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Abstract 

Background:  Despite a growing burden of Alzheimer’s Disease and related dementias (ADRD) in the US, the relation-
ship between health care and cognitive impairment prevention is unclear. Primary care manages risk causing condi-
tions and risk reducing behaviors for dementia, so we examine the association between individual and area-level 
access to primary care and cognitive impairment in the REasons for Geographic And Racial Differences in Stroke 
(REGARDS) study.

Methods:  REGARDS participants with a cognitive assessment and vascular measurements at their baseline visit were 
included in this cross-sectional analysis. Cognitive impairment was defined as a Six-Item Screener (SIS) score < 5. Pri-
mary care supply, primary care utilization and emergency department (ED) utilization were measured at the primary 
care service area (PCSA) level based on participant’s address. Individual access to care was self-reported. Models were 
adjusted for confounding by demographics, socioeconomic status and behavioral risk factors.

Results:  Among 25,563 adults, living in a PCSA with low primary care supply was associated with 25% higher odds 
of cognitive impairment (OR 1.25 CI 1.07-1.45). Not having a regular source of medical care was associated with 14% 
higher odds of cognitive impairment (OR 1.14 CI 1.02-1.28), and living in a PCSA with high emergency department 
utilization was associated with 12% higher odds of cognitive impairment (OR 1.12 CI 1.02-1.23).

Conclusions:  Our results are an important first step in understanding how health care may prevent cognitive impair-
ment. They highlight the importance of primary care and suggest future work clarifying its role in preventing cogni-
tive decline is imperative.
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Background
As the American population ages, projections estimate 
that by 2050, one new case of Alzheimer’s disease will 
develop every 33 s for an additional 1 million new cases 
each year [1]. People with Alzheimer’s disease or related 
dementias (ADRD) use more health care, including 

extended hospitalizations, trips to the emergency 
department and home health care [2–4]. Although the 
healthcare costs of ADRD are well documented (largely 
attributed to the costs of hospitalization and long term 
care) [5], aspects of the healthcare environment that are 
relevant for preventing cognitive impairment are not well 
understood [6, 7].

Most existing ADRD primary care research has 
focused on the role of ambulatory/primary care for 
detecting cognitive impairment and dementia; how-
ever, little is known about the role of primary care 
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in preventing cognitive decline [8]. Indeed, little 
research has examined what role (if any) access to pri-
mary care has in preventing cognitive impairment. 
Mitigation of modifiable risk factors is a potential 
mechanism by which health care can prevent or delay 
cognitive impairment [3, 9]. Research on the relation-
ship between cardiovascular health and dementia [10, 
11] suggests that access to primary health care may 
mitigate age-related cognitive decline through effective 
management of vascular risk factors, such as hyperten-
sion and diabetes [12–14]. Other modifiable risk factors 
for dementia are also managed or encouraged by pri-
mary care physicians, including regular exercise, obe-
sity and stopping smoking [9].

Therefore, we examine the association between the 
spatial availability of primary health care services in 
each REasons for Geographic And Racial Differences 
in Stroke (REGARDS) participant’s primary care ser-
vice area (PCSA), individual access to regular medical 
care, and cognitive impairment (assessed through a 
well-validated cognitive screening instrument). PCSAs 
are a group of standardized primary care market areas 
developed with Medicare data that have been used to 
capture local access to care [15, 16]. Although access 
to care is commonly operationalized at the individual 
level as having health insurance, proximity to health 
care services at the geographic level is also a determin-
ing factor in accessing health care [17–20]. Because 
vascular risk factors including blood pressure, diabetes, 
and dyslipidemia increase risk of cognitive impairment, 
we hypothesize that residence in an area with more 
primary care physician supply will be associated with 
lower risk of cognitive impairment, in part through 
the better management of these conditions. We evalu-
ate whether the management of individual vascular risk 
factors (hypertension, dyslipidemia, diabetes) accounts 
for any of the observed relationship between primary 
health care access and cognitive impairment.

While much research on health care and dementia 
has relied on clinical or patient samples [3, 21], such 
work excludes populations who have not been clinically 
diagnosed with dementia. The REGARDS study over-
sampled individuals living in the Stroke Belt states (e.g. 
Alabama, Louisiana, Mississippi, Tennessee), resulting 
in a sizable proportion of participants in rural areas 
and almost half the sample (42%) is African American. 
As a result, the study’s large community-dwelling sam-
ple includes those who are likely undercounted with 
respect to dementia diagnosis in existing research, and 
presents a unique opportunity to examine the role of 
primary care access for preventing cognitive impair-
ment in some of the most vulnerable community-dwell-
ing aging Americans.

Methods
Data
The REGARDS study is a national, population-based pro-
spective cohort study examining stroke mortality [22]. 
Using mail and telephone contact methods, community-
dwelling adults age 45 years or older were recruited from 
January 2003 to October 2007, stratified by age, race, sex, 
and geographic region. The cohort consists of 30,239 
older adults (mean age 64 ± 9 years), with 16,934 from 
Stroke Belt states (Alabama, Arkansas, Georgia, Louisi-
ana, Mississippi, North Carolina, South Carolina, and 
Tennessee) and 13,305 from the remaining 40 contiguous 
states and the District of Columbia. Because the largest 
stroke-related racial disparities are between black and 
white adults, REGARDS only enrolled those reporting 
race as either Black (42%) or White (58%).

