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B Abstract

Background: Cardiovascular illness is a prominent
contributor to mortality, characterised by a lack of
effective therapeutic interventions tailored to specific
clinical requirements. Fibroblast growth factor 23 (FGF-
23) is a protein hormone that was first characterised for
its involvement in mineral metabolism. FGF-23 is mostly
produced by osteocytes and has a pivotal function in
suppressing the reabsorption of phosphate in the renal
proximal convoluted tubule. The aim: Comparison
between Cardiovascular Diseases in Patients With Type
2 Diabetes and without DM regarding serum level of
FGF23. Study the relation between serum FGF23 level
and insulin resistance in Cardiovascular Diseases in
Patients With Type 2 Diabetes. Material and Method:
The present study included 60 patients with Diabetes
Mellitus (DM) with a mean age of 56.02+1.395 years
and an age range of (40-80) years and 60 patients
with cardiovascular diseases and diabetes (CVD and
DM) with a mean age of 59.20+1.478 and an age range
of (40-80) years, Who visited Al-Basrah Teaching
Hospital in Basrah. in addition, the study included 60
healthy controls mean age of healthy control subjects
was 54.72+1.405years. All patients in this study were
diagnosed by specialized doctors and the diagnosis

was verified by clinical and laboratory tests, during
the period from September 2022 to September 2023.
All Subjects signed a written informed consent form.
The BMI was calculated as body weight (kg) and was
divided by squared height in meters. Results: The
results of this study showed an increase in the level of
Triglycerides, Cholesterol, LDL Cholesterol and VLDL
Cholesterol in CVD and DM patients as compared with
DM and Control, while The results of this study showed
a decrease in the level of HDL Cholesterol and there
was a significant difference in concentrations among
study groups (p-value <0.0001). Also, The results of
this study showed an increase in the level of fibroblast
growth factor 23 in CVD and DM patients as compared
with DM and control and there was a significant
difference in concentrations of FGF23 among study
groups (p-value <0.0001). Conclusion: From this
study, it could be concluded that FGF23, CRP, may
be a clinically useful and simple index for predicting
the concomitant presence of Cardiovascular Diseases
insulin resistance and dysglycemia among apparently
healthy, young (<50 years) Al-Basra populations.

Keywords: CRP, Cardiovascular Disease, Diabetes
Mellitus, FGF23, Inflammation.

1. Introduction

Diabetes mellitus (DM) has been well-recognised
as a significant risk factor for the development of
cardiovascular disease (CVD). those diagnosed with
type 2 diabetes mellitus (T2DM) have an increased
incidence of cardiovascular morbidity and death and
are disproportionately impacted by CVD as compared
to those without diabetes [1]. Diabetic vascular disease
has been identified as the underlying cause for the
significant increase, ranging from two to four times,
in the prevalence of coronary artery disease (CAD)
and stroke. Additionally, it has been associated with
a notable improvement, ranging from two to eight
times, in the likelihood of developing heart failure [2].
Previous studies have shown that individuals diagnosed
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with T2DM who do not have a prior history of CAD
are at a comparable risk for experiencing cardiac
events as those who have previously suffered from a
myocardial infarction [3]. Nevertheless, subsequent
research has yielded inconsistent findings, suggesting
that diabetes status may not universally serve asa CVD
equivalent. This underscores the importance of employing
a multivariate approach as a suitable foundation for risk
stratification in CVD prevention among individuals with
diabetes [4]. The risk of CVD exhibits a gradient, and
the determination of this gradient is contingent upon
the interplay of many risk factors [4]. The majority of
this heightened risk is linked to an increased prevalence
of established risk factors, including hypertension,
dyslipidemia, and obesity, among these individuals. In
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the last decade, substantial data has been accumulated
to support the significant value of treating conventional
risk factors in patients with T2DM to reduce the risk of
CVD [5, 6]. The inadequate management of a significant
proportion of cardiovascular risk factors in individuals
with diabetes underscores the need for a more proactive
approach to addressing modifiable cardiovascular
risk factors, particularly in patients with a history of
cardiovascular disease. Nevertheless, the enhanced
occurrence of cardiovascular disease in individuals with
type 2 diabetes mellitus cannot be simply ascribed to the
increased incidence of conventional risk factors [7-9].

A lipid profile is a diagnostic procedure that involves
the analysis of blood samples to assess the concentrations
of various lipid molecules present in the bloodstream.
Lipids, often referred to as fats, have limited solubility in
the bloodstream. Elevated lipid levels are associated with
an increased susceptibility to cardiovascular diseases,
including heart disease, as well as an elevated chance of
experiencing a heart attack or stroke. The lipid profile
test includes the following components: The variables of
interest in this study are total cholesterol, HDL-cholesterol,
triglyceride levels, as well as computed LDL and VLDL
[10, 11]. The results of this test can identify and determine
approximate risks for cardiovascular disease, certain
forms of pancreatitis, and other conditions [12]. Chronic
inflammatory conditions, such as rheumatoid arthritis,
systemic lupus erythematosus, and psoriasis, as well as
infectious disorders including periodontal disease and
HIV, are correlated with an elevated susceptibility to
cardiovascular disease [13]. C-reactive protein (CRP) serves
as a significant biomarker for systemic inflammation,
eliciting a response to various inflammatory stimuli such
as injury and infection. This protein plays a crucial role
in inducing the systemic host response and contributing
to the development of atherosclerosis by causing many
abnormalities that heighten the associated risk [14]. Multiple
studies have shown a consistent association between
elevated levels of CRP and an increased susceptibility
to coronary artery disease (CAD). Furthermore, baseline
levels of CRP might potentially serve as a predictive factor
for future occurrences of cardiovascular events [15],
but can also predict the prognosis of patients with acute
coronary syndrome [16]. The synthesis of the pentameric
protein is mostly seen in liver hepatocytes, however, it
has also been shown in many other cell types including
smooth muscle cells, macrophages, endothelial cells,
lymphocytes, and adipocytes [17].

C-reactive protein is first produced as individual
monomers, which then undergo assembly into a
pentameric structure inside the endoplasmic reticulum
of the originating cell. The pentameric protein in
hepatocytes is sequestered inside the endoplasmic
reticulum via its interaction with two carboxylesterases,
namely gp60a and gp50b [18]. During a quiescent
(non-inflammatory) phase, CRP is gradually released
from the endoplasmic reticulum. However, when there
is an elevation in levels of inflammatory cytokines,
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the interaction between CRP and carboxylesterases
diminishes, resulting in a fast secretion of CRP [19].

Fibroblast growth factor 23 (FGF-23) is a protein
hormone that was first characterised due to its involvement
in mineral metabolism [20]. FGF-23 is mostly produced
by osteocytes and has a vital function in suppressing
the reabsorption of phosphate in the renal proximal
convoluted tubule. Furthermore, it impedes the process of
converting 25-hydroxyvitamin D into its physiologically
active form. The aforementioned effects serve to restrict
the occurrence of hypophosphatemia in cases of renal
failure, a condition characterised by heightened levels of
FGF-23[20, 21]. Previous studies have proposed a potential
causative relationship between FGF-23 and unfavourable
cardiovascular remodelling, including the development of left
ventricular hypertrophy [22], alterations in myocyte calcium
handling [23], renin-angiotensin system upregulation, and
promotion of vascular calcification [7].

Considering the diverse impacts of FGF-23 on
cardiovascular (CV) structure and function, it is plausible
to anticipate that FGF-23 might provide prognostic
significance that is not influenced by recognised biomarkers.
Previous research has shown a correlation between elevated
levels of FGF-23 and adverse cardiovascular events in
persons without pre-existing cardiovascular disease, as
well as in patients with stable coronary artery disease and
normal left ventricular ejection fraction [24-28].

2. Materials and Methods

The Ethical Considerations: The research included the
collecting of blood samples and the implementation of
experimental methods, both of which received approval
from the Ethical Committee of AL Basra Teaching
Hospital in Iraq and Sousse University in Tunisia. Before
sample collection, informed permission was acquired
from all subjects included in the research. Furthermore,
all methodologies and procedures were conducted by
the standards and regulations set out by the Ethical
Committee of the Faculty of Medicine Ibn Al Jazzar,
Sousse, affiliated with Sousse University in Tunisia.

