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A B S T R A C T   

Background: Hypertension is a leading cause of morbidity and mortality in Saudi Arabia, causing a significant 
public health challenge in the kingdom. In this study, we aimed to assess the feasibility of the Blood pressure 
LifeStyle Management (BLSM) program for preventing hypertension by making a significant changes in lifestyle 
interventions through controlling some risk factors such as behavior, diet, physical activities, and weight in 
Primary Care. 
Aim: The aim of this study is to evaluate the effectiveness of the Blood pressure LifeStyle Management (BLSM) 
program in reducing blood pressure. 
Methods: This is a cohort of three-month period feasibility study in a primary care setting in a before-and-after 
study design. 
Results: A total of 100 individuals were recruited for the study, and 73 have completed the program. The overall 
systolic (SBP) and diastolic (DBP) blood pressure showed an increment of 0.75 and 1.67 mmHg, respectively. The 
subgroup analysis exhibited a decrease in SBP (− 6.5 mmHg) for patients with hyperlipidemia, while a DBP 
average increased (+2 mmHg). Females showed a decrease in SBP (− 1.04 mmHg) compared to males, who 
increased in their SBP (+1.69). Smokers showed a significant improvement in SBP and DBP with p < 0.05. 
Conclusion: Lifestyle intervention can improve and control blood pressure in primary care settings. The program 
can be tailored to include more participants, the length of the program could be modified, and the frequency of 
follow-ups could be increased to enable participants to change their habits and incorporate better life choices in 
their daily routines.   

1. Introduction 

In recent years, nearly 1.3 billion adults have developed hyperten-
sion worldwide (WHO, 2021), causing or contributing to nearly 670,000 
deaths in the United States and 7.5 million deaths worldwide (CDC, 
2022; Xiao et al., 2020). Therefore, hypertension, the “silent killer,” is 
considered a severe medical condition and a major cause of premature 
death worldwide (WHO, 2021). Globally, the most common non- 
communicable disorders is a sustained elevation of blood pressure to 
systolic >140 mmHg and diastolic BP > 90 mmHg (Mills et al., 2020). In 
Saudi Arabia, a national survey reported that the prevalence of hyper-
tension and prehypertension is 15.2 % and 40.6 %, respectively, making 
it a leading cause of morbidity and mortality and causing a significant 
public health challenge in the kingdom (El Bcheraoui et al., 2014). 

Hypertension – or high blood pressure- is a condition that affects the 
arteries that carry the blood from the heart to the rest of the body by 
forcefully pushing the blood against their walls, which will damage the 
blood vessels and low-density lipoprotein cholesterol (Saudi MoH, 
xxxx). This pressure will increase the workload on the circulatory sys-
tem, causing a high risk for cardiac diseases such as stroke, aneurysm, 
congestive cardiac failure, and other diseases such as kidney problems, 
retinal hemorrhage, metabolic syndrome, and dementia (WHO, 2021; 
Clinic, 2022). Hypertension is classified as primary or secondary hy-
pertension (Saudi MoH, xxxx). Primary hypertension, also called 
essential hypertension, has no identifiable cause. It is accountable for 
90.0 % of all hypertension cases, whereas the remaining 10.0 % are 
classified under secondary hypertension because of another disease or 
health condition (Ibekwe, 2015). 

* Corresponding author at: Johns Hopkins Aramco Healthcare, Dhahran 31311, Saudi Arabia. 
E-mail address: hayat.almushcab@jhah.com (H. Mushcab).  

Contents lists available at ScienceDirect 

Preventive Medicine Reports 

journal homepage: www.elsevier.com/locate/pmedr 

https://doi.org/10.1016/j.pmedr.2023.102487 
Received 14 June 2023; Received in revised form 29 October 2023; Accepted 30 October 2023   

mailto:hayat.almushcab@jhah.com
www.sciencedirect.com/science/journal/22113355
https://www.elsevier.com/locate/pmedr
https://doi.org/10.1016/j.pmedr.2023.102487
https://doi.org/10.1016/j.pmedr.2023.102487
https://doi.org/10.1016/j.pmedr.2023.102487
http://creativecommons.org/licenses/by-nc-nd/4.0/


