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Abstract 
Background: Cardiovascular disease (CVD) affects the heart and blood ves-
sels. Older people are considerably more likely to suffer from a heart attack or 
stroke or to develop coronary heart disease (commonly called heart disease) 
and heart failure than younger people. Caring for older patients with cardiac 
conditions is markedly different from caring for younger patients with the 
same diagnosis. Objective: This study aimed to explore the characteristics and 
prevalence of CVD and its associated comorbidities in older patients. Me-
thods: This study reviewed the medical files of all patients aged 65 years and 
older with CVD. Data such as sociodemographic characteristics and CVD 
findings were collected from 1614 patients with CVD. Design and Setting: 
Single-center retrospective cross-sectional study. Subjects: Almost two-thirds 
(1044, 64.7%) of the patients were male, and one-third (570, 35.3%) were fe-
male; all had various comorbidities. Results: Two main comorbidities asso-
ciated with CVD were hypertension (HTN) (1092, 67.7%) and diabetes mel-
litus (DM) (927, 57.4%). The mean number of comorbidities associated with 
CVD was 2.61 (±1.1 SD), with a higher average in males than in females (2.74 
[±1.07] vs. 2.54 [±1.06]). Conclusion: Up to six associated comorbidities were 
found in older patients with CVD, mostly with three comorbidities per pa-
tient. Males accounted for two-thirds of the overall study population. HTN 
and diabetes mellitus were the main CVD-associated comorbidities. Fur-
thermore, almost 95.2 patients were reduced every 5 years of age progression. 
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1. Introduction 

Cardiovascular disease (CVD) is the leading cause of mortality globally, and it 
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increases with age, with the annual mortality expected to reach 23.6 million by 
2030 [1] [2]. CVD affects the heart and blood vessels. It includes coronary artery 
diseases, stroke, heart failure, hypertensive heart disease, rheumatic heart dis-
ease, cardiomyopathy, abnormal heart rhythms, congenital heart disease, valvu-
lar heart disease, carditis, aortic aneurysms, peripheral artery disease, throm-
boembolic disease, and venous thrombosis. CVD is also associated with arterial 
damage in organs such as the brain, heart, kidneys, and eyes [3]. CVD is mostly 
caused by atherosclerosis, and its most common risk factors include hyperten-
sion (HTN), unhealthy blood cholesterol levels, diabetes mellitus (DM), and ob-
esity [4]. In people older than 75 years, the most common heart condition is 
HTN [5]. 

Three-quarters of CVD mortality worldwide occur in low- and middle-income 
countries. Compared with high-income countries, these countries often do not 
have integrated primary healthcare programs for the early detection and treat-
ment of people with risk factors [6]. 

In this study, older people were defined as males or females aged 65 years or 
higher [7]. Changes in the cardiovascular system associated with aging include 
the elasticity reduction and stiffness increase of the arterial system. These changes 
result in increased afterload on the left ventricle, systolic blood pressure increase, 
and left ventricular hypertrophy, as well as other changes in the left ventricular 
wall that prolong relaxation of the left ventricle during diastole [8]. By 2030, 20% 
of the population is expected to be at 65 years or older; in this age group, CVD 
will account for 40% of all deaths and rank as the leading cause [9]. 

Older people aged 65 years and older are considerably more likely to suffer 
from a heart attack or stroke or to develop coronary heart disease (commonly 
called heart disease) and heart failure than younger people. Heart disease is also 
a major cause of disability, which limits activity and declines the quality of life of 
millions of older people [10]. Common concerns of older people are indepen-
dence and the psychosocial and financial burdens of disease on themselves and 
their families [11]. 

In Australia, 26% of people aged 75 years and over have heart disease, stroke, 
and vascular disease [12]. In the Netherlands, atrial fibrillation mostly occurs in 
people at 62 ± 9 years of age and males (70%). Of the 265 participants with inci-
dent atrial fibrillation, 60 (23%) received the diagnosis at a PREVEND visit, and 
the other 205 (77%) received the diagnosis during a hospital visit or admission 
[13]. The prevalence of heart failure in Italy rises with age (from 2% - 3% to 10% 
- 20% at 70 - 80 years of age) [14], similar to that in South Korea (40 - 59 years, 
1.0%; 60 - 79 years, 5.5%; ≥80 years,12.6%) [15]. In India, more than 50% of 
people over 70 years of age suffer from one or more chronic conditions. Chronic 
illnesses usually include HTN, coronary heart disease, and cancer. According to 
the Government of India statistics, CVD accounts for one-third of mortality in 
older people [16]. 

