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Abstract 

Aim: The aim of this study was to examine the relationship between HF and specific 

cognitive abilities in octogenarians with regard to level and change over time. 

Background: Cognitive impairment is influenced by a multitude of factors and the impact of 

heart failure (HF) is debated. Intact cognitive ability is crucial for successful self-care in HF 

patients. Middle aged patients with HF seem to have an increased risk of cognitive 

impairment. No studies have examined the association between HF and longitudinal cognitive 

changes in octogenarians (individuals 80 years and older). 

Design: A prospective longitudinal design. 

Methods: Cognitive tests were carried out on five occasions (1991-2002) in 702 

octogenarians from the Swedish Twin Registry, including same sex twin pairs. The test-

battery included measurement of processing speed, visuospatial ability, short term, episodic 

and semantic memory. Latent growth curve modelling was employed to measure change and 

performance over time and compares the group diagnosed with HF to individuals without a 

HF diagnosis. 

Results: At baseline the participants´ mean age was 83.5 years, 67% were female and 13% 

suffered from HF. Individuals diagnosed with HF scored significantly lower in spatial 

abilities and episodic memory than participants not diagnosed with HF. Moreover measures 

of episodic memory declined more over time in individuals diagnosed with HF. There were 

no significant differences between the groups in other cognitive tests.  

Conclusion: Spatial problems and episodic memory have implications for everyday life. 

This might contribute to decreased adherence to prescribed therapy and self-care management 

and lead to socio-behavioural problems due to an impaired capacity to drive, read and write. 



Relevance for clinical practice: Nurses should take to account in their assessment that 

cognitive impairment may restrain elderly HF patient´s ability to make decisions and perform 

self-care actions. Patient education strategies should also be adapted to cognitive ability. 

 

Introduction  
 

Approximately 15 million people suffer from heart failure (HF) in Europe. The prevalence of 

HF is 10-20% among those above 80 years of age and the HF syndrome is associated with an 

elevated mortality risk, morbidity, and decreased quality of life (Dickstein et al. 2008). 

Pharmacological therapy together with self-care management are the most important parts of 

successful HF treatment. Self-care can be defined as a naturalistic decision-making process 

used by patients to maintain their health (Carlson et al. 2001). It include actions aimed at 

maintaining physical stability and avoidance of behavior that can worsen the condition 

(Dickson et al. 2007). A successful self-care can significantly impact on functional capacity, 

well-being, morbidity, and prognosis (Dickstein et al. 2008, Lindenfeld J. 2010). However, 

elderly patients with HF commonly fail to recognize early symptoms of deterioration and are 

unaware of their increasing severity (Carlson et al. 2001). It is therefore especially important 

to help these elderly patients with somatic awareness and interpretation of symptoms (Riegel 

et al. 2010). Cognitive impairment is important to screen for since it influence HF patients’ 

abilities to perform self-care management e.g. make lifestyle changes, adhere to medical 

treatment and monitor, evaluate and treat symptoms of deterioration (Stromberg et al. 2006). 

Symptomatic HF patients who practice self-care have a better event- free survival (Lee et al. 

2010, Stromberg et al. 2003). 

Patients with HF have a reduced cerebral blood flow, altered brain metabolism and structural 

brain pathology including reduced grey matter volume and white matter lesions (Almeida et 

al. 2005, Alves et al. 2005, Woo et al. 2003), which may lead to cognitive dysfunction 

(Cacciatore et al. 1998, Saxena & Schoemaker 1993). A meta-analysis including 18,000 

people mainly from cross-sectional or case control studies, showed that those diagnosed with 



HF had a 62% higher risk of cognitive impairment compared with those without HF (Vogels 

et al. 2007). In these studies the samples have been younger than the average HF patients 

(Cohen & Mather 2007, Vogels et al. 2007). Middle aged patients with HF seem to have an 

increased risk of cognitive impairment. To our knowledge no previous longitudinal study has 

examined the relationship between HF and cognitive functioning in octogenarians 

(individuals 80 years and older). The aim of this study was to examine the relationship 

between HF and specific cognitive abilities in octogenarians with regard to level and change 

over time. 

