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Abstract 

 

Aim 

This study aims to understand the relationship between those at risk of heart failure (HF) and 

those with pre-heart failure (pre-HF) with Life’s Simple 7 (LS7) (not smoking, a healthy body 

mass index (BMI), diet, physical activity (PA), blood glucose, blood pressure and cholesterol 

control) during COVID-19.  

Methods 

Prospective LS7 data from clinic were collected during COVID-19 to compare LS7 in those at 

risk and with pre-HF. A subset of high risk pre-HF patients also completed a questionnaire 

assessing pandemic behavioural change. 

Results 

LS7 data on 172 patients (age 70.2 [SD 10.4] years; 96 [56%] male; 77 [45%] pre-HF; median 

BNP 29 [IQR 15-89] pg/mL) were obtained. There was no difference in LS7 scores between 

those at risk of HF and those with pre-HF in adjusted analyses (OR 1.04, 95% confidence 

interval [CI] 0.06, 18.4). 

In 50 pre-HF patients, 98% reported at least one additional unhealthy behaviour during 

COVID-19. Weight gain (52%), with an average of 4.4kg increase over 12 months and 

unhealthy diet (48%) were most frequently reported. There was a significant reduction in PA 

during COVID-19; with a reduction from 46% to 30% of patients achieving World Health 

Organisation PA recommendations. 

Discussion 
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COVID-19 was associated with increased self-reported unhealthy behaviours amongst pre-HF 

patients which could impact their risk of progression to HF.  
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Introduction 

 

Heart Failure (HF) affects around 2% of the population in Ireland and this increases to around 

15% of those aged above 85 years old1. It costs the healthcare system over €660 million a 

year2.  Recent 2022 American Heart Association heart failure (HF) guidelines, advocate for risk 

factor management, specifically targeting healthy lifestyle behaviours, in those at risk of HF 

and those with pre-heart failure (pre-HF)3. Those at risk of HF are asymptomatic but have 

cardiovascular risk factor(s) and are on a continuum of potential progression to pre-HF and 

subsequently, symptomatic HF. Those with pre-HF are asymptomatic, have never been 

diagnosed with HF before, but have structural or functional changes within the heart3.  

 

“Life’s Simple 7” (LS7) are modifiable health characteristics and behaviours that if positively 

modified protect against incident HF4 as well as other major cardiovascular adverse events5. 

LS7 include measurements of: smoking status, body mass index (BMI), physical activity (PA) 

level, diet, blood glucose levels, blood pressure (BP) and total cholesterol. Improving the 

composite of these risk factors is an important target in those at risk and with pre-HF, as these 

patients are already at a higher risk of symptomatic HF and other adverse cardiovascular 

events compared to the general population6, 7.   

 

During the COVID-19 pandemic, population health behaviours were affected due to 

confinement regulations to curb disease spread8, 9. Lack of sleep and excess alcohol intake 

also affect risk of cardiometabolic disease10, 11 and both increased during the COVID-19 

pandemic in the healthy population9. Understanding how behaviours may be adapted and 

which require more focus, during a pandemic is important for patient management, service 

development and public health initiatives.  

 

This study has two aims. Firstly to compare patient reported health characteristics and 

behaviours, as measured by LS7, in a cohort of patients at risk of HF and with pre-HF during 

the COVID-19 pandemic. Secondly, it aims to understand self-reported change in health 

behaviours pre- COVID-19 and during COVID-19 amongst higher risk, pre-HF patients. 

 

Methods 
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We assessed health behaviours (as measured by LS7) in 2 populations; those at risk of HF, and 

those with pre-HF and used univariate and multivariable analyses to compare overall LS7 

scores in both groups. Patients were recruited, from the STOP-HF service12, a specialised 

disease management unit that screens and treats those at risk and with pre-HF.  

 

Pre-specified covariates for multivariable modelling were age, gender, hypertension, 

diabetes, obesity and ischaemic heart disease. In addition, in a subgroup of high risk pre-HF 

patients (n=50, BNP >50pg/mL), we assessed self-reported change in health behaviours 

(measured by LS7, self-reported alcohol intake and sleep patterns) comparing pre-COVID-19 

and during COVID-19 results using a questionnaire that took approximately 20 minutes to 

complete. Patients were selected for the interview if they provided informed consent and if 

they met criteria for pre-HF as defined by the Universal Classification of HF13 and had a BNP 

>50pg/mL. The St Vincent’s University Hospital Research Ethics Committee approved this 

study (ref:RS21-024). 

