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Purpose: Olfactory dysfunction has emerged as a marker of neurodegeneration and frailty in older adults, yet its value for 
perioperative risk stratification remains underexplored. This prospective study aimed to assess the interplay between three olfactory 
modalities (Threshold, Discrimination, Identification: TDI), baseline frailty, and postoperative outcomes in older patients undergoing 
surgery.
Patients and Methods: We enrolled adults aged 65 years or older scheduled for elective aortic/lower limb vascular or orthopedic 
procedures under general anesthesia. The day before surgery, patients underwent olfactory testing using the Sniffin’ Sticks extended 
test (yielding a composite TDI score), and frailty evaluation with the Edmonton Frail Scale (EFS) and Clinical Frailty Scale. 
Postoperative moderate/severe complications or death occurring within one year were recorded. Statistical analyses included univari
able and multivariable regression adjusted for age, sex, comorbidities, and surgical parameters.
Results: From 362 screened patients, a final cohort of 209 patients (160 orthopedic, 49 vascular) was included after accounting for 
ineligibility, 42 refusals, and 6 data access exclusions. Lower olfactory performance (TDI score ≤ the 25th percentile) was identified in 
74 (35.4%) patients. Frailty (EFS ≥6/17) was present in 51 cases (24.4%). Frail patients had significantly lower TDI scores (median 
25.25 vs 28.75, p<0.001), with all three modalities independently correlated with frailty after adjustment. Within one year, 54 (25.8%) 
experienced postoperative complications and 3 (1.4%) patients died. Reduced olfaction was associated with a higher risk of post
operative morbidity/mortality (39.2% vs 20.7%, p=0.004), and this association remained significant after accounting for age and 
gender, comorbidities, surgery type, and frailty. Lower olfactory performance, but not frailty, predicted poor outcomes in vascular 
patients (odds ratio 6.34, p=0.004), while only frailty was predictive in orthopedic patients.
Conclusion: Global poorer olfaction is closely associated with frailty and may serve as a robust indicator of adverse postoperative 
outcomes in older adults, beyond conventional frailty scales.
Keywords: preoperative, olfactory dysfunction, frail, complications

Introduction
Reduced sense of smell affects one in five adults in the general population, with prevalence significantly increasing with 
age, as more than 50% of individuals over 65 are impacted.1,2 Although often overlooked clinically, olfactory dysfunc
tion is increasingly recognized as a marker of underlying neurodegeneration, nutritional deficits, cognitive decline, and 
elevated mortality risk in the aging population.3 Frailty, characterized by decreased physiological reserves and increased 
vulnerability to stressors such as surgery or acute illness, is a critical predictor of adverse postoperative outcomes in older 
adults.4,5 Its incidence and impact escalate with advancing age, and validated frailty screening instruments, such as the 
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Edmonton Frail Scale (EFS) and the Clinical Frailty Scale (CFS), have become essential for preoperative risk stratifica
tion and individualized patient management.6,7

We previously demonstrated that preoperative lower olfactory performance increases the risk of being classified as 
frail, even after adjusting for age and comorbidities.8 This suggests that olfactory testing may reflect a broader systemic 
vulnerability not captured by conventional risk factors. However, our prior research has been limited to the olfactory 
identification modality and a mixed patient cohort, leaving important questions about the prognostic utility of compre
hensive olfactory assessment in standardized surgical populations. Notably, olfactory impairment can arise from both 
peripheral and central deficits.9 Therefore, we aim to go beyond the common practice of relying solely on odor 
identification tests to gain a more complete picture of olfactory function and to overcome the limitations of single- 
modality testing, which can underestimate the overall prognostic value of smell.

In this context, the current prospective study is the first to comprehensively assess three aspects of olfactory function – 
Threshold, Discrimination, and Identification – in relation to frailty and postoperative outcomes among older adults 
undergoing orthopedic or vascular surgical procedures. By combining detailed olfactory phenotyping and established 
frailty assessments, we seek to clarify the interplay between sensory impairment, frailty status, and surgical risk, and to 
inform more nuanced perioperative risk assessment strategies for geriatric surgical patients.

