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Apelin, C-reactive protein, and serum protein correlation
with blood pressure — a biomarker analysis
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ABSTRACT

Introduction and aim. Hypertension is a major global health burden and a leading cause of cardiovascular disease and prema-
ture death. This study aimed to evaluate the association between serum apelin, inflammatory markers, and protein metabolism
parameters in hypertensive patients compared to normotensive controls. This study uniquely explores the interplay between
inflammatory and protein metabolism biomarkers using advanced multivariate models in hypertensive adults, a combination
not previously examined in this population.

Material and methods. Two hundred adults aged 35-65 years were divided into hypertensive (n=100) and normotensive
(n=100) groups. Serum apelin and C-reactive protein (CRP) levels were measured using enzyme-linked immunosorbent assay,
while albumin and total protein were assessed via spectrophotometry. Statistical analyses included t-tests, multiple regression,
structural equation modeling (SEM), and Cox regression.

Results. Hypertensive patients had significantly higher blood pressure (p<0.001), CRP (7.52+4.21 vs. 1.35+0.51 mg/L; p<0.001),
globulin (3.4+1.0 vs. 1.8+0.9 g/dL; p<0.001), and total protein, but lower apelin (2386.2+401.7 vs. 2873.4+572.8 pg/mL; p<0.001)
and albumin levels. SEM revealed a direct association between CRP and systolic blood pressure (3=0.45, p<0.001), and a neg-
ative association between apelin and systolic pressure (3=—0.20, p=0.03). CRP (HR=1.75, p=0.005) and systolic BP (HR=1.52,
p<0.001) were independent predictors of cardiovascular events.

Conclusion. The findings suggest that systemic inflammation and dysregulation of serum protein metabolism are significantly
associated with hypertension and cardiovascular risk. Apelin may play a protective role by mitigating the impact of inflamma-
tion on blood pressure.
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Introduction fragile economies. Hypertension is sometimes referred

Hypertension generally is the leading cause of cardio-
vascular disease and early death. Over the past forty
years, the global mean blood pressure (BP) has either
stayed the same or slightly dropped due to the exten-
sive usage of antihypertensive drugs.! According to the
Global Burden of Disease report, blood pressure-related
disorders have killed over 50 million people and injured
many more. They have a devastating effect on already

to as the “silent killer” because most people with it have
no symptoms. However, symptoms like headache, diz-
ziness, dyspnea, angina, palpitations, and epistaxis can
occasionally result from hypertension.? With 66% of
strokes, 50% of cases of coronary heart disease, and
9.4 million deaths each year, hypertension is the lead-
ing cause of disease globally. The association between
hypertension and the risk of sudden cardiac death has
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been the subject of several cohort studies.” Numerous
consequences brought on by hypertension include heart
disease, stroke, and chronic renal disease, all of which
are leading causes of death globally.*

Prognostication can still be challenging despite
medicines being guided by patient complaints, func-
tional capacity evaluations and pulmonary artery
pressures. Age, blood pressure, renal function, and
biomarker abnormalities have all been found in stud-
ies to be indicators of a bad prognosis. These clinical
characteristics might be helpful when discussing prog-
noses with patients and directing treatment.® White ad-
ipose tissue secretes adipokines, which are “molecular
messengers” that regulate several bodily functions, in-
cluding energy balance. They can interact with sever-
al organs, including the brain, liver, pancreas, muscle,
and vasculature, and they can operate in an autocrine,
paracrine, or endocrine fashion.® The bioactive peptide
apelin was first discovered in a bovine stomach tissue
extract in some organs. In addition to the central ner-
vous system, adipocytes and the placenta contain apelin
and its receptors. An adipocytokine called apelin binds
to the G protein-coupled receptor known as the APJ.”

