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Abstract: Background/Objectives: Post-COVID syndrome (PCS) has emerged as a significant public
health concern, is characterized by persistent symptoms following SARS-CoV-2 infection. Cognitive
impairment is a common sequela, particularly among older adults. This study aimed at investigating
the association between olfactory dysfunction, and nutritional status, to the presence of cognitive
impairment in individuals with PCS. Methods: We underwent a cross-sectional study among older
adults hospitalized at a geriatric care unit. Olfactory function was assessed using the Sniffin” Stick
Test. Cognitive impairment was evaluated by the Mini-Mental State Examination, and nutritional
status was assessed with the Mini Nutritional Assessment. Statistical analyses included linear
regression. Results: A total of 45 patients with PCS were included. Cognitive impairment was
observed in 66.7% of participants and was significantly associated with olfactory dysfunction, no
direct association was found with nutritional status. Conclusions: Olfactory dysfunction is a
potential biomarker for cognitive impairment in older adults with PCS. Nutritional status emerged
as a crucial factor influencing olfactory dysfunction. Further research is needed to elucidate the
underlying mechanisms and develop targeted interventions to mitigate cognitive decline in this
vulnerable population.

Keywords: olfactory capacity; nutritional risk; mini nutritional assessment; cognitive impairment;
post-COVID syndrome; older adults

1. Introduction

One of the most distinctive symptoms of SARS-CoV2 infection is the loss in olfactory capacity
or anosmia, affecting 85 to 98% of infected individuals [1-5]. This sign is also a common finding
during post-COVID Syndrome (PCS) [6].

Post-COVID syndrome (PCS) has emerged as a prevalent condition, defined by the persistence
in symptoms after the acute confirmed infection with SARS-CoV-2 for at least 3 months as a
continuous, relapsing/remitting, or progressive disease state [7]; it is considered a systemic condition
[8], with an incidence and prevalence of 50% and 45% respectively [8,9]. Common signs and
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symptoms include fatigue, loss of memory, cognitive impairment, difficulty breathing, thoracic pain,
anosmia, ageusia, arthralgias, myalgias and functional impairment [10].

In older adults (OA), the prevalence of olfactory disturbances during PCS has been estimated in
9.3% [11], OA are a vulnerable population for the development of complications associated to PCS,
due to defects in immune response, typically associated to a high prevalence in cardiorenal metabolic,
and geriatric comorbidities [2,7,12,13], as a result, OA have increased risk for cognitive decline [14]
and malnutrition [15,16] .

The development of cognitive impairment is of special interest in OA, since it has been a
common neuropsychiatric consequence of COVID infection [17,18], believed to appear as result of
increased permeability in the encephalic barrier and irreversible neuronal damage [19], with
deterioration in memory function, microvascular endothelial dysfunction, the presence of
inflammatory metabolites and beta-amyloid within the brain [20]. During PCS the development of
cognitive impairment is not entirely clear, and the presence of additional risk factors such as nutrition
imbalances in OA [21] needs to be addressed. In general, the study of the PCS in OA has been scarcely
explored in the literature [22]. To fill this gap in knowledge, we underwent a cross-sectional study
with the purpose of investigating the contribution of PCS and associated symptoms, especially
anosmia and their nutritional status, to the presence of cognitive impairment in a cohort of OA
hospitalized patients.

2. Materials and Methods
2.1. Study Participants

Participants the met the following inclusion criteria were included in the study: (1) older adults
(OA) hospitalized in the geriatric clinic of Hospital Civil Fray Antonio Alcalde, during the period
comprised between August 2023 - August 2024 (2) a confirmed positive test and diagnosis of COVID-
19 at least 3 months before the inclusion in our study, and (3) a diagnosis of post-COVID syndrome.

OA were excluded if they had a psychiatric condition such as bipolar disorder, schizophrenia, a
neurological diagnosis of dementia or an important cognitive impairment to answer questionnaires
or impeded to stablish study measurements.

The study protocol was designed according to the STROBE [23] and RECORD guidelines for
observational studies [16] and submitted for IRB approval before patient recruitment. The study was
conducted according to the Declaration of Helsinki [24].

