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Supplementary materials
1. Search Strategy
PubMed:
("Olfaction Disorder" OR "Smell Disorders" OR "Smell Disorder" OR Paraosmia OR Paraosmias
OR Parosmia OR Parosmias OR Cacosmia OR Cacosmias OR Dysosmia OR Dysosmias OR "Smell
Dysfunction" OR "Dysfunction, Smell" OR "Olfactory Impairment" OR "Impairment, Olfactory"
OR Phantosmia OR Phantosmias OR "Impaired Olfaction” OR "Impaired Olfactions” OR
"Olfaction, Impaired" OR "Olfactions, Impaired" OR Olfaction OR "Sense of Smell" OR "Smell
Sense") AND (Mortalities OR "Mortality Rate" OR "Mortality Rates" OR "Rate, Mortality" OR
"Death Rate" OR "Death Rates" OR "Rate, Death" OR "Mortality, Differential" OR "Differential
Mortality" OR "Differential Mortalities" OR "Mortality, Excess" OR "Excess Mortality” OR
"Excess Mortalities" OR "Mortality Determinants" OR "Determinants, Mortality" OR "Determinant,
Mortality" OR "Mortality Determinant” OR "Case Fatality Rate" OR "Case Fatality Rates" OR
"Rate, Case Fatality" OR "Rates, Case Fatality" OR "Case Fatality" OR "Crude Death Rate" OR
"Crude Death Rates" OR "Death Rate, Crude" OR "Rate, Crude Death" OR "Crude Mortality Rate"
OR "Crude Mortality Rates" OR "Mortality Rate, Crude" OR "Rate, Crude Mortality") AND
(1000/1/1:2025/7/1[pdat])

Cochrane Library:

#1 (olfaction disorder* OR smell disorder* OR parosmia OR dysosmia OR phantosmia OR
olfactory impairment) IN TITLE, ABSTRACT, KEYWORDS

#2 (mortality OR "death rate"” OR "excess mortality” OR "case fatality") IN TITLE, ABSTRACT,
KEYWORDS

#3 #1 AND #2

Custom Range: up to 01/07/2025



2. Quality Assessment (Newcastle Ottawa Scale and Risk of bias)

Table S1. Newcastle Ottawa Scale

Study Selection Comparability Outcome Total  Quality level

Zhang, 2024 [9] 4% 2% 3% 9% High
Ekstrom, 2017 [17] 4% 2% 3% 9% High
Choi, 2021 [7] 4% 2% 2% 8% High
Devanand, 2015 [13] 4% 2% 1% 7% High
Gopinath, 2012 [18] 3% 2% 2% 7% High

Laudisio, 2019 [19] 3% 1% 1% 5% Medium
Liu, 2019 [15] 4% 2% 3% 9% High
Pinto, 2014 [12] 4% 2% 3% 9% High
Schubert, 2016 [16] 4% 2% 3% 9% High
Wilson, 2011 [10] 4% 1% 2% 7% High
Leschak, 2018 [31] 4% 2% 2% 8% High
Vohra, 2024 [14] 4% 2% 3% 9% High
Xiao, 2021 [8] 4% 2% 2% 8% High
Ruane, 2025 [11] 4% 2% 2% Sk High

Addition Scoring Criteria:

1. Exposure Definition: full stars for objective tests (e.g., “UPSIT”), half-star for subjective reports (e.g.,
“self-reported”).

2. Loss to Follow-up Rate: studies failing to explicitly report this item are uniformly classified as "Not
Reported," resulting in a 0.5-star deduction.

3. Follow-up Duration: full stars for >5 years, half-star for 3—5 years.

Quality Level Classification: (1) High: >7%; (2) Medium: 5-6%; (3) Low: <4 %.