Study Design: This study is a case-control study
which had been performed on patients who attended
Al-Basrah Teaching Hospital.

The Subjects: The present study included 60 patients with
Diabetes Mellitus (DM) with a mean age of 56.02+1.395
years and an age range of (40 - 80)years and 60 patients
with cardiovascular diseases and diabetes (CVD and DM)
with a mean age of 59.20+1.478and an age range of (40- 80)
years, Who visited Al-Basrah Teaching Hospital in Basrah.
in addition, the study included 60 healthy controls mean
age of healthy control subjects was 54.72+1.405 years. All
patients in this study were diagnosed by specialized doctors
and the diagnosis was verified by clinical and laboratory
tests, during the period from September 2022 to September
2023. All Subjects signed a written informed consent form.
The BMI was calculated as body weight (kg) and was
divided by squared height in meters.

Kits: The kits that had been used in this study are
shown in Table 1.
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Table 1: Kits (Companies and Countries of Origin) Used in the Present Study.

No Kit Company Country
1 Glucose kit Biosystem Spain
2 Hemoglobin A1C-Direct Biosystem Spain
3 Tumor Necrosis Factor Alpha ELISA Assay Elabscience USA
4 Human Insulin ELISA Assay Elabscience USA
1 Triglycerides Kit Biosystem Spain
2 Cholesterol Kit Biosystem Spain
3 Cholesterol HDL Kit Biosystem Spain
4 C-reactive protein i-chroma Korea
5 Human Fibroblast Growth Factor 23 ELISA Assay Elabscience USA

Body Mass Index Measurement: The body weight
and height were measured in all the subjects using the
same scale. The body mass index (BMI) was calculated
as the weight (kg) and divided by the height (meters)
squared. The patients were classified according to BMI
following the recommendation of the World Health
Organization (WHO) as adopted by the American
Diabetes Association (ADA). Accordingly, weight status
was defined as normal (BMI 18.5-24.9), overweight
(BMI 25-29.9), and severe obesity (BMI >30) [29].

The Criteria of the Healthy Controls Group: The
healthy control group samples were collected from
the experimental after ensuring the adequacy of the
criteria which is specified in this study. The selection
of the healthy control group was based on several
criteria, including:

e The healthy control participants should not have
any medical history of heart disorders.

e  They have not undergone any surgical intervention
or illness requiring hospitalization.

e  Subjective perception of good health is determined
by a health questionnaire.

e  With the approximate age range of the patient’s group.

The Collection of the Samples: The human blood
samples (patients and controls) are each divided
into five millilitres. The samples were then put into
anticoagulant tubes (containing sodium citrate), which
were centrifuged for 15 minutes at 3000 rpm, and the
serum was then separated and stored at -20 degrees
Celsius until analysis.

The remaining samples are transferred to sterile
test tubes and allowed to coagulate for 30 minutes at
room temperature. The sample was then separated by
centrifugation at 3000 rpm for 15 minutes, and the serum
was extracted and stored at -20 (0C) until analysis.

The Biochemical Analysis: The principle of assay
for measurement of cholesterol, triglycerides, and
HDL using calorimetric methods. LDL-c calculated
using the equation

[LDL-chol] = [total chol] - [HDL-chol] - [VLDL-
chol], and VLDL measured using

VLDL-cholesterol=[TG]/S, all values are expressed
in mg/dL.

Human Fibroblast Growth Factor-23: The
experimental procedure outlined involves several
steps for conducting an assay or experiment. Firstly,
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100puL of either a standard or a sample is added to the
wells. These wells are typically part of a microtiter
plate or a similar platform. The plate is then incubated
for 90 minutes at a temperature of 37°C, allowing the
standard or sample to interact with the plate surface
or any specific reagents present.

Moving on to the second step, once the incubation
period is complete, the liquid in the wells is discarded.
Immediately following this, 100uL of Biotinylated
Detection Antibody working solution is added to each
well. This solution contains antibodies that are labelled
with biotin, a molecule that can bind specifically to certain
target molecules or antigens. The plate is then incubated
for a further 60 minutes at 37°C to allow the antibodies
to bind to their respective targets. The third step involves
aspirating and washing the plate. This is done to remove
any unbound or non-specifically bound substances
that may interfere with the subsequent steps. The plate
is washed three times to ensure thorough removal of
unwanted materials.

In the fourth step, 100uL of HRP (Horseradish
Peroxidase) conjugate working solution is added to
the wells. HRP is an enzyme commonly used in
immunoassays. It is conjugated to another molecule,
such as an antibody or a protein, and serves as a marker
for the presence of the target molecule or antigen. The
plate is then incubated for 30 minutes at 37°C. After the
incubation, the liquid is aspirated, and the plate is washed
five times to remove any unbound HRP conjugate.

Moving on to the fifth step, 90uL of Substrate
Reagent is added to the wells. The substrate interacts
with the HRP conjugate, leading to the production of
a detectable signal. This step is typically carried out at
37°C and requires an incubation period of 15 minutes.

In the sixth step, S0puL of Stop Solution is added to
halt the reaction. This prevents further signal generation
and stabilizes the results obtained.

Finally, in the seventh step, the plate is read at
a wavelength of 450nm, which corresponds to the
absorbance of the generated signal. This measurement
allows for the quantification or calculation of the results
obtained from the assay. The absorbance reading
at 450nm is typically proportional to the amount or
concentration of the target molecule or antigen present
in the original sample or standard.

Statistical Analysis: Data were summarized,
analyzed, and presented using GraphPad Prism 9.2.0
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and Microsoft Office Excel 2013. Numeric data were
expressed as mean + Standard Error of Mean, whereas
categorical data were expressed as numbers. One-way
ANOVA and unpaired t-test were used to compare the
mean values among the different groups in the case of
normally distributed variables. Chi-square was used to
evaluate the qualitative data. Bivariate correlation was
carried out using Pearson™s correlation coefficient. The
P-value was considered significant at p-value < 0.05.

3. Results

Demographic characteristics of the control group
and other groups: The Demographic characteristics
of control subjects and other groups (Table 2). The
mean age of control subjects was 54.72+1.405years,
that of diabetes mellitus groups was 56.02+1.395years
and cardiovascular disease and diabetes groups was
59.20+1.478years mellitus and there was no significant
difference in mean age among study groups (p=0.0760).
The body mass index (BMI) (kg/m?) of control was
(24.58+0.2385) (kg/m?), while that of DM and CVD
and DM cases was (25.15+0.2875) (27.03+0.3339) (kg/
m?) respectively, and there was a significant difference
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in mean age among study groups (p-value<0.0001)
(Table 2). The control group included 30 (50%) males
and 30 (50.0 %) females. The diabetes mellitus group
included 30 (50%) males and 30 (50%) females and
the cardiovascular disease and diabetes mellitus group
included 30 (50.0 %) males and 20 (50.0 %) females.
There was no significant difference in the control
subjects and other groups according to gender among
the study groups (p=0.9723).

Age: The measurement of age showed a non-
significant difference in mean values between the
control and DM. (p-value=0.7958). In addition, a non-
significant difference in mean values between control
and CVD and DM (p-value=0.0702), and there was a
non-significant difference in mean value between DM
and CVD and DM (p-value=0.2579).

BMI: The measurement of BMI showed a non-
significant difference in mean values between the
control and DM. (p-value=0.0769). In addition, the a
significant difference in mean values between the control
and CVD and DM (p-value<0.0001), and there was a
significant difference in mean value between DM and
CVD and DM (p-value<0.0001).

Table 2: Demographic Characteristics of Control Subjects and other Groups.

Characteristic Control CVD and DM p-value
n=60 n=60 n=60
Age(years)
Range 40-80 40-80 40-80 0.076
Mean+SEM 54.72+1.405 56.02+1.395 59.20+1.478 ns
BMI (kg/m?)
Range 21.78-26.81 22.03-28.4 22.84-29.78 <0.0001
Mean+SEM 24.56+0.1985 25.28+0.2454 27.13+0.2501 eokkk
Gender
Male, n (%) 30(50%) 30(50%) 30(50%) 0.9723
Female, n (%) 30(50%) 30(50%) 30(50%) ns

n: number of cases; SEM: Standard Error of Mean; ns: not significant at p>0.05 ;***%: significant at p <0.0001

Determination and comparison of serum levels studied
biomarkers among the control group and other groups:
The comparison of serum levels studied biomarkers among
the control group and other groups (Table 3).

