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Aim: This study aims to examine the effect of concurrent mild and mild-to-moderate cogni-
tive impairment with chronic diseases on hospital admission (HA) among community-
dwelling older adults.

Method: The National Health and Aging Trends Study (2011-2018), with 1225 respon-
dents (each wave), were used. The number of HAs within 1 year was the outcome. Clock
drawing test, delayed word recall test, self-reported chronic diseases and their interactions
were the independent variables.

Results: The effect of cognitive impairment on the frequency of HAs varies for executive
function and memory impairment. Executive function impairment concurrent with the his-
tory of heart attack or diabetes mellitus (DM) can increase the risk of HAs. Memory impair-
ment concurrent with hypertension, DM or stroke can increase the chance of HAs.

Conclusion: Screening to identify mild and mild-to-moderate cognitive impairment at the
time of admission can help to reduce the risk of rehospitalization, particularly for patients
with DM, hypertension, stroke and heart attack. Geriatr Gerontol Int 2020; 20: 1213-1220.
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Introduction

Any defect in one or more of the main components of cognitive
function (CF) (i.e., memory, visuospatial function, language, atten-
tion and executive function [EF]) may develop some signs and
symptoms of cognitive impairment, which is also known as mild
cognitive impairment and associated with aging." Approximately
10-15% of cases with mild cognitive impairment transit to
Alzheimer’s disease (AD) or other types of neurocognitive disor-
ders (dementia).>”® Considering that the population of people
diagnosed with AD is projected to surpass 10 million in 2050, the
number of mild cognitive impairment cases is projected to surpass
70 million in 2050 in the USA.*° Besides, mild cognitive impair-
ment cases are more susceptible to repeated hospital admissions
(HAs)® when, conversely, HAs can trigger cognitive impairment
among older adults living in the community.” Consequently, HAs
are expected to rise in the next decades, as chronic health prob-
lems, in particular neurocognitive disorders, are prevalent among
older adults.® Hence, policymakers and clinical professionals need
to understand the trajectory of HAs among people with mild and
mild-to-moderate cognitive impairment and the interactions
between cognitive impairment and chronic health problems.

The more severe the cognitive impairment, the more frequent
HAs will be.” In addition, their survival time after discharge from
hospital is approximately half of people without neurocognitive
disorders.'® People with neurocognitive disorders are more sus-
ceptible to be hospitalized due to trauma, infections, neurologic,
psychiatric, orthopedic and respiratory health problems.'!

Many chronic health problems are correlated with cognitive
impairment. Diabetes mellitus (DM) can increase the cytokines
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that increase inflammation in the central nervous system. Further-
more, dysregulation of glucose homeostasis, changes in the
hypothalamic-pituitary—adrenal axis, and obesity can synergize the
adverse effect of high blood sugar on both EF and memory.'? It is
also evident that cardiovascular and cerebrovascular disorders can
increase the risk of cognitive impairment through different patho-
physiologic pathways, including damage to the white matter due
to high blood pressure and stroke.’*'* Chronic lung diseases are
associated with cognitive impairment.'® The correlation between
cognitive impairment and chronic health problems, DM, cardio-
vascular disorders and stroke, can increase the risk of frequent
HAs.''® Hence, we hypothesize that the effect of these concur-
rent health problems and mild and mild-to-moderate cognitive
impairment can increase the risk of frequent HAs compared with
those older adults with normal CF without these health problems
when previous studies did not control for the interactions between
levels of cognitive impairment and chronic health problems.

Methods

This study used the National Health and Aging Trends Study
(NHATS), which surveys age-eligible (i.e., 265 years) Medicare
beneficiaries using stratified sampling in three stages to develop a
nationally representative sample. In the first stage, the primary
sample units were formed by selecting a group of counties in each
state. In the second phase, the ZIP codes within each selected
county/group of counties were selected; then, in the third stage,
based on the proportion of race and ethnicity and age groups in
each ZIP code, the participants were selected.’® In 2011, the
weighted response rate was >71%, with 8245 complete surveys.*’
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Following 2011, the same group of participants was invited to the
annual survey. This study used eight waves of NHATS
(2011-2018), which were appended then balanced by excluding
those participants who had not participated in all eight waves. Par-
ticipants with moderate, moderate to severe and severe clock
drawing test (CDT) were excluded from the dataset. In addition,
participants diagnosed with dementia were excluded from the
regression models. Considering that rehospitalization is more
common among older adults with cognitive impairment who live
in the community,” this study included only community-dwelling
older adults in all eight waves (n = 9800, 1225 per wave).

