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The value of growth differentiation factor 15 @
as a biomarker for peripheral artery disease
in diabetes patients
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Abstract

Background Growth differentiation factor 15 (GDF15) is significantly correlated with glycolipid metabolic disorders.
Increased GDF15 levels are associated with obesity, insulin resistance, and diabetes as well as a poorer diabetes
progression and prognosis. This is a prospective cohort study investigated the association between circulating GDF15
and diabetic peripheral artery disease.

Methods A total of 174 diabetic patients aged 20-80 were enrolled. Plasma GDF15 levels were measured using
ELISA. Peripheral Artery Disease (PAD) was evaluated with the Ankle brachial index (ABI) and the Cardio-ankle vascular
index (CAVI).

Results We found that diabetic patients with higher serum GDF15 levels (mean: 2521.5 pg/mL) had a higher
incidence of peripheral artery disease. Multivariate logistic regression analysis indicated that patients with high serum
GDF15 levels were at an increased risk of developing peripheral artery disease. High GDF15 levels were associated
with ABI<0.9 (right and left mean 19.5% p=0.80, OR:1.13; 95%Cl: [0.44-2.90]). Increased age (p=0.025 OR:1.02; 95% Cl
[0.13-0.87]), family history (p=0.001 OR:1.37; 95%Cl: [0.37-5.05]), heart failure (p=0.002 OR:4.96; 95%Cl: [1.76-13.97]),
sodium-glucose linked transporter 2 (SGLT 2) inhibitor use (p=0.026), estimated glomerular filtration rate (eGFR)
(p=<0.001), and uric acid (p=<0.001) was also positively associated with high GDF15 levels. Urine albumin-to-
creatinine ratio (UACR) (p=<0.010) was associated with higher GDF15 levels after one year of follow up.

Conclusions Elevated GDF15 was significantly associated with worsening metabolic parameters and an increased
risk of peripheral artery disease. Thus, it may be a stronger predictor of these outcomes in people with diabetes.
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Introduction

Type 2 Diabetes mellitus (DM), characterized by hypo-
glycemia, is one the most common metabolic disorders
globally. It is a worldwide health threat affecting millions
of people [1-3], with a high prevalence of chronic com-
plications, which are mainly vascular. It has therefore
been recognized as a serious public health concern, with
considerable impacts on functional capacities and quality
of life [4—6], and leading to significant morbidity and pre-
mature mortality [7, 8].

Peripheral arterial disease (PAD) is a dysfunction that
limits blood flow to the lower limbs [9, 10], and is a com-
mon atherosclerotic macrovascular complication in the
diabetic population [11]. It is a leading cause of lower-
limb amputation and disabling neuropathic pain [12-
14]. Amputations in diabetic patients have a devastating
effect on quality of life and physical disability and lead
to an alarmingly low life expectancy (mostly only 2 years
from the amputation) [15].

The objective of this study is to explore the potential
association between GDF15 levels and the severity of
Peripheral Artery Disease (PAD) in diabetes patients.
Specifically, we hypothesize that higher levels of GDF15
are correlated with increased PAD severity, and that
GDF15 may serve as a biomarker for disease progression
and prognosis. This hypothesis is based on preliminary
data suggesting that GDF15 plays a role in inflammation
and vascular remodeling, both of which are central to the
pathophysiology of PAD.

Growth differentiation factor 15 (GDF15) is a member
of the transforming growth factor f (TGF-P) superfam-
ily, highly expressed in states of inflammatory stress [16,
17], and is significantly correlated with glycolipid meta-
bolic disorders [18]. It is considered a cytokine, with anti-
inflammatory effects, and increases insulin sensitivity,
reduces body weight, and improves clinical outcomes in
patients with diabetes [19]. Its normal range is 200—1200
pg/mL; serum levels increase with age.

In addition to GDF15, several other biomarkers have
been implicated in the pathophysiology of PAD, particu-
larly in the context of diabetes, where both inflammation
and endothelial dysfunction are prominent features. For
example, C-reactive protein (CRP) is widely recognized
as a marker of systemic inflammation, and elevated CRP
levels have been linked to an increased risk of PAD in
diabetic patients. While CRP is well-established, it is a
nonspecific marker of inflammation and lacks the sen-
sitivity to detect early vascular changes associated with
PAD [20].

Another key marker is interleukin-6 (IL-6), an inflam-
matory cytokine that has been shown to be elevated in
patients with PAD and diabetes. IL-6 plays a critical role
in the chronic inflammatory response and has been asso-
ciated with endothelial dysfunction. However, similar to
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CRP, IL-6 is a general inflammatory marker and may not
fully capture the complex interplay of vascular stress and
metabolic dysregulation seen in PAD [21].