 

 Methods  

 

The population-based sample consisted of participants from the Octogenarian Twin (OCTO-

twin) study designed to investigate bio-behavioural functioning among the oldest-old 

population (Cederlof & Lorich 1978). A prospective longitudinal design was used including 

five measurement occasions with two-year intervals. The study included same-sex twin pairs 

born in 1913 or earlier where both individuals accepted participation. The drop-out rates and 

selection criteria have previously been described (McClearn et al. 1997). In total, 702 

individuals aged 80 and older were included in this study. The OCTO-twin study was 

approved by the Regional Ethical Review Board in Stockholm, Sweden. 

 

Data collection and measurements  

 

Information about diseases, medications and health problems was collected through medical 

records, drug prescriptions and self-reports. Cognitive and physical abilities were assessed 5 

times during a 10-year period, between 1991 and 2001 in the participants` own home by 

trained research nurses. The in-person testing (IPT) 1-5 (Table 1) session took on average 3.5 

hours and included rest periods. All types of dementia (unclassified, mixed, secondary 

dementia, Alzheimer disease, vascular dementia) were diagnosed according to the Diagnostic 

and Statistical manual of Mental Disorder (DSM IIIR criteria) (American Psychiatric 

Association 1987). Individuals suspected to suffer from dementia were diagnosed at a 



consensus diagnosis conference. All available information was used in the diagnostic 

procedure, such as review of medical records, the IPT protocols including information from 

the cognitive tests and an interview about memory and cognitive problems (Pedersen et al. 

2004). Other clinical diagnoses such as obstructive lung disease, angina pectoris, myocardial 

infarction, stroke, HF, were derived from medical records starting from 1980 and reviewed by 

an experienced physician (ICD-10 1992, Nilsson et al. 2002). A second independent review 

of the medical records was conducted by the first author (CH), to ensure validity and year of 

the HF diagnosis. 

 

Cognitive test 

 

Processing Speed (Dureman & Sälde 1959, Wechsler 1991) was measured by following: (1) 

Symbol Digit Test, a modified version of the Wechsler Adult Intelligence scale-revised. The 

test requires a verbal response of the appropriate digit that matches a printed symbol. The 

score is the sum of the correct numbers of symbol digits in two 45-second trials.  

(2) Perceptual Speed is a timed picture (figural similarity) matching task. The participant is 

asked to detect one item among five alternatives identical to the target item presented.  

Visospatial ability (Dureman & Sälde 1959) was measured by Koh`s Block Design test. The 

participant is presented with red and white blocks and cards with different patterns. The 

participants have to reproduce seven patterns with the blocks as quickly as possible. 

Short term memory (Wechsler 1991) was measured by Digit Span. The participant has to 

repeat a sequence of numbers in the same order as previously presented (Digit span forward). 

In Digit span-backward test, digits have to be repeated in reverse order.  

Episodic memory (Johansson 1998/89, Thurstone & Thurstone 1949, Wechsler 1991) was 

measured by: (1) Prose Recall test (Swedish version of the Logical Memory in the Wechsler 

memory Scale) where the participants are asked to immediately recall a brief story of 100 

words and the results are coded for the amount of information recalled. (2) Thurstone´s 

Picture Memory test which is a non-verbal memory test. Participants are shown 28 drawings 



and then asked to point them out among other drawings. (3) Memory-in-Reality (MIR) test is 

a delayed (30 min) free recall test of 10 objects. 

Semantic memory (Dureman & Sälde 1959, Johnsson & Molander 1964) was assessed by 2 

tests: (1) The Swedish version of the information task with 22 general knowledge questions. 

(2) Verbal Meaning test where participants are asked to identify a synonym to a target word, 

the test consists of two parts of 15 words each.  