Measurement

The dependent variable of this study was the number of HAs
within 12 months before the time of surveys. All the participants
were asked if they had any overnight hospital stays within the last
12 months (>93% agreement with claim data®!). If they responded
“yes,” they were asked how many times they had stayed in a hos-
pital for at least one night. If the respondents answered “no” to
the previous question, the number of HAs was considered zero.
The response to the latter question was considered as the number
of HAs. These two variables were combined to form one variable
as the number of HAs.

The EF and memory were the dependent variables for the first
set of regression analyses (chronic health issues predicting CF). EF
and memory were independent variables for the second set of
regression analyses predicting the frequency of HAs. The CDT
was used to measure the EF?* and the delayed word recall test
(DWRT) for memory function.'®

The score of CDT was categorized from 0 to S, the least to the
most accurate; then, it was reverse coded as 0 indicated no EF
impairment (normal CDT) to S indicated very severe EF impair-
ment. Those participants with normal, mild and mild-to-moderate
(0, T and 2 respectively) remained in the dataset.

DWRT with three 10-word lists were used to measure mem-
ory; before performing the CDT, participants listened to the ran-
domly assigned word list. After the CDT, they were asked to
repeat the words. The number of correct words was counted, and
the results were categorized into three levels: <5 as severe memory
impairment (100% sensitivity and specificity), 5-6 mild memory
impairment (93.0 and 90.3 sensitivity and specificity, respectively),
and >7 as normal memory.*® Then these categories were reversed
coded when 0 indicated no memory impairment, 1 mild memory
and 2 severe memory impairment.

All of the respondents (self-response, no proxy) were asked if
they had been diagnosed with DM, hypertension, heart diseases,
lung diseases, dementia and cancer. Individuals having a heart
attack, stroke, fall events during the past 12 months were asked to
identify the incidence of health issues between waves. The ability
to walk six blocks every day was considered as the level of activity
and function as it was significantly correlated with HAs (incidence
rate ratio = 0.608, P < 0.001).

Ethnicity was categorized into four groups: non-Hispanic
white, Hispanics, African Americans and others. For each category,
a dummy variable was created, and non-Hispanic white people
were the reference group in all analyses. Living status was a binary
variable as those respondents living with their spouse, a partner, or
someone other than a partner, compared with those living alone.

Statistical analysis

The longitudinal ordered logistic regression was used to examine
the correlation between chronic health problems and CF. As the
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number of HA was a count variable and 82.70% of the partici-
pants had zero HA within the last 12 months at the time of inter-
view, the effects of overdispersion (i.e., response variance greater
than the mean) could cause the underestimation of the errors.
Therefore, longitudinal zero-inflated models were more appropri-
ate than other count models. The Vuong test and coefficient of
alpha were used to choose between longitudinal zero-inflated neg-
ative binomial (xtzinb) and longitudinal zero-inflated Poisson
(xtzip). As the Vuong test of none of the models was statistically
significant, xtzip was employed for all the regression models
(CF predicting HA).2*

Results

Across all waves, >80% of the participants had no HAs within
12 months before the survey, followed by one admission per year
(12.49%). The results of the CDT showed that 20.24% of the par-
ticipants had mild-to-moderate EF impairment in 2011. This rate
dropped to 11.27% in 2016 then increased to 14.20% in 2018.
The rate of participants with mild EF impairment decreased from
51.27% in 2011 to 39.18% in 2018, with some fluctuations in
between. Normal EF was a little different as it had an upward
trend starting with 28.49% in 2011, rising to 46.61% in 2018
(Fig. 1a). Contrarily, normal memory showed a downward trend
throughout the eight waves. As the participants grew older, the
rate of heart disease, hypertension, DM and lung disease increased
(Fig. 1b, Table 1).

