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Abstract 

Background: Heart Failure (HF) is a significant contributor to cardiovascular 

morbidity and mortality in Sub-Saharan Africa. Step counts are vital in HF management, 

providing insights into physical activity levels, predicting clinical outcomes, and enabling 

remote monitoring to improve patient care. This study aims to evaluate the relationship 

between individual-level physical activity (measured by change in step counts) and 

anthropometric measures. Step counts are key indicators of cardiac health, with counts 

below 35000/week, indicating a sedentary lifestyle (Tudor-Locke et al., 2013). Through 

the analysis of these multidimensional factors, the study aims to inform the tailoring of 

cardiac rehabilitation programs to improve outcomes in HF patients. 

Methods: We analyzed step counts among 68 patients with New York Heart 

Association class II/III HF symptoms participating in a 12-week cardiac rehabilitation 

study in Western Kenya. Thirty patients participated in home-based cardiac rehabilitation 

(HBCR), while 38 were in a usual care arm. HBCR comprised individualized step count 

targets derived from baseline cadence at the aerobic threshold for 20 minutes and increased 

weekly by 10%. The Mann-Whitney U test was used to compare medians, and multiple 

regression analyses were conducted to assess group differences.  

Results: Box plots show no difference in the median change in step counts, whereas 

the different study arm trend lines show differences in step counts. Individuals with higher 

BMI possibly experienced larger step count improvements, and those with comorbidities 

tend to have limited physical activity levels. There is a positive relationship between step 

counts and 6MWT distance covered. Individuals with higher WHR achieved fewer step 

counts.  
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Conclusion: There is no difference in change in step counts between the two study 

arms, as intervention arm patients started at a higher number of step counts. BMI, WHR, 

and comorbidities were associated with a change in step counts. Step counts can be used 

as a supplementary tracking metric and may be used in places with limited staffing to 

monitor functional capacity 

Source of Funding: Fogarty International Center, the Duke Global Health 

Institute, and the Hubert Yeargan Center for Global Health. 

Key Words: Kenya, Moi Teaching and Referral Hospital, Step Counts, New York 

Heart Association, Motivation, Cardiac Disease 
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CHAPTER 1:  Introduction 

1.1 Burden of Cardiac Disease 

Cardiovascular disease (CVD) remains a significant contributor to morbidity and 

mortality in Low and Middle-Income Countries (LMICs). CVDs, including ischemic heart 

disease (IHD) and stroke, stand as the foremost causes of global mortality and substantial 

sources of disability.  The burden of CVD continues to escalate as 4 out of every 5 CVD 

deaths occur in LMIC countries (Roth et al., 2020). HF is a major public health challenge 

with higher morbidity and mortality rates in SSAs compared to developed countries. A 

2019 systematic review and meta-analysis revealed that systolic HF contributed to 900,000 

deaths in 2016 in Africa, which is 10% of total deaths in Africa. There is an estimated 3% 

to 7% prevalence of HF with hospital admissions increasing over the last two decades. 

Also, younger patients 50-55 years are affected in SSA compared to an average of 60 -70 

years in developed countries. The higher burden in SSA is contributed to by rheumatic 

heart disease and hypertension, all coupled up by late diagnosis and limited access to 

healthcare. 

 HF stands as a primary driver of cardiovascular disease morbidity and mortality in 

Africa, with a 34% mortality rate alone in the African continent, doubling the 16.5% HF 

global average and about 3.7 times as compared to the South American mortality rates 

(Ajayi et al., 2020). A 2020 study by INTERHF revealed that this HF hyper-mortality rate 

in Africa, especially from the Sub-Saharan region, was alarming and in urgent need of 

amelioration. The study further compared this region’s HF mortality rates with those of the 

Caribbean and Afro-Brazilian, and it revealed that within a year, the HF mortality rates in 

SSA spiked from 29% to 58%, and went up from 8% to 26% in intra-hospital mortality 
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rates. These hyper-mortality rates have been associated with the adverse genetic 

predisposition to systolic HF of the SSA population, thus the high prevalence of HF in the 

region (Ajayi et al., 2020).  

In addition, the region recorded low utilization of Guideline-Directed Medical 

Therapy (GDMT), and intracardiac devices (ICDs) were highly unavailable in the SSA. In 

terms of Years of Life Lost (YLL) and Years Lived with Disability (YLD), the two 

components of Disability-adjusted life years (DALYs), HF has the highest proportion. HF 

in SSA affects younger patients and has a 34% mortality rate, resulting in high YLL in the 

region. late diagnosis of HF causes patients to be made aware when the disease is at 

advanced stages, hence increasing patients' prolonged disability and quality of life (Roth 

et al., 2020).  

In Kenya, HF is estimated to account for about 25% of all hospital admissions in 

the country and 13% of total deaths (Wauye, et al., 2024). 143 Kenyan healthcare facilities 

surveyed revealed that only 49% of those hospitals had available medication packages for 

HF, and only 51% with ACE inhibitors (Carlson et al., 2017). In addition to cardiovascular 

risk factors, the genetic and demographic factors in the region make the population 

predisposed to HF. The genetic vulnerability affecting the renin-angiotensin-aldosterone 

system (RAAS) makes the population more prone to salt-sensitive HF (Eluwole, Doctoral 

dissertation, 2022). Unfortunately, the region faces limited access to anti-systolic HF 

therapies further exacerbating the population’s genetic vulnerability. These areas are 

projected to undergo substantial population growth and aging, with the proportion of older 

individuals expected to double between 2019 and 2050 and a pressing need exists to 
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prioritize initiatives that promote optimal cardiovascular health and facilitate healthy aging 

across all phases of life (Roth et al., 2020).   

