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Abstract

Background: Sensorineural impairments and cardiovascular risk factors (CVRF) and disease (CVD) in midlife may be important predictors of 
future cognitive health, but longitudinal studies that include multiple sensorineural measures in middle-aged adults are lacking.
Methods: Hearing, vision, and olfaction, and CVRF and CVD were measured at the Beaver Dam Offspring Study baseline (2005–2008) 
examination. The Mini-Mental State Examination and Trail Making Tests A and B were administered at all phases and additional cognitive 
function measures were obtained at 5 (2010–2013) and 10 years (2015–2017). Cox proportional hazards models were used to evaluate 
associations between baseline sensorineural impairments, CVRF, CVD, and 10-year cumulative incidence of cognitive impairment and decline.
Results: There were 2,556 participants (22–84 years) without cognitive impairment at baseline and data from at least one follow-up. In a 
multivariable model including age, sex, education, and head injury, visual impairment (hazard ratio = 2.59, 95% confidence interval = 1.34, 
5.02), olfactory impairment (hazard ratio  =  3.18, 95% confidence interval  =  1.53, 6.59), CVD (hazard ratio  =  2.37, 95% confidence 
interval = 1.24, 4.52), and not consuming alcohol in the past year (hazard ratio = 2.21, 95% confidence interval = 1.16, 4.19) were associated 
with the 10-year cumulative incidence of cognitive impairment. Current smoking and diabetes were associated with increased risk, and exercise 
with decreased risk, of 10-year decline in cognitive function.
Conclusions: Visual and olfactory impairments, CVRF, and CVD were associated with the 10-year cumulative incidence of cognitive 
impairment and decline in middle-aged adults. Identifying modifiable factors associated with cognitive decline and impairment in midlife may 
provide opportunities for prevention or treatment and improve cognitive health later in life.

Keywords: Hearing loss, Olfactory impairment, Epidemiology, Cognitive aging

Small declines in cognitive function due to aging are thought to 
begin as early as the third or fourth decade of life (1), and by the 
mid-40s, cognitive decline on functional tests (2) and physical and 
pathological changes in the brain (3,4) have been reported. However, 
aging changes in cognitive function are heterogeneous within popu-

lations, and the onset, rate and magnitude of decline may be influ-
enced by genetics, environmental exposures, behavioral factors, and 
disease processes (ie, vascular, metabolic, neurodegenerative). As 
cognitive changes may begin in middle age, risk factors at midlife 
may be important predictors of health at older ages.
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Sensorineural impairments in hearing, vision, and olfaction, 
which begin to increase in midlife, have been associated with the de-
velopment of cognitive impairment in older adults (5–8). Although 
sensorineural impairments are more likely than expected to co-occur 
(9), most previous studies of these impairments and cognition 
have included only one or two sensorineural impairments. The 
Epidemiology of Hearing Loss Study (EHLS) found when hearing, 
visual, and olfactory impairments were modeled together each was 
independently associated with the development of cognitive im-
pairment over 10 years in older adults (6). Cognitive impairment is 
rare in middle-aged adults, but sensorineural dysfunction has been 
previously associated with cognitive test performance (10–12). In 
cross-sectional analyses, the Beaver Dam Offspring Study (BOSS), 
a primarily middle-aged cohort, found hearing, visual and olfac-
tory impairments, when modeled together, were independently as-
sociated with poorer performance on cognitive function tests (10). 
Sensorineural dysfunctions may be early indicators of changes that 
are occurring in the central nervous system due to normal aging or 
vascular, neurodegenerative, or other disease states.

Cardiovascular disease (CVD) and cardiovascular-related risk 
factors (CVRF) such as subclinical atherosclerosis, smoking, adi-
posity, hypertension, education, and exercise at midlife have also 
been associated with cognitive function and decline (13–19). In a 
large study of participants aged 35–82 years, worse cardiovascular 
risk profile was associated with worse performance on a cognitive 
test across all age groups, including those less than 45 years (18). 
In the Framingham Offspring Study, midlife CVRF were associated 
with changes in brain structure and decline in executive function 
(19). CVRF at midlife may be important predictors of later-life cog-
nitive health (13–15).