Participants willingly accepted to participate in our study, after signature of the informed
consent.

2.2. Study Design

This was a cross-sectional study, performed in the geriatric clinic of “Hospital Civil Fray Antonio
Alcalde”, at Guadalajara, Jal. México. For all participants, data were collected immediately after
hospital admission.

2.3. Study Measurements

2.3.1. Demographic and Clinical Variables

Demographic and clinical information related to COVID-19 infection and post-Covid syndrome
was obtained by an interview guided with a pre-design questionnaire that included the clinical
history. Additionally, the information was confirmed by reviewing electronic institutional charts.

2.3.2. Olfactory Functions

To measure olfactory function in our patients, we used the Sniffin” Stick Test II, which has been
previously validated for this purpose [13]. The capacity for odor identification was evaluated using
12 common odors; the identification of <9 odors was defined as functional hyposmia and <6 as
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anosmia. In each participant, olfactory tests, nutritional status, and cognitive abilities were performed
during the same session in a well-ventilated room. First, we evaluated olfactory function, then
cognitive abilities, and finally nutritional status.

2.3.3. Evaluation of Cognitive Function

Cognitive function was assessed by applying standardized Folstein Mini-Mental State
Examination (MMSE) [4]. Domains evaluated by this test include orientation, memory, attention and
executive function. Scores ranged from 0 to 30, with lower scores indicating increasing severity of
cognitive impairment. Subjects with cognitive impairment had scores between 0 and 18 and
individuals who scored 19-24 were considered at risk for cognitive impairment.

2.3.4. Nutritional Assessment

Measurements were obtained by a certified geriatric nutritionist, and included, the Mini
Nutritional Assessment (MNA®), which has been validated for OA [12]. The MNA includes
anthropometric measurements, a global assessment, a dietary questionnaire and a subjective
assessment. According to the developers’ instructions, the MNA administration utilizes a two-step
approach: screening and a global assessment. Subsequently, based on the MNA total score, patients
are classified as ““malnourished”” (score <17), ““at risk of malnutrition” (scores 17.5 - 23.5) or as having
a ““normal nutritional status” (score >24). The ““global assessment step” of the MNA should only be
administered to patients not reaching the screening threshold. Additionally, other measurements
were added to the nutritional status including height, weight, mid-arm circumference (MAC) and
calf circumference (CC). Weight was measured in kilograms, with participants standing up, using a
Tanita BC-558 Ironman scale. Height was measured in centimeters with participants placed under
the stadiometer, head facing forward, without shoes, and feet together, using a Seca 213 portable
stadiometer. Calf circumference CC was measured in centimeters with Lufkin anthropometric tape,
at the point where the calf acquires greater volume between the ankle and knee. The mid-arm
circumference (MAC) was measured in centimeters with Lufkin’s anthropometric tape, performed
on the arm bent in a 90° position and with a tape measure at the midpoint between the bony points
of the acromion and olecranon.

2.3.5. Statistical Analysis

Categorical variables were presented as frequencies and percentages; continuous variables were
expressed as mean * standard deviation (SD). Inferences for categorical variables were established
with the chi squared test. For continuous dependent variables we used single and multiple linear
regression models, to establish the association of risk factors for cognitive impairment in post-COVID
Syndrome. A p value of <0.05 was considered significant, we used the software STATA 17 for
calculations.

3. Results

A total of 90 patients were hospitalized in our clinic, main reasons being: upper respiratory tract
affection (38%), cerebrovascular or neurological affections (29%), general malaise/fever of unknown
origin (15%), GI tract affection/dehydration (13%), and anemia or cardiometabolic alterations (4%).

For all hospitalized patients, eligibility was assessed, subjects that met the inclusion criteria were
invited to participate in the study (Figure 1). his section may be divided by subheadings. It should
provide a concise and precise description of the experimental results, their interpretation, as well as
the experimental conclusions that can be drawn.
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Elegible patients with post-COVID syndromte (PCS) that attended the
Geriatric Clinic from August 2023 to August 2024 (n =90)

Exluded (n=45)
Psychiatric disorders (n=18)
Dementia (n=23)
Elegible but declined
participation (n=4)

4

Included participants with PCS
(n=45)

No risk for CI
(n=15)

Risk for Cl or CI
(n=30)

Figure 1. Study Flow Diagram. CI cognitive impairment.