Endothelium-dependent vasodilation, smooth
muscle vasoconstriction, angiogenesis, cardiac con-
tractility stimulation, water intake, diuretic action, an-
giotensin II antagonistic effects, positive inotropes,
and other cardiovascular activities of the apelin-re-
ceptor system are just a few of the biological impacts
of apelin. These findings have spurred a study on ape-
lin as an endogenous mediator essential for cardiovas-
cular disorders.® Apelin is a vasoactive endogenous
peptide produced from the C-terminal of a 77-ami-
no acid pre-proapelin. It is cleaved enzymatically to
form different apelin fragments (apelin 13, 16, 17, 19,
36). The most active fragment is apelin-13, and its re-
ceptor (AP]) is a member of the G-protein coupled re-
ceptors. Apelin and APJ are widely distributed in the
cardiovascular system. The apelin-APJ signalling is also
crucial for appropriately developing the cardiovascular
system and forming blood vessels.” The condition can
easily impact serum proteins, which are freely accessi-
ble. The most significant proteins in human plasma are
serum proteins, such as albumin, which are crucial for
preserving osmolality and nutrition.' Conditions like
infection, inflammation, and disorders of the liver and
connective tissues can raise serum globulin levels. Still,
nephrotic syndrome and starvation can lower them be-
cause of decreased protein synthesis and loss through
the kidney, respectively." Initially identified as a posi-
tive acute phase reactant (protein), C-reactive protein
(CRP) is released into the bloodstream in response to
hepatocyte inflammation. It is a sign of several illnesses
and the continuous inflammatory process in our bod-
ies.'”? About 60% of serum proteins are albumin, which
is made in the liver.”® Clinically, circulating CRP lev-

els are used to forecast the likelihood of cardiovascular
events and to help choose treatments for people at in-
termediate risk based on more precise risk assessment.'

The liver and blood cells produce serum total pro-
tein (TP), a complex mixture of several proteins, includ-
ing albumin and globulin.”” A vital protein, albumin
serves a variety of physiological purposes. Low serum
albumin levels may indicate the degree of inflammation
and nutritional condition. Globulin, a significant com-
ponent of total plasma protein, is involved in the inflam-
matory process and is a gauge for the degree and timing
of inflammation.'® Globulin, which comprises numer-
ous inflammatory-related proteins, rises as inflamma-
tion progresses. To provide a more accurate picture of
the body’s nutritional and inflammatory condition, the
albumin/globulin ratio (AGR) considers both albumin
and globulin."” To our knowledge, this is the first study
to evaluate the combined role of apelin, CRP, and serum
protein parameters in predicting blood pressure using
structural equation modeling in a Middle Eastern hy-
pertensive population.

Aim

This study aims to show why CRP and apelin levels dif-
fer significantly in hypertensive individuals compared to
healthy controls by monitoring the levels of these bio-
active parameters in patients with hypertension. Un-
derstanding these potential interactions may provide
insights into the mechanisms underlying hypertension
and contribute to understanding blood pressure and de-
veloping novel therapeutic strategies.

Material and methods

Study population

The present study employed a cross-sectional observa-
tional design conducted between August 2024 to March
2025. Two hundred adult participants in the age range
(35 to 65) years were enrolled in the study and divid-
ed into two groups, also all patient were middle income
families and same local area. The participants were re-
cruited using convenience sampling strategy from the
Internal Medicine Consultant of Al-Basrah Teaching
Hospital, Al-Basrah Governorate Southern Iraq. Prior to
their participation in the study, all participants provid-
ed written informed consent, as required by the Univer-
sity of Basrah’s Human and Animal Ethics Committee
in Iraq (No. 2024/112). All human contact methods de-
scribed in this study were approved by the University of
Basral’s Human and Animal Ethics Committee in Iraq
(No. 2024/112).

One hundred people with hypertension (HTN),
consisting of 60 females and 40 males, are included in
the study. The duration of hypertension was determined
from the medical history of the affected patients, rang-
ing from 5-15 years. All patients were prescribed var-
ious antihypertensive medications like alpha-blockers,
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beta-blockers, angiotensin-converting enzyme (ACE)
inhibitors and angiotensin II receptor antagonists
(ARBs). In addition, the duration of taking medicine
ranged between 5-15 years. Also, 100 participants, aged
between 35 and 65 years, were selected as the control
group (healthy people). This group is comprised of 58
females and 42 males. All patients treated by an internal
medicine consultant and diagnosed with hypertension
were included in the trial.

Criteria of exclusion

Study included patients and controls total of 300 aged
35-65 years who were able to provide inform consent.
One hundred patients and controls were subjected to
exclusion because they had diabetic mellitus, thyroid
disease, alcoholism, pregnancy, liver disease, kidney dis-
ease, tumors, or heart disease, also those taking medica-
tions that could influence the study outcomes.