Materials and Methods
Study Population and Protocol
This prospective observational study was approved by the Institutional Ethics Committee of Cliniques universitaires 
Saint-Luc, Université catholique de Louvain, Brussels, Belgium, on March 3rd, 2020. The study protocol was registered 
on https://clinicaltrials.gov/study/NCT04761458 in February 2021. This study started in March 2021 and was conducted 
at the Cliniques universitaires Saint-Luc. Written informed consent was obtained for all patients. The current study 
complies with the Declaration of Helsinki.

We enrolled patients aged 65 and older who were scheduled for two types of elective surgery under general 
anesthesia: vascular surgery including aortic or lower limb interventions, or orthopedic procedures, specifically total 
hip replacement surgery and lumbar spinal stenosis surgery. The exclusion criteria included patients with a history of 
neurological disorders (including any diagnosed dementia or cognitive impairment), psychiatric disease, severe head 
trauma, sino-nasal conditions or surgeries, and any diagnosed olfactory loss. A history of COVID-19 (>3 months) was 
not an exclusion criterion per se, but rather recorded and included as a covariate in our analyses. However, patients with 
a recent COVID-19 infection (within the last three months) were excluded. Indeed, any acute or recent upper respiratory 
tract infection can cause significant inflammation and temporary impairment in the sinonasal region. In addition, patients 
were specifically asked whether they had noticed any lasting changes or impairment in their sense of smell following 
a past COVID-19 infection. Individuals who reported a subjective residual olfactory dysfunction were excluded from 
participation. All patients underwent olfactory and frailty assessment the day before the surgery. Testing was conducted 
in the patient’s room. Two physicians were trained together specifically to administer the tests in the same exact manner. 
Both examiners always ensured a calm and uninterrupted testing session with the patients. All surgeries were performed 
under general anesthesia. The choice of anesthetic agents was left at the discretion of the anesthesiologist in charge of the 
patient.

Olfactory Function Assessment
We used the Sniffin’ Sticks extended test (Burghart Messtechnik GmbH, Wedel, Germany) to evaluate the olfactory 
function of the preoperative patients. This psychophysical test is a routinely used method and consists of three subtests 
using pen-like odor-dispensing devices.10,11 The examiner placed the sticks approximately 2 cm in front of the nostrils. 
First, the odor threshold for n-butanol was assessed using a single-staircase, three alternative forced choice procedure. 
Triplets of sticks were presented to the patients, with two non-odorant sticks and one stick impregnated with n-butanol. 
Then, odor discrimination was evaluated also with a three alternative forced choice procedure (using two sticks 
containing the same odorant and one with a distinct odorant). Odor identification was tested for 16 common odors 
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using a multiple-choice identification from lists of four descriptors each. Each subtest was scored on a maximum of 16 
points, with higher scores indicating a higher olfactory function. To quantify global olfactory function, results from the 
three subtests were put together to form a composite “TDI score” (48 points), which was the sum of the threshold score 
T (16 points), the discrimination score D (16 points), and the identification score I (16 points). The original cut-off for 
normosmia, regardless of age and sex, is defined as a TDI score > 30.5/48. We also classified the patients into two 
groups, having either a TDI, threshold, discrimination, or identification score ≤ the 25th percentile (p25) or > p25, using 
updated age- and sex- adjusted norms of the Sniffin’ Sticks.12 Lower olfactory performance was defined as a TDI score ≤ 
the 25th percentile, allowing us to capture a broader spectrum of reduced olfactory performance rather than focusing 
solely on the most severe impairments (≤ the 10th percentile).