 

 

Table 1 demonstrates LS7 scoring table which was taken from the REGARDS study14.  

 

Table 1. Life’s Simple 7 scoring chart 

Component Ideal (2 points) Intermediate (1 point) Poor ( 0 points) 

Smoking Never or Former >1 

year  

Former < 1 year Current 

Healthy Diet Score 4 to 5 points 2 – 3 points 0 – 1 points 

Physical Activity ≥4  bouts per week of 
intense physical 

activity sufficient to 

work up a sweat 

1 -3 bouts per week of 

intense physical 

activity sufficient to 

work up a sweat 

No intense physical 

activity sufficient to 

work up a sweat 

Body Mass Index <25 kg/m2 25 – 29.9 kg/m2 >30 kg/m2 

Blood Pressure 120 / <80 mmHg 

untreated 

SBP 120 – 139 or DBP 

80-89mmHg 

SBP >140 or SBP >90 

mmHg 
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Total Cholesterol <5.18 mmol/L 

untreated 

5.18 – 6.19 or treated 

to ideal level 

>6.22mmol/L 

Fasting Glucose <5.55mmol/L 

untreated 

5.55 to 6.94 mmol/L or 

treated to ideal level 

≥6.99 mmol/L 

 

 

 

 

 

Table 1 demonstrates LS7 scoring chart as taken from the REGARDS study14.  All patients 

were scored out of 2 for each component of LS7, with the higher the score (out of 0, 1, 2) 

the better the healthy behaviour. A maximum score of 14 and a minimum of 0 was possible. 

Abbreviations: SBP = systolic blood pressure; DBP = diastolic blood pressure.  

 

Multivariable logistic regression was used to compare LS7 scores between at risk and pre-HF 

patients with adjustment for the following pre-specified covariates: age, gender, diabetes, 

hypertension, obesity and ischaemic heart disease. Within group comparisons were 

conducted using paired samples t-tests and Wilcoxon signed rank tests. Crosstabulation with 

Chi Squared analyses were used to compare categorical variables between groups. Phi 

coefficient was used for assessing effect size of Chi Squared associations, with an effect value 

of 0.1 = small effect, 0.3 = moderate effect, 0.5 = large effect size15. All statistical tests were 

two-tailed with a P-value of 0.05 defining statistical significance and all analyses were 

performed using SPSS V27 and R version 3.6.2.   

 

Based on the REGARDS study14, we hypothesised that there would be a 1 unit difference in 

LS7 between those at risk of HF and pre-HF patients, as the STOP-HF programme is more 

aggressive at managing risk factors in those with pre-HF. Assuming an average LS7 score of 

8.0 (SD 2.0) for lower risk patients, a 2:1 proportion of lower: higher risk patients, a two sided 

alpha of 0.05 and 80% power, we required 141 evaluable patients. A healthcare professional, 

objectively scored clinic derived data on LS7, prospectively, on 172 consecutive patients 

between October 2020 – May 2021, until the sample size requirements were met. All patients 

were included who could provide informed consent. In addition, the in-depth questionnaire 

(enrolling higher risk pre-HF patients), aimed to enrol as many pre-HF patients with a BNP 
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>50pg/mL as possible during level 5 Covid 19 lockdown restrictions in 2021. This 

questionnaire relied on subjective patient reported data on health behaviours which included 

self-reported weight gain and the International Physical Activity Questionnaire (Long Form).  

 

Results 

 

The main results are reported in Table 2. Males comprised 55.8% and there was a mean age 

of 70.2 (SD 10.4) years. Mean LS7 score was 7.84 (SD 2.16) which represents an intermediate 

healthy cohort14. The population was predominantly overweight or obese (mean BMI was 

29.7 (SD 5.9) kg/m2). Median BNP was 29 (IQR 15 - 89) pg/mL, which overall represents 

moderate risk (BNP < 20 pg/mL = low risk, 20-49 pg/mL = moderate risk and ≥50 pg/mL = high 

risk12). Pre-HF patients were older, had higher BNP levels and were more likely to have atrial 

fibrillation as well as abnormalities on Doppler-echocardiography.   

Overall, there was no difference between LS7 scores between those at risk of HF and pre-HF 

patients in univariate or multivariable analyses (OR 1.04, 95% confidence interval [CI] 0.06,  

18.4). In further analyses, there was no association between pre-HF risk status and individual 

components of the LS7 scores, except for smoking status. Pre-HF patients were less likely to 

smoke (OR 0.53, 95% CI 0.29,  0.94).  

