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Abstract

Background: Type 2 diabetes mellitus (T2DM) is commonly associated with cardiovascular disease (CVD) risk
factors, such as hypertension, obesity, and dyslipidemia. Hypertension is common among patients with diabetes,
with the prevalence depending on type and duration of diabetes, age, sex, race/ethnicity, body mass index (BMI),
history of glycemic control, and the presence of kidney disease, among other factors.

Objectives: The aim of the present study to highlight the relationship between diabetes, hypertension, and heart
and kidney diseases. Obesity, metabolic syndrome, and T2DM are three interrelated conditions that share several
pathophysiological mechanisms and that are frequently observed to lead, in succession, to cardiovascular
complications. Obesity is recognized as a risk factor for cardiovascular disease, which produces independent
adverse effects in the car—diovascular system. Obesity induces a variety of structural adaptations of the
cardiovascular system, from subclinical myocardial dysfunction to severe left ventricular systolic heart failure.
Dyslipidemia associated with T2DM is typically more complex than the simple elevation of systemic low-density
lipoprotein cholesterol (LDL-C) levels. Diabetes mellitus (DM) is always associated with raised triglycerides.
Hypertriglyceridemia is one of the risk factors in coronary artery disease. Low plasma concentrations of high-
density lipoprotein cholesterol (HDL-C), elevated levels of apolipoprotein B, and elevated triglyceride (TG) levels,
as well as abnormalities in lipoprotein particle size and subclass distribution. The kidney is important in the
pathogenesis of T2DM, and that kidney parameters may be useful additional markers of patients at high risk for
the development of diabetes. Biochemical parameters of kidney functions were associated with a worsening in
insulin action and predicts the development of T2DM. Decreased serum sodium levels are occasionally observed
in patients with type 2 diabetes mellitus. Hypertension was more prevalent among males than among females. The
association between hypertension and chronic kidney disease (CKD) is well known, considering that CKD is the
greatest cause of secondary hypertension.

Conclusion: It can be concluded that there is a close correlation between dyslipidemia, CKD, and CVD in patients
with T2DM. Diabetes mellitus is a strong risk factor for CKD and CVD. All patients with T2DM must be started
on primary prevention by health education, aggressive lifestyle changes, such as weight reduction and physical
exercise and use of lipid-lowering drugs should go hand-in-hand with antidiabetic drugs to reduce the risk of
coronary heart disease and atherosclerosis. Drug treatment is necessary for controlling these risk factors which
include hypertension, dyslipi—demia, metabolic abnormalities, and excess weight.

Keywords: Association, Lipid profile, Kidney function tests, Diabetes, Hypertension, Heart disease, Kidney
disease.

INTRODUCTION cause of death in people with diabetes. It has been found

Type 2 diabetes mellitus (T2DM) is commonly associated that the presence of diabetes significantly increases

with CVD and risk factors, such as hypertension, the risk (two to four folds) for developing CVD [1].
obesity, and dyslipidemia. CVD is the most common Hypertension is common among patients with diabetes,
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with the prevalence depending on type and duration
of diabetes, age, sex, race/ethnicity, BMI, history of
glycemic control, and the presence of kidney disease,
among other factors [2-5]. Furthermore, hypertension
is a strong risk factor for atherosclerotic cardiovascular
disease, heart failure, and microvascular complications
[5]. According to the study done by Preis et al. [6], it
has found that T2DM is associated with clustered risk
factors for CVD. Adults with diabetes have a 77%—87%
prevalence of hypertension, a 74%—81% prevalence of
elevated low-density lipoprotein cholesterol (LDL-C),
and a 62%—67% prevalence of obesity.

It is important to mention that hypertension and
dia—betes are closely related to obesity and metabolic
syndrome [7]. Obesity is recognized as a risk factor for
cardiovascular disease, which produces independent
adverse effects in the car—diovascular system. This
relationship is complex due to several associations
with risk factors/cardiovascular disease markers such
as hypertension, dyslipidemia, insulin resistance/
dysglycemia, or T2DM. Obesity induces a variety of
structural adaptations of the cardiovascular system,
from sub clinical myocardial dysfunction to severe
left ventricular systolic heart failure. Abnormalities in
cardiac metabolism and later cardiac energy have been
proposed as the main contributors to cardiovascular
disease-related to obe—sity. Ectopic fat deposits play an
important role in several of the hypotheses postulated
to explain the association between obesity, cardiac
metabolism, and cardiac dysfunction [7,8].

OBJECTIVES

The present study aimed to highlight the relationship
between diabetes, hypertension, and heart and kidney
diseases.

