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Introduction: Adequate cognitive function in patients is a prerequisite for successful imple-
mentation of patient education and lifestyle coping in comprehensive cardiac rehabilitation (CR)
programs. Although the association between cardiovascular diseases and cognitive impairments
(ClIs) is well known, the prevalence particularly of mild CI in CR and the characteristics of
affected patients have been insufficiently investigated so far.

Methods: In this prospective observational study, 496 patients (54.5 £ 6.2 years, 79.8% men)
with coronary artery disease following an acute coronary event (ACE) were analyzed. Patients
were enrolled within 14 days of discharge from the hospital in a 3-week inpatient CR program.
Patients were tested for CI using the Montreal Cognitive Assessment (MoCA) upon admission
to and discharge from CR. Additionally, sociodemographic, clinical, and physiological variables
were documented. The data were analyzed descriptively and in a multivariate stepwise backward
elimination regression model with respect to CI.

Results: At admission to CR, the CI (MoCA score < 26) was determined in 182 patients
(36.7%). Significant differences between CI and no CI groups were identified, and CI group
was associated with high prevalence of smoking (65.9 vs 56.7%, P = 0.046), heavy (physically
demanding) workloads (26.4 vs 17.8%, P < 0.001), sick leave longer than 1 month prior to CR
(28.6 vs 18.5%, P = 0.026), reduced exercise capacity (102.5 vs 118.8 W, P = 0.006), and a
shorter 6-min walking distance (401.7 vs 421.3 m, P = 0.021) compared to no CI group. The
age- and education-adjusted model showed positive associations with CI only for sick leave
more than 1 month prior to ACE (odds ratio [OR] 1.673, 95% confidence interval 1.07-2.79;
P =0.03) and heavy workloads (OR 2.18, 95% confidence interval 1.42-3.36; P < 0.01).
Conclusion: The prevalence of CI in CR was considerably high, affecting more than one-third
of cardiac patients. Besides age and education level, CI was associated with heavy workloads
and a longer sick leave before ACE.

Keywords: cardiac rehabilitation, cognitive impairment, prevalence, acute coronary event,
patient education

Introduction
For patients with coronary artery disease (CAD), especially following an acute coronary
event (ACE) such as myocardial infarction or coronary artery bypass grafting (CABQG),
patient education is a core component of multicomponent cardiac rehabilitation (CR).
The CR education program for patients with CAD in Germany is based on a standard-
ized curriculum. It includes aspects of secondary prevention: cardiovascular function
disorders, symptoms of angina pectoris and myocardial infarction, cardiovascular risk
factors, treatment of acute coronary syndrome (ACS), medical and therapeutic treatment
of CAD, handling of CAD in everyday life, and necessary lifestyle changes.! For a suc-
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cessful implementation of this intensive education program,
adequate cognitive function (e.g. executive function, selective
attention, memory) is an important prerequisite.

Nevertheless, a substantial proportion of patients with
cardiovascular diseases suffer from mild cognitive impair-
ment (MCI). Newman et al reported cognitive dysfunctions
in up to 53% of patients after coronary artery bypass surgery
upon discharge from the hospital, decreasing to 24% after
6 months.? MCI was found in survivors of acute myocardial
infarction at 30%, and moderate/severe cognitive impair-
ment (CI) in 26% of patients within 1 month of the index
event.> Another study reported MCI in 17% of non-demented
patients with coronary heart disease.

Although the association of coronary heart disease
with ClIs is well documented particularly in older patients
>65 years, the prevalence of CI and its characteristics in
a younger, employable patient population remain poorly
investigated. Thus, we aimed to identify the prevalence of
Clin CAD patients under 65 years undergoing CR following
an acute event. We hypothesized a prevalence rate of at least
25%. In addition, we focused on associations between CI
and sociodemographic, clinical, and physiological variables.