A computer-assisted telephone interview was con-
ducted to gather sociodemographic and health history 
information at baseline (2003-2007), followed by an 
in-home examination that collected physical measures 
(height, weight, blood pressure), blood and urine sam-
ples, and an inventory of current medications using pill 
bottle review. Full details of methods are available else-
where [22]. Although the REGARDS study is ongoing, we 
focus on cross-sectional data from the baseline assess-
ment, when the full suite of medication and physical 
measurement data were collected.

Measures
Cognitive impairment
Cognitive impairment, was assessed using the Six-Item 
Screener (SIS) [23]. The SIS is a test of global cognitive 
function derived from the widely used Mini-Mental State 
Exam (MMSE), consisting of a 3-item word recall and 
3-item temporal orientation (score range = 0-6). In com-
munity samples, a score < 5 indicates cognitive impair-
ment [23–25], with 74.2% sensitivity and 80.2% specificity 
for clinically confirmed cognitive impairment no-demen-
tia (CIND) and dementia [23]. The SIS has been validated 
against the MMSE, list learning tasks, and diagnoses of 
dementia and CIND in community-dwelling Black and 
White samples [23, 25]. We included REGARDS partici-
pants who had their first SIS by 2010.

Health care access
Participants were assigned to a primary care service area 
(PCSA) based on their residential address at the base-
line visit [26]. Using geographic information systems 
(GIS), characteristics of health care resources in each 
participant’s PCSA were linked using the Spatial Join 
function in GIS software (ArcGIS, ESRI, Inc.) to the XY 
(latitude and longitude) coordinates of participants’ resi-
dential addresses. We included REGARDS participants 
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who could be mapped to a PCSA (n = 29,340) (Fig.  1). 
We obtained data from Health Resources and Services 
Administration (HRSA) to characterize health care sup-
ply and utilization in each PCSA [27]. This publicly avail-
able HRSA dataset documents how medical resources 
are distributed and used in the United States. Using 2010 
data, each PCSA in the US was ranked to derive meas-
ures of primary care supply and use, including a) national 
quartiles of the age and sex adjusted rate of clinically 
active primary care providers available per 100,000 cen-
sus population; b) average annual rate of primary care 
visits per Medicare beneficiary; and c) the average annual 
rate of emergency department (ED) visits per Medicare 
beneficiary. Utilization of ED and primary care services 
were modeled as above or below the national median 
value. The distribution of REGARDS participants across 
these PCSAs is illustrated in Fig. 2. Individual access to 
care was operationalized as having a self-reported regu-
lar physician or clinic for medical care, and having health 
insurance. We excluded 29 Regards participants missing 
health insurance information (n = 29,311, Fig. 1).

Covariates
To evaluate the role of vascular health in the association 
between primary care and cognitive impairment, the 
management of diabetes, hypertension, and dyslipidemia 
were evaluated by data from physical measurements, 
blood/urine samples, and prescription medications. We 
excluded 2037 REGARDS participants missing lab val-
ues or pill audit data from the baseline visit (n = 27,274, 
Fig. 1).

Uncontrolled diabetes was defined as fasting blood glu-
cose > = 126 mg/dL or non-fasting glucose > = 200 mg/
dL. Controlled diabetes was defined as having a prescrip-
tion medication for diabetes in the pill bottle audit, but 
having a normal blood sugar value (< 126 mg/dL fasted 
or < 200 mg/dL unfasted). No diabetes was defined as not 
having a diabetes medication, and having a normal blood 
sugar value.

Uncontrolled hypertension was defined as systolic 
blood pressure > =140 mmHg or diastolic blood pres-
sure > =90 mmHg. Controlled hypertension was defined 
as having a hypertension medication in the pill bottle 
audit and having a normal blood pressure reading (sys-
tolic blood pressure < 140 mmHg, diastolic blood pres-
sure < 90 mmHg). No hypertension was defined as not 
having a hypertension medication and having a normal 
blood pressure reading.

Uncontrolled dyslipidemia was defined as a lab meas-
ured HDL < =40 or LDL > =160. Controlled dyslipi-
demia was defined as having a prescription cholesterol 
medication and lab measured HDL > 40 and LDL < 160. 
No dyslipidemia was defined as not taking a cholesterol 
medication and having a normal lab measure (HDL > 40 
or LDL < 160).

To account for potential selection of individuals at 
greater risk for cognitive impairment into PCSAs with 
less primary care, we adjusted for age (in years), gender 
(male, female), race (self-reported Black, White), educa-
tion (<high school, high school graduate, some college, 
college degree or higher), marital status (married, not 
married (including separated, divorced, widowed and 

Fig. 1  Participant exclusion flow diagram
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never married)), annual household income (<$20,000, 
$20,000-$34,999, $35,000-$74,999, $75,000+, or refused), 
cigarette smoking (number of packs smoked per year: 
none, >median (0.45) pack years, <median pack years), 
alcohol use (none (0 drinks per week), moderate (1-7 
drinks/week for women; 1-14 drinks/week for men), or 
heavy (> 7 drinks/week for women; > 14 drinks/week for 
men)), exercise (none, 1-3 times per week, 4+ times per 
week). Body mass index (BMI, measured weight (kg)/
height (m2)) was modeled as underweight (< 18.5), nor-
mal weight (18.5 to < 25), overweight (25 to < 30) and 
obese (> = 30). We excluded participants missing covari-
ate data (n = 25,563, Fig. 1).