 

Table 2:  Patient characteristics and Life’s Simple 7 (LS7) scores of those at risk of HF and 

those with pre-HF during the COVID-19 pandemic 

 
 

All Patients   

N=172 

At risk of HF  

N=95 

Pre-HF  

N=77 

P 

Value 

N 

Age, years   70.2 (10.4)      67.4 (10.3)      73.7 (9.48)    

<0.001   

172 

Male, n (%)    96 (55.8%)       54 (56.8%)      42 (54.5%)      0.883   172 

BMI Category:                                                     0.870   172 

    Normal, n (%)    30 (17.4%)       16 (16.8%)      14 (18.2%)                  

    Obese, n (%)    74 (43.0%)       39 (41.1%)      35 (45.5%)                  

    Overweight, n (%)    66 (38.4%)       39 (41.1%)      27 (35.1%)                  
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    Underweight, n (%)    2 (1.16%)        1 (1.05%)        1 (1.30%)                  

Hypertension, n (%)   151 (87.8%)       81 (85.3%)      70 (90.9%)      0.373   172 

Diabetes, n (%)    70 (40.7%)       42 (44.2%)      28 (36.4%)      0.376   172 

Dyslipidaemia, n (%)   130 (75.6%)       67 (70.5%)      63 (81.8%)      0.125   172 

Previous Stroke, n (%)    8 (4.65%)        3 (3.16%)        5 (6.49%)      0.469   172 

Atrial Fibrillation, n (%)    21 (12.2%)       5 (5.26%)       16 (20.8%)      0.004   172 

CKD, n (%)    29 (16.9%)       12 (12.6%)      17 (22.1%)      0.150   172 

IHD, n (%)    25 (14.5%)       9 (9.47%)       16 (20.8%)      0.061   172 

HbA1c, mmoL/mmoL   46.2 (13.0)      45.7 (10.7)      46.8 (15.5)     0.621   154 

BNP, pg/mL 29.3 

[15.2;88.6] 

19.7 

[7.90;44.2] 

68.5 

[31.4;132] 

 

<0.001   

172 

Creatinine, mmol/L 77.5 

[67.0;97.8] 

75.5 

[65.5;94.8] 

83.0 

[67.8;102] 

  0.266   162 

Doppler 

echocardiography 

     

EF (%)    65.9 (8.30)      67.5 (6.88)      64.1 (9.48)     0.009   171 

E/e’   10.1 (4.19)      8.97 (2.04)      11.5 (5.48)    

<0.001   

157 

LAVI, mL/m2   30.9 (10.2)      25.4 (5.55)      38.0 (10.3)    

<0.001   

167 

LVMI, g/m2    104 (29.6)      88.5 (16.1)      119 (31.8)     

<0.001   

100 

Life’s Simple Seven scores      

Mean Diet score (SD) 

[measured from 0 – 2] 

  1.41 (0.59)      1.39 (0.59)      1.44 (0.60)     0.567   172 

Mean BP score (SD) 

[measured from 0 – 2] 

  0.77 (0.56)      0.79 (0.56)      0.75 (0.57)     0.676   172 

Mean BMI (SD)    29.7 (5.92)      29.5 (5.53)      29.9 (6.40)     0.719   172 
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Mean Glucose score (SD) 

[measured from 0 – 2] 

  1.09 (0.82)      1.04 (0.82)      1.16 (0.81)     0.366   172 

Mean Lipid score (SD) 

[measured from 0 – 2] 

  1.13 (0.45)      1.12 (0.46)      1.14 (0.45)     0.698   172 

Mean physical activity 

score (SD) [measured 

from 0 – 2] 

  0.90 (0.90)      0.96 (0.89)      0.83 (0.91)     0.358   170 

Mean smoking score (SD) 

[measured from 0 – 2] 

  1.77 (0.61)      1.81 (0.57)      1.72 (0.67)     0.368   171 

Overall LS7 score (SD) 

[measured from 0 – 14] 

  7.84 (2.16)      7.91 (2.24)      7.75 (2.07)     0.645   172 

 

Table 2 demonstrating baseline characteristics of patients at risk of HF and patients with 

pre-HF. Abbreviations: BNP = B-Type natriuretic peptide; BMI = body mass index; BP = blood 

pressure; CKD = chronic kidney disease; HbA1c =  glycosylated haemoglobin; IHD =  

ischaemic heart disease. EF = Ejection Fraction, LAVI = Left Atrial Volume Index, LVMI = Left 

Ventricular Mass Index.  

