paired analysis was completed to compare (1) median BAI and PHQ-9 scores and (2) stratification by anxiety and depression severity between time points using the Wilcoxon signed rank test. Comparisons of neuropsychiatric symptom prevalence, BAI, and PHQ-9 scores between genders were completed via Pearson’s chi-squared, Fisher’s exact, and Wilcoxon rank sum tests at each time point.



TDI scores for participants were reported for the full study population at baseline and the longitudinal cohort at each time point. A paired longitudinal analysis of TDI score evolution was completed using the Wilcoxon signed rank test, with paired analyses allowing for comparison of each TDI subdomain between time points as well. Further, TDI scores were correlated against BAI and PHQ-9 scores at baseline and follow-up using Spearman’s bivariate correlations.




3. Results


3.1. Cohort Demographics


Baseline surveys, neuropsychiatric/neurologic questionnaires, and psychophysical olfactory assessments were performed for 97 participants (full study population), of which 71 (73%) were female and 26 (27%) were male (Table 1). Of these, 48 participants returned to follow-up at one year (longitudinal cohort) to complete olfactory assessment and repeated neuropsychiatric/neurologic questionnaires, including 32 (67%) females and 16 (33%) males. Baseline testing was performed at a median 466 days from COVID-19 diagnosis, while one-year follow-up testing was performed at a median 888 days from COVID-19 diagnosis. Most participants self-reported the perceived severity of their COVID-19 illness as substantially (15%) or slightly (35%) less severe than others at both time points. The median age of participants was 42 years old at baseline testing and 41 years old at one-year follow-up, where 26 (27%) of the cohort self-identified as Hispanic or Latino/a.



At baseline assessment, the lost group to follow up was not found to significantly differ from the longitudinal cohort in age (p = 0.4), sex (p = 0.058), education status (p = 0.7), PHQ-9 score (p = 0.5), or BAI score (p = 0.3) (Table S1) upon performing Pearson’s chi-squared (sex) and Wilcoxon rank sum tests (age, education status, PHQ-9, and BAI). However, at baseline assessment, the longitudinal cohort had a significantly higher TDI score (median [IQR]: 26 [20.63, 28.63]) than the group that was lost to follow up (22.5 [19, 27]) (p = 0.034), though both groups’ medians and IQRs were within the hyposmic range. For the full study population, median (IQR) threshold score was 5 (2, 7.5), median (IQR) discrimination was 10 (8, 11), and median (IQR) identification score was 9 (7, 10) (Table S2), while the median (IQR) threshold, discrimination, and identification scores were 5.75 (2.25, 7.56), 10 (8, 11.25), and 9 (8, 11), respectively, for the longitudinal cohort at baseline assessment (Table S3).




3.2. Neuropsychiatric and Neurologic Symptom Prevalence at Baseline and Follow-Up


Prevalence of neuropsychiatric symptoms and neurologic conditions reported by longitudinal cohort participants, along with the rates of amelioration or worsening over time are reported in Table 2. Prevalence of symptoms for full study population at baseline is reported in Table S2. Among the longitudinal cohort at baseline testing, the range of each neuropsychiatric symptom prevalence was 23–49% of participants, with the rate of word-finding difficulty and seizures outside of this at 61% and 0%, respectively. At least one symptom was reported by 38 (79%) participants. The most prevalent symptoms were word-finding difficulty (61%) and difficulty staying focused (49%), followed by difficulty thinking clearly (39%); difficulty remembering conversations (35%); difficulty remembering object placement (34%); headache (30%); vision changes (26%); dizziness, imbalance, or vertigo (24%); numbness (24%); weakness; and seizure (0%).



At follow-up, the range of each symptom prevalence was 13–46% of participants, other than word-finding difficulty and seizures. At least one symptom was reported in 33 (76%) of all individuals following up after one year. The most prevalent symptoms at follow-up were word-finding difficulty (68%) and difficulty staying focused (46%), followed by the rest of the symptoms: difficulty thinking clearly (39%); difficulty remembering conversations (35%); headache (30%); difficulty remembering object placement (29%); dizziness or vertigo (29%); numbness (24%); weakness (21%); vision changes (13%); and seizures (0%).