Statistical analyses
The analytic sample included REGARDS participants 
with a baseline cognitive screening (SIS) test (n = 29,340). 
Participants were excluded from the analysis if they were 
missing demographic or behavioral measures (n = 1848) 
or physical measurements (blood pressure, LDL, HDL, 
glucose, BMI) from the baseline exam (n = 1929). The 
resulting analytic sample consisted of 25,563 participants 
(Fig.  1). We first described participant characteristics. 
Multivariable associations between cognitive impair-
ment and PCSA characteristics were then modeled using 
a generalized estimating equation logistic regression with 
robust standard errors to account for clustering within 

PCSA. We conducted two sensitivity analyses to confirm 
the robustness of our findings to different definitions of 
vascular risk factor management. First, we defined vascu-
lar risk factors using lab test only definitions of diabetes, 
hypertension and dyslipidemia (not including medica-
tion information). Second, we modeled each of the vas-
cular conditions separately. All analyses were conducted 
with STATA Version 15 software (College Station, TX), 
and statistical significance was assessed with a two-tailed 
alpha of 0.05. This study was approved by the University 
of Michigan Institutional Review Board (HUM00136943).

Results
Table  1 presents the descriptive characteristics of the 
study sample. Of the 25,563 participants, 2145 (8.4%) 
were cognitively impaired at baseline and 23,418 (91.6%) 
were not. The median age at baseline was 64 (range 
45-96 years). The majority of participants lived in PCSAs 
where the supply of primary care physicians was within 
the interquartile range of the nation, with slightly larger 
proportions of REGARDS participants living in areas at 
the second and third quartiles (31.0 and 27.7% respec-
tively) compared to the nation as a whole. Most par-
ticipants (56.5%) lived in PCSAs where primary care 
utilization was above the national median. Over half of 
participants (53.9%) lived in areas with ED utilization 
above the national median. The majority of participants 

Fig. 2  Distribution of REGARDS Participants by PCSA Primary Care Supply (2003-2007)
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Table 1  Baseline Characteristics of Study Participants and their Primary Care Service Areas

Participants with 
cognitive impairment 
(n = 2145)

Participants without 
cognitive impairment 
(n = 23,418)

Total PCSAs (n = 3381)

National quartile of age sex adjusted rate of 
allocated clinically active primary care supply in 
PCSA

N (%) N (%) N (%) N (%)

Bottom 25% 525 (24.5) 5209 (22.2) 5734 (22.4) 807 (23.9)

Second lowest 25% 677 (31.6) 7238 (30.9) 7915 (31.0) 905 (26.8)

Second highest 25% 565 (26.3) 6528 (27.9) 7093 (27.7) 883 (26.1)

Top 25% 378 (17.6) 4443 (18.97) 4821 (18.9) 786 (23.2)

Primary Care Utilization in PCSA

   < US Median 869 (40.5) 10,246 (43.8) 11,115 (43.5) 1591 (47.1)

   > US Median 1276 (59.5) 13,172 (56.3) 14,448 (56.5) 1790 (52.9)

ED Utilization in PCSA

   < US Median 974 (45.4) 10,822 (46.2) 11,796 (46.1) 1825 (54.0)

   > US Median 1171 (54.6) 12,596 (53.8) 13,767 (53.9) 1556 (46.1)

Regular source of medical care

  Yes 1468 (68.4) 17,537 (74.9) 19,005 (74.3)

  No 454 (21.2) 4193 (17.9) 4647 (18.2)

  No Answer 223 (10.4) 1688 (7.2) 1911 (7.5)

Insurance coverage

  Has health insurance 1999 (93.2) 21,891 (93.5) 23,890 (93.5)

  No health insurance 146 (6.8) 1527 (6.5) 1673 (6.5)

Diabetes

  Managed 262 (12.2) 2181 (9.3) 2443 (9.6)

  Unmanaged 285 (13.3) 2387 (10.2) 2672 (10.5)

  No Diabetes 1598 18,850 20,448 (80.0)

Hypertension

  Managed 934 (43.5) 9808 (41.9) 10,742 (42.0)

  Unmanaged 619 (28.9) 5063 (21.6) 5682 (22.2)

  No Hypertension 592 (27.6) 8547 (63.5) 9139 (35.8)

Dyslipidemia

  Managed 495 (23.1) 5514 (23.6) 6009 (23.5)

  Unmanaged 734 (34.2) 7651 (32.7) 8385 (32.8)

  No Dyslipidemia 916 (42.7) 10,253 (43.7) 11,169 (43.7)

Race

  White 883 (41.2) 14,378 (61.4) 15,261 (59.7)

  Black 1262 (58.8) 9040 (38.60) 10,302 (40.3)

Sex

  Female 1047 (48.8) 13,113 (56.0) 14,160 (55.4)

  Male 1098 (51.2) 10,305 (44.0) 11,403 (44.6)

Education

  Less than high school 532 (24.8) 2414 (10.3) 2946 (11.5)

  High school graduate 625 (29.1) 5956 (25.4) 6581 (25.7)

  Some college 503 (23.5) 6351 (27.1) 6854 (26.8)

  College degree or more 485 (22.6) 8697 (37.1) 9182 (35.9)

Household Income

   < $20 K 608 (28.3) 3774 (16.1) 4382 (17.1)

  $20-34 K 627 (29.2) 5538 (23.7) 6165 (24.1)

  $35-74 K 467 (21.8) 7365 (31.5) 7832 (30.6)

  $75 K+ 153 (7.1) 4079 (17.4) 4232 (16.6)
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reported a regular source of medical care (74.3%) and 
had health insurance (93.5%) (Table 1). There were 3381 
distinct PCSAs in our sample with a range of 1 to 398 
participants in each PCSA. There was an average of 7.6 
participants per PCSA (standard deviation 20.0).