Soluble vascular cell adhesion molecule-1 (sVCAM-1)
is another biomarker frequently studied in the context
of PAD. Elevated levels of sVCAM-1 reflect endothelial
activation and the recruitment of leukocytes to sites of
vascular injury, which is a critical process in the devel-
opment of atherosclerosis and PAD. While promising,
sVCAM-1 is often seen in association with other inflam-
matory biomarkers, and its role in the specific context of
diabetic PAD remains less well-defined [22].

In comparison to these markers, GDF15 offers a unique
advantage. As a stress-induced cytokine, GDF15 is not
only a marker of inflammation but also of cellular stress,
particularly in endothelial cells and smooth muscle cells.
Elevated GDF15 levels have been linked to adverse car-
diovascular outcomes and may better capture the stress
and damage to the vascular endothelium seen in PAD,
particularly in the diabetic population, besides have been
positively correlated with an increased risk of Type 2 DM
complications, such as cardiovascular events, diabetic
nephropathy [23], and retinopathy [24], as demonstrated
in previous studies [25-28] These findings align with
studies highlighting GDF15’s role as a biomarker of meta-
bolic stress and its contribution to inflammatory path-
ways in diabetes. Recent studies suggest that GDF15 is a
more specific marker of vascular injury and a predictor of
future cardiovascular events in PAD, making it a promis-
ing biomarker for early detection and monitoring disease
progression.

By positioning GDF15 alongside traditional inflamma-
tory markers like CRP, IL-6, and sVCAM-1, this study
provides a broader view of the molecular landscape
underlying PAD in diabetes. Such a comparison could
reveal novel insights into the potential utility of GDF15
as a biomarker that reflects both the inflammatory and
stress-related processes driving PAD in diabetic patients.

Methods

Ethics Statement

All procedures adhered to the Declaration of Helsinki.
This is a prospective cohort study approved by the Ethics
Committee of Kaohsiung Veteran General Hospital Insti-
tutional Review Board (IRB) (approval no. VGHKS15-
EM10-02). Patient identities in the National Health
Insurance Research Database (NHIRD) were concealed,
and thus a waiver of informed consent was obtained from
the IRB.

Participant population

A total of 174 patients aged 20-80years with Type 2 Dia-
betes Mellitus were recruited from the Kaohsiung Veter-
ans General Hospital, Taiwan for this study. We selected
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a total of 174 patients (87 patients per group) and per-
formed the power calculation based on an effect size of
0.5. We set the significance level («) at 0.05 and aimed for
a target power of 0.80, which is the standard power level
commonly used in social science research.

The power calculation indicated that with 87 patients
per group, the achieved power was 0.906, meaning that
our study has a 90.6% chance of correctly detecting a true
effect, if one exists. This level of power suggests that the
sample size is sufficient to detect a medium-sized effect
and provides adequate statistical strength to support the
reliability of the results.

Diabetes was defined according to the diagnostic crite-
ria of the American Diabetic Association, namely, fasting
plasma glucose (FPG) =126 mg/dL or glycated hemoglo-
bin Alc (HbAlc)>6.5%. HbAlc levels ranged from 6.5 to
12%.

Collection of demographic, medical, and laboratory data
Demographic and anthropometric data were collected,
including body mass index (ranging from 19.8 to 30 kg/
m?), waist circumstance, height, weight, body fat, and
sex. The patients’ clinical data, including systolic and dia-
stolic blood pressure, history of hypertension, hyperlip-
idemia, renal disease, heart failure, types of antidiabetic
medication used, and clinical laboratory parameters
were obtained at baseline. Clinical laboratory param-
eters included glycated HbAlc, serum creatinine, blood
urea nitrogen, estimated glomerular filtration rate
(mL-min/1.73 m?), lipid profiles, fasting glucose, and
uric acid. Dyslipidemia was defined as a total cholesterol
level of more than 200 mg/dL and/or triglyceride level of
more than 150 mg/dL, or treatment with lipid-lowering
agents. Albuminuria was assessed by measuring the uri-
nary albumin-to-creatinine ratio (UACR) in spot urine
collected from the first voiding of urine in the morning.
Hypertension was defined as a systolic blood pressure of
more than 140 mmHg, a diastolic blood pressure of more
than 90 mmHg, or having a prescription for anti-hyper-
tensive medicine.

