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Serum periostin levels were significantly elevated in newly diagnosed T2DM patients

with dyslipidemia.
Periostin was significantly associated with metabolic and atherogenic risk markers.

Serum periostin demonstrated good diagnostic performance for identifying T2DM-

related metabolic risk.



ROC analysis showed an AUC of 0.881 for serum periostin.

Periostin may represent a promising biomarker of metabolic and atherogenic risk in

T2DM.

ABSTRACT

Periostin has emerged as a potential marker of metabolic and cardiovascular disorders.
This study investigated the relationship between serum periostin levels and metabolic
abnormalities, lipid parameters, and atherogenic risk in patients with newly diagnosed
type 2 diabetes mellitus (T2DM) and dyslipidemia. The interactions of periostin with

commonly used metabolic drugs were also assessed using molecular docking.

Methods:

This case—control study included 45 patients with newly diagnosed T2DM and
dyslipidemia and 45 healthy controls. Serum periostin was measured using an enzyme-
linked immunosorbent assay. Glucose parameters, lipid profile, kidney function tests,
and atherogenic indices were evaluated. Correlation analysis, receiver operating
characteristic (ROC) curve analysis, and multivariate logistic regression were
performed. Molecular docking assessed interactions between periostin, metformin, and

atorvastatin.

Results:

Serum periostin levels were significantly higher in patients than in healthy controls.
Periostin was positively correlated with fasting blood glucose, HbA 1¢, total cholesterol,
triglycerides, LDL-C, VLDL-C, non-HDL-C, and the atherogenic index of plasma and
negatively correlated with HDL-C. No significant correlation was observed with
creatinine or BMI. ROC analysis showed good diagnostic performance (AUC = 0.881),
with 91.1% sensitivity and 62.2% specificity at a cut-off value of 9.05 ng/mL.
Multivariate logistic regression identified periostin as an independent predictor of
T2DM with dyslipidemia (OR = 1.833, p < 0.001). Molecular docking revealed

favorable interactions between periostin, metformin, and atorvastatin.

Conclusions:
Elevated serum periostin levels are associated with metabolic abnormalities and

increased atherogenic risk in newly diagnosed T2DM with dyslipidemia. Periostin may



therefore be a useful biomarker for identifying early metabolic imbalance and

atherogenic risk.

Keywords: Type 2 diabetes mellitus; Insulin resistance; Dyslipidemia; Glucose;

Periostin; Atherogenic index.

INTRODUCTION

A global health issue, Type 2 diabetes mellitus (T2DM) has become firmly associated
with the prevalence of obesity and many chronic diseases [1]. The primary cause of
type 2 diabetes is defects in the action or secretion of insulin, or both, which result in
lipid, protein, and carbohydrate metabolic problems [2]. In patients with diabetes,
persistent hyperglycemia is linked to several pathogenic processes, such as
dyslipidemia, platelet activation, and disruptions in endothelial metabolism [3]. Patients
with type 2 diabetes mellitus (T2DM) are highly likely to have dyslipidemia, according
to several studies. Common lipid abnormalities include elevated triglycerides (TG),
increased small dense LDL-C particles, and decreased HDL-C levels, all of which are
significant risk factors for cardiovascular disease [4,5]. One of the main causes of
cardiovascular disease (CVD) in people with diabetes mellitus is dyslipidemia [6]. Due
to westernized food patterns, obesity, population aging, decreased physical activity, and
other undesirable lifestyle changes, its incidence is already significant and is still rising
in many emerging nations [7]. Therefore, a thorough understanding of the essential
traits and clinical profiles of patients with dyslipidemia is necessary to improve control

of this condition [8].

Periostin is an extracellular matrix protein that resembles fasciclin I and is also referred
to as osteoblast-specific factor 2 (OSF-2), which is encoded by the POSTN gene
situated on the long arm (q arm) of human chromosome 13. It is an important part of
repairing and reshaping tissues. [9,10]. It has a hydrophilic C-terminal domain and is a
secreted matrix N-glycoprotein, featuring internal homologous repeats, an N-terminal
signal peptide sequence, and a cysteine-rich domain [9]. The significant structural and
sequence similarity of periostin with fasciclin 1 and transforming growth factor p—
induced indicates involvement of periostin in cell adhesion and migration [11].
Moreover, periostin is expressed through a diverse array of transcripts generated by

alternative splicing, which may exhibit distinct activities and biological purposes.



Numerous clinical conditions, including several cardiovascular diseases, such as
myocardial infarction and heart failure, asthma, and Metastases of different

malignancies, have been linked to the expression of periostin [12,13].

Although the evidence for the association of type 2 diabetes mellitus (T2DM) with
dyslipidemia and cardiovascular complications is increasing, there is still limited
knowledge of early molecular biomarkers reflecting metabolic deterioration in newly
diagnosed patients. The role of periostin in early-stage T2DM with dyslipidemia has
not been adequately studied, and its association with lipid abnormalities and glycemic

control has not been fully revealed [9,12].

