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immediate post-stroke period and over time. Having a 
PCP may reduce the risk of stroke recurrence [2]. Hospi-
tal 30-day readmission rates are lower for stroke survivors 
who have a primary care visit within that time frame [3, 
4]. A post-discharge PCP visit may allow for the detection 
and outpatient management of post-stroke complications 
[5].

Despite the known importance of regular medical fol-
low-up visits, little is known about the prevalence and 
predictors of whether a stroke survivor does not main-
tain regular medical follow-up after stroke. According 
to national US data, ~ 60% of stroke patients have a pri-
mary care visit within 30 days of hospital discharge [3, 
4]. Demographic and clinical predictors of having a PCP 

Stroke affects 795,000 Americans per year, and approxi-
mately 20% of strokes are recurrent [1]. Control of vascu-
lar risk factors, such as hypertension, is key to reducing 
recurrent stroke risk. The stroke survivor’s primary care 
physician (PCP) or a specialist physician largely carries 
the responsibility of managing vascular risk factors in the 
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Abstract
Background Regular medical follow-up after stroke is important to reduce the risk of post-stroke complications 
and hospital readmission. Little is known about the factors associated with stroke survivors not maintaining regular 
medical follow-up. We sought to quantify the prevalence and predictors of stroke survivors not maintaining regular 
medical follow-up over time.

Methods We conducted a retrospective cohort study of stroke survivors in the National Health and Aging Trends 
Study (2011–2018), a national longitudinal sample of United States Medicare beneficiaries. Our primary outcome was 
not maintaining regular medical follow-up. We performed a cox regression to estimate predictors of not maintaining 
regular medical follow-up.

Results There were 1330 stroke survivors included, 150 of whom (11.3%) did not maintain regular medical 
follow-up. Stroke survivor characteristics associated with not maintaining regular medical follow-up included not 
having restrictions in social activities (HR 0.64, 95% CI 0.41, 1.01 for having restrictions in social activities compared 
to not having restrictions in social activities), greater limitations in self-care activities (HR 1.13, 95% CI 1.03, 1.23), and 
probable dementia (HR 2.23, 95% CI 1.42, 3.49 compared to no dementia).

Conclusions The majority of stroke survivors maintain regular medical follow-up over time. Strategies to retain stroke 
survivors in regular medical follow-up should be directed towards stroke survivors who do not have restrictions in 
social activity participation, those with greater limitations in self-care activities, and those with probable dementia.
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visit within 30 days include older age, female sex, dis-
charge with home health care, and diabetes [3]. However, 
little is known about reasons stroke survivors establish 
but do not maintain regular medical follow-up over time. 
It is possible that stroke patients with vascular cognitive 
impairment, caused by underlying cerebral small ves-
sel disease or the acute stroke lesion itself, might be less 
likely to maintain regular medical follow-up after stroke 
[6]. We used a longitudinal US dataset, the National 
Health and Aging Trends study, to determine the prev-
alence and predictors of whether a stroke survivor does 
not maintain regular medical care.

Methods
Study population
We identified all adult stroke survivors in the National 
Health and Aging Trends Study (NHATS) from 2011 to 
2018. The NHATS is an annual interview of a nationally 
representative longitudinal sample of community dwell-
ing Medicare beneficiaries (age 65 years or older) that 
collects information about demographics and ability to 
perform different activities. Participants are followed lon-
gitudinally over time and an additional cohort of partici-
pants was added in 2015. Stroke survivors were defined 
as those who answered ‘yes’ to the question “Has a doctor 
told you that you had a stroke?”. The NHATS interview 
in which stroke was self-reported can be considered the 
baseline interview. We only included post-stroke NHATS 
interview data. We excluded stroke survivors without 
NHATS visits after baseline because it would not have 
been possible to measure our primary outcome variable, 
whether a stroke survivor maintained regular medical 
follow-up. NHATS participants with proxy responses or 
without longitudinal data were excluded due to missing 
important variables. We also excluded any stroke sur-
vivors who never had visits with a regular doctor after 
stroke (answered no to the question ‘Is there a doctor 
that you think of as a regular doctor?’) throughout the 
observation period.

Outcome
Our primary outcome was not maintaining regular medi-
cal care in the outpatient setting. Stroke survivors who 
initially answered ‘yes’ to the question “Is there a doctor 
that you think of as a regular doctor?” and answered ‘no’ 
to the question in a later interview year were classified as 
not maintaining regular medical care. Participants were 
censored at death or at the time of their last interview.