Methods for determination of GDF15 (ELISA)

GDF15 levels were measured using a quantitative sand-
wich enzyme-linked immunosorbent assay (ELISA) tech-
nique, performed with a commercially available kit from
R&D Systems, Inc. (Minneapolis, MN, USA). The assay
was conducted according to the manufacturer’s instruc-
tions. The sensitivity of the assay is the minimum detect-
able dose of Rhesus Macaque GDF-15 determined to be
2.2 pg./ml. Minimum detectable dose is defined as the
analytic concentration resulting in an absorbance that
is 2 standard deviations higher than that of the blank
(diluent buffer). This ELISA antibody pair detects Rhe-
sus Macaque GDF-15 and Human GDEF-15. Intra-assay
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variability was assessed by performing the assay on mul-
tiple replicates of the same sample, yielding a coefficient
of variation (CV) of [CV%: <10%], which reflects the
precision of measurements within the same run. Blood
samples were centrifuged within 1 hour of collection and
frozen at —20°C until analysis. These parameters confirm
the reliability and consistency of GDF15 measurements
in this study”

Assessment of ankle-brachial index and cardio-ankle
vascular index

Ankle-brachial index (ABI) and cardio-ankle vascu-
lar index (CAVI) were measured using the VaSera
VS-1500 N device (Fukuda Denshi Co. Ltd., Tokyo,
Japan). The CAVI method estimates arterial stiffness
across the aorta and major arteries by analyzing the dia-
stolic-to-systolic ‘stiffening’ of the arteries. This provides
a comprehensive assessment of arterial stiffness, taking
into account the entire systolic phase. To measure both
ABI and CAVI, four blood pressure cuffs were wrapped
on the extremities, with electrocardiography electrodes
attached to both arms and a microphone placed on the
sternum at the second intercostal space. Electrocardi-
ography and phonocardiography were monitored after
the patient had been in the supine position for 10 min to
stabilize.

The higher of the CAVI measurements from the
right or left side was used for analysis. CAVI values
were categorized as normal (CAVI<8.0), borderline
(8.0<CAVI<9.0), or abnormal (CAVI>9.0). ABI scores
were classified as: (a) hardened vessels (>1.3), (b) normal
arterial flow (0.9-1.3), and (c) arterial occlusion (<0.9).

Both ABI and CAVI were utilized to provide a more
comprehensive assessment of vascular health. ABI is a
well-established method for detecting PAD by assessing
the ratio of blood pressure at the ankle to the arm, while
CAVI provides additional insight into arterial stiffness,
which is a key factor in vascular health and a predictor
of cardiovascular events. CAVI measures arterial stiffness
throughout the systolic phase, which allows it to detect
changes in arterial properties that ABI may miss, particu-
larly in patients with borderline ABI values. Therefore,
combining both measures offers a more complete picture
of vascular function and PAD severity.

Although non-blinded assessors were involved in col-
lecting the data, efforts were made to minimize poten-
tial bias through standardized training and calibration of
the equipment. However, we acknowledge that the lack
of blinding in the assessment process could introduce
observer bias. Future studies may benefit from blinding
the assessors to the clinical details of the participants to
further reduce the risk of bias and improve the reliability
of the measurements.
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Table 1 Comparisons of baseline clinical and anthropometric
parameters between high and low GDF15 level groups
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Table 2 Comparison of baseline laboratory characteristics
between high and low GDF15 level groups

Variable GDF15<50th per- GDF15=50th per- p-
centile (<2521.5 centile (>2521.5 value
pg/ml) pg/ml)
n=87 n=87

Age 64.5+8.1 68+7.7 0.025*

Sex, male 58(66.7) 53(60.9) 0430

Height 163.3+89 161.2+82 0.115

Weight 727+104 69.6+11.9 0.068

BMI 274+4 26.7+£4.2 0.319

Body fat 314+64 313459 0.922

Waist 92.6+82 91.7+£10.1 0.535

Family History of 35(40.2) 57(65.5) 0.001*

Diabetes mellitus

Hypertension 54(62.1) 60(69) 0.339

Hyperlipidemia 76(87.4) 77(88.5) 0.816

Heart failure 11(12.6) 23(26.4) 0.022*

Stroke 2(2.3) 2(2.3) 1.000

Renal disease 0 5(5.8) 0.023

Systolic BP mmHg  1353+15.1 138.7+193 0.195

Diastolic BP 774116 756+103 0.283

mmHg

Heart rate 80.1+13.2 833+13 0.109

Thiazolidinedione  25(28.7) 33(37.9) 0.198

SGLT2 inhibitor 37(42.5) 23(26.4) 0.026*

Insulin 27(31) 23(26.4) 0.503

AGI 4(4.6) 6(6.9) 0.515

GLP-1 agonist 6(6.9) 6(6.9) 1.000

GDF15: Growth differentiation factor 15, BMI: Body mass index, DPP4-inhibitor:
Inhibitors of dipeptidyl peptidase 4, SGLT 2-inhibitor: Sodium-glucose linked
transporter 2 inhibitor, AGI: Alpha glucosidase inhibitor, GLP-1 agonist:
Glucagon-like peptide-1 receptor agonist