Preventive Medicine Reports 36 (2023) 102487

2

There are modifiable and non-modifiable risk factors that can lead to 
hypertension. The non-modifiable risk factors are attributes and char-
acteristics in the individual that cannot be changed or adjusted, thus, 
considered uncontrollable such as family history, genetic composition, 
aging, and gender (Saudi MoH, xxxx). In contrast, modifiable risk factors 
are attributes, characteristics, and exposures that can be modified or 
adjusted to prevent the development or progression of the condition 
(Ibekwe, 2015). These attributes include obesity, smoking, alcohol 
consumption, diet, a sedentary lifestyle, and other chronic illnesses such 
as diabetes (Saudi MoH, xxxx). 

Screening the population for hypertension can help in the early 
detection and identification of high-risk individuals. Consequently, it 
can result in a timely intervention that will decrease morbidities and 
mortalities and significant savings in costs associated with hypertension 
(Unger et al., 2020; Gay et al., 2016). Lifestyle modification for at-risk 
individuals developing hypertension can be a great approach to tack-
ling the condition and managing the associated factors (Schmidt et al., 
2020). 

Generally, a healthy diet and appropriate physical activity benefit 
everyone decreasing the risk of cardiovascular disease, morbidity, and 
mortality (USPSTF, 2020). Modifying the individual’s lifestyle is 
considered the ultimate antihypertension treatment (Unger et al., 2020). 
These modifications include healthy dietary choices, salt reduction, 
weight reduction, smoking cessation, reduced alcohol consumption, and 
regular physical activity (Gay et al., 2016; Diaz and Shimbo, 2013; 
Unger et al., 2020). According to the Centers for Disease Control and 
Prevention (CDC) and the World Health Organization (WHO), these 
factors can affect the blood pressure equally (WHO, 2021; Wang et al., 
2022). 

At Johns Hopkins Aramco Healthcare (JHAH), a hypertension pre-
vention program has been recently introduced as one of the health 
promotion programs targeting the at-risk population. We called it BLSM 
(pronounced BALSAM), it is an Arabic word for “Remedy.” BLSM, or the 
“Blood pressure LifeStyle Management” program, is a lifestyle inter-
vention program targeting eligible pre-hypertensive patients. The pro-
gram consists of six live virtual educational sessions over a three months, 
reinforced by educational videos developed by the institution post each 
session. In this feasibility study, we evaluate the effectiveness of BLSM in 
reducing the participants’ blood pressure. 

2. Methodology 

2.1. Study design 

This program was piloted over three months at a primary care setting 
in a tertiary hospital, a multi-centered healthcare institution serving the 
Saudi Aramco community in several districts. This is a prospective 
feasibility cohort study. Data were collected between October and 
December 2021 in a before-and-after study design to investigate the 
effectiveness of the BLSM intervention program. This study was con-
ducted following the Declaration of Helsinki and has received JHAH’s 
Institution Review Board’s approval. The informed consent form was 
waivered as data were collected retrospectively and anonymously from 
patients’ electronic medical records. The manuscript is written 
following the STROBE Statement checklist for observational cohort 
studies. 

2.2. Study population 

Using the hospital’s Electronic Medical Record System (EPIC), the 
prehypertension registry pulled 3412 patients. The prehypertension 
registry’s criteria and data dictionary was created in 2019 by experts 
from Johns Hopkins Medicine (JHM) and healthcare providers from 
JHAH, in collaboration with the EPIC team. Included patients were 15 
years of age or older and had three elevated blood pressure measure-
ments of (≥130 to ≤ 139 systolic; ≥80 to ≤ 89 diastolic mmHg) within 
their visits to primary care in the past 6 months. Patients who are 
diagnosed with hypertension and take medical treatment for it and pa-
tients with comorbidities such as cardiovascular diseases, diabetes 
mellitus, chronic kidney disease, as well as pregnant women, were 
excluded from the study. 