Frailty Assessment
We used two different tests to identify the level of frailty in our study population: the Edmonton Frail Scale (EFS) and the 
Clinical Frailty Scale (CFS). Both tests were administered to every patient included in the study cohort. The EFS is 
a validated frailty screening tool consisting of a brief and user-friendly interview.13 This test explores nine domains of 
frailty: cognition, general health status, functional independence, social support, medication use, nutrition, mood, 
continence, and functional performance. The EFS has been shown to be performant in frailty stratification and has the 
advantage of being quickly and reliably performed by non-geriatricians.14 We defined frailty as scoring ≥6/17 at the EFS. 
The CFS is a fast and intuitive tool based on our clinical appreciation of the patient in front of us.15 It has a maximum 
score of 7 points, and we settled the cut-off for frailty as of the “Apparently vulnerable” category (4 points).16 In the 
majority of our analyses, we primarily chose to use the EFS for its multidimensionality, believing it to provide a more 
detailed and accurate characterization of the overall geriatric condition.

Postoperative Morbidity and Mortality
We prospectively collected postoperative data from local hospital medical records and, with patient authorization, the 
Belgian Health network, allowing for comprehensive tracking of each patient’s outcomes. We used the Clavien-Dindo 
classification to grade postoperative complications within one year after elective surgery.17 If more than one complication 
occurred in one patient, we used the highest grade for our analyses. We only collected moderate to severe complications 
(grade 2 to 4) and mortality (grade 5), and we did not consider minor complications (grade 1), as they represent minor 
deviations from the normal postoperative course that do not require specific pharmacological or procedural intervention. 
This decision was made to focus on clinically significant events and to avoid potential reporting bias associated with the 
variable documentation of these minor deviations. Given the low mortality rate, we gathered postoperative complications 
(grades 2 to 4) and mortality (grade 5) into a single “postoperative morbidity/mortality” group for our binary analyses. 
We regarded this composite group as our primary outcome for poor postoperative outcome. Additionally, we aimed to 
obtain more stratified results by categorizing patients into three groups: no or minor complications (grade 1), moderate 
complications (grade 2), severe complications and mortality (grades 3 to 5).

Covariables
We collected the following demographic and medical data: age, sex, BMI, smoking status, Charlson Comorbidity Index 
(CC Index), and duration of anesthesia (from induction of anesthesia until tracheal extubation).

Statistical Analyses
As this is a new topic with no previous research in the perioperative setting context, we based our sample size calculation 
on data from our previous study exploring preoperative olfactory dysfunction and postoperative outcomes in older 
adults.8 In that study, poor postoperative outcomes (complications and/or death) occurred in 50% of anosmic patients and 
18.8% of normosmic patients. Considering these outcome rates and the respective proportions of anosmic and normosmic 
patients, we performed the sample size calculation using G*Power 3.1 – U Düsseldorf with an alpha error of 0.05 and 
power of 0.80. The required sample size was estimated at 200 patients. To account for potential dropouts, we set the 
planned sample size at 215.
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We analyzed the data using SPSS version 29.0. We used the Kolmogorov–Smirnov test to evaluate the normality of 
the data. Continuous variables were not normally distributed and were presented as medians (interquartile range). Ordinal 
variables were reported as medians (interquartile range). Comparisons between groups of patients were realized with 
a Pearson χ2 for nominal variables and with a Mann–Whitney U-test or a Kruskal–Wallis test for continuous variables. 
We performed univariable and multivariable linear regression analyses to assess the correlation between olfactory scores 
and the EFS score. We used univariable and multivariable binary logistic regression analyses to predict postoperative 
morbidity/mortality. For regression analyses, we adjusted for potential confounding variables related to olfactory function 
(age, gender) or to the outcome variable. Any p-value < 0.05 was considered statistically significant.

Results
Study Population
We recruited 215 patients, but ultimately 209 patients were enrolled in this study (Figure 1). 74 patients (35.4%) had 
a TDI score in the 25th percentile (≤p25) and were thus considered to have lower olfactory performance, whereas the rest 
of the cohort had normal olfactory function. We compared these patients’ baseline and operative characteristics according 
to their preoperative olfactory function (Table 1). We did not find any statistically significant difference between patients 
with a higher or a lower olfactory performance.

