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Abstract
Background  Though dementia rates vary by racial or ethnic groups, it is unknown if these disparities remain among those 
aged 90 or older.
Aims  To test this hypothesis, we used baseline clinical evaluation of 541 ethnically and racially diverse individuals participat-
ing in the LifeAfter90 Study to assess how associations between core demographic characteristics and measures of physical 
and cognitive performance differ across the racial/ethnic groups.
Methods  Participants in this study were long-term non-demented members of Kaiser Permanente Northern California. 
They were clinically evaluated and diagnosed with normal or impaired cognition (mild cognitive impairment and dementia) 
through an in-person comprehensive clinical assessment consisting of a detailed medical history, physical and neurological 
examination, functional, and cognitive tests.
Results  The average age at enrollment was 93.0 ± 2.6 years, 62.4% female and 34.2% non-Hispanic White. At initial evalu-
ation 301 participants had normal cognition and 165 had mild cognitive impairment (MCI) and despite screening, 69 par-
ticipants were determined to have dementia. Age, education, 3MS, FAQ and CDR scores were significantly associated with 
cognitive impairment (normal versus MCI and dementia), but not gender. There was a significant univariate association 
between race/ethnicity and cognitive impairment (p < 0.02) being highest among Black (57.4%) and lowest among Asian 
(32.7%) individuals. After adjustment for age, gender, and education, however, prevalence of cognitive impairment was not 
influenced by race or ethnicity.
Conclusion  Our results confirm the ability to reliably assess clinical diagnosis in a diverse sample of very old individuals.

Keywords  Cognitive impairment · Diverse population · Oldest-old · 3MS · Epidemiology · Cognitive testing

Introduction

In the US, people aged 90 and over are the fastest growing 
part of the population [1]. In 2010, this group represented 
4.7% of the older population (≥ 65 years) and is estimated 
to reach 10% by 2050, representing 2% of total US popula-
tion [2].

The incidence of dementia in this age group remains con-
troversial as studies of this age group are often limited to 
small study size, presence of comorbidities, and difficulties 
distinguishing between cognitive and non-cognitive con-
tributors to loss of functional abilities making diagnosis of 
cognitive impairment challenging [3]. Despite significant 
variability in studies, the literature suggests that both the 
incidence [4] and prevalence [5] of dementing disorders 
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continue to increase with age and are particularly high 
among people beyond 90 years of age. Yet, current under-
standing of cognitive impairment in this age group is lim-
ited to studies of predominantly non-Hispanic White (White) 
individuals [3, 5–7]. Studies of younger diverse populations 
suggest marked differences in rates of dementia by racial/
ethnic groups, with higher rates among Black and lower 
rates among Asian individuals [8], including those over age 
90 [9]. A significant gap, therefore, exists in the epidemiol-
ogy of dementia particularly among underrepresented ethno-
racial groups of oldest old. Understanding dementia and its 
risk factors among ethno-racially diverse populations is par-
ticularly important given that the proportion of non-White 
elderly individuals continues to increase and estimated to be 
about 30% of oldest-old population in the U.S. by 2050 [2].

The LifeAfter90 Study is an ongoing prospective cohort 
study aimed to investigate life-course determinants of 
dementia incidence, cognitive decline, neuropathologic 
changes, and brain imaging markers in an ethnically and 
racially diverse cohort of individuals aged 90 years and 
older.

This manuscript describes the baseline clinical diagnos-
tic evaluation of the first 541 participants enrolled into the 
LifeAfter90 Study.

Methods

Study participants

Participants in the LifeAfter90 Study are long-term mem-
bers of Kaiser Permanente Northern California (KPNC) who 
were 90 years or older residing in the San Francisco Bay and 
Sacramento areas of California. Eligible individuals were 
KPNC members at some point between 1964 and 1992 and 
spoke English or Spanish. Exclusion criteria included inabil-
ity to provide informed consent or a diagnosis of dementia 
or other neurodegenerative disease, hospice care, or dialy-
sis in their electronic medical record at the time of enroll-
ment. Study enrollment began in July 2018 and is ongoing. 
Figure 1 presents the flow chart of the participants’ enroll-
ment as of March 2021. This analysis includes the first 541 
individuals who were enrolled and completed the baseline 
clinical component with UC Davis from July 2018-Febru-
ary 2020.