Concerning the correlation between chronic health problems
and CF, those participants who had a history of heart attack and
DM were approximately 50% (odds ratio [OR] = 1.50, P = 0.008)
and 30% (OR = 1.30, P = 0.007) more likely to have mild or mild-
to-moderate EF impairment, respectively. Those participants with
a history of hypertension, DM and/or stroke were 46%
(OR = 1.46, P =0.001), 33% (OR = 1.33, P =0.028) and 65%
(OR = 1.65, P = 0.015) more likely to have mild and severe mem-
ory impairment, respectively.

Hospital admissions and executive function

Participants with mild and mild-to-moderate EF impairment were
approximately 9% more likely to have more frequent HAs. All of
the chronic health problems increased the risk of frequent HAs,
all of which were statistically significant (i.e., heart attack 46%,
heart disease 62%, hypertension 26%, DM 22%, lung diseases
20%, stroke 53%, cancer 44%). Falling within the last 12 months
increased the possibility of repeated HAs by 33%. In contrast, the
ability to walk six blocks could reduce the risk of frequent HAs by
34% (Table 3, Model 1).

Concerning demographics, a 1-year increase in age could
increase the risk of repeated HAs by 2%. Hispanics and African
Americans were more likely to have repeated HAs compared with
non-Hispanic white people. In the inflated section of the model,
walking six blocks could increase the chance of zero HAs signifi-
cantly (Table 3, Model 1).

Considering Model 1 in Table 2, the interactions between EF
and heart attack and EF and DM were examined in two different
models.

Heart attack alone can be a significant predictor of HAs.
Among participants with normal EF, those who had a heart attack
were approximately 71% more likely to have frequent HAs com-
pared with normal EF without heart attack. Concurrent mild EF
impairment and heart attack can increase the risk of frequent HAs
by 44% compared with those with normal EF without a history of
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Figure 1 (a) Proportion of normal to mild-to-moderate executive function impairment across all waves among community-
dwelling older adults. (b) Proportion of normal to severe memory impairment across all waves among community-dwelling older

adults.

heart attack. Among participants with mild-to-moderate EF
impairment, those with no history of heart attack were approxi-
mately 20% more likely to have frequent HAs compared with nor-
mal EF and no heart attack. The risk difference with a history of
heart attack can increase to 85% (Table 3, Model 2).

Mild EF impairment and DM can increase the risk of frequent
HAs by 29% compared with those with normal EF without
DM. This risk among participants with DM and mild-to-moderate
impairment can increase to 62% compared with those who had
normal EF without DM (Table 3, Model 3).

Hospital admissions and memory

Participants with mild and severe memory impairment were
approximately 11% more likely to have more frequent HAs com-
pared with normal memory function. A history of heart attack,
heart disease, hypertension, DM, lung diseases, stroke and cancer
could increase the risk of repeated HAs by 68%, 65%, 18%, 21%,
25%, 39% and 42%, respectively (Table 4, Model 1).

Considering the regression model in Table 2, Model 2, the
interactions between memory and hypertension, memory and
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DM, and memory and stroke were examined in three different
models.

Among participants with normal memory, those who had
hypertension were 86% more likely to have frequent HAs. Partici-
pants with mild memory impairment without hypertension were
96% more likely to have repeated HAs compared with those with
normal memory and no hypertension. Mild memory impairment
and hypertension could have similar results to mild impairment
without hypertension (incidence rate ratio = 1.92 and 1.96,
respectively). Regarding severe memory impairment with and
without hypertension, they were more likely to have repeated HAs
by 74% and 119%, respectively, compared with normal memory
without hypertension (Table 4, Model 2).