1.1.2 Physical Inactivity and the Role of Step Count as a Co-morbidity  

Physical inactivity refers to not meeting the World Health Organization’s 

guidelines for adults aged 18 to 64 years, including at least 150-300 minutes of moderate-

intensity aerobic exercise per week, at least 75 to 150 minutes of vigorous-intensity 

exercise, and an equivalent combination of moderate and vigorous intensity activity 

throughout the week (WHO, 2020). According to a June 2024 report by WHO, 31% of 

adults fail to meet the physical activity recommended guidelines, while only 20% of 

adolescents meet the recommended physical activity guidelines.  

Physical inactivity worsens the prognosis of chronically ill individuals as it reduces 

cardiorespiratory fitness and the muscle strength of those individuals. Physical inactivity 

also results in cardiometabolic dysfunction, thus increasing the risk of HF due to conditions 

such as obesity and dyslipidemia.  It also leads to weight gain, thus contributing to high 

blood pressure in the individual. Hypertension patients also face dire consequences from 

physical inactivity, as they experience reduced vascular compliance, resulting in systemic 

inflammation, which worsens hypertensive outcomes. Among patients with HF, their 

symptoms of fatigue and shortness of breath tend to discourage them from being active, 

which further worsens health of the patient (Harris et al., 2018).  

The lack of physical activity is linked to systemic pathophysiological mechanisms 

that play a role in the onset of metabolic and cardiovascular conditions, osteoporosis, and 

specific cancers. Engaging in a physically active routine significantly diminishes the 
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likelihood of worsening of these conditions and lowers mortality rates. Encouraging the 

adoption of an active lifestyle requires a collaborative effort by a multidisciplinary team, 

emphasizing behavior modification through consistent engagement and tailoring 

preventive measures to individuals (Fletcher et al., 2018). 

Step counters, such as pedometers and accelerometers, represent cost-effective yet 

sophisticated and straightforward wearable gadgets utilized for tracking physical activity 

through the daily tally of steps taken. Pedometers and step counts are valuable tools in 

limited-resource regions such as Sub-Saharan Africa, as they are practical and evidence-

based approaches, which also foster patient engagement. Step counts are a measure of 

physical activity, indicating the volume of cumulative physical movements in a period. 

Individual characteristics such as stride length, height, and routine/ occupational activities 

influence step counts. For example, taller individuals who have strides that are longer can 

achieve higher step counts. Active commuting to work each day can also lead to a 

significant increase in the step count accumulation. This indicated the complexity of 

calculating step count data and highlighted the need to account for confounding factors 

when evaluating physical activity metrics.   

Numerous systematic review evaluations have concentrated specifically on 

interventions employing pedometers. One review, encompassing 70 randomized clinical 

trials involving 16,355 participants across 57 trials, found that utilizing community-based 

pedometer interventions or other step-count monitoring approaches, as opposed to standard 

care, is associated with a significant increase in step-count when assessed using both 

changes from baseline scores and end-point-only scores (Chaudhry et al., 2020). In 
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addition, some studies have been carried out on the use of pedometers. Ayabe et al. found 

that self-monitoring physical activity through pedometers over an extended duration 

positively influences physical activity levels (Ayabe et al., 2004). Similarly, Butler et al. 

(2009) reported that a pedometer-based intervention was associated with elevated physical 

activity, enhanced psychological well-being, and improved cardiorespiratory fitness 

(Butler et al., 2009). The general picture from a systematic review showed that by using a 

pedometer in the early phases of Cardiac Rehabilitation (CR) may encourage physical 

activity and help patients adhere to their exercise regimen. This may aid in preventing CVD 

and the re-hospitalization of patients (Vasavi et al., 2022). 

Step counts provide a quantifiable and objective indicator of physical activity levels 

in cardiac rehabilitation programs. Measurements can be done using accelerometers and 

pedometers, which are available in resource-limited settings. Changes in step counts over 

time serve as an important metric in assessing cardiac rehabilitation programs' 

effectiveness and tracking improvement in functional capacity in patients. Patients with 

increasing step counts over time have reduced risk of rehospitalization, better 

cardiovascular outcomes, and improved exercise tolerance.  

1.1.3 Evidence Base for Pedometer and Step Count Use in Cardiac Rehabilitation 

from Resource-limited/rural settings 

According to Thorup et al. (2016), pedometers are cost-effective tools for 

promoting physical activity in resource-limited areas where advanced technology is 

unavailable or unaffordable. They are also easy to use and very durable, making them ideal 

for rural, medium, and low-income populations due to their need for minimal technical 

expertise, thus they are effective in healthcare facilities with limited resources. A 2016 
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qualitative study revealed that pedometers encouraged patients’ engagement to self-

monitor themselves which led to their better adherence to the prescribed physical activity 

regiments (Thorup et al., 2016). Further findings from the above study revealed that 

pedometers offered patients independence, as they would choose walking activities based 

on their preference, which is different from standardized rehabilitation, hence increasing 

autonomy. The pedometer’s ability to give immediate feedback further motivated patients 

to achieve their step count goals. They were now more aware of the health benefits 

associated with walking as the pedometer acted as a close observer and supporter to 

patients. 

A 2013 pilot study revealed that a pedometer-based physical activity intervention 

for patients in cardiac rehabilitation programs was more effective as compared to patients 

who received usual care in physical activity under time-based programs. The study 

revealed that patients who received pedometer feedback continuously increased their step 

counts as compared to patients who received under-usual care. Thus, interventions that 

were pedometer-driven were more effective in increasing the physical activity levels of 

cardiac patients (Kaminsky & Strath, 2013). A feasibility study to examine the 

effectiveness of pedometer step count goals in Cardiac rehabilitation further showed 

increased physical activity levels in cardiac patients (Vasavi, et al., 2022). The above 

findings are similar to those of the pedometer-based interventions study done in rural, semi-

rural, and urban settings of South Africa, and the result revealed increased levels of 

physical activity in cardiac patients across all three settings (Sangster et al., 2017).  
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Nonetheless, the majority of the evidence base for CR has been generated from 

high-income countries. In another systematic review conducted, out of 44 trials that looked 

into CR, only 4 trials were from LMICs. The review went on to highlight two key points; 

patients in LMICs have less access to preventive and acute care, as well as medicines and 

CR may be implemented differently due to resource constraints and healthcare system 

characteristics (Mamataz et al., 2022). 