The LifeAfter90 Study was approved by the KPNC, and 
UC Davis Institutional Review Boards and all enrolled par-
ticipants provided informed consent.

Clinical evaluation components

UC Davis was responsible for the clinical component of this 
study which included detailed clinical evaluation of all par-
ticipants approximately twice yearly. Six physicians trained 
by a behavioral neurologist (CD) with extensive experience 
in diagnosing cognitive impairment and dementia, conducted 

Fig. 1   Enrollment Flow Chart
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the clinical examination of the study participants. To facili-
tate participation of individuals with limited mobility, sen-
sory impairment, or frailty, all evaluations are done in the 
participants’ homes. The evaluation consisted of collecting 
detailed medical history including history of cognitive com-
plaints, a physical and neurological examination, cognitive 
function tests (Modified Mini-Mental State (3MS) examina-
tion [10] and Clinical Dementia Rating (CDR) [11]), assess-
ment of physical performance (Short Physical Performance 
Battery(SPPB) [12]) and assessment of functional impair-
ment (Functional Activities Questionnaire(FAQ) [13]), tools 
commonly used in the clinical assessment of presence and 
severity of cognitive impairment [14, 15] (Supplementary 
Table S1).

Clinical evaluation instruments

Modified mini‑mental state exam (3MS)

The 3MS, a modified version of Mini-Mental State Exam, 
includes the following domains: verbal fluency, reasoning/
judgment, expressive language, visual construction, imme-
diate and delayed free verbal recall, and cued verbal recall 
[10]. Several studies documented its superiority to MMSE 
in discriminating different levels of cognitive impairment 
[16–19].

Clinical dementia rating (CDR)

The CDR was administered to the participant and the 
informant, if one was available at the time of the clinical 
evaluation. It collected information through semi-structured 
interviews to assess the presence and level of cognitive 
impairment in six domains: memory, orientation, judgment 
and problem solving, community affairs, home and hobbies, 
and personal care [11].

Functional activities questionnaire (FAQ)

The FAQ is a 12-item scale that collected information on 
instrumental activities of daily living [13]. A modified ver-
sion of FAQ was used in this study enabling distinction 
between different causes (cognitive vs other (sensory or 
physical)) for functional impairment. It was administered 
primarily to the participant and was supplemented with the 
information provided by the informant, when available. 
The modified FAQ allowed for the assignment of separate 
sub-scores indicating if functional impairment was due to 
cognitive or non-cognitive limitations including hearing or 
visual impairment, changes in upper or lower extremities, or 
balance problems (Supplementary table S2).

Short physical performance battery (SPPB)

SPPB was used to assess balance, gait, and lower extremity 
strength in older individuals [12] known to be associated 
with cognitive decline [20]. The SPPB consists of 5 tests 
of physical ability: (1) side-by-side stand, (2) semi-tandem 
stand, (3) tandem stand, (4) timed walk (3 or 4 m), and 5) 
time to arise from a chair 5 times. Each physical activity is 
timed and scored by ability and time to complete, with a 
range of 0 indicating no ability to 12 indicating full ability 
at all tasks.

Clinical diagnosis and adjudication

Diagnosis of dementia was made using the criteria of Diag-
nostic and Statistical Manual of Mental Disorders Fourth 
Edition and required (1) impairment in memory and one 
additional cognitive domain; (2) decline from a previous 
level of functioning due to cognition; and (3) presence of 
cognitive deficits not only during delirium [21] as updated 
by National Institute on Aging, Alzheimer’s Association 
[15]. Diagnosis of mild cognitive impairment (MCI) was 
consistent with Petersen’s criteria [22] and required (1) sub-
jective complaints; (2) impairment in one or more cognitive 
domains; (3) no functional impairment due to cognition; and 
(4) no dementia. Final clinical diagnosis of the participants 
was determined in the following sequence: (1) at the end of 
each clinical evaluation, the physicians documented their 
initial impression based on the overall information collected 
during the assessment that included history, physical and 
neurological examination along with “bedside” cognitive 
and functional testing as indicated by recent recommen-
dations [15], and assigned the participant a diagnosis of 
either normal cognition (NC), mild cognitive impairment 
(MCI), or dementia; (2) a behavioral neurologist reviewed 
the documented results of the clinical evaluation and adju-
dicated the final clinical diagnosis. Discrepancies between 
the initial clinical impression and final clinical diagnosis 
were reviewed and discussed during quality control and reli-
ability sessions conducted monthly until the final consensus 
diagnosis was reached.