3.3. Change in Neuropsychiatric and Neurologic Symptoms over Time


For all participants who followed up at one year (n = 48), the change in status for each symptom was tallied, as presented in Table 2. For most participants, the tabulated change in symptom status was “no change”, meaning most participants reported the presence or absence of each symptom at one-year follow-up as they did at baseline testing. Further, there were no neuropsychiatric or neurologic symptoms that were found to be significantly more prevalent at either time point (Table 2).




3.4. Anxiety and Depression Among Participants


Among the longitudinal cohort at baseline, 12 (29%) of participants who responded to the BAI assessment were found to have some level of clinical anxiety: mild (12%); moderate (12%); and severe (5%); at one-year follow-up, 11 (27%) of responding participants were found to have some level of clinical anxiety: mild (20%); moderate (5%); and severe (2%) (p = 0.5) (Table 3). The median (IQR) BAI scores at baseline and one-year follow-up were 4 (1, 10.5) and 4 (1, 10), respectively (p = 0.4).



At baseline testing, 19 (41%) participants in the longitudinal cohort who responded to the PHQ-9 assessment were found to have some level of clinical depression: mild (19%); moderate (11%); moderately severe (9%); and severe (2%); at one-year follow-up, 15 (38%) were found to have some level of clinical depression: mild (20%), moderate (5%), moderately severe (5%), and severe (5%) (p > 0.9) (Table 3). The median (IQR) PHQ-9 scores at baseline and follow-up were 3 (1, 8) and 3 (1, 7.5), respectively (p = 0.8).



Among the full study population, 27 (33%) participants were found to have some level of clinical anxiety at baseline, while 37 (37%) participants were found to have some level of clinical depression (Table S2). Further BAI and PHQ-9 median scores and stratification by severity for the full study population at baseline were reported in Table S2.



At baseline and follow-up assessment, TDI score was not found to correlate with BAI (  ρ   [CI] significance at respective time points: −0.041 [−0.353, 0.259], 0.8, and −0.185 [−0.488, 0.135], 0.3) or PHQ-9 (0.057 [−0.300, 0.390], 0.7, and −0.222 [−0.529, 0.133], 0.2), though TDI score for all individuals included in the study had a score ≤30.5, indicating the presence of hyposmia or anosmia (Table S4).




3.5. Neuropsychiatric Symptom Status, Anxiety, and Depression by Gender


Among the full study population, women (N = 71) reported significantly higher rates than men (N = 26) of many neuropsychiatric symptoms including difficulty remembering placement of objects (% men, % women, significance: 10%, 36%, and p = 0.021), headaches (10%, 34%, and p = 0.022), and dizziness or vertigo (13%, 35%, and p = 0.039) (Table S5). At follow-up, women (N = 32) reported a significantly higher rate of word-finding difficulty than men (N = 16) (50%, 80%, and p = 0.048). There were no significant differences between men and women on any of the other symptoms at baseline or follow-up. Further, there were no significant differences in BAI or PHQ-9 score by gender at baseline or follow-up.




3.6. Quantitative, Psychophysical Olfactory Status at Baseline and Follow-Up


At baseline, all participants had psychophysical OD as determined by Sniffin’ Sticks TDI score in accordance with the inclusion criteria of the study. At one-year follow-up (n = 48), 30 (68%) participants had persistent OD, while 18 (32%) had recovered to a level of normosmic olfactory function, represented by a TDI score > 30.5. Among the longitudinal cohort, there was significant TDI score improvement over time from a median (IQR) score of 26 (20.63, 28.63) to 28.75 (24, 33) (p < 0.001) (Table S3). In olfactory subdomains, there was significant improvement over time on a threshold from 5.75 (2.25, 7.56) to 7.75 (5.25, 10) (p = 0.002) and discrimination from 10 (8, 11.25) to 11 (10, 12) (p = 0.028). However, there was no significant difference seen in identification score between the time points (p = 0.208).