In a recent meta-analysis focusing on COPD patients, pedometer-based 

interventions were found to yield comparable effects in promoting PA whether employed 

as standalone interventions or in conjunction with pulmonary rehabilitation. This review 

has found further evidence that patients benefit more from physical activity promotion 

when baseline levels of physical activity are >4000 steps per day (Armstrong et al., 2019). 

1.1.4 The Intersection between Anthropometric and Demographic Measures and 

Step Count  

Anthropometric measures, including waist circumference (WC), waist-hip ratio 

(WHR), Body Mass Index (BMI), and stride length, play a key role in understanding how 

body composition works in comparison with levels of physical activity. Demographic 

measures such as gender and age are important in that one’s gender and age tend to 

determine how physically active the individual is.  Step Counts, on the other hand, are used 

to measure physical activities to provide objective metrics regarding an individual’s daily 

movements and the amount of energy expenditure. Exploring these metrics reveals how 

the body composition is impacted by physical activity, which is crucial in addressing 

chronic conditions such as HF.  
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  A higher WHR indicates central obesity and is associated with lower physical 

activity and mobility.  Thus, higher WHR results in limited movements of individuals due 

to the abdominal fat excess, hence those individuals record fewer step counts (Pandey et 

al.,2021). Body Mass Index (BMI) also affects step count in that having a higher BMI 

reflects a reduction in physical activity as the body weight increases, the individual 

experiences physical strain, and prolonged walking is discouraged thus recording fewer 

step counts (Feito, et al., 2012). Stride length influences step counts as individuals with 

longer strides cover greater distances while having fewer steps which is important to 

consider when interpreting step count data.  

Gender is observed to have disparities as males have higher step counts compared 

to females due to muscle mass and their day-to-day activity engagement. Physical activity 

declines as age increases as older individuals have lower mobility and reduced levels of 

endurance (Niklasson et al., 2022). Comorbidities induce physical limitations and reduce 

levels of mobility in patients with diabetes or heart failure and thus their step counts are 

lower compared to their healthy counterparts. Comorbidities identified in the study include: 

Diabetes, HIV, Hypertension, Ulcers, Hypothyroidism, osteoarthritis, post-thyroidectomy, 

post-heart valve replacement, cardiovascular accidents, angina, asthma, and chronic back 

pain. Comorbidities reduce the number of step counts achieved as they are associated with 

reduced physical activity levels. 

1.1.5 Association of step counts and other measures of functional capacity  

 

Multiple measures of evaluating functional capacity among individuals with HF 

can be used to create provisions for a comprehensive picture of step counts. A measure 

such as the Borg Rating of Perceived Exertion (RPE) evaluates an individual’s perception 
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of effort involved in physical activity. Step counts will provide quantitative data, whereas 

the Borg scale captures strain as perceived by an individual, at given step counts. Having 

both subjective and objective measures gives a holistic analysis of an individual.  

A 6MWT is also used in the functional capacity analysis of individuals. By 

measuring the total distance an individual can walk in six minutes on a flat, hard, surface, 

it is able to show endurance in daily performance of activities. Step counts and 6MWT 

distance covered parallel each other as an individual undergoes cardiac rehabilitation. 

In addition, the World Health Organization Quality of Life Questionnaire 

(WHOQOL-BREF) is used to capture metrics across social, physical, psychological, and 

environmental domains. There is an association between increased scores on the 

WHOQOL-BREF and increased step counts. Increased step counts have been associated 

with the enhancement of autonomy and a decrease in depressive symptoms.  

Cardiopulmonary Exercise Testing (CPET) is considered the gold standard metric 

to measure maximal functional capacity. It evaluates parameters such as peak oxygen 

uptake. It provides good physiological data, however, it is technical and high cost thus 

limiting its use in resource-poor settings such as SSA. In this context, step counts then are 

a more scalable proxy for functional progress.  

1.1.6 Identifying Research Gaps 

 

Despite there being an understanding that step counts are a practical measure to 

predict health outcomes and to also monitor physical activity, there has been a limited 

number of studies examining their utility in the Sub-Saharan region of Africa. Also, there 

is a paucity of data that assesses how clinical, anthropometric, and demographic factors 

influence the change in step count. In addition to that, insufficient data is showing how 
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the step counts change in different cardiac rehabilitation models compared to the usual 

care. Most studies tend to focus on BMI rather than NYHA and step counts which would 

give functional analysis of patient progress and prognosis.  

Given the strong association link between HF and anthropometric characteristics 

such as waist-hip ratio, addressing them plays an important role in mitigating HF’s impact 

on the cardiometabolic health of patients. Challenges in accessing wearable devices/ step-

tracking equipment, growing urbanization and thus a reduction in activities promoting 

manual labor, and the lack of programs structured for physical activity in the region should 

be addressed. The initiatives are important as they align to address physical activity and 

anthropometric characteristics such as step counts which are predictors of cardiometabolic 

health. A comprehensive analysis in a multiple regression model incorporating WHR, 

stride length, age, gender, and presence or absence of comorbidities is important to 

understand the interplay of these factors and how they influence the change in step counts.  

1.1.7 Study aims & hypotheses 

• Aim 1: To compare the difference in change in median step count between 

individuals participating in home-based cardiac rehabilitation (HBCR) compared 

to usual care cohort. 

