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Background: Hypertension is a public health issue affecting over a billion people globally. 15% of the adults in the Kingdom of
Saudi Arabia (KSA) are thought to have hypertension. A large proportion of them remain undiagnosed or are sub-optimally treated.
Those with inadequately treated hypertension have a high risk of life-threatening cardiovascular complications such as ischemic heart
disease, left ventricular hypertrophy and heart failure. This study was undertaken to elucidate the cardiovascular morbidity seen in
a sample of adult hypertensive patients in Saudi Arabia and identify key demographic and clinical factors associated with cardiovas-
cular morbidity.

Methods: A multicentric cross-sectional study was conducted from November 2019 to November 2021 at three hospitals in Al-Kharj
KSA. Totally, 105 adult patients with a documented history of primary hypertension for at least 5 years irrespective of treatment status
presenting themselves to the study sites were included. Patients with secondary hypertension, and those without confirmed cause and
duration of hypertension were excluded. Logistic regression analysis was performed to determine the factors associated with
cardiovascular morbidity.

Results: The study included 105 participants aged 47.75+13.46 years. 50 (47.6%) were males and 62 (59%) were not Saudis. Left
Ventricular Hypertrophy, 64 (61%), diastolic dysfunction, 44 (41.9%), and retinopathy, 33 (31.4%) were the most frequently observed
morbidities. Participants aged over 45, those with diabetes, or those with dyslipidemia were more likely to have cardiovascular
morbidities (adjusted odds ratio (AOR)): 4.01 (1.29-12.46), p = 0.016, AOR: 6.4 (1.62-25.28), p = 0.008, and AOR: 6.71 (1.46—
30.83), p = 0.014, respectively.

Conclusion: Older age, the presence of comorbid diabetes mellitus, and dyslipidemia are associated with a higher likelihood of
cardiovascular morbidity in hypertensive patients of Saudi Arabia.
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Background

Hypertension, characterized by persistently high blood pressure, is an important public health issue that affects
1.13 billion people globally and is responsible for seven million deaths every year.' Hypertension is regarded as
a “silent killer” as hypertensive patients have a higher risk of life-threatening cardiovascular diseases (CVD) such as
ischemic heart disease, stroke, peripheral vascular disease, heart arrhythmias and heart failure.” Essential hypertension,
responsible for 90-95% of all cases of hypertension, is defined as persistently elevated blood pressure, >140/90 mmHg,
with no secondary cause identified.? The remaining 5-10% of cases of hypertension are secondary to other diseases such
as renal diseases, hyperaldosteronism, Cushing syndrome, thyroid disease, coarctation of aorta, obstructive sleep apnea,
pheochromocytoma, pregnancy, and certain drugs such as nonsteroidal anti-inflammatory drugs (NSAIDs) and sodium
containing antacids.
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Globally, the prevalence of hypertension in adults is 30-35% with a higher prevalence in men than in women.* In
a 2013 national survey of hypertension conducted in the Kingdom of Saudi Arabia, the prevalence of hypertension
among those >15 years was 15.2% and the prevalence of borderline hypertension (defined as systolic blood pressure
>120 and <139mmHg and a diastolic blood pressure >80 and <90mmHg) was 40.6%.> Among those with hypertension,
61.2% of the men and 52.9% of the women not been previously diagnosed with hypertension and 25.6% of those with
hypertension were receiving no treatment or sub-optimal treatment.” ’ The high and rising prevalence of hypertension
among the Saudi population along with the high prevalence of undiagnosed and undertreated hypertension in Saudi
Arabia has contributed towards the high and rising rates of cardiovascular disease, the most common cause of death in
Saudi Arabia.®

Studies have shown a continuous relationship between blood pressure measurements and cardiovascular morbidity in
all ages and ethnic groups.”'® Above the age of 50 years, high systolic blood pressure, and high pulse pressure has an
additional prognostic role in determining cardiovascular risk.''"'* Patients with other risk factors such as smoking,
dyslipidemia, kidney disease and diabetes in addition to carrying a higher cardiovascular risk, are more likely to have
severe and treatment resistant hypertension.'® Individuals with increased fibrinogen, apolipoprotein B, lipoprotein(a)
levels, high sensitivity C-reactive protein, sedentary lifestyles, central obesity, and those with a family history of
premature cardiovascular disease are also more likely to have higher cardiovascular morbidity.'* Lastly, socio-
economic deprivation and certain ethnic minorities also carry a higher cardiovascular risk.'> While clinical and socio-
demographic predictors of cardiovascular morbidity among hypertensive patients have received a lot of scientific
attention worldwide, the predictors of cardiovascular morbidity specific to the Saudi population have not been previously
studied.