4. Discussion


This longitudinal cohort study aimed to characterize the burden of neuropsychiatric symptoms, depression, and anxiety among individuals with persistent psychophysical C19OD. While patients with olfactory deficits have an increased risk of neurologic and psychiatric disease and dysfunction [6,44,45,46], the longitudinal implications of persistent OD following sudden virally mediated smell loss remain less understood. Further, the COVID-19 pandemic introduced a large mental health burden, with many neurologic and psychiatric symptoms reported in long COVID populations [17,22,23,24,25,47,48]. We sought to examine these overlapping neuropsychiatric, olfactory, and COVID-19 relationships longitudinally in this unique, young population with persistent OD and long COVID following SARS-CoV-2 infection.



The neuropsychiatric symptom burden in the population reported here is substantial, with approximately 70% of all participants reporting at least one symptom at baseline and 76% at one-year follow-up. Word-finding difficulty and difficulty staying focused were the most prevalent symptoms at both baseline and one-year follow-up, with nearly 2/3 of longitudinal cohort participants reporting word-finding difficulty at each time point, and nearly half reporting difficulty staying focused. Most other symptoms (except seizure and vision change) were reported in approximately 20–35% of participants at both baseline and follow-up. Much of the neuropsychiatric symptom prevalence reported in this study can be attributed to women reporting significantly higher rates than men of difficulty remembering placement of objects, headaches, and dizziness or vertigo at baseline and a higher prevalence of word-finding difficulty at follow-up (Table S4). Female gender has been independently associated with long COVID [49], which may explain both the overrepresentation of women included in the study and their higher reported prevalence of neuropsychiatric and neurologic symptoms.



Importantly, most participants failed to experience a change in their symptom status between baseline and follow-up. That is, those who were not experiencing the symptom initially were unlikely to develop the symptom later, while those who were experiencing the symptom at baseline were unlikely to experience recovery. In this study, the median time for follow-up evaluation was 888 days after an initial COVID diagnosis, representing a striking persistence for these neuropsychiatric and neurologic symptoms nearly 2.5 years following illness.



Many of these symptoms can be characterized as features of “brain fog”, a term often used by patients to describe a perception of cognitive impairment. This description typically conveys a variety of symptoms, including concentration difficulty, confusion, cognitive slowing, forgetfulness, word-finding difficulty, short-term memory loss, and mental fatigue, and is especially relevant in the context of long COVID [50,51,52]. The World Health Organization (WHO) defines brain fog as a ‘clouding of consciousness’ and recognizes its significance in long COVID [53]. A large meta-analysis found the prevalence of brain fog to be 23% among long COVID patients, using reports of concentration difficulties, irritability, memory loss, and/or confusion to describe the phenomenon [52]. The two most prevalent symptoms described in our C19OD population, word-finding difficulty and difficulty staying focused, are classic presentations of brain fog and found in approximately 1/2 to 2/3 of our study population.



Word-finding difficulty is a symptom that may reflect primary language deficits or may emerge secondarily to deficits in other cognitive domains, and occurs in a variety of neuropsychiatric disorders, including dementias and mood disorders [54]. It is often associated with the left posterior temporal regions of the brain [55,56]. Meanwhile, difficulty staying focused or concentration difficulty can be described as part of the attention domain of cognition with executive functioning components [57]. Other cognitive domains implicated by the prevalent symptoms reported by patients here include memory (remembering placement of objects and conversations) and executive function (difficulty thinking clearly). Many of these domains, particularly memory, executive function, and concentration/attention are associated with the prefrontal cortex [58], an area also heavily implicated in olfaction [4], providing a potential structural basis for the reported functional deficits in this C19OD population [42].



The prevalence of anxiety and depression in long COVID patients is equivalent for both disorders at 23%, according to a large meta-analysis of more than 7.7 million and 9.3 million patients, respectively [47]. In the long COVID population reported herein, exclusively of individuals with psychophysical OD, 29% of participants at baseline, and 27% at follow-up were found to have some level of anxiety, while 40% of participants at baseline and 38% at follow-up were found to have some level of depression (Table 3). It can be difficult to compare these values considering the wide varieties of neuropsychiatric screening and assessment tools utilized across the meta-analysis and this study. However, among the long COVID population, notably those with C19OD as included in our study, many experience high rates of depressive and anxious symptoms that appear to persist well beyond the onset of the original illness.