Laboratory tests

Fasting blood samples were collected using disposable
plastic syringes; about 5 mL of venous blood was ex-
tracted from patients, placed in a gel tube, centrifuged,
and the serum was kept at (-20°C) until analysis. The
biochemical parameters were measured as follows: Al-
bumin and total proteins were measured by spectro-
photometer (EMC-11S-V, Germany). C-reactive protein
and apelin were measured using an enzyme-linked im-
munosorbent assay (ELISA) /Multiskan FC/Thermo-
scientific (Elabscience, USA). Elabscience Human CRP
Elisa kit and Elabscience Human APL (Apelin) Elisa
kit were used. Furthermore, Triglycerides, Cholesterol,
HDL and LDL were measured spectrophotometrically.'®

ELISA kit details

Elabscience® Human APLN(Apelin) ELISA Kit, Cata-
log No: E-EL-H0456, Sensitivity 37.5 pg/mL, Detection
Range 62.5-4000 pg/mL, Repeatability Coefficient of
variation (CV%) is<10%.

Elabscience® Human CRP ELISA Kit, Catalog No:
E-EL-HO0043, Sensitivity 0.23 ng/mL, Detection Range
0.39-25 ng/mL, Repeatability Coefficient of variation
(CV%) is<10%.

Sample collection

Data were collected through a closed questionnaire that
included 12 questions about concepts like (Name, Age,
other chronic diseases, thyroid disease, duration of hy-
pertension disease, taking medications, place of res-
idence, marital status, height, weight and smoking).
Body mass index (BIM) was calculated by dividing the
weight (kg) by height (m?)"* using equation 1.

BMI (k_g) _ Wweight (kg) (1)

m2) ~ height (m?)

Statistical analysis

The Statistical Package for the Social Sciences (SPSS),
version 24, was used to describe statistical calculations
to determine the study’s mean and standard deviation
(SD). Paired t-tests and ANOVA were employed for
statistical comparisons; probability less than 0.05 was
used as the statistical significance level. The chi-square
test was used to evaluate frequency tables, while the in-
dependent sample t-test was used to assess mean and
standard deviation tables. The association between the
studied markers is ascertained using the Pearson cor-
relation coefficient.

Principal Component Analysis (PCA) was applied
to reduce the dimensionality of the dataset and high-
light key variables explaining the most significant vari-
ance. Multivariate analysis of covariance (MANCOVA)
was used to assess the effects of multiple dependent vari-
ables while controlling for confounding variables such
as age and gender. Structural equation modelling (SEM)
was employed to examine the complex relationships be-
tween observed and latent variables, specifically how
CRP influences systolic blood pressure while account-
ing for other physiological markers. Cox Proportional
Hazards regression was used for long-term follow-up to
analyze the time spent on specific events such as cardio-
vascular events.

Results

Demographics and baseline characteristics

The demographic characteristics and baseline clinical
data of the study participants are summarized in Table 1.

Table 1. Demographic characteristics of controls and
patients

Parameter Controls (n=100)  Patients (n=100) p
Age (years, mean=SD) 47.1+6.3 48.6+7.4 <0.01
Gender (Male: Female) 42:58 40:60 0.74
BMI (kg/m?) 22.38+2.55 29.90+3.29 <0.001
Systolic BP (mmHg, mean) 118.2+7.5 160.4+15.6 <0.001
Diastolic BP (mmHg, mean) 78.1+5.2 95.8+7.8 <0.001

The patient group’s mean age was significantly
higher (p<0.01). Systolic and diastolic blood pressures
were also significantly elevated in the patient group
(p<0.001). No significant difference was observed in the
gender distribution between the two groups (p=0.74).

Key biochemical parameters, including CRP, apelin,
albumin, total protein, and globulin levels, were com-
pared between the control and patient groups. These re-
sults are displayed in Table 2.

Total protein and globulin levels were significant-
ly higher in the patient group (p<0.001), which could
reflect a compensatory response to inflammation CRP
levels, an inflammatory marker, were significantly ele-
vated in the patient group, suggesting higher inflam-
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matory activity. Apelin levels were reduced in patients,
pointing to potential metabolic.?’ Both systolic and di-
astolic blood pressures were significantly higher in the
patient group compared to the control group (p<0.001).
On the other hand, people with hypertension, once they
start blood pressure medication, cannot stop. More-
over, the patients were not committed to dietary issues,
had low activity levels and were stressed. The medica-
tions they were taking impacted sodium and potassium
ion levels but did not affect blood proteins; therefore,
they were unlikely to have influenced the parameters
measured in the study, such as albumin and globulin.
This highlights the elevated cardiovascular risk in the
patient cohort.?"