As with CVRF/CVD, sensorineural impairments in midlife may 
be important predictors of concurrent and future cognitive health, 
but longitudinal studies that include multiple sensorineural measures 
in middle-aged adults are lacking. Because CVRF/CVD have been 
associated with the development of both sensorineural (20–24) and 
cognitive dysfunction (13–17,19), it is important to evaluate both 
sensorineural and CVRF/CVD in studies investigating predictors of 
cognitive decline or impairment. The purpose of the present study 
was to evaluate the longitudinal associations of sensorineural im-
pairments and CVRF/CVD with impairment and declines in cogni-
tive function over 10 years in a primarily middle-aged cohort. These 
results extend the previous report from cross-sectional analyses in 
the BOSS cohort and build on the longitudinal results in the older 
EHLS cohort.

Methods

Data were collected as part of the BOSS (2004–present), a longitudinal 
study of sensory health and aging in the adult offspring of participants 
in the population-based EHLS (1993–present) (8,21,25). The baseline 
BOSS data collection phase occurred during 2005–2008 (N = 3,298 
[66.3%]) with follow-ups at 5 (2010–2012; N = 2,792 [85%]) and 
10 years (2015–2017; N = 2,405 [73%]) (23,24). Participants with a 
Mini-Mental State Examination (MMSE) score less than 24 or report 
of Alzheimer’s disease (AD) or dementia at baseline (n = 9 [0.3%]), or 
missing baseline MMSE (n = 239 [7.3%]), or follow-up cognitive test 
data (n = 494 [15%]) were excluded from the present study resulting 
in data from 2,556 participants available for the analyses of 10-year 
cognitive decline and impairment. Five-year cognitive decline was ana-
lyzed in 1,733 participants who had baseline data and complete cogni-
tive data at both the 5- and 10-year phases.

Data were collected by trained examiners at all phases using 
standardized protocols. Written informed consent was obtained from 
all participants at each phase prior to examination and approval for 
this research was obtained from the University of Wisconsin Health 
Sciences Institutional Review Board.

The MMSE and Trail Making Tests A (TMTA) and B (TMTB) 
were administered at all phases, and a Digit Symbol Substitution 
Test, phonemic Verbal Fluency Test, and modified Rey Auditory 
Verbal Learning Test were administered at the 5- and 10-year exam-
inations (26–28) (see Supplementary Methods).

Memory problems were ascertained by two questions at the 
10-year follow-up: “Have you, your family or your physician ever 
expressed concerns about your memory?” and “Do (your) memory 
loss symptoms interfere with your ability to do your own day-to-day 
activities?”

Hearing was measured by pure-tone air- and bone-conduction 
audiometry, and impairment was defined as a pure-tone average of 
the thresholds at 0.5, 1, 2, and 4 kHz greater than 25 dB hearing 
level in either ear (10). Olfaction was measured using the San Diego 
Odor Identification Test, and impairment was defined as identify-
ing less than six of eight odorants correctly (8,25). Contrast sensi-
tivity was measured in each eye separately using Pelli–Robson letter 
charts, and visual impairment was defined as contrast sensitivity of 
less than 1.55 log units in the better eye (24,29) (see Supplementary 
Methods).

Height, weight, waist circumference, blood pressure, carotid ar-
tery intima-media thickness (IMT), and femoral and radial pulse 
wave velocity for arterial stiffness were measured. Diabetes was de-
fined as a hemoglobin A1C greater than or equal to 6.5% or a self-
report of physician diagnosis of diabetes. Other CVRF data included 
years of education, smoking history (current, past, never), exercise 
(at least once per week long enough to work up a sweat), use of 
statins, history of head injury, weekly alcohol consumption (average 
g/wk) in the past year, and history of heavy alcohol use (four or more 
drinks per day). CVD history was classified as positive based on the 
self-report of any one of 11 physician-diagnosed conditions or pro-
cedures (see Supplementary Methods). Participants self-completed 
the Centers for Epidemiological Studies Depression Scale, and the 
presence of depressive symptoms was defined as a score greater than 
15 (30).