Recent evidence indicates that periostin is an extracellular matrix-associated mediator
of linking metabolic stress and chronic inflammation. It has been proposed that
periostin promotes metabolic dysfunction by stimulating inflammatory signaling
pathways, such as nuclear factor kappa B (NF-kB), which leads to the production of
pro-inflammatory cytokines and subsequent deranged insulin signaling and endothelial
function, thereby favoring the development of insulin resistance and atherogenic lipid
alterations [11,13,14]. In addition, periostin has been implicated in tissue remodeling

and inflammatory microenvironments associated with metabolic diseases[9,12].

Clinically, the finding of periostin as a circulating biomarker might offer an early
window into the metabolic deterioration before overt complications. However, the
diagnostic value of periostin in newly diagnosed T2DM patients with dyslipidemia
remains to be further explored. Therefore, the present study aimed to evaluate serum
periostin levels and their association with glycemic parameters, lipid profile, and
atherogenic indices in newly diagnosed T2DM patients with dyslipidemia. We
hypothesized that high periostin levels are strongly associated with metabolic and lipid
derangements and could be an early biomarker of cardiometabolic risk in this

population.

METHODS
Study participants and Clinical biochemical measurements

This study included 90 participants, 45 healthy controls and 45 patients newly
diagnosed with type 2 diabetes mellitus (T2DM) and dyslipidemia. Participants were

recruited in 2026 from a teaching hospital and were aged 35-50 years. Demographic



and clinical parameters such as age, body mass index (BMI), systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were recorded for all subjects. Blood samples
were analyzed for fasting blood glucose (FBG), glycated hemoglobin (HbAc), total
cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), very-low-density lipoprotein cholesterol
(VLDL-C), urea and serum creatinine. Biochemical parameters were determined with
a Cobas c111 analyzer (Roche Diagnostics, Germany). Non-HDL-C was calculated as:

Non-HDL-C = TC — HDL-C

Serum periostin levels were determined using a commercially available enzyme-linked
immunosorbent assay (ELISA) kit according to the manufacturer’s instructions.

2.2.Statistical Analysis

Statistical analyses were performed using SPSS software version 23.0. Continuous
variables were expressed as mean + standard deviation (SD). Differences between the
T2DM with dyslipidemia and control groups were assessed using an independent-
samples t-test.

Pearson’s correlation analysis was performed to assess the associations between serum
periostin levels and clinical and biochemical parameters. We considered p-value < 0.05
as statistically significant.

A post hoc power analysis was performed with G*Power version 3.1.9.4. Based on an
effect size (Cohen's d) of 1.476, an alpha level of 0.05, and 45 participants per group,
the statistical power was calculated to be 99.9%.

Molecular Docking Analysis

Molecular docking analysis was performed to investigate the potential interaction of
periostin with commonly used medications for diabetes and hyperlipidemia. The 3D
structure of periostin was retrieved from the Protein Data Bank (PDB). The structures
of metformin and atorvastatin were downloaded from PubChem and optimized before
docking. The docking simulations were done with the MOE software. The binding
affinity was evaluated by docking score and molecular interactions such as hydrogen

bonds and hydrophobic contacts. As an exploratory computational approach to



investigate potential interactions between periostin and commonly prescribed

metabolic drugs, molecular docking was performed in (Figure 1).

Figure 1:The three-dimensional (3D) structure of human periostin was retrieved from
the Protein Data Bank (PDB) database and prepared for molecular docking studies.
Selected ligands(A) Metformin and (B) Atorvastatin were downloaded in SDF format
from the PubChem database and then converted to PDB format with Open Babel



software. Water molecules and co-crystallized ligands were removed from the protein
structure before docking, and hydrogen atoms were added to optimize the docking
process.

Although periostin is not a known pharmacological target of metformin or atorvastatin,
growing evidence suggests that periostin is involved in metabolic dysfunction,
inflammation, extracellular matrix remodeling, and cardiovascular complications in
type 2 diabetes mellitus and dyslipidemia. Hence, molecular docking was carried out
as an exploratory computational approach to investigate whether commonly prescribed
metabolic drugs may theoretically interact with periostin and to provide preliminary
insights into potential molecular associations. The docking results do not suggest a
direct

The therapeutic target of periostin but rather provide a hypothesis for future
experimental work.

RESULTS

In Table 1, Patients with type 2 diabetes mellitus (T2DM) and dyslipidemia had
significantly higher levels of BMI, SBP, DBP, FBS, HbAlc, TC, TG, LDL-C, VLDL-
C, and non-HDL-C than the control group (p < 0.01). On the other hand, the T2DM
group with dyslipidemia had significantly lower HDL-C levels (p <0.01). Nonetheless,
both groups' urea and creatinine levels stayed within the typical physiological range

(Table 1).