• Null Hypothesis: There is no difference in median step count change among 

individuals participating in home-based cardiac rehabilitation (HBCR) compared 

to a usual care cohort. 
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• Aim 2: To assess how demographic and clinical factors, including gender, age, and 

comorbidities, influence step count changes among individuals participating in 

cardiac rehabilitation. 

• Null Hypothesis: There is no difference in step counts between individuals 

of different gender, age, and comorbidities participating in cardiac rehabilitation.  

• Aim 3: To Examine relationships between step counts and traditional functional 

assessments of NYHA and 6MWT. 

• Null Hypothesis: There is no relationship between step counts and traditional 

functional assessments of NYHA and 6MWT. 
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CHAPTER 2: Methodology 

2.1 Study Design  

This study comprises a secondary analysis of data collected from a previously 

conducted prospective, non-randomized, parallel assessment, interventional study of 

patients engaging in institution-based cardiac rehabilitation (IBCR), home-based cardiac 

rehabilitation (HBCR) or usual care. The existing data set included 68 individuals 

diagnosed with New York Heart Association (NYHA) class II/III HF symptoms in the 

HBCR and Usual care study arms. These individuals were involved in a 12-week cardiac 

rehabilitation study, at the Moi Teaching and Referral Hospital in the Western region of 

Kenya. Participants were assigned to participate in the two arms non-randomly based on 

time of enrollment wherein, 30 individuals were enrolled into HBCR first and subsequently 

38 individuals were enrolled into the usual care arm. HBCR comprised guided weekly 

pedometer step count targets that were given for 12 weeks. The observation arm was 

receiving their usual care at the cardiac clinic.  

2.2 Setting 

The secondary data is from a study done at the Moi Teaching & Referral Hospital 

(MTRH), where the Academic Model Providing Access to Healthcare (AMPATH) 

research facilities are based in Eldoret, Kenya. MTRH serves the western half of Kenya 

with a catchment population of more than 24 million people and offers several sub-

specialty services. The hospital is located in the Sub-Sahara region of Africa making it a 

good study setting.  
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2.3 Study Population 

The study enrolled 68 participants with New York Heart Association (NYHA) class 

II and III HF (HF) symptoms. Participants were recruited from a tertiary health facility in 

Western Kenya. The initial data set had 75 patients, however, 7 patients had missing step 

count data leading to their exclusion from the analysis. The study's primary endpoint was 

the feasibility of cardiac rehabilitation (CR), defined explicitly as adherence to at least 25% 

of exercise sessions. Secondary outcomes observed in the dataset were a change in NYHA 

symptom class and a change in six-minute walk time distance (6MWTD). 

 

Inclusion Criteria: 

• Patients who completed all 12 weeks of the cardiac rehabilitation program. 

• Patients with complete data for step counts and waist-hip ratio (WHR) 

measurements. 

Exclusion Criteria: 

• Patients with incomplete or missing data points for either step counts or 

WHR. 

• Patients who did not meet the study’s baseline criteria for participation in 

cardiac rehabilitation. 

• Patients with comorbid conditions that could significantly impact physical 

activity levels or WHR measurements (e.g., mobility impairments). 
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CHAPTER 3:  Anthropometric Measurements 

 

3.1 Waist-Hip Ratio (WHR):  

This study calculated WHR as the waist circumference in centimeters (cm) and then 

divided it by the hip circumference.  

• Waist Circumference (Measured at the midpoint between the lower rib and 

iliac crest) 

• Hip circumference (taken from the buttocks’ widest part) 

• WHR was based on cut-off values by the World Health Organization 

(WHO), where a higher WHR ≥0.90 for men and ≥0.85 for women represents 

central obesity. 

3.1.1 Body Mass Index (BMI): 

This study calculated BMI using the standard formula: 

                                                      BMI= Weight (kgs) 

                                                                 Height (meters squared) 

The BMI classification for participants was: underweight (<18.5), normal weight (18.5-

24.9), overweight (25.0-29.9), and obese (>30).  

3.2. Physical Activity Measurements: Step-Counts 

3.2.1 Step Count Monitoring 

This study measured step counts using pedometers worn for 12 weeks. 

• Walking for 10 meters was required daily for the validity of the data. 

• The daily step count trend was attained by averaging step counts across the 

recorded days. 
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3.2.2 Classification of Step Count 

• Step count values were classified based on the following thresholds: (put 

reference) 

✓ Sedentary: <5,000 steps/day 

✓  Low activity: 5,000–7,499 steps/day 

✓ Moderate activity: 7,500–9,999 steps/day 

✓ Active: ≥10,000 steps/day 

 

• Absolute Change formula was used to calculate the difference in step counts 

between two-time points, as a difference between the first recorded step counts and 

last recorded step counts. I calculated the median step count difference by first 

taking the difference in step counts and calculating the median. This was done to 

assess the effectiveness of each of the cardiac rehabilitation models. The two-time 

points were at the beginning and at the end of the intervention, giving quantitative 

measures of the change in physical activity levels. Patients with positive differences 

have higher step counts from the first recorded week to the last, where as those with 

negative or minimal changes had worsening step counts.  

• Percentage Change was also calculated to express changes in step count as 

a % of the original value. Thus, showing the relative decline/improvement in step 

counts.  

• Percentage Change= (Step Count at Time 2 - Step Count at Time 1) by 100  

 Step Count at Time 1 
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• Trend Analysis was calculated over multiple time 

points to identify patterns in weekly step count.  

3.3 Demographic Factors and Clinical Measures.  

• Age – Categorized by patient distribution across different age groups. 

• Gender – Male vs. female distribution and impact on step counts. 

• Comorbidities – Presence of conditions like hypertension, diabetes HIV, 

hypothyroidism, etc, influencing mobility and rehabilitation outcomes. 

• New York Heart Association (NYHA) Classification – Categorized HF severity 

(Class II/III) based on symptoms and functional limitations. 