RELATIONSHIP BETWEEN QOBESITY AND
CARDIOVASCULAR DISEASES

Obesity, metabolic and T2DM are

three interrelated conditions that share

syndrome,
several
pathophysiological mechanisms and that are frequently
observed to lead, in succession, to cardiovascular
complications. Their prevalence is increasing alarmingly
should prompt all healthcare professionals urgently to
implement measures to pre—vent these complications.
The most effective, though also the least adopted, are
those related to lifestyle modification. Drug treatment
targeted at controlling risk factors (e.g., hypertension
and dyslipi—demia), metabolic abnormalities, and excess
weight are also necessary [5, 9-12].

DIABETES MELLITUS AND CARDIOVASCULAR
Risks

T2DM patients generally carry several risk factors for
CVD, including hyperglycaemia, abnormal lipid profiles,
alterations in inflammatory mediators and coagulation/
thrombolytic parameters, as well as other nontraditional
risk factors, many of which may be closely associated
with insulin resistance [13].

Lipid profile levels can still be used in screening
populations to identify the subjects with a high risk of
developing cardiac events [14]. Hypertriglyceridemia
is one of the risk factors in coronary artery disease
and diabetes mellitus is always associated with raised
triglycerides [14, 15].

Dyslipidemia associated with T2DM is typically more
complex than the simple elevation of systemic low-
density lipoprotein cholesterol (LDL-C) levels. The
LDL-C levels seen in diabetic populations may not be
significantly different from the values seen in nondiabetic
populations. The high atherogenicity associated
with diabetic dyslipidemia is probably related to the
characteristic finding of low plasma concentrations of
high-density lipoprotein cholesterol (HDL-C), elevated
levels of apolipoprotein B and elevated triglyceride (TG)
levels, as well as to abnormalities in lipoprotein particle
size and subclass distribution [13, 16, 17]. Among the
wide range of lipoprotein subclasses that have been
described, disproportionate amounts of small, dense
LDL particles, and small HDL particles are thought to
constitute a particularly atherogenic profile due to high
susceptibility to oxidation [13, 18].

Diabetic dyslipidemia was characterized by a high level
of plasma triglyceride, and low-density lipoprotein
concentrations with a low level of high-density
cholesterol due to reduced action of insulin at the tissue
level or due to insulin resistance [19, 20]. It increases
the risk of atherosclerosis particularly, if glycaemic
control is poor, which in turn is an important risk factor
for coronary heart disease [20, 21].

Ahmida et al. [22] reported that the high prevalence
of lipid disorders in Libyan T2DM in Benghazi city
suggests that they might be playing a major role in
the development of atherosclerosis in Libyan patients.
Therefore, lipid profiling of all patients with T2DM
should be a routine test. All patients with T2DM must
be started on primary prevention by health education,
aggressive lifestyle changes, such as weight reduction
and physical exercise and use of lipid-lowering drugs
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should go hand-in-hand with antidiabetic drugs to reduce
the risk of coronary heart disease and atherosclerosis.

Satti et al. [23] found that increased levels of glucose,
hemoglobin Alc (HbAlc), and decreased sodium level
were observed among uncontrolled T2DM in Sudan,
who were over 5 years since getting diagnosed with
T2DM than who was on control. Decreased serum
sodium levels are occasionally observed in patients with
type 2 diabetes mellitus due to numerous underlying
pathogenesis mechanisms especially among patients
with poorly controlled DM. DM predisposes individuals
to hypertension by promoting sodium retention,
increasing vascular tone by contributing to nephropathy.
Hypertension in T2DM can be partly a consequence of
insulin resistance and hyperinsulinemia [13, 24, 25].

ASSOCIATION BETWEEN DIABETES AND KIDNEY
DiseASES RisKk FACTORS

The study of Alam et al, [26] was carried out in
Bangladesh Institute of Research and Rehabilitation
in Diabetes, Endocrine, and Metabolic Disorders. It
was observed that the mean values of total cholesterol
(p<0.001) and creatinine (p<0.001) were significantly
higher in diabetic patients than in non-diabetic patients.
The fasting blood sugar correlates highly with the mean
values of total cholesterol and creatinine.

Al Salhen and Mahmoud, [27] studied that the
biochemical parameters of kidney functions in T2DM
males and females aged 40-60 years among patients
seeking medical care at the Hospital of El-Beida,
Libya. 103 T2DM patients (24 females +79 males)
were included in this study. 39 nondiabetic subjects
(10 females + 29 males) were selected as controls.
The mean ages of the diabetic patients were 56.10
+ 7.82 years. The serum urea, creatinine, uric acid
concentrations (mg/dl), (47.24 + 12.48), (1.19 + 0.39),
and (8.19 + 2.42) were significantly (P<0.05) increased
in diabetic patients compared with controls (28.74 +
2.13), (0.79 £+ 0.04), and (4.98 + 0.81), respectively.
The author concluded that biochemical parameters of
kidney functions were associated with a worsening in
insulin action and predicts the development of T2DM.
These results support the hypothesis that the kidney is
important in the pathogenesis of T2DM, and that kidney
parameters may be useful additional markers of patients
at high risk for the development of diabetes.