Understanding the of predictors of cardiovascular morbidity among hypertensive patients will help Saudi clinicians to
better establish the cardiovascular risk status of their patients and take early and effective preventative steps to prevent
cardiovascular morbidity. Our work will also enable policy makers to identify populations at high risk of cardiovascular
disease and make changes in clinical and public health policy to address this risk.

Our study aims to identify the prevalence and key predictors of cardiovascular morbidity among hypertensive patients
in the Kingdom of Saudi Arabia.

Our objectives are

1. To estimate the prevalence of cardiovascular morbidity among hypertensive patients visiting 3 major hospitals in
Riyadh, Kingdom of Saudi Arabia.

2. To identify key socio-demographic and clinical predictors of cardiovascular morbidity among hypertensive
patients.

Methods
Design of the Study

This cross-sectional study was carried out from November 2019 to November 2021 wherein demographic parameters
with clinical parameters and lab test results of the patients were studied to identify the key factors associated with
cardiovascular morbidity observed in the study population.

Study Population

Based on past literature, assuming 61.9% of the study population to have cardiovascular morbidity, a sample size was
calculated to achieve 95% confidence and 80% power with a 10% margin of error.'® 105 participants were recruited from
the general family medicine and cardiovascular medicine departments of the King Khalid Hospital and the Prince Sultan
Center for Health Services, Prince Sattam Bin Abdulaziz University hospital in Al Kharj, and the Al Kharj Military
Industries Corporation hospitals - three major hospitals in the Kingdom of Saudi Arabia. Enrolment of participants in the
study was subject to strict predetermined inclusion and exclusion criteria. The inclusion criteria were adult patients of
any age and either gender who were residents of the Kingdom of Saudi Arabia capable and willing to give their informed
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consent with clinically diagnosed histories of primary hypertension for at least 5 years irrespective of treatment status
who presented themselves to the study sites during the study. Excluded from the study were those unable or unwilling to
provide consent to participate in the study, patients with secondary hypertension, and those in whom the duration and
cause of hypertension could not be confirmed due lack of access to older medical records. Duration of hypertension and
cause of were confirmed by perusal of older medical records.

Once the participants gave their informed consent and were enrolled in the study, their demographic details were
collected by the physician. Medical, laboratory, and other data of the participants were obtained manually from the
electronic health records. Clinical examination (general physical examination and fundus examination), blood pressure
measurements, laboratory tests (uric acid, lipid profile, and sugar levels), and other radiological tests (echocardiography)
were recorded. Blood pressure was measured using calibrated sphygmomanometer, and the averages of three separated
measurements of systolic blood pressure (SBP) and diastolic blood pressure (DBP) calculated and recorded as SBP and
DBP of each patient.'” Hypertension severity was defined as American College of Cardiology (ACC) and American
Heart Association (AHA) criteria; which 130 < SBP < 140 or 80 < DBP < 90 considered as stage 1 (mild), 140 < SBP <
180 or 90 < DBP < 120 considered as stage 2 (moderate), and 180 < SBP and/or 120 < DBP considered as stage 3
(severe).!” Obesity was defined as per the World Health Organization criteria as having a body mass index (BMI) greater
than or equal to 30 kg/m?.'® Those with glucose levels >200 mg/dL or HbAlc >6.5% or a documented history of type 2
diabetes mellitus were classified as diabetic. Similarly, those with total cholesterol >200 mg/dL, LDL-C >130 mg/dL or
HDL <40 mg/dL or those with a documented history of dyslipidemia were regarded as having dyslipidemia.'® High uric
acid defined as level greater than 5.5 milligram per deciliter in serum.”® We noted details about patient morbidities
specifically hypertensive complications, namely ischemic heart disease (IHD), transient ischemic attack (TIA), stroke,
heart failure, retinopathy, and renal impairment which were identified by checking the history of patients through their
electronic health records. Left ventricular hypertrophy, diastolic dysfunction, and abnormal wall motion retrieved from
echocardiography records. The study was granted ethical approval by the institutional review boards of Prince Sattam bin
Abdulaziz university prior to data collection with ethics clearance no - IF-PSAU-2021/03/18253.