• Step Counts – Monitored via pedometers for physical activity assessment over 12 

weeks. 

• Six-Minute Walk Test (6MWT) – Evaluates functional capacity and endurance. 

• Cardiac Rehabilitation Model – Comparison of home-based (HBCR) vs. 

observational arm 
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CHAPTER 4:  Statistical Analysis 

4.1 Primary Analysis:  

Descriptive statistics: Mean, standard deviation, and frequencies for step counts, 

WHR, and BMI. 

Multiple Linear Regression: Evaluated for factors predicting changes step counts, adjusting 

for age, sex, BMI, comorbidities, and HF severity. 

 

4. 2 Secondary Analysis: 

Subgroup Analysis: Assessed step count variations by HF severity, age, and gender.  

Functional Outcomes: Linked step counts to 6MWT performance and rehab progress, ie, 

NYHA. 

 

4.3 Data Management and Analysis 

I used standard summary statistics to describe the cohort for secondary data 

analysis. I summarized continuous variables using the mean, standard deviation, median, 

quartiles, and ranges depending on normality and compared using a T-test or a Wilcoxon 

rank-sum test; categorical variables will be summarized by counts and percentages of non-

missing data and compared using a chi-square or Fisher’s exact test.  

The primary summary statistics included the mean, median, standard deviation, and range 

of daily step counts.  

4.4 Ethics Approval 

This secondary data analysis utilized de-identified data from a previously 

conducted study, which had already received ethical approval from the Institutional 

Review Board (IRB) at MTRH and Duke University. The original study adhered to all 
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ethical guidelines for research involving human subjects, including obtaining informed 

consent from all participants. The study was registered at https://register/clinicaltrials.gov/ 

(NCT02795936). 

As this secondary analysis involves using existing, de-identified data, no additional 

ethical approval was required. However, data management practices strictly complied with 

confidentiality and data protection standards to safeguard participant privacy. 
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CHAPTER 5:  Results 

The study enrolled 68 participants distributed into two groups: intervention (n=30) 

and observation (n=38). Table 1 shows the descriptive statistics of each group and the total 

cohort. Most respondents (77.9%) were females, with 73.7% from observations and 83.3% 

from intervention. The mean age of the cohort was 57.68 ± 16.44 years. Statistical analysis 

found that gender distribution (𝑝 = 0.298) and diastolic HF grade (𝑝 = 0.117) showed no 

significant differences. The study revealed that BMI (𝑝 = 0.1936), WHR ratios (𝑝 = 0.191), 

and stride length (p=0.109) were similar between groups, as was the presence of 

comorbidities (𝑝 = 0.188). Most respondents (52.9 %) had no diastolic HF. The change in 

6MWT distance was higher in the usual care group (36.7 ± 115) compared to the 

intervention group (31.5 ± 81.1); more details are presented.   
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Table 1: Participant Demographic and Clinical Characteristics 

Variables Intervention 

(N=30) 

Usual care 

(N=38) 

Total 

(N=68) 

Age in years (mean, SD) 52.3 (15.7) 57.67 (16.44) 57.68 (16.44) 

Gender 
   

Female 25 (83.3%) 28 (73.7%) 53 (77.9%) 

Male 5 (16.7%) 10 (26.3%) 15 (22.1%) 

Diastolic HF grade 
   

With 16 (53.3%) 16 (42.1%) 32 (47.1%) 

Without 14 (46.7%) 22 (57.9%) 36 (52.9%) 

BMI 
   

Mean (SD) 27.3 (6.96) 24.4 (5.88) 25.7 (6.50) 

6MWT difference 
   

Mean (SD) 31.5 (81.1) 36.7 (115) 36.0 (97.5) 

Waist-to-Hip Ratio 
   

Mean (SD) 0.862 (0.08) 0.917 (0.07) 0.893 (0.08) 

Comorbidity 
   

No 12 (40.0%) 33 (86.8%) 45 (66.2%) 

Yes 18 (60.0%) 5 (13.2%) 23 (33.8%) 

Stride length (meters) 
   

Mean (SD) 0.607 (0.0732) 0.629 (0.074) 0.620 (0.074) 

 

 

The below-observed step count (Figure 1) analysis of the trend by participants 

reveals that most participants remained below 50,000 step counts per week (Figure 1). Just 

a few participants exceeded the target. Some outliers had step counts beyond 200,000 per 

week despite being inconsistent, as indicated by the sharp falls and rise across the weeks. 

This small group of participants may indicate their adherence to higher levels of physical 

activities or their greater functional capacities. 

Trend variability, where, despite a varying pattern of step counts by individuals, 

overall trends indicate a sedentary lifestyle across participants, thus showing possible 

implications for cardiovascular health and progress in the rehabilitation of patients.   
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Aim 1: Change in median step count between individuals participating in home-based 

cardiac rehabilitation (HBCR) compared to a usual care cohort.  

There was no change in step counts between the intervention cohort and the usual 

care arm as the medians overlap with a narrow spread (Figure 2). This is a key distinction 

from the observed difference in step count trends over 12 weeks (Figure 3). 

Figure 1: Shows the recorded step counts of all the individuals 
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Figure 2: Difference in Step Counts between intervention and usual care arm 

 

The step count patterns in the intervention and usual care arms are both similar with 

an increase in step counts over the 12 weeks (Figure 3). The intervention arm had an 

846.402 increase in step counts per week, which was higher compared to the usual care 

arm which had a 630.694 increase in step counts. Both had p values >0.05, meaning that 

there was no statistically significant change in step counts over time between the two 

cohorts. Of note is that both had different starting points, with the intervention group 

starting at 50,000 step counts and the usual care arm starting at 30,000 step counts and 

constantly staying below 40,000.  
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The dotted lines represent regression trend lines modeling the change in median 

weekly step count over time. 