Analyses were conducted with SAS 9.4 (SAS Institute, Inc., Cary, 
NC). Four cognitive outcomes were evaluated in these analyses: The 
10-year cumulative incidence of cognitive impairment, 10-year de-
cline in TMTA and TMTB, and 5-year decline in cognitive function. 
Performance on cognitive tests, responses to the memory questions, 
and report of AD/dementia were used to classify cognitive impair-
ment. The 5-year decline in cognitive function was based on decline 
on a composite score of TMTA, TMTB, Digit Symbol Substitution 
Test, Verbal Fluency Test, and Auditory Verbal Learning Test that 
was created using principal component analysis (PCA); the PCA 
score mean was zero, and the SD was 1. The cognitive outcome def-
initions are given in Table 1 and detailed in Supplementary Methods.

Sensory impairments and CVRF associated with cognition in pre-
vious studies were evaluated here. Cox proportional hazards models 
(10-year cumulative incidence of cognitive impairment, TMTA de-
cline, TMTB decline) via Proc Phreg (ties  =  discrete) and Poisson 
models fit to a binary response (5-year decline in PCA score) via Proc 
Genmod were used to evaluate the association of baseline covariates 
with each cognitive outcome. Covariates were first tested individu-
ally in models adjusted for age and sex. CVRF that were statistic-
ally significant (p < .05) were then tested in multivariable models; 

Journals of Gerontology: MEDICAL SCIENCES, 2019, Vol. 74, No. 11 1787

http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/glz011#supplementary-data
http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/glz011#supplementary-data
http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/glz011#supplementary-data
http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/glz011#supplementary-data
http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/glz011#supplementary-data


sensory impairments were included in all models. To minimize the 
effects of collinearity, factors that were closely related were tested in 
separate models. Stepwise modeling was used to confirm covariate 
selection. Multivariable models were constructed for each outcome 
that included age, sex, education, sensorineural impairments, and the 
CVRF covariates that remained significant at the p < .05 level. To 
have a common set of covariates for the 10-year cognitive outcomes, 
any covariate retained in a multivariable model for at least one out-
come (cognitive impairment, TMTA decline, TMTB decline) was in-
cluded in the final model for all outcomes.

As depression has been previously associated with some of the 
risk factors being evaluated and with cognitive impairment and AD, 
depressive symptoms were tested in all final models.

Results

The mean age of participants at baseline was 49 years (22–84 years) 
and 88% were 35–64 years of age (Table 2). The 10-year cumula-
tive incidence of cognitive impairment was 4.4% (95% confidence 
interval (CI) = 3.6, 5.4). Hearing impairment was the most common 
sensory impairment (13.5%), followed by visual impairment (7.5%) 
and olfactory impairment (3.7%). The distribution of cognitive 
outcomes by age are shown in Supplementary Table 1, and mean 
TMTA and TMTB scores by age and examination phase are shown 
in Supplementary Table 2.

Cognitive Impairment
There were 89 participants with incident cognitive impairment 
(mild cognitive impairment: 62; AD/dementia: 14; MMSE< 24: 
13)  over 10  years. In age- and sex-adjusted models, hearing im-
pairment (hazard ratio [HR] = 1.88, 95% CI = 1.12, 3.16), olfac-
tory impairment (HR  =  3.69, 95% CI  =  1.87, 7.28), and visual 
impairment (HR = 3.31, 95% CI = 1.81, 6.07) were each associ-
ated with an increased risk of developing cognitive impairment. 
Modeled together with age, sex, and education, olfactory impair-
ment (HR  =  3.31, 95% CI  =  1.64, 6.69) and visual impairment 
(HR  =  2.67, 95% CI  =  1.43, 4.98), but not hearing impairment 
(HR = 1.60, 95% CI = 0.94, 2.72), remained independently asso-
ciated with an increased risk of cognitive impairment; hearing im-
pairment was not significant once visual impairment was added to 

the model. CVRF associated with cognitive impairment in age- and 
sex-adjusted models are shown in Supplementary Table 3. In the 
final multivariable model, olfactory impairment (HR = 3.18, 95% 
CI = 1.53, 6.59), visual impairment (HR = 2.59, 95% CI = 1.34, 
5.02), being male (HR = 2.04, 95% CI = 1.23, 3.39), not consuming 
alcohol (HR = 2.21, 95% CI = 1.16, 4.19, vs. 0–14 g/wk), and a 
history of CVD (HR = 2.37, 95% CI = 1.24, 4.52) or head injury 
(HR = 1.75 95% CI = 1.10, 2.76) were associated with an increased 
risk of developing cognitive impairment. More years of education 
(HR = 0.23, 95% CI = 0.11, 0.48, ≥16 vs. <16 years) was associated 
with a decreased risk of developing cognitive impairment (Table 3). 
Depressive symptoms were significantly associated with developing 
cognitive impairment in the final multivariable model, but inclusion 
of depressive symptoms in the model did not change the associ-
ations (results not shown).