Exposures
Demographic variables extracted from the NHATS 
baseline interview included education (less than high 
school, high school, and at least some post-high school), 
sex (male/female), and race/ethnicity (White, Black, 

Hispanic, or Other. Other race included American 
Indian/Asian/Native Hawaiian, Pacific Islander or Other 
specified race). Age and marital status were extracted 
from the NHATS interview during which the participant 
was identified as having not maintained regular medi-
cal care. Age was categorized as 65–69, 70–74, 75–79, 
80–84, 85–89, and 90 years old or older. Married (yes/
no) was defined as married or living with a partner vs. all 
other marital status categories (separated/divorced/wid-
owed/never married).

Social determinants of health variables were taken from 
the NHATS interview during which the participant was 
identified as having not maintained regular medical care. 
Transportation to medical services (yes/no) was defined 
as ‘yes’ if the participant responded yes to either of the 
following questions “Does the place where you live offer 
residents a van or shuttle to doctors or other medical 
care providers?” or “Since the time of the last interview, 
did you drive yourself places?”. Financial hardship (yes/
no) was defined as being present if the response was yes 
to the question “There are several state and federal pro-
grams [food stamps, other food assistance such as Meals-
on-Wheels, or gas, electricity, or other energy assistance] 
that help people in need. In the last year, did you receive 
help from any of these programs?”. Care companion (yes/
no) was defined as a yes response to the question “In 
the last year, did anyone sit in with you and your doc-
tor during your visits?”. Restrictions in participation in 
social activities (yes/no) was defined as a yes response 
to any of the following questions “In the last month, did 
your health or functioning keep you from… visiting with 
friends and family not living with you? attending reli-
gious services? participating in clubs, classes, or other 
organized activities? going out for enjoyment?” and the 
participant identified the activity as being ‘very or some-
what important’.

Clinical variables were taken from the NHATS inter-
view during which the participant was identified as hav-
ing not maintained regular medical care. Dementia was 
categorized as probable dementia, which was a self-
reported diagnosis of dementia or ≤ 1.5 standard devia-
tions (SD) below the mean on 2 of orientation, memory, 
or executive function cognitive domains evaluated with a 
cognitive test battery or a score of 2 or higher on the AD8 
dementia screening interview, an interview adminis-
tered to an informant to screen for dementia; [7] possible 
dementia, which was defined as scoring ≤ 1.5 SDs below 
the mean on 1 of orientation, memory, or executive func-
tion cognitive domains; and no dementia which was 
defined as not meeting criteria for probable or possible 
dementia. The sum of chronic conditions was the total 
(0 to 8) of self-reported diagnoses of heart attack, heart 
disease, high blood pressure, arthritis, osteoporosis, dia-
betes, lung disease, or cancer. Limitations in household 
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activities (equivalent to instrumental activities of daily 
living (IADLs)) were summed from 0 to 4 for each instru-
mental activity that the participant required help to per-
form over the previous month including laundry, grocery 
shopping, meal preparation, and handling bills/ banking. 
Limitations in self-care activities (equivalent to activi-
ties of daily living (ADLs)) were summed from 0 to 7 for 
each activity of daily living that the participant required 
help to perform over the previous month including eat-
ing, bathing, dressing, toileting or that the participant 
required help to perform over the past year including 
getting out of bed, getting around the home, or leaving 
home. Depression (yes/no) was defined as being present 
if the participant scored 3 or higher on the Patient Health 
Questionnaire-2, which is a 2-question screening test for 
depression. Anxiety (yes/no) was defined as being pres-
ent if the participant scored 3 or higher on the General-
ized Anxiety Disorder-2, which is a 2-question screening 
test for anxiety. This study was approved by the Univer-
sity of Michigan Institutional Review Board. Informed 
consent was not required for this study as the data are 
deidentified and publicly available.

Statistical analysis
We performed descriptive statistics for the entire cohort 
of stroke survivors included in the analysis. Frequencies 

(percentage) were calculated for categorical variables. 
Means and standard deviations were calculated for con-
tinuous variables.

We estimated a cox regression model to predict the 
time to failing to maintain regular medical follow-up 
from demographic, social determinants of health, and 
clinical exposure variables. Missing data were handled 
using last observation carried forward simple imputation 
for missing quantitative variables. Missing values of cat-
egorical variables were replaced by the median for ordi-
nal variables, and by the mode or last observation carried 
forward for nominal variables. Approximately 10% of 
data were missing.