Importantly, the prevalence of anxiety and depression in the general adult population just before the COVID-19 pandemic was 8.2% and 6.6%, respectively, as assessed by positive screens on the PHQ-2 and GAD-7, according to the 2019 U.S. Census Bureau [59]. It can be difficult to differentiate the origin of the increased burden of anxiety and depression, given the competing biological, psychological, and social forces of the mental health crisis during and following the pandemic. It is perhaps most useful to adopt a biopsychosocial approach in interpreting these results. Unique social stresses of the pandemic, combined with psychological distress and isolation, contributed to the increased prevalence of anxiety and depression. While the initial spike in anxiety and depression found in the general population at the beginning of the pandemic eventually tapered [26], this resolution does not appear to occur among those with C19OD and long COVID.



Despite a significant improvement in TDI score over time, particularly within the threshold and discrimination domains (Table S5), the majority of participants were still experiencing psychophysical OD at follow-up assessment. The lack of significant correlation between TDI and PHQ-9 or BAI score (Table S3) suggests that severity of OD likely does not meaningfully modify the existing relationship between OD and neuropsychiatric disease in the C19OD population. This is further supported by the persistence of PHQ-9 and BAI score over time despite some improvement in TDI score (Table 3). Therefore, it is likely that the presence of COVID-related OD alone, regardless of severity, has a meaningful impact on neuropsychiatric symptom development and mental health.



C19OD continues to pose a large public health concern. Moving forward, it is important to engage health professionals across primary care, otolaryngology, neurology, and psychiatry to mitigate the risks and severity of these symptoms while working towards interdisciplinary interventions and solutions. Prior research from our group found that among patients with C19OD, approach and engagement coping mechanisms have the potential to improve depression, while avoidant and disengagement coping mechanisms are associated with worse mental health and quality of life outcomes in this population [60]. A variety of integrated approaches have been used to address different elements of patient health and quality of life, including pharmacologic treatment and dietary behavior counseling in an attempt to curtail long COVID neuropsychiatric challenges and patient mental health [61]. Further, olfactory enrichment, commonly referred to as olfactory training, may contribute to the improvement of C19OD and thus ameliorate associated depressive symptoms [62]. Taken together, these offer several mechanisms for lessening the burden of mental health disturbances in C19OD.



This study has several strengths, including (1) validated measures for assessing anxious and depressive symptoms; (2) validated psychophysical olfactory assessment using the extended Sniffin’ Sticks battery to encompass several smell modalities in one TDI score; (3) using TDI scores for determination of olfactory dysfunction status as many other studies rely on self-report; (4) longitudinal assessment of the relationship between neuropsychiatric symptoms and disorders and psychophysical olfactory dysfunction; and (5) young mean age of 42, minimizing the risk for confounding by age-related neuropsychiatric and/or olfactory decline.



Our study also has limitations. We rely on the BAI and PHQ-9 instruments, which are validated screening tools for anxiety and depression, but lack the capability of conferring a confirmatory neuropsychiatric clinical diagnosis. While our overall study group is comprised of 97 individuals who were eligible for inclusion following a time-consuming psychophysical olfactory testing battery, subgroup analyses were limited by small participant numbers, further exacerbated by the lack of availability of all participants at the one-year follow-up. To mitigate potential biases that loss to follow-up may have introduced, we completed an analysis comparing baseline results of various demographic factors and outcomes relevant to our study with participants stratified by follow-up status (Table S1). We found that the groups had no significant differences in age, sex, education status, PHQ-9, or BAI score at baseline, though the longitudinal cohort did have higher baseline TDI scores than the group that was lost to follow-up. Both groups had TDI score medians within the hyposmic range, consistent with typical OD presentation in C19OD [17]. Since those who were lost to follow up were similar to those who returned for both assessments, we concluded that the results obtained by paired analyses reported throughout this manuscript for the longitudinal cohort are likely representative of our full study population. We also report the baseline results for all outcomes of interest for the full study population (N = 97) in Table S2, as the overall prevalence for neuropsychiatric symptoms, anxiety, and depression, is a primary aim of this study. While this study was a prospective longitudinal study primarily aimed at quantifying the prevalence of neuropsychiatric symptom and disease burden within a population, it would have been ideal to have a normative non-COVID control group to follow longitudinally. This was not possible given the study design, available resources, and difficulty in confirming lack of SARS-CoV-2 exposure. While not a perfect comparison given varying methodologies and study designs, our discussion of the reported prevalence of anxiety and depression in the long COVID population (with or without OD) [47] and normative pre-COVID adult prevalence of anxiety and depression [59] provides important context to the findings reported in this study. Lastly, while comprehensive Sniffin’ Sticks TDI evaluation is a common and validated way to assess a patient’s sense of smell against a normative sample, it does not always reflect an individual’s lived experience [63].




