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Abstract

Objective: Olfactory dysfunction (OD) is a condition primarily affecting older adults.

Several factors have been implicated in OD, such as age, socioeconomic status, and

neurodegenerative disease; however, the effect of military service still requires addi-

tional investigation. Here, we aim to determine if there is an association between

prior military service and OD among older adults.

Methods: This cross-sectional study included 2268 adults from Round 1 of the

National Social Life, Health, and Aging Project. OD was defined as 0–3 odors cor-

rectly identified on the 5-item Sniffin' Sticks test. Bivariate analysis was conducted to

calculate crude odds ratios (cOR) for the association of prior military service with OD

and identify covariates for regression. Associations between prior military service and

OD were assessed using logistic regression, and adjusted odds ratios (aOR) were cal-

culated controlling for age, gender, race/ethnicity, education, stroke history, demen-

tia, diabetes, and mental health. All analyses were weighted using survey weights to

account for sampling design.

Results: OD was present in 489 adults (21.6%). Among those with OD, the average

age was 71.0 ± 7.9 years, whereas the average age in those without OD was 67.0

± 7.2 years. Among adults with OD, 34.4% reported prior military service, compared

to 27.7% of adults without OD (cOR = 1.37; 95% CI: 1.05–1.79). However, after

adjusting for covariates, prior military service was not associated with OD (aOR: 1.09;

95% CI: 0.79–1.50). Older age (aOR: 1.07; 95% CI: 1.05–1.09) and worse mental

health (aOR: 1.68; 95% CI: 1.14–2.49) were associated with OD.

Conclusion: Prior military service was not associated with OD among older adults

after controlling for covariates. More nuanced research is needed to examine
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correlations between OD and specific elements of military service such as duration,

toxin exposure, and head trauma.

Level of Evidence: Level 4.
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1 | INTRODUCTION

Olfactory dysfunction (OD) is a multifactorial condition that com-

monly impacts the older adult population.1 Among civilians, several

common risk factors have been identified, including upper respiratory

tract illness, neurodegenerative diseases, diabetes, smoking, and low

socioeconomic status.2,3 However, veterans experience a unique set

of environmental exposures, with commonly implicated factors,

including head trauma, toxins, and blast exposures.4–6 Despite inde-

pendent associations between these risk factors and OD, some stud-

ies have suggested that there are no long-term associations between

military service and OD.1 Given the myriad possible exposures vet-

erans experience during their service, we aimed to further study the

association between prior military service and OD, particularly among

older adult veterans who served during the mid-1900s (World War II,

Korean War, or Vietnam War), given their unique characteristics of

trauma and toxin exposures.

The olfactory receptors located in the nasal epithelium, which is in

direct contact with the external environment, are susceptible to environ-

mental toxins. Such toxins can impact these receptors or potentially tra-

verse them and enter into the brain through the olfactory nerves.4

Several toxins have been implicated in affecting the olfactory system

such as lead, chlorine, benzyl acetate, and sulfur dioxide, to name a few,

some of which have been used in warfare.7,8 More specifically, the

Vietnam and KoreanWars saw the widespread use of herbicidal and pes-

ticidal agents whose impact on the nasal epithelium has been sparsely

studied. However, prior literature has described a modest association

between OD and agents such as 2,4,5-trichlorophenoxyacetic acid

(2,4,5-T) and 2,4-dichlorophenoxyacetic acid (2,4-D), chemicals used in

the herbicides “Agent Orange” and “Agent White.”9,10

Head trauma resulting in damage to the skull base or leading to intra-

cranial hemorrhage or hematoma is also a known cause of OD.5 A recent

study investigating mild traumatic brain injury (mTBI) in post-9/11 era vet-

erans (Operations Enduring Freedom, Iraqi Freedom, and New Dawn)

found no association with objective odor identification dysfunction11;