Caring for older patients with CVD is considerably different from caring 
for younger patients with the same diagnosis. The primary outcome is mortality 
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prevention. Other goals important to these older patients include the ability to 
ambulate, decreased hospitalizations, and decreased symptoms, implying pro-
longation of a symptom-free life. 

Although this study is not the first to investigate older patients with CVD and 
its associated diseases, it focused more on how far the associated diseases are 
considered CVD risk factors or whether CVD can induce other comorbidities. 
This study also aimed to explore age progression as a risk factor together with 
the associated diseases. Considering the progression of age-related mortality, 
this study focused on the associated diseases.  

2. Aim and Objectives 

This study mainly aimed to identify the CVD and comorbidities of older patients 
and to explore the association between age and the CVD to determine the pre-
valence of CVD in this age group. 

3. Patients and Methods 

This retrospective cross-sectional study examined the records of older patients 
with CVD presenting with comorbidities admitted to King Saud Medical City in 
Riyadh between January 2017 and December 2019. From the institution’s data-
base, the data of all patients aged 65 years and older with CVD that may or may 
not be associated with other diseases were included. However, those who were 
below 65 years old or had any effect of COVID-19 were excluded. 

In this study, older patients were defined as patients aged 65 years and higher. 
The data of older patients were reviewed to determine the prevalence of CVD. 

A total of 1614 older patients had cardiovascular issues. The main measurable 
variable was the number and category of diseases associated with CVD in these 
patients. Other variables such as age and sex were also recorded. Only qualified 
and professional candidates were chosen for data entry and data verification to 
present quality and accurate data. The main comorbidities were HTN, DM, 
asthma, dyslipidemia, cardiac diseases, lung diseases, renal diseases, rheumatic 
diseases, cancer, neurological diseases, psychiatric (mental) diseases, and others 
(including gastric diseases). 

3.1. Ethical Statement 

This study was approved by the KSMC-Institutional Review Board, IRB Registra-
tion Number with KACST, KSA: H-01-R-053 under a reference number: H1RI- 
02-Jul20-02. 

3.2. Statistical Considerations 

The main variables, such as age, sex, and the associated diseases, were collected 
and saved in a Microsoft Excel sheet. The most important variable is the total 
number of associated diseases for every older patient with CVD. Descriptive sta-
tistics, frequency, and percentage of such diseases were determined. 
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4. Results 

A total of 1614 patients with CVD and comorbidities were included, with an av-
erage age of 74.5 years (+7.7 SD). Almost two-thirds of the patients (1044, 
64.7%) were male, and one-third were female (570, 35.3%) (Table 1). However, 
the percentage of associated diseases was higher in males than in females, except 
for mental diseases. The average number of comorbidities associated with CVD 
in all patients was 2.61 (±1.1), with a higher average in males than in females 
(2.74 [±1.07] vs. 2.54 [±1.06]). 

The two main comorbidities associated with CVD were HTN (1092, 67.7%) 
and DM (927, 57.4%). Up to six comorbidities were found, but most of them 
were only found in these patients by approximately 10% or less. For instance, 
only 8 (0.5%) of the patients with CVD had rheumatic disease, as well as psy-
chiatric problems. Other CVD-associated comorbidities with a very small per-
centage were renal diseases (10.3%), lung diseases (9.5%), and neurological dis-
eases (7.4%) (Figure 1). 

The profile for the average number of CVD-associated comorbidities started 
with 2.49 comorbidities at 65 years old and slightly increased to 2.75 from 75 to 
85 years old. Then, the curve declined, reaching 2.48 comorbidities at 90 years 
old and above. 

Therefore, the number of older patients with CVD declined as age progressed. 
Almost 95.2 patients were reduced every 5 years of age progression. 

One-third (33.1%) of the patients with CVD are aged between 65 and 70 years. 
The average of comorbidities started with an average of 2.49 diseases during the 
age of 65 - 70 years and increased to reach an average of 2.75 associated diseases 
during age of 75 - 85 years, then became declining to reach an average of 2.48 dis-
eases as the age progressed, as shown in Figure 2. Moreover, results showed  
 
Table 1. Frequency and percentage of the associated diseases in all subjects with cardi-
ovascular diseases and the differences in male and female. 