2.3. Study sample 

A total of 900 patients met our inclusion criteria. A sample size of 
10–30 % of the population was appropriate for the feasibility study. The 
study team randomly introduced the program to 300 patients. Only 100 
patients accepted to join the lifestyle intervention, and 73 patients 
completed the program and their results were included in the outcome 
analysis (Fig. 1). 

Fig. 1. Breakdown of participants completed the BLSM program at JHAH from October to December 2021.  
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2.4. Program description 

BLSM is a lifestyle intervention program that promotes healthy 
choices and encourages patients to modify their lifestyles to prevent or 
delay the onset of hypertension. The program was adapted from the 
Centers of Disease Control and Prevention’s (CDC) Hypertension Man-
agement Program (HMP) (Nicoll, 2010). HMP was developed for all 
patients suffering from hypertension and their methods were combined 
with medications. However, BLSM focused on the pre-hypertensive pa-
tients and were not on any hypertension medication. BLSM consists of 
six educational sessions carried out virtually to all participants biweekly. 
In addition, videos developed by health professionals at the hospital 
about each topic are shared with the participants post each session via 
text message to their phones and MyChart (patients’ portal to their 
electronic medical records). 

Participants are seen in-person at the clinic at the beginning, at six 
weeks, and at the end of the program for baseline, mid-point, and end- 
point measurements of their blood pressure, weight, and BMI. The ses-
sions and videos cover the following educational topics: the importance 
of blood pressure and its complications, the components of a healthy 
diet, the importance of sodium intake reduction, the benefits of regular 
physical activity, the impact of weight loss, and smoke cessation 
[Table 1]. 

2.5. Outcome measures 

The program’s outcome was the reduction of systolic and diastolic 
measurements from baseline to program completion. 

2.6. Data collection 

Participants’ initial data were extracted from their electronic medi-
cal records. Trained nurses were recruited for this project to standardize 
the measurement collection process. The nurses took blood pressure, 
weight, and BMI measurements and recorded them in the program’s 
data database at each data point. 

2.7. Risk of bias 

The BLSM program coordinator approached all recruited 

participants, and any patient who met the criteria was asked to join the 
program without any selection bias. 

2.8. Statistical analysis 

Nominal variables were presented using frequencies and percent-
ages, whereas continuous variables were presented as means ± SD. All 
variables were examined for outliers and non-normality. Mean change 
in SBP and DBP from baseline was reported using a paired t-test. Sub-
group analyses were performed as part of the analysis to assess whether 
the intervention has effects across sex (male/female), hyperlipidemia 
(yes/no), age (<50, ≥50), family history (yes/no), smoking status (yes/ 
no), obesity (BMI < 30 kg/m2, ≥30 kg/m2). An unadjusted linear 
regression model was used to determine the change in SBP and DBP from 
baseline and the last visit with 95 % CI. A p-value of <0.05 was 
considered to be significant. Analyses were performed using JMP®, 
Version 15. SAS Institute Inc., Cary, North Carolina, 1989–2021. 

3. Results 

One hundred participants were enrolled in the study, and only 73 
completed the program. Most were males (65.8 %) with a mean ± SD 
age of 43.6 ± 8.67 years for all participants. Of the 73 participants, 70.8 
% had reported a family history of hypertension, 38.1 % had reported 
hyperlipidemia, and 10.8 % were smokers [Table 2]. According to the 
chart [Fig. 2], 57.5 % of the educational sessions were completed. 

Table 2 presents the baseline readings of the SBP and DBP levels of 
the 73 participants who completed the program and the change in these 
levels after the intervention. The SBP and DBP showed an increment of 
0.75 and 1.67 mmHg, respectively, for all participants. Moreover, sub-
group analysis was conducted when associated with hyperlipidemia, 
age, family history of hypertension, obesity, and smoking. During the 
three months, there was a slight mean increase in SBP from baseline +
0.75 and DBP + 1.67. Females had a decrease in SBP (− 1.04 mmHg) 
compared to their male counterparts (1.69 mmHg). Patients with 
hyperlipidemia had a decrease in SBP (− 6.5 mmHg), while the DBP 
average increased (+2 mmHg). However, smokers showed a statistically 
significant improvement in both SBP and DBP with p < 0.05, while no 
significant improvement was present amongst the other subgroups. 