however, characteristics of head trauma were much different during the

wars of the mid-1900s. Compared to younger veterans of the post-9/11

era who had a higher rate of nonpenetrating or blast-associated TBI, older

veterans of World War II, the Korean War, and the Vietnam War were

more likely to experience penetrating TBI.12–15 Thus, the impact on olfac-

tion may be different, especially given evidence showing that the degree

of olfactory impairment is linked to the severity of TBI.6

Given these considerations, our proposed study aims to better

characterize the prevalence of OD among older veterans and further

explore the potential association between military service and OD

among this population by analyzing a large dataset from the National

Social Life, Health, and Aging Project (NSHAP).16 We believe our

study contributes to existing literature on this topic and offers addi-

tional evidence from a nationally representative cohort using objec-

tive measures of OD.

2 | METHODS

The analysis in this cross-sectional study utilized data from Round

1 of the National Social Life, Health, and Aging Project (NSHAP).

Because NSHAP is a de-identified public dataset, this study was

determined exempt by the institutional review board.

NSHAP is a nationally representative study that focuses on the

health and social aspects of older, community-dwelling Americans.

Participants were aged 57–85 years old at the time of the study (born

1920–1948) and resided in a private household. For veterans in this

cohort, this age range would likely correspond to military service in

World War II, the Korean War, or the Vietnam War. Household sam-

pling in Round 1 of NSHAP was derived from the 2004 Health and

Retirement Study, which included both urban and nonurban house-

holds.16,17 The data were collected through face-to-face interviews,

biomeasurement via physical specimens such as blood and saliva, and

cognitive function testing.16 For our study, we specifically selected

individuals from this dataset who took part in the 5-item Sniffin' Sticks

test. The 5-item Sniffin' Sticks odor identification test is a modified

version of the original 16-item test, which is a validated tool for evalu-

ating an individual's olfactory function.18,19 Based on prior literature,

we defined olfactory dysfunction (OD) as identifying 0–3 odors cor-

rectly, and normal olfactory function as identifying 4–5 odors cor-

rectly on the 5-item Sniffin' Sticks test.18,20 Participant-reported prior

active military service was included as the exposure of interest. Addi-

tionally, we included data on various characteristics known to poten-

tially affect olfactory function, such as age, gender, race/ethnicity,

education, history of stroke, diagnosed dementia or Alzheimer's dis-

ease, Parkinson's disease, diabetes, smoking status, self-rated mental

health, and usage of nasal medications, drawing upon existing

literature.2,21–26 Any individual with missing outcome, exposure, or

covariate data was excluded from the study.

2.1 | Statistical analysis

Baseline characteristics were calculated and stratified by olfactory

function groups, and p-values were calculated using chi-square or t-
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test, as appropriate. Bivariate analysis was also conducted to deter-

mine crude odds ratios (cOR). Covariates that were statistically signifi-

cant in bivariate analysis, examining associations of covariates with

OD as well as military service, were included in a multivariable logistic

regression model to determine characteristics associated with

OD. Adjusted odds ratios (aOR) and 95% confidence intervals

(CI) were calculated. The primary outcome of our study was the asso-

ciation between prior military service and OD, whereas our secondary

outcomes were the associations between study covariates and OD.

To account for sampling design, all analyses were weighted using

NSHAP-provided survey weights. A p-value of <.05 was used to

denote statistical significance for all statistical tests. Statistical analysis

TABLE 1 Survey-weighted baseline characteristics and bivariate analysis stratified by olfactory function.