 

Statistical analysis 

 

Group data (HF and non-HF) are presented as median (range/quartiles), mean, standard 

deviation (SD) or proportions (%). Differences between the groups were analysed using 

independent samples t test and Chi-squared test. To allow comparison across cognitive tests 

and individuals with and without HF, all scores were standardised into t-score (mean=50, 

SD=10) (Streiner & Norman 2008). Statistical analyses were performed using SPSS version 

16.0 (SPSS Inc., Chicago, IL, USA); p < 0.05 was considered statistically significant based on 

two- tailed tests. Multilevel models were performed using SAS Proc Mixed multilevel 

modelling (SAS Institute Inc., Cary, NC, USA). Latent growth curve modelling was 

employed to explore the potential effect of HF on cognitive performance over time. Latent 

growth curve models allow comparisons between individual trajectories as well as an average 

trajectory of decline across the entire sample. Individual changes are assumed to follow the 

mean path of change for the total population, but the random effects allow individual levels of 

function to be higher or lower and the rate of decline or growth to be faster or slower (SAS 

Institute Inc) . A full maximum-likelihood estimate (MLE) technique was used in the growth 

models (McArdle et al. 2002, McArdle & Nesselroade 2003). Both linear and quadratic 

(curve linear) models were considered. As independence in twin pairs could not be assumed, 

models were adjusted to account for the correlation within twin pairs. Analysis with no 

covariates included was first performed (model 1). Model 2 controlled for: sex, age, 

educational level, diabetes, and model 3 for sex, age, educational level, diabetes, arterial 

hypertension, and smoking. The covariates in model 2 were chosen because they have been 



found to influence cognitive abilities and the risk of developing dementia (Qiu et al. 2007). 

All analyses were carried out twice: first including all individuals with dementia and secondly 

excluding them. In the initial analyses all individuals who suffered from HF at baseline/ITP 1 

or developed HF during ITP 2-4 were included in the HF group. It was assumed that the 

majority of the individuals diagnosed with HF during IPT 2-4 had developed HF already at 

study inclusion. The rationale for this was that HF, especially in the elderly, often develops 

gradually during a long period of time. To assure that HF was diagnosed at subsequent IPTs, 

analyses were also performed with all neuropsychological data excluded until the HF 

diagnosis was documented in the medical records.  

Results 
 

 Demographic and clinical characteristics  
 

Out of 702 participants included in the study, 95 had HF at baseline (IPT 1) (1991-1993) and 

another 96 developed HF between IPT 1-4. Mortality from IPT 1-5 was in total 129 in the HF 

group. Table 1 shows the total number of individuals with HF at each IPT, new HF cases and 

participants with HF who had died at each IPT.   

Characteristics of participants are presented in Table 2. There were no significant differences 

between HF and non-HF individuals in vision diseases or hearing problems. 

 

 

 

 

Cognitive measurements  
 

Individuals diagnosed with HF demonstrated lower performance in almost all cognitive tests 

(Table 3). Significant differences between the groups were seen in IPT 1-3 in Block Design, 

Digit Span backward and forward, Thurstone’s Picture, Prose Recall and MIR, no differences 

were seen between the groups in IPT 4-5 (Table 3).  

There was a significantly higher drop-out rate (between 4-20%) among individuals with HF in 

IPT 1-3 in five tests (Block Design, Digit Span backward and forward, Thurstone’s Picture, 

Insert Table 1- 2 here 



Prose Recall and MIR). The level of missing data increased in both groups during follow-up, 

in IPT 4-5, there were no significant differences regarding missing data.  

 

 

 

The findings based on the longitudinal observations showed that participants with HF 

demonstrated a significantly lower mean performance level in the Block Design test 

measuring spatial ability in model 1 including dementia (p = 0.0446) as well as when 

excluding dementia cases (p = 0.0012) (Table 4 and 5). Participants with HF performed 

significantly lower in spatial ability in mean performance when sex, age, education, and 

diabetes was controlled for in model 2 (Fig. 1) and when controlling for sex, age, education, 

diabetes, arterial hypertension and smoking in model 3 when those diagnosed with dementia 

were excluded (Table 5). 