Table 2. Biochemical parameter comparison

Controls Patients T-test Cohen'sd 95% Cl
(meanzSD) (mean=SD) P (approx.)

CRP (mg/L) 1354051  7.52+421 <0.001 -985 2.06 (1.64,2.47)
Apelin (pg/mL) 2873.4+572.8 2386.2+401.7 <0.001 8.68 097  (0.40,1.53)
Albumin (g/dL)  5.17£0.632  3.92+£0.235 <0.001 1530 279  (2.06,3.53)

Total protein
(g/dL)
Globulin (g/dL) ~ 1.8+0.9 3.4+10 <0.001 -17.61 1.65  (1.03,2.27)

Parameter

6.1x1.2 72414 <0.001 -653 083 (0.251.41)

A/G ratio 3374261 1044022 <0001 -735 157  (0.96,2.17)
Tiglyerides 10154302 1388+456 001 261 044 (003,091)
(mg/dL)

Cholesterol 100 11256 20034328 <0001 394 066  (009,1.23)
(mg/dL)

HOL(mg/d)  553+121  489+117 00021 3.4 054  (0.01,1.07)
DL(mg/dl) 1027205 1184+253 0038 -398 067  (0.10,1.24)

Multiple linear regression (MLR)

MLR was performed to examine the combined effects
of multiple independent variables (e.g., CRP, apelin) on
dependent variables (e.g., systolic BP, diastolic BP). The
results of this regression analysis are shown in Table 3.

Table 3. MLR analysis (systolic BP as dependent variable)

Independent Variable Coefficient (B) Standard error p
CRP 0.25 0.05 <0.001
Apelin -0.15 0.06 0.02

CRP was found to have a strong positive association
with systolic blood pressure (=0.25, p<0.001), suggest-
ing that higher CRP levels contribute to increased blood
pressure. In contrast, apelin showed a negative relation-
ship (B=-0.15, p=0.02), indicating a potential protective
effect against elevated blood pressure.

Multivariate analysis of covariance (MANCOVA)

The results of MANCOVA are summarized in Table 4.
The MANCOVA results confirmed that controlling
for age and gender is crucial in understanding the ef-
fects of inflammatory and metabolic variables on blood
pressure. All variables, including CRP and apelin, sig-

nificantly affected both blood pressure and biochemi-
cal markers. The significant influence of age and gender
emphasizes the importance of considering demographic
factors when interpreting these relationships.

Table 4. MANCOVA results for blood pressure and
biochemical parameters

Dependent variable F-statistic p
Systolic BP 1245 <0.001
Diastolic BP 9.83 0.002
(RP 10.56 <0.001
Apelin 5.78 0.015

Principal component analysis (PCA)

The results of the PCA, showing the distribution of par-
ticipants along the first two principal components, are
summarized in Table 5.

Table 5. PCA results for participant distribution (controls
vs. patients)

Principal component 1 (PC1) Principal component 2 (PC2) Group

2.35 147 Control
1.92 1.28 Control
2.74 1.59 Patient
3.05 212 Patient
233 1.45 Control

The first two components explained a substantial
portion of the variance in the data (65%), effectively
distinguishing between the control and patient groups.
Patients tended to cluster in the lower right quadrant,
reflecting higher inflammatory markers and altered
blood pressure. These results underscore the effective-
ness of PCA in separating groups based on biochemical
and demographic factors.

Cluster analysis

K-means clustering was applied to group participants
based on their demographic and biochemical profiles.
The clustering analysis revealed two distinct groups
with significant differences in inflammatory markers
and blood pressure. The clustering results are summa-
rized in Table 6.

Table 6. K-means clustering of participants (control vs.
patient)

Clusternumber  Group  CRP(mg/L)  Systolic BP (mmHg) Apelin (pg/mL)
1 Control ~ 1.35+0.51 118.2+7.5 2873.4+572.8
2 Patient ~ 7.52+4.21 160.4+15.6 2386.2+401.7

The K-means clustering analysis confirmed that
the control and patient groups could be clearly distin-
guished based on their biochemical and demographic
characteristics. Controls showed lower CRP levels, sys-
tolic blood pressure, and higher apelin compared to pa-
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tients. This further supports the utility of these variables
for classifying participants into meaningful subgroups.

Structural equation modelling (SEM)
The results of SEM are shown in Table 7.