Belguith, [28] found that as glucose level increases, the
estimated glomerular filtration rate (eGFR) decreases in
diabetic patients i.e. increases the risk factor to CKD.

According to sex, the author observed that males present
higher eGFR values than females. More than half of the
patients (55%) fall in CKD stage -2, 16% in stage-1, and
27% in stage-3. According to sex, mostly males exhibit
more values than females in all stages.

CORRELATION BETWEEN SERUM Lirip LEVELS
AND HYPERTENSION

Brown et al. [29] confirmed the association between
several factors including BMI, serum cholesterol, HDL,
and hypertension. Also, Ruixing et al. [30] reported that
age, hyperlipidemia, high BMI, and sodium intake were
associated with hypertension. Ghooshchi et al. [31]
reported that total cholesterol (TC), TG, and LDL levels
were higher in hypertensive patients in comparison
with non-hypertensive individuals. Also, Choudhury
et al., [32] reported that the serum levels of TC, TG,
and LDL were higher while HDL levels were lower
in hypertensive subjects compared to normotensives,
which was statistically significant. Age and BMI showed
a significant association with hypertensive patients but
not with normotensives.

RELATIONSHIP BETWEEN DIABETES MELLITUS,
AND HYPERTENSION, CHRONIC KIDNEY AND
HEART DISEASES

The main risk factors attributed to CKD are increased
life expectancy, diabetes mellitus, and hypertension
[33, 34]. These factors are intimately associated with
the socio-economic development of a given population:
On the one hand, improved living conditions and access
to healthcare services reduce the number of deaths due
to infections and external causes; on the other, higher
quality of life can sometimes lead to a sedentary lifestyle
and poorer nutritional habits. The association between
hypertension and CKD is well known, considering that
CKD is the greatest cause of secondary hypertension
[34].

Hypertension can also determine the emergence of
CKD and contribute to its progression to the terminal
stage. Associations between blood pressure levels and
kidney function deterioration have been shown by
many research studies [34-36]. While, diabetes mellitus
represents the leading isolated cause of end-stage kidney
disease in several countries [34, 36].

Chikwere et al. [37] reported that the cross-sectional
study, involving 100 subjects, was carried out at the
diabetes centre, Komfo Anokye Teaching Hospital,
Kumasi, Ghana. Of the 100 patients, 74% had high
systolic blood pressure. Also, high LDL-C and hyper-
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cholesterolemia were found in 47% and 46% of the
patients, respectively. Forty-six percent (46%) of the

patients were hyperuricaemic. Cardiovascular disease

risk increased with age from 20 to 79 years. The diabetic
female had more adverse CVD risk profile than the male
(high LDL, 55% vs. 23.1%; high total cholesterol, 54.1%
vs. 23.1%; high triglycerides, 32.4% vs. 30.8%; low
HDL, 25.7% vs. 3.8%). Fifty percent (50%) of females
compared to 34.6% of males were hyperuricaemic.
However, hypertension was more prevalent among males
(systolic blood pressure, 76.9%; diastolic blood pressure,

38.5%) than among females (systolic blood pressure,
73%; diastolic blood pressure, 37.8%).

There is a close correlation between dyslipidemia, CKD,
and CVD in patients with T2DM. Diabetes mellitus is a
strong risk factor for CKD and CVD. Dyslipidemia is
common in diabetic patients and diabetic dyslipidemia
is strongly correlated with diabetic nephropathy and
CVD. The relationships between dyslipidemia, diabetic
nephropathy, and CVD in T2DM patients are summarized
by Chen and Tseng, [38] (Figure. 1).
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Figurel. Relationship between dyslipidemia, chronic kidney disease, and cardiovascular disease in diabetes mellitus.

AGE - advanced glycation end-product, Apo B - apolipoprotein B, eGFR - estimated glomerular filtration rate, FFA
- free fatty acid, HDL-C - high-density lipoprotein cholesterol, LDL-C - low-density lipoprotein cholesterol, LPL -

lipoprotein lipase, RAAS - renin-angiotensin-aldosterone system [38].

CONCLUSION

It can be concluded that there is a close correlation
between dyslipidemia, CKD, and CVD in patients with
T2DM. Diabetes mellitus is a strong risk factor for CKD
and CVD. All patients with T2DM must be started on
primary prevention by health education, aggressive
lifestyle changes, such as weight reduction and physical
exercise and use of lipid-lowering drugs should go
hand-in-hand with antidiabetic drugs to reduce the risk
of coronary heart disease and atherosclerosis. Drug [2]
treatment is necessary for controlling these risk factors
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abnormalities, and excess weight.
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