A linear regression analysis was performed to determine the change 
in blood pressure from the baseline data. There were 73 observations in 
the analysis. The test results showed that the regression model was 
significant for SBP R2 = 0.54, RMSE = 9.51, p < 0.0001. DBP R2 = 0.53, 
RMSE = 6.37, p < 0.0001. [Figs. 3 and 4]. 

4. Discussion 

Hypertension is considered a modifiable cause of cardiovascular 
disease and increased mortality rate globally (NICE, 2019). The preva-
lence of events related to hypertension or elevated blood pressure is 
increasing significantly; thus, it is widely occurring primarily amongst 
pre-hypertensive patients (120–139 mmHg systolic; 80–89 mmHg dia-
stolic), and the first stage of hypertension (140–159 mmHg systolic; 

Table 1 
Videos delivered to patients weekly, focused on strategies to adopt a healthy diet 
and lifestyle in order to lower blood pressure and prevent hypertension. B: 
Videos for staff training on blood pressure measurement.  

A: Diet and Lifestyle videos - for patients 

Why is blood pressure 
important? 

https://www.jhah.com/ar/health-wellbeing/health- 
programs/blood-pressure-lifestyle-management/wh 
y-is-blood-pressure-important 

Reduce the amount of salt 
in your diet 

https://www.jhah.com/ar/health-wellbeing/health- 
programs/blood-pressure-lifestyle-management/red 
ucing-sodium-in-your-diet 

Healthy diet https://www.jhah.com/ar/health-wellbeing/health 
-programs/blood-pressure-lifestyle-management/hea 
lthy-diet 

Physical activity https://www.jhah.com/ar/health-wellbeing/health- 
programs/blood-pressure-lifestyle-management/ph 
ysical-activity 

Managing your weight https://www.jhah.com/ar/health-wellbeing/health 
-programs/blood-pressure-lifestyle-management/ma 
naging-your-weight 

B: Standardized BP measurement Training Videos – for training clinical staff 
Why is hypertension 

important? 
Why hypertension is an important issue 

Preparing for measurement Preparing an individual for blood pressure 
measurement 

How to diagnose 
hypertension 

How to diagnose hypertension 

What to do after diagnosis What to do after a diagnosis of hypertension  

Table 2 
Descriptive statistics of Socio-Demographic and baseline characteristics of 73 
adult participants included in BLSM at JHAH between October and December 
2021.   

Frequency Percentages n 

Hyperlipidemia 8  38.1 21 
Hypertension Family history 17  70.8 24 
Smokers 5  10.87 46 
Age (Mean ± SD) 43.6 ± 8.67  73 
Gender    
Male   65.8 48 
Female   34.2 25  
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90–99 mmHg diastolic) (Abate et al., 2022). 
The National Institute for Health and Care Excellence (NICE) has 

recommended lifestyle interventions to treat and manage hypertension. 
These recommendations include following a healthy diet, physical ac-
tivity, and regular exercise to reduce blood pressure (Miller et al., 2021). 
NICE guidelines also recommended reducing alcohol and caffeine con-
sumption, lowering sodium intake, and quitting smoking. In addition, a 

report by the Task Force of the Hypertension Committee, the Guideline 
Committee of the Taiwan Society of Cardiology, and the Taiwan Hy-
pertension Society was recently published guidelines for the manage-
ment of hypertension recommending lifestyle modification-based 
therapy to reduce lifetime blood pressure burden (NICE, 2019). The 
recommended lifestyle modifications can be summarized mnemonically 
as S-ABCDE: Sodium restriction (2–4 g/day), Alcohol limitation (1 
drink/day for men and half the amount for women), Bodyweight 
reduction (BMI 20–24.9 kg/m2), Cigarette smoke cessation, Diet adap-
tation, and Exercise adoption (at least 30 min of moderate-intensity 
exercise 5–7/week) (NICE, 2019). They identified that poor persis-
tence to change over time is this population’s most significant limita-
tion. Thus, committing to this kind of intervention can prevent 
pharmacological treatment and potentially delay the condition’s pro-
gression (NICE, 2019). 