Table (1): Mean +SD of clinical parameters between groups (T2DM with dyslipidemia

and control)



Parameter T2DM with | Control
dyslipidemia

Number (45) Mean £SD Mean £SD
BMI (kg/m?) 28.87+4.63** 25.77+3.32
SBP (mmHg) 140.0+£10.25%* 120.0+5.00
DBP (mmHg) 95.0045.00%* 75.5+5.50
FBS (mg/dl) 168.57£62.81** | 79.57+6.04
HbA1C (mg/dl) | 8.57+1.82** 5.25+0.46

TC (mg/dl) 231.02 +47.68** | 153.62+28.88
TG (mg/dl) 204.62 +61.83** | 99+20.38
HDL (mg/dl) | 42.04£6.62%* | 50.79+7.92
LDL (mg/dl) 148.05+44.79%* | 92.288+30.32
VLDL (mg/dl) | 40.92£12.36%* | 19.8+4.07
Non-HDL-C 144.246+3.43%* | 121.15+3.35




*ok Urea(mg/dl) 34.31£8.30 30.64 £6.67 high-significant p

value <0.001
Creatinin(mg/dl) | 0.82+0.19 0.68+0.15

Serum periostin levels were

significantly elevated (p < 0.01) in patients with type 2 diabetes mellitus (T2DM) and

dyslipidemia compared with the control group, as shown in Table 2.

Table 2: Mean + SD of serum periostin levels in T2DM patients with dyslipidemia

and the control group.

Parameter T2DM with dyslipidemia | control
Number (45) Mean £SD Mean +SD
Periostin (ng/dl) 14.16+4.84** 8.93+1.30

**: high-significant p value <0.001

Serum periostin levels were significantly elevated (p < 0.001) in patients with type 2
diabetes mellitus (T2DM) and dyslipidemia compared with the control group, as
shown in Table 2 and Figure 3.

Periostin and FBG, HbAlc, TC, TG, LDL-C, VLDL-C, and urea showed a strong
positive correlation (p < 0.05) according to correlation analysis, while HDL-C showed
a significant negative correlation. On the other hand, Table 3 indicates that periostin

did not significantly correlate with either creatinine or BMI as show in Table 3.

Table (3): Correlation coefficient of Periostin in (T2DM with dyslipidemia) with study

parameters.

Parameter periostin level (ng/dl)

r p-value




BMI (kg/m?) 0.064 0.552
FBG (mg/dl) 0.315%* 0.003
HbA1C (mg/dl) 0.383#* 0.00
TC (mg/dl) 0.347** 0.001
TG (mg/dl) 0.379%* 0.00
HDL (mg/dl) -0.228* 0.03
LDL (mg/dl) 0.269* 0.01
VLDL (mg/dl) 0.379%** 0.01
Non-HDL-C 0.358%* 0.03
Urea (mg/dl) 0.236* 0.025
Creatinine (mg/dl) 0.093 0.384

*: p value <0.05

*%: p value <0.001
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Figure 2 shows a comparative ROC curve analysis of HbAlc, Periostin, AIP, TC, and
HDL-C to distinguish newly diagnosed T2DM patients with dyslipidemia from healthy

controls.

HbAlc had the best diagnostic performance (AUC = 1.000), followed by serum
periostin (AUC = 0.881), according to a comparative ROC analysis. When compared
to AIP (AUC = 0.777) and total cholesterol (AUC = 0.725), periostin had better
discrimination capacity. These results imply that periostin may be a useful biomarker
for diagnosing dyslipidemia in newly diagnosed T2DM patients and may offer more
information than traditional lipid markers.The comparative ROC curve analysis is

presented in Figure 2.

Multivariate logistic regression analysis identified serum periostin and BMI as
significant independent predictors of newly diagnosed T2DM with dyslipidemia (Table
4).

Table 4: BMI and serum periostin as predictors of newly diagnosed type 2 diabetes

mellitus with dyslipidemia using multivariate logistic regression analysis



Variable B S.E. Wald df Sig.  OR (Exp(B))
Periostin (ng/mL) 0.606 0.146 17.148 1  <0.001 1.833
BMI (kg/m?) 0.266 0.0899.019 1  0.003 1.305

Constant -13.8113.15519.164 1  <0.001  0.000

Comparative analysis showed significant differences in AIP, TC, HDL-C, and serum

periostin between patients with T2DM and dyslipidemia and healthy controls (Table 5).

Table 5: AIP, TC, HDL-C, and periostin levels in T2DM patients with dyslipidemia

compared to healthy controls

Parameter t-value p-value Mean Difference 95% CI

AIP -6.049 <0.001 -0.187 -0.248 to -0.125
TC (mg/dL) -4.987 <0.001 -51.311 -71.875 to -30.748
HDL-C (mg/dL) 5.208 <0.001 7.933 4.904 to 10.963
Periostin (ng/dl) -6.914 <0.001 -5.229 -6.748 to -3.710

The diagnostic potential of serum periostin was assessed using ROC curve analysis.
The diagnostic performance was good, as indicated by the area under the curve (AUC)
of 0.881. 9.05 ng/mL was the ideal cut-off value for serum periostin. The specificity
was 62.2%, and the sensitivity was 91.1% at this cut-off value.The ROC curve for
serum periostin is presented . The ROC curve for serum periostin is presented in Figure

2.
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A proposed mechanism by which periostin may contribute to metabolic dysfunction and

insulin resistance through extracellular matrix remodeling, integrin activation, NF-kB

signaling, and induction of inflammatory cytokines

is illustrated in Figure 4.
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Figure 4: Proposed mechanism of Periostin-mediated signaling pathway showing its
role in extracellular matrix remodeling, activation of integrin, NF-xB signaling, and

subsequent induction of inflammatory cytokines leading to insulin resistance.