 

 

 

 

Aim 2: Association between change in step count and demographic, clinical, and 

anthropometric factors among individuals with heart failure.   

 

5.1 Multivariate Regression Results: 

Variables in the linear regression model against step count change: Gender, 

diastolic heart failure, BMI, Age, WHR, comorbidities, study arm, 6MWT difference (start 

to end of study).  

Figure 3: Intervention vs. usual care Median Step Counts trends in step 

count 
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The analysis results indicated that BMI (𝑝 = 0.0227) and WHR (𝑝 = 0.0385) yielded 

statistically significant values in influencing the change in step counts. A unit change 

increase in BMI was associated with a 1392 positive change in step counts. The presence 

of comorbidities led to 18026 negative changes in step counts. A unit increase in WHR 

was associated by a 419112-negative change in step counts. 

Figure 4 indicates the correlation between median actual step counts and average 

6-Minute Walk Test (6MWT) distance over a 12-week study, as per the trend line. There 

is a 515.614 positive change in step counts with an increase in BMI. Also, higher changes 

in step counts are associated with high BMI values.  

With disintegration by study arms (intervention vs usual care), there was no 

statistically significant difference in the change in step counts, making no difference in the 

regression model.  
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Figure 4: Median Change Step Counts vs. Average 6MWT Distance Over 12 Weeks 
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The age variable exhibits high fluctuations in step counts across ages, suggesting 

greater inter-individual variability in all age distributions (Figure 5). The linear regression 

model indicates a 193.924 reduction in step counts with an increase in age, however, the 

p-value is 0.30461, indicating no relationship. In conclusion, there is no relationship 

between the age of the participants and the median change in step counts. 

 

Figure 5: Relationship between the age of participants and median change in 

step counts. 
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Figure 6: Relationship between WHR of participants and median step counts. 

 

The WHR variable shows high fluctuations along the different categories, in 

relation to median step counts (Figure 6). There is a 41911.5 negative change in step counts 

with an increase in WHR, with a p-value of 0.02823.  
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Aim 3: Relationships between step counts and traditional functional assessments of NYHA 

and 6MWT.  

 

 

Figure 7: Median Step Counts vs. NYHA Trend by Intervention vs usual care 

groups. I- no symptoms, II- shortness of breath when walking up a hill, III- 

shortness of breath when walking on a flat surface. 

 

Step counts improved gradually, aligning with improvements in NYHA 

classification. At week 0, a significant proportion of participants were in NYHA Class II 

(orange) and Class III (red), meaning they experienced shortness of breath with mild or 

minimal exertion. Over time, there was a progressive decrease in these classifications, 

suggesting that as participants increased their step counts experienced symptomatic relief. 
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Figure 8: Median Step Counts vs. 6MWT 

 

6MWT distance covered increased over the 12 weeks, with a positive change of 

3.3416 meters, per week, p-value 0.0101358. The median step counts also increased over 

the 12 weeks, with a positive change of 372.594 steps, p-value = 0.101694. This shows a 

similar pattern of increase for both measures.  

 

 

 

 

 

 

 

 

 

 

 



30 
 

CHAPTER 6:  Discussion 

In this secondary analysis of data from individuals participating in a cardiac 

rehabilitation feasibility study at MTRH, we found that there was 1) no difference in the 

median change in step counts between intervention and usual care groups, 2)  individuals 

with higher BMI had larger changes in step counts from baseline to 12 weeks and 

individuals with comorbidities had lower changes in step counts, and 3) Increase in WHR 

was associated with a decrease in step counts. 4) The presence of comorbidities was 

associated with a decrease in step counts.  

There is a similar pattern in increase in step counts and 6MWT distances throughout the 

12 weeks in cardiac rehabilitation.  

 

The first main finding of no difference in the median change in step counts between 

the individuals in the intervention group and those undergoing usual care is contrary to 

prior research showing that the step count differs between the groups undergoing cardiac 

rehabilitation and those in the usual care. This has been previously concluded that 

motivation is key to improving patients’ physical activity adherence and is highly 

recommended for patients undergoing CR programs (McCarthy et. 2021), which was not 

found in this study. Another study has shown that home-based cardiac rehabilitation 

strongly influences the pattern of step counts (Najafi et al., 2024), a pattern that was not 

found in this study.  

The trend lines have a similar pattern where step counts gradually increase across 

the 12 weeks as the cardiac rehabilitation program progresses, and they appear to be 

different. However, both the intervention and usual care groups started the program at 

different starting points in terms of step counts. This is because the intervention group had 
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been asked to exercise at the beginning of the study. Also, the step counts in the usual care 

group increased steadily, likely due to the placebo effect of having a pedometer. 

 

Second, the positive relationship between BMI and step counts was seen in both 

the multivariate and univariate regression analysis. This could suggest that the individuals 

with higher BMIs had a sedentary lifestyle and thus participating in the cardiac 

rehabilitation program increased their physical activity levels. Furthermore, comorbidities 

were found to have a negative relationship with step count changes, indicating that 

individuals with comorbidities had limited physical activity levels. In prior research, it 

has been found that participants with heart failure recorded lower step counts than their 

healthy participants as their symptomatology of breathlessness and fatigue reduced their 

mobility (Inoue et al., 2023).  

 

The association between WHR and step counts is in tandem with prior studies that 

indicate that WHR is a better predictor of mobility and overall cardiac health compared to 

BMI (Nevill et al., 2022).  

 

There was also no relationship between gender and change in step counts from the 

multivariate analysis as attached in R- output in Appendix 1. In prior studies, male 

participants in cardiac rehabilitation programs showed consistent step count results that 

exceeded female participants (Khadanga et al. (2021). This has also been thought to reflect 

better physical fitness levels, higher self-confidence in exercise adherence, and fewer 

caregiving tasks among men, that stop them from participating in activities, according to 

Bouakkar et al. (2024). Also, women have been shown to have lower step counts as they 
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have higher WHR compared to men, decreasing their physical movement capabilities 

(Globus et al., 2022). 