Table S2. Risk of bias

Intervention
. . Selection Bias in Study . . Deviations from Intended o . Outcome Measurement ~ Outcome Reporting
Study Confounding bias - Classification ) ) Missing Data Bias ) ] Total
Participants . Interventions Bias Bias Bias
Bias
Choi, 2021 . .
(7] Medium Low Low Low Low Low Low Medium
Devanand, ) )
Medium Low Low Low Low Low Low Medium
2015 [13]
Ekstrom, . ) . .
Medium Low Low Medium Medium Low Low Medium
2017 [17]
Gopinath, . . ) ) .
High Medium Low Medium High Low Low High
2012 [18]
Laudisio, . ) . . .
Medium Low Medium Low High Medium Low High
2019 [19]
Leschak, . . ) .
Medium Medium Low Low Medium Low Low Medium
2018 [31]
Liu, . .
Medium Low Low Low Low Low Low Medium
2019 [15]
Pinto, . . . .
Medium Low Low Medium Medium Low Low Medium
2014 [12]
Ruane, . .
Medium Low Low Low Low Low Low Medium
2025 [11]
Schubert, . . .
Low Medium Low Low Medium Low Low Medium
2016 [16]
Vohra, . . . . .
Medium Low Medium Medium Medium Low Low Medium
2024 [14]
Wilson, . ) ) .
Medium Low Low Medium Medium Low Low Medium
2011 [10]
Xiao, 2021 . .
8] Medium Low Low Low Low Low Low Medium
Zhang, . . .
Medium Medium Low Low Low Low Low Medium

2024 [9]
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Figure S1. Risk of bias heatmap.



3. Other Figures

Multilevel Meta-Analysis with Subgroup Analysis
by Measurement Scale of Olfactory Dysfunction

Subgroup / Study HR (95% Cl)

Binary Measurement Scale

Zhang, 2024, 6.5y —_—— 1.42 (1.02 - 2.00)
Gopinath, 2012, 5y b = d 1.51(0.96-2.38)
Laudisio, 2019, 9y —_—— 1.52(1.16 - 1.98)
Liu, 2019, 3y b - | 1.15(0.69 - 1.86)
Liu, 2019, 5y —_— 1.14 (0.86 - 1.50)
Liu, 2019, 10y —— 1.46 (1.27 - 1.67)
Liu, 2019, 13y —a— 1.30(1.18 - 1.42)
Schubert, 2016, 12.8y —— 1.28 (1.07 - 1.52)
Vohra, 2024, 11y —a— 1.32(1.12-1.55)
Xiao, 2021, 8.6y b = d 1.96 (1.19-3.23)
Binary Subgroup Summary (Multilevel) i 1.34 (1.27 - 1.42)

Continuous Measurement Scale

Ekstrom, 2017, 9.4y L 1.09 (1.03 - 1.15)
Choi, 2021, 5y b=t 1.18(1.07-1.29)
Devanand, 2015, 4.1y L 1.07 (1.05 - 1.08)
Wilson, 2011, 4.2y - 1.06 (1.02 - 1.11)
Ruane, 2025, 6y HH 1.06 (1.03 - 1.09)
Ruane, 2025, 12y - 1.05(1.03-1.08)
Continuous Subgroup Summary (Multilevel) + 1.07 (1.05 - 1.08)
r T T 1
0.50 1.0 2.0 4.0
Hazard Ratio (HR)

Figure S2. Forest plot of subgroup analysis by exposure measurement type.
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Figure S3. Scatter plots of univariable meta-regression analyses for continuous subgroup
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Figure S4. Scatter plots of univariable meta-regression analyses for binary subgroup



Multilevel Meta-Analysis with Subgroup Analysis by Type of Olfactory Test

Subgroup / Study HR (95% CI)

Subjective Test

Zhang, 2024, 6.5y i 1.42(1.02 - 2.00)
Laudisio, 2019, 9y —a— 1.52 (1.16 - 1.98)
Subjective Subgroup Summary (Multilevel) e 1.48 (1.20 - 1.83)