 

 

LS7 scores showed that overall, 93.0% did not have an ideal BP, 81.4% were overweight/obese 

and 82.6% did not have an ideal level of cholesterol. Not smoking (87.1%) and a healthy diet 

(46.5%) were the most common patient reported health behaviours during the COVID-19 

pandemic. Figure 1 demonstrates each LS7 frequency in the total population. A low BNP was 

significantly (P<0.05) associated with BMI. The other LS7 behaviours (diet, PA, smoking status, 

BP,  glucose and cholesterol) as well as a composite, demonstrated no significant correlation 

with BNP. 

 

 

Figure 1. Distribution of health behaviours in at risk and pre-heart failure patients during the 

COVID-19 pandemic 
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Figure 1 demonstrates LS7 scores (ideal, intermediate or poor) in those at risk of heart failure 

and those with pre-HF during COViD-19 (n= 172). Abbreviations: BMI = Body Mass Index; BP, 

blood pressure; PA = Physical Activity 

 

 

Evaluation of LS7 before and during COVID-19 in the high risk pre-HF subgroup 

The second stage of the study, focused on changes in health and behaviour in  a subgroup of 

high risk pre-HF patients (median BNP = 78.9 [IQR 39 - 171] pg/mL) before and during COVID-

19. Around a third (30%) of high risk patients reported that their health was affected by 

COVID-19, of which 60% stated this was due to worsening of mental health. Despite only 30% 

reporting that their health had been affected, when asked specifically about adopting more 

unhealthy behaviours during COVID-19, 98% of patients reported adopting at least one 

additional unhealthy behaviour. During COVID-19, a third of high risk patients had missed 

routine outpatient appointments with the main reasons being the hospital cancelling the 

appointment (65%) and patient concern over safety visiting a hospital (24%).  
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The majority of high risk pre-HF patients reported an increase in unhealthy dietary intake 

(54%) and weight gain (52%) of which there was an average of 4.4kg increase over 12 months. 

A further 48% reported less physical activity (48%) and patient perceived worsening BP 

control (40%). (Of note, STOP-HF patients are encouraged to have their own home BP 

monitor). There were no significant differences between behavioural changes in males and 

females before and during COVID-19. 

 

Figure 2 demonstrates the change in patient reported PA before and during COVID-19 as 

measured by the International Physical Activity Questionnaire. There was a significant 

reduction in walking (p <0.05) by 72 minutes per week (from 304 min to 232 min) and vigorous 

PA (p <0.05) by 26 minutes per week (from 33 min to 7) during COVID-19 compared to pre- 

COVID-19. There was no significant difference in moderate PA (p = 0.20) though it reduced by 

48 minutes/week. During COVID-19, there was a significant reduction (p <0.05) from 46% to 

30% of patients who reached World Health Organisation recommended PA guidelines (≥ 150 

minutes of moderate PA or ≥ 75 minutes of vigorous PA per week) compared to pre-COVID-

19 with a moderate effect size (Phi effect size = 0.36). Patient reported sedentary time pre-

COVID-19 (4 hours) was not significantly different during COVID-19 (5 hours).  

 

 

 

Figure 2: Perceived change in minutes per week of different intensities of physical exercise 

during COVID-19 in high risk pre-heart failure patients with elevated BNP (BNP > 50 pg/mL) 

Abbreviations: BP, blood pressure; PA = Physical Activity 
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Figure 2 demonstrates patient reported change in physical activity before and during COVID-

19. 

Abbreviations: BP, blood pressure; PA = Physical Activity 

 

The majority of patients (80%) had not previously undertaken an exercise programme before, 

but 46% of patients reported an interest in remote exercise prescription either through a text 

based or App based service. There was a significant association (p<0.001) with a large effect 

(Phi effect size of 0.517) of those who were interested in an mHealth intervention to improve 

PA and those who were not meeting WHO recommended PA guidelines.  