Figure 5: 2D interaction of Periostin protein with Metformin showing hydrogen bond
formation and finding key active site amino acid residues involved in the stability of

ligand-protein.




Figure 6: 2D interaction of Periostin protein with Atorvastatin showing hydrogen bond
formation and finding key active site amino acid residues involved in the stability of
ligand-protein.

Molecular docking analysis demonstrated that both metformin and atorvastatin could
bind to periostin at the predicted binding pocket. Metformin formed hydrogen-bond
interactions with key amino acid residues, indicating a moderate binding affinity toward
periostin (Figure 5). In contrast, atorvastatin exhibited a higher binding affinity and a
more stable docking pose, involving both hydrogen-bonding and hydrophobic
interactions (Figure 6). These findings suggest that atorvastatin may interact more
favorably with periostin than metformin under the simulated conditions.

Table 6:Comparative molecular docking interaction profile of Metformin and

Atorvastatin with Periostin (PDB ID: SWT7)

A comparative summary of the molecular docking scores, RMSD values, interacting
residues, hydrogen bonds, ionic interactions, and interaction distances for metformin

.and atorvastatin is presented in Table 6



Docking Key No. of No. of
RMSD Interaction Strongest
Compound Score Interacting H- Ionic
A) Range (A) Interaction
(kcal/mol) Residues  bonds Bonds

ASP14,
-7.05 to -0.96- GLU119, GLU119 (~6
Metformin 6-8* 2-3* 270-3.40%
7.37* 2.01* LYSI15, kcal/mol*)

ASN46

ASP14,

GLU119,

LYS15,

LEU21, GLU119 (-6.6
Atorvastatin -7.37 1.70 11 5 2.72-3.43

SER22, kcal/mol)

LEU23,

LEU24,

ASN46

Comparative molecular docking analysis was performed to evaluate the binding
interaction of metformin and atorvastatin with periostin (PDB ID: SWT7). Both
compounds showed good binding affinities for the predicted active site. The docking
score of atorvastatin was observed as -7.37 kcal/mol with an RMSD value of 1.70 A,
showing a stable ligand-protein complex.

Interaction profiling revealed that atorvastatin formed more hydrogen bonds (n=11) and
ionic interactions (n=5) than metformin. Key amino acid residues involved in binding

are ASP14, GLU119, LYS15, ASN46, LEU21, SER22, LEU23, and LEU24. The most



stable interactions were observed with GLU119 and ASP14, which indicates their
important role in ligand stabilization.

The novelty of the current study is the evaluation of serum periostin in newly diagnosed
T2DM patients with dyslipidemia and its association with comprehensive atherogenic
index (AIP) and full lipid correlation profile, which has not yet been investigated in the

early stage of metabolic disease.

DISCUSSION

T2DM with dyslipidemia, a chronic multifactorial metabolic condition with a rapidly
rising global incidence, is the most prevalent type of diabetes. Diabetes causes several
metabolic, structural, and biochemical alterations that lead to the development of
various issues resulting from diabetes[14]. Several metabolic, structural, and
biochemical alterations caused by diabetes contribute to the development of
complications [15]. Prevalence of T2DM with dyslipidemia is contribute by many risk
factors that include a complex combination of metabolic, genetic, and environmental
factors [16].. In line with other research, this study showed that individuals with type 2
diabetes mellitus and dyslipidemia had significantly higher BMIs (p < 0.01) than the
control group [17]. It is commonly known that being overweight or obese increases the
chance of developing type 2 diabetes. Although the precise mechanism by which
obesity leads to T2DM and IR is still unknown, several factors, including both cell-
autonomous mechanisms and inter-organ interactions, have been linked to the
development of this pathological process [17]. “A highly significant increase (p <0.01)
in SBP and DBP was observed in T2DM patients with dyslipidemia compared with the
control group, in agreement with previous studies [18]. Hypertension is frequently seen

in newly diagnosed diabetes and, when combined with dyslipidemia, is associated with



a higher cardiometabolic risk profile [19]. In addition, FBS and HbAlc were
significantly elevated in the T2DM group compared to controls, consistent with Kang
et al. [20]. Increased FBS and HbA ¢ levels are primarily due to chronic hyperglycemia
and insulin resistance[21]. Furthermore, there was a highly significant increase(p<0.01)
of TC, TG, LDL, VLDL, and Non-HDL-C in T2DM with dyslipidemia compared to
that of the control group. Dyslipidemia is a prevalent characteristic of type 2 diabetes
that raises the risk of atherosclerosis and diabetic patient mortality [22]. In newly
diagnosed type 2 diabetes mellitus (T2DM) patients with dyslipidemia, increased total
cholesterol (TC) and triglycerides (TG) are often linked to poor glycemic control and
insulin resistance. Specifically, elevated HbAlc levels, a measure of long-term blood
sugar control, are strongly correlated with higher TC, LDL-C, and TG levels[23]. This
is further compounded by the presence of insulin resistance, which can lead to increased

production of VLDL and subsequent elevation of TG[24]

Serum periostin levels in the diabetic patients in the current study were noticeably
greater than those in the control group. Periostin levels in the blood were considerably
greater in Asians with type 2 diabetes than in controls, according to a comparable study

[25].