The sociodemographic characteristics of OA are described in Table 1, divided by the presence of
risk for cognitive impairment or cognitive impairment (MMSE < 24); overall, the studied population
had a mean age of 75.9 + 6.4 years old, and 51.1% were female. The more frequent comorbidities
included hypertension in 55.6%, Type 2 Diabetes (T2D) in 40%, chronic obstructive pulmonary
disease (COPD) in 35.6% and chronic kidney disease (CKD) in 22.2%; more than 50% of the studied
population had more than 3 comorbidities at the time of the assessment.

With respect to COVID infection, up to 53.3% required hospitalization during the acute phase of
the disease, with a median (ICR) of 5 (0-15) hospital days. Therapy with supplementary oxygen was
required by 75.5% and 4% assisted mechanical ventilation.

In the post-COVID stage, 77.8% were unable to wean off supplemental oxygen, 86% presented
anosmia, 91.1% fatigue, 55.5% ageusia, 73.3% memory problems, and 77.7% insomnia. The average
duration of these symptoms was 99.48 + 128.15 days.

With respect to nutritional risk, a total of 23 patients (51 %) were in the normal/risk group, and
22 (49 %) had malnutrition. Compared to those with a normal/risk nutritional status, those with
malnutrition had significantly lower weight (57.0 vs. 73.2 kg), a lower BMI (21.3 vs. 28.1), smaller calf
circumference (26.9 vs. 34.0), mid-arm circumference (23.4 vs. 28.8), and a lower MNA score (14.5 vs.
22.4) (p for all < 0.05). The malnutrition group also had a higher frequency of diabetes (22.7% vs.
56.5%).

Table 1. Demographic characteristics of older adults (OS) with Post-COVID syndrome (PCS) divided by the

presence of cognitive impairment.

Parameter Mean (SD) P value
No risk for CI Risk for CI or CI
(n=15) (n=30)
Age, y 75.6 (5.9) 75.9 (6.7) 0.862
Males, No. (%) 9 (60) 13 (43.3) 0.292
Weight, Kg 60.8 (18.4) 67.6 (13.7) 0.169
Height, mt 1.6 (0.09) 1.6 (0.9) 0.212
BMI 23.2 (18.1-26.07) 26.82 (21.8-31.2) 0.057
CC 29.09 (25.7-32.5) 31.45 (28.4-35.0) 0.109
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MAC 26.72 (21.3-34) 28.21 (24-30.7) 0.295
Obesity, No. (%) 5(33.3) 17 (56.7) 0.140
Risk Factors, No. (%)
Basic education, 13 (86.6) 20 (66.6) 0.312
Diabetes 5(33.3) 13 (43.3) 0.519
Hypertension 8(53.3) 17 (56.7) 0.832
Kidney Disease 3 (20) 7 (23.3) 0.800
COPD 5(33.3) 11 (36.7) 0.826
>3 comorbilities 8 (53.3) 18 (60) 0.670
Smoker 2 (13.3) 4 (13.3) 1.000
Ex Smoker 4 (26.7) 7 (23.3) 0.806
COVID Symptoms, No. (%)
Anosmia 13 (86) 26 (86) 1.000
Ageusia 9 (60) 16 (53.3) 0.671
Fatigue 15 (100) 26 (86.7) 0.138
Memory Problems 6 (40) 27 (90) <0.001*
Insomnia 12 (80) 23 (76.7) 0.800
COVID Severity, No. (%)
Hospitalization 9 (60) 15 (50) 0.526
Suplementary 02 12 (80) 22 (76.6) 0.920
Intubation 1(6.7) 1(3.3) 0.920
Hospital stays days median (ICR) 8 (0-60) 4 (0-15) 0.252
Reinfection COVID 1(6.7) 2 (6.7) 1.000
Post-COVID Syndrome 6 (40) 15 (50) 0.526
Tests, Median (ICR)
MNA 15.7 (12-17) 20.0 (16.5-24) 0.004*
MMSE 26 (25-29) 19 (15-22) <0.001*
SNIFFIN TEST 9 (7-10) 8 (5-10) 0.5124

BMI: Body mass index; CC: calf circumference; MAC: Mean arm circumference; COPD: Chronic Obstructive
Pulmonary Disease MNA: Mini-Nutritional Assessment MMSE: Mini-Mental State Examination, ICR

interquartile range.