5. Conclusions


Patients with psychophysically verified C19OD are seemingly at elevated risk for developing neuropsychiatric symptoms, anxiety, and depression. Word-finding difficulty and difficulty staying focused are among the most commonly reported symptoms in this population, with women reporting many symptoms at higher rates than men. These neurologic and psychiatric sequelae remain persistent with repeated longitudinal assessment, even at nearly 2.5 years following initial COVID-19 diagnosis, suggesting the pervasive and ongoing mental health burden in the C19OD population. Further, these symptoms are persistent regardless of relative improvement in the severity of OD. There is a need for further rigorous longitudinal assessment in the long COVID population to continue characterizing neuropsychiatric post-acute sequelae of COVID-19 and persistent olfactory dysfunction extending beyond 2–3 years following diagnosis.
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Table 1. Demographics and descriptive statistics.






Table 1. Demographics and descriptive statistics.










	
	Full Study Population,

N = 97 1
	Longitudinal Cohort,

N = 48 1





	Age, median (IQR)
	42 (33, 58)
	41 (33, 56)



	Time from COVID-19 diagnosis
	
	



	Baseline, median days (IQR)
	466 (22, 643)
	490 (299, 613)



	Follow-up, median days (IQR)
	--
	888 (732, 1010)



	Gender
	
	



	Women
	71 (73%)
	32 (67%)



	Men
	26 (27%)
	16 (33%)



	Ever Smoked
	18 (19%)
	9 (19%)



	Not reported or unsure
	1
	0



	Active smoking
	
	



	Daily
	0 (0%)
	0 (0%)



	Less than daily
	2 (2%)
	1 (2%)



	None
	93 (96%)
	46 (96%)



	Not reported
	2 (2%)
	1 (2%)



	Ethnicity
	
	



	Hispanic or Latino/a
	26 (27%)
	12 (25%)



	Not Hispanic or Latino/a
	67 (69%)
	35 (73%)



	Prefer not to respond
	4 (4%)
	1 (2%)



	Severity of COVID-19 illness
	
	



	Slightly less severe
	34 (35%)
	16 (33%)



	Substantially less severe
	15 (15%)
	9 (19%)



	About the same as others
	15 (15%)
	11 (23%)



	Slightly more severe
	18 (19%)
	7 (15%)



	Substantially more severe
	6 (6%)
	2 (4%)



	Not reported
	9 (9%)
	3 (6%)







1 n (%).













 





Table 2. Neuropsychiatric and neurologic symptom prevalence and evolution over longitudinal assessment among participants who completed assessment at both time points (N = 48).






Table 2. Neuropsychiatric and neurologic symptom prevalence and evolution over longitudinal assessment among participants who completed assessment at both time points (N = 48).





	
Neuropsychiatric Symptom

	
Baseline 1*

	
One-Year 1*

	
p-Value 2

	
No Change

at Follow-Up 1

	
Symptom Improved 1

	
Symptom Worsened 1






	
Since your COVID illness, do you now have more difficulty…

	

	

	

	

	

	




	
Remembering conversations a few days later?

	

	

	

	
26 (65%)

	
7 (18%)

	
7 (18%)




	
Yes

	
14 (35%)

	
14 (35%)

	
>0.9

	

	

	




	
No

	
26 (65%)

	
26 (65%)

	

	

	




	
Remembering placement of familiar objects?

