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Abstract

Aims We aimed to search for associations between cognitive test results with mortality and rehospitalization in a Swedish
prospective heart failure (HF) patient cohort.
Methods and results Two hundred and eighty-one patients hospitalized for HF (mean age, 74 years; 32% women) were
assessed using cognitive tests: Montreal Cognitive Assessment (MoCA), A Quick Test of Cognitive speed, Trail Making Test
A, and Symbol Digit Modalities Test. The mean follow-up time censored at rehospitalization or death was 13 months (inter-
quartile range, 14) and 28 months (interquartile range, 29), respectively. Relations between cognitive test results, mortality,
and rehospitalization risk were analysed using multivariable Cox regression model adjusted for age, sex, body mass index, sys-
tolic blood pressure, atrial fibrillation, diabetes, smoking, educational level, New York Heart Association class, and prior cardio-
vascular disease. A total of 80 patients (29%) had signs of cognitive impairment (MoCA score < 23 points). In the fully adjusted
Cox regression model using standardized values per 1 SD change of each cognitive test, lower score on MoCA [hazard ratio
(HR), 0.75; confidence interval (CI), 0.60–0.95; P = 0.016] and Symbol Digit Modalities Test (HR, 0.66; CI, 0.48–0.90;
P = 0.008) yielded significant associations with increased mortality. Rehospitalization risk (n = 173; 62%) was significantly as-
sociated with lower MoCA score (HR, 0.84; CI, 0.71–0.99; P = 0.033).
Conclusions Two included cognitive tests were associated with mortality in hospitalized HF patients, independently of tradi-
tional risk factors. In addition, worse cognitive test scores on MoCA heralded increased risk of rehospitalization.
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Introduction

Heart failure (HF) is a clinical syndrome characterized by
shortness of breath, oedema, and fatigue due to the heart’s
inability to meet the body’s need of oxygenated blood.1 This
inability can be caused by structural or functional defects. De-
spite the fact that treatment for HF has improved over recent
decades, the mortality is still high with an annual mortality
rate of 20% 30%, depending on the severity of HF.2 Every
year, HF causes more deaths compared with the most

malignant tumours and is one of the most frequent reasons
for hospitalization of older adults.3 It has been increasingly
recognized that patients who are hospitalized for HF show
signs of cognitive disabilities in executive functions, memory,
speech, and mental processing speed.4,5 The reported preva-
lence of cognitive impairment in HF varies from 30% to 80%,
depending on HF severity, study design, and cognitive test
assessment.6 Considering these observations, the term ‘car-
diogenic dementia’ was introduced in the 1970s with an
aim to describe the relationship between HF and cognitive
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impairment.7 Among patients with HF and concomitant cog-
nitive decline, a twofold increase in 30-day mortality and re-
hospitalization has been observed,8 as well as an almost
fivefold increase in 1-year mortality.9 Poor medical adherence
and reduced capacity to recognize early symptoms of HF have
been proposed as reasons for early rehospitalization.10 With
an aging population and better survival rate among patients
with acute coronary syndrome, the prevalence of patients
suffering from HF will keep rising, and therefore, it is of in-
creasing importance to detect patients with HF with signs of
cognitive impairment in the clinical setting. Identifying these
patients at an early stage and optimizing their medical treat-
ment may not only prevent the progression of HF, but may
also delay the development of clinically important cognitive
deficits. Therefore, we aimed to search for associations be-
tween results of four cognitive tests with post-discharge mor-
tality and rehospitalization risk in a Swedish prospective HF
patient cohort.

Methods

Study population

The HeARt and Brain Failure inVESTigation study (HARVEST)
is an ongoing, prospective study undertaken in patients
hospitalized for the diagnosis of HF (ICD-10: I50-) in the city
of Malmö, Sweden.11 The inclusion criterion for the HAR-
VEST study is admission to the department of internal med-
icine or cardiology for treatment of newly diagnosed or
exacerbated chronic HF. The only exclusion criterion is the
inability to deliver an informed consent. In cases of severe
cognitive impairment, the relatives are instead being in-
formed and asked for permission on patient’s behalf. Be-
tween March 2014 and February 2020, a total of 466
consecutive patients hospitalized for HF were included and
underwent clinical examination. Cognitive testing in the
HARVEST study was first initiated on January 2015, and of
the 466 patients included after initiation of the study, 281

participants had complete data set (Figure 1). For those
participants (n = 185) with missing data on cognitive tests,
155 participants did not participate in the cognitive testing
and 30 participants had missing data in one or two tests.
Of patients with no data for cognitive tests, 94 of them
were included after the initiation of cognitive testing in
the HARVEST study. The study was approved by the Ethical
Review Board at Lund University, Sweden, and the study
complies with the Declaration of Helsinki. A written in-
formed consent was obtained from all participants or rela-
tives as described above.