Characteristic

Weighted %

Crude odds ratio (95% CI)Normal olfaction (n = 1779) Olfactory dysfunction (n = 489)

Age p-value ≤.001*

Years, weighted mean ± SD 67.0 ± 7.2 71.0 ± 7.9 1.07 (1.05–1.09)

Gender p-value = .003*

Male 46.5 56.0 Ref

Female 53.5 44.0 0.68 (0.53–0.88)

Race/ethnicity p-value = .001*

White 84.6 75.5 Ref

Black 7.2 13.0 2.03 (1.31–3.14)

Hispanic, non-Black 6.0 7.4 1.39 (0.92–2.11)

Other 2.2 4.0 2.05 (1.03–4.11)

Education p-value ≤.001*

Some college or greater 61.1 42.5 Ref

High school or less 38.9 57.5 2.13 (1.68–2.70)

Ever had a stroke p-value = .005*

No 93.1 88.8 Ref

Yes 6.9 11.2 1.70 (1.17–2.47)

Dementia (including Alzheimer's) p-value ≤.001*

No 99.9 98.8 Ref

Yes 0.1 1.2 8.85 (2.09–37.57)

Parkinson's disease p-value = .485

No 98.4 97.8 Ref

Yes 1.6 2.2 1.36 (0.57–3.27)

Diabetes p-value = .231

No 81.8 79.2 Ref

Yes 18.2 20.8 1.18 (0.90–1.54)

Taking any nasal medications p-value = .662

No 98.0 97.5 Ref

Yes 2.0 2.5 1.22 (0.49–3.04)

Self-rated mental health p-value ≤.001*

Good/very good/excellent 92.1 84.6 Ref

Poor/fair 7.9 15.4 2.12 (1.53–2.95)

Current smoker p-value = .810

No 85.6 85.1 Ref

Yes 14.4 14.9 1.05 (0.73–1.50)

Prior military service p-value = .022*

No 72.3 65.6 Ref

Yes 27.7 34.4 1.37 (1.05–1.79)

Abbreviation: SD, standard deviation.

*p <.05.
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was conducted using R, version 4.1.2 (R Foundation for Statistical

Computing, Vienna, Austria).

3 | RESULTS

Round 1 of NSHAP includes a total of 3005 participants. We subse-

quently identified 2778 individuals who participated in the 5-item

Sniffin' Sticks test. Of these, 493 were omitted for missing data on

prior military service, 8 were omitted for missing race/ethnicity data,

8 were omitted due to refusal to self-report mental health status, and

1 was omitted due to missing data on cigarette use. The remaining

2268 individuals were included in our study, of whom 489 (21.6%)

had OD and 661 (29.1%) had prior military service. Among this popu-

lation of 2268, the weighted mean age was 67.8 years, 83.0% identi-

fied as White, and 51.8% identified as female Weighted percentages

for baseline characteristics, stratified by olfactory function, are listed

in Table 1. Bivariate analysis revealed that those with OD were more

likely to be older (p <.001), male (p = .003), non-White (p = .001),

without a college degree (p <.001), and have a poorer self-rated men-

tal health status (p <.001), and were also more likely to have other

comorbidities such as prior stroke (p = .005) and dementia (p <.001).

Notably, a greater proportion of those with OD reported prior military

service (p = .022).

The results for the multivariable logistic regression, controlling for

covariates that were statistically significant in bivariate analysis, are

listed in Table 2. Covariates that were significantly associated with an

increased likelihood of OD included older age (aOR: 1.07; 95% CI:

1.05–1.09), Black (aOR: 2.20; 95% CI: 1.44–3.34) and other race

(aOR: 2.37; 95% CI: 1.20–4.69) as compared to Whites, less education

(aOR: 1.73; 95% CI: 1.34–2.24) for high school or less as compared to

having some college of more, diagnosed dementia or Alzheimer's dis-

ease (aOR: 5.13; 95% CI: 1.61–16.40), and self-rated poor/fair mental

health (aOR: 1.68; 95% CI: 1.14–2.49) as compared to self-rated

good/excellent mental health. On the other hand, female gender

(aOR: 0.61; 95% CI: 0.47–0.80) was associated with a lower likelihood

of OD. Compared to those with no prior military service, prior military

service was associated with OD in bivariate analysis (cOR: 1.37; 95%

CI: 1.05–1.79); however, this association disappeared after controlling

for covariates (aOR: 1.09; 95% CI: 0.79–1.50).