In the other cognitive tests there were no significant differences of mean level for individuals 

diagnosed with HF either with dementia cases included or excluded.  

Analyses of change trajectories across cognitive tests and between the groups (Table 4) 

revealed that individuals with HF declined more in episodic memory (Prose Recall and 

Thurstone Picture Memory) with dementia cases included (model 1). In model 2 and 3, 

performance in the episodic memory tests (Prose Recall) showed a longitudinal decline in the 

HF group when including dementia. Prose Recall have a longitudinal decline in model 1, 2, 3 

and Thurstone Picture in model 2, when excluding individuals diagnosed with dementia 

among the HF participants (Table 5; Figs 2 and 3).Short term memory (Digit Span forward) 

declined significantly more over time in model 2 and 3 in individuals with HF and dementia 

cases included (Table 4 and Fig. 4).  

 

 

 

Insert Table 3 here 

Insert Table 4-5 and 

Figure 1-4 here 



When cognitive data were excluded for individuals who had developed HF at subsequent IPT 

sessions (n=96), there were no significant differences between the groups, with or without 

dementia, in their change trajectories for any of the neuropsychological tests examined by 

models 1-3.  

 

Discussion  
 

Result discussion 

 

The aim of this study was to examine the relationship between HF and level and change 

trajectories in a set of specific cognitive tests in a population-based, longitudinal sample of 

individuals aged 80 and older. Our main finding was that HF was significantly associated 

with decline in episodic memory and spatial performance. Visuospatial abilities are used to 

control movement guidance of limb and body movements (Graziano & Gross 1998) and are 

fundamental functions for more complex activities such as driving, reading and writing (Luria 

1970). A decreased spatial ability may also negatively influence the ability to understand, 

interpret and adhere to a complex medical treatment. Episodic memory handles 

autobiographical events, such as acquisition and retrieval of information which is related to 

time and place (Tulving 1985). An interpretation could be that when these cognitive abilities 

are impaired in patients with HF, they might have problems remembering daily medications 

and self-care management which involves decision-making to monitor, evaluate and take 

actions to ameliorate symptoms when they occur (Dickstein et al. 2008, Lindenfeld J. 2010). 

The results regarding episodic memory were somewhat inconclusive. There seem to be a 

better performance in IPT 4 and 5 in semantic memory and episodic memory among the 

patients with HF (Table 3). A possible explanation could be that since HF has such poor 

prognosis, those individuals surviving are probably healthier and more cognitively alert 

despite the age and dementia factor. Our finding that HF patients decline more over time with 

regards to of episodic memory was not confirmed when individuals who developed HF during 

the course of the study were excluded. However, it can be argued that this might be a too rigid 



way of defining individuals with HF because HF typically develops gradually over a long 

time, especially in the elderly. It is likely that individuals who had developed HF on 

subsequent occasions were in fact affected already at study inclusion. 

The longitudinal performance differed in Prose Recall and Thurstone Picture and in Digit 

Span forward tests, especially when dementia cases were included. This finding might be 

explained by the fact that episodic memory is affected early in the course of dementia and 

therefore it becomes more obvious when dementia cases were included.  

 

Several studies evaluating cognitive function in HF have been performed (Pressler 2008, 

Stanek et al. 2009, Vogels et al. 2007). However, the results are difficult to summarise since 

different tests measuring cognitive ability have been used. Previous research has shown that, 

memory, language, processing speed, attention and general cognitive deficits appear to be the 

most affected cognitive domains in patients with HF compared to those in healthy controls 

(Vogels et al. 2007). Singh-Manoux and colleagues found changes in several cognitive 

abilities in middle-age patients with a history of coronary heart diseases when controlling for 

covariates similar to those used in our study (Singh-Manoux et al. 2008). It is questionable if 

the same conclusions can be drawn for the oldest-old because most studies have investigated 

younger or mixed age groups. More studies, especially in older patients, are needed before 

firm conclusions can be drawn about the cognitive domains that are affected over time by HF. 