Co-variates

Upon the hospitalization and subsequent admission to the
clinical wards, study participants were examined with anthro-
pometric measurements, and blood samples were drawn af-
ter overnight fast. Body mass index (BMI) was calculated as
kilogrammes per square metre, and data regarding the study
participants’ medication were collected. Prevalent diabetes
was defined as either self-reported diagnosis of type 2 diabe-
tes, or use of antidiabetic medication, or fasting plasma
glucose > 7 mmol/L. Smoking status was self-reported as
yes or no, where never smokers were regarded as non-
smokers, and previous and present-day smokers were de-
fined as smokers. Trained nurses measured blood pressure
using a validated automated blood pressure monitor Boso
Medicus (Bosch + Sohn GmbH u. Co. KG, Jungingen,
Germany). The upper arm cuff of appropriate size was placed
on the right side, and the arm was supported at the heart
level. Hypertension was defined as either systolic blood
pressure ≥ 140 mmHg and/or diastolic blood
pressure ≥ 90 mmHg. Atrial fibrillation (AF) was defined as
presence of AF on an electrocardiogram at the time of hospi-
talization or history of AF according to patient’s medical doc-
umentation. Self-reported education level was categorized as
9, 9–12, or >12 study years. Prior cardiovascular disease was
defined as prior stroke or prior myocardial infarction.

FIGURE 1 Flowchart of the study population. HARVEST, HeARt and Brain Failure inVESTigation study; HF, heart failure.
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Echocardiography

Conventional transthoracic echocardiograms were obtained
using a Philips IE33 (Philips, Andover, MA, USA) with a 1–
5 MHz transducer (S5-1), or with a GE Vingmed Vivid 7 Ultra-
sound (GE, Vingmed Ultrasound, Horten, Norway) with a 1–
4 MHz transducer (M3S). All studies were performed by ex-
perienced sonographers. Cine loops were obtained from
standard views (parasternal long axis, apical 4-chamber and
2-chamber). Measurements were done offline using Xcelera
4.1.1 (Philips Medical Systems, Netherlands) according to
the recommendations of the American Society of
Echocardiography.

Laboratory assays

Analyses of high-density lipoprotein and plasma glucose were
carried out at the Department of Clinical Chemistry, Skåne
University Hospital in Malmö, participating in a national stan-
dardization and quality control system. Low-density lipopro-
tein was calculated according to the Friedewald equation.

Assessment of cognitive function

Within 3 days from hospital admission, patients underwent
four cognitive tests assessing global cognition [Montreal Cog-
nitive Assessment (MoCA)],12 cognitive speed [A Quick Test
of Cognitive Speed (AQT)],13 visual attention and task
switching [Trailmaking A (TMT A)],14 and information pro-
cessing [the digit symbol coding test, Symbol Digit Modalities
Test (SDMT)].15 The tests were administered by trained
nurses.

The Montreal Cognitive Assessment is a one-page global
cognitive test where the cognitive performance is ranked
from 0 to 30 points (30 is the highest possible score).12

The test evaluates eight cognitive domains including visuo-
spatial, executive, short-term and long-term memory recall,
attention, language, abstraction, delayed recall, and orienta-
tion. In the current study, a score below 23 points was
regarded as cognitive impairment.12,16 In MoCA, the mem-
ory recall assignment contains two learning trials of five
nouns where the subject is instructed to repeat the words
directly (short-term recall) and after 5 min (long-term recall).
The visuospatial cognitive ability is assessed using a
cube-drawing and clock-drawing task. The executive function
is partly assessed using a task where the subject is instructed
to draw lines between circles numbered 1–5 and circles with
letters A–E in an ascending pattern (i.e. 1-A-2-B-3-C, etc.).
The executive function is also examined by a phonemic flu-
ency task and a two-item verbal abstraction task. To assess
the orientation ability, the subject is instructed to recall
the current date, month, year, place, and city. Language is

evaluated by a three-item confrontation naming task where
the subject is assigned to name three portrayed animals.
The language ability is also assessed in a task of repetition
of two syntactically complex sentences. Finally, attention is
assessed by three tasks: repetition of a list of digits forward
and backwards, a serial subtraction task, and a target detec-
tion task.

