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Abstract: Background: Cardiovascular diseases (CVDs) are experiencing a notable increase globally, largely influ-
enced by the related rise in risk factors, including type 2 diabetes mellitus (T2DM) and hypertension (HTN). This
study aimed to evaluate the detrimental effects of CVDs on individuals diagnosed with both T2DM and HTN in Saudi
Arabia. Methodology: This descriptive study used samples from approximately 31 primary health clinics (PHCs) that
serve the local community in the Hail region of northern Saudi Arabia. Between December 2021 and June 2022,
roughly 1,406 individuals were picked using a basic random selection procedure. Of the 1406 subjects, 702 (50%)
were diagnosed with both T2DM and HTN, 404 (28.7%) with T2DM only, and 300 (21.3%) with HTN only. Results:
There were 42 (65.6%), 59 (60.8%), 26 (70.2%), and 33 (50.7%) cases of stroke, CHD, CHF, and DVT in patients
with combined DM and HTN, respectively. Stroke, CHD, CHF, and DVT were prevalent in those with diabetes and
hypertension at rates of 6%, 8.4%, 4%, and 5%, respectively. Conclusion: The combination of T2DM and HTN sig-
nificantly raises the risk of stroke, CHD, CHF, and DVT. Saudi men have much greater rates of CVDs, T2DM, and
hypertension than women.

Keywords: Cardiovascular disease, stroke, diabetes, hypertension, coronary artery disease, congestive heart fail-
ure, deep vein thrombosis, Saudi Arabia

Introduction frequency gradually increasing until the age
of 50, followed by a sharp increase [4]. Un-
derstanding the health consequences of expo-

sure to risk factors is critical for shaping public

Cardiovascular diseases (CVDs) are a group of
diseases that affect both the heart and blood

arteries, such as peripheral artery disease and
cerebrovascular disease [1, 2]. Despite the rec-
ognition of hypertension (HTN) and type 2 dia-
betes mellitus (T2DM) as risk factors for CVD,
our understanding of their underlying and con-
tributing causes remains inadequate. Living
with HTN and T2DM was assumed to increase
the risk of developing a cardiovascular disorder
[3].

According to reports, the frequency of CVDs
among Saudis over the age of 15 is 1.6%.
Males have a higher prevalence than females,
with 1.9% versus 1.4%, respectively. Age is a
critical predictor, with cardiovascular disease

health policy and practice. Diabetes and hyper-
tension are the most common risk factors for
CVDs in Saudi Arabia. The proportion of Saudis
suffering from type 2 diabetes and hyperten-
sion is increasing at an alarming rate [5].

Diabetes is an increasing public health concern
in Saudi Arabia, with catastrophic consequenc-
es. The region’s escalating diabetes rate neces-
sitates a thorough investigation into its preva-
lence, causes, and public health remedies [6].
Hypertension is highly prevalent in Middle
Eastern countries, especially Saudi Arabia. The
reported prevalence of hypertension in Saudi
Arabia is 11.1% [7]. The current study aims to
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assess the impact of CVDs on people with
T2DM and HTN in Saudi Arabia.

Materials and methods

This descriptive cross-sectional study used
samples from roughly 31 primary health clinics
(PHCs) that serve the local population in the
Hail region of northern Saudi Arabia. A total of
approximately 1,406 individuals were chosen
using a basic random selection procedure
between December 2021 and June 2022. Out
of the 1406 patients, 702 (50%) had both DM
and HTN, 404 (28.7%) had DM alone, and 300
(21.3%) had HTN exclusively.

The sample size was calculated based on
SurveyMonkey software using the formula:

Sample size: = Z2P (1 - P)/e?/1 + (Z2 P (1 - P)/e?
N

N = population size, e = margin of error (per-
centage in decimal form), Z = Z-score, P = popu-
lation proportion [8].