There was also no relationship between age and step counts and there were 

fluctuations of step counts in an erratic manner across the different age groups. However, 

there have been concerns that different pedometers used in monitoring step counts might 

be undercounting in older individuals and overcounting in younger individuals (Modave et 

al., 2017), thus altering any observable pattern in recorded data. 

 

 

Third, the similar patterns in step counts and 6MWT distances throughout the 12 

weeks of cardiac rehabilitation showed increases in physical activity were reproducible in 

the clinical setup and also at home. 6MWT was done under direct observation by the study 

coordinators, whereas step counts were recorded remotely at home. Having both indicating 

improvements indicates co-linear association between the measures that have been 

highlighted in prior studies. The above data analysis further emphasizes the importance of 

incorporating traditional functional assessments to step count monitoring, thus achieving a 

more comprehensive understanding of patients' progress in CR programs across all settings 

(Pepera, et., 2012). 

Finally, NYHA classifications improved as the study progressed. Most of the 

participants were either in class III or II, where they had breathlessness with moderate 

exertion, however as the study progressed across the 12 weeks, some of them moved to 

class I where they had no symptoms. This is also related to the increase in their step 

counts as their NYHA classes improved. Amir, N. H. (2020) confirms that the severity of 
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HF directly impacts individual physical activity levels, which would have influenced 

their low step counts at the beginning of the study. 

Clinical research indicates that step count measurements and HF symptoms show 

an inverse relationship since step counts decrease when NYHA severity increases. For 

example, Brown. (2024) showed that NYHA classification positively correlated with step 

count reduction, verifying already known links between HF severity and physical inactivity 

levels. Progressive deconditioning impacts patients' step count achievements improving 

their NYHA categories  

Research proves that HF severity determines physical activity obstacles because 

patients enrolled in advanced NYHA classes face heightened mobility restrictions 

(Lodding et al., 2024). Several studies have concluded that NYHA class III and IV patients 

face difficulties achieving exercise targets because their dyspnea, fatigue, and decreased 

cardiac output affect their endurance levels (Brown et al., 2024). Step count reductions and 

increasing NYHA classifications were related by the study showing that functional ability-

driven rehabilitation programs need proper adaptation, according to Lödding et al. (2024).  

The number of steps provides an effective method to measure physical activity. 

Step counts are an established method to measure physical activity intensities to predict 

cardiometabolic outcomes and health status. Research findings show that more excellent 

step counts lead to superior cardiovascular health, reducing mortality rates and more 

substantial physical capabilities (Freene et al., 2022).  

  Findings in step count trends reveal that monitoring step counts could provide 

insight into the physical activity levels of HF patients and their adherence to rehabilitation 

programs. A 2023 article on HF and cardiomyopathy's systematic review further supports 
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the above findings. The article highlights that HF patients typically indicate an average of 

5,040 steps daily, which rounds to about 35,280 steps per week. This is consistent with our 

finding that most individuals in our study remained under the 50,000 step counts per week. 

The article further reveals that these variations are contributed by the participant’s age, 

comorbidities, and patient’s functional status (Shaw, M. L. 2023). 

Consequently, the article indicates that older participants and those in high NYHA 

classification record lower step counts, and additional health conditions further affect the 

patient's mobility and physical activity engagements (Jordan, et., 2023).  

Prior studies have revealed a crucial correlation between daily step counts and 

6MWT performance, which is supported by our findings. Patients with a higher record of 

daily step counts also record longer distances in the 6MWT, which reflects a better 

functional capacity. Thus, both metrics can be utilized to assess CR patients’ mobility and 

levels of endurance (Papathanasiou & Marinov, 2013).  A 2012 meta-analysis further 

reveals that 6MWT dictates changes in patients’ clinical status undergoing CR programs, 

such that there is a 60.43-meter mean increase in 6MWT distance post-rehabilitation and 

thus its necessity in improving the conditions of patients (Bellet et., 2012). The systematic 

review further recorded that the age, gender, and comorbidities of patients dictate the 

6MWT distance in that females of older age record shorter 6MWT distances, which results 

in lower daily step counts than their male counterparts.    

Studies suggest that the waist-hip ratio reduces mobility throughout different 

demographic groups because adipose tissue accumulation around the central body area 

inhibits walking stability and reduces endurance. According to research, higher WHR leads 

to reduced physical activity because of structural and physical health restrictions (Morris 
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& Chen, 2019). The evidence presented by the research matches prior studies showing 

WHR leads to decreases in mobility, but our results suggest WHR does not significantly 

affect step count in this sample group. BMI showed a more transparent relationship to 

physical activity levels. 

Implementation of tailored rehabilitation approaches must integrate gender and 

NYHA class specifically because these variables directly affect HF symptom management 

and patient success. Step count variations across observation periods align with physical 

activity changes and NYHA classification advancements since better physical activity 

leads to NYHA class advancements that mark improved patient status.   

The assigned model of cardiac rehabilitation determined their ability to maintain 

step count goals. The findings match data presented in Cupples M., Dean A., Tully MA, 

Taggart M, McCorkell G., et al. (2013), which stressed that intervention CR patients 

needed to overcome physical limitations and comorbidities and fatigue. 

The research demonstrates how patients with NYHA class III and IV conditions 

need individualized approaches for step count compliance because they face extra 

challenges in meeting their objectives. Strategies aimed at increasing prompting and setting 

targets for patients stands as essential to achieving patient engagement in rehabilitation 

programs and their program success (Brown et al., 2024).   

Research evidence indicates that even though Waist-Hip Ratio assessment helps 

identify heart disease risks it does not provide the best prediction of physical function or 

actual movement patterns in HF patients. 