Data Analysis

The data obtained in the study were anonymized, tabulated, and analyzed by using the Statistical Package for Social
Services version 20. Less than 1% of the data was missing, which was considered negligible. Descriptive statistics
were computed for all study variables. Quantitative variables were summarized with mean and standard deviation.
Qualitative variables are presented as frequency and percentages. Regarding analysis, Independent variables were
considered as demographic attributes (age and gender), obesity, high uric acid, diabetes mellitus, dyslipidemia,
smoking, severity of hypertension, renal impairment, and retinopathy, while cardiac morbidity was the outcome of
interest defined as patients with history of one or more of the following - left ventricular hypertrophy, diastolic
dysfunction, heart failure, abnormal wall motion, stroke, transient ischemic attack and ischemic heart disease.
Univariable and multivariable binary logistic regression were carried out to assess the association between cardiac
morbidity and associated factors. The significant variables in univariate analysis were included for multivariate
analysis. Odd ratios were calculated with a 95% confidence interval. The significance level was set at <0.25 for
univariate analysis and <0.05 for multivariate analysis.

Results

We included 105 participants aged 47.75+13.46 years. 57.6% were males and 59% were not Saudis. The majority, 79%,
were obese with a BMI of 33.89+7.31kg/m” and had stage 1 or 2 hypertension, 97.1%. The demographic characteristics
of the study participants are in Table 1.

66.7% of participants had a history of cardiovascular morbidity. The morbidity observed in the study population is
summarized in Table 1. Left Ventricular Hypertrophy (LVH), 61%, diastolic dysfunction, 41.9%, and retinopathy, 31.4%
were the most frequently observed morbidities.

The association of experiencing cardiac morbidity with various patient demographic and clinical parameters was modelled
using univariable and multivariable binary logistic regression models (Refer Table 2 and Table 3). The final model included 7
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Table | Demographic and Clinical Characteristics of Hypertensive Patients

Demographic and Clinical Characteristics Frequency Percentage
Age group (in yrs.)

45 or less 41 39%
More than 45 64 61%
Gender

Male 50 47.6%
Female 55 52.4%
Nationality

Saudi 43 41%
Non-Saudi 62 59%
Smokers 4 3.8%
Laboratory values

High uric acid 20 19%
Dyslipidemia 32 30.5%
Co-morbidities

Obesity 83 79%
Diabetes Mellitus 40 38.1%
Severity of HTN

Stage | 82 78.1%
Stage 2 20 19%
Stage 3 3 2.9%
Hypertension related morbidity

Stroke 7 6.7%
TIA 6 5.7%
Renal impairment 9 8.6%
Retinopathy 33 31.4%
LVH 64 61%
Diastolic dysfunction 44 41.9%
Heart Failure 5 4.8%
Abnormal wall motion 24 22.9%
IHD 28 26.7%
Cardiac morbidity 70 66.7%
Total 105 100%

Abbreviations: HTN, hypertension; TIA, transient ischemic attack; LVH, left ventricular hypertrophy; IHD, ischemic

heart disease.
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Table 2 Association of Cardiac Morbidity with Clinical and Demographic Factors in Hypertensive Patients