Eligibility criteria were all adult Saudi men
and women aged 20 to 90, regardless of DM or
HTN status, who visited PHCs throughout the
assigned study period. Individuals who had pre-
viously been diagnosed with DM and/or HTN
and were actively undergoing treatment were
included in the study, whereas those who
showed transitory increases in blood glucose
or blood pressure were excluded. HTN diagno-
sis was based on HTN classification based on
blood pressure readings: Normal: Systolic <
120 mmHg and Diastolic < 80 mmHg; Elevat-
ed: Systolic 120-129 mmHg and Diastolic < 80
mmHg; Hypertension Stage 1: Systolic 130-
139 mmHg or Diastolic 80-89 mmHg; Hy-
pertension Stage 2: Systolic > 140 mmHg or
Diastolic = 90 mmHg.

T2DM was diagnosed based on the hemoglobin
Alc test, which reflects average blood glucose
levels over the past two to three months.
Normal: Less than 5.7%; Prediabetes: 5.7% to
6.4%; Diabetes: 6.5% or higher on two separate
tests.

Assessment of cardiovascular disease out-
comes

For most research participants, stroke was

diagnosed by the conventional presentation
of neurological symptoms, such as motor and
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sensory complaints, and immediate brain imag-
ing with non-contrast CT. A few individuals got
MRI, MRA, and MRV.

CHD was identified based on chest pain and
noninvasive myocardial ischemia testing, such
as exercise stress ECG with Bruce protocol,
coronary CTA, dobutamine stress echocardiog-
raphy, PET scans, and invasive coronary angi-
ography in some patients.

Heart failure was diagnosed as three catego-
ries: heart failure with reduced ejection frac-
tion (HFrEF) (EF < 40), preserved ejection frac-
tion (HFpEF) (EF < 50), and moderately reduced
ejection fraction (HFmrEF) (EF < 40-50). This
was with symptoms of heart failure and the
transthoracic echocardiography examination in
addition to NT-Pro BNP.

Almost all cases of DVT were diagnosed de-
pending on the clinical presentation together
with Doppler ultrasound examinations of the
limbs.

Ethical Consent: Prior to the collection of any
samples, we meticulously ensured that all par-
ties involved reached a consensus, both ver-
bally and in written form, regarding the ethical
considerations of the study.

Institutional Review Board (IRB) approval

The Research Ethics Committee (REC) of the
health affairs at Hail has evaluated and app-
roved the project and assigned approval num-
ber IRB Registration Number with KACS, KSA:
H-08-L-074.

Data analysis

The analysis was conducted using SPSS soft-
ware (version 27, IBM, Chicago, USA), which
produced frequencies, cross-tabulations, and
relative risk (RR), specifying a 95% confidence
interval (95% ClI) for the Chi-square test results.
To be deemed statistically significant, the P-
value must be less than 0.05.

Results

This study included 1406 patients aged 20
to 90, with a mean age of 48 years. Of the
1406 patients, 749 (53.3%) were men and 657
(46.7%) were women. Approximately 702/1406
(50%) had both diabetes and hypertension. Of
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Table 1. Distribution of the patients by cardio-
vascular diseases, diabetes, and hyperten-
sion

DM (n = 1106) HTN (n = 1002)
Yes No Total Yes No Total
Stroke 43 21 64 40 23 63

Variable

CHD 57 40 97 8 16 97
CHF 22 15 37 25 12 37
DVT 21 44 65 18 48 66

CHD, Coronary Heart disease; CHF, Congestive Heart
Failure; DVT, Deep Vein Thrombosis; DM, Diabetes Mel-
litus; HTN, Hypertension.

the 702 patients with the combined disease,
362 (51.6%) were men and 340 (48.4%) were
women. Out of 1406 patients, 1106 were dia-
betics and 1002 were hypertension patients.