In this surgical cohort, 160 patients were scheduled for orthopedic surgeries (total hip arthroplasty or spinal stenosis 
surgery), while 49 were scheduled for vascular surgeries (aortic or lower limb revascularization). Vascular surgery 
patients were more often classified as anosmic compared to orthopedic patients (16.3% vs 5.0%, p = 0.004), and 
conversely, orthopedic patients had a higher prevalence of normosmia (28.7% vs 14.3%). 44.9% (22/49) of the vascular 
patients had a TDI score ≤p25 compared to 32.5% (52/160) among the orthopedic subgroup (p = 0.112).

Olfaction and Frailty
51/209 patients (24.4%) and 48/209 patients (23.0%) were classified as frail according to the EFS and CFS, respectively. 
Frail patients (EFS ≥6/17) exhibited lower olfactory TDI scores compared to robust patients (25.25 [18.50–28.50] vs 
28.75 [24.25–31.50], p < 0.001), and this was also true for the threshold, discrimination, and identification scores 
measured separately (all p-values < 0.05) (Figure 2). We obtained similar results when using the CFS to assess frailty. 

Total patients included 
n = 209

Total patients screened
n = 362

Study refusal
n = 42 

Total patients recruited
n = 215

Total patients eligible
n = 257

Belgian Health network 
access not authorized

n = 6 

Figure 1 Flowchart.
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Patients with a TDI score greater than 30.5 (the original cut-off for normosmia regardless of age and sex) were frail (EFS 
score ≥6/17) in only 3.8% of the cases (2/51) compared to 31.4% (42/138) of the patients with a lower TDI score (p < 
0.001).

In univariable linear regression analyses, we found the EFS score to be significantly associated with preoperative 
olfactory TDI score (p < 0.001), threshold (p = 0.002), discrimination (p < 0.001) and identification scores (p < 0.001) 
(Table 2). After adjustment for age, sex, and Charlson Comorbidity Index, all olfactory scores remained significantly 
correlated with the EFS score (Table 3). The identification score appeared to correlate best with the EFS.

Olfaction and Postoperative Morbidity and Mortality
Within one year after surgery, 54/209 (25.8%) patients developed a postoperative complication, and 3 (1.4%) patients 
died. 39.2% of the patients with a TDI score ≤p25 suffered from postoperative morbidity/mortality, against only 20.7% of 
the patients with a higher olfactory performance (p = 0.004). The results are shown in Figure 3. When postoperative 
complications were stratified by severity, a significant association with preoperative olfactory performance was observed. 
The incidence of severe complications (Clavien-Dindo grades 3 to 5) was substantially higher among patients with lower 
olfactory performance compared to those with higher olfactory function (respectively 24.3% (18/74) vs 9.6% (13/135), 
p = 0.008). Grade 2 complications followed a similar, though less pronounced, pattern (14.9% vs 11.1%). Among the 
patients who experienced severe complications, 58.1% belonged to the lower olfactory performance group. On the other 
hand, when we separately analyzed normosmic patients (TDI score > 30.5), we noticed that only 13.2% of these patients 
(7/57) would develop postoperative morbidity/mortality compared to the rest of the cohort (p = 0.008). In contrast, the 
incidence was 30.7% (43/140) in the hyposmic population (ie, a TDI score ≤ 30.5 and ≥ 16.5) and 43.8% (7/16) among 
the anosmics (ie, a TDI score < 16.5).

We performed logistic regression models predicting one-year postoperative morbidity/mortality in our cohort 
according to preoperative olfactory function (Table 4 and Table 5). All three modalities of olfactory function were 
significantly linked to postoperative outcome; higher scores corresponded to lower chances of experiencing poor 
postoperative outcome. We constructed four different multivariable regression models accounting for potential con
founding covariables. Model 1 accounted for age and sex, given their relationship with olfactory scores. Adjusting for 
comorbidities (Model 2), or for type and duration of surgery (Model 3) had a negligible effect on the relationship 

Table 1 Baseline and Operative Characteristics According to Preoperative Olfactory 
Function

Characteristics TDI score ≤p25 
n = 74

TDI score >p25 
n = 135

P-value

Age, year 72 [69–78] 74 [70–78] 0.092

Female, n (%) 37 (50.0%) 78 (57.8%) 0.280
Body mass index, kg.m−2 27.3 [23.4–32.6] 26.9 [23.6–30.5] 0.356