Triglycerides: The results of this study showed an increase
in the level of triglycerides (248+ 6.343) (mg/dL) in CVD
and DM patients as compared with DM patients and control,
(211.8+3.9), (110+3.098), (mg/dL) respectively, and there was
a significant difference in concentrations of triglycerides
among study groups (p-value<0.0001). The measurement
of triglycerides showed a significant difference in mean
values between the control and DM. (p-value<0.0001). In
addition, the a significant difference in mean values between
the control and CVD and DM (p-value<0.0001), and there
was a significant difference in mean value between DM
and CVD and DM (p-value<0.0001).

Cholesterol: The results of this study showed an increase
in cholesterol level (284.5+5.216) (mg/dL) in CVD and
DM patients as compared with DM patients and control,
(211.1£3.569), (134.2+2.355), (mg/dL) respectively, and
there was a significant difference in concentrations
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of cholesterol among study groups (p-value<0.0001).
The measurement of cholesterol showed a significant
difference in mean values between the control and
DM (p-value<0.0001). In addition, the a significant
difference in mean values between the control and CVD
and DM (p-value<0.0001), and there was a significant
difference in mean value between DM and CVD and
DM (p-value<0.0001).

HDL Cholesterol: The results of this study showed a
decrease in the level of high-density lipoprotein (HDL)
(1947+0.6245) (mg/dL) in CVD and DM patients compared
to DM and control, (28.21+0.6183), (38.33+£0.6059), (mg/
dL) respectively, and there was a significant difference
in concentrations of HDL among study groups
(p-value<0.0001). The measurement of HDL showed a
significant difference in mean values between the control
and DM (p-value <0.0001). In addition, a significant
difference in mean values between the control and CVD
and DM (p-value<0.0001), and there was a significant
difference in mean value between DM and CVD and DM
(p-value<0.0001).
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LDL Cholesterol: The results of this study showed
an increase in the level of low-density lipoprotein
(215.5£5.552) (mg/dL) in CVD and DM cases compared
to DM and control, (140.5+ 3.773), (73.87+2.455),
(mg/dL) respectively, and there was a significant
difference in concentrations of LDL among study groups
(p-value<0.0001). The measurement of LDL cholesterol
showed a significant difference in mean values between
the control and DM (p-value <0.0001). In addition, the
a significant difference in mean values between control
and CVD and DM (p-value<0.0001), and there was a
significant difference in mean value between DM and
CVD and DM (p-value<0.0001) (p-value<0.05).

VLDL Cholesterol: The results of this study showed
an increase in very low-density lipoprotein cholesterol
(49.60+1.269) (mg/dL) in CVD and DM cases compared
to DM and Control (42.35+ 0.78), (22.00+0.6197), (mg/
dL) respectively, and there was a significant difference
in concentrations of VLDL among study groups
(p-value<0.0001). The measurement of very low-density
lipoprotein cholesterol showed a significant difference in
mean values between control and DM (p-value <0.0001).
In addition, the a significant difference in mean values
between the control and CVD and DM (p-value<0.0001),
and there was a significant difference in mean value
between DM and CVD and DM (p-value<0.0001).

C-reactive protein: The results of this study showed
an increase in the level of C-reactive protein (CRP)
(37.2240.7506) (mg/dL) in CVD and DM patients
as compared with DM and Control, (23.25+0.6724),
(14.48+0.3199), (mg/dL) respectively and there was a
significant difference in concentrations of CRP among
study groups (p-value<0.0001). The measurement of
CRP showed a significant difference in mean values
between the control and DM (p-value<0.0001). In
addition, the a significant difference in mean values
between the control and CVD and DM (p-value<0.0001),
and there was a significant difference in mean value
between DM and CVD and DM (p-value<0.0001).

Fibroblast Growth Factor 23: The results of this study
showed an increase in the level of fibroblast growth factor
23 (FGF23) (440.8+19.32) (pg/mL) in CVD and DM
patients as compared with DM and control, (403.8+4.076),
(360.6+3.260), (pg/mL) respectively, and there was a
significant difference in concentrations of FGF23 among
study groups (p-value<0.0001). The measurement of
FGF 23 showed a significant difference in mean values
between the control and DM (p-value = 0.0244). In
addition, a significant difference in mean values between
the control and CVD and DM (p-value<0.0001), and
there was a non-significant in mean value between DM
and CVD and DM (p-value=0.0633).

Table 3: Comparison of Mean Values of the Serum Levels of Studied Biomarkers between the Control Group and other Groups.

Control

CVD and DM

Characteristic =60 =60 P Value
Triglycerides (mg/dL)
Range 70.64-165.6 170.5-269.7 185-358.6 <0.0001
Mean+SEM 110+3.098 211.8+3.900 248+6.343 wkkk
Cholesterol (mg/dL)
Range 111-190.4 141.3-250.6 200.5-366 <0.0001
Mean+SEM 134.2+2.355 211.1+3.569 284.5+5.216 wkkk
HDL Cholesterol (mg/dL)
Range 28.59-51.64 18.59-41.64 13.87-37.7 <0.0001
Mean+SEM 38.33+0.6059 28.21+£0.6183 19.47+£0.6245 wkkk
LDL Cholesterol (mg/dL)
Range 43.68-133.8 64.7-183.1 112.8-313.1 <0.0001
Mean+SEM 73.87+2.455 140.5+3.773 215.5+5.552 wkkk
VLDL Cholesterol (mg/dL)
Range 14.13-33.13 34.1-53.94 37-71.72 <0.0001
Mean+SEM 22+0.6197 42.35+0.78 49.6+1.269 FhEE
CRP (mg/dL)
Range 11.15-18.48 16.25-32.32 27.41-49.62 <0.0001
Mean+SEM 14.48+0.3199 23.25+0.6724 37.22+0.7506 HkkE
FGF23 (pg/mL)
Range 300.7-396.4 385.7-547.9 385.7-1219 <0.0001
Mean+SEM 360.6+3.260 403.8+4.076 440.8+19.32 HkkE

n: number of cases; SD: Standard Definition; HDL: High-Density Lipoprotein; LDL: Low-Density Lipoprotein; VLDL: Very
Low-Density Lipoprotein; CRP: C-reactive protein; FGF23: Fibroblast Growth Factor 23; ****: gignificant at p <0.0001

4. Discussion

One of the leading causes of mortality in the majority
of industrialised nations is cardiovascular disease
(CVD), which is mostly brought on by coronary
artery atherosclerosis. Age, gender, economic status,
and other factors all affect CVD incidence. Highly
correlated processes seen in atherosclerosis include lipid
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abnormalities, thrombosis, inflammation, activation
of vascular smooth cells and platelets, endothelial
dysfunction, oxidative stress, and hereditary variables
[30, 31]. The mean age of control subjects was 54.72+1.405
years, that of diabetes mellitus groups was 56.02+1.395
years and cardiovascular disease and diabetes groups were
59.20+ 1.478years mellitus and there was no significant
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difference in mean age among study groups; this result
agrees with [32], who found that the mean age of patients
with CVD was(55) years. Also, the results came in
agreement with [33]. who observed that the mean age
of patients with CVD was 64.72 years (55.6-73.8 years).

The findings of our investigation concurred with those
of [34], which discovered that the elderly and ageing
populations are more vulnerable to CVD. High age-
related CVD incidence is associated with several wider
ageing processes, including morbidity accumulation, a
decline in homeostasis, and persistently harmful effects
of CVD risk factors. Insidious ageing-related alterations
in CVD morphology and function are another cause of
heart disease [35]. For instance, vascular stiffening of
the central vasculature is a constant ageing phenomenon
that typically begins by middle age and progresses
to increased afterload stress, increased myocardial
workload, and changes in diastolic perfusion that
predispose to functional declines and ultimately lead
to ischemia, heart failure, arrhythmia, and other CVD
disorders [36].