In un-adjusted multivariable generalized estimat-
ing equation logistic models of individual and area-level 
access to primary care, compared to those living in a 
PCSA in the highest primary supply quartile, those living 
in a PCSA in the lowest quartile of primary care supply 
had 32% higher odds of cognitive impairment (OR 1.32; 
CI 1.12, 1.56), and those living in the second lowest quar-
tile of supply had 18% higher odds of cognitive impair-
ment (OR 1.18; CI 1.01, 1.38). Living in a PCSA with ED 
utilization over the US median level was not associated 
with higher odds of cognitive impairment (OR 1.02; CI 
0.92, 1.13), but PCSA primary care utilization over the 
median level was associated with 14% higher odds of cog-
nitive impairment (OR 1.14; CI 1.03, 1.27). Not having a 
regular source of medical care was associated with 29% 
higher odds of cognitive impairment (OR 1.29; CI 1.14, 
1.45), but not having health insurance was not associated 

with higher odds of cognitive impairment (OR 0.96; CI 
0.80, 1.16).

Figure  3 presents the results (odds ratios (OR) and 
95% confidence intervals (CI)) from the fully adjusted 
analyses. Lower primary care supply was associated with 
higher odds of cognitive impairment, net of individual 
sociodemographic and health risk factors. Compared 
to those living in a PCSA in the highest quartile of pri-
mary care supply, living in a PCSA in the lowest quartile 
of supply was associated with 25% higher odds of cogni-
tive impairment (OR 1.25; CI 1.07, 1.45) and living in a 
PCSA in the second lowest quartile was associated with 
17% higher odds of cognitive impairment (OR 1.17; CI 
1.02, 1.35). Living in a PCSA with ED utilization over the 
median level in the US was associated with 12% higher 
odds of cognitive impairment (OR 1.12; CI 1.02, 1.23), 
but there was no association with PCSA primary care 
utilization over the median level. Not having a regular 
source of medical care was associated with 14% higher 
odds of cognitive impairment (OR 1.14; CI 1.02, 1.28).

Although odds ratios were in the expected direc-
tions, baseline status of managed/unmanaged diabetes, 

Table 1  (continued)

Participants with 
cognitive impairment 
(n = 2145)

Participants without 
cognitive impairment 
(n = 23,418)

Total PCSAs (n = 3381)

National quartile of age sex adjusted rate of 
allocated clinically active primary care supply in 
PCSA

N (%) N (%) N (%) N (%)

  Refused to Answer 290 (13.5) 2662 (11.4) 2952 (11.5)

Relationship status

  Not currently married 1004 (46.8) 9247 (39.5) 10,251 (40.1)

  Married 1141 (53.2) 14,171 (60.5) 15,312 (59.9)

Pack years of cigarette smoking

  Zero pack years 970 (45.2) 11,139 (47.6) 12,109 (47.4)

  Below the median (0.45) pack years 549 (25.6) 6142 (26.2) 6691 (26.2)

  Above the median (0.45) pack years 626 (29.2) 6137 (26.2) 6763 (26.5)

Alcohol drinking frequency

  Never 1498 (69.8) 14,340 (61.2) 15,838 (62.0)

  Moderate alcohol use 562 (26.2) 8144 (34.8) 8706 (34.1)

  Heavy alcohol use 85 (3.96) 934 (3.99) 1019 (4.0)

Exercise

  No exercise 830 (38.7) 7711 (32.9) 8541 (33.4)

  Exercise 1-3 times per week 643 (29.98) 8735 (37.3) 9378 (36.7)

  Exercise 4+ times per week 672 (31.3) 6972 (29.8) 7644 (29.9)

Body Mass Index

  Underweight 34 (1.6) 227 (0.97) 261 (1.0)

  Normal weight 521 (24.3) 5543 (23.7) 6064 (23.7)

  Overweight 817 (38.1) 8701 (37.2) 9518 (37.2)

  Obese 773 (36.0) 8947 (38.2) 9720 (38.0)

PCSA Primary Care Service Area, ED Emergency Department
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managed/unmanaged hypertension, and managed/
unmanaged dyslipidemia were not statistically signifi-
cantly associated with cognitive impairment at baseline, 
nor did they change the effect estimates of the PCSA 
variables when added in the models sequentially (Sup-
plemental Table 1). A sensitivity analysis) using lab only 
definitions of diabetes, hypertension and dyslipidemia 
did not yield meaningfully different results, nor did mod-
elling these vascular conditions separately (Supplemental 
Table 2).

Discussion
To our knowledge, access to primary care has not been 
studied in relation to cognitive impairment despite its 
important role in the prevention of several known vascu-
lar risk factors. Using a large nationwide study of com-
munity-dwelling aging Americans, we found that beyond 
an individual’s health insurance status, education, and 
income, living in an area with more primary care physi-
cian supply was associated with better cognitive health in 

older Americans. Specifically, residence in a PCSA with 
more primary care physicians was associated with 25% 
lower odds of cognitive impairment. Beyond the avail-
ability of primary care supply, we found that having a 
regular source of primary care was associated with lower 
odds of cognitive impairment. Our results add to the 
existing body of research suggesting that having a regular 
primary care provider may be particularly important for 
building clinician-patient-family relationships, coordi-
nating the management of risk factors, and understand-
ing and recognizing patients’ cognitive changes over time 
[21].