Methods

Patients

From September 2014 to August 2015, a bicentric, prospec-
tive observational study was carried out within a 3-week inpa-
tient CR program. Upon admission to CR, all eligible patients
were screened for inclusion criteria: the allocation to CR had
to be due to an ACE. Additionally, patients must have had a
CAD diagnosis, they had to be between 18 and 65 years old,
and insured by a German health insurance company. Patients
with insufficient language skills, those who declined to give
informed consent, and those diagnosed with dementia were
excluded. From 647 eligible patients, 520 were included in
the study, of which 24 dropped out due to rehospitalization,
withdrawal, or organizational issues. Thus, 496 consecutive
Caucasian patients were included in the analysis.

CR

All patients underwent an intensive, standardized, multicompo-
nent CR program, as described elsewhere,> for a mean period
of 21 days, starting, on average, 14 days after discharge from
the hospital following an ACE. In addition to medical care, the
program primarily included exercise training, psychological
care (individual counseling by a psychologist and/or group
sessions for coping), nutritional advice, and patient education
for the secondary prevention of CAD including cardiovascular

function disorders and risk factors, treatment of CAD, handling
of CAD in everyday life, and necessary lifestyle changes.!

Cognitive performance measurement and

data collection

All patients were tested for CI using the Montreal Cognitive
Assessment (MoCA) with less than 26 points as the cutoff
for CI.” To avoid learning effects, two German versions of
the MoCA were executed by qualified and trained study
personnel upon admission to and discharge from CR. Where
the original version from November 7, 2004® was used at
admission, the alternate version from 2012° was performed
upon discharge from CR.

Besides cognitive function, sociodemographic, clinical,
and physiological variables (e.g. age, sex, education level,
employment status, light or heavy [physically demand-
ing] workloads, cardiovascular risk factors, comorbidities,
New York Heart Association [NYHA] class, left ventricular
ejection fraction [LVEF], extent of depression and anxiety in
the Hospital Anxiety and Depression Scale [HADS], 6-min
walking distance [(MWD], and maximum capacity in the
exercise stress test) were documented.

Data were collected in two inpatient CR centers at
admission to and discharge from CR. The information was
prospectively compiled by study nurses, whereby clinical
and anamnestic data were taken from the patient’s chart in
the rehabilitation center. Due to unperformed assessments in
the CR routine, missing data were observed for the 6 MWD
(n=18), the exercise stress test (n=23), and HADS (n=39).
For the other variables, all records were complete.

Statistics
Continuous variables are expressed as mean * standard devia-
tion, and categorical variables as frequencies and percentages.
Comparisons between CI cases and patients with normal
cognitive function were made using a chi-squared test for cat-
egorical variables or a Students ¢-test for continuous variables.
To determine associations between patient characteristics
and CI, an exploratory, multivariate, binary logistic regres-
sion model with stepwise backward elimination was applied.
Variables known to associate with cognitive decline!®!2
and sociodemographic and clinical variables found to be
significant in bivariate analysis (P < 0.1) were considered
in the model: age, education level, sick leave before ACE,
heavy workload, HADS, psychological comorbidity, chronic
obstructive pulmonary disease, number of comorbidities,
smoking, diabetes mellitus, arterial hypertension, number
of cardiovascular risk factors, medication (tranquilizers,

56 submit your manuscript

Dove

Vascular Health and Risk Management 2017:13


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Mild cognitive impairment in cardiac rehabilitation

antidepressants, anticonvulsants, or neuroleptics), reduced
LVEE, and therapy of ACEs (percutaneous coronary inter-
vention [PCI] or CABQG). Effects with a P-value of less than
0.05 were considered statistically significant. The effect-size
estimates (odds ratios, ORs) of the independent predictor
variables for the final model are shown with 95% confi-
dence intervals and P-values. Multicollinearity was assessed
through variance inflation factor (VIF). Calculations were
carried out using Statistical Package for the Social Sciences
(SPSS) 23.0 (IBM, Armonk, NY, USA).