We then evaluated coefficients of variation for cognitive decline, measured by the MMSE, per
individual variables and 95% CI (Table 2), where a significant association was identified with the
sniffing test. Other variables previously described to contribute to cognitive impairment were non-
significant. To further explore this significant association with cognitive decline we tested a
multivariable model to adjust the previous observed significant association, variables included in the
model were selected after single regression coefficients were analyzed and on their biological role for
cognitive impairment; after the analysis of this model (p=0.0451), loss of functional olfactory capacity
with the sniffing test remains as the single variable with significant contribution to a DC.

Table 2. Coefficients of variation in univariate and multivariate analysis for risk in cognitive decline, assessed

with mini mental state examination (MMSE).

Variable Coefficient R? P (95% CI)
Sniffing Test 0.701 0.137 0.012* 0.161 - 1.242
MNA -0.194 0.030 0.254 -0.531-0.144
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BMI -0.061 0.006 0.606 -0.299-0.176
Obesity -0.830 0.007 0.600 -3.994 - 2.334
Age, yr -0.150 0.033 0.229 -0.397 - 0.098
Male 1.660 0.0259 0.291 -1.473 -4.793
Days with PCS -0.005 0.043 0.171 -0.014 - 0.002
COVID reinfection -0.714 0.0012 0.822 -7.072 - 5.643
Multivariate model

Sniffing Test 0.738 0.212 0.028* 0.081-1.39
MNA -0.293 data 0.077 -0.620 - 0.032
Age, yr -0.04 data 0.784 -0.293 - 0.222
Days with PCS -0.002 data 0.680 -0.010 - 0.007

BMI: Body Mass Index, PCS: Post-COVID Syndrome, MNA Mini Nutritional Assessment.

With respect to olfactory capacity, 53.3% of the population included in our study had hyposmia
and 33.3% had anosmia. We found that the olfactory capacity, assessed by the sniffing test, had a
positive correlation with MMSE (p = 0.012) (Figure 2), and a negative correlation with increased age
(p =0.005) and the number of days with PCS (p = 0.018).
Interestingly, the sniffing test was not significantly associated with MNA, but it showed a
significant association with CC, MAC, BM], and obesity (Table 3).

15

10

Sniffing Test Resuit

5

10

10

20 25
MNA

Coefficient -0.133 (p = 0.135)

30

35.00

40

Snifling Test Result
10
10

5

5 80 85 600 800
Age

30 35 40 400
MAG Days with PCS

Coefficient 0.229 (p = 0.001)

Coeficient -0.178 ( p = 0.005)

Coofficiant - 0.005 (p = 0.018) |

Figure 2. Fitted Graphs for regressions between sniffing test and continues variables related to nutritional status,
age and days with post-COVID syndrome (PCS). MNA mini nutritional assessment, BMI body mass index, CC

calf circumference, and MAC mid-arm circumference.

Table 3. Coefficients of variation in univariate analysis for altered sense of smell, assessed with mini nutritional
assessment (MNA).

© 2025 by the author(s)

Variable Coefficient R? p (95% CI)

MNA 0.133 0.051 0.135 -0.043 - 0.309
BMI 0.142 0.120 0.020* 0.024 - 0.261
Obesity 1.895 0.121 0.019* 0.322 - 3.468
CC 0.272 0.212 0.001* 0.111 - 0.435
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MAC 0.229 0.238 0.001* 0.103 - 0.356
Age, yr -0.178 0.168 0.005* -0.299 - 0.056-
Male -0.773 0.020 0.353 -2.433 - 0.888
Days with PCS -0.005 0.123 0.018* -0.009 —-0.001
COVID reinfection -1.381 0.016 0.408 -4.716 — 1.954

MNA Mini Nutritional Assessment, BMI Body Mass Index, CC Calf Circumference, MAC Middle Arm
Circumference, PCS Post-COVID Syndrome.