Posthoc pairwise correlations were performed 
between exposure variables to identify correlated 
exposure variables to aid in interpretation of the final 
regression model. While some variables were cor-
related, as anticipated, the magnitude of the correla-
tion was sufficiently modest that multicollinearity was 
unlikely to bias the results.

Data were analysed using SAS, version 9.4.

Results
Population description
There were 1,802 participants who self-reported a 
history of stroke during the study period. Of these 

Fig. 1 Flow chart of included and excluded participants
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participants, 13 were excluded because they did not 
report having a regular doctor during the study period, 
279 were excluded because they did not have NHATS 
interview data after their baseline interview and 180 
participants were excluded because they only had 
interview data by proxy. Therefore, there were a total 
of 1330 participants included in the analysis (Fig. 1).

The greatest proportion of stroke survivors were in 
the age categories 80–84 and 75–79 years old (23% and 
21% of stroke survivors respectively). Of the stroke 
survivors, 58% were female, 67% were White, 24% were 
Black, and 6% were Hispanic. Less than half of stroke 
survivors were married (44% married). The majority 

of stroke survivors had transportation to medical ser-
vices (61%) and a companion accompanying them to 
doctor’s visits (63%). A small proportion of stroke sur-
vivors reported financial hardship (19%). The majority 
of stroke survivors had no dementia (61%), probable 
dementia was present in 24% of stroke survivors, and 
possible dementia was present in 15% of stroke survi-
vors. Stroke survivors had a mean (± standard devia-
tion) of 3.2 (± 1.6) chronic conditions, 2.4 (± 2.4) out of 
7 limitations in self-care activities, and 1.5 (± 1.6) out 
of 4 limitations in household activities. Approximately 
one quarter of stroke survivors screened positive for 
depression (26%) and 21% screened positive for anxi-
ety (Table 1). Of the stroke survivors, 150 (11.3%) did 
not maintain regular PCP care.

Predictors of not maintaining regular medical follow-up
Three factors were associated with not maintaining 
regular medical care (Table  2). Restrictions in social 
activity participation was associated with lower risk 
of not maintaining regular medical care (hazard ratio 
(HR), 0.64, 95% confidence interval (CI) 0.41, 1.01). 
More limitations in self-care activities was associated 
with higher risk of not maintaining regular medical 
care (HR 1.13, 95% CI 1.03, 1.23). Stroke survivors 
with probable dementia compared to those with no 
dementia had increased risk of not maintaining regular 
medical care (HR 2.23, 95% CI 1.42, 3.49).

Discussion
In this US national dataset, we found that 11.3% of 
stroke survivors with an established regular medical 
doctor did not maintain regular medical care. Predic-
tors of not maintaining regular medical care included 
having fewer restrictions in participation in social 
activities, greater limitations in self-care activities, and 
probable dementia.

Despite that restrictions in social activity partici-
pation was positively correlated with limitations in 
self-care activities, they were associated with not 
maintaining regular medical care in opposite ways. 
Limitations in self-care activities suggests greater 
dependency on others. Restriction in participation 
in valued social activities is not tied to dependency. 
Rather, the presence of social support and mobil-
ity have been associated with participation in valued 
activities after stroke [8]. It is possible that stroke 
patients, who lack dependency on others for transpor-
tation, choose to attend valued social activities sup-
ported by friends and family over medical office visits. 
More research is needed to clarify the factors under-
lying the observed relationship between restriction in 
social activity participation and regular medical care.

Table 1 Characteristics of study population of adult stroke 
survivors at baseline in the National Health and Aging Trends 
Study (2011–2018) (N = 1330)
Age (years) N (%)
 65–69 148 (11.1)

 70–74 237 (17.8)

 75–79 275 (20.7)

 80–84 306 (23.0)

 85–89 207 (15.6)

 90+ 157 (11.8)

Sex

 Female 776 (58.4)

Race/ethnicity

 White 886 (66.6)

 Black 320 (24.1)

 Hispanic 84 (6.3)

 Other 40 (3.0)

Marital status

 Married 584 (43.9)

Education

 Less than high school 410 (30.8)

 High school 408 (30.7)

 At least some post high school 512 (38.5)

Social Determinants of Health

 Transportation to medical services 817 (61.4)

 Financial hardship 259 (19.5)

 Care companion 842 (63.3)

 Restriction in participation in social activities 441 (33.2)

Clinical

 Probable Dementia 317 (23.8)