Area level primary care utilization was not associated 
with cognitive impairment, but higher rate of ED utili-
zation at the PCSA level was associated with increased 
odds of cognitive impairment. Higher use of emergency 
departments in the community may reflect issues with 
care coordination, lack of an annual checkup, or low per-
ceived access to care [28]. Indeed, we found that there is 
a potential benefit to reporting a regular source of health 

Fig. 3  Results from Generalized Estimating Equation Models of Cognitive Impairment by Individual and Primary Care Service Area Characteristics. 
Models adjust for age, gender, race, education, income, smoking, alcohol use, exercise, body mass index. PCSA = Primary Care Service Area; 
CI=Confidence Interval; ED = Emergency Department. Boldface indicates statistical significance (*p < 0.05; **p < 0.01; ***p < 0.001)
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care over and above area level primary physician supply 
and utilization. This is consistent with research on older 
adults with dementia which found that low continuity of 
care was associated with higher utilization of health care 
[21].

We did not find associations between vascular risk 
factor management (management of hypertension, dys-
lipidemia, and diabetes) and cognitive impairment. How-
ever, we only had a one-time measurement for vascular 
risk factors and midlife health has lasting effects on the 
risk of cognitive impairment [29, 30]. Primary care access 
may have a longer acting effect that is not captured in our 
measurement. There are also a host of other preventive 
measures implemented in the primary care setting that 
that might be operating in the results we see, including 
targeting regular physical activity, healthy diet and life-
long learning/cognitive training [9].

Existing research has focused less on the role of ambu-
latory and primary care for preventing cognitive impair-
ment, and instead has examined the primary care setting 
for its role in detecting, diagnosing, and treating cogni-
tive impairment and dementia [8, 21, 31, 32]. Medicare 
coverage of the annual wellness visit that includes the 
assessment of cognitive function has not shown to be 
effective in detecting cognitive impairment or ADRD, 
at least in early assessments [32]. It is therefore pos-
sible that primary care could have a more effective role 
in preventing the onset of cognitive impairment rather 
than its detection. The Lancet Commission on Dementia 
Prevention, Intervention, and Care concluded that 35% 
of dementia cases could be prevented by modifying nine 
risk factors: low education, midlife hearing loss, obesity 
and hypertension, late-life depression, smoking, physical 
inactivity, diabetes, and social isolation [33]. The find-
ings from a recent update added excessive alcohol con-
sumption, head injury, and air pollution to this list [34]. 
It is estimated that modifying these 12 risk factors, all of 
which are managed in the primary care setting, might 
prevent or delay up to 40% of dementias [34]. A focus on 
multi-domain interventions, targeting more than one risk 
factor, may be more effectively delivered in the primary 
care setting [7].

While the strengths of this work include the addition 
of linked health care resource data to screening meas-
ures of cognitive function in the REGARDS cohort, it 
is not known whether the presence of health care in 
one’s community is actually related to health care use. 
However, because cognitive impairment was assessed 
through a screening instrument, this study avoids the 
limitations of previous work with patient samples that 
are contingent on a diagnosis of cognitively impaired 
no dementia (CIND) or dementia [4, 21]. Thus, we were 
able to examine the potential role of health care for 

cognitive function even among those whose cognitive 
status has not been assessed/detected by a physician 
or before symptoms reach a threshold for a dementia 
diagnosis, which broadens the generalizability of our 
findings. While we did see racial disparities in cogni-
tive impairment, we did not find racial inequities in 
the relationship between primary care and cognitive 
impairment (Supplemental Table  3). Further work 
should delve deeper into racial differences in access to 
care and perceptions of access [35]. This analysis was 
cross-sectional and management of risk factors was 
assessed at a single time point. Given the importance 
of exposure timing and different cognitive trajectories, 
future studies should incorporate longitudinal meas-
ures of vascular health and other risk factors such as 
impaired hearing to better understand the mecha-
nism of primary care. Finally, given the cross-sectional 
nature of this analysis, we cannot rule out reverse cau-
sation. Although it is possible that cognitive impair-
ment influences where a person lives, this is unlikely 
to explain the association we see with PCSA primary 
care supply and cognitive impairment because PCSA 
primary care supply is determined by different factors 
than the factors that select people into different neigh-
borhoods (e.g, income) [36].

Conclusions
The finding that the availability of primary health care 
and having a regular source of care were associated with 
reduced risk of cognitive impairment, net of individual 
risk factors and characteristics that could be a source of 
selection bias, is novel and important for dementia plan-
ning and prevention. Participants in our study were not 
clinically diagnosed with CIND or dementia, raising the 
importance of this finding. This paper is an important 
step in understanding the role of the healthcare system 
for mitigating and preventing cognitive impairment and 
ADRD.

Abbreviations
ADRD: Alzheimer’s disease and related dementias; REGARDS: Reasons for 
Geographic and Racial Differences in Stroke; SIS: Six item screener; ED: Emer-
gency department; PCSA: Primary care service area; MMSE: Mini-mental state 
exam; CIND: Cognitive impairment no dementia; GIS: Geographic information 
system.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12877-​021-​02545-8.

Additional file 1. 

Additional file 2. 