Moreover, the senior demographic has a higher
susceptibility to sarcopenic obesity and heightened insulin
resistance compared to middle-aged individuals, mostly
as a result of advancing age, hormonal fluctuations, and
a predominantly inactive way of life. Consequently, this
population faces an elevated likelihood of developing
diabetes [37]. The process of ageing is associated
with an increase in blood triglyceride (TG) levels and
alterations in the metabolism of triglycerides inside the
body. The aforementioned circumstances have been
seen to increase the susceptibility of older individuals
to the development of metabolic-related disorders, such
as diabetes and metabolic syndrome, in comparison to
younger individuals [38, 39]. Although there is a general
rise in cardiovascular disease (CVD) with advancing
age, cardiologists encounter the task of customising
preventative and treatment strategies based on the unique
circumstances of each person [35]. The outcomes of our
study have disagreed with [40], which did not contribute
to explaining the higher prevalence and extent of CVD
observed in elderly patients.

The current research found that, in terms of body mass
index (BMI), patients with CVD and DM had mean BMIs
that were considerably higher than those of the DM and
controls. These findings support [41] they noted that the
average BMI of CVD patients was below 25, and they
proposed that obesity is a separate risk factor for CVD in
both sexes. The results also support [42], they discovered
that a greater risk profile and BMI are both strongly
connected with an increased risk of cardiovascular risk
factors [43]. It has been found that individuals with a
higher BMI have a greater likelihood of being linked
to cardiovascular risk factors such as hypertension,
hypercholesterolemia, and diabetes mellitus.

The condition of obesity is correlated with a heightened
likelihood of developing cardiovascular disease, and there
is a possibility of a stronger manifestation of CVD in
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individuals with obesity. Inflammatory responses have
been observed in individuals with obesity, resulting in
elevated levels of clotting factors such as fibrinogen, von
Willebrand factor, and factors VII and VIII. Additionally,
there is an increase in plasminogen activator inhibitor
type-I, which is associated with reduced fibrinolysis.
These factors collectively contribute to the progression
of cardiovascular disease [44]. The weight of each
individual was measured by personal balance without
heavy clothes and shoes. The height also was measured
by tape measure, and then the body mass index was
estimated according to the World Health Organization
(WHO) classification [45].

The results of our study agreed with the survey [46],
the literature indicates that an elevated BMI is linked
to many noteworthy health consequences, such as
hypertension (HTN), DM, metabolic syndrome (MetS),
and dyslipidemia. These conditions are recognised as
independent risk factors for CVD. The findings of our
investigation were in alignment with the results obtained.
Labountyet al. [47], The study shows that persons with
a higher BMI have a higher prevalence, extent, and
severity of CVD. The findings of our investigation are
incongruous with the existing body of literature. [48,
49] which reported an inverse relationship between
BMI and CVD.

Hyperlipidemia is a comprehensive term that
comprises a range of inherited and acquired illnesses
characterised by increased amounts of lipids in the
body. Hyperlipidemia is characterised by elevated levels
of low-density lipoprotein (LDL), total cholesterol,
triglycerides, or lipoproteins that exceed the 90th
percentile of the general population. Additionally, it may
be identified by high-density lipoprotein (HDL) levels
that fall below the 10th percentile when compared to
the general population [S0].

The current study results have shown an elevation in
cholesterol, Triglyceride, and lipoprotein levels compared
with positive and negative control. Our findings were
consistent with [51, 52], which revealed an increase in total
cholesterol (TC) and low-density lipoprotein cholesterol
(LDL-C) and a decrease in high-density lipoprotein
cholesterol (HDL-C) levels in patients with CVD.

Hypercholesterolemia is a significant risk factor
and has been associated with exacerbated production
of reactive oxygen species (ROS), which significantly
contributes to the initiation and development of
atherosclerotic lesions in patients with CVD [53]. The
outcomes of the current study were agreed with the study
[54]. This showed that abnormal blood lipid metabolism
is arisk factor for CVD. Patients with high triglyceride
(TG) levels and low HDL cholesterol (HDL-C) levels
are risk factors for cardiovascular disease.

Elevated levels of Low-Density Lipoprotein-cholesterol
(LDL-C) are a substantial risk factor for the development
of cardiovascular disease. The levels of low-density
lipoprotein cholesterol (LDL-C) have a significant role
in determining endothelial function and oxidative stress
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in individuals diagnosed with severe cardiovascular
disease (CVD). LDL and oxidised LDL-cholesterols
have been shown to elevate the formation of superoxide,
as well as activate xanthine oxidase and NAD(P)H
oxidoreductase. These processes have been identified
as contributors to the cholesterol-dependent synthesis of
superoxide. Besides the excessive creation of superoxide,
mounting evidence suggests that the mitochondria’s
overproduction of reactive oxygen species may have a
role in the pathogenesis of atherosclerotic disease [55, 56].

The results of our study have disagreed with the
analysis, which has suggested that elevated LDL
cholesterol is not associated with an increased risk of
CVD and atherosclerotic cardiovascular disease. Still,
the results of our data were consistent with the study
[57], which showed similar findings.

High-density lipoprotein-cholesterol (HDL-C)
functions to eliminate surplus cholesterol from peripheral
cells, averting the possibility of its detrimental buildup,
and then conveying it to the liver for excretion via bile.
The aforementioned process assumes a pivotal function
in the prevention of atherosclerosis by facilitating the
effective removal of cholesterol from arterial walls, which
have a propensity for accumulation [58]. The results of
this study showed a decrease in the level of high-density
lipoprotein (HDL) (20.16+0.8736) (mg/dL) in CVD and
DM patients compared to DM and control, (28.69+0.7147),
(38.09+0.7086). These consequences were agreed with
[59], which showed that CVD patients had higher levels
of total cholesterol (TC), triglyceride (TG), low-density
lipoprotein cholesterol (LDL-C), and apolipoprotein B
(APOB), but lower high-density lipoprotein cholesterol
(HDL-C) and apolipoprotein A-1 (APOA-1) as compared
with control. The relationship between high-density
lipoprotein cholesterol and CVD remains controversial.
Circulating monocytes as a source of various cytokines
interact with platelets and endothelial cells and leading to
aggravation of inflammatory, pro-thrombotic pathways.
HDL-C defuse these pro-inflammatory and pro-oxidant
effects of monocytes by inhibiting the migration of
macrophages and oxidation of the LDL-C molecules as
well as promoting the efflux of cholesterol from these
cells [60, 61].

Very Low-Density Lipoprotein (VLDL) is
a lipoprotein synthesised by the hepatic cells. The
process of hepatic assembly involves the synthesis of
lipoproteins by incorporating triglycerides, cholesterol,
and apolipoproteins inside the liver. VLDL undergoes
conversion inside the circulatory system, resulting in
the formation of low-density lipoprotein (LDL) and
intermediate-density lipoprotein (IDL)(63) [62]. The
results of this study showed an increase in very low-
density lipoprotein cholesterol (50.12+1.586) (mg/dL)
in CVD and DM cases compared to DM and Control
(41.344£0.9098), (22.15+0.8037). VLDL is considered
a marker of atherogenic lipoprotein remnants. Most
TG in the bloodstream is carried by very low-density
lipoproteins (VLDL) and chylomicrons (64) [63]. Due
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to their huge size, both very low-density lipoproteins
(VLDL) and chylomicrons are unable to permeate the
artery wall. Hence, it may be inferred that TG does not
have a direct causal relationship with the development
of atherosclerosis. Nevertheless, heightened levels of
triglycerides (TG) lead to a rise in triglyceride-rich
lipoproteins (TRLs) such as very low-density lipoproteins
(VLDL) and chylomicrons [64]. The consequences of our
study agreed with the study (66) [65], which revealed that
elevated VLDL cholesterol levels were found to increase
CVD risk by 2.1-3.3 fold. Our results were consistent
with Xieet al. [66] found that higher VLDL-C levels
were associated with increased CVD.

The liver is responsible for the production of C-reactive
protein (CRP). The amount of [specific component]
increases in the presence of bodily inflammation. Low-
density lipoprotein (LDL) cholesterol not only forms a
layer on the inner walls of arteries but also has detrimental
effects on their structural integrity [67]. The resulting
harm induces an inflammatory response in which the
body initiates a reparative process by mobilising a group
of proteins known as “acute phase reactants.” CRP is
among the proteins in question. Research conducted has
shown that the assessment of CRP levels proves to be
a more reliable and accurate predictor of the presence
of CVD compared to the measurement of LDL levels
[68]. However, it is crucial to note that the CRP test does
not serve as a diagnostic tool for heart disease. Rather,
it is used to detect and measure levels of inflammation
inside the body [69].