Table 7. SEM results for inflammatory markers and systolic
blood pressure

Path Coefficient (B) p
CRP — Systolic BP 0.45 <0.001
Apelin — Systolic BP -0.20 0.03
CRP — Apelin -0.10 0.05

The SEM analysis demonstrated a direct and signif-
icant path from CRP to systolic blood pressure (p=0.45,
p<0.001), suggesting that higher CRP levels direct-
ly contribute to increased blood pressure. Apelin was
found to mediate the relationship between CRP and
systolic blood pressure, with a significant negative path
(B=-0.20, p=0.03), indicating that apelin may mitigate
some of the effects of CRP on blood pressure.

Survival analysis

The model identified CRP and systolic blood pressure
as significant predictors of survival time. The results are
summarized in Table 8.

Table 8. Cox proportional hazards regression analysis

Variable Hazard ratio (HR) 95% Cl p
(RP 1.75 1.15-2.65 0.005
Systolic BP 1.52 1.25-1.85 <0.001

CRP (HR=1.75, p=0.005) and systolic blood pres-
sure (HR=1.52, p<0.001) were identified as significant
predictors of cardiovascular events, highlighting their
role in determining long-term health outcomes.

Visualizing differences in biochemical and physiological
parameters: a comparison between controls and patients
A heat map (Fig. 1 and 2) compares some of the bio-
chemical and physiological parameters of the control
and patient groups: age; blood pressure, including sys-
tolic and diastolic; CRP, meaning C-reactive protein;
apelin; albumin; total protein; globulin. In patients,
CRP and blood pressure levels were significantly high-
er, reflecting enhanced inflammation and risk of CVD.
Also, proteins like total protein and globulin were high-
er, probably due to a compensatory immune response or
adaptation to stress. In controls, CRP levels were lower,
as was blood pressure, while the levels of apelin were
higher since all these factors are related to a good met-
abolic profile. Red represents higher values, and blue
represents lower values from the cool, warm color map,
making both groups easily distinguishable. The heat
map is an obvious and straightforward view of physi-

ological and biochemical changes between the control
and patient groups, underlining inflammatory and car-
diovascular health status for the differentiation of the
two cohorts. It, therefore, becomes useful knowledge
in underlying health status for each group, improving
understanding of factors that influence disease progres-
sion.
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Fig. 1. Heat map of apelin and blood pressure parameters —
visualizing apelin levels in control and patient groups and
systolic and diastolic blood pressure
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The heat map illustrates significant inflammato-
ry and protein-related biomarkers differences between
the control and patient groups. Patients exhibit elevated
CRP levels, as shown in Figure 2, indicating heightened
inflammation and decreased albumin, total protein, and
globulin levels, suggesting altered protein metabolism
and immune response.
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Fig. 2. Heat map of CRP, albumin, total protein, and
globulin levels
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Discussion

One of the more striking trends that the study exhib-
ited was the prevalence of CRP in the patient group.
Evidence by Ridker? suggests that CRP is an acknowl-
edged systemic inflammatory marker which contrib-
utes significantly to the risk of CVD. Therefore, the
finding of higher levels of CRP in the patient group co-
incided with evidence that the inflammatory process is
central to the pathophysiology of cardiovascular dis-
eases. This explains why our study shows such a high
positive correlation between CRP and systolic blood
pressure, at r=0.78. This further reiterates the need to
monitor CRP levels among patients at risk for cardio-
vascular events.

The other significant outcome of the current study is
the reduced level of apelin in the patient group. Apelin
is a peptide hormone with various physiological roles in
regulating blood pressure, cardiac function, and main-
taining healthy vessels.?* Proof supporting low levels
of apelin in the patient group indicates that it positive-
ly affects cardiovascular functions. From this, one may
assume that a low level of apelin in cardiovascular pa-
tients, especially in chronic conditions, could further
deteriorate the conditions of such patients. Apelin may
represent a potential target for future investigation.

The significantly decreased albumin-to-globulin ra-
tio in the patient group tallies with observations sug-
gesting altered protein metabolism and immune system
activation during chronic disease.”® However, a de-
creased A/G ratio would signal a shifted balance of plas-
ma proteins due to chronic inflammation or activation
of the immune system. This result again underlines the
value of protein metabolism as a marker of systemic in-
flammation and immune response and further illus-
trates the complex pathophysiology of chronic diseases.