Despite inconclusive results about affected domains, there is a growing body of evidence 

showing that HF has detrimental effects on cognitive abilities and that memory dysfunction 

can be a predictor for mortality. Unfortunately, information and education about HF and self-

care is usually not alert to these changes (Riegel et al. 2010). Hence, it is important for 

healthcare providers to screen for cognitive impairments before it comes evident. 

 

 

 

 Methodological issues  



  

A strength of this study is that it is a population based prospective longitudinal design with 

individuals aged 80 and older, and another strength is that we used an extensive battery of 

neuropsychological tests. Few of the studies had a longitudinal design. Furthermore, most 

studies have not controlled for other influencing factors assumed to affect the relationship 

between HF and cognition. 

The amount of missing data in the cognitive tests was greater among the individuals 

diagnosed with HF in IPT 1-3 in the test measuring spatial ability and episodic memory. This 

might be explained by the fact that the HF population was more fatigued or that a greater 

proportion of HF patients were too cognitively impaired to actually be able to perform the 

tests. In general, the differences in cognitive performance were more substantial between 

individuals diagnosed with HF and without HF in the early assessments. An explanation for 

this could be that in the later IPT there were fewer participants due to death and missing data, 

which decreased the possibility to detect significant differences. If this is the case, this might 

indicate that the negative effect of HF on these abilities (spatial ability and episodic memory) 

is even larger than actually observed in this study. Those among the oldest-old who have 

survived despite suffering from HF among the oldest -old may have had a milder form of HF 

and the effects on cognitive functioning are therefore smaller. Those with complete data in all 

IPT, influence the growth curve model analyses more than those with missing data.  

Our study has several limitations, data collection was performed between 1991-2001 and 

there has been a substantial progress in diagnostic methods and medical treatment in the last 

decade. The pharmacological treatment in the HF group was not in accordance with present 

treatment recommendations (Dickstein et al. 2008). It would therefore be interesting to further 

study the effects of HF on cognition in an elderly sample receiving modern HF therapy. 

Another limitation is that the medical diagnosis of HF was derived from medical records and 

not based on a standardized clinical evaluation procedure. HF is often both over-and under-

diagnosed in the elderly (Dickstein et al. 2008). Notably, our HF individuals were not treated 

with modern HF therapy that lowers blood pressure and they had fairly high blood pressures 



at baseline. Improved blood pressure control seems to be an important contributor to cognitive 

improvement (Stanek et al. 2009).  

Conclusion 
 

The results from this study may be used to effectively recognise the occurrence and severity 

of cognitive impairment in patients with HF and its effects on self-care management. 

 

Relevance for clinical practice 

 

HF is associated with a lower performance in visuospatial ability and episodic memory. 

Impaired visuospatial ability and episodic memory are crucial in coping with everyday life 

and may contribute to several problems, for example a deteriorated ability to drive, read and 

follow prescribed medical therapy. It is important to screen for cognitive impairment since it 

influence HF patients abilities to perform a successful self-care management.  
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Table 1  Individuals diagnosed with heart failure (HF) at each in-person testing wave (IPT).  

 IPT1 

1991-1993 

n=702 

IPT2 

1993-1995 

n=702 

IPT3 

1995-1997 

n=702 

IPT4 

1997-1999 

n=702 

IPT5 

1999-2001 

n=702 

HF 

(accumulated deaths) 

95 129 (9) 147 (45)   112 (83) 66 (129)  

Non-HF(accumulated 

deaths)  

511  491 (20 ) 428 (79)  357 (150  ) 301 (206  ) 

Latent HF 96 53 3  0 



 

 

 

 

 

 

 

 

 

 

 

Table 2 Sample characteristics at baseline for individuals with and without  

heart failure (HF).   