Confounding Variables Cardiac Morbidity Unadjusted OR (95% CI) Sig
Yes No
Age group 45 or less 16(39%) 25(61%) Reference
More than 45 54(84.4%) 10(15.6%) 8.43(3.35-21.2) 0.0001*
Gender Male 37(74%) 13(26%) Reference
Female 33(60%) 22(40%) 0.52(0.23-1.21) 0.131*
Obesity No 12(54.5%) 10(45.5%) Reference
Yes 58(69.9%) 25(30.1%) 1.93(0.73-5.05) 0.179*
High uric acid No 56(65.9%) 29(34.1%) Reference
Yes 14(70%) 6(30%) 1.20(0.42-3.47) 0.725
Diabetes mellitus No 34(52.3%) 31(47.7%) Reference
Yes 36(90%) 4(10%) 8.20(2.61-25.7) 0.0001*
Dyslipidemia No 41(56.2%) 32(43.8%) Reference
Yes 29(90.6%) 3(9.4%) 7.54(2.10-27.01) 0.002*
Smoking No 66(65.3%) 35(34.7%) Reference
Yes 4(100%) 0(0%) _— 0.999
Severity of HTN Stage | 48(58.5%) 34(41.5%) Reference
Stage 2 19(95%) 1(5%) 13.45(1.71-105.4) 0.013*
Stage 3 3(100%) 0(0%) R 0.999
Renal impairment No 63(65.6%) 33(34.3%) Reference
Yes 7(77.8%) 2(22.2%) 1.83(0.36-9.32) 0.465
Retinopathy No 40(55.6%) 32(44.4%) Reference
Yes 30(90.9%) 3(9.1%) 82.23-28.61 0.001*

Notes: Binary logistic regression applied, Significant level < 0.25, *Significant.
Abbreviations: HTN, hypertension; TIA, transient ischemic attack.

covariates of which 3 were significant. Participants aged over 45 were 4-times more likely to have cardiac morbidity (adjusted
odds ratio (AOR): 4.01 (1.29-12.46)), p = 0.016, with 84.4% of those over 45 experiencing cardiac morbidity compared to the
39% among those aged 45 or less. Participants with diabetes mellitus were 6.4-times more likely to have cardiac morbidity
(AOR: 6.4 (1.62-25.28)), p = 0.008, with 90% of patients with diabetes experiencing 1 cardiac event compared to the 52.3% of
the participants without diabetes. Participants with dyslipidemia were 6.71-times more likely to have cardiac morbidity, (AOR:
6.71 (1.46-30.83)), p = 0.014, with 90.6% of patients with dyslipidemia experiencing cardiac morbidity compared to the 56.2%
of participants without dyslipidemia.

Discussion

Our study showed 66.7% of hypertensive patients suffer from cardiac morbidity. Cardiovascular morbidity was the
leading cause of disability and mortality during 20102017 In Saudi Arabia.?' Furthermore, The Kingdom of Saudi
Arabia has a very high occurrence of hypertension, and this has been increasing over the last 3 decades, from about 10%
in 2010 to nearly 26% in 2016.>*>* Despite high occurrence of hypertension, a large proportion of the population has
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Table 3 Multivariate Logistic Regression

Confounders OR 95% C.l for OR Sig.
Lower Upper

Older Age 4.01 1.29 12.46 0.016*

Female Gender 0.56 0.17 1.80 0.334

Obesity 1.07 0.26 4.46 0917

Diabetes mellitus 6.40 1.62 25.28 0.008*

Dyslipidemia 6.71 1.46 30.83 0.014*

Severity of hypertension

Moderate 6.0l 0.55 65.11 0.140
Severe n/a 0.00 — 0.999
Retinopathy 2.819 0.60 13.08 0.186

Notes: Multivariate Model: Age group, Gender, Obesity, DM, Dyslipidemia, HTN, Retinopathy. Multivariate Binary
logistic regression applied. Significant level < 0.05. *Significant.

undiagnosed (37.3%) or uncontrolled (27.0%) hypertension with high intra-country variation.?' Undiagnosed and
inadequately treated hypertension can lead to severe cardiovascular and other morbidity, which can worsen patient
outcomes and increase costs to the healthcare system.”> Thus, regarding high prevalence of hypertension and its cardiac
morbidity, effective screening and surveillance systems are required for early detection of patients in order to control
their hypertension to decrease the burden on health system care.