Statistical analysis

The primary dependent variable was the clinical diagnosis of 
NC, MCI, or dementia. Due to the relatively low number of 
individuals with dementia in this subsample, however, clini-
cal diagnosis was operationalized to normal or impaired cog-
nition (MCI or dementia) in the final analysis. Independent 
variables of interest included demographic variables (race/
ethnicity, gender, age, and education), self-described meas-
ures of general health (health perception, smoking status, 
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medical history including presence of cardiovascular, cer-
ebrovascular, or vascular diseases), physical (SPPB and FAQ 
non-cognitive scores) and cognitive performances (3MS, 
CDR, CDR sum of boxes (CDR SOB [23]) and FAQ cogni-
tive scores). Race/ethnicity was captured in five categories: 
Asian, Black, Latino, White, and multiracial. Education was 
coded as three categories: achievement up to High School 
graduation or GED, any college education, and any graduate 
education. Missing values for all variables were checked for 
randomness using Little’s missing at random test [24] and 
were replaced with the mean of the variable if more than 
1% of data was missing randomly for quantitative variables. 
Only the SPPB total score had more than 1% missing values 
(1.8%) and were replaced with the mean SPPB score of 6.29.

We first generated basic descriptive statistics for all par-
ticipants. Differences between the participants across racial/
ethnic groups as well as subgroups of cognition were com-
pared using independent t-test and Pearson’s chi-square test.

Multiple logistic regressions were performed to define 
independent risk factors for cognitive impairment and con-
trol for potential confounders.

We used STATA 13.0 statistical software for all analysis.

Results

Demographic characteristics of study participants

Tables 1 and S3 summarize characteristics of the 541 par-
ticipants included in this analysis by clinical diagnosis 
(Table 1), and by race and ethnicity (Table S3). The average 
age at enrollment was 93.0 ± 2.6 years [range 90–105], and 
most were female (62.4%). Educational achievement was 
generally high with most having either some college (40.6%) 
or graduate school (19.0%) experience. All demographic 
characteristics differed significantly across the racial/ethnic 
subgroups. Multiracial and Black individuals had the highest 
proportion of women (71.7% and 70.4%, respectively) while 
Asian individuals had the lowest (48.7%). White, Black, and 
Latino individuals had the same average age (93.2 years) 
at enrollment, but Asian and Multiracial individuals were 
significantly younger (92.3 and 92.7 years, respectively). 
Educational achievement varied significantly by race and 
ethnicity (Supplement Table 3). The median educational 
achievement for White, Black and Asian individuals was 
some level of college education, whereas the median level 
of educational achievements for Latino individuals was 
high-school or GED. Health perception and prevalence of 
vascular risk factors also varied by race/ethnicity with White 
individuals having the highest degree of perceived health 
and Black individuals having the greatest prevalence of vas-
cular risk factors.

Cognition

Despite exclusion of a prior diagnosis of dementia in the 
medical record, almost 13% of the individuals evaluated 
received a clinical diagnosis of dementia at baseline and 
31% were diagnosed with MCI.

Age, gender, and education in relation to cognition

Initial analysis included demographic characteristics (gen-
der, age, and education). In univariate analyses, increas-
ing age was associated with a higher likelihood of cogni-
tive impairment (p < 0.001). College and graduate school 
achievement were more common among cognitively normal 
individuals (p = 0.023). Gender was not associated with cog-
nitive impairment (p = 0.931). In a multiple logistic regres-
sion model using these demographic variables, age, college 
and graduate school education, but not gender, were associ-
ated with a higher likelihood of cognitive impairment versus 
cognitively normal.