Smoking status

Present smoker 13 (17.6%) 17 (12.6%) 0.330
Former smoker 27 (36.5%) 42 (31.1%)

Non-smoker 34 (45.9%) 76 (56.3%)
History of COVID-19 (>3 months prior), n (%) 11 (14.9%) 20 (14.8%) 0.992

Charlson Comorbidity Index 1 [0–3] 1 [0–2] 0.189

Type of surgery
Aortic or lower limb revascularization surgery 22 (29.8) 27 (20.0) 0.177

Total hip arthroplasty 26 (35.1) 63 (46.7)

Spinal stenosis surgery 26 (35.1) 45 (33.3)
Duration of anesthesia, min 154 [119–239] 138 [102–210] 0.175

Note: Data are expressed as median [IQR] or number (%). 
Abbreviation: TDI score, Threshold Discrimination Identification score.
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between lower olfactory performance (TDI score ≤p25) and postoperative outcome. In Model 4, a TDI score ≤p25 was 
still significantly associated with poor postoperative outcome when accounting for frailty.

Regression analyses were used to seek associations of lower olfactory performance and frailty with postoperative 
morbidity/mortality based on the type of surgery performed. Importantly, we found an EFS score ≥6/17 in 44.9% (22/49) 
of the patients undergoing vascular surgery, compared to only 18.1% (29/160) in the rest of the cohort (p < 0.001). 
Postoperative morbidity/mortality occurred in 49.0% (24/49) of the vascular patients and in 20.6% (33/160) of the 
patients who underwent orthopedic procedures (p < 0.001). In the vascular group, frailty was not significantly associated 
with poor postoperative outcome (Table 6). Conversely, the presence of a TDI score ≤p25 before surgery significantly 
heightened the chances of experiencing postoperative morbidity and mortality (OR 6.34 [1.81–22.11], p = 0.004). In the 
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Robust 
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Frail 
(EFS 6/17) 

Robust 
(EFS <6/17) 

Frail 
(EFS 6/17) 

Robust 
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A B

C D

Figure 2 Preoperative olfactory scores according to frailty status, based on the Edmonton Frail Scale (EFS). The panels represent the following olfactory modalities, 
measured using the Sniffin’ Sticks extended test: (A) TDI score, (B) Threshold score, (C) Discrimination score, (D) Identification score. In all four panels, patients classified 
as frail demonstrated significantly lower olfactory scores compared to robust patients (all p-values < 0.05). 
Abbreviations: TDI, Threshold Discrimination Identification; EFS, Edmonton Frail Scale.
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orthopedic group, preoperative lower olfactory performance was not linked to an increased risk of poor postoperative 
outcome, in contrast to frailty (OR 2.41, [1.017–6.007], p = 0.046). Notably, normosmia (with a 89.1% negative 
predictive value in this group) almost reached statistical significance in reducing the odds of developing postoperative 
morbidity and mortality.

Discussion
The present results showed a clear correlation between olfactory function and two widely used preoperative frailty tests, 
the EFS and the CFS.6 In 2020, a systematic review including three studies, of which only one had assessed olfaction 
with a psychophysical test, could not conclude, given too sparse evidence.18,19 Since then, six papers have reported 
a significant correlation between semi-objective testing of olfactory identification dysfunction and frailty20–24 including 
our previous work.8 Two other studies showed a link using subjective evaluation of olfaction.25,26