Healthcare professionals must create personalized rehabilitation strategies focusing 

on both BMI and comorbidities because working with WHR as a mobility predictor shows 
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limitations. Future medical initiatives must develop personalized exercise plans for patients 

with high BMI and coexisting conditions because they aim to maximize rehabilitation 

results for better physical activity compliance. 
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CHAPTER 7:  Clinical and Public Health Implications 

7.1 Implications for Cardiac Rehabilitation 

The current research demonstrates the necessity for cardiac rehabilitation (CR) 

programs to use individualized therapeutic methods. Improvement in NYHA 

classification during the cardiac rehabilitation program was reflected by a 

corresponding increase in steps taken and suggests a corresponding improvement in 

functional capacity, and also regular physical activity during the study. The current study 

backs research findings that patients in NYHA categories III and IV exhibit reduced 

physical activity engagement because their symptoms include dyspnea and fatigue (Brown 

et al., 2024). The combination of goal-setting methods with peer support and psychological 

counseling through behavioral interventions helps patients maintain their physical activity 

goals, according to Khadanga et al. (2021). 

Sex-specific rehabilitation conclusions were impossible to make from this study as 

it was underpowered.  However, past research supports female participants logging fewer 

steps since sociocultural and physiological elements affect exercise participation 

(Bouakkar et al., 2024). CR programs must establish purpose-driven interventions to tackle 

specific obstacles preventing women from participating, like childcare duties, security 

challenges, and reduced fitness capacity (Globus et al., 2022). 

7.2 Need for Alternative Monitoring Methods 

Step count data by itself fails to give complete details about participants' adherence 

to physical activity according to the study. Step-tracking devices enhance motivation 

through wearable technology; however, they fail to show variations between physical 

activity intensity levels and individual effort measures (Lödding et al., 2024). 
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Step count assessment needs better objective monitoring through heart rate 

trackers, accelerometer devices, and ECG-capable wearables, according to Freene et al. 

(2022). Remote patient monitoring systems enhance outpatient cardiac rehabilitation 

outcomes due to consistency in data collection, real-time result generation, and activity 

routine customization abilities (Herold et al., 2024). Technological advancements have led 

to the development of systems that allow HF patients to enhance their rehabilitation 

practices for improved clinical success. 

7.3 Strengths and Limitations 

7.3.1 Strengths 

Such objective step count measurement adds substantial value because it reduces 

known errors that can appear in patient self-reported physical activity records. Real-time 

step-tracking devices provide accurate and constant monitoring, improving assessment 

reliability (Freene et al., 2022). The prospective nature of the study measurements were 

taken over 12 weeks enabling observation of temporal behavioral change, which minimizes 

recall bias otherwise observed in retrospective studies. The focus of the study on SSA 

addresses a key global health gap which adds much-needed context-specific evidence to 

the literature Multiple regression analysis, Chi-square, and Mann-Whitney U tests were the 

statistical methods used to analyze step count adherence, WHR metrics, and other main 

variables. The study applies multiple regression models, Chi-square tests, and Mann-

Whitney U tests to validate its conclusions by controlling confounding variables and 

resulting in significance identification (Najafi et al., 2024). Combining R-based statistical 

analyses with Tableau-generated visualizations provided all the necessary components to 

understand the data 
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7.3.2 Limitations 

Several constraints limit the effectiveness of this research project. The research 

findings about cardiac rehabilitation programs can only be generalized to a limited extent 

because they included few participants. Future research must examine numerous healthcare 

facilities using patients from various backgrounds to validate step pattern consistency in 

different settings (Bouakkar et al., 2024). External elements influencing step count changes 

were not analyzed sufficiently. For example, weather variables (particular rainy seasons 

impairing mobility), or individuals with daily work activities requiring more physical 

movement such as construction and specific daily limitations and tiredness, could modify 

physical activity records.  

To provide significant research results regarding activity levels, scientists must 

gather comprehensive contextual information about external factors (Lödding et al., 2024). 

Follow-up data in the research was insufficient to determine the long-term durability of 

improved step count maintenance. Extending post-intervention physical activity 

assessments would provide essential knowledge about how HBCR therapies perform over 

the extended rehabilitation timeline (Golbus et al., 2022). Also, the study was not designed 

to compare study arms, and thus results are not generalizable.  
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 CHAPTER 8: Conclusion 

The study results indicate there is no difference in change in step counts between 

the two study arms, as intervention arm patients started at a higher level of step counts on 

the baseline, making trend lines appear different.  

BMI, WHR, and comorbidities were the only factors associated with a change in step 

counts.  

Step counts can be used as supplementary tracking metrics to traditional tools such 

as 6MWT, and can be used in places with a limited number of clinical supervisors who 

cannot asses’ patients in person but remote monitoring might serve as a good tracking 

model. 
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Appendix A:  

This appendix contains supplementary data relevant to the study, i.e., additional figures 

supporting the main document.  

 

Figure A.1: R multiple regression output. 
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Appendix B 

Table B.1: This is a table showing the different categories of comorbidities analyzed 

in this data. 

 

Comorbidity   - categorical  Intervention group  Usual care group  Total 

 Angina 1(5.56%) 0 1 

Arthritis 1(5.56%) 0 1 

Asthma 1(5.56%) 0 1 

Chronic back pain 1(5.56%) 0 1 

Cerebrovascular Accident  1(5.56%) 0 1 

HIV 1(5.56%) 1 (20%) 1 

Hypertension 4 (22.22%) 0 4  

Ulcers 2 (11.11%) 0 2 

Hypothyroidism 1(5.56%) 0 1 

Osteoarthritis 4 (22.22%) 1(20%) 5 

Post-thyroidectomy 0 1(20%) 1 

Post heart valve replacement 1(5.56%) 0 1 

Diabetes 0 2 (40%) 2 

Total (N=18) (N=5) (N=23) 
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