4. Discussion

In this cohort of OA with Post-COVID syndrome, decline in olfactory capacity was common,
this complication was associated to cognitive impairment and nutritional status. Both associations
maintain a gradient of severity, as the olfactory capacity worsens, the cognitive state declines assessed
by the MMSE. Of notice a decline in the sniffing test was associated with several measurements of
the nutritional state such as BMI, CC and MAC but not with the MNA test. Which might reflect some
important considerations for the routine use of MNA in the hospital setting, where other
measurements or tools could be more useful, such as the BMI, CC, and MAC for isolated
measurements and the NRS-2002, MUST and SGA as tools to evaluate nutritional status in
hospitalized OA [25]. MNA test has been very useful in identifying the risk for malnourishment but
does not consider other abnormalities such as obesity or overweight which have been important
factors associated to COVID infection [26].

Cognitive impairment was identified in more than two-thirds of older adults in our study. In
previous studies, persistent inflammation during post-COVID syndrome has been associated with
fatigue, cognitive decline, and behavioral disorders [11,27,28].

We observed a significant association between reduced olfactory function and cognitive decline.
This event may be bidirectional and can be explained by the pathophysiological mechanism of
immune hyperactivation, neuroinflammation, direct viral encephalitis, blood-brain barrier integrity
damage, hypoxia, and cerebrovascular disease [15], leading to multiorgan impairment, as expressed
in the scores evaluating both tests. In a meta-analysis performed by Ceban et al., brain
neurodegeneration was observed in COVID-19 patients, with microvascular damage and metabolic
alterations such as hypometabolism in the dorsolateral prefrontal cortex [11].

In our study, another important factor for cognitive decline was increased age; aging plays a
fundamental role in olfactory capacity, reaching its peak at age 40 and progressively declining. The
risk of olfactory dysfunction increases with age [22]. Other previous studies have shown similar
results to our univariate linear regression analysis, showing that, as age increases, olfactory capacity
decreases [3].

In the Muccioli et al. study, brain magnetic resonance imaging examined the integrity of the
olfactory system and the neuropsychological profile in patients with persistent olfactory dysfunction
related to COVID-19 infection and healthy controls. There was a correlation between alterations in
the olfactory network and the severity of olfactory dysfunction and neuropsychological tests, without
morphological changes. However, no evidence in this study suggested neurodegeneration in patients
with PCS [29].

Another study evaluated the sense of smell in 4,214 older adults along with tests of plasma
amyloid-beta Ap42, plasma amyloid-beta AP40, total tau protein, and neurofilament light chain
(NfL). An association was found between olfactory impairment and increased risk of cognitive
decline. Anosmia was significantly associated with higher total plasma NfL and tau concentrations,
smaller hippocampal cortex volumes, and reduced cortical thickness [14]. Our study did not measure
these plasma concentrations.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.0773.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 June 2025

d0i:10.20944/preprints202506.0773.v1

8 of 12

The sense of smell is essential for physiology and homeostasis, that has evolved over time; it
stimulates appetite, promotes food intake, protects from poisoning, and is associated with better
quality of life [15,30]. SARS-CoV-2 infection specifically reduces olfactory capacity through multiple
pathways, including endothelial dysfunction, autoimmunity, latent viral reactivation,
hyperinflammation, and autonomic nervous system dysfunction [31] (Figure 3). As olfactory capacity
decreases, the risk of malnutrition increases [32].

Covid Infection & Olfactory

i Brain . .
. @ Olfactory Epithelium Capacﬂy (Anosm Ia)
.. ® ‘_ @ Vascular Mechanism
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&i‘fgmes Endothelial / Neuronal Damage and
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f : = \‘ 1. Direct Infection in the Olfactory
@ = i Epithelium: impending odorant access
Diseet = ' IL-6, TNFa }to the sensory epithelium and
Infection of | g;rle‘;n O Bone (o preventing the binding of the odorants
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Figure 3. Theories for chemosensory deficit after COVID infection. This figure was created in

https://BioRender.com.