What is interesting is the diversity of the frailty tests that correlated with olfactory identification dysfunction: 
handgrip strength measurement,19,21 the appendicular skeletal muscle mass index,19 the 37- or 39-item Frailty 
Index,20,22 the Risk Analysis Index,24 the adapted Fried frailty phenotype criteria,24 the CFS,8 and the EFS.8 Together, 
these tests capture a broad spectrum of frailty, going from the physical frailty phenotype model to the accumulation of 
deficits model – typically represented by the frailty index.27 Of note, Xue’s team has recently shown a high discrepancy 
when diagnosing frailty in individuals using either a physical frailty phenotype test or a frailty index.28 Nagururu et al, 
who were the first to investigate the olfactory threshold function in addition to the identification function, showed that 
low performance in both modalities was associated with the physical frailty phenotype.22 Still, only olfactory identifica
tion was correlated to a 37-item frailty index. They explained this difference by the neurocognitive variables weighting 
their frailty index, which would probably relate more to olfactory identification than threshold. Therefore, they suggested 
the role of mediators other than cognitive impairment alone in the association between olfaction and frailty. Besides, they 
only used six different levels for determining the olfactory threshold, which may account for more limited findings. In 
contrast, we found a significant association between all three olfactory modalities – threshold, discrimination, and 

Table 2 Univariable Linear Regression Models for the Prediction of the Edmonton Frail 
Scale (EFS) Score

Variable Standardized Regression Coefficient P-value

Preoperative olfactory TDI score −0.314 < 0.001

Preoperative olfactory threshold score −0.216 0.002

Preoperative olfactory discrimination score −0.228 < 0.001
Preoperative olfactory identification score −0.316 < 0.001

Age 0.110 0.114

Female sex 0.024 0.732
Charlson Comorbidity Index 0.388 < 0.001

Abbreviation: TDI score, Threshold Discrimination Identification score.

Table 3 Multivariable Linear Regression Models for the Prediction of the Edmonton Frail 
Scale (EFS) Score

Variable Standardized Regression Coefficient P-value

Preoperative olfactory TDI score −0.249 < 0.001

Age 0.033 0.604
Female sex −0.144 0.031

Charlson Comorbidity Index 0.382 < 0.001

Preoperative olfactory threshold score −0.175 0.007
Preoperative olfactory discrimination score −0.168 0.012

Preoperative olfactory identification score −0.242 < 0.001

Abbreviation: TDI score, Threshold Discrimination Identification score.
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identification – and the two commonly used frailty tests. The CFS may be more closely related to the physical frailty 
phenotype and, like the latter, does not include a direct cognitive component. Instead, the EFS is considered part of the 
accumulation of deficits model but, unlike the frailty index, it represents more than merely an accumulation of medical 
conditions and is linked to multi-dimensional geriatric conditions.14 In the light of existing evidence and of our 
preliminary data, global olfaction is linked to frailty in plural ways, probably reflecting multifactorial vulnerability. 
A recent meta-analysis by Yeo et al further substantiates this connection, demonstrating a significant association between 
olfactory dysfunction and frailty, with individuals experiencing reduced smell having a 2.32-fold greater odds of frailty.29

TDI score p25 TDI score > p25

45 (60.8%)

29 (39.2%) 28 (20.7%)

107 (79.3%)

Normal postoperative course

Postoperative morbidity or mortality

stneitap
fo

re
b

m
u

N

P = 0.004

Figure 3 One-year postoperative morbidity/mortality according to preoperative olfactory TDI score. 
Abbreviation: TDI, Threshold Discrimination Identification.

Table 4 Univariable Logistic Regression Analysis for the Prediction of 
Postoperative Morbidity/Mortality

Variable OR 95% CI P-value

Preoperative olfactory threshold score 0.82 0.70–0.95 0.007
Preoperative olfactory discrimination score 0.81 0.71–0.91 < 0.001

Preoperative olfactory identification score 0.82 0.74–0.91 < 0.001

Preoperative TDI score ≤ p25 2.46 1.32–4.60 0.005
Age 1.00 0.95–1.05 0.89

Female sex 2.51 1.34–4.67 0.004

Charlson Comorbidity Index 1.30 1.11–1.51 < 0.001
Aortic or lower limb revascularization surgery 3.70 1.88–7.28 < 0.001

Duration of anesthesia 1.00 1.00–1.01 0.009

Edmonton Frail Scale score 1.22 1.08–1.38 0.002

Abbreviations: TDI score, Threshold Discrimination Identification score; OR, odds ratio; CI, 
confidence interval.
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Age is undeniably associated with more frailty and poorer olfaction.30,31 Yet, we found olfactory scores to predict 
frailty even when taking age, sex, and comorbidities into account. This comes as supplementary proof that “age-related” 
olfactory decline does not simply reflect chronological age and needs to be seen in a broader picture. On the other hand, 
having a TDI score above 30.5 – ie, the definition of normosmia, regardless of age and sex – made frailty prevalence drop 
drastically. This highlights that a good performance at olfactory testing rules out frailty most of the time.