Female Male All FREQUENCY (%) 

570 (35.3%) 1044 (64.7%) 1614 (100%) Cardiovascular disease 

341 (37%) 586 (63%) 927 (57.4%) Diabetes mellitus 

414 (38%) 678 (62%) 1092 (67.7%) Hypertension 

29 (48%) 31 (52%) 60 (3.7%) Asthma 

16 (37%) 27 (63%) 43 (2.7%) Dyslipidemia 

74 (48%) 79 (52%) 153 (9.5%) Lung diseases 

58 (35%) 108 (65%) 166 (10.3%) Renal disease 

4 (50%) 4 (50%) 8 (0.5%) Rheumatic disease 

11 (39%) 17 (61%) 28 (1.7%) Cancer 

42 (35%) 77 (65%) 119 (7.4%) Neurological disease 

5 (63%) 3 (38%) 8 (0.5%) Mental disease 
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Figure 1. Number of older patients with cardiovascular disease and associated comorbidi-
ties. 
 

 
Figure 2. Average number of comorbidities along with age progression in older patients 
with cardiovascular disease. 
 
a linear decline in the number of elderly patients with cardiovascular diseases. It 
showed that more than 600 patients were losing every five years as presented in 
Figure 3.  

5. Discussion 

This study showed that 1614 older patients (aged 65 years old and above) were 
diagnosed with CVD, with or without associated comorbidities. Males accounted 
for two-thirds of these patients (64.7%). HTN is the most highly prevalent 
CVD-associated comorbidity (67.7%), followed by DM (57.4%), thereby consi-
dered as the main comorbidities associated with CVD. Less frequent comorbidi-
ties only accounted for 10% or less; among them were renal disease (10.3%) and  
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Figure 3. Declining the number of older patients with cardiovascular disease along with 
age progress showing a slop with 602 patient’s loss every five years. 
 
lung disease (9.5%). The older population is expected to increase in number; 
thus, the physiological changes in their cardiovascular system need to be consi-
dered in addition to disabilities, the possible side effects, and pharmacodynamics 
and/or pharmacokinetic changes, which increase their risk of developing other 
comorbidities and even death [17]. 

HTN and DM are related to CVD, considering that HTN increases the cardiac 
workload, inducing structural and functional changes in the myocardium, and 
also considering that DM induced CVD as one of the main complications. In the 
last 5 years, around 50,000 articles found in PubMed reported the association 
between CVD and DM and almost 45,000 articles reported the association be-
tween CVD and HTN. Research studies regarding comorbidities in the older 
population have shown a significant impact for future investigations. HTN is 
proven to be the most extensively prevalent condition among older patients and 
might be greatly associated with other diseases [18]. 

This study found that the patients with CVD were associated with up to six 
comorbidities. However, other comorbidities showed a very small percentage. 
For example, only 8 (0.5%) of the 1614 patients with CVD had rheumatic dis-
ease, as well as psychiatric problems. 

5.1. Association of HTN with CVD in Older Patients 

The prevalence of HTN in older patients increases with age, affecting 65% of those 
over 60 years old and above [19]. HTN in older patients is a major risk factor for 
CVD mortality and morbidity. It could lead to stroke, left ventricular hypertrophy, 
congestive heart failure, coronary, and peripheral artery diseases, vision impair-
ment, end-stage renal disease, cognitive impairment, and dementia [20]. 

Our study showed that CVD-associated HTN accounted for 67.7% of all older 
patients, with the prevalence in males almost doubled that in females (62% vs. 
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38%). 

5.2. Association of DM with CVD in Older Patients 

Older patients with DM, particularly type 2 DM, are highly likely to be at risk for 
CVD, HTN, abnormal cholesterol levels, hypertriglyceridemia, obesity, physical 
inactivity, and poorly controlled blood glucose levels [21]. The prevalence of DM 
also increases with age. DM associated with CVD occurring in older individuals 
strongly predicts cardiovascular and DM complications. Inflammation and oxida-
tive stress appear to have a role in the mechanisms of DM and CVD-associated 
DM; however, the age-associated risk is still poorly understood [22]. 

In our study, CVD-associated DM accounted for 57.4% of all older patients, 
with a higher prevalence in males than in females (63% vs. 37%). 