Ethics

All patients were informed and educated about the study reali-
ties and gave written informed consent prior to enrollment.
The study was approved by the ethics committee of the Human
Sciences Faculty of the University of Potsdam in Germany
and was registered at the German Clinical Trial Registry and
the International Clinical Trials Registry Platform (ICTRP)
of the World Health Organization (DRKS00005502).

Results
The mean age of the patients was 54.5 + 6.2 years, 79.8% were
men, and 81.0% had an educational level beyond high school.
CI was determined in 182 patients (36.7%) upon admission to
CR, whereof 173 cases (95.1%) could be classified as MCI.
The mean scores of MoCA in the CI group were 22.74 +2.32,
while MoCA scores of patients without CI were 27.89 + 1.51
(Table 1). Upon discharge from CR, the rate of CI was signifi-
cantly reduced to 32.9% (n=163; P < 0.001). The CI group
achieved on average 23.06 £ 2.14 points in the MoCA, while
28.08 £ 1.41 points were scored by the no CI group (Table 1).
MoCA scores beyond the lower normative data range for MCI
(<19) were found at admission and discharge from CR in nine
patients (4.9%) and were statistically classified as outliers.
Significant differences between CI and no CI groups at
admission were identified, and CI group was associated with
high prevalence of smoking (65.9 vs 56.7%, P =0.046), heavy

Table | Cognitive performance at admission to and discharge
from CR

ClI (MoCA No ClI(MoCA Total

< 26) 2 26)
Admission to CR, n 182 314
MoCA scores, mean+ 22.74+232 27.89+ |.51 26.00 £ 3.10
SD (range) (12-25) (26-31)
Discharge from CR, n 163 333
MoCA scores, mean + 23.06 +2.14 28.08 + |.4I 26.42 £ 291
SD (range) (15-25) (26-31)

Abbreviations: CR, cardiac rehabilitation; Cl, cognitive impairment; MoCA, Montreal
Cognitive Assessment; SD, standard deviation.

workloads (26.4 vs 17.8%, P <0.001), sick leave longer than
1 month prior to CR (28.6 vs 18.5%, P = 0.026), reduced
exercise capacity (102.5 vs 118.8 W, P=0.006), and a shorter
6MWD (401.7 vs 421.3 m, P =0.021). No differences were
found for sex, living situation, alcohol consumption, comor-
bidities, cardiovascular risk factors, psychotropic medication,
NYHA class, peri-interventional ACS therapy (CABG vs
PCI), LVEE, or depression and anxiety scores (Table 2).
The multivariate analysis showed only four statisti-
cally significant associations in the final step: besides age
(OR 1.054 per year, 95% confidence interval 1.02—1.09;
P =0.005) and education level (graduation after 10 years
of school vs lower level or no graduation: OR 0.221, 95%
confidence interval 0.123—0.396; P < 0.001), only sick leave
longer than 1 month before ACE (OR 1.673, 95% confidence
interval 1.07-2.79; P=0.03) and heavy workloads (OR 2.18,
95% confidence interval 1.42-3.36; P <0.01) could be deter-
mined as independent predictors of CI at admission to CR. No
strong collinearity was found between the variables analyzed
in the model, and VIF ranged from 1.011 for sick leave lon-
ger than 1 month before ACE to 1.098 for educational level.
Patients with MoCA scores under 19 points (severe CI) had
no appreciable influence on the multivariate analysis and
therefore were not excluded or separately grouped.