In AQT, the perception and overall cognitive speed are
assessed. The test includes three parts with 40 visual stimuli
where the first two parts measure the time to name the col-
our of 40 squares and the shape of 40 geometric figures, re-
spectively. In the third test part, the subject is instructed to
combine colours with the geometric 40 figures as fast as pos-
sible (red, black, yellow, or blue, combined with circles,
squares, rectangles, or triangles). The AQT score in part 3 is
regarded as the number of seconds it takes to complete the
task. In the current study, we only assessed the third part.
Normal time limit is expected to be below 70 s based on data
from 300 normally aging adults (ages 15–95).17

The Trail Making Test consists of two parts (A and B),
which together assess executive functions, visual search,
scanning, speed of processing, and mental flexibility.14 In
part A (TMT A), the subject is instructed to draw lines be-
tween circles numbered 1–25 in an ascending order. In part
B (TMT B), the subject is instructed to draw lines between
circles numbered 1–14 and circles with letters A–L in an as-
cending pattern (i.e. 1-A-2-B-3-C, etc.). The scores in both
parts are regarded as the number of seconds it takes to
complete the task. Due to a high amount of missing data
in part B (n = 33), the current study only assesses part A.
Normative data for the mean value of TMT A in the age
category of 70–74 years in regard to educational level (0–
12 years and >12 years) have previously been shown as
42 [standard deviation (SD) 15.5] and 40 s (SD 14.5),
respectively.14

The Symbol Digit Modalities Test is used in cognitive
screening to evaluate attention, visual scanning, motor
speed, and associative learning.18 Subjects are required to re-
peatedly pair nine specific symbols to a specific number from
1–9. The obtained scores ranged from 0–110 and are
regarded as the correct number of associations within 90 s.19

Endpoints

Mortality was defined as death by any cause (total mortality)
and was retrieved from the National Board of Health and
Welfare’s Cause of Death Register. Data regarding rehospital-
ization due to cardiac causes were retrieved from electronic
medical charts accessible through the patient’s unique na-
tional statistical number in the regional hospital database
(Melior, Siemens Health Services, Solna, Sweden). All subjects
were followed from study inclusion until 31 December 2018.

2950 H. Holm et al.

ESC Heart Failure 2020; 7: 2948–2955
DOI: 10.1002/ehf2.12909



Statistics

The variables are presented as means (SD). Cox regression
model was applied to estimate hazard ratios (HRs) with 95%
confidence interval (CI) for each cognitive test per 1 SD in-
crease. Continuous standardized values of each cognitive test
were entered as independent variables in separate models.
Model 1 was adjusted for age and sex. On top of age and
sex, Model 2 was adjusted for BMI, systolic blood pressure,
New York Heart Association (NYHA) class at admission, diabe-
tes, educational level, prevalent AF, smoking, and prior car-
diovascular disease as independent variables. The time
variable was calculated as the follow-up time between the
date of screening and date of first rehospitalization or death
until the 31st of February 2020. Group differences in continu-
ous variables between study participants and individuals with
missing data were compared using one-way ANOVA test,
whereas categorical variables were compared using Pearson’s
χ2 test. Group differences in continuous variables between
study participants with MoCA scores above and below 23
(and 26) were compared using one-way ANOVA test, whereas
categorical variables were compared using Pearson’s χ2 test.
All analyses were performed using SPSS Windows version
25.0, and a P value of <0.05 was considered statistically
significant.

Results

Patient characteristics

The study population had a mean age of 74 years, consisted
predominantly of men (68%), 36% had diabetes, and a high
proportion of patients (89%) was considered as NYHA clas-
ses III–IV (Table 1). During the follow-up period, a total of
78 (28%) patients died. The most frequent cause of death
was HF (n = 26) followed by cardiac arrest (n = 6), cancer
(n = 3), and stroke (n = 1), and the rest of the recorded
deaths (n = 42) were due to different causes and were de-
fined as ‘other’ in the database. A total of 173 (62%) pa-
tients were rehospitalized, with the most common reason
of rehospitalization being HF (n = 75) and arrhythmia
(n = 14). The rest of the recorded rehospitalizations
(n = 84) were due to a diversity of diagnoses and were de-
fined as ‘other’ in the database. One hundred and
twenty-four (44%) individuals had MoCA scores between
18 and 25, and 18 patients (6%) had MoCA scores between
10 and 17. HF patients with MoCA score below 23 were
older, were more likely to be women, and had worse result
on SDMT, TMT A, and AQT, as compared with patients with
MoCA above 23 (Supporting Information, Table S1). HF pa-
tients with MoCA score below 26 were also more likely to
be women, older, and have worse result on SDMT, TMT A,

and AQT, as compared with patients with MoCA above 26
(Supporting Information, Table S2).