 

 HF  

n= 95 

Non-HF  

n=607 

 

p-value 

Age             mean (SD) 84.34 ( ±4.05) 83.3 (±2.92) 0.266 
a 
 

Female         n/% 64/ 67% 404/ 67% 0.308 
b
 

BMI             mean (SD) 24.02 (±4.22) 24.54 (±3.74) 0.310 
a
 

Smoker         n/% 29/ 30% 207/ 34% 0.493 
b
 

Educational years  mean (SD) 6.74 (±2.2) 7.17 (±2.3) 0.004 
b
  

    

Blood pressure (mmHg)    

Systolic recumbent mean (SD) 152.04 (±21.2) 160.30 (±22.9) 0.003 
a
 

Diastolic recumbent mean (SD) 80.86 (±12.0) 83.60 (±11.8) 0.059 
a
 

    

Co-morbidities    

All types of  diabetes, n/% 23/ 24 99/16 0.059  
b
 

Obstructive lung disease, n/%  15/16 69/11 0.217  
b
 

Angina Pectoris, n/% 33/35 109/18 <0.001 
b
    

Myocardial infarction, n/% 28/29 119 /20 0.028 
 b

     

Stroke, n/% 33/ 35 133 /22 0.006  
b
      

Depression, n/% 12/13 61 /10 0.443  
b
 

All types of dementia, n/% 37/38 188 /30 0.122  
b
   

Alzheimer disease, n/% 16/17 111/18 0.734 
 b

   

Vascular dementia, n/% 15/16 42/7 0.003 
 b

 

    

Blood sample results     

Creatinine      mean (SD) 88.55 (±26.53) 78.67 (±27.37) 0.024 
a
  

Urea               mean (SD) 8.98 (±3.25) 7.69 (±2.46) <0.001
 a 

 

    

Medication    

Furosemid, n/% 57/60 98/16 <0.001 
b 

  

Diuretic no furosemid, n/% 25/26 69/11 <0.001 
b 

    

Betablocker, n/% 14/12  54/11 0.811
 b  

 

Calcium-antagonist, n/% 2 /1.7 16/3.2 0.406 
b 

   

ACE-Inhibitor, n/%  5/ 5.3 14/2.3 0.099
  b

 

 

a     Independent sample  t test 

b    Chi-squared Pearson  

 

 



 

 

 

 

 

 

 

 

 

 

 

Table  3. Comparisons between the heart failure (HF) and no heart failure groups (non- HF) in the various cognitive tests.  In-Person Testing (IPT ) 1-5 using t-score, 

mean = 50 and SD = 10. 

                     
                     
  IPT 1  IPT 2  IPT 3  IPT 4  IPT 5 

                     
                     
  Non- 

HF 

HF   Non-

HF 

HF   Non-

HF 

HF   Non-

HF 

HF   Non-

HF 

HF  

  n=511 n=95 p-value  n=491 n=129 p-value  n=428 n=147 p-value  n=357 n=112 p-value  n=301 n=66 p-value 

                     
Processing speed                     

Perceptual Speed                m 50.1 49.2 0.613       50.1 49.6 0.753  49.8 50.7 0.490   49.9   50.2 0.818

  

 50.1 49.3 0.970 

 SD 9.9 10.8   10.0 10.1     10.2 9.4   9.9 10.3   9.8 11.5  

                     
Symbol-Digit                      m 49.7 50.2 0.869

  

 50.1 49.5 0.624  49.9 50.4 0.666

  

 50.0 49.8 0.886  50.2 48.5 0   0.483 

 SD 10.0 9.8   9.91    10.4   10.0 9.9   9.7 10.8   10.1 9.3     

                     
Visuospatial ability                     

BlockDesign                       m 50.6 45.9 <0.001      50.7 46.3 <0.001  50.8 46.6 <0.001    50.5 47.5 0.072          50.5 46.5 0   0.082 

  SD 10.0 9.0   10.1 8.7   10.2 8.3   10.1 8.9   10.1 9.0  

                     
Semantic memory                     

Verbal Meaning          m 50.0 49.7 0.787       50.0 50.1 0.883   50.2 49.5 

 