Our results confirm the substantial and dose-dependent link existing between preoperative global lower olfactory 
performance and postoperative morbidity and mortality in older surgical patients. In a previous study including 155 
patients we showed that recognizing correctly 6 or fewer odors at a 12-item identification screening test predicted poor 
1-year outcome after various elective surgeries.8 Another study with 165 patients undergoing cardiac surgery found no 
statistically significant difference in in-hospital postoperative complications and mortality between olfactory-impaired 
patients and the rest of their cohort. However, they used a higher cut-off for olfactory dysfunction (≤ 8 in a 12-odor 
identification test) and may have lacked power for this in-hospital outcome, at least concerning mortality, which hit only 
8 patients.32 A recent trial by Mady et al measured olfactory identification function with a 40-item identification test in 51 

Table 5 Multivariable Logistic Regression Models for the Prediction of 
Postoperative Morbidity/Mortality

Variable OR 95% CI P-value

Model 1
Preoperative TDI score ≤ p25 2.44 1.28–4.66 0.007

Age 1.02 0.96–1.07 0.602
Female sex 2.47 1.30–4.69 0.006

Model 2
Preoperative TDI score ≤ p25 2.25 1.18–4.28 0.014

Charlson Comorbidity Index 1.30 1.11–1.51 0.002

Model 3
Preoperative TDI score ≤ p25 2.24 1.16–4.29 0.016
Aortic or lower limb revascularization surgery 3.04 1.50–6.17 0.002

Duration of anesthesia 1.00 1.00–1.01 0.087

Model 4
Preoperative TDI score ≤ p25 2.45 1.29–4.64 0.006

Edmonton Frail Scale score ≥ 6/17 2.65 1.34–5.26 0.005

Abbreviations: TDI score, Threshold Discrimination Identification score; OR, odds ratio; CI, 
confidence interval.

Table 6 Univariable Logistic Regression Analyses for the 
Prediction of Postoperative Morbidity/Mortality According to 
the Type of Surgery Performed

Vascular Group (n = 49)

Variable OR 95% CI P-value

Preoperative TDI score ≤ p25 6.34 1.81–22.11 0.004

Edmonton Frail Scale score ≥ 6/17 1.50 0.48–4.65 0.483

Orthopedic Group (n = 160)

Preoperative TDI score ≤ p25 1.47 0.66–3.24 0.344
Edmonton Frail Scale score ≥ 6/17 2.47 1.02–6.01 0.046

Abbreviations: TDI score, Threshold Discrimination Identification score; OR, 
odds ratio; CI, confidence interval.
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individuals requiring head and neck cancer surgery, and they found that severe anosmia was associated with a three-day 
increased length of stay.23 Here, we report a nearly two times higher incidence of 1-year postoperative complications in 
patients with a TDI score below the 25th percentile for age and sex. This association between lower olfactory 
performance and adverse outcomes was most pronounced for severe complications (Clavien-Dindo grades 3 to 5), 
where the difference in incidence between the low and high olfactory performance groups was substantially greater than 
for grade 2 events. Besides, when considering the “raw” TDI scores regardless of age and sex, we found a 3-fold 
difference in the incidence of poor postoperative outcome between normosmic and anosmic groups. Indeed, multivariable 
analyses confirmed the predictive ability of the olfactory scores irrespective of age and sex. This may be paralleled with 
our similar data regarding frailty and raises questions about the concept of age-related olfactory decline being a “normal” 
feature of aging.