The results of this study showed an increase in the
level of C-reactive protein in CVD and DM patients as
compared with DM and Control, respectively and there
was a significant difference in concentrations of CRP
among study groups (p-value <0.0001). This finding
suggests that there is significant public interest in the
association between CRP and CVD, even among those
who already have CVD. Therefore, it is essential to
allocate more emphasis towards the prevention of CVD
on a population-wide scale.

This research provides evidence that a higher level
of CRP is associated with a considerably increased risk
of developing CVD in a large group of individuals in
middle age. Furthermore, the incorporation of CRP into
the conventional risk factors for CVD has the potential
to enhance the categorization of risk. In comparison to
participants without CVD, individuals with DM had
elevated levels of high-sensitivity C-reactive protein
(hs-CRP), whereas those without DM displayed lower
CRP levels. Furthermore, after controlling for factors
such as age, gender, smoking status, alcohol consumption,
systolic blood pressure, blood pressure treatment, total
cholesterol, triglycerides, and high-density lipoprotein,
those with DM had a 62% increased chance of developing
CVD. This discovery aligns with the recommendation
established by the European Society of Cardiology, which
advises those with a moderate risk of CVD to monitor
their CRP levels, as opposed to those with a low risk [70].
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Increased cardiovascular risk is related to elevated
baseline levels of C-reactive protein (CRP) [71].
Consequently, it may be more suitable to put patients with
such elevated levels in the high-risk group, warranting
consideration for pharmacological intervention to control
risk factors [72, 73]. The significant occurrence of
increased CRP levels in patients categorised as having
intermediate risk suggests that evaluating CRP levels
in these individuals is likely to detect a substantial
proportion of patients who have a higher risk than
anticipated based solely on their traditional risk factors.

Elevated levels of Fibroblast growth factor 23 (FGF23)
have been linked to several cardiovascular diseases, such
as hypertension, subclinical atherosclerotic disease, left
ventricular hypertrophy, atrial fibrillation, and other
cardiovascular events [74, 75]. Animal studies have
shown that the administration of FGF-23 results in adverse
effects such as myocyte enlargement and left ventricular
hypertrophy (LVH). The numerical value provided by the
user is 8. Prior research has shown a correlation between
elevated levels of fibroblast growth factor-23 (FGF-23) and
left ventricular hypertrophy (LVH), as well as increased
risk of cardiovascular events and death from all causes
[75, 76]. The occurrence of hyperglycemia results in the
generation of advanced glycation end products (AGEs),
which subsequently contribute to an elevation in the
level of fibroblast growth factor 23 (FGF23) [77, 78].
Individuals diagnosed with type 2 diabetes mellitus
(T2DM), particularly those who are obese, have been
seen to exhibit a condition of heightened inflammation.
It is commonly recognised that inflammation plays a
significant role in the elevation of fibroblast growth factor
23 (FGF23) levels [79, 80].

There have been identified correlations between
elevated levels of FGF-23 and the development of
atherosclerosis, specifically coronary artery calcification
and carotid artery intima-media thickness. The findings
of a research conducted on a cohort of 282 African
American individuals diagnosed with type 2 diabetes
mellitus revealed a correlation between elevated levels
of FGF-23 and the presence of coronary artery calcified
atherosclerotic plaque. However, no such link was seen
with the carotid artery or aorta-iliac calcified plaque
[81]. In a separate investigation including diverse ethnic
cohorts, with a predominant representation of Hispanic
individuals (68% of the sample), a correlation was indeed
seen between elevated levels of FGF-23 and the presence
of carotid calcification [82]. There exists a correlation
between elevated levels of FGF-23 and scores indicating
the presence of coronary artery calcification [83, 84].
The research conducted in China further revealed that
those exhibiting elevated levels of FGF-23 and extensive
coronary calcification had a significantly heightened
susceptibility to all-cause death [83].

The precise processes behind the relationship between
FGF-23 and subclinical atherosclerosis have yet to be fully
elucidated. If there is a correlation between increased
levels of FGF-23 and hypertension, and hypertension is
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a known risk factor for atherosclerosis, it is plausible to
hypothesise that raised FGF-23 levels may be related to the
development of atherosclerosis and vascular dysfunction,
maybe mediated by hypertension. An alternative theory
posits that FGF-23 has a role in promoting vascular
calcification caused by phosphate [85].

Previous research has shown correlations between
elevated levels of FGF-23 and occurrences of coronary and
other ischemic cardiovascular events. In a comprehensive
analysis including a cohort of 704 individuals diagnosed
with CVD, it was shown that elevated levels of FGF-23
were significantly correlated with an amalgamated outcome
encompassing acute coronary syndrome, stroke or transient
ischemic attack, heart failure, and mortality among patients
with T2DM at the commencement of the trial [86].

The findings of the Cardiovascular Health Study
indicate a positive correlation between elevated levels
of FGF-23 and an increased likelihood of experiencing
non-abrupt cardiac death, including cardiovascular
fatalities that are not characterised by sudden events such
as myocardial infarctions and strokes [87]. Elevated levels
of FGF-23 have also been shown to be correlated with a
heightened risk of death in individuals diagnosed with
heart failure characterised by lower ejection fraction [88].
Therefore, elevated levels of FGF-23 have been linked
to various cardiovascular events across diverse groups.

In their study, Kestenbaum e al. evaluated a total of
6547 individuals who were originally free of CVD. These
participants were then followed up for 7.5 years [89]. It
was ultimately shown that an elevated concentration of
FGF23 exhibited a correlation with preclinical cardiac
pathology, the onset of heart failure (HF), and a 14%
higher likelihood of developing ischemic heart disease
(IHD). Udell and colleagues successfully acquired
consistent findings, demonstrating an independent
association between the amount of FGF23 and an
increased risk of cardiovascular mortality or heart
failure in individuals with stable IHD Udellet al. [24].
A subsequent extensive investigation demonstrated
a strong correlation between the concentration of
FGF23, as assessed in individuals having coronary
angiography, and the risk of death from all causes and
cardiovascular-related causes. Multiple studies have
shown a distinct correlation between the amount of
FGF-23 and cardiovascular morbidity and death in
individuals diagnosed with HF as opposed to MI. A
study done by researchers from Germany revealed a
correlation between FGF23 and one-year mortality in
patients diagnosed with MI and concurrent acute HF [91].

Thorsenet al. [92] conducted a study that revealed
a drop in the level of FGF23 during the acute phase of
myocardial infarction (MI), followed by its subsequent
normalisation at seven days after revascularization.
During one year of observation, a progressive increase
in FGF23 concentrations was seen in individuals
diagnosed with overt heart failure [92].

The available evidence suggests that persons
diagnosed with type 2 diabetes, especially those with
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cardiovascular disease and diabetes mellitus, often have
elevated levels of fibroblast growth factor 23 (FGF23)
in comparison to those without diabetes. The observed
outcome is likely attributed to a multifaceted interaction
of many dysregulated mechanisms that concurrently
manifest in cardiovascular disease (CVD). Significantly,
it is worth noting that although the precise mechanisms
have yet to be completely elucidated, there exists a
robust and persistent association between elevated levels
of FGF23 and an increased susceptibility to adverse
cardiovascular outcomes, including morbidity and
death. Notably, similar correlations have been shown
in individuals diagnosed with cardiovascular disease
(CVD) and diabetes mellitus (DM), underscoring the
significance of fibroblast growth factor 23 (FGF23) as
arisk determinant in diabetic patients.