0.595

  

 50.6 48.3 0.122  50.1 48.6 0   0.531 

  SD 10.0 9.9   10.0 9.9   10.2 9.2      10.0 9.8   9.9 10.5  

                     
Information Task                 m 50.0 50.1 0.944       50.1 49.6 0.716   49.9  50.3 0.705

  

 50.3 49.3 0.457          50.2 48.4 )    0.396 

  SD 10.1 9.4   10.0     10.1   10.2 9.4   10.0 9.9   9.8 11.1  

                     
Short term memory                     

Digit Span-forward             m 50.3 47.7 0.021       50.1 49.5 0.292  50.1 49.6 0.649  49.9 50.3 0.840  49.9 50.6  0.748 

 SD 10.0 9.6   9.9 10.4   9.9 10.5   10.3 8.5   10.2 8.8  

                     
Digit Span-backward          m 50.5 46.8 0.002       50.5 47.3 0.007

  

 50.5 48.2 0.066

  

 50.3 48.5 0.278         50.1 49.2  0.665 

 SD 9.9 9.6   9.8 10.3   10.0 9.8       10.0 10.0   9.9 10.9  

                     
Episodic memory                     

Thurstone`s Pictures            m 50.4 46.1 0.016       50.1 46.9 0.006

  

 50.8 46.5 0.002  50.5 46.9 0.053  50.1 49.0 0.651 

 SD 9.7    11.7   9.8 10.4   10.0 9.4   9.9 9.9   10.0 10.1  

                     
Prose Recall                         m 50.4 47.1 0.009       50.7 46.4 <0.001  50.8 46.6 0.002  50.4   47.8 0.180  50.0 49.5  0.852 

 SD 9.9 10.3   9.8     10.2   10.0 9.5       9,9 10.2   9.9 10.8  

                     
Memory-in-Reality             m 50.4 47.1 0.009       50.4 47.5 0.016  51.0 46.1 <0.001  50.3 48.1 0.190

  

 50.5 48.5  0.195 

 SD 9.8 10.9   9.9 10.2   9.9    9.4   9.9 10.2   9.9 10.2    

                     



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4   Parameter estimates of the fixed effect for each cognitive test differences between heart 

failure (HF) and non-HF population including individuals diagnosed with dementia.  

 

 Model 1  Model 2 

 

 Model 3 

 
 

Cognitive tests Mean Level 

(SE) 

Slope (SE) Mean Level 

(SE) 

Slope (SE) Mean Level 

(SE) 

Slope (SE) 

Perceptual Speed                1.63(1.46) -0.83(0.47) 0.29(1.63) -0.18(0.53) 0.54(1.64) -0.23(0.53) 

Symbol-Digit                      0.02(1.41) -0.20(0.43) -0.02(1.60) <0.01(0.48) -0.01(1.61) -0.03(0.49) 

BlockDesign -2.53(1.26)* -0.10(0.31) -2.10 (1.49) -0.19(0.37) -2.03 (1.48) -0.21(0.37) 

Verbal Meaning           -1.79(1.33)  -0.64(0.43) 2.07(1.89) -0.37(0.50) 1.90(1.51) -0.48(0.47) 

Information Task                 1.63(1.17) -0.38(0.38) 1.07(1.31) -0.04(0.43) 1.24(1.31) -0.08(0.43) 

Digit Span-forward             1.60(1.33) -0.71(0.38) 2.54(1.57) -0.91(0.44)* 2.76(1.57) -0.94(0.43)* 

Digit Span-

backward          

-1.31(1.37) -0.09(0.38) -0.78(1.71) -0.27(0.49) -0.61(1.69) -0.30(0.48) 

Thurstone`s 

Pictures            

1.06(1.44) -0.93(0.37)* 1.01(1.67) -0.76(0.43) 1.04(1.67) -0.76(0.43) 

Prose Recall                         1.69(1.25) -1.33(0.35)* 2.36(1.47) -1.39(0.42)* 2.50(1.44) -1.41(0.42)* 

Memory-in-Reality             -1.00(1.17) -0.12(0.30) -0.67(1.35) -0.03(0.34) -0.60(1.34) -0.04(0.34) 

   

  Model 1 adjusted to intercept, iage, iageq,  heartfailure (meanlevel), iage x HF (slope).  