 

Discussion 

 

This is the first study to look at LS7 in patients identified as at risk of HF and those with pre-

HF during COVID-19. Those with pre-HF reported increased unhealthy behaviours which could 

impact their risk of progression to HF.  Despite advice to focus on self-care and good health 

behaviours, especially amongst higher risk pre-HF patients, during the COVID-19 pandemic, 

we found no difference in self-reported LS7 scores between at risk and pre-HF patients. There 

was no relationship observed between LS7 scores and BNP levels. Nor did we find differences 

in the individual components of these scores with the exception of smoking status, which was 

significantly lower amongst pre-HF patients.  
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Poor LS7 scores are associated with incident hypertension14, atrial fibrillation16, HF17 and 

other major cardiovascular events18. Understanding the proportion of unhealthy behaviours 

in those at risk of HF and with pre-HF allows focus to be placed on areas of most need. We 

found that BP control, healthy BMI and cholesterol control were the least adhered to overall. 

When forming strategies to improve such health behaviours, it must be recognised that 

improving health behaviours such as weight loss or engaging in physical activity is challenging 

for many patients despite adequate support. 

 

The lack of correlation of LS7 composite between each group or BNP is likely related to a 

complex interplay between the individual health behaviours. BNP is well known to be lower 

in those with a high BMI19, hypothesised due to increased clearance of BNP by adipose tissue. 

Elevated BMI related to obesity, in turn, is often associated with an unhealthy diet or high 

cholesterol20, which may therefore confound the association between negative health 

behaviours from being positively associated with BNP. We expected patients with pre-HF to 

adhere to more positive health behaviours given the higher intensity of management (more 

frequent visits, higher risk of adverse events highlighted and closer monitoring of 

BP/cholesterol and glucose) through the STOP-HF unit. This highlights one of the intrinsic 

flaws with the LS7 scoring system when comparing those at lower cardiovascular risk with 

those at higher risk. Those who are on anti-hypertensive or lipid lowering therapy 

automatically get scored as “1” or “intermediate” even if their blood pressure or cholesterol 

levels are in the ideal target range. As risk increases, it is likely patients will be placed onto 

therapy such as anti-hypertensives / lipid lowering therapy. However those who are lower 

risk, may not warrant anti-hypertensive or lipid lowering therapy, despite having elevated 

blood pressure or cholesterol, as their overall risk is low. Therefore, both patients who are 

higher risk but on appropriate therapy and those who are lower risk but who are not on 

therapy (but have elevated BP or cholesterol) would receive the same LS7 score.  

 

 

Patient reported PA was significantly (p <0.05) affected by COVID-19 with a 24% reduction in 

walking and a 79% reduction in vigorous PA.  Despite this, overall PA levels in the form of 

walking were high (232 minutes/week and 304 minutes / week), but vigorous PA (7 

minutes/week and 33 minutes/week) was low both during and pre-COVID-19.  This mirrors 

other studies which suggests that the exercise preferred by older adults is walking21 and that 

there is less time spent on vigorous PA22, 23. In population studies looking at PA during COVID-

19, there was early evidence of a reduction in PA due to confinement24. A strength of this 

study was recruiting the high risk pre-HF subgroup 1 year after the initial COVID-19 
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restrictions were introduced, as this provided 12 months for potential adaptive behaviours to 

occur. 

 

There are several possible reasons as to why there were decreased health behaviours in 

patients with pre-HF during COVID-19. The national guidelines for confinement meant there 

was a lack of facilities and opportunities to undertake exercise (such as gyms, classes or 

sporting events) or attend weight support groups (5 km travel restriction). Additionally, there 

was less contact with health care professionals, thereby potentially reducing the “nudge 

theory” of positive behaviour25.  

 

As with most studies involving LS7, a limitation of this study relies on patient reported 

responses and this may not accurately reflect actual health behaviours. For example, self-

reported PA and objectively measured activity using accelerometers only modestly 

correlate26. This study did not explore the relationship of socio-economic status which is 

associated with health behaviours27, however the STOP-HF unit has a relatively homogenous 

population due to the recruitment of patients from nearby geographic locations. Finally, there 

was also a relatively small number of patients enrolled, which may contribute to the lack of 

significant correlation between LS7 and BNP. 

 

In summary, during COVID-19 there was no difference between LS7 in patients at risk of HF 

and those with pre-HF. There was no association between a composite of LS7 and BNP in 

patients at risk of HF or those with pre-HF.  Almost all (98%) high risk pre-HF patients reported 

significantly worse health behaviours during COVID-19. These negative health behaviours 

exacerbated by COVID-19, could have an impact on progression of symptomatic HF and other 

adverse cardiovascular events post-COVID-19.  
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