Discussion
The prevalence of CI at admission to CR was considerably
high and was detected in 36.7% of the comparatively young
CAD patients after an ACE. However, as majority of patients
scored in the MoCA within the normative data range for
MCI (95%) and the fact that the small ratio of patients with
more severe CI (5%) showed no influences on the statistical
calculations, the CI in this population could be described as
MCI. While the prevalence of MCI in the regular Caucasian
population within the 60—65 age group is estimated to be
11-17%,'* previous studies in cardiac patients showed a
comparable or even higher prevalence of MCI,>* although the
patients enrolled at that time were older than our population.
Certainly, CI is predominantly detected through test
procedures,'* and its prevalence would be presumably higher
and more precise if a standardized neuropsychological test
battery is used.'® But, even using a simple screening tool like
the MoCA, we were able to demonstrate a high CI prevalence
in our heterogeneous sample of CAD patients. Nonetheless,
MoCA is a screening tool with a high degree of sensitivity
even for patients with cardiovascular disease.” However, the
observed mean MoCA scores and standard deviations in the
CI and no CI groups were comparable to the normative data
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Table 2 Patient characteristics: total and by cognitive status at admission to cardiac rehabilitation

Patient characteristics Total (N = 496) Normal cognitive Cognitive impairment P-value
function (N = 314) (N =182)
Sociodemographic parameters
Age (years) 545+6.2 53.9+6.5 555£55 0.005
Sex 0.298
Women 100 (20.2) 68 (21.7) 32 (17.6)
Men 396 (79.8) 246 (78.3) 150 (82.4)
BMI (kg/m?) 287 £5.1 286 +5.1 29.0+52 0.361
Living alone 103 (20.8) 59 (18.8) 44 (24.2) 0.169
Graduation <0.001
Education < 10 years 78 (15.7) 24 (7.6) 54 (29.7)
Education 10 years 324 (65.3) 216 (68.8) 108 (59.3)
Higher education 94 (19.0) 74 (23.6) 20 (11.0)
Associate degree 0.019
No degree 27 (5.4) 13 (4.1) 14 (7.7)
Vocational education 398 (80.2) 247 (78.7) 151 (83.0)
University degree 71 (14.3) 54 (17.2) 17 (9.3)
Incapacity for work prior to ACS (months) 1.5+3.0 1.3+£29 1.8+34 0.085
Employed prior to ACS 406 (81.9) 267 (85.0) 139 (76.4) 0.021
Heavy work 104 (21.0) 56 (17.8) 48 (26.4) <0.001
ACS treatment 0.497
PCI 335 (67.5) 213 (67.8) 122 (67.4)
CABG 140 (28.2) 86 (27.4) 54 (29.8)
Conservative procedure 20 (4.0) 15 (4.8) 5(2.8)
Cardiovascular risk factors
Hypertension 34| (68.8) 219 (69.7) 122 (67.0) 0.547
Diabetes mellitus 109 (22.0) 63 (20.1) 46 (25.3) 0.216
Dyslipidemia 319 (64.3) 194 (61.8) 125 (68.7) 0.145
Smoker/ex-smoker (<12 months) 298 (60.1) 178 (56.7) 120 (65.9) 0.046
Number of risk factors 22409 2.1£09 23+09 0.039
Comorbidities
Mental disease 54 (10.9) 28 (8.9) 26 (14.3) 0.073
COPD 37 (7.5) 18 (5.7) 19 (10.4) 0.075
Stroke 17 (3.4) Il (3.5 6 (3.3) 1.000
Functional parameters
LVEF 552+78 555+78 548 +8.0 0.365
Reduced LVEF (<45%) 78 (15.7) 45 (14.3) 33 (18.1) 0.306
6-min walking distance (m) 4142+ 888 4213 +843 401.7 £ 95.2 0.021
Exercise capacity (W) 108.4 + 36.3 111.8+349 102.5 + 38.0 0.006
Psychological screening (HADS)
Depression 53+39 52140 56+38 0.328
Anxiety 63+4.1 6.4 +4.0 64144 0.686

Notes: Results are presented as mean * standard deviation or number of subjects (percentage). HADS scoring for each subscale (anxiety and depression) is as follows:
0-7 = normal, 8-10 = borderline abnormal (borderline case), and | [-2] = abnormal (case). *In exercise stress test electrocardiogram.