  Model 2 adjusted for sex, age, educational level and all types of diabetes 

  Model 3 adjusted for sex, age, educational level, arterial hypertension, diabetes and smoking. *= p< 0.05. 

                                                                                                                                                                                                                                                                   



Table 5   Parameter estimates of the fixed effect for each cognitive test differences between 

heart failure (HF) and non-HF population excluding individuals diagnosed with 

dementia.  

 

 Model 1  Model 2 

 

 Model 3 

 
 

Cognitive tests Mean Level 

(SE) 

Slope (SE) Mean Level 

(SE) 

Slope (SE) Mean Level 

(SE) 

Slope (SE) 

Perceptual Speed                -0.27(1.84) -0.26(0.51) - - - - 

Symbol-Digit                      -0.90(1.72) 0.07(0.52) -1.87(1.90) <0.01(0.48) -1.65(1.89) 0.54(0.56) 

BlockDesign -4.88(1.49)* 0.43(0.38) -4.79(1.69)* -0.37(0.44) -4.78(1.70)* 0.37(0.44) 

Verbal Meaning           1.69(1.90)  -0.83(0.52) 2.04(2.14) -0.60(0.57) 2.08(2.14) -0.61(0.57) 

Information Task                 1.98(1.32) -0.29(0.41) 0.95(2.15) 0.19(0.51) 0.99(2.15) 0.19(0.51) 

Digit Span-

forward             

0.71(1.37) -0.59(0.36) 1.24(1.61) -0.78(0.42) 1.30(1.61) -0.78(0.42) 

Digit Span-

backward          

-2.52(1.53) 0.14(0.41) -2.41(1.83)  0.14(0.49) -2.40(1.83)  0.15(0.49) 

Thurstone`s 

Pictures            

-0.71(1.44) -1.12(0.45) -0.85(1.57) -0.31(0.45)* -1.00(1.57) -0.29(0.45) 

Prose Recall                         0.43(1.35) -0.98(0.40)* 0.96(1.44) -1.12(0.45)* 1.12(1.44) -1.15(0.45)* 

Memory-in-

Reality             

-2.27(1.17) 0.34(0.34) -2.04(1.33)  0.34(0.38) -2.02(1.33) 0.34(0.38) 

   

  Model 1 adjusted to intercept, iage, iageq,  heartfailure (meanlevel), iage x HF(slope).  

  Model 2 adjusted for sex, age, educational level and diabetes 

  Model 3 adjusted for sex, age, educational level, arterial hypertension, diabetes and smoking. *= p< 0.05;- 

no  data                                                                                                                                                                                                                                                                
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Figure 1. Longitudinal Association between heart failure (HF), non-heart failure (non-HF) 

and spatial performance. Measured in model 2 (sex, age, educational level, and diabetes) by 

the first principal component, excluding individuals with dementia. 

 



 

 
 

Figure 2. Longitudinal Association between heart failure (HF), non-heart failure (non-HF) 

and episodic memory. Measured in model 2 (sex, age, educational level, and diabetes) by the 

first principal component, excluding individuals with dementia. 
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Figure 3. Longitudinal association between heart failure (HF), non-heart failure (non-HF) and 

episodic memory (Thurstone Picture). Measured in model 2 (sex, age, educational level, and 

diabetes) by the first principal component, excluding individuals with dementia. 
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Figure 4. Longitudinal association between heart failure (HF), non-heart failure (non-HF) and 

short term memory. Measured in model 2 (sex, age, educational level, and diabetes) by the 

first principal component, including individuals with dementia. 
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