4 | DISCUSSION

In this study, our primary aim was to investigate the relationship

between prior military service and the incidence of OD within an

older demographic. While military personnel are more likely to be

exposed to unique OD risk factors, such as environmental toxins and

head trauma,4,5 our results did not find a significant association

between military service and OD among older adults after controlling

for covariates. Our findings align with those of Noel et al.,1 who, using

the National Health and Nutrition Examination Survey (NHANES)

data, found no significant association between military service and

OD. However, compared to NHANES, NSHAP focuses on an older

study population of adults 57 and older. Moreover, while Noel et al.

only examined associations between military service and self-reported

OD, our study investigated this association using objective mea-

sures of OD.

Beyond our study's main focus, we also found that age, race, gen-

der, education, dementia, and self-rated mental health were signifi-

cantly associated with OD after controlling for covariates. Prior

research utilizing the NSHAP dataset has underscored a positive asso-

ciation of OD with male gender, older age, and Black race.27,28 Our

study's findings regarding the positive association of OD with demen-

tia and lack of college education in the context of NSHAP data are in

line with extensive prior literature investigating these associa-

tions.21,29,30 Additionally, although prior literature has established an

association between OD and objective measures of depression,23,31

our study found a significant association between OD and poorer

self-reported mental health, which has not been as thoroughly

reported. These insights may provide clinicians additional knowledge

on risk factors and warning signs associated with OD and help inform

future research on the underlying mechanisms of OD.

Our study has certain limitations. Given its cross-sectional nature,

causation could not be established. Numerous factors may have also

introduced bias, including the self-reported nature of military service,

reliance on secondary data for other covariates, requirement for

NSHAP participants to reside in a private household in the context of

higher rates of homelessness among veterans,32 and survivorship bias

associated with studying an older population. Moreover, omission of

data from individuals who refused to report their prior military service

TABLE 2 Survey-weighted and adjusted associations of prior
military service and covariates with olfactory dysfunction.

Covariates

Adjusted odds ratio (95% confidence

interval)

Prior military service 1.09 (0.79–1.50)

Age (years) 1.07* (1.05–1.09)

Gender, female 0.61* (0.47–0.80)

Race/ethnicity

White Ref

Black 2.20* (1.44–3.34)

Hispanic, non-Black 1.26 (0.87–1.83)

Other 2.37* (1.20–4.69)

Education

Some college or greater Ref

High school or less 1.73* (1.34–2.24)

Stroke in the last 5 years 1.22 (0.78–1.91)

Dementia, including

Alzheimer's

5.13* (1.61–16.40)

Diabetes 1.06 (0.79–1.41)

Self-rated mental health

Good/very good/

excellent

Ref

Poor/fair 1.68* (1.14–2.49)

*p <.05.
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and those who did not participate in the Sniffin' Sticks test could have

introduced nonresponse bias. Another limitation is the lack of detailed

information on the nature and extent of military service and exposure

to head trauma and environmental toxins, which are helpful to

develop a thorough understanding of the relationship between mili-

tary service and OD. Our dataset's broad categorization of military

service unfortunately does not capture the diverse experiences of vet-

erans and potentially oversimplifies the complex relationship between

military service and OD.

In conclusion, while military service was not independently asso-

ciated with an increased risk of OD, we found associations with

dementia, education level, and self-rated mental health, as well as

with age, race, and gender; however, the latter variables have already

been explored in prior studies using NSHAP data.27,28 Further studies

should conduct a more nuanced exploration of the relationship

between military service and OD by examining factors such as expo-

sure to head trauma, environmental toxins, and duration of service.

Additionally, older veterans such as those included in this study have

distinct military exposures and trauma characteristics compared to

younger veterans of the post-9/11 era, with the latter having had

greater exposure to burn pits and increased rates of non-penetrative

and mild TBI.13,14,33 Thus, future studies should also investigate asso-

ciations between these exposures and OD among younger veterans

as the conclusions in this study are not generalizable to veterans of

all ages.
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