5.3. Association of Pulmonary Diseases and Asthma with CVD in  
Older 

On average, 60% of patients with chronic obstructive pulmonary disease (COPD) 
and lung fibrosis are more likely to die after developing heart failure as compared 
with those without lung disease; thus, these conditions are considered significant 
risk factors for increased mortality [23]. Age is another risk factor. In our study, 
9.5% of older patients with CVD have associated lung diseases, such as COPD 
and lung fibrosis. Meanwhile, asthma was less prevalent in these older patients 
with CVD (3.7%). Males and females had equal percentages for asthma and lung 
diseases. The involvement of lung diseases in CVD can be explained by the phy-
siological interaction between the cardiovascular and respiratory systems. Nor-
mally, the respiratory system delivers oxygen throughout the body tissues, in-
cluding the heart and blood vessels, and excretes carbon dioxide from the body 
[24]. 

5.4. Association Dyslipidemia with CVD in Older Patients 

Dyslipidemia is a major risk factor for CVD and atherosclerosis. Although its 
prevalence appears higher in older patients (76%) [25], our study showed a rela-
tively small percentage (2.7%). In addition, dyslipidemia was more prevalent in 
males than in females 27 (63% vs. 37%). In addition to changes in the physiolog-
ical and nature (elasticity), the coexistence of both CVD and dyslipidemia could 
increase mortality as age progresses [26]. 

5.5. Association of Renal Diseases with CVD in Older Patients 

The prevalence of renal diseases is also increasing in the older population, af-
fecting approximately 10% of the general population. However, in this study, 
only 10.3% had renal diseases associated with CVD, with a higher prevalence in 
males than in females (65% vs. 35%). In older patients with CVD-associated 
renal diseases, the risk for cardiovascular events or even death is higher than the 
risk for progression to end-stage renal disease [27]. 
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5.6. Association of Other Diseases (Cancer, Neurological, and  
Mental Diseases) with CVD in Older Patients 

The coexistence of CVD and depression is quite frequent in older individuals, 
owing to biological and behavioral practices; however, the impact of psychosocial 
factors on depression in older patients with CVD remains unclear [28]. In our 
study, only eight patients (0.5%) with CVD suffered from mental disorders. 
Embolic stroke or chronic cerebral hypoperfusion may explain the increased risk 
for cognitive impairment and dementia in older patients with CVD [29]. 

Our study also had few cases of CVD-associated neurological diseases (7.4%). 
Diagnosing neurological disease in older patients could be very challenging be-
cause of the difficulty of obtaining their clinical features and history and to in-
terpret the neurological signs and symptoms [30].  

Meanwhile, a U-shaped relationship exists between the insulin-like growth 
factor-I level and mortality, with the increased mortality rate in older patients 
with CVD considered the most critical outcome [31]. In this study, the prevalence 
of cancer was very low (1.7%). Additionally, the cancer prevalence in males 
doubled that in females (61% vs. 39%). 

Our results showed that the average number of comorbidities associated with 
CVD was 2.61 (±1.1SD), with a higher average in males than in females. Up to 
six CVD-associated comorbidities were found, mostly with three comorbidities 
in 632 patients (39.2%), followed by two comorbidities in 330 patients and one 
comorbidity in 329 patients (20.4% each).  

Interestingly, the frequency of older patients with CVD started to decline at 
the age of 65 - 70 years and then declined with 95 patients reduced every 5 years, 
reaching only 66 patients at 90 years and above. In addition, the average number 
of comorbidities associated with CVD started at the age of 65 years and then de-
clined at the age of 90 years and above, with a slight increment starting from 75 
to 85 years of age. 

This study observed biological variations between males and females; these sex 
differences are caused by gene expression from the sex chromosomes. Raised 
awareness in improving behaviors, environment, lifestyle, and nutrition could 
have the ability to reach optimal treatment of CVD [32]. In this study, the pre-
valence of males doubled that of females, inconsistent with a previous study 
showing that females were more affected by CVD than males [33]. This previous 
study justified that the body weight may be increased as the visceral fat increases 
after the first year of menopause and that body fat distribution changes from a 
gynoid to an android pattern. However, estrogen offers females more protection 
from CVD even after menopause [34]. 

Identifying the risk of developing associated comorbidities in older patients 
with CVD is important to plan for preventive measures and to make guidelines 
on how to avoid such risks in the future [35]. 

6. Conclusion 

Comorbidities in older patients have a significant impact on further investiga-
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tions. The average number of comorbidities associated with CVD was 2.61, with 
up to six comorbidities found in each patient. Males accounted for two-thirds of 
older patients with CVD in this study. HTN and DM were the main CVD-asso- 
ciated comorbidities in this age group. Moreover, the number of older patients 
with CVD declined by almost 95.2 every 5 years of age progression. 
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