The PCA successfully separated the control and pa-
tient groups based on their biochemical and physiologi-
cal profiles. PCA is a technique for dimensional reduction
used for complex data; the first two components reflected
a high amount of variation in the dataset, which separat-
ed the two groups successfully.*® Patients were clustered
in the lower right quadrant, reflecting a high level of in-
flammatory markers with a concomitant blood pressure
alteration, confirming PCA’s usefulness in identifying key
variables for disease outcome prediction.

K-means clustering was applied to segregate the
participants according to their demographic and bio-
chemical characteristics into two marked clusters cor-
responding to controls and patients”’, who identified
subgroups of the disease using cluster analysis based
on a set of similar features. Clear-cut discrimination of
controls and patients in our clustering analysis further
extends the opportunity of the clustering methodolo-
gy in the search for subgroups based on inflammation,
metabolic dysfunction, and cardiovascular risk.

Our study’s high hazard ratio obtained for CRP and
systolic blood pressure suggests that these biomark-
ers may have a good predictive value for estimating
the probability of cardiovascular events in patients and
again support them as significant risk factors.**

The study results indicate noteworthy changes in
inflammatory and nutritional plasmatic-related mark-
ers between patients and HC. High levels of CRP and
lower levels of albumin in patients reflect the severity
of inflammation and malnutrition, which is consistent
with prior studies indicating that a high CRP/albumin
ratio is associated with adverse clinical outcomes and
increased mortality in critically ill patients.”

Furthermore, the lower serum concentrations of
apelin in patients may demonstrate, similar to the stud-
ies mentioned above, that apelin is considered a regula-
tory peptide with anti-inflammatory and vasoprotective
effects and represents endothelial dysfunction and com-
promised cardiovascular homeostasis.*** Higher glob-
ulin concentrations and lower A/G ratio in patients
may also reflect systemic inflammation and/or hepat-
ic dysfunction, as these findings are well established as
changes in protein concentrations in hypertensive and
metabolic disorders.*® These findings are consistent with
previous literature and reaffirm that inflammation, pro-
tein metabolism, and vascular pathology are intercon-
nected issues. While previous studies have examined
the individual roles of CRP or apelin in cardiovascular
disease, our study is novel in its integrative approach,
combining biomarker profiling with advanced multivar-
iate statistical modeling to explore potential mechanistic
pathways in hypertension

Conclusion

This study highlights the significant role of inflam-
mation and metabolic dysfunction in differentiating
between control and patient groups. The findings un-
derscore the importance of CRP, apelin and systolic
blood pressure biomarkers in predicting cardiovascu-
lar risk and disease progression. The application of ad-
vanced statistical techniques, including multiple linear
regression, PCA and K-means clustering, has provided
more profound insights into the complex relationships
between these biomarkers. These results contribute to
the growing body of literature on the role of inflamma-
tion and metabolic dysfunction in cardiovascular health
and emphasize the potential of these biomarkers in dis-
ease stratification, risk prediction, and therapeutic in-
terventions.

Declarations

Funding

The authors stated that they did not receive any funding
for this work.



Apelin, C-reactive protein, and serum protein correlation with blood pressure — a biomarker analysis

953

Author contributions

Conceptualization, Z.A.M. and E.Q.J.; Methodology,
Z.A.M.; Software, U.H.R.; Validation, U.H.R., E.Q.]. and
Z.A.M.; Formal Analysis, Z.A.M.; Investigation, Z.A.M.;
Resources, Z.A.M.; Data Curation, E.Q.J.; Writing -
Original Draft Preparation, Z.A.M.; Writing — Review
& Editing, U.H.R., E.Q.J; Visualization, Z.A.M.; Super-
vision, UH.R., E.Q.J.; Project Administration, UH.R,,
E.QJ.; Funding Acquisition, Z.A.M.

Contflicts of interest
The authors declare no conflict of interest.

Data availability

The data of participants were collected from the Inter-
nal Medicine Consultant of Al-Basrah Teaching Hospi-
tal, Al-Basrah Governorate Southern Iraq.

Ethics approval

All human contact methods described in this study were
approved by the University of Basrah’s Human and Ani-
mal Ethics Committee in Iraq (No. 2024/112).