Ten-Year Cognitive Decline
Risk factors associated with TMTA decline and TMTB decline over 
10 years in age- and sex-adjusted models are shown in Supplementary 
Table 3. In the final multivariable model, older age (HR = 1.28, 95% 
CI  =  1.20, 1.36 for every 5  years), being male (HR  =  1.49, 95% 
CI = 1.18, 1.88), current smoking (HR = 1.48, 95% CI = 1.12, 1.96, 
vs. nonsmokers), and diabetes (HR = 1.65, 95% CI = 1.12, 2.43) 
were significantly associated with TMTA decline. Although thicker 
IMT was not significant in the multivariable model constructed for 
TMTA decline and not retained for the final model with common 
covariates, it was associated with TMTA decline in a reduced mul-
tivariable model without smoking that included age, sex, education, 
visual impairment, and diabetes (IMT > 0.79 mm: HR = 1.34, 95% 
CI = 1.01, 1.79).

Risk factors significantly associated with an increased risk 
of TMTB decline in the final multivariable model were older age 
(HR = 1.38, 95% CI = 1.29, 1.46 for every 5 years), olfactory im-
pairment (HR  =  1.62, 95% CI  =  1.04, 2.54), visual impairment 
(HR  =  1.47, 95% CI  =  1.03, 2.09), and a history of head injury 
(HR = 1.40, 95% CI = 1.10, 1.76; Table 3). There was a J-shaped 
association with alcohol consumption where both not consuming 
alcohol (HR  =  1.66, 95% CI  =  1.18, 2.33) and consuming mod-
erate (HR = 1.46, 95% CI = 1.09, 1.95 for 15–74 g/wk) or greater 
amounts of alcohol (HR = 1.61, 95% CI = 1.14, 2.29 for 141 g/wk 

Table 1. Cognitive Outcome Definitions

Cognitive Outcome Test Metric/Definition
Time Period/Exam-
ination

10-y incidence of cognitive 
impairment (n = 89)

MMSE score < 24 At 5 or 10 y
 OR
Self-report or surrogate report of AD/dementia
 OR

At 5 or 10 y

MCI/dementia: Memory concerns AND impairment in 1 (MCI) or more (dementia) 
cognitive domains based on test performance (DSST, TMTA, TMTB, AVLT, VFT)

At 10 y

10-y decline in TMTA (n = 415) Increase in TMTA time to complete >11 s Between baseline 
and 5 y or between 
baseline and 10 y

10-y decline in TMTB (n = 413) Increase in TMTB time to complete >25 s Between baseline 
and 5 y or between 
baseline and 10 y

5-y decline in cognitive function 
(n = 173)

10% of participants with most decline in PCA summary score (DSST, TMTA, TMTB, 
AVLT, VFT)

Between 5 and 10 y

Notes: AVLT = Auditory Verbal Learning Test; DSST = Digit Symbol Substitution Test, VFT = Verbal Fluency Test (VFT); MCI = mild cognitive impairment; 
TMTA = Trail Making Test A; TMTB = Trail Making Test B.
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or more) were associated with an increased risk of TMTB decline 
when compared with light drinkers (0–14 g/wk). More years of edu-
cation (HR = 0.70, 95% CI = 0.54, 0.90 for ≥16 vs. <16 years) and 
exercising at least once a week (HR = 0.71, 95% CI = 0.57, 0.89) 
were associated with a reduced risk of TMTB decline. The estimate 
for hearing impairment, though only slightly attenuated from the 
age- and sex-adjusted model (HR = 1.30, 95% CI = 0.98, 1.71), was 
not significant in the final multivariable model.