Objective Test

Ekstrom, 2017, 9.4y HH 1.09 (1.03 - 1.15)
Choi, 2021, 5y —aH 1.18 (1.07 - 1.29)
Devanand, 2015, 4.1y u 1.07 (1.05 - 1.08)
Gopinath, 2012, 5y L L i 1.51(0.96 - 2.38)
Liu, 2019, 3y L L 1 1.15 (0.69 - 1.86)
Liu, 2019, 5y ——a— 1.14 (0.86 - 1.50)
Liu, 2019, 10y —— 1.46 (1.27 - 1.67)
Liu, 2019, 13y i 1.30 (1.18 - 1.42)
Schubert, 2016, 12.8y —— 1.28 (1.07 - 1.52)
Wilson, 2011, 4.2y HEH 1.06 (1.02 - 1.11)
Ruane, 2025, 6y - 1.06 (1.03 - 1.09)
Ruane, 2025, 12y B 1.05(1.03 - 1.08)
Vohra, 2024, 11y —— 1.32 (1.12 - 1.55)
Xiao, 2021, 8.6y k L i 1.96(1.19-3.23)
Objective Subgroup Summary (Multilevel) - 1.17 (1.09 - 1.25)
f T T 1
0.50 1.0 2.0 4.0
Hazard Ratio (HR)

Figure S5. Forest plot of subgroup analysis by type of olfactory test.



Subgroup / Study

Multilevel Meta-Analysis with Subgroup Analysis by Study Design

HR (95% CI)

Prospective Design
Zhang, 2024, 6.5y
Ekstrom, 2017, 9.4y
Devanand, 2015, 4.1y
Gopinath, 2012, 5y
Laudisio, 2019, 9y
Liu, 2019, 3y
Liu, 2019, 5y
Liu, 2019, 10y
Liu, 2019, 13y
Schubert, 2016, 12.8y
Wilson, 2011, 4.2y
Ruane, 2025, 6y
Ruane, 2025, 12y

Xiao, 2021, 8.6y
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1.20 (1.09 - 1.31)

Retrospective Design
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Figure S6. Forest plot of subgroup analysis by study design.
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Multilevel Meta-Analysis with Subgroup Analysis by Geographical Region (US vs. Non-US)

Subgroup / Study

HR (95% ClI)

US Studies
Choi, 2021, 5y
Devanand, 2015, 4.1y
Liu, 2019, 3y
Liu, 2019, 5y
Liu, 2019, 10y
Liu, 2019, 13y
Schubert, 2016, 12.8y
Wilson, 2011, 4.2y

Vohra, 2024, 11y

1.18 (1.07 - 1.29)
1.07 (1.05 - 1.08)
1.15 (0.69 - 1.86)
1.14 (0.86 - 1.50)
1.46 (1.27 - 1.67)
1.30 (1.18 - 1.42)
1.28 (1.07 - 1.52)
1.06 (1.02 - 1.11)

1.32 (1.12 - 1.66)

US Subgroup Summary (Multilevel)

1.19 (1.09 - 1.30)

Non-US Studies
Zhang, 2024, 6.5y
Ekstrom, 2017, 9.4y
Gopinath, 2012, 5y
Laudisio, 2019, 9y
Ruane, 2025, 6y
Ruane, 2025, 12y

Xiao, 2021, 8.6y

1.42 (1.02 - 2.00)
1.09 (1.03 - 1.15)
1.51(0.96 - 2.38)
1.62 (1.16 - 1.98)
1.06 (1.03 - 1.09)
1.05 (1.03 - 1.08)

1.96 (1.19 - 3.23)

Non-US Subgroup Summary (Multilevel)

Figure S7. Forest plot of subgroup analysis by geographical region.
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Study / Subgroup

Sensitivity Analysis by NOS Quality
All Studies (Overall) —p—i HR=1.20[1.12, 1.30]

Subgroup: High Quality Only —— HR =1.18[1.10, 1.27]
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Figure S8. Sensitivity analysis by NOS Quality



Sensitivity Analysis by Type of Olfactory Test
. Overall: HR = 1.20 {1.12, 1.30]

All Studies (Overall)
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Figure S9. Sensitivity analysis by type of olfactory test
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Figure S10. Evaluation and adjustment for publication bias using the Trim and Fill method.