5. Conclusion

The findings of this study suggest that FGF23 and
CRP may serve as valuable indicators in predicting the
simultaneous occurrence of cardiovascular diseases,
insulin resistance, and dysglycemia among seemingly
healthy individuals below the age of 50 in the Al-Basra
population. FGF23, also known as fibroblast growth
factor 23, has been linked to various cardiovascular
conditions and has emerged as a potential biomarker for
assessing cardiovascular risk. Its involvement in mineral
metabolism and phosphate regulation has garnered
attention in recent research. Moreover, C-reactive

protein (CRP), an inflammatory marker, has been widely
studied as a risk indicator for cardiovascular diseases. Its
elevation in the blood has been associated with systemic
inflammation and has been shown to correlate with the
occurrence of insulin resistance and dysglycemia. The
study implies that the measurement of FGF23 and CRP
levels could be a clinically useful and straightforward
approach to identifying individuals who are at a higher
risk of developing cardiovascular diseases, insulin
resistance, and dysglycemia. Implementing these
biomarkers as part of routine screenings may aid in
early detection and prompt intervention to mitigate the
adverse effects of these health conditions.

Acknowledgement: Special thanks to chemist Aqil S.
Majid for conducting tests of the antioxidant activity of
some compounds prepared at the University of Baghdad.

Conflicts of Interest: The authors declare that they
have no competing interests.

Ethical Clearance: The project was approved by the
local ethical committee at the University of Baghdad.

Author’s Contribution: This work was carried out in
collaboration between all authors; M.H. contributed to
the Conception, design, and acquisition of data, and L.S.
contributed to the revision and proofreading, analysis,
interpretation, and drafting of the MS. All the Authors
read and approved the final manuscript.

B References

1. Einarson TR, Acs A, Ludwig C, Panton UH.
Prevalence of cardiovascular disease in type 2
diabetes: a systematic literature review of scientific
evidence from across the world in 2007-2017.
Cardiovascular Diabetology 2018. 17(1):1-19.

2. Seferovi¢ PM, Petrie MC, Filippatos GS, Anker
SD, Rosano G, Bauersachs J, et al. Type 2 diabetes
mellitus and heart failure: a position statement
from the Heart Failure Association of the European
Society of Cardiology. European journal of heart

failure 2018. 20(5):853-72.

3. Vibhitalo JH, Huikuri HV, Holmstrom LT, Kentti
TV, Haukilahti MAE, Pakanen L, et al. Association
of silent myocardial infarction and sudden cardiac
death. JAMA cardiology 2019. 4(8):796-802.

4. Perk J, Backer GD, Gohlke H, Graham IM,
Reiner Z, Verschuren WMM, et al. European
Guidelines on Cardiovascular Disease Prevention
in Clinical Practice (Version 2012). International
Journal of Behavioral Medicine 2012. 19:403-88.

5. Myers J, McAuley P, Lavie CJ, Despres J-P,
Arena R, Kokkinos P. Physical activity and
cardiorespiratory fitness as major markers of
cardiovascular risk: their independent and
interwoven importance to health status. Progress
in cardiovascular diseases 2015. 57(4):306-14.

www.diabeticstudies.org

6. Aryangat AV, Gerich JE. Type 2 diabetes:
postprandial hyperglycemia and increased
cardiovascular risk. Vascular health and risk
management 2010.145-55.

7. Maruthur NM. The growing prevalence of type 2
diabetes: increased incidence or improved survival?
Current diabetes reports 2013. 13:786-94.

8. Bilak JM, Gulsin GS, McCann GP. Cardiovascular
and systemic determinants of exercise capacity in
people with type 2 diabetes mellitus. Therapeutic
Advances in Endocrinology and Metabolism 2021.
12:2042018820980235.

9. MordilR, Trucco E, Syed MG, MacGillivray T,
Nar A, Huang Y, et al. Prediction of major adverse
cardiovascular events from retinal, clinical, and
genomic data in individuals with type 2 diabetes:
a population cohort study. Diabetes Care 2022.
45(3):710-6.

10. Langsted A, Nordestgaard BG. Nonfasting
versus fasting lipid profile for cardiovascular risk
prediction. Pathology 2019. 51(2):131-41.

11. Podkowinska A, Formanowicz D. Chronic kidney
disease as oxidative stress-and inflammatory-mediated
cardiovascular disease. Antioxidants 2020. 9(8):752.

12. Vujkovic M, Keaton JM, Lynch JA, Miller
DR, Zhou J, Tcheandjieu C, et al. Discovery of
318 new risk loci for type 2 diabetes and related
vascular outcomes among 1.4 million participants

Rev Diabet Stud (2023) 19:145-157



Evaluation of FGF23, C-reactive Protein and Lipid

Profile as Predictors for Cardiovascular Diseases in
Patients with Type 2 Diabetes

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

in a multi-ancestry meta-analysis. Nature genetics
2020. 52(7):680-91.

Hansen PR. Chronic inflammatory diseases
and atherosclerotic cardiovascular disease:
innocent bystanders or partners in crime? Current
Pharmaceutical Design 2018. 24(3):281-90.

He P, Fan S-y, Guan J-q, Song W-j, Obore
N, Chen W-q, et al. Mediation analysis for the
relationship between dyslipidemia and coronary
artery disease via hypersensitive C-reactive protein
in a case-control study. Coronary artery disease
2020. 31(7):613-9.

Mayer FJ, Binder CJ, Krychtiuk KA, Schillinger
M, Minar E, Hoke M. The prognostic value of
serum amyloid A for long-term mortality among
patients with subclinical carotid atherosclerosis.
European Journal of Clinical Investigation 2019.
49(6):e13095.

Wu P, Jia F, Zhang B, Zhang P. Risk of
cardiovascular disease in inflammatory bowel
disease. Experimental and Therapeutic Medicine
2017. 13(2):395-400.

Ahmad AA, Almukhtar HM, Merkhan MM.
Vasomotor impact of perivascular adipose tissue
on coronary circulation. Indian Journal of Public
Health Research & Development 2019. 1(10):10.
Lv J-M, Wang M-Y. In vitro generation and
bioactivity evaluation of C-reactive protein
intermediate. PLoS One 2018. 13(5):¢0198375.
Sproston NR, Ashworth JJ. Role of C-reactive
protein at sites of inflammation and infection.
Frontiers in immunology 2018. 9:754.

Liu S, Quarles LD. How fibroblast growth factor
23 works. Journal of the American Society of
Nephrology 2007. 18(6):1637-47.

Ix JH, Shlipak MG, Wassel CL, Whooley MA.
Fibroblast growth factor-23 and early decrements
in kidney function: the Heart and Soul Study.
Nephrology Dialysis Transplantation 2010.
25(3):993-7.

Faul C, Amaral AP, Oskouei B, Hu M-C, Sloan
A, Isakova T, et al. FGF23 induces left ventricular
hypertrophy. The Journal of clinical investigation
2011. 121(11):4393-408.

Touchberry CD, Green TM, Tchikrizov V,
Mannix JE, Mao TF, Carney BW, et al. FGF23 is
anovel regulator of intracellular calcium and cardiac
contractility in addition to cardiac hypertrophy.
American Journal of Physiology-Endocrinology
and Metabolism 2013. 304(8):E863-E73.

Udell JA, Morrow DA, Jarolim P, Sloan S,
Hoffman EB, O’Donnell TF, et al. Fibroblast
growth factor-23, cardiovascular prognosis, and
benefit of angiotensin-converting enzyme inhibition
in stable ischemic heart disease. Journal of the
American College of Cardiology 2014. 63(22):2421-8.
Tuiién J, Fernandez-Fernandez B, Carda R,
Pello AM, Cristébal C, Tarin N, et al. Circulating

Rev Diabet Stud (2023) 19:145-157

The Review of DIABETIC STUDIES
Vol. 19- No. 3- 2023

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

154

fibroblast growth factor-23 plasma levels predict
adverse cardiovascular outcomes in patients with
diabetes mellitus with coronary artery disease.
Diabetes/metabolism research and reviews 2016.
32(7):685-93.

Scialla JJ, Xie H, Rahman M, Anderson AH,
Isakova T, Ojo A, et al. Fibroblast growth factor-23
and cardiovascular events in CKD. Journal of
the American Society of Nephrology: JASN 2014.
25(2):349.

Lutsey PL, Alonso A, Selvin E, Pankow JS,
Michos ED, Agarwal SK, et al. Fibroblast growth
factor-23 and incident coronary heart disease,
heart failure, and cardiovascular mortality: the
Atherosclerosis Risk in Communities study.
Journal of the American Heart Association 2014,
3(3):e000936.