Five-Year Cognitive Decline
The 10% of participants with the most decline on the standard-
ized PCA score between the 5- and 10-year examinations were 
considered to have cognitive decline. Risk factors associated with 

5-year cognitive decline in age- and sex-adjusted models are shown 
in Supplementary Table 3. In a multivariable model, older age (rela-
tive risk [RR] = 1.22, 95% CI = 1.12, 1.32 for every 5 years), olfac-
tory impairment (RR = 1.76, 95% CI = 1.07, 2.90), carotid plaque 
(RR = 1.43, 95% CI = 1.05, 1.94), CVD (RR = 1.79, 95% CI = 1.21, 
2.65), and a history of heavy alcohol use (RR = 1.73, 95% CI = 1.26, 
2.36) were associated with an increased risk of cognitive decline 
over 5 years. Though included in the final model, sex (RR = 1.06, 
95% CI = 0.78, 1.44), education (RR = 0.79, 95% CI = 0.57, 1.09), 
hearing impairment (RR = 0.93, 95% CI = 0.63, 1.36), and visual 
impairment (RR = 1.39, 95% CI = 0.91, 2.11) were not significantly 
associated with 5-year cognitive decline. Thicker IMT, modeled sep-
arately from carotid plaque, was slightly attenuated and not stat-
istically significant in the multivariable model (IMT > 0.79  mm: 
RR = 1.38, 95% CI = 0.98, 1.93).

Depressive symptoms were not associated with TMTA or TMTB 
decline or with 5-year cognitive decline in the final multivariable 
models.

Discussion

We believe this is one of the first studies to analyze the relation-
ship between three sensorineural impairments, CVRF/CVD, and the 
10-year incidence of cognitive impairment in a middle-aged cohort. 
In this longitudinal study with 10 years of follow-up, sensorineural 
impairments in vision and olfaction, CVRF/CVD, were associated 
with the 10-year cumulative incidence of cognitive impairment. With 
the exception of the null findings for hearing impairment, the results 
were consistent with those of the EHLS, which found hearing, visual, 
and olfactory impairments independently associated with the devel-
opment of cognitive impairment in older adults after adjusting for 
multiple CVRF (6). There are few longitudinal studies of the associ-
ation between hearing impairment and cognition that include other 
sensorineural impairments, and these have been in older adults with 
inconsistent results (6,12,31). In the present study, the hearing im-
pairment estimate for incident cognitive impairment was no longer 
statistically significant when visual impairment was included in the 
model. These results are similar to those of Lin and colleagues where, 
in a large study of older women, hearing impairment was not sig-
nificantly associated with cognitive decline in a multivariable model 
that included vision impairment (31).

In general, the present study found that impairments in sensori-
neural functions predicted decline in cognitive function over 5 and 
10  years, though results varied by outcome. Visual and olfactory 
impairments were associated with 10-year decline in TMTB, but 
none of the sensorineural impairments were significant in the multi-
variable model for TMTA decline. Sensorineural functions may load 
more heavily on cognitive domains assessed by the TMTB (execu-
tive function) versus the TMTA (speed). The current results therefore 
differed slightly from the previous cross-sectional analyses in this 
cohort where hearing, visual, and olfactory impairments were all in-
dependently associated with poorer performance on the TMTA and 
TMTB (10). In the analyses of 5-year cognitive decline measured by 
PCA summary score, only olfactory impairment was associated with 
an increased risk of cognitive decline over 5 years.

As sensorineural and cognitive functions both rely on good brain 
function, and functional tests of either one cannot be performed 
without the other (ie, cognitive tests require hearing or vision; sen-
sorineural tests require attention, executive function, memory), sen-
sorineural dysfunctions may be early markers for brain changes that 

Table 2. Baseline Beaver Dam Offspring Study Participant 
Characteristics

Baseline Characteristics N With Data % or Mean (SD)