Our study is the first to explore how the three types of olfactory function relate to postoperative outcome. 
Interestingly, even after adjusting for comorbidities or for vascular surgery, which typically includes patients with 
greater illness severity and higher postoperative risk, the association between lower olfactory performance and 
adverse postoperative outcomes remained largely unchanged. These results corroborate our previous data,8 as well 
as those from the studies investigating olfactory dysfunction and mortality in non-surgical patients, of which most 
had included cardiovascular disease in their analyses.3,33 Medical comorbidities cannot be neglected when assessing 
an older surgical patient and obviously constitute a risk factor for developing postoperative complications and death. 
Still, they do not seem to mediate much of the relationship between preoperative olfaction and postoperative 
outcome.

In a previous prospective study, we demonstrated that preoperative olfactory dysfunction, assessed using the Sniffin’ 
Sticks 12-item identification test, was significantly associated with frailty as determined by the Edmonton Frail Scale, 
and that frailty appeared to mediate the relationship between reduced smell and poor postoperative outcomes.8 In the 
present analysis, we included the EFS in our models with the objective of further exploring the interplay between these 
two variables in distinct surgical populations. As noted earlier, several recent studies support the association between 
olfactory dysfunction and frailty, highlighting poor olfaction as a potential early marker of systemic physiological 
decline. Data from the SNAC-K cohort confirmed that frailty becomes the predominant mediator between olfactory 
dysfunction and mortality over time, particularly as the role of neurodegeneration diminishes.34 We observed a marked 
divergence in the predictive value of poor olfaction and frailty based on the surgical context, reinforcing the notion that 
these measures reflect distinct dimensions of vulnerability. In our current cohort, frailty was more frequent among 
vascular patients but did not significantly correlate with adverse postoperative outcomes in this subset. An explanation 
for these findings may be that, because frailty is more common in the vascular group, its ability to discriminate between 
patients with and without adverse outcomes is reduced. In striking contrast, lower olfactory performance was identified 
as an independent predictor of poor outcome in the vascular group, with an odds ratio exceeding 6. Of note, vascular 
patients may have a higher burden of intracerebral vascular pathology, potentially impairing olfactory pathways, which 
could account for the superior prognostic performance of olfactory dysfunction in this subgroup. We qualify these 
noteworthy findings in the vascular subgroup, however, acknowledging the relatively small sample size (n = 49), and 
recommend external validation in larger cohorts. Conversely, in patients undergoing orthopedic procedures, frailty was 
predictive of complications, while reduced sense of smell was not. Notably, normosmia, although not reaching statistical 
significance, was associated with an 89.1% negative predictive value in this group. This suggests its potential utility as 
a reassuring screening tool in the orthopedic setting, minimizing the risk of overlooking a patient who may develop 
a postoperative complication. Our data confirm the complexity of this relationship, demonstrating that the prognostic 
roles of lower olfactory performance and frailty may be highly dependent on the surgical subgroup and underlying 
pathological vulnerability. Taken together, our findings suggest that poor sense of smell holds prognostic value beyond 
what is captured by frailty screening instruments such as the EFS.

Limitations
The EFS and the CFS are often used perioperatively as screening tests for frailty, but a large panel of more exhaustive 
geriatric assessments exists which were not used in this study. We had a low rate of postoperative death, which precluded 
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any specific analysis for this outcome. Lastly, the vascular subgroup was much smaller than the orthopedic subgroup, and 
this may have influenced our analyses.

Conclusion
This study demonstrates that lower olfactory performance is closely associated with frailty in older adults, regardless of 
the method used for frailty assessment or the olfactory modality employed. Reduced olfaction not only predicts frailty 
independently of age, sex, and comorbidities but also provides significant incremental prognostic value, serving as 
a robust indicator of postoperative risk – something not entirely captured by conventional frailty scores alone. Lower 
olfactory performance proved more effective than frailty in high-risk vascular patient subgroups, though these findings 
should be interpreted with caution due to the smaller sample size in this group. Our findings suggest that objective 
olfactory testing could provide valuable insights for preoperative evaluation and emphasize the importance of further 
research into how the sense of smell may help identify vulnerable individuals and improve outcomes in aging and 
surgical populations.
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