Concerning the interactions between DM and memory impair-
ment, those with normal memory and DM were 55% more likely
to have frequent HAs compared with normal memory without
DM. Mild memory with DM or without DM could increase the
risk of frequent HAs by 40% and 55%, respectively. Among older
people with severe memory impairment, having DM could increase
the risk of frequent HAs by 64% compared with normal memory
without DM. Severe memory impairment without DM could
increase the risk of HA by 40% (Table 4, Model 3).
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Cognitive impairment and hospital admission

Table 2 Regression models: health problems predict the level of EF and memory impairment among older adults (2011-2018)

Predictors Model 1: EF (CDT) Model 2: memory (DWRT)
OR (SE) 95% CI OR (SE) 95% CI

Heart attack 1.50 (0.23) ** 1.11-2.03 1.01 (0.17) 0.73-1.41
Heart disease 0.94 (0.09) 0.78-1.13 1.10 (0.13) 0.87-1.40
Hypertension 1.16 (0.10) 0.98-1.38 1.46 (0.16) ** 1.18-1.81
DM 1.30 (0.13) * 1.07-1.58 1.33 (0.17) * 1.03-1.71
Lung disease 0.92 (0.09) 0.75-1.12 0.84 (0.11) 0.66-1.07
Stroke 1.34 (0.24) 0.94-1.91 1.65 (0.34) * 1.10-2.46
Cancer 1.04 (0.10) 0.86-1.24 0.97 (0.09) 0.80-1.17
Year 0.90 (0.01) = 0.88-0.91 1.03 (0.01) *=* 1.01-1.05
Sigma2_u 1.73 (0.12) 3.85 (0.24) 3.41-4.34

Log likelihood = —7404.29
Wald y? (8)=158.54*
N = 8089

Log likelihood = —7321.80
Wald y? (8)=41.22%*
N =9254

Note: Longitudinal random-effects ordered logistic regression.

CDT, clock drawing test; CI, confidence interval; DM, diabetes mellitus; DWRT, delayed word recall test; EF, executive function; OR, odds ratio.

*P < 0.0S,
**P <0.01,
##kP < 0.001.

Those participants with mild memory impairment and stroke
were 66% more likely to have frequent HAs compared with nor-
mal memory and no stroke. Severe memory impairment without
stroke could increase the risk of frequent HAs by 29% when
severe impairment and stroke together could increase this risk to
83% compared with normal memory with no stroke (Table 4,
Model 4).

Discussion

The results of this study showed that EF and memory impairment
could increase the risk of frequent HAs by 9% and 11%, respec-
tively. This risk is higher than the approximately 6% HA rate for
AD and similar to 10.6% for vascular dementia.”> Consistent with
Natalwala et al. report, this study found that the effect of cognitive
impairment on HA depends on certain comorbidities.”® Certain
health problems and mild and mild-to-moderate cognitive impair-
ment can synergize each other’s effect on the frequency of HAs.
This finding is similar to that reported by Tuppin et al. where
patients diagnosed with neurocognitive disorders were admitted to
hospital due to neurological, psychiatric, respiratory and urology
problems.?‘{’ Nevertheless, the finding is slightly different from our
previous cross-sectional study, which indicated that cognitive
impairment could independently increase the risk of HAs among
older adults.” One of the differences between the previous report
and the current study, besides using the longitudinal data, is that
the current study focused on people living in the community.
Nevertheless, the interactions between cognitive impairment and
health problems vary in EF and memory. Both heart attack and
heart diseases can increase the risk of repeated HAs. However,
concerning the interactions between EF and these two predictors,
there was no significant relationship between heart disease and
CDT score, which is consistent with other reports.25'26 On the
other hand, a heart attack was significantly correlated with CDT
score when cases with a history of a heart attack were approxi-
mately 50% more likely to have mild or mild-to-moderate EF
impairment. Controlling for these interactions revealed that the
effect of a heart attack on HA varies across the levels of
EF. Among normal EF, those with a history of a heart attack were
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more likely to be hospitalized. This rate dropped for cases with
mild EF impairment then increased for mild-to-moderate and a
positive history of a heart attack. To the best of our knowledge,
this is a new finding as there are reports about heart failure and
CF,'® but not heart attack.