Race/ethnicity and cognition

There was a significant univariate association between race/
ethnicity and cognitive impairment (p < 0.02) being high-
est among Black (57.4%) and lowest among Asian (32.7%) 
individuals. After adjusting for age, gender, and education, 
however, there were no race/ethnic differences in the likeli-
hood of cognitive impairment,

Vascular disease and cognition

Vascular risk factors (hypertension, hypercholesterolemia, or 
diabetes) as well as cardiovascular diseases (Table 1) were 
significantly more prevalent among participants with normal 
cognition, whereas history of any cerebrovascular disease 
was significantly more prevalent among the participants with 
dementia.

Cognitive performance

Association of CDR with diagnosis

As expected, there was a highly significant association 
between CDR ratings, either as CDR score or CDR sum 
of boxes (SOB), and clinical diagnosis for this group. Spe-
cifically, only 15.8% of individuals determined to be cogni-
tively normal had a CDR score 0.5 as compared to 74.3% 
of participants with cognitive impairment (Table 1). The 
association between CDR SOB and diagnosis did not vary 
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Table 1   Characteristics of participants by cognitive status

NC normal cognition, MCI mild cognitive impairment, SPPB short physical performance battery; 3MS modified mini-mental state exam; CDR 
clinical dementia rating Scale; FAQ functional activities questionnaire
Unless otherwise noted, values are presented as n (%)
Unless otherwise noted, p-values are obtained using chi-square test
‡ Fisher Exact Test
c History of cardiovascular disease includes reported history of any of the following: heart attack, atrial fibrillation, angioplasty/endarterectomy/
stent, cardiac bypass surgery, pacemaker/defibrillator, congestive heart failure, angina, and heart valve replacement/repair
d History of cerebrovascular disease includes reported history of stroke and/or transient ischemic attack
e Vascular risk factors includes reported history of any of the following: hypertension, hypercholesterolemia, and diabetes

Characteristic NC (N = 304) MCI (N = 167) Dementia (N = 70) P value

Demographics
 Age, years, mean (SD) 92.5 (2.3) 93.2 (2.6) 94.4 (3.0)  < 0.001

Age categories
 90–94 years 249 (81.9) 123 (73.7) 35 (50.0)  < 0.001
 95–105 years 55 (18.1) 44 (26.3) 35 (50.0)

Female, n (%) 190 (62.5) 103 (61.7) 45 (64.3) 0.931
Education
  ≤ HS/GED 106 (35.1) 80 (47.9) 32 (46.4) 0.023
 Any college 130 (43.1) 65 (38.9) 22 (31.9)
 Any graduate school 66 (21.9) 22 (13.2) 15 (21.7)

Health Measures
 Health Perception
  Excellent 23 (7.6) 13 (7.9) 2 (3.0) 0.780‡

  Very Good 81 (26.9) 38 (23.0) 16 (23.9)
  Good 142 (47.2) 80 (48.5) 34 (50.8)
  Fair 47 (15.6) 28 (17.0) 11 (16.4)
  Poor 8 (2.7) 6 (3.6) 4 (6.0)
  Former Smokers 127 (41.8) 71 (42.5) 24 (34.3) 0.463
  Age last smoked, years, mean (SD) 47.3 (16.0) 46.3 (16.1) 48.7 (19.0) 0.842

Medical history
 Cardiovascular diseasec 140 (47.0) 50 (31.4) 26 (40.0) 0.006
 Cerebrovascular diseased 44 (14.7) 24 (14.6) 18 (28.1) 0.024
 Vascular risk factorse 256 (85.9) 120 (75.9) 48 (73.8) 0.008

Physical performance
 SPPB score, mean (SD) 7.0 (3.1) 5.8 (3.2) 4.5 (3.2)  < 0.001
 FAQ non-cognitive score, mean (SD) 1.9 (3.2) 3.6 (5.1) 4.8 (4.6)  < 0.001

Cognitive performance
 3MS score, mean (SD) 92 (5.3) 82.8 (7.8) 68.1 (12.4)  < 0.001

FAQ
 Cognitive score, mean (SD) 0.2 (0.5) 1.4 (1.7) 5.9 (4.2)  < 0.001
 No. of impaired cognitive items, mean (SD) 0.2 (0–3) 1.3 (1.6) 4.3 (2.6)  < 0.001

CDR global score
 0 256 (84.2) 2 (1.2) 0 (0.0)  < 0.001‡

 0.5 48 (15.8) 160 (95.8) 16 (22.9)
 1, 2 or 3 0 (0.0) 5 (3.0) 54 (77.1)
 CDR SOB, mean (SD) 0.2 (0.3) 1.5 (1.0) 6.6 (3.5)  < 0.001
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after adjusting for age, gender, race/ethnicity, or educational 
achievement.