Guerrot et al. demonstrated a substantial correlation between periostin expression and
the onset of experimental hypertension and associated diabetes with dyslipidemia [26].
Additionally, it was shown that periostin plays a crucial role in regulating various
inflammatory microenvironments, including hepatic inflammation and atherosclerosis,
by maintaining or enhancing inflammatory responses in these pathological conditions.
Aggregate evidence from research analyzing serum periostin levels linked to
inflammation. The strong relationship between periostin, inflammation, and metabolic

problems is closely associated with diabetes, obesity, and fat metabolism [27].



The periostin role in lipid metabolism has been demonstrated in a few investigations.
In their research, An, J. N. et al. found that periostin inhibition is linked to alterations
in a number of lipids and lipid metabolism, while periostin ablation inhibits aging [28].
Periostin may play a role in adipose tissue metabolic dysfunction, according to another
study. This is because periostin is A unique crosstalk through gradual extracellular
matrix damage, and age-associated metabolic problems may be a contributing factor to
impaired lipid metabolism [29]. Our research showed that serum periostin levels had a
negative correlation with HDL-C and a positive correlation with TG, TC, LDL-C, and
VLDL-C. These results align with those published by Luo Y. et al. [30,31]. Periostin
and HDL-C were found to be negatively correlated in patients with type 2 diabetes
mellitus (T2DM) and dyslipidemia. Periostin and HDL-C (high-density lipoprotein
cholesterol) is not standard or established concepts. The focus in T2DM and
dyslipidemia research is primarily on the relationship between HDL-C and
cardiovascular risk, as well as the impact of diabetes on HDL particle composition,
function, and its role in cholesterol transport. While periosteal changes are observed in
conditions like osteoporosis, which can be associated with diabetes, they are not
directly linked to HDL-C levels or diabetic dyslipidemia in the same way as other

factors like triglycerides and LDL-C [32].

Serum periostin's area under the ROC curve (AUC) was 0.881, indicating acceptable
diagnostic accuracy. An AUC between 0.8 and 0.9 indicates a significant ability of the
test to distinguish between healthy and sick people, according to normal ROC analysis
interpretation. This indicates that periostin may be a useful biomarker for differentiating
between healthy controls and newly diagnosed type 2 diabetes mellitus patients with

dyslipidemia[33].



Serum periostin and BMI were found to be significant predictors of newly diagnosed
type 2 diabetes mellitus with dyslipidemia by multivariate logistic regression analysis.
Significantly, periostin maintained its high correlation with metabolic disorders even

after controlling for BMI (OR = 1.833, P <0.001)[34,35].

The current investigation showed that newly diagnosed T2DM patients with
dyslipidemia and healthy controls had significantly different levels of AIP, TC, HDL-
C, and serum periostin. The patient group's AIP was significantly greater (P < 0.001),
suggesting a higher risk of cardiovascular disease and an increased atherogenic load.
According to recent research, AIP is a good indicator of insulin resistance,
cardiometabolic risk, and future cardiovascular events in individuals with type 2

diabetes mellitus [36, 37].

Total cholesterol levels were significantly increased in patients compared with controls
(P < 0.001), reflecting impaired lipid metabolism and the presence of diabetic
dyslipidemia. Conversely, HDL-C levels were significantly lower in patients (P <
0.001), suggesting reduced reverse cholesterol transport and an increased susceptibility
to atherosclerotic complications. These lipid abnormalities are characteristic features of
diabetic dyslipidemia and are strongly associated with cardiovascular morbidity and

mortality [38,39].

When compared to healthy controls, the T2DM with dyslipidemia group had
significantly higher serum periostin levels (mean difference = 5.229 ng/mL, P <0.001).
An extracellular matrix protein called periostin is involved in inflammation, tissue
remodeling, and metabolic control. There is growing evidence linking high periostin
levels to cardiovascular risk, vascular damage, and metabolic dysfunction in diabetic

patients. Together with the decrease in HDL-C, the notable rise in AIP, TC, and



periostin suggests that newly diagnosed T2DM patients with dyslipidemia have a very
unfavorable cardiometabolic profile. These results lend credence to periostin's possible
function as a biomarker in early-stage type 2 diabetes mellitus that reflects both

metabolic abnormalities and cardiovascular risk [40,41].

The present study has several limitations. First, the sample size was relatively small,
and all the participants were enrolled in a single center. Second, the inflammation
markers, including CRP, IL-6, and TNF-a, were not measured, and therefore, the
inflammatory pathways underlying periostin with metabolic disturbances could not be
directly assessed. Third, the cross-sectional design of the study does not allow us to
establish causal relationships between periostin and metabolic abnormalities. The
present findings should be validated in future studies with larger sample sizes and

multicenter recruitment.

Molecular docking analysis showed that both metformin and atorvastatin can bind to
periostin at the predicted binding pocket. ... Atorvastatin showed higher binding affinity
than metformin, indicating a more stable interaction with periostin. These results are
consistent with prior evidence linking periostin to metabolic dysfunction,
inflammation, and lipid abnormalities in type 2 diabetes mellitus. Although the docking
analysis provides only computational predictions, the observed interactions are
consistent with the elevated serum periostin levels detected in the present study, further

supporting its potential role as a cardiometabolic biomarker [42].