Age, y 2,556 48.5 (9.8)
 <35  6.3
 35–44  31.1
 45–54  36.2
 55–64  20.5
 ≥65  5.9
Sex 2,556  
 Men  45.2
 Women  54.8
Education, y 2,542  
 ≤12  30.8
 13–15  33.3
 ≥16  35.9
Hearing impairment 2,457 13.5
Olfactory impairment 2,458 3.7
Visual impairment 2,456 7.5
Smoking history 2,550  
 Never  54.9
 Past  28.5
 Current  16.7
Body mass index, kg/m2 2,438  
 <25  21.5
 25–29.9  34.1
 ≥30  44.4
Waist circumference, cm 2,437 99.5 (16.4)
Exercise, at least 1/wk 2,549 62.1
History of heavy alcohol  

consumption
2,547 18.2

Alcohol past year, g/wk 2,550  
 None  10.3
 0–14  41.2
 >14–74  24.1
 >74–140  12.0
 >140  12.4
Depressive symptoms 2,434 14.2
Head injury 2,553 28.1
Hypertension 2,463 35.4
Carotid mean IMT > 0.79 mm 2,424 12.2
Carotid plaque 2,421 22.8
Cardiovascular disease 2,536 6.4
Statin use 2,461 15.0
Diabetes 2,542 5.3
Carotid–femoral PWV > 12.0 m/s 1,412 8.9
Carotid–radial PWV > 10.6 m/s 1,582 31.7

Notes: IMT = Intima-Media Thickness; PWV = pulse wave velocity.
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are occurring due to physiologic aging or pathology. Alternatively, 
it has been hypothesized that some sensory impairments may cause 
cognitive changes due to social isolation, sensory deprivation, or in-
creased cognitive load, but robust evidence for these pathways is 
lacking (5). Of the three sensorineural impairments, olfactory im-
pairment had the most consistent associations across cognitive out-
comes. Aging and disease-related pathology have been shown to 
begin early in areas of the brain associated with olfactory processing, 
and the amount and type of pathology in these areas has been cor-
related with performance on odor identification tests proximal to 
death (32,33). As olfactory impairment is uncommon in middle-aged 
adults (23,25), early dysfunction in olfaction may be an indicator 
of accelerated cognitive aging. AD-related pathology has also been 
found in the peripheral and central visual system and central audi-
tory system, but the temporality and effects of these findings are less 
clear (5).

Vascular health is a determining factor for brain health; CVRF, 
subclinical atherosclerosis, and CVD are associated with aging and 
physical and pathological changes in the brain (19,34,35). Carotid 
atherosclerosis in midlife has been associated with worse cognitive 
function, the presence of white-matter hyperintensities, ischemia, 
and lower neuronal viability in the brain (17,35,36). In the present 
study, a history of CVD, an indicator of clinical vascular disease, was 
associated with the 10-year cumulative incidence of cognitive im-
pairment and decline, and carotid artery plaque, a marker of subclin-
ical atherosclerosis, was associated with 5-year decline in cognitive 
function. Diabetes, which increases the risk for atherosclerosis and 
CVD, was also associated with 10-year decline in TMTA.

Other demographic and behavioral CVRF associated with 
the incidence of cognitive impairment and decline included older 
age, being male, current smoking, alcohol consumption, educa-
tion, and exercise. In the present study, smoking was only a sig-
nificant predictor of 10-year TMTA decline. Previous studies of 
smoking and cognition have been inconsistent (14–16,37). In one 
study, midlife smoking was not associated with cognitive decline 
over 6 years of follow-up (16), and in another study, it was as-
sociated with concurrent function in some, but not all cognitive 

domains and not associated with decline (37). Consistent with 
previous studies, nondrinkers had an increased risk of cognitive 
decline but in contrast to some previous studies, those who re-
ported moderate alcohol consumption also had an increased risk 
of cognitive decline (38). Our findings may have differed from 
others, as we chose to use light drinkers versus nondrinkers as 
the reference as nondrinkers may have health problems or a pre-
vious history of alcohol abuse. Although several previous studies 
have reported midlife hypertension to be associated with higher 
risk of dementia later in life, there was no association in the 
present study with cognitive impairment or decline (14–16,39). 
Associations with hypertension have been strongest for later-
life dementia or AD and less consistent with cognitive decline 
or mild cognitive impairment (39,40). Dementia was too rare 
in this younger cohort to analyze independently, and with only 
10 years of follow-up when compared with 20 or more years in 
some previous studies, follow-up may not have been long enough 
to detect an association (14,15).