 Possible Dementia 200 (15.0)

 No Cognitive Impairment 813 (61.1)

 Depression 342 (25.7)

 Anxiety 280 (21.1)

Mean (± stan-
dard deviation)

 Chronic conditions 3.2 (± 1.6)

 Limitations in self-care activitiesa 2.4 (± 2.4)

 Limitations in household activitiesb 1.5 (± 1.6)
avalue ranged from 0 to 7 bValue ranged from 0 to 4. Higher numbers represent 
more limitations.
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Probable dementia increased stroke survivor risk 
of failing to maintain regular medical care. Caregiver 
burden due to the complexity of care associated with 
caring for a stroke survivor with dementia might be 
contributing to the stroke survivor’s inability to main-
tain regular medical care. Stroke survivors with prob-
able dementia or physical impairment are more likely 
to attend medical visits with a companion [9]. Given 
that caring for stroke survivors with greater functional 
disability and memory problems is associated with 
caregiver burden, [10] it is possible that the caregiver 
has difficulty sustaining the demands of the caregiving 
role which might contribute to the inability of stroke 
survivors with probable dementia to maintain regular 
medical care. Increasing caregiver social and physical 
support is a strategy that may enhance the physical 
and psychosocial well-being of stroke survivor caregiv-
ers to meet the demands of the challenging caregiver 
role [11].

Strengths of this study include the use of a national 
US database and its longitudinal design. Limitations 

include that stroke was self-reported, although self-
reported stroke has been validated against clinical 
assessment [12] and that the NHATS measure of hav-
ing a regular doctor is based on self-report rather than 
objective medical visits. Since we excluded stroke sur-
vivors who never had visits with a regular doctor after 
stroke, it is possible that stroke survivors less likely to 
engage with the US health care system are underrepre-
sented in our sample. However, stroke survivors who 
never had visits with a regular doctor were less than 
1% of our sample. As the sample was selected from 
a US national database, more research is needed to 
determine whether our findings apply to stroke survi-
vors in other countries. We did not have data on stroke 
subtype. An area of future research could be whether 
predictors of maintaining regular medical follow-up 
after stroke vary with stroke subtype.

Table 2 Predictors of stroke survivors not maintaining regular medical care in the National Health and Aging Trends Study (2011–
2018)
Exposure Hazard ratio

(confidence interval)
p-value

Age (years) (Reference = 65–69)

 70–74 0.65 (0.31, 1.36) 0.26

 75–79 0.54 (0.26, 1.13) 0.10

 80–84 0.56 (0.28, 1.15) 0.12

 85–89 0.83 (0.41, 1.69) 0.61

 90+ 0.76 (0.36, 1.63) 0.48

Sex
(Reference = female)

 male 1.24 (0.87, 1.78) 0.24

Race or ethnicity (Reference = White)

 Black 0.72 (0.47, 1.10) 0.13

 Hispanic 1.42 (0.66, 3.06) 0.37

 Other 1.36 (0.69, 2.67) 0.38

Education (reference = less than high school)

 high school 0.78 (0.51,1.20) 0.26

 Some post-high school 0.76 (0.50, 1.15) 0.19

Married (reference = no) 0.83 (0.56,1.22) 0.34

Transportation to medical services (reference = no) 0.83 (0.56, 1.23) 0.34

Financial hardship (reference = no) 0.74 (0.47, 1.15) 0.18

Care Companion (reference = no) 0 (0, incalculable) 0.97

Restriction in participation in social activities (reference = no) 0.64 (0.41,1.01) 0.05

Dementia (reference = no dementia)

 Probable Dementia 2.23 (1.42, 3.49) 0.001

 Possible Dementia 1.45 (0.89, 2.34) 0.14

Number of chronic conditions (range 0–8) 0.97 (0.88, 1.08) 0.62

Household activity limitations (range 0–4) 1.16 (0.99, 1.36) 0.08

Self-care activity limitations (range 0–7) 1.13 (1.03, 1.23) 0.01

Depression (reference = no) 1.37 (0.91, 2.06) 0.14

Anxiety (reference = no) 0.70 (0.42, 1.17) 0.17
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Conclusions
Primary care is recommended for all stroke patients 
[5]. While it is important to establish a follow-up plan 
with a regular medical doctor at hospital discharge, 
stroke patients’ hospital discharge protocols should 
equally address the importance of maintaining regular 
medical care.