Given the significant increase in serum periostin levels and the high correlation with
glycemic and lipid parameters, an exploratory docking analysis was conducted to

evaluate the potential of common metabolic drugs to theoretically interact with



periostin, providing a preliminary mechanistic framework to associate the clinical

findings with potential molecular interactions.

Conclusion

Results of the present study suggested a possible association between periostin and
cardiovascular risk factors in diabetes, as newly diagnosed patients with type 2 diabetes
and dyslipidemia had significantly higher serum periostin levels compared with healthy
controls. Periostin showed positive correlations with glycemic and atherogenic lipid
parameters and good diagnostic performance in ROC analysis. In addition, molecular
docking analysis showed that periostin had favorable interactions with commonly used
metabolic drugs, which further supported its potential roles in glucose and lipid
metabolic pathways. These results imply that periostin could be a promising biomarker
for identifying metabolic abnormalities, atherogenic risk, and early cardiovascular

complications associated with type 2 DM.

DISCLOSURES

Human subjects: Written informed consent was obtained from all participants before
enrollment in the study. The study was performed in accordance with the ethical
standards of the Declaration of Helsinki and was approved by the appropriate
institutional ethics committee (BCSMU/0530/1118C dt. May 30, 2026).

Conlflicts of interest: The authors declare no conflicts of interest.

Payment/services info: All authors have declared that “No financial support was
received from any organization for the submitted work”.

Financial relationships: All authors have declared that they have no financial
relationships at present or within the past three years with any organizations that might
have an interest in the submitted work.

Other relationships: All authors have declared that there are no other relationships or

activities that could influence the submitted work.

Funding



This research received no external funding.
Declaration of competing interest
The authors declare that they have no known competing financial interests or

personal relationships that could have appeared to influence the work reported in this

paper.

CRediT authorship contribution statement

Abeer Abass Jafer: Conceptualization, Methodology, Investigation, Data curation,
Writing — original draft.

Hiba Jumaa Hussein: Conceptualization, Methodology, Formal analysis, Data
curation, Writing — original draft, Writing — review and editing, Supervision.

Nihad Kadhum Hasan: Investigation, Data curation, Validation, Writing — review and
editing.

Nada Nadhim Ahmed: Investigation, Methodology, Data curation, Writing — review
and editing.

Zahraa A. A. Turki: Investigation, Data curation, Writing — review and editing.

Acknowledgements

We are grateful to the participants and the staff of the teaching hospital for their
assistance in recruiting participants and collecting samples. The authors acknowledge

the financial support of their respective institutions in carrying out this study.

REFERENCES
I- Ruze R, Liu T, Zou X, Song J, Chen Y, Xu R, Yin X, Xu Q. Obesity and type 2

diabetes mellitus: connections in epidemiology, pathogenesis, and treatments. Frontiers

in endocrinology. 2023 Apr 21;14:1161521 .https:/doi.org/10.3389/fendo.2023.1161521

2- Yang W, Jiang W, Guo S. Regulation of macronutrients in insulin resistance and
glucose homeostasis during type 2 diabetes mellitus. Nutrients. 2023 Nov

4;15(21):4671. https://doi.org/10.3390/nul15214671



3-Li M, Chi X, Wang Y, Setrerrahmane S, Xie W, Xu H. Trends in insulin resistance:
insights into mechanisms and therapeutic strategy. Signal transduction and targeted

therapy. 2022 Jul 6;7(1):216.

4- Ahmmed MS, Shuvo SD, Paul DK, Karim MR, Kamruzzaman M, Mahmud N,
Ferdaus MJ, Elahi MT. Prevalence of dyslipidemia and associated risk factors among
newly diagnosed Type-2 Diabetes Mellitus (T2DM) patients in Kushtia, Bangladesh.
PLOS global public health. 2021 Dec

7;1(12):¢0000003.https://doi.org/10.1371/journal.pgph.0000003

5- Alzaheb RA, Altemani AH. Prevalence and associated factors of dyslipidemia
among adults with type 2 diabetes mellitus in Saudi Arabia. Diabetes, Metabolic

Syndrome and Obesity. 2020 Oct 28:4033-40.

6- Farogh A, Igbal Z, Qaiser MA, Hussain B, Fatima SA, Akhter N. Prevalence of
Dyslipidemia and the Role of ApoB and hsCRP in Acute Myocardial Infarction: A
Comprehensive Analysis: Dyslipidemia, ApoB, and hsCRP in Acute Myocardial
Infarction. Pakistan Journal of Health Sciences. 2024 Dec 31:287-

92.DOI: https://doi.org/10.54393/pjhs.v5112.2520

7- Mamula Y. Evaluating Dietary Intake, Body Composition, and Metabolic

Parameters in Endometrial Cancer Survivors.

8- Kushwah P, Kumar R, Srivastava I, Ranganathan G, Tiwari P, Patel K, Mishra S,
Maurya AK. Obesity in 2026: Analyzing the Rapid Rise and Pathways to Prevention.