Cognitive performance measures as predictors of cognitive 
status

After adjusting for age, gender, education, physical perfor-
mance (SPPB) and function (non-cognitive FAQ), lower 
3MS remained a significant predictor of impaired cognition 
across all race and ethnic groups. Similarly, higher cognitive 
FAQ scores remained a significant predictor of cognitive 
impairment for all subgroups except for Black and multira-
cial individuals (Table 2).

Discussion

The LifeAfter90 Study is an unprecedented epidemiologic 
study of ethnically diverse oldest-old individuals. The 
accurate diagnosis of cognitive impairment is critical to 
assessing the impact of early-life risk and protective fac-
tors on dementia incidence and possibly health dispari-
ties among diverse populations. Our results indicate that, 
not only can the diagnosis of cognitive impairment, using 

accepted clinical diagnostic guidelines [14, 15, 22], be made 
amongst a racially and ethnically diverse group of individu-
als 90 years of age and older, but that the utility of “beside” 
measures of cognitive ability [15], particularly the 3MS and 
the cognitive component of the FAQ are supported by the 
results of a detailed and comprehensive clinical evaluation 
performed in the home. Specifically, lower 3MS remained a 
significant predictor of impaired cognition across all racial 
and ethnic groups after adjusting for age, gender, educa-
tion, and measures of physical performance, suggesting 
that 3MS and functional disability due to cognitive impair-
ment measured by the FAQ have the potential for use as a 
screening tool in this population. Moreover, we found that 
the relationship between scores on these general measures 
of cognition, function, and clinical diagnosis do not vary by 
race or ethnicity supporting an unbiased approach to clinical 
assessment despite widely varying degrees of educational 
attainment and physical abilities.

Dementia at baseline

Although individuals were screened by review of their medi-
cal histories to exclude prevalent dementia, we expected to 
enroll some percentage of individuals with dementia. We 
believe the percentage of individuals with dementia at the 

Table 2   Predictors of cognitive impairment by racial/ethnic group*

CI confidence interval, OR odds ratio, SPPB short physical performance battery; 3MS modified mini-mental state exam; FAQ functional activi-
ties questionnaire
*Separate models for each racial/ethnic groups
a Derived from logistic regression with cognitive impairment as the outcome and age, gender, education, physical and cognitive performance 
measures as covariates
b Reference group: Men
c Reference group: ≤ High school
d Not estimable due to small numbers

Covariates Overall 
(n = 531) OR 
(95% CI)a

White (n = 181) 
OR (95% CI)a

Black (n = 115) OR 
(95% CI)a

Asian
(n = 113) OR (95% 
CI)a

Latino (n = 76) OR 
(95% CI)a

Multiple (n = 46) 
OR (95% CI)a

Demographics
Age 0.98 (0.87–1.10) 0.95 (0.76–1.18) 0.99 (0.77–1.28) 1.03 (0.79–1.35) 0.80 (0.56–1.16) 0.95 (0.48–1.90)
 Gender: women b 1.14 (0.63–2.03) 2.96 (0.98–8.98) 0.26 (0.06–1.12) 1.39 (0.47–4.12) 0.93 (0.16–5.58) -d

Education: any col-
lege c

2.61 (0.84–8.07) 1.01 (0.34–3.44) 1.07 (0.25–4.66) 1.31(0.38–4.49) 3.29 (0.41–26.34) 0.65 (0.03–16.28)

 Education: any 
graduate school c

1.95 (0.57–6.7) 0.55 (0.13–2.32) 3.14 (0.26–38.24) 0.57 (0.10–3.32) 0.16, (0.00–274.65) -d

Physical performance
 FAQ non-cogni-

tive score
1.03 (0.95–1.11) 0.98 (0.85–1.14) 1.03 (0.86–1.22) 1.30 (0.98–1.72) 0.95 (0.68–1.31) 0.84 (0.50–1.43)