Association between cognitive test results,
mortality, and rehospitalization risk

In the Cox regression analysis adjusted for age and sex,
MoCA, SDMT, and AQT scores as continuous variables
yielded significant associations with increased risk of death.
In the fully adjusted multivariate analysis, lower MoCA (HR,
0.75; CI, 0.60–0.95; P = 0.016) and SDMT scores (HR, 21
0.66; CI, 0.48–0.90; P = 0.008) remained significantly associ-
ated with increased risk of death (Table 2). Rehospitalization
risk was significantly associated with lower MoCA score (HR,
0.84; CI, 0.71–0.99; P = 0.033) in the multivariate analysis
(Table 3).

Table 1 Characteristics of study participants at baseline

Baseline characteristic N = 281

Age [years (SD)] 74 (12)
Sex [female, n (%)] 91 (32)
NYHA classes III–IV [n (%)] 249 (89)
Prevalent or history of smoking [n (%)] 253 (90)
ACEi [n (%)] 154 (55)
Beta-blockers [n (%)] 252 (90)
ARBs [n (%)] 84 (30)
BMI [kg/m2 (SD)] 28 (6)
SBP [mmHg (SD)] 140 (28)
DBP [mmHg (SD)] 80 (16)
Education level
Elementary school, 9 years [n (%)] 139 (50)
Upper secondary school, 9–12 years [n (%)] 76 (27)
College education, >12 years [n (%)] 61 (22)

Diabetes [n (%)] 102 (36)
AF [n (%)] 149 (53)
Prior stroke [n (%)] 30 (11)
Prior myocardial infarction [n (%)] 100 (36)
Nt-proBNP [pmol/L (min–max)] 5655 (60–35 000)
LVEF (%) 39 (16)
MoCA [points (SD)] 25 (4)
Mild cognitive impairment; MoCA 18–25 [n

(%)]
124 (44)

Moderate cognitive impairment; MoCA 10–17
[n (%)]

18 (6)

Severe cognitive impairment; MoCA below 10
[n (%)]

0 (0)

SDMT (points) 26 (11)
TMT A [seconds (SD)] 62 (34)
AQT [seconds (SD)] 85 (26)

ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrilla-
tion; AQT, A Quick Test of Cognitive Speed; ARBs, angiotensin re-
ceptor blockers; BMI, body mass index; DBP, diastolic blood
pressure; LVEF, left ventricular ejection fraction; MoCA, Montreal
Cognitive Assessment; NT-proBNP, N terminal pro brain natriuretic
peptide; NYHA, New York Heart Association; SBP, systolic blood
pressure; SDMT, Symbol Digit Modalities Test; TMT A, Trail Making
Test A.
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Risk of mortality and rehospitalization according
to Montreal Cognitive Assessment cut-off score

Using MoCA as a categorical variable with cut-off values,
MoCA < 23 was significantly associated with mortality (HR,
2.17; CI, 1.34–3.50; P = 0.002) and with rehospitalization
(HR, 1.62; CI, 1.14–2.29; P = 0.007). MoCA cut-off score below
26 was significantly associated with rehospitalization but not
with mortality (Supporting Information, Table S3, Figure S1,
Figure S2).

Harrell’s C-statistics for evaluation of overall
adequacy of risk prediction

Harrell’s C-statistics for evaluation of overall adequacy of risk
prediction procedures in the Cox regression model including
traditional risk factors (age, sex, BMI, systolic blood pressure,
NYHA class at admission, diabetes, educational level, preva-
lent AF, smoking, and prior cardiovascular disease) for mor-
tality yielded a C-index of 0.683. An addition of any one of
the four tests to that model resulted in a gain in C-statistics
that ranged from �0.1 to 2.2 percentage units, with the
highest add-on value for MOCA < 23 points (Supporting In-
formation, Table S4). As for analyses of rehospitalization,
the Cox regression model including age, sex, BMI, systolic
blood pressure, NYHA class at admission, diabetes, educa-
tional level, prevalent AF, smoking, and prior cardiovascular
disease yielded a C-index of 0.602. An addition of any one
of the four tests to that model resulted in a gain in
C-statistics that ranged from 0.0 to 1.0 percentage units, with
the highest add-on value for the MOCA test as a continuous
variable, together with MOCA < 23 points.