	

	

	

	
28 (74%)

	
4 (11%)

	
6 (16%)




	
Yes

	
13 (34%)

	
11 (29%)

	
0.75

	

	

	




	
No

	
25 (66%)

	
27 (71%)

	

	

	




	
Finding the right words when speaking?

	

	

	

	
29 (76%)

	
6 (16%)

	
3 (8%)




	
Yes

	
23 (61%)

	
26 (68%)

	
0.51

	

	

	




	
No

	
15 (39%)

	
12 (32%)

	

	

	




	
Thinking clearly?

	

	

	

	
32 (84%)

	
3 (8%)

	
3 (8%)




	
Yes

	
15 (39%)

	
15 (39%)

	
>0.9

	

	

	




	
No

	
23 (61%)

	
23 (61%)

	

	

	




	
Staying Focused?

	

	

	

	
28 (76%)

	
4 (11%)

	
5 (14%)




	
Yes

	
18 (49%)

	
17 (46%)

	
>0.9

	

	

	




	
No

	
19 (51%)

	
20 (54%)

	

	

	




	
Since your COVID illness, have you

experienced…

	

	

	

	

	

	




	
New or more frequent/severe headaches?

	

	

	

	
28 (70%)

	
6 (15%)

	
6 (15%)




	
Yes

	
12 (30%)

	
12 (30%)

	
>0.9

	

	

	




	
No

	
28 (70%)

	
28 (70%)

	

	

	




	
Weakness in one or more parts of your body?

	

	

	

	
32 (82%)

	
3 (8%)

	
4 (10%)




	
Yes

	
9 (23%)

	
8 (21%)

	
>0.9

	

	

	




	
No

	
30 (77%)

	
31 (79%)

	

	

	




	
Numbness or tingling?

	

	

	

	
35 (85%)

	
3 (7%)

	
3 (7%)




	
Yes

	
10 (24%)

	
10 (24%)

	
>0.9

	

	

	




	
No

	
31 (76%)

	
31 (76%)

	

	

	




	
Changes in vision?

	

	

	

	
32 (82%)

	
1 (3%)

	
6 (15%)




	
Yes

	
10 (26%)

	
5 (13%)

	
0.13

	

	

	




	
No

	
29 (74%)

	
34 (87%)

	

	

	




	
Sense of dizziness, imbalance, or vertigo?

	

	

	

	
37 (90%)

	
3 (7%)

	
1 (2%)




	
Yes

	
10 (24%)

	
12 (29%)

	
0.63

	

	

	




	
No

	
31 (76%)

	
29 (71%)

	

	

	




	
Seizures?

	

	

	

	
41 (100%)

	
0

	
0




	
Yes

	
0 (0%)

	
0 (0%)

	
>0.9

	

	

	




	
No

	
41 (100%)

	
41 (100%)

	

	

	








1 n (%). 2 McNemar Test. * total participants reported for each symptom will not equate to 48 due to some participants choosing: (1) to not reply; or (2) “unsure”.













 





Table 3. Prevalence and longitudinal evolution of anxiety and depression stratified by severity and median BAI and PHQ-9 scores among participants who completed both baseline and follow-up assessment.
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	Baseline 1
	One-Year 1
	p-Value 2





	Beck Anxiety Inventory (BAI)
	
	
	0.48



	No anxiety
	31 (72%)
	30 (73%)
	



	Mild anxiety
	5 (12%)
	8 (20%)
	



	Moderate anxiety
	5 (12%)
	2 (5%)
	



	Severe anxiety
	2 (5%)
	1 (2%)
	



	No response
	15
	7
	



	PHQ-9
	
	
	0.97



	No depression
	28 (60%)
	25 (63%)
	



	Mild depression
	9 (19%)
	8 (20%)
	



	Moderate depression
	5 (11%)
	3 (8%)
	



	Moderately severe depression
	4 (9%)
	2 (5%)
	



	Severe depression
	1 (2%)
	2 (5%)
	



	No response
	6
	8
	



	Overall Median (IQR) Scores
	
	
	



	BAI
	4 (1, 10.5)
	4 (1, 10)
	0.37



	PHQ-9
	3 (1, 8)
	3 (1, 7.5)
	0.75







1 n (%); median (IQR). 2 Wilcoxon signed rank test.
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