Our findings at the population level support the biological find-
ings of the causal relationship between DM and cognitive impair-
ment reported by Gaspar et al.'> DM could increase the risk of mild
and mild-to-moderate EF impairment by 30% when DM could
increase the risk of frequent HAs among normal EF group. This rate
could increase for mild and mild-to-moderate EF impairment. Feil
et al. reported that older adults with cognitive impairment are more
susceptible to poor diet and low physical activities, which can
worsen DM side-effects.?” Hence, DM and EF impairment can syn-
ergize their impacts on HAs. This is also a new finding that can shed
light on some reasons for repeated HAs among older adults with
DM. Considering that EF and memory can decline after HA, partic-
ularly among old-old and oldest populations,” also, mild cognitive
impairment cases remain undiagnosed for a long time, it would be
helpful if the case with DM screened for cognitive impairment at the
time of admission and discharge. According to the Alzheimer’s Dis-
ease Association, early diagnosis of cases with AD who were alive in
2018 could save the healthcare cost by $7 trillion.”

Regarding memory and chronic health problems, only hyper-
tension, stroke and DM significantly predicted the variations of
memory function. Hypertension can significantly increase the risk
of HAs among older adults with normal memory. Besides, concur-
rent hypertension and mild and severe memory impairment can
increase this risk compared with those with normal memory with-
out hypertension. According to Cho et al., known cases of hyper-
tension and cognitive impairment experience side effects of
hypertension due to the lack of medication adherence,®® which
can be a mediating factor between cognitive impairment and
uncontrolled hypertension, rendering more HAs. DM itself can
increase the risk of frequent HAs. However, the combination of
memory impairment and DM increases this risk significantly. Peo-
ple with DM and mild memory impairment are more susceptible
to frequent HAs compared with normal memory without
DM. This risk slightly increases among people with severe mem-
ory impairment and DM. Mild memory impairment and stroke
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Table 3 Longitudinal zero-inflated Poisson regression model: level of EF predicting hospital admission among older adults (2011-2018)

Predictors Model 1 Model 2 Model 3
IRR (SE) 95% CI IRR (SE) 95% CI IRR (SE) 95% CI

EF (CDT) 1.09 (0.04) * 1.02-1.18 — — — —
Heart attack 1.46 (0.14) *** 1.22-1.76 — — 1.46 (0.14) *** 1.22-1.75
Normal EF and HA — — 1.71 (0.32) ** 1.18-2.28 — —
Mild EF — — 1.09 (0.07) 0.96-1.22 — —
Mild EF and HA — — 1.44 (0.19) * 1.11-1.88 — —
MM EF — — 1.20 (0.10) * 1.03-1.41 — —
MM EF and HA — 1.85 (0.30) 1.35-2.55 — —
Heart disease 1.62 (0 09) *** 1.44-1.82 1.62 (0.1) 1.44-1.81 1.62 (0.10) *** 1.44-1.81
Hypertension 1.26 (0.08) ** 1.09-1.42 1.24 (0.09) ** 1.09-1.41 1.25 (0.08) ** 1.10-1.42
DM 1.22 (0.07) ##* 1.11-1.40 1.25 (0.07) ** 1.11-1.40 — —
Normal EF and DM — — — — 1.14 (0.12) 0.93-1.40
Mild EF — — — — 1.05 (0.07) 0.91-1.20
Mild EF and DM — — — — 1.29 (0.12) ** 1.08-1.53
MM EF — — — — 1.10 (0.10) 0.92-1.32
MM EF and DM — — — — 1.62 (0.18) *** 1.30-2.02
Lung disease 1.20 (0.07) #: 1.11-1.41 1.25 (0.08) s 1.11-1.41 1.25 (0.08) 3 1.11-1.41
Stroke 1.53 (0.16) ** 1.16-1.78 1.4 (0.16) ** 1.16-1.78  1.44 (0.16) ** 1.16-1.78
Cancer 1.44 (0.11) 1.26-1.70 1.48 (0.12) *** 1.27-1.72 1.46 (0.11) *#* 1.26-1.70
Falling 1.33 (0.10) 1.15-1.54 1.32 (0.10) 1.15-1.53 1.33 (0.10) s 1.15-1.54
Walks 6 blocks 0.66 (0.05) s 0.57-0.78 0.66 (0.05) sk 0.57-0.77 0.67 (0.05) sk 0.57-0.78
Age 1.02 (0.01) w3 1.01-1.03 1.02 (0.01) #s 1.01-1.03 1.02 (0.01) #== 1.01-1.03
Hispanic 1.30 (0.18) * 1.01-1.76 1.34 (0.19) * 1.01-1.77 1.31 (0.19) 0.99-1.73
African American 1.15 (0.11) 0.92-1.35 1.11 (0.11) 0.92-1.35 1.09 (0.11) 0.90-1.32
Other ethnicities 0.43 (0.16) * 0.17-0.82 0.37 (0.15) * 0.17-0.81 0.37 (0.15) * 0.17-0.81
Women 0.90 (0.05) 0.81-1.01 0.90 (0.05) * 0.81-1.01 0.90 (0.05) 0.81-1.00
Lives with partner 1.02 (0.06) 0.90-1.13 1.01 (0.06) 0.90-1.13 1.01 (0.06) 0.90-1.12
Year 0.98 (0.01) * 0.95-0.99 0.97 (0.01) * 0.95-0.99 0.97 (0.01) * 0.95-0.99
Inflated  Walks 6 blocks 0.60 (0.12) s 0.38-0.84 0.60 (0.12) sk 0.37-0.83 0.61 (0.12) ek 0.38-0.85