The cohort was predominantly non-Hispanic white, well edu-
cated, and healthy. In this primarily middle-aged cohort, the preva-
lence of sensorineural impairments and CVD were low as was 
the incidence of cognitive impairment, which could have limited 
our ability to detect some associations. Cognitive test measures of 
memory and language were not administered until the second phase 
of the study, which limited the measures of 10-year decline to the do-
mains of attention, speed, and executive function. Finally, dementia 
was rare, and the definition of cognitive impairment included those 
who met the criteria for mild cognitive impairment, which may have 
prevented us from identifying factors associated with more severe 
cognitive dysfunction. The strengths of the study include the large, 
well-characterized cohort, and prospective design with 10 years of 
follow-up. Objective measures of sensorineural function, CVRF, and 
cognitive function were obtained using standard protocols and cov-
ered a spectrum of cognitive decline. The consistency of the find-
ings for cognitive impairment and TMTB, the two outcomes with 
a 10-year follow-up that measure executive or higher-order modal-
ities, is a strength.

Table 3. Multivariable Models for 10-Y Cumulative Incidence of Cognitive Impairment and Decline in the Beaver Dam Offspring Study

Baseline Factors

10-Y Incidence of Cognitive Impairment 10-Y Decline in TMTA 10-Y Decline in TMTB

HR (95% CI) HR (95% CI) HR (95% CI)

N 2,413 2,342 2,331
Age, per 5 y 1.03 (0.91, 1.17) 1.28 (1.20, 1.36) 1.38 (1.29, 1.46)
Sex, male 2.04 (1.23, 3.39) 1.49 (1.18, 1.88) 1.13 (0.89, 1.44)
Education, ≥16 y 0.23 (0.11, 0.48) 0.94 (0.74, 1.19) 0.70 (0.54, 0.90)
Hearing impairment 1.40 (0.81, 2.44) 0.88 (0.66, 1.19) 1.30 (0.98, 1.71)
Olfactory impairment 3.18 (1.53, 6.59) 1.25 (0.78, 1.99) 1.62 (1.04, 2.54)
Visual impairment 2.59 (1.34, 5.02) 1.41 (0.99, 2.03) 1.47 (1.03, 2.09)
Smoking, current (vs. nonsmokers) 1.19 (0.68, 2.08) 1.48 (1.12, 1.96) 1.24 (0.93, 1.66)
Exercise, at least 1/wk 0.66 (0.42, 1.04) 0.96 (0.77, 1.20) 0.71 (0.57, 0.89)
Alcohol past year, g/wk (vs. 0–14 g/wk)    
 None 2.21 (1.16, 4.19) 1.09 (0.77, 1.54) 1.66 (1.18, 2.33)
 15–74 0.92 (0.47, 1.81) 1.04 (0.78, 1.38) 1.46 (1.09, 1.95)
 75–140 1.62 (0.78, 3.35) 1.15 (0.80, 1.64) 1.39 (0.96, 2.02)
 ≥141 1.31 (0.64, 2.65) 1.11 (0.79, 1.57) 1.61 (1.14, 2.29)
History of head injury 1.75 (1.10, 2.76) 1.16 (0.92, 1.47) 1.40 (1.10, 1.76)
Cardiovascular disease 2.37 (1.24, 4.52) 1.30 (0.90, 1.88) 0.86 (0.57, 1.30)
Diabetes 0.85 (0.37, 1.98) 1.65 (1.12, 2.43) 1.10 (0.73, 1.68)

Notes: CI = confidence interval; HR = hazard ratio; TMTB = Trail Making Test B.
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In conclusion, visual and olfactory impairments, CVRF, and 
CVD were associated with the 10-year cumulative incidence of 
cognitive impairment and 5- and 10-year cognitive decline in 
middle-aged adults. Visual and olfactory impairments were asso-
ciated with cognitive function independently of CVD and CVRF 
and may be markers of changes occurring in the shared environ-
ment of the brain due to normal physiologic aging or pathology. 
As vascular disease is an important contributor of pathology in 
the brain, behavioral modification or treatments targeted toward 
preventing, reducing, or delaying vascular disease in midlife in the 
general population may provide opportunities to delay or reduce 
the effects of physiologic aging or disease on cognitive function 
later in life.
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