In our study, more than two-thirds of patients had hyposmia or anosmia, a similar finding was
previously reported to by Lechien et al. in a sample of 417 patients where 85.6% presented olfactory
alterations [33].

Anosmia is considered a common and cardinal symptom of COVID-19, particularly in the early
stages of infection, sometimes being the only symptom in an otherwise asymptomatic patient. SARS-
CoV-2 primarily targets cells expressing the angiotensin-converting enzyme 2 (ACE2) receptor,
which is abundantly present in the nasal epithelium, particularly on non-neuronal cells. Key cells
involved in the loss of olfactory function are the sustentacular cells that support the function of
olfactory neurons [34].

Currently the development of anosmia in COVID-19 is considered to have a heritable
component of up to 48% [35].

Furthermore, the direct infection of the olfactory epithelium or physical obstruction theory,
proposes impending odorant access to the sensory epithelium, preventing the binding of odorants to
olfactory receptors [36], in this theory, SARS-CoV-2 infects the sustentacular cells in the olfactory
epithelium, leading to local inflammation, edema, and cellular damage, impairing the function of
olfactory sensory neurons, which indirectly results in anosmia. The virus may also affect the olfactory
bulb, contributing to prolonged anosmia even after the acute infection resolves, which is often seen
in post-COVID Syndrome [37]. Another proposed mechanism for the generation of anosmia, involves

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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microvascular damage as SARS-CoV-2 is known to induce endothelial dysfunction [34]. In cases of
prolonged or persistent anosmia, the mechanisms may involve more severe damage to the olfactory
epithelium, prolonged inflammation, or delayed neuronal regeneration [34].

Malnutrition in OA with post-COVID syndrome is one of the most common complications. Loss
of smell may contribute to the deterioration of nutritional status [38]. Previous studies discuss
olfactory capacity and its impact on nutritional status [39,40]; however, only one recent study showed
a correlation between olfactory function and the subjective global assessment (SGA) score in patients
with chronic kidney disease. However, SGA is a tool that indirectly assesses malnutrition [41].
Nevertheless, there are multiple investigations without an association between olfactory capacity and
nutritional status [3,42—-44].

A similar study to ours evaluated the relationship between olfactory dysfunction, nutritional
status, and cognitive function. It assessed 45 geriatric patients with neurodegenerative diseases and
found that olfactory function had no association with nutritional status [45]. This cohort differs from
ours as it was conducted in 2016, before the emergence of COVID-19, making it impossible to
compare with our post-COVID patients, who present a distinct pathophysiological mechanism of
olfactory decline, as well as different management and prognosis.

The results presented in this study have limitations. The nature of this cohort does not imply
causality but rather generates hypotheses. The sample size is small, and there are multiple
confounders that are impossible to rule out with our data. We did not measure inflammatory
biomarkers, which have been associated with our objectives. The type of study in this research was
cross-sectional. However, there are multiple reports of post-COVID patients studied for 12 weeks or
more [11]. We did not determine the treatments the patients received for managing post-COVID
syndrome.

The strengths of our study lie in its population; older adults with post-COVID syndrome have
been a little-studied group despite suffering severe sequels from the complications. We evaluated,
together, the risk of malnutrition, olfactory capacity, and cognitive impairment, metrics that require
time and training by qualified personnel.

5. Conclusions

In conclusion, we observed that OA with post-COVID syndrome frequently presented a decline
in olfactory capacity with 9 out of 10 patients being affected, this complication was associated to
cognitive impairment and nutritional status. Our findings should be confirmed in larger, longer-term,
multicenter studies with measurements of inflammatory biomarkers and other comorbidities
previously associated to cognitive impairment. Furthermore, the research around post-COVID
syndrome should be enhanced to define better treatments that can help this population to resolve
their situation and prevent its participation in the development of more serious or threatening
outcomes for OA.
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