Additional file 3. 

https://doi.org/10.1186/s12877-021-02545-8
https://doi.org/10.1186/s12877-021-02545-8


Page 9 of 10Mullins et al. BMC Geriatr          (2021) 21:580 	

Acknowledgements
The authors thank the other investigators, the staff, and the participants of 
the REGARDS study for their valuable contributions. A full list of participating 
REGARDS investigators and institutions can be found at http://​www.​regar​
dsstu​dy.​org.

Authors’ contributions
MAM, PJC and JPWB designed this study. MAM drafted the manuscript and 
PJC, JPWB and SEJ provided critical review. SEJ supervised data collection. All 
authors read and approved the final manuscript.

Funding
This research project was supported by cooperative agreement U01 
NS041588 co-funded by the National Institute of Neurological Disorders and 
Stroke (NINDS) and the National Institute on Aging (NIA), National Institutes 
of Health, Department of Health and Human Service. Additional funding was 
provided by the National Institute on Aging grant 1RF1AG057540-01 (to PC) 
and 1P30AG066582 (to JB), and National Cancer Institute grant T32-CA-236621 
(to MM). Representatives from NIH did not have any role in the design and 
conduct of the study, the collection, management, analysis, and interpretation 
of the data, or the preparation or approval of the manuscript.
The content is solely the responsibility of the authors and does not necessarily 
represent the official views of the NINDS, NCI or the NIA. Representatives of 
the NINDS were involved in the review of the manuscript but were not directly 
involved in the collection, management, analysis or interpretation of the data.

Availability of data and materials
REGARDS data are available with a reasonable proposal. Contact REGAR​
DSAdm​in@​uab.​edu. Data on PCSA level primary care supply and utilization are 
publically available from Health Resources and Services Administration and 
can be downloaded from their website [27].

Declarations

Ethics approval and consent to participate
This study was approved by the University of Michigan Institutional Review 
Board (HUM00136943).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Center for Improving Patient and Population Health and Rogel Cancer Center, 
University of Michigan, North Campus Research Complex, Bldg 16, Room 
409E, 2800 Plymouth Road, Ann Arbor, MI 48109, USA. 2 Institute for Healthcare 
Policy and Innovation, University of Michigan, Ann Arbor, MI, USA. 3 Division 
of Geriatric & Palliative Medicine, University of Michigan School of Medicine, 
Ann Arbor, MI, USA. 4 Department of Biostatistics, University of Alabama at Bir-
mingham, Birmingham, AL, USA. 5 Department of Epidemiology and Institute 
for Social Research, University of Michigan, Ann Arbor, MI, USA. 

Received: 17 May 2021   Accepted: 4 October 2021

References
	1.	 Hebert LE, Beckett LA, Scherr PA, Evans DA. Annual incidence of Alzhei-

mer disease in the United States projected to the years 2000 through 
2050. Alzheimer Dis Assoc Disord. 2001;15(4):169–73. https://​doi.​org/​10.​
1097/​00002​093-​20011​0000-​00002.

	2.	 Bronskill SE, Maclagan LC, Walker JD, et al. Trajectories of health system 
use and survival for community-dwelling persons with dementia: a 
cohort study. BMJ Open. 2020;10(7):e037485. https://​doi.​org/​10.​1136/​
bmjop​en-​2020-​037485.

	3.	 Feng Z, Coots LA, Kaganova Y, Wiener JM. Hospital and ED use among 
Medicare beneficiaries with dementia varies by setting and proximity to 

death. Health Aff. 2014;33(4):683–90. https://​doi.​org/​10.​1377/​hltha​ff.​2013.​
1179.

	4.	 LaMantia MA, Stump TE, Messina FC, Miller DK, Callahan CM. Emer-
gency department use among older adults with dementia. Alzheimer 
Dis Assoc Disord. 2016;30(1):35–40. https://​doi.​org/​10.​1097/​WAD.​00000​
00000​000118.

	5.	 Hurd MD, Martorell P, Delavande A, Mullen KJ, Langa KM. Mon-
etary costs of dementia in the United States. N Engl J Med. 
2013;368(14):1326–34. https://​doi.​org/​10.​1056/​NEJMs​a1204​629.

	6.	 Yaffe K. Modifiable risk factors and prevention of dementia: what is the 
latest evidence? JAMA Intern Med. 2018;178(2):281–2. https://​doi.​org/​
10.​1001/​jamai​ntern​med.​2017.​7299.

	7.	 Eggink E, Moll van Charante EP, van Gool WA, Richard E. A population 
perspective on prevention of dementia. J Clin Med. 2019;8(6). https://​
doi.​org/​10.​3390/​jcm80​60834.

	8.	 Borson S, Frank L, Bayley PJ, et al. Improving dementia care: the role of 
screening and detection of cognitive impairment. Alzheimers Dement. 
2013;9(2):151–9. https://​doi.​org/​10.​1016/j.​jalz.​2012.​08.​008.

	9.	 Baumgart M, Snyder HM, Carrillo MC, Fazio S, Kim H, Johns H. Sum-
mary of the evidence on modifiable risk factors for cognitive decline 
and dementia: a population-based perspective. Alzheimers Dement. 
2015;11(6):718–26. https://​doi.​org/​10.​1016/j.​jalz.​2015.​05.​016.

	10.	 Pase MP, Beiser A, Enserro D, et al. Association of ideal cardiovascu-
lar health with vascular brain injury and incident dementia. Stroke. 
2016;47(5):1201–6. https://​doi.​org/​10.​1161/​STROK​EAHA.​115.​012608.