Out of 64 stroke patients, 43/64 (67%) were
diabetics. The prevalence of stroke among DM
was 43/1106 (3.9%). The risk of stroke among
diabetic individuals was calculated using the
Odds Ratio (OR) and 95% confidence interval
(95% Cl): OR = 5.383 (3.181-9.111), Pearson
Chi-Square (P < 0.0001). Coronary heart dis-
ease (CHD) affected 57 (58.7%) diabetic peo-
ple. The prevalence of CHD among DM was
57/1106 (5.2%).

Diabetic individuals had a higher risk of coro-
nary heart disease (CHD), with an odds ratio
(OR) of 3.762 and a 95% confidence interval
(Cl) ranging from 2.497 to 5.669, as indicated
by the Pearson Chi-Square test (P < 0.001).
We detected congestive heart failure (CHF) in
22 (59%) diabetic patients. The prevalence of
CHF among DM was 22/1106 (2%). Diabetic
patients had a higher risk of congestive heart
failure (CHF), with an odds ratio (OR) of 3.784
and a 95% confidence interval (Cl) ranging from
1.956 to 7.320, as indicated by the Pearson
Chi-Square test (P < 0.01).

Deep vein thrombosis (DVT) was found in 21
(31.8%) diabetic patients. The overall preva-
lence of DVT in the study population was 21
out of 1106 patients (1.9%). Diabetic patients
have a higher prevalence of DVT (OR 95% Cl =
1.221 (0.723-2.063), Pearson Chi-Square (P <
0.454)).

We observed stroke in 40 (63.4%) of the hy-
pertension patients. The prevalence of stroke
among HTN was 40/1002 (4%). There is a
strong link between high blood pressure and
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the chance of having a stroke. The odds ratio is
5.156 (95% Cl: 3.073-8.652), and the Pearson
Chi-Square value is 0.001, which means the
link is statistically significant.

Coronary heart disease was identified in 81
(83.5%) of hypertensive patients. The preva-
lence of CHD among HTN was 81/1002 (8%).
An OR of 15.612 and a 95% confidence inter-
val (Cl) of 9.090-26.814 show that the link
between CHD and high blood pressure is sta-
tistically significant (P < 0.0001).

CHF was identified in 25 hypertensive patients,
representing 67.5% of the cohort. The preva-
lence of CHF among HTN was 25/1002 (2.5%).
The risk of congestive heart failure (CHF) in
hypertensive patients is indicated by an OR of
6.102 with a 95% CI of 3.055 to 12.187 and
a Pearson chi-square value with a significance
level of P < 0.0001.

We observed DVT in 18 hypertensive patients,
accounting for 27.2% of the study. The preva-
lence of DVT among HTN was 18/1002 (1.8%).
The risk of DVT in hypertensive patients is rep-
resented by an OR of 1.077 with a 95% CI of
0.624 to 1.859, as shown by the Pearson Chi-
Square test (P < 0.791), detailed in Table 1,
Figure 1.

A total of 42 (65.6%), 59 (60.8%), 26 (70.2%),
and 33 (50.7%) cases of stroke, CHD, CHF, and
DVT, respectively, were identified in patients
with combined DM and HTN, as shown in Table
2.

The prevalence rates of stroke, CHD, CHF, and
DVT among individuals with both diabetes and
hypertension were 6%, 8.4%, 4%, and 5%, res-
pectively, as illustrated in Figure 2.

Stroke was detected in 42 (65.6%) males and
22 (34.3%) females. Male stroke risk: Relative
risk (RR) (95% CI) = 1.894 (1.126-3.183), P =
0.014. CHD was detected in 72 (74.2%) males
and 25 (25.8%) females. The risk of CHD in
men: RR (95% CI) = 2.936 (1.856-4.642), P
value = 0.001. CHF was detected in 17 (51.5%)
males and 20 (60.6%) females. Females have
a higher risk of developing CHF (RR (95% CI) =
0.833 (0.435-1.594), P value = 0.58). DVT was
detected in 16 (24.6%) males and 49 (75.3%)
females. Females have a higher risk of DVT;
RR (95% Cl) = 1.546 (1.344-1.778), P value =
0.001.
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Figure 1. Description of the prevalence rates of CVDs by DM and HTN.