Jiang M, Gong D, Fan Y. Elevated fibroblast growth
factor-23 and risk of cardiovascular disease or
mortality in the general population: a meta-analysis.
International journal of cardiology 2016. 222:342-5.
MJ C, F T, VK Y. Appropriate body-mass index
for Asian populations and its implications. Lancet
2004. 363(9403):157-63.

Shao C, Wang J, Tian J, Tang Y-d. Coronary
artery disease: from mechanism to clinical practice.
Coronary Artery Disease: Therapeutics and Drug
Discovery 2020.1-36.

Samanidis G, Gkogkos A, Bousounis S,
Zoumpourlis P, Perrea D, Perreas K. Risk factors
for severity of coronary artery disease in patients
with cardiovascular disease. Atherosclerosis 2021.
331:e104-e5.

Foody JM, Milberg JA, Pearce GL, Sprecher
DL. Lipoprotein (a) associated with coronary artery
disease in older women: age and gender analysis.
Atherosclerosis 2000. 153(2):445-51.
Mancheva M, Paljoskovska-Jordanova S,
Bosevski M. Carotid intima media thickness is
in a relation to risk factors for coronary artery
disease. Arterial Hypertension 2020. 183(27):8.
Rodgers JL, Jones J, Bolleddu SI, Vanthenapalli
S, Rodgers LE, Shah K, et al. Cardiovascular
risks associated with gender and aging. Journal of
cardiovascular development and disease 2019. 6(2):19.
Forman DE, Rich MW, Alexander KP, Zieman
S, Maurer MS, Najjar SS, et al. Cardiac care for
older adults: time for a new paradigm. Journal
of the American College of Cardiology 2011.
57(18):1801-10.

Ikdheimo TM. Cardiovascular diseases, cold
exposure and exercise. Temperature 2018. 5(2):123-46.
Wang M, Tan Y, Shi Y, Wang X, Liao Z, Wei
P. Diabetes and sarcopenic obesity: pathogenesis,
diagnosis, and treatments. Frontiers in endocrinology
2020. 11:568.

Jiang T, Zhang Y, Dai F, Liu C, Hu H, Zhang
Q. Advanced glycation end products and diabetes

Copyright © by Lab & Life Press



155

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

The Review of DIABETIC STUDIES

Jabber et al.

Vol. 19 No. 3- 2023

and other metabolic indicators. Diabetology &
Metabolic Syndrome 2022. 14(1):104.

Yan Z, Cai M, Han X, Chen Q, Lu H. The
Interaction Between Age and Risk Factors for
Diabetes and Prediabetes: A Community-Based
Cross-Sectional Study. Diabetes, Metabolic
Syndrome and Obesity 2023.85-93.

Verdoia M, Schaffer A, Barbieri L, Bellomo
G, Marino P, Sinigaglia F, et al. Impact of age
on mean platelet volume and its relationship with
coronary artery disease: a single-centre cohort study.
Experimental Gerontology 2015. 62:32-6.

Sabah KMN, Chowdhury AW, Khan HLR, Hasan
AH, Haque S, Ali S, et al. Body mass index and
waist/height ratio for prediction of severity of coronary
artery disease. BMC research notes 2014. 7:1-7.
Nabati M, Moosazadeh M, Soroosh E, Shiraj
H, Gholami M, Ghaemian A. Correlation
between overweightness and the extent of coronary
atherosclerosis among the South Caspian population.
BMC Cardiovascular Disorders 2020. 20(1):1-11.
Qu Yn, Zhang F, Li C, Dai Y, Yang H, Gao Y,
et al. Relationship between body mass index and
outcomes of coronary artery disease in Asian
population: Insight from the FOCUS registry.
International journal of cardiology 2020. 300:262-7.
Jahangir E, De Schutter A, Lavie CJ. The
relationship between obesity and coronary artery
disease. Translational Research 2014. 164(4):336-44.
Kibr G. Food choice behaviors of lactating women:
association with body mass index and fruits and
vegetables intake in Central Amhara Region,
Ethiopia—an observational study. Journal of
Nutrition and Metabolism 2021. 2021.
Alkhawam H, Nguyen J, Sayanlar J, Sogomonian
R, Desai R, Jolly J, et al. Coronary artery disease
in patients with body mass index> 30 kg/m2: a
retrospective chart analysis. Journal of community
hospital internal medicine perspectives 2016.
6(3):31483.

Labounty TM, Gomez MJ, Achenbach S, Al-
Mallah M, Berman DS, Budoff MJ, et al. Body
mass index and the prevalence, severity, and risk of
coronary artery disease: an international multicentre
study of 13 874 patients. European Heart Journal—
Cardiovascular Imaging 2013. 14(5):456-63.
Rubinshtein R, Halon DA, Jaffe R, Shahla J,
Lewis BS. Relation between obesity and severity
of coronary artery disease in patients undergoing
coronary angiography. The American journal of
cardiology 2006. 97(9):1277-80.

Niraj A, Pradahan J, Fakhry H, Veeranna V,
Afonso L. Severity of coronary artery disease in obese
patients undergoing coronary angiography:“obesity
paradox” revisited. Clinical Cardiology: An
International Indexed and Peer-Reviewed Journal
for Advances in the Treatment of Cardiovascular
Disease 2007. 30(8):391-6.

www.diabeticstudies.org

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Dechkhajorn W, Maneerat Y, Prasongsukarn
K, Kanchanaphum P, Kumsiri R. Interleukin-8
in hyperlipidemia and coronary heart disease in
Thai patients taking statin cholesterol-lowering
medication while undergoing coronary artery
bypass grafting treatment. Scientifica 2020. 2020.
Qiu W, Chen J, Huang X, Guo J. The analysis
of the lipid levels in patients with coronary artery
disease after percutaneous coronary intervention:
a one-year follow-up observational study. Lipids
in health and disease 2020. 19(1):1-10.

Bartlett J, Predazzi IM, Williams SM, Bush WS,
Kim Y, Havas S, et al. Is isolated low high-density
lipoprotein cholesterol a cardiovascular disease
risk factor? New insights from the Framingham
offspring study. Circulation: Cardiovascular
Quality and Outcomes 2016. 9(3):206-12.
Trinder M, Francis GA, Brunham LR. Association
of monogenic vs polygenic hypercholesterolemia
with risk of atherosclerotic cardiovascular disease.
JAMA cardiology 2020. 5(4):390-9.

Lee JS, Chang P-Y, Zhang Y, Kizer JR, Best LG,
Howard BV. Triglyceride and HDL-C dyslipidemia
and risks of coronary heart disease and ischemic
stroke by glycemic dysregulation status: the strong
heart study. Diabetes Care 2017. 40(4):529-37.
Merkhan M, Mohammad J, Fathi Z, Younus
Z, Mahmood SM, Mohammed M. Silent
hyperlipidaemia modulated vascular endothelial
markers. Pharmacia 2021. 68(2):479-84.

Xu N, Jiang S, Persson PB, Persson EA, Lai EY,
Patzak A. Reactive oxygen species in renal vascular
function. Acta Physiologica 2020. 229(4):e13477.
Sun X, Zhang M, Sanagawa A, Mori C, Ito S,
Iwaki S, et al. Circulating microRNA-126 in patients
with coronary artery disease: correlation with LDL
cholesterol. Thrombosis journal 2012. 10:1-5.
Bonizzi A, Piuri G, Corsi F, Cazzola R, Mazzucchelli
S. HDL dysfunctionality: clinical relevance of quality
rather than quantity. Biomedicines 2021. 9(7):729.
Wu T-T, Gao Y, Zheng Y-Y, Ma Y-T, Xie X.
Atherogenic index of plasma (AIP): a novel
predictive indicator for the coronary artery disease
in postmenopausal women. Lipids in health and
disease 2018. 17(1):1-7.

Wu T-T, Zheng Y-Y, Chen Y, Yu Z-X, Ma Y-T, Xie
X. Monocyte to high-density lipoprotein cholesterol
ratio as long-term prognostic marker in patients with
coronary artery disease undergoing percutaneous
coronary intervention. Lipids in health and disease
2019. 18:1-10.