Abbreviations: BMI, body mass index; ACS, acute coronary syndrome; PCl, percutaneous coronary intervention; CABG, coronary artery bypass grafting; COPD, chronic
obstructive pulmonary disease; LVEF, left ventricular ejection fraction; HADS, Hospital Anxiety and Depression Scale.

for the MoCA (MCI22.1£3.1 and non-CI 27.4 £ 2.2).8 This
underlines the assumption that our examined population on
average corresponds to an MCI group.

Interestingly, CI was associated with sick leave before
ACE and heavy workloads, while clinical conditions did
not seem to be relevant. There is still conflicting evidence
regarding the impact of LVEF on cognitive function.!>!6!7
In contrast to other authors, we did not find an association
between CI and reduced LVEF."*?° However, this association

was reported mainly for patients with reduced LVEF (£40%)),
which applied only to 38 patients in our sample (mean LVEF
55.2 + 7.8%). However, only a weak correlation between
LVEE, other clinical conditions (such as NYHA class), and
cognitive function has been shown in other earlier studies
as well.!2?!

ClIs may be promoted by an adverse lifestyle (e.g. smok-
ing, alcohol abuse, or unhealthy nutrition)?>* and a reduced
adherence to treatment.?* Multivariable analysis of the present
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study showed positive associations with CI for age, physically
demanding work (e.g. in professions such as commercial driv-
ers, building workers, or geriatric nurses), and education (even
after adding a point for less than 12 years of formal education
in the MoCA).>? This prevailing association of psychosocial
rather than clinical factors with CI could be an indication
of a potential reverse causation: it can be hypothesized that
cognitive deficits were preexisting, serving as a cofactor in
the development of CAD and ACS.?® In turn, ACS could
aggravate CI due to regional brain changes, which may explain
the notable prevalence rate of CI in the given population.?”?

Apart from this, the influence of educational level should
be discussed. The assessment instructions for MoCA provide
an additional point for education lasting less than 12 years.
However, our study findings emphasize a strong influence
of formal education lasting less than 10 years according to
several studies confirming the influence of different educa-
tional levels.?** It is advisable to conduct a validation study
of the German MoCA versions with special consideration
given to cardiac patients’ educational levels.

Moreover, it is hypothesized that cognitive decline
depends on the presence of several cerebrovascular risk fac-
tors and cardiovascular comorbidities; many manifestations
of cardiovascular disease (such as hypertension or atheroscle-
rosis) coexist within the same patient and therefore cannot be
viewed in isolation."*? Furthermore, cerebrovascular disease
has been suggested as an underlying pathophysiology of
both cardiac disease and cognitive decline.** So, it is hardly
surprising that we could not find specific parameters for CI
assuming a multifactorial etiology and the same underlying
mechanisms for ClI and cardiovascular disease such as CAD.

Our study has several limitations. First, a single score from
a screening instrument was used to operationalize cognitive
functioning and impairment (although MoCA is a screening
tool with high sensitivity). Second, there was no control group
to rate CI in age- and sex-matched individuals without ACS, so
we referred to the literature data.”!'>*-¢ Third, no information
regarding possibly preexisting cognitive deficits in patients
which might be linked to cardiovascular risk factors was
available. Studies show that preexisting Cls are significantly
linked to postoperative cognitive deficits following cardiac
surgery.>” In comparison with healthy controls, previous trials
demonstrated lower performances on all cognitive tests by
patients scheduled for coronary angiography, cardiac surgery,
or CABG.** Additionally, we did not have any data regard-
ing the severity of peri-infarctional hemodynamic instability
and possible hypoxic brain injury which could contribute to
decreased cognitive function in our patients.*!

Further investigations are required to clarify the impact
of CI on patients’ CR outcome, especially the implementa-
tion of healthy lifestyle and treatment compliance as an index
of sustained education success through multicomponent
training.

Conclusion

Even if the results cannot be generalized due to several study
limitations, the prevalence of CI in relatively young employ-
able patients with ACS in the present study was considerably
high. CIs should be taken into account when planning and
implementing CR programs.
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