Table 2. Distribution of patients with combined DM & HTN by

Hl Yes-DM wide. Researchers have iden-
Il No-DM tified numerous risk factors
B Yes-HTN associated with the occurren-
B No-HTN ce of cardiovascular diseases,

specifically diabetes mellitus
and hypertension. As a result,
this study evaluated the im-
pact of cardiovascular diseas-
es on mortality among patients
who have both diabetes melli-
tus and hypertension. There
are various vascular mecha-
nisms through which both hy-
pertension and diabetes ele-
vate the risk of cardiovascular
disease. Diabetes and high
blood pressure are two com-
mon risk factors. Atheroscle-
rosis, vascular inflammation,
endothelial dysfunction, and
structural remodeling are as-

CVI_DS - - sociated with these conditions

Variable Combined DM & HTN (n = 702) Either DM or HTN  Total and can lead to both large and

Stroke 42 22 64 small vascular diseases. The

CHD 59 38 97 simultaneous presence of dia-

CHF 26 11 37 betes and hypertension exac-

DVT 33 32 65 erbates vascular damage and
endothelial dysfunction [9].

09 , The results of the current stu-

-~ Combined DM & HTN n=702 L.

a6 -®- Either DM or HTN n=704 dy indicate that the preva-

8 lence of stroke among individ-

uals with both diabetes melli-

2 °7 tus and hypertension is 6%,

§ while the prevalence among

4w

1 1 1 1
Stroke CHD CHF DVT

CVDs

Figure 2. Description of the combined effects of diabetes mellitus (DM) and

hypertension (HTN) on cardiovascular diseases (CVDs).

Table 3 and Figure 3 show that approximate-
ly 48 (80%), 55 (63.2%), 27 (81.8%), and 55
(94.8%) of patients with stroke, CHD, CHF, and
DVT were smokers, respectively.

Discussion

Cardiovascular diseases represent a major
health challenge affecting communities world-
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those with diabetes mellitus
alone is 3.9%, and among th-
ose with hypertension alone is
4%. The incidence of stroke
among individuals with type
2 diabetes mellitus (T2DM) is
significant, and the aggrega-
tion of risk factors correlates
with the onset of stroke in this
population. Risk factors vary
across distinct stroke sub-
types. It is essential to identify risk factors for a
particular high-risk group. Approximately 50%
of stroke patients presented with clusters com-
prising more than four risk factors. The pres-
ence of more than four risk factor clusters sig-
nificantly increased the risk of stroke by 3-4
times compared to no-risk factor clustering (P <
0.001). The primary risk factors include diabe-
tes and hypertension [10]. A recent study esti-
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Table 3. Distribution of CVDs by gender and smoking habits

Variable Males

Females Total Smokers None-smokers Total

dence of CHD in women with a
history of gestational diabetes
[14].

Stroke 42 22 64 48 12 60
CHD 72 25 o7 55 32 87 Astudy revealed a link between
CHF 17 20 37 27 6 33 increased risks of cardiovas-
DVT 16 49 65 55 3 58 cular disease and both T2DM
and HTN, as well as hyperten-
. sion and diabetes. The aver-
1005 5% & Males age incident rates of coronary
80 & Females artery disease for T2DM co-
4 Smokers horts, HTN cohorts, and co-
2 60 * Non-smokers morbid cohorts were 16.80,
= 23.18, and 31.53 per 1000
§ 40- person-years, respectively [15].
. The current study’s findings
indicate that the prevalence of
0 CHF in adults with both diabe-

T T T
Stroke CHD CHF DVT
CVDs

Figure 3. CVDs by gender and smoking habits.

mated the prevalence of multimorbidity, which
includes hypertension, diabetes, and stroke/
heart attack, to be 3.5% within the sampled
population [11]. Individuals diagnosed with
T2DM and HTN exhibit an increased incidence
of new strokes and recurrence following a one-
year follow-up period. Proactively recognizing
the modifiable risk factors, including smoking
and lack of physical activity, will contribute to
lowering the risk of stroke and its recurrence
in individuals with T2DM and HTN [12]. Even
though there is a strong link between T2DM
and HTN and the risk of both VE and stroke, the
group with HTN had a higher overall risk of both
events compared to the group with T2DM [13].