Int J Pharm Sci. 2026;4(2):824-38.DOI: 10.5281/zenodo.18494036

9- Toba H, Halade GV, DeLeon-Pennell KY, Chiao YA, Yabluchanskiy A, Holm

Nielsen S, Chalise U, Becirovic-Agic M, de Castro Braz LE, Lindsey ML. Cellular and



molecular signals of cardiac wound healing after myocardial infarction. American

Journal of Physiology-Heart and Circulatory Physiology. 2026 Feb 1;330(2):H594-609.

10- Sputa-Grzegrzolka P, Socha-Banasiak A, Piotrowska A, Olbromski M, Mrozowska
M, Popiel-Kopaczyk A, Gurzkowska A, Paczes K, Czkwianianc E, Romanowicz H,
Dziegiel P. Analysis of Periostin, TGF-p, and SLUG Expression in Inflammatory
Bowel Disease in Pediatric Patients and Their Clinical Implications. Journal of Clinical

Medicine. 2026 Jan 20;15(2):845.https://doi.org/10.3390/jcm15020845

11-Abbad, L., Prakoura, N., Michon, A., Chalghoumi, R., Reichelt-Wurm, S., Banas,
M. C., & Chatziantoniou, C. (2022). Role of periostin and nuclear factor-«B interplay

in the development of diabetic nephropathy. Cells, 11(14), 2212.

12- Eroglu S, Gumusburun N, Urkmez SS, Urkmez YC, Celik S, Sahin K. Maternal
Serum Periostin as a Potential Biomarker for Gestational Diabetes Mellitus and
Adverse Perinatal Outcomes. Zeitschrift fiir Geburtshilfe und Neonatologie. 2026 Mar

26.DOI: 10.1055/a-2827-9333

13- Wong LS, Yang JH, Yen YT, Yang JL. Pruritogenic mediators in atopic dermatitis:
mechanisms of neurogenic crosstalk. Journal of Cutaneous Immunology and Allergy.

2026 Jun 3;9:16460. https://doi.org/10.3389/jcia.2026.16460

14- Gololo AB, Abba MA. The Tripple Load of Diabetes: How Diet Consumption,
Physical Inactivity, and Unequal Access to Care Shape Global Prevalence. Sch Bull.

2026;12(5):81-7.

15- Malik SO. Malonyl-CoA Decarboxylase Inhibition: Targeting Cardiac Energy

Metabolism to Mitigate Diabetic Cardiomyopathy.https://doi.org/10.7939/84425



16- Okafor A, Hassan Z, Ali F. Epidemiological Burden and Integrated Community-
Based Management of Type 2 Diabetes: Evidence from the London Borough of Brent
and Implications for African Public Health Systems. Open Journal of Medical Research

and Health Sciences. 2026;2(1):1-1.

17- Bellou V, Belbasis L, Tzoulaki I, Evangelou E. Risk factors for type 2 diabetes
mellitus: an exposure-wide umbrella review of meta-analyses. PloS one. 2018 Mar

20;13(3):¢0194127 .https://doi.org/10.1371/journal.pone.0194127

18- Hemida M, Ali A, Mohammad A, Yousef S, Askar B. Study of serum Fatty Acid
Binding Protein-1 levels in Diabetic Kidney Disease. Al-Azhar International Medical

Journal. 2024;2024(12).

19- Battisti WP, Palmisano J, Keane WF. Dyslipidemia in patients with type 2 diabetes.
relationships between lipids, kidney disease and cardiovascular disease. Clinical

Chemistry & Laboratory Medicine. 2003 Sep 1;41(9).10.1515/CCLM.2003.181

20-Kang P, Kim KY, Shin HY. Association between dyslipidemia and glycated

hemoglobin in a  population-based study. Metabolites. 2024  Jan

26;14(2):92.https://doi.org/10.3390/metabo14020092

21- Adam LN. Association between dyslipidemia and glycated hemoglobin in diabetic
patients from Zakho General Hospital, Iraq. The Egyptian Journal of Internal Medicine.

2025 May 26;37(1):70.

22-Xing L, Jing L, Tian Y, Yan H, Zhang B, Sun Q, Dai D, Shi L, Liu D, Yang Z, Liu
S. Epidemiology of dyslipidemia and associated cardiovascular risk factors in northeast

China: A cross-sectional study. Nutrition, Metabolism and Cardiovascular Diseases.



2020 Nov 27;30(12):2262-70.https://doi.org/10.1016/j.numecd.2020.07.032Get rights

and content

23- Schofield JD, Liu Y, Rao-Balakrishna P, Malik RA, Soran H. Diabetes

dyslipidemia. Diabetes therapy. 2016 Jun;7(2):203-19.

24, Hyassat D, Al-Saeksaek S, Naji D, Mahasneh A, Khader Y, Abujbara M, et al.
Dyslipidemia among patients with type 2 diabetes in Jordan: prevalence, pattern, and
associated factors. Front Public Health. 2022;10:1002466.

doi:10.3389/fpubh.2022.1002466.