Discussion

In this study, we have demonstrated that two cognitive tests
assessing the global cognitive function, cognitive speed, at-
tention, and task switching are associated with
post-discharge mortality in patients hospitalized due to HF,
independently of traditional risk factors. Moreover, we have
observed that lower performance on MoCA heralds increased
risk of rehospitalization in HF patients.

Our findings confirm data from previous studies suggesting
cognitive function as a risk marker of mortality and rehospi-
talization in HF patients.20,21 In the current study, the preva-
lence of cognitive impairment according to MoCA score
below 23 among HF patients was 29%. In prior reports, cogni-
tive impairment has been detected in 25% to 75%.21 This
wide range of prevalence might be attributed to difference
in study populations including age, sample size, and HF sever-
ity. Additionally, different cognitive tests have been applied
to assess the cognitive function, and different criteria in diag-
nosing HF have been practiced.6 Further, the cognitive de-
cline observed in HF patients might also be a result of other
HF co-morbidities such as sleep apnoea, anaemia, vitamin de-
ficiency, renal failure, and depression.22 Plasma level of N ter-
minal pro brain natriuretic peptide did not reveal any
correlation and/or association with MoCA Score, despite pre-
viously published results in population-based studies.23,24

Patients included in the current study were divided into
two groups according to the results on the global cognitive
test MoCA. HF patients with prevalent cognitive impairment
defined as MoCA score below 23 were older, more likely to

Table 2 Cox regression analysis displaying the association be-
tween cognitive test results and risk of mortality

Cognitive tests HR (CI) P value

MoCA
Model 1 0.73 (0.59–0.91) 0.005
Model 2 0.75 (0.60–0.95) 0.016

SDMT
Model 1 0.64 (0.47–0.86) 0.003
Model 2 0.66 (0.48–0.90) 0.008

TMT A
Model 1 1.21 (0.99–1.48) 0.058
Model 2 1.20 (0.99–1.47) 0.068

AQT
Model 1 1.24 (1.01–1.54) 0.044
Model 2 1.20 (0.97–1.49) 0.092

Model 1 is adjusted for sex and age. Model 2 is adjusted for age,
sex, body mass index, systolic blood pressure, New York Heart As-
sociation class at admission, diabetes, educational level, prevalent
atrial fibrillation, smoking, and prior cardiovascular disease.
AQT, A Quick Test of Cognitive Speed; CI, confidence interval; HR,
hazard ratio; MoCA, Montreal Cognitive Assessment; SDMT, Sym-
bol Digit Modalities Test; TMT A, Trail Making Test A.

Table 3 Cox regression analysis displaying the association be-
tween cognitive test results and risk of rehospitalization

Cognitive
tests

Continuing values

HR (CI) P value

MoCA
Model 1 0.81 (0.69–0.94) 0.007
Model 2 0.84 (0.71–0.99) 0.033

SDMT
Model 1 0.83 (0.68–0.99) 0.047
Model 2 0.89 (0.73–1.09) 0.254

TMT A
Model 1 1.13 (0.97–1.32) 0.115
Model 2 1.09 (0.93–1.28) 0.304

AQT
Model 1 1.08 (0.92–1.26) 0.246
Model 2 1.01 (0.87–1.19) 0.866

Model 1 is adjusted for sex and age. Model 2 is adjusted for age,
sex, body mass index, systolic blood pressure, New York Heart As-
sociation class at admission, diabetes, educational level, prevalent
atrial fibrillation, smoking, and prior cardiovascular disease.
AQT, A Quick Test of Cognitive Speed; CI, confidence interval; HR,
hazard ratio; MoCA, Montreal Cognitive Assessment; SDMT, Sym-
bol Digit Modalities Test; TMT A, Trail Making Test A.
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be women, and had lower educational level. Interestingly, the
two groups were comparable in terms of HF parameters such
as NYHA class and ejection fraction, as well as co-morbidities
such as prevalence of diabetes, AF, and smoking.