The findings of the present study reveal that
the prevalence of CHD in individuals with both
diabetes mellitus and hypertension is 8.4%,
whereas it is 5.2% in those with diabetes melli-
tus alone and 8% in those with hypertension
alone. Although the cause remains unknown,
observational studies have linked gestational
diabetes mellitus to an increased risk of car-
diovascular disease. Researchers have found a
possible link between genetic predisposition to
gestational diabetes mellitus and the risk of
coronary artery disease. T2DM and high blood
pressure mostly mediate this link. These find-
ings suggest that addressing modifiable car-
diometabolic risk factors may minimize the inci-
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tes mellitus and hypertension

is 4%, compared to 2% in those

with diabetes mellitus alone

and 2.5% in those with hyper-

tension alone. Defined by the
American College of Cardiology (ACC) and the
American Heart Association (AHA), CHF is a
multifaceted clinical syndrome arising from st-
ructural or functional impairments in ventricu-
lar filling or blood ejection [16]. Hypertension is
a major risk factor for heart failure (HF) across
all left ventricular ejection fractions. A lot of
research shows that controlling blood pre-
ssure (BP) can prevent cardiovascular prob-
lems, including HF. The pathophysiology of
hypertension and its epidemiological associa-
tion with heart failure (HF) are well elucidated;
however, blood pressure targets, particularly
in HF patients, remain ambiguous [17]. T2DM
impairs cardiac function and causes HF directly
and indirectly through related conditions such
as hypertension [18]. Diabetes can cause HF,
which affects up to 22% of diabetics and is on
the rise. HF may develop in diabetics without
hypertension, coronary heart disease, or valvu-
lar heart disease, making it a major cardiovas-
cular complication in this vulnerable popula-
tion. For many diabetics, HF is the first sign of
cardiovascular disease [19].

The findings of the present study reveal that the
prevalence of DVT among adults with concur-
rent T2DM and HTN stands at 5%. In contrast,
the prevalence is 1.9% for individuals with
T2DM alone and 1.8% for those with HTN alone.

Am J Blood Res 2025;15(5):102-109
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DVT represents a considerable health threat,
especially among hospitalized individuals who
exhibit various risk factors, including hyperten-
sion and diabetes. Despite advancements in
treatment, DVT continues to be a common
complication associated with hospitalization
[20]. Diabetes mellitus is linked to conditions
that promote thrombosis and occurrences of
thrombotic events. There is an observed asso-
ciation between preoperative hyperglycemia
and DVT in patients with lower limb fractures.
Multiple approaches exist for managing hyper-
glycemia, presenting opportunities for future
breakthroughs [21]. Researchers conducted a
study to determine the prevalence of DVT, and
the variables associated with its occurrence
in hypertensive patients. DVT was identified in
13.5% of the hypertensive individuals exam-
ined [22]. Conflicting evidence links high blood
pressure (BP) to venous thromboembolism
(VTE). Lower BP increases VTE risk, as demon-
strated by two Mendelian randomization analy-
ses. In most patient groups, BP reduction ben-
efits outweigh the risks; however, those at risk
for VTE should be careful [23].