25. Graja A, Garcia-Carrizo F, Jank AM, Gohlke S, Ambrosi TH, Jonas W, et al.
Loss of periostin occurs in aging adipose tissue of mice and its genetic ablation impairs
adipose  tissue  lipid  metabolism.  Aging  Cell.  2018;17(5):e12810.

doi:10.1111/acel.12810.

26. Guerrot D, Dussaule JC, Mael-Ainin M, Xu-Dubois YC, Rondeau E,
Chatziantoniou C, et al. Identification of periostin as a critical marker of
progression/reversal of hypertensive nephropathy. PLoS One. 2012;7(3):e31974.

doi:10.1371/journal.pone.0031974.

27. Conway SJ, Izuhara K, Kudo Y, Litvin J, Markwald R, Ouyang G, et al. The
role of periostin in tissue remodeling across health and disease. Cell Mol Life Sci.

2014;71(7):1279-1288. doi:10.1007/s00018-013-1494-y.

28. An JN, Kim H, Kim EN, Cho A, Cho Y, Choi YW, et al. Effects of periostin
deficiency on kidney aging and lipid metabolism. Aging (Albany NY).

2021;13(19):22649-22665. doi:10.18632/aging.203580.



29. Satirapoj B, Tassanasorn S, Charoenpitakchai M, Supasyndh O. Periostin as a
tissue and urinary biomarker of renal injury in type 2 diabetes mellitus. PLoS One.

2015;10(4):e0124055. doi:10.1371/journal.pone.0124055.

30. Luo Y, QuH, Wang H, Wei H, Wu J, Duan Y, et al. Plasma periostin levels are
increased in Chinese subjects with obesity and type 2 diabetes and are positively
correlated with glucose and lipid parameters. Mediators Inflamm. 2016;2016:6423637.

doi:10.1155/2016/6423637.

31.  Gonulalan G, Guney I, Sackan F, Acar S. The relationship between polycystic
ovary syndrome and serum periostin level. J Coll Physicians Surg Pak.

2021;31(11):1291-1295. do1:10.29271/jcpsp.2021.11.1291.

32. Zhao X, Sun J, Xin S, Zhang X. Correlation between blood lipid level and
osteoporosis in older adults with type 2 diabetes mellitus: a retrospective study based
on inpatients in Beijing, China. Biomolecules. 2023;13(4):616.

doi:10.3390/biom13040616.

33.  Hassanzad M, Hajian-Tilaki K. Methods of determining optimal cut-point of
diagnostic biomarkers with application of clinical data in ROC analysis: an update

review. BMC Med Res Methodol. 2024;24:84. doi:10.1186/s12874-024-02198-2.

34. Hosmer DW Jr, Lemeshow S, Sturdivant RX. Applied logistic regression. 3rd

ed. Hoboken (NJ): John Wiley & Sons; 2013. doi:10.1002/9781118548387.

35. Cheng H, Li X, Zhong Y, Yu X, Zhou G, Zou Y. Evolving tumor
microenvironment: driving cancer initiation and progression in cardiovascular diseases.

iScience. 2025;28(9):113387. doi:10.1016/j.1s¢1.2025.113387.



36. Rabiee Rad M, Ghasempour Dabaghi G, Darouei B, Amani-Beni R. The
association of atherogenic index of plasma with cardiovascular outcomes in patients

with coronary artery disease: a systematic review and meta-analysis. Cardiovasc

Diabetol. 2024;23(1):119. doi:10.1186/512933-024-02864-1.

37. Liu Z, Zhang L, Wang L, Li K, Fan F, Jia J, et al. The predictive value of
cumulative atherogenic index of plasma (AIP) for cardiovascular outcomes: a
prospective community-based cohort study. Cardiovasc Diabetol. 2024;23(1):264.

doi:10.1186/s12933-024-02513-7.

38. Taskinen MR. Diabetic dyslipidaemia: from basic research to clinical practice.

Diabetologia. 2003;46(6):733-749. doi:10.1007/s00125-003-1111-y.

39. Wu L, Parhofer KG. Diabetic dyslipidemia. Metabolism. 2014;63(12):1469-

1479. doi:10.1016/j.metabol.2014.08.010.

40. Cozzo AJ, Fuller AM, Makowski L. Contribution of adipose tissue to
development of cancer. Compr Physiol. 2018;8(1):237-282.

doi:10.1002/cphy.c170008.

41. Gonzalez-Salvatierra S, Garcia-Martin A, Garcia-Fontana B, Martinez-Heredia
L, Garcia-Fontana C, Mufoz-Torres M. Bone proteins are associated with
cardiovascular risk according to the SCORE2-Diabetes algorithm. Cardiovasc

Diabetol. 2024;23(1):311. doi:10.1186/s12933-024-02406-9.

42, Norris RA, Damon B, Mironov V, Kasyanov V, Ramamurthi A, Moreno-
Rodriguez R, et al. Periostin regulates collagen fibrillogenesis and the biomechanical
properties of connective tissues. J Cell Biochem. 2007;101(3):695-711.

doi:10.1002/jcb.21224.






Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

» floatimage1l.png


https://assets-eu.researchsquare.com/files/rs-10884082/v1/2631b39fb776b9dc090f481a.png