References

1. Safar ME, Levy BI, Struijker-Boudier H. Current per-
spectives on arterial stiffness and pulse pressure in hy-
pertension and cardiovascular diseases. Circulation.
2003;107(22):2864-2869. doi: 10.1161/01.cir.0000069826.
36125.b4

2. Pan H, Hibino M, Kobeissi E, Aune D. Blood pressure,
hypertension and the risk of sudden cardiac death: a sys-
tematic review and meta-analysis of cohort studies. Eur |
Epidemiol. 2019;35(5):443-454. doi: 10.1007/s10654-019-
00593-4

3. Mousa NAW, Khaleefah MA, Al-Badri HJ. Hyperten-
sion Control among Adult Iraqis. ] Fac Med Baghdad.
2022;64(3):145-152. doi: 10.32007/jfacmedbagdad.
6431935

4. Mills KT, Stefanescu A, He J. The global epidemiology of
hypertension. Nat Rev Nephrol. 2020;16(4):223-237. doi:
10.1038/541581-019-0244-2

5. Tanaka M, Akiyama Y, Mori K, et al. Machine learning-ba-
sed analyses of contributing factors for the development
of hypertension: a comparative study. Clin Exp Hypertens.
2025;47(1):2449613. doi: 10.1080/10641963.2025.2449613

6. Salbookhh ZF, Ramadhan UH, Hassan GK. Adipo-
kines identify crucial biomarkers for hypertension in
Iraq. Academia Open. 2024;9(2):1-6. doi: 10.21070/aco-
pen.9.2024.8961

7. Wiirfel M, Blither M, Stumvoll M, et al. Adipokines as cli-
nically relevant therapeutic targets in obesity. Biomedicines.
2023;11(5):1427-1448. doi: 0.3390/biomedicines11051427

8. Folino A, Montarolo PG, Samaja M, Rastaldo R. Effects
of apelin on the cardiovascular system. Heart Fail Rev.
2015;20(4):505-518. doi: 10.1007/s10741-015-9475-x

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Snipelisky D, Jentzer J, Batal O, Dardari Z, Mathier M. Se-
rum albumin concentration as an independent prognostic
indicator in patients with pulmonary arterial hypertension.
Clin Cardiol. 2018;41(6):782-787. doi: 10.1002/clc.22954
Ashraf MA, Shen B, Raza MA, et al. Albumin: A review of
market trends, purification methods, and biomedical in-
novations. Curr Issues Mol Biol. 2025;47(5):303-326. doi:
10.3390/cimb47050303

Pai AY, Sy J, Kim J, et al. Association of serum globulin
with all-cause mortality in incident hemodialysis patients.
Nephrol Dial Transplant. 2021;37(10):1993-2003. doi:
10.1093/ndt/gfab292

Cabrerizo S, Cuadras D, Gomez-Busto E, Artaza-Artabe I,
Marin-Ciancas F, Malafarina V, et al. Serum albumin and
health in older people: review and meta-analysis. Maturi-
tas. 2015;81(1):17-27. doi: 10.1016/j.maturitas.2015.02.009
Cho SY, Han J, Cha S-H, Yoon S-I. Structural basis of
serum albumin recognition by SL335, an antibody Fab
extending the serum half-life of protein therapeutics.
Biochem Biophys Res Commun. 2020;526(4):941-946. doi:
10.1016/j.bbrc.2020.03.133

Djousse L, Rothman K], Cupples LA, Levy D, Ellison RC.
Serum albumin and Risk of Myocardial Infarction and
All-Cause Mortality in the Framingham Offspring Stu-
dy. Circulation. 2002;106(23):2919-2924. doi: 10.1161/01.
cir.0000042673.07632.76

Yin XY, Cai Y, Zhu ZH, et al. Associations of decre-
ased serum total protein, albumin, and globulin with
depressive severity of schizophrenia. Front Psychiatry.
2022;13:957671. doi: 10.3389/fpsyt.2022.957671
Cabrerizo S, Cuadras D, Gomez-Busto F, Artaza-Arta-
be I, Marin-Ciancas F, Malafarina V. Serum albumin and
health in older people: Review and meta-analysis. Ma-
turitas. 2015;81(1):17-27. doi: 10.1016/j.maturitas.2015.
02.009

Keum M, Lee BC, Choe YM, et al. Protein intake and epi-
sodic memory: the moderating role of the apolipoprote-
in E €4 status. Alzheimers Res Ther. 2024;16(1):181. doi:
10.1186/513195-024-01546-0

Savoia C, Schiffrin EL. Inflammation in hypertension.
Curr Opin Nephrol Hypertens. 2006;5(3):152-158. doi:
10.1097/01.mnh.0000203189.57513.76