T2DM and hypertension constitute a signifi-
cant health issue in Saudi Arabia, as they are
on a continuous rise. The International Diabet-
es Federation has indicated that the standard-
ized prevalence of diabetes among adults in
the Kingdom of Saudi Arabia was 18.7% in
2021, with projections suggesting an increase
to 21.4% by the year 2045 [24]. Several stu-
dies need to explore the prevalence of hyper-
tension (HTN) on both national and regional
scales within Saudi Arabia. The prevalence of
hypertension was recorded at 9.2% within the
Saudi demographic aged 15 years and above.
The prevalence was greater among women at
10.0% compared to 8.5% in men. The inciden-
ce of hypertension escalates with age, particu-
larly in individuals aged 65 and above, where it
affects 55.3% of women and 48.0% of men.
Conversely, its occurrence remains minimal in
the younger demographic, represented by just
0.1% among those aged 15-19 years. A signifi-
cant disparity was observed in the prevalence
of hypertension across various regions, with
figures ranging from 6.0% in the Najran region
to 10.0% in the Makkah region [25].

Nevertheless, most of the research conducted
in Saudi Arabia within this framework has indi-
cated a correlation between hypertension and
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cardiovascular diseases, or T2DM and cardio-
vascular disorders. Furthermore, many of these
investigations focused on small sample sizes
and primarily took place in clinical settings. To
the best of our understanding, the present re-
search represents the most noteworthy com-
munity-based investigation carried out in Saudi
Arabia regarding the impacts of both hyperten-
sion and diabetes. Addressing the coexistence
of hypertension and diabetes in Saudi Arabia
necessitates a comprehensive strategy that in-
tegrates public health initiatives, policy reforms
within the healthcare system, and active com-
munity participation. Emphasizing prevention
and integrated care can substantially enhance
the future prospect for effectively mitigating
the impact of these chronic diseases.

However, in addition to evident cardiovascular
disorders, diabetes-related hypertension en-
compasses underlying molecular mechanisms
such as inappropriate activation of the renin-
angiotensin-aldosterone system, sympathetic
nervous system dysregulation, mitochondrial
dysfunction, oxidative stress, and systemic in-
flammation. Active epithelial sodium channels,
modified extracellular vesicles and microRNAs,
dysregulated gut microbiota, and increased re-
nal sodium-glucose cotransporter activity con-
tribute to the susceptibility of diabetics to hy-
pertension [26].

Combining T2DM and HTN increases the risk of
CVDs and other health concerns. Understand-
ing this link is crucial for prevention and man-
agement, especially in demographically diverse
Saudi Arabia. HTN and T2DM harden arteries,
increasing ischemic and hemorrhagic stroke
risk. The two illnesses can narrow coronary
arteries, increasing heart attack risk. Heart fail-
ure can result from excessive blood pressure
and diabetes. Obesity, poor mobility, and circu-
lation in T2DM and HTN enhance DVT risk.
Saudi men have greater CVD, T2DM, and HTN
than women. Lifestyle, diet, and culture affect
this trend. These disorders may be more com-
mon in men due to smoking, inactivity, and
poor diets. Women have a lower prevalence of
T2DM and HTN than males, but their rising
prevalence illustrates the importance of fo-
cused therapy. Public health administrators
must educate Saudi men about T2DM and
HTN. Early diabetes/hypertension screening
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can identify at-risk patients. Community-based
diet, exercise, and smoking cessation programs
lower chronic diseases.

Although this study provided essential informa-
tion regarding HTN and T2DM for health policy,
it has some limitations, including its cross-sec-
tional design and absence of an apparently
healthy control group.

In conclusion, the presence of T2DM signifi-
cantly elevates the risk of stroke, CHD, CHF,
and DVT by factors of more than 5.3, 3.7, 3.7,
and 1.2-fold, respectively. The presence of hy-
pertension elevates the likelihood of stroke,
CHD, CHF, and DVT by factors of 5.2, 15.6, 6.1,
and 1.07-fold, respectively. The coexistence of
T2DM and HTN significantly amplifies the risk
of stroke, CHD, CHF, and DVT. Saudi men ex-
hibit a higher prevalence of CVDs, T2DM, and
hypertension compared to their female coun-
terparts. The coexistence of hypertension and
T2D indicates a significant mortality risk, high-
lighting the urgent necessity for targeted inter-
ventions aimed at enhancing health span in
Saudi Arabia.
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