 SPPB score 0.99 (0.90–1.09) 1.01 (0.84–1.22) 0.93 (0.69–1.23) 1.18 (0.96–1.45) 0.98 (0.73–1.32) 0.79 (0.45–1.41)
Cognitive performance
 3MS Score 0.78 (0.74–0.83) 0.75 (0.67–0.85) 0.68 (0.57–0.81) 0.84 (0.76–0.92) 0.83 (0.72–0.95) 0.59 (0.41–0.86)
 FAQ cognitive 

score
3.19 (2.31–4.59) 4.57 (2.29–9.12) 2.05 (0.72–5.86) 2.18 (1.20–3.96) 3.73 (1.56–8.90) 7.58 (0.54–106.37)
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baseline evaluation (13%) in this subsample was due par-
tially to lack of regular cognitive surveillance, given the rec-
ognized exponential rise in yearly dementia incidence after 
age 90 [4]. It could also reflect the difficulty of diagnosing 
dementia among the oldest old in primary care [3].

Impact of sex differences

Unlike most prevalence studies suggesting higher preva-
lence in women than in men [5, 25–27], we did not find 
any significant differences in prevalence of cognitive impair-
ment between men and women in this study. This might be 
explained by the small sample size and exclusion of the indi-
viduals with diagnosis of dementia in their medical record. 
Further analysis for cognitive impairment among men and 
women as well as measures of survival after diagnosis of 
cognitive impairment, will allow for further examination of 
gender differences in incident dementia among this diverse 
group of oldest old.

Vascular risk factor assessment

We found a significantly higher prevalence of vascular risk 
factors and cardiovascular disease amongst individuals 
with normal cognition. This result is similar to other stud-
ies showing that hypertension and high cholesterol levels 
have an inverse association with dementia in the oldest-old 
[28–30]. For this analysis, however, the presence of these 
diseases was based primarily on participants self-report. 
Those with normal cognition, therefore, may have been more 
likely to report these comorbidities compared to those with 
some cognitive impairment. Additionally, we did not col-
lect information on the duration of, or treatment for, these 
diseases. Future studies using life-course data obtained from 
the Kaiser health system will focus on early-life health fac-
tors to further understand risk and resilience in this unique 
cohort. Conversely, a history of cerebrovascular disease 
(described as transient ischemic attack (TIA) or stroke) was 
significantly more common among those individuals with 
dementia consistent with vascular contributions to cogni-
tive impairment as previously noted among participants in 
the 90 + study[31].

Strengths and limitations

One of the strengths of this study is the detailed in home 
assessment performed by the clinicians with clinical adju-
dication by a behavioral neurologist similar to that used in 
the East Boston Dementia study [32] and refined by experi-
ence in the 90 + study [3]. Importantly, the clinical adjudica-
tor was blind to race and ethnicity. The clinical evaluations 
were completed in the homes of the participants enabling 

individuals of all levels of physical and cognitive abilities 
to participate thereby reducing common forms of selection 
bias.

The potential limitation of this study might be diagnos-
tic misclassification. This could be due to several reasons, 
including the difficulty of determining whether functional 
limitations are due to cognitive impairment or physical 
limitations (sensory and motor deficits, comorbidities) or 
the combination of both [3, 12]. Moreover, diagnosis was 
obtained without assistance of brain imaging or detailed 
neuropsychological testing, both of which are tools of 
proven value in the differential diagnosis of dementia [15]. 
Generalizability of the findings might be another limitation 
of this study as participants have been long-term members 
of KPNC system with higher average educational achieve-
ment and available access to the health care as compared to 
the general population.

Conclusion

In conclusion, the oldest old are a select group of the 
growing population who may escape major illnesses or 
delay onset toward the end of life. Preliminary analysis of 
this population finds excellent consistency between “bed-
side”[15] cognitive and functional measures and the clini-
cal diagnosis of cognitive impairment blindly adjudicated 
by a behavioral neurologist that were unaffected by the 
race or ethnicity of the participants. Lifestyle, health, and 
genetic factors that could be of great importance to under-
standing dementia disparities in this oldest-old population 
will be further explored once enrollment is complete and 
the clinical diagnostic data is linked with the decades of 
prospectively collected health information and detailed 
neuropsychological testing available for the participants 
of LifeAfter90 study.
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