A recent systematic review and meta-analysis published in 2022 
amongst Ethiopian adults’ adherence to a healthy lifestyle to manage 
their hypertension (Mushcab et al., 2021). The authors considered six 
domains to be healthy habits, including diet, sodium intake, physical 
activity, smoking, alcohol consumption, and weight management. 
Seventeen observational studies met the authors’ criteria in this review. 
The review showed that patients had the least compliance rate of 48.7 % 
for adherence to physical activity, which entails a low adherence rate of 
47.9 % for weight management (Mushcab et al., 2021). A slightly higher 
compliance rate of 50.9 % and 52.0 % was reported for dietary adher-
ence and sodium intake, respectively. Finally, the highest adherence rate 
of 77.7 % and 86.4 % was reported for adherence to alcohol intake and 
quitting smoking, respectively. The review concluded that sedentary 
behaviors such as office work, inactivity, and traveling, could account 
mainly for the low adherence rate. However, the educational level 
among patients has increased the odds of adherence to a healthy life-
style, similar to the results presented in the Ethiopian review (Mushcab 
et al., 2021). 

A similar study was conducted in our institution and included pa-
tients with systolic blood pressure (SBP) above 140 mmHg using the 
videos only (Lally et al., 2010). A significant reduction in SBP was 
exhibited. However, this was not seen in our pilot. This could be because 
of the seriousness of hypertension when compared to prehypertension 
and the levels of risks associated with each condition. This could also be 
due to the level of knowledge of hypertension, level of education, and 
the duration of the condition, which resulted in lesser compliance with 
lifestyle modification (Lally et al., 2010). 

Similarly, another lifestyle intervention program (TAWAZON) was 
conducted in our institution targeting pre-diabetic patients to prevent or 

Fig. 2. Session attended by participants in the BLSM program at JHAH from October to December 2021.  

Fig. 3. Linear regression model of the change in SBP from baseline for 73 adult 
participants of BLSM program at JHAH from October to December 2021. 

Fig. 4. Linear regression model of the change in DBP from baseline for 73 adult 
participants of BLSM program at JHAH from October to December 2021. 
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delay the occurrence of Type 2 Diabetes Mellitus (T2DM) (Primatesta 
et al., 2001). TAWAZON consisted of educational material provided to 
the patients, activities, and continuous feedback regarding their diet and 
physical activity. Twelve sessions were provided over twelve months in 
stages to gradually optimize the behavioral change and make it per-
manent (Primatesta et al., 2001). Furthermore, according to an article 
published by the University College London (UCL) from the Department 
of Epidemiology and Public Health (Amir et al., 2022), it takes an 
average of 66 days to form a new habit. This could be another reason 
behind the slight improvement seen amongst our pilot patients, as the 
program duration was 90 days (Table 3). 

A study published in the journal of Hypertension in 2001 based on 
the evidence from the Health Survey for England suggested that there 
are no consistent independent differences of clinical significance in BP 
levels between smokers and nonsmokers (Primatesta et al., 2001). The 
authors explained that this observation could be due to other associated 
confounders, such as alcohol consumption and BMI. In contradiction, 
our findings showed a significant reduction in BP amongst smokers who 
complied with the program and made lifestyle modifications. 

Only 54.7 % of the participants attended all six sessions, which is the 
main limitation of our study. Consequently, healthcare providers, health 
educators, and the BLSM team’s intention is to raise awareness of the 
importance of dietary and lifestyle modification in preventing, con-
trolling, and treating hypertension. 

5. Conclusion 

In conclusion, lifestyle modification intervention can improve and 
control blood pressure in primary care settings. We plan to tailor the 
program and collaborate with neighboring institutions to include a 
wider range of participants diagnosed with pre-hypertension and un-
complicated hypertension to assess the effectiveness of the program on a 
broader population with the intention to increase awareness of the 
importance of lifestyle intervention on one’s health in general and blood 
pressure in particular. Moreover, we plan to modify the length of the 
program and increase the frequency of follow-ups to enable participants 
to change their habits and incorporate better life choices in their daily 
routine, such as reducing sodium intake and being active physically 
more often. 
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