Hristov M, Heine G. Monocyte subsets in
atherosclerosis. Hamostaseologie 2015. 35(02):105-12.
Mohammad JA, Fathi FH, Almulathanon AA,
Merkhan MM. Hyperlipidemia connoted vitiation
of serum adipokines and redox imbalances. Military
Medical Science Letters/Vojenské Zdravotnickeé
Listy 2023. 92(2):p184.

Rev Diabet Stud (2023) 19:145-157



Evaluation of FGF23, C-reactive Protein and Lipid

Profile as Predictors for Cardiovascular Diseases in
Patients with Type 2 Diabetes

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Diaz-Aragén A, Ruiz-Gastelum E, Alvarez-
Loépez H. Conociendo los mecanismos basicos del
metabolismo de los lipidos. Cardiovascular and
Metabolic Science 2021. 32(S3):s147-52.
Hirano T. Pathophysiology of diabetic
dyslipidemia. Journal of atherosclerosis and
thrombosis 2018. 25(9):771-82.

Ren J, Grundy SM, Liu J, Wang W, Wang M,
Sun J, et al. Long-term coronary heart disease
risk associated with very-low-density lipoprotein
cholesterol in Chinese: the results of a 15-Year
Chinese Multi-Provincial Cohort Study (CMCS).
Atherosclerosis 2010. 211(1):327-32.

Xie X, Zhang X, Xiang S, Yan X, Huang H, Tian
Y, et al. Association of very low-density lipoprotein
cholesterol with all-cause and cardiovascular
mortality in peritoneal dialysis. Kidney and Blood
Pressure Research 2017. 42(1):52-61.

Baruah M. C-reactive protein (crp) and markers
of oxidative stress in acute myocardial infarction.
Clinical Significance of C-reactive Protein
2020.95-115.

Berg D, Bonifacino E, Bundrick JD, Grubenhoff
JA, Haskell MH, Jacob A, et al. 15th Annual
International Conference. Planning 2022.

Ain QU, Sarfraz M, Prasesti GK, Dewi TI,
Kurniati NF. Confounders in identification and
analysis of inflammatory biomarkers in cardiovascular
diseases. Biomolecules 2021. 11(10):1464.

V A, CD C. Global, regional, and national age-
sex specific all-cause and cause-specific mortality
for 240 causes of death, 1990-2013: a systematic
analysis for the Global Burden of Disease Study
2013. Lancet 2015. 385(9963):117-71.
Osuna-Prieto FJ, Martinez-Tellez B, Ortiz-
Alvarez L, Di X, Jurado-Fasoli L, Xu H, et al.
Elevated plasma succinate levels are linked to higher
cardiovascular disease risk factors in young adults.
Cardiovascular Diabetology 2021. 20:1-10.

Garin N, Sole N, Lucas B, Matas L, Moras D,
Rodrigo-Troyano A, et al. Drug related problems
in clinical practice: a cross-sectional study on their
prevalence, risk factors and associated pharmaceutical
interventions. Scientific reports 2021. 11(1):883.
Saraiva RM, Mediano MFF, Mendes FS, da
Silva GMS, Veloso HH, Sangenis LHC, et al.
Chagas heart disease: an overview of diagnosis,
manifestations, treatment, and care. World Journal
of Cardiology 2021. 13(12):654.

Yildiz M, Oktay AA, Stewart MH, Milani RV,
Ventura HO, Lavie CJ. Left ventricular hypertrophy
and hypertension. Progress in cardiovascular diseases
2020. 63(1):10-21.

Batra J, Buttar RS, Kaur P, Kreimerman J,
Melamed ML. FGF-23 and cardiovascular disease:
review of literature. Current opinion in endocrinology,
diabetes, and obesity 2016. 23(6):423.
Leifheit-Nestler M, Vogt I, Haffner D, Richter

Rev Diabet Stud (2023) 19:145-157

The Review of DIABETIC STUDIES
Vol. 19- No. 3- 2023

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

156

B. Phosphate is a cardiovascular toxin. Phosphate
Metabolism: From Physiology to Toxicity 2022.107-34.
Yamamoto M, Sugimoto T. Advanced glycation
end products, diabetes, and bone strength. Current
osteoporosis reports 2016. 14:320-6.

Bir L, Wichter K, Wege N, Navarrete Santos
A, Simm A, Foller M. Advanced glycation end
products stimulate gene expression of fibroblast
growth factor 23. Molecular nutrition & food research
2017. 61(8):1601019.

David V, Martin A, Isakova T, Spaulding C, Qi
L, Ramirez V, et al. Inflammation and functional
iron deficiency regulate fibroblast growth factor 23
production. Kidney international 2016. 89(1):135-46.
Chen L, Merkhan MM, Forsyth NR, Wu P.
Chorionic and amniotic membrane-derived stem
cells have distinct, and gestational diabetes mellitus
independent, proliferative, differentiation, and
immunomodulatory capacities. Stem cell research
2019. 40:101537.

Freedman BI, Divers J, Russell GB, Bowden DW,
Carr JJ, Wagenknecht LE, et al. Plasma FGF23
and calcified atherosclerotic plaque in African
Americans with type 2 diabetes mellitus. American
Jjournal of nephrology 2016. 42(6):391-401.

Shah NH, Dong C, Elkind MS, Sacco RL, Mendez
AJ, Hudson BI, et al. Fibroblast growth factor 23
is associated with carotid plaque presence and area:
the Northern Manhattan Study. Arteriosclerosis,
thrombosis, and vascular biology 2015. 35(9):2048-53.
Zhang M, Yan J, Zhu M, Ni Z. Fibroblast growth
factor 23 predicts coronary calcification and poor
prognosis in patients with chronic kidney disease
stages 3-5D. Annals of Clinical & Laboratory
Science 2015. 45(1):17-22.

Desjardins L, Liabeuf S, Renard C, Lenglet
A, Lemke H-D, Choukroun G, et al. FGF23 is
independently associated with vascular calcification
but not bone mineral density in patients at various
CKD stages. Osteoporosis International 2012.
23:2017-25.

Jimbo R, Kawakami-Mori F, Mu S, Hirohama
D, Majtan B, Shimizu Y, et al. Fibroblast growth
factor 23 accelerates phosphate-induced vascular
calcification in the absence of Klotho deficiency.
Kidney international 2014. 85(5):1103-11.
Tasdemir M, Eroglu AG, Canpolat N, Konukoglu
D, Agbas A, Sevim MD, et al. Cardiovascular
alterations do exist in children with stage-2
chronic kidney disease. Clinical and experimental
nephrology 2016. 20:926-33.

Deo R, Katz R, de Boer IH, Sotoodehnia N,
Kestenbaum B, Mukamal KJ, et al. Fibroblast growth
factor 23 and sudden versus non-sudden cardiac death:
the cardiovascular health study. American Journal of
Kidney Diseases 2015. 66(1):40-6.

Koller L, Kleber ME, Brandenburg VM,
Goliasch G, Richter B, Sulzgruber P, et al.

Copyright © by Lab & Life Press



157

89.

90.

91.

Fibroblast growth factor 23 is an independent and
specific predictor of mortality in patients with heart
failure and reduced ejection fraction. Circulation:
Heart Failure 2015. 8(6):1059-67.

Kestenbaum B, Sachs MC, Hoofnagle AN,
Siscovick DS, Ix JH, Robinson-Cohen C, et al.
Fibroblast growth factor-23 and cardiovascular
disease in the general population: the Multi-Ethnic
Study of Atherosclerosis. Circulation: Heart
Failure 2014. 7(3):409-17.

Cornelissen A, Florescu R, Kneizeh K, Cornelissen
C, Liehn E, Brandenburg V, et al. Fibroblast growth
factor 23 and outcome prediction in patients with
acute myocardial infarction. Journal of Clinical
Medicine 2022. 11(3):601.

Thorsen IS, Geransson LG, Ueland T, Aukrust P,
Manhenke CA, Skadberg @, et al. The relationship
between Fibroblast Growth Factor 23 (FGF23) and
cardiac MRI findings following primary PCI in
patients with acute first time STEMI. IJC Heart &
Vasculature 2021. 33:100727.

www.diabeticstudies.org

The Review of DIABETIC STUDIES
Vol. 19 No. 3- 2023

Jabber et al.

Rev Diabet Stud (2023) 19:145-157