Obesity and diabetes mellitus were two highly prevalent comorbidities, 79% and 38.1% respectively in our popula-
tion. These proportions are comparable to other studies of hypertensive patients in Saudi Arabia.”® We found LVH to be
the most common hypertensive complication, 61%, in our study population. Other studies have been revealed LVH
shows a varied range from 20% in patients with mild hypertension to near 100% in those suffer from severe
hypertension.”” Other complications included diastolic dysfunction, retinopathy, abnormal ventricular wall motion, and
ischemic heart disease. These observed hypertensive complications are in line with what has been established in multiple
large-scale studies on hypertension.?*%°

Our regression analysis revealed increasing age, presence of comorbid diabetes mellitus, and dyslipidemia to be
significantly associated with higher likelihoods of having cardiac morbidity such as left ventricular hypertrophy, coronary
heart disease, abnormal wall motion, diastolic dysfunction, or heart failure, which is consistent with previous studies.
Based on updated risk-assessment guidelines for atherosclerotic CVD published by ACC and AHA,; age, sex, race,
diabetes, current smoking status, total cholesterol, HDL-C, blood pressure, and blood-pressure treatment status are the
strongest predictors of 10-year risk.”° It has been shown in patients with mild to moderate hypertension, coexisting of
diabetes, dyslipidemia, and LVH is related to a tremendous risk of developing CVD.*' The risk of death from heart
disease in patients with diabetes is two to four times more than patients without diabetes,” The literature has established
that increases in age and comorbid diabetes mellitus are important risk factors for both coronary heart disease and heart
failure.**** Dyslipidemia has also been proven to worsen cardiovascular morbidity and mortality in hypertension,*
which is also related to age of patient; a 10% decrease in serum cholesterol causes a reduction in coronary heart disease
risk of 50%, 40%, 30%, and 20% in the age of 40, 50, 60, and 70, respectively.>* In addition to sufficient antihypertensive
treatment, adequate control of blood lipid profiles and glycaemia by means of lifestyle modification and pharmacological
agents are pertinent to aid reduction of cardiovascular morbidity in patients with hypertension.*’

Previous research has identified several mechanisms linking age, dyslipidemia, and diabetes to cardiovascular disease
(CVD). As we age, oxidative stress increases and triggers persistent inflammation, leading to functional and electrical
abnormalities of the heart that can eventually result in CVD.*7 Dyslipidemia, characterized by elevated levels
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of circulating free fatty acids and triglycerides, can lead to reduced vascular compliance and aggressive atherosclerosis.
Additionally, dyslipidemia is associated with heightened stimulation of apolipoprotein B and very low density lipoprotein
(VLDL) cholesterol coupled with decreased high density lipoprotein (HDL) levels, which can further contribute to the
development of atherosclerosis.*®*? Diabetes can alter triglyceride synthesis and coagulation state, ultimately contribut-
ing to the onset of CVD.*°

The present study has identified the primary risk factors associated with cardiac morbidity. Given the potential health
and financial implications of these diseases on the healthcare system, it is recommended that policymakers develop
public health policies aimed at preventing hypertension through education. Early detection of hypertension in its initial
stages and educating the population on the symptoms and causes of complications could help mitigate the risk of cardiac
morbidities. These measures could ultimately help reduce the burden of CVD on individuals and society as a whole.

Strengths and Limitations of the Study

To the best of the authors’ knowledge no study has previously established clinical morbidities, blood laboratory testing,
and abnormal echocardiography findings in patients with chronic hypertension in the Kingdom of Saudi Arabia. Owing
to the cross-sectional study design, we were unable to clearly establish a temporal or causal relationship between the risk
factors and cardiovascular morbidity. Given that we included only patients from hospital settings, patients with
hypertension who might not have had severe comorbid disease that warranted tertiary care hospital visits may have
been inadvertently precluded owing to the sampling bias. Thus, the frequencies of morbidities elucidated here may be
higher than what is expected in the general Saudi population with hypertension. Furthermore, owing to the relatively
small sample and 10% margin of error, additional longitudinal study in the Saudi population is warranted to confirm the
results of this study.

Conclusions

Older age, the presence of comorbid diabetes mellitus, and abnormal blood lipid profile are associated with higher
likelihoods of having left ventricular hypertrophy, coronary heart disease, abnormal wall motion, diastolic dysfunction, or
heart failure in hypertensive patients. Our results suggest that those with diabetes or dyslipidemia are at greatest risk for
cardiovascular morbidity and require more aggressive preventative measures to reduce cardiovascular morbidity.

Data Sharing Statement

Data are available upon request from the corresponding author.
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