Abbreviations
ADL  activities of daily living
IADL  instrumental activities of daily living
NHATS  National Health and Aging Trends Study
PCP  primary care physician

Acknowledgements
Not applicable.

Authors’ contributions
MS, LS, and JB conceived and designed the study. CF analyzed the data. 
MS, LS, and JB interpreted the data. MS drafted the manuscript. All authors 
reviewed and revised the manuscript for intellectual content.

Funding
National Institutes of Health- National Institute on Minority Health and 
Health Disparities R01MD008879 provided financial support in the form of 
research funding and National Institute of Neurological Disorders and Stroke 
K01NS117555 provided financial support in the form of career development 
of Dr. Springer. The sponsor did not play any role in the design of the study, 
collection, analysis, or interpretation of data, writing of the report, or decision 
to submit the article for publication.

Data Availability
The datasets used in the current study are available at https://www.nhats.org/
researcher/data-access.

Declarations

Competing interests
MS, LS, and JB have grant funding from the NIH.

Grant support
National Institute on Minority Health and Health Disparities R01MD008879. 
National Institute of Neurological Disorders and Stroke K01NS117555 provided 
financial support in the form of career development of Dr. Springer.

Ethics approval and consent to participate
This study was approved by the University of Michigan Institutional Review 
Board. Informed consent was not required for this study as the data are 
deidentified and publicly available.

Consent for publication
Not applicable.

Received: 22 January 2023 / Accepted: 26 May 2023

References
1. Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS, et al. 

Heart disease and stroke statistics-2022 update: a report from the american 
heart association. Circulation. 2022;145:e153–e639.

2. Lank RJ, Lisabeth LD, Sanchez BN, Zahuranec DB, Kerber KA, Skolarus LE, et al. 
Recurrent stroke in midlife is associated with not having a primary care physi-
cian. Neurology. 2019;92:e560–e6.

3. Terman SW, Reeves MJ, Skolarus LE, Burke JF. Association between early 
outpatient visits and readmissions after ischemic stroke. Circ Cardiovasc Qual 
Outcomes. 2018;11:e004024.

4. Leppert MH, Sillau S, Lindrooth RC, Poisson SNC, Simpson JD. JR. Relation-
ship between early follow-up and readmission within 30 and 90 days after 
ischemic stroke. Neurology. 2020;94:e1249–e58.

5. Kernan WN, Viera AJ, Billinger SA, Bravata DM, Stark SL, Kasner SE, et al. Pri-
mary care of adult patients after stroke: a scientific statement from the ameri-
can heart association/american stroke association. Stroke. 2021;52:e558–e71.

6. Grau-Olivares M, Arboix A. Mild cognitive impairment in stroke patients with 
ischemic cerebral small-vessel disease: a forerunner of vascular dementia? 
Expert Rev Neurother. 2009;9:1201–17.

7. Galvin JE, Roe CM, Powlishta KK, Coats MA, Muich SJ, Grant E, et al. The ad8: a 
brief informant interview to detect dementia. Neurology. 2005;65:559–64.

8. Jellema S, van Hees S, van der Zajec J, Nijhuis-van der Sanden MW, Steultjens 
EM. What environmental factors influence resumption of valued activities 
post stroke: a systematic review of qualitative and quantitative findings. Clin 
Rehabil. 2017;31:936–47.

9. Price RJ, Brenner AB, Lin CC, Burke JF, Skolarus LE. Two million stroke survivors 
utilize medical visit companions: the other person in the room? Neurology. 
2019;93:899–901.

10. Achilike S, Beauchamp JES, Cron SG, Okpala M, Payen SS, Baldridge L, et al. 
Caregiver burden and associated factors among informal caregivers of stroke 
survivors. J Neurosci Nurs. 2020;52:277–83.

11. Kokorelias KM, Lu FKT, Santos JR, Xu Y, Leung R, Cameron JI. Caregiving is a 
full-time job” impacting stroke caregivers’ health and well-being: a qualitative 
meta-synthesis. Health Soc Care Community. 2020;28:325–40.

12. Engstad T, Bonaa KH, Viitanen M. Validity of self-reported stroke : the tromso 
study. Stroke. 2000;31:1602–7.

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

https://www.nhats.org/researcher/data-access
https://www.nhats.org/researcher/data-access

	Predictors of not maintaining regular medical follow-up after stroke
	Abstract
	Methods
	Study population
	Outcome
	Exposures
	Statistical analysis

	Results
	Population description
	Predictors of not maintaining regular medical follow-up

	Discussion
	Conclusions
	References