In a Swedish study examining 860 randomly selected el-
derly individuals from a population-based cohort, MoCA
cut-offs for cognitive impairment ranged from <25 to <21
for the lowest educated and <26 to <24 for the highest ed-
ucated, depending on age group.25 In a newly conducted
meta-analysis including nine studies, a MoCA cut-off score
of 23, rather than the initially recommended score of 26,
lowered the false-positive rate and showed overall better di-
agnostic accuracy.16 In comparison with the traditionally used
Mini Mental State Examination, growing evidence demon-
strates that MoCA yields a higher sensitivity in identifying
multiple cognitive deficits in HF.26 The higher sensitivity of
MoCA in detecting cognitive impairment in HF has been sug-
gested as an effect of additional measurement of the execu-
tive ability, which is commonly affected in HF patients due to
higher burden of cardiovascular disease.12 However, the use
of MoCA has also been criticized due to low specificity in de-
tecting mild cognitive impairment in populations with low
base rate of cognitive decline. As the prevalence of cognitive
decline among HF patients is comparatively high, this should
not create a bias. In an HF population using the same
cut-off score of cognitive decline as in the current study,
MoCA yielded a sensitivity of approximately 49% and failed
to rule out 30% individuals with normal cognitive ability.26

In addition to MoCA score, the current study also demon-
strated that lower score on SDMT and longer time duration
of TMT A indicated increased risk of post-discharge mortality.
As these tests assess cognitive abilities such as attention, vi-
sual scanning, and motor speed, there is limited additional
value to perform them together in a clinical setting. To find
individuals with HF that might be aided of enhanced caretak-
ing in order to manage the treatment, one of these tests per-
formed together with a multidomain test such as MoCA
might be sufficient and clinically useful.

In HF, the most affected cognitive abilities are attention,
executive function, psychomotor speed, and working mem-
ory, while the visuospatial ability and language skills are less
affected.4 Several theories have been proposed to explain
the underlying pathophysiology of cognitive impairment and
dementia in HF patients including increased risk for stroke
and chronically reduced cerebral blood flow.21 In addition
to HF patients, better cardiac function, like peak exercise
stroke volume, was associated with higher MoCA scores at
baseline and after 6 months in individuals with preserved
ejection fraction.27 The detection of cognitive impairment
among elderly patients in general hospital settings is low.28

The underestimation of prevalent cognitive decline has also
been observed in primary care.29 As cognitive impairment
has been linked to increased risk of mortality but also conver-
sion to dementia, the need for cognitive screening has been

suggested.30 A diagnostic approach to HF-induced cognitive
impairment has been proposed to include screening for im-
paired memory and executive functions, anatomic brain
changes (white matter hyperintensities; medial temporal at-
rophy; frontal lobe and hippocampal atrophy), and elevated
levels of interleukin-6, tumor necrosis factor-α, cortisol, and
epinephrine.22 The same authors also propose that MoCA
should be conducted in all HF patients, either by the referring
physician or by a member of the HF team during the patient’s
first clinic visit and yearly thereafter, in order to recognize
possible subtle cognitive changes that might otherwise be
overlooked. In the European Society of Cardiology guidelines
for the treatment of HF, it is recommended that support from
a multidisciplinary HF team in collaboration with specialist de-
mentia support teams, alongside medication compliance aids,
tailored self-care advice, and involvement of family and care-
givers, may improve adherence to complex HF medication
and self-care regimens.1 This approach is expected to im-
prove patient’s outcome.

Limitations

Cognitive tests were performed in older patients who were
under treatment for acute HF. In the acute setting of HF,
some patients may experience delirium, which is a reversible
condition of confusion.1 However, individuals with the clinical
picture of delirium were most likely preliminarily excluded.
Cognitive tests were performed within 3 days from admission
to the hospital. Therefore, it is possible that the cognitive
function might have changed during this time. Cognitive test-
ing in the HARVEST study was first initiated on January 2015,
and of the 466 patients included after initiation of cognitive
testing, 185 patients had missing values on relevant
co-variates and/or cognitive tests. Because individuals with
reduced cognitive function are usually less willing to partici-
pate in studies, a health selection bias might have occurred.
In order to explore whether individuals with missing data dif-
fer from those with complete data sets, we have compared
the two groups. Group differences in continuous variables be-
tween study participants and individuals with missing data
were compared using one-way ANOVA test, whereas categor-
ical variables were compared using Pearson’s χ2 test. The re-
sults are presented in Supporting Information, Table S5.
Finally, patients were predominantly of European ancestry,
and therefore, the results of this study may not be generaliz-
able to other racial/ethnic groups.
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Table S3. Associations between death and cognitive tests across cut-off
scores on MoCA
Table S4. Harrell’s C-statistics for evaluation of overall adequacy of risk
prediction for mortality and rehospitalization
Table S5. Characteristics of study participants (n = 281) and individ-
uals with missing data (n = 185) at baseline.
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