	11.	 Samieri C, Perier M-C, Gaye B, et al. Association of cardiovascular health 
level in older age with cognitive decline and incident dementia. Jama. 
2018;320(7):657–64. https://​doi.​org/​10.​1001/​jama.​2018.​11499.

	12.	 Walker KA, Power MC, Gottesman RF. Defining the relation-
ship between hypertension, cognitive decline, and dementia: a 
review. Curr Hypertens Rep. 2017;19(3):24. https://​doi.​org/​10.​1007/​
s11906-​017-​0724-3.

	13.	 Plassman BL, Williams JW, Burke JR, Holsinger T, Benjamin S. Systematic 
review: factors associated with risk for and possible prevention of cog-
nitive decline in later life. Ann Intern Med. 2010;153(3):182–93. https://​
doi.​org/​10.​7326/​0003-​4819-​153-3-​20100​8030-​00258.

	14.	 Launer LJ, Ross GW, Petrovitch H, et al. Midlife blood pressure and 
dementia: the Honolulu–Asia aging study☆. Neurobiol Aging. 
2000;21(1):49–55. https://​doi.​org/​10.​1016/​s0197-​4580(00)​00096-8.

	15.	 Chang CH, O’Malley AJ, Goodman DC. Association between temporal 
changes in primary care workforce and patient outcomes. Health Serv 
Res. 2017;52(2):634–55. https://​doi.​org/​10.​1111/​1475-​6773.​12513.

	16.	 Butler DC, Petterson S, Phillips RL, Bazemore AW. Measures of 
social deprivation that predict health care access and need within 
a rational area of primary care service delivery. Health Serv Res. 
2013;48(2pt1):539–59. https://​doi.​org/​10.​1111/j.​1475-​6773.​2012.​
01449.x.

	17.	 Fishman J, McLafferty S, Galanter W. Does spatial access to primary care 
affect emergency department utilization for nonemergent conditions? 
Health Serv Res. 2018;53(1):489–508. https://​doi.​org/​10.​1111/​1475-​
6773.​12617.

	18.	 Towne SD, Probst JC, Hardin JW, Bell BA, Glover S. Health & access to 
care among working-age lower income adults in the great recession: 
disparities across race and ethnicity and geospatial factors. Soc Sci 
Med. 2017;182:30–44. https://​doi.​org/​10.​1016/j.​socsc​imed.​2017.​04.​005.

	19.	 Kirby JB, Kaneda T. Neighborhood socioeconomic disadvantage and 
access to health care. J Health Soc Behav. 2005;46(1):15–31. https://​doi.​
org/​10.​1177/​00221​46505​04600​103.

	20.	 Auchincloss AH, Van Nostrand JF, Ronsaville D. Access to health care for 
older persons in the United States: personal, structural, and neighbor-
hood characteristics. J Aging Health. 2001;13(3):329–54. https://​doi.​
org/​10.​1177/​08982​64301​01300​302.

	21.	 Amjad H, Carmichael D, Austin AM, Chang C-H, Bynum JP. Continuity of 
care and healthcare utilization in older adults with dementia in fee-for-
service Medicare. JAMA Intern Med. 2016;176(9):1371–8. https://​doi.​
org/​10.​1001/​jamai​ntern​med.​2016.​3553.

	22.	 Howard VJ, Cushman M, Pulley L, et al. The reasons for geographic and 
racial differences in stroke study: objectives and design. Neuroepide-
miology. 2005;25(3):135–43. https://​doi.​org/​10.​1159/​00008​6678.

http://www.regardsstudy.org
http://www.regardsstudy.org
REGARDSAdmin@uab.edu
REGARDSAdmin@uab.edu
https://doi.org/10.1097/00002093-200110000-00002
https://doi.org/10.1097/00002093-200110000-00002
https://doi.org/10.1136/bmjopen-2020-037485
https://doi.org/10.1136/bmjopen-2020-037485
https://doi.org/10.1377/hlthaff.2013.1179
https://doi.org/10.1377/hlthaff.2013.1179
https://doi.org/10.1097/WAD.0000000000000118
https://doi.org/10.1097/WAD.0000000000000118
https://doi.org/10.1056/NEJMsa1204629
https://doi.org/10.1001/jamainternmed.2017.7299
https://doi.org/10.1001/jamainternmed.2017.7299
https://doi.org/10.3390/jcm8060834
https://doi.org/10.3390/jcm8060834
https://doi.org/10.1016/j.jalz.2012.08.008
https://doi.org/10.1016/j.jalz.2015.05.016
https://doi.org/10.1161/STROKEAHA.115.012608
https://doi.org/10.1001/jama.2018.11499
https://doi.org/10.1007/s11906-017-0724-3
https://doi.org/10.1007/s11906-017-0724-3
https://doi.org/10.7326/0003-4819-153-3-201008030-00258
https://doi.org/10.7326/0003-4819-153-3-201008030-00258
https://doi.org/10.1016/s0197-4580(00)00096-8
https://doi.org/10.1111/1475-6773.12513
https://doi.org/10.1111/j.1475-6773.2012.01449.x
https://doi.org/10.1111/j.1475-6773.2012.01449.x
https://doi.org/10.1111/1475-6773.12617
https://doi.org/10.1111/1475-6773.12617
https://doi.org/10.1016/j.socscimed.2017.04.005
https://doi.org/10.1177/002214650504600103
https://doi.org/10.1177/002214650504600103
https://doi.org/10.1177/089826430101300302
https://doi.org/10.1177/089826430101300302
https://doi.org/10.1001/jamainternmed.2016.3553
https://doi.org/10.1001/jamainternmed.2016.3553
https://doi.org/10.1159/000086678


Page 10 of 10Mullins et al. BMC Geriatr          (2021) 21:580 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	23.	 Callahan CM, Unverzagt FW, Hui SL, Perkins AJ, Hendrie HC. Six-item 
screener to identify cognitive impairment among potential subjects for 
clinical research. Med Care. 2002;40(9):771–81.