Hispanic —0.10 (0.24) -0.54-0.41 —0.06 (0.24) -0.53-0.41 -0.09 (0.24) -0.56 -0.39

African American 0.18 (0.15) -0.16 -0.42 0.13 (0.15) -0.16 -0.42 0.11 (0.15) -0.19 -0.40

Other ethnicities  —2.36 (2.61) -17.29-10.50 -3.63 (8.89) -21.05-13.79 -3.67 (9.33) —21.98 -14.63

Log likelihood = —4931.039
LR »? (18)=335.00%*x*

Log like ihood = —4803.79
LR 2 (20)=329.41%%

N=7963

Log likelihood = —4803.08

LR »? (20)=330.827x

N=7963

N=28117
EF, executive function; HA, hospital admission; IRR, incidence rate ratio; MM, mild-to-moderate.
*P < 0.05,
##P < 0.01,
#kP < (0.001.

can significantly increase this risk, and the occurrence of stroke in
people with severe memory impairment can raise this risk.

The ability to walk six blocks can predict the frequency of
HAs, as those who were able to walk this distance were less likely
to have frequent HAs by 34% and more likely to have no HAs.

As HAs are significant events, older adults are more likely to
remember them accurately.21 Nonetheless, the recall bias of the
respondents could confound the reliability of self-reported HAs,
chronic health problems and the ability to walk. The question-
naire asked “hospital stays” within the last year. However, there is
the possibility that the respondents considered admission to other
care units, such as rehabilitation centers, as a hospital stay. Con-
sidering the type of admission, we suggest controlling for this vari-
able in future studies.

Social support and engagement to care providers is a signifi-
cant factor in preserving the physical and mental health of
community-dwelling older adults.*® Thus, more research about
cognitive impairment, social support and outcome of chronic

1218 |

health issues can help understand the social determinants of HAs
among community-dwelling older adults.
The results of this study suggest that concurrent physical

health problems (i.e., heart attack and DM) with EF impairment
can increase this risk tremendously. This pattern is different for
memory as people concurrently suffering from memory impair-
ment and hypertension, stroke and DM are at higher risk of fre-
quent HAs, which can conversely increase the risk of memory and
EF impairment and create a vicious cycle. Screening for memory
impairment among older patients with hypertension, DM and
stroke can be recommended at the time of admission and dis-
charge. The same suggestion can be made for EF screening
among older patients with heart attack and DM.
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