Shreevastva NK, Makaju HS, Dhungana A, Pandeya A.
Study of biochemical parameters and body mass index
along with its associated risk factors among health science
students: A cross-sectional study. Birat ] Health Sci. 2020;
5(3):1142-1147. doi: 10.3126/bjhs.v5i3.33683

Askin L, Askin HS, Tanriverdi O, Ozyildiz AG, Duman
H. Serum apelin levels and cardiovascular diseases.
North Clin Istanb. 2022;9(3):290-294. doi: 10.14744/
nci.2021.33427

Unger T, Borghi C, Charchar F, et al. 2020 International
Society of Hypertension Global Hypertension Practice
Guidelines. Hypertension. 2020;75(6):1334-1357. doi:
10.1161/HYPERTENSIONAHA.120.15026



954

European Journal of Clinical and Experimental Medicine 2025; 23 (4): 947-954

22.

23.

24.

25.

26.

27.

Patel KK, Khera A, Das SR, et al. Prevalence of elevated car-
diovascular risk in young adults in the United States. Ann
Intern Med. 2017;166(8):553-560. doi: 10.7326/M16-2052
Ridker PM. Clinical application of C-reactive prote-
in for cardiovascular disease detection and prevention.
Circulation. 2003;107(3):363-369. doi: 10.1161/01.cir.
0000053730.47739.3¢

Mohammadi M, Mohamadi M, Moradi A, et al. Apelin as
a Candidate for Hypertension Management; A Systema-
tic Review and Meta-Analysis on Animal Studies. Arch
Acad Emerg Med. 2022;10(1):€90. doi: 10.22037/aaem.
v10i1.1704

Chen Z, Song C, Yao Z, Sun ], Liu W. Associations between
albumin, globulin, albumin to globulin ratio and muscle
mass in adults: results from the national health and nu-
trition examination survey 2011-2014. BMC Geriatrics.
2022;22(1):383. doi: 10.1186/512877-022-03094-4

Silva D, De Lacerda AP. High-sensitivity C-reactive pro-
tein as a biomarker of risk in coronary artery disease. Rev
Port Cardiol. 2012;31(11):733-740. doi: 10.1016/j.rep-
ce.2012.09.006

Martins C, Neves B, Teixeira AS, et al. Identifying subgro-
ups in heart failure patients with multimorbidity by cluste-
ring and network analysis. BMC Med Inform Decis Mak.
2024;24(1):95. doi: 10.1186/s12911-024-02497-0

28.

29.

30.

31.

32.

33.

Cox DR. Regression models and life-tables. ] Roy Stat Soc
Ser B (Methodol). 1972;34(2):187-202. doi: 10.1111/§.2517-
6161.1972.tb00899.x

Raichlin ER, McConnell JP, Lerman A, et al. Systemic in-
flammation and metabolic syndrome in cardiac allograft
vasculopathy. J Heart Lung Transplant. 2007;26(8):826-
833. doi: 10.1016/j.healun.2007.05.008

Huang H, Lin H, Zhang C, et al. Predictive value of CRP/al-
bumin ratio in patients with sepsis: A meta-analysis. Front
Med. 2021;8:702408. doi: 10.3389/fmed.2021.702408
Zhang Z, Zhang X, Li Y, et al. Circulating apelin levels
and cardiovascular disease: A systematic review and me-
ta-analysis. Int J Cardiol. 2018;264:29-36. doi: 10.1016/j.
ijcard.2018.03.021

Balbino B, Conde E, Marichal T, Starkl P, Reber LL. Ap-
proaches to target IgE antibodies in allergic diseases.
Pharmacol Ther. 2018;191:50-64. doi: 10.1016/j.pharm-
thera.2018.05.013

Oto J, Fernandez-Pardo A, Miralles M, et al. Activated
protein C assays: a review. Clin Chim Acta. 2020;502:227-
232. doi: 10.1016/j.cca.2019.11.005



	_Hlk192844439
	_Hlk192844460
	_Hlk192844528
	_Hlk192844424
	_Hlk205070109
	_Hlk205070075
	_Hlk201651280
	_Hlk201651879
	_Hlk192844812
	_Hlk199096739
	_Hlk199096761
	_Hlk205152039
	_Hlk201654675
	_Hlk200615665
	_Hlk200615616
	_Hlk192020878