	24.	 Wilber ST, Lofgren SD, Mager TG, Blanda M, Gerson LW. An evaluation 
of two screening tools for cognitive impairment in older emergency 
department patients. Acad Emerg Med. 2005;12(7):612–6. https://​doi.​
org/​10.​1197/j.​aem.​2005.​01.​017.

	25.	 Steffens DC, Snowden M, Fan M-Y, Hendrie H, Unützer J, Investigators I. 
Cognitive impairment and depression outcomes in the IMPACT study. 
Am J Geriatr Psychiatry. 2006;14(5):401–9. https://​doi.​org/​10.​1097/​01.​
JGP.​00001​94646.​65031.​3f.

	26.	 Goodman DC, Mick SS, Bott D, et al. Primary care service areas: a 
new tool for the evaluation of primary care services. Health Serv Res. 
2003;38(1 Pt 1):287–309.

	27.	 Health Resources and Services Administration. Primary Care Service Area. 
Accessed 13 Aug 2019. https://​data.​hrsa.​gov/​hdw/​data/​dataD​ownlo​ad/​
pcsa2​010do​wnload.​aspx.

	28.	 Hudon C, Sanche S, Haggerty JL. Personal Characteristics and Experience 
of Primary Care Predicting Frequent Use of Emergency Department: A 
Prospective Cohort Study. PloS One. 2016;11(6):e0157489. https://​doi.​
org/​10.​1371/​journ​al.​pone.​01574​89.

	29.	 Walker KA, Sharrett AR, Wu A, et al. Association of Midlife to Late-Life 
Blood Pressure Patterns With Incident Dementia. JAMA. 2019;322(6):535–
45. https://​doi.​org/​10.​1001/​jama.​2019.​10575.

	30.	 Deckers K, Barbera M, Köhler S, et al. Long-term dementia risk prediction 
by the LIBRA score: A 30-year follow-up of the CAIDE study. Int J Geriatr 
Psychiatry. 2020;35(2):195–203. https://​doi.​org/​10.​1002/​gps.​5235.

	31.	 Callahan CM, Boustani MA, Unverzagt FW, et al. Effectiveness of col-
laborative care for older adults with Alzheimer disease in primary care: a 

randomized controlled trial. Jama. 2006;295(18):2148–57. https://​doi.​org/​
10.​1001/​jama.​295.​18.​2148.

	32.	 Fowler NR, Campbell NL, Pohl GM, et al. One-year effect of the Medicare 
annual wellness visit on detection of cognitive impairment: a cohort 
study. J Am Geriatr Soc. 2018;66(5):969–75. https://​doi.​org/​10.​1111/​jgs.​
15330.

	33.	 Livingston G, Sommerlad A, Orgeta V, et al. Dementia prevention, inter-
vention, and care. Lancet. 2017;390(10113):2673–734. https://​doi.​org/​10.​
1016/​S0140-​6736(17)​31363-6.

	34.	 Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention, 
intervention, and care: 2020 report of the lancet commission. Lancet. 
2020;396(10248):413–46. https://​doi.​org/​10.​1016/​S0140-​6736(20)​
30367-6.

	35.	 Gleason CE, Dowling NM, Benton SF, Kaseroff A, Gunn W, Edwards DF. 
Common sense model factors affecting African Americans’ willingness 
to consult a healthcare provider regarding symptoms of mild cognitive 
impairment. Am J Geriatr Psychiatry. 2016;24(7):537–46. https://​doi.​org/​
10.​1016/j.​jagp.​2015.​08.​005.

	36.	 Hussein M, Diez Roux AV, Field RI. Neighborhood Socioeconomic Status 
and Primary Health Care: Usual Points of Access and Temporal Trends in a 
Major US Urban Area. J Urban Health Bull N Y Acad Med. 2016;93(6):1027–
45. https://​doi.​org/​10.​1007/​s11524-​016-​0085-2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1197/j.aem.2005.01.017
https://doi.org/10.1197/j.aem.2005.01.017
https://doi.org/10.1097/01.JGP.0000194646.65031.3f
https://doi.org/10.1097/01.JGP.0000194646.65031.3f
https://data.hrsa.gov/hdw/data/dataDownload/pcsa2010download.aspx
https://data.hrsa.gov/hdw/data/dataDownload/pcsa2010download.aspx
https://doi.org/10.1371/journal.pone.0157489
https://doi.org/10.1371/journal.pone.0157489
https://doi.org/10.1001/jama.2019.10575
https://doi.org/10.1002/gps.5235
https://doi.org/10.1001/jama.295.18.2148
https://doi.org/10.1001/jama.295.18.2148
https://doi.org/10.1111/jgs.15330
https://doi.org/10.1111/jgs.15330
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1016/j.jagp.2015.08.005
https://doi.org/10.1016/j.jagp.2015.08.005
https://doi.org/10.1007/s11524-016-0085-2

	Access to primary care and cognitive impairment: results from a national community study of aging Americans
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data
	Measures
	Cognitive impairment
	Health care access
	Covariates

	Statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