Statistical analysis

Continuous data are reported as mean + standard devia-
tion, while categorical variables are presented as per-
centages. Analysis of variance was employed to compare
the 50th centiles of GDF15 values among the groups. A
p-value less than 0.05 was considered statistically signifi-
cant, as determined using the chi-square test or t-test. All
statistical analyses were conducted using Stata version
17.0 (Stata Corp, College Station, TX, USA).

Results

Comparisons between different levels of GDF15

A total of 174 patients were divided into high (n=87)
and low (n=87) GDF15 groups according to the median
GDF15 level (50th percentile: 2521.5 pg/ml). The group
with higher GDF15 levels was older (68 +7.7) (p=0.025)
and had a higher prevalence of family history of diabetes
(65.5%) (p=0.001). There were no significant differences
in height, weight, BMI, or body fat between the groups.
The high GDF15 group also exhibited a significantly
higher prevalence of heart failure (26.4%) (p=0.022) and
renal disease (5.8%) (p=0.023). Additionally, the high

Variable GDF15<50th GDF15>=50th
n=_87 n=87 p

Urine
UACR(mg/q) 2686+773.8 443211152 0.232

Biochemistry
BUN 18.9+6.5 249+10.7 <0.001*
Creatinine 095+0.3 129+05 <0.001*
Uric Acid 54116 64+18 <0.001*
eGFR 79.6+209 60.8+27.8 <0.001*
TG 139.7+116.7 141+£756 0932
CHOL 160.7 £34.5 1574306 0.459
HDL-C 484+127 46.7+15.6 0423
LDL-C 88.8+255 85.5+239 0.379
FPG 144.4+44.2 144.8+44.6 0.961
HbA1c 75+1.1 77+12 0.236
HsCRP 0.24+0.38 021+0.32 0514

BP: Blood pressure, UACR: Urine albumin-to-creatinine ratio, BUN: Blood urea
nitrogen, eGFR: Estimated glomerular filtration rate (mL'min/1.73 m?), TG:
Triglycerides, CHOL: Cholesterol, HDL-C: High Density Lipoprotein Cholesterol,
LDL-C: Low Density Lipoprotein Cholesterol, FPG: Fasting plasma glucose,
HbA1c: Glycated hemoglobin Alc, hsCRP: High-sensitivity C-reactive protein

GDF15 group used SGLT2 inhibitors less frequently
(23.6%) (p=0.026). (Table 1).

The high GDF15 group had a significantly higher BUN
(24.9+10.7) (p<0.001), creatinine (1.29+0.5) (p<0.001),
uric acid (6.4+1.8) (p<0.001), lower eGFR (60.8 +27.8)
(p<0.001) (Table 2).

After one year of follow-up, the high GDF15 group
continued to show significant differences in various
kidney-related biomarkers compared to the low GDF15
group. The high GDF15 group exhibited poorer kidney
function and higher kidney-related markers: high BUN
(26.8 +13), creatinine (1.4+0.7), uric acid (6.3 +2), urine
albumin-to-creatinine ratio UACR (563 + 1504.2) and low
eGER (58.9£30.6), (p<0.001). (Table 3).

After adjusting for potential confounders, the multi-
variate logistic regression results presented in Table 3
show that GDF15 levels (=50th percentile) were not sig-
nificantly associated with abnormal ABI (Ankle-Brachial
Index), as indicated by an odds ratio (OR) of 1.13 (95%
CI: 0.44-2.90, p=0.801). This suggests that after control-
ling for other variables, higher GDF15 levels alone do not
significantly increase the risk of abnormal ABI in this
study population. However Age was independently asso-
ciated with an increased risk of abnormal ABI (OR=1.02
(95% CI: 0.13-0.87, p=0.025)and Heart failure was
strongly associated with an increased risk of abnormal
ABI, with a nearly 5-fold higher likelihood of abnormal
ABI(OR=4.96 (95% CI: 1.76—13.97, p = 0.002).Table 4.

Association between GDF15 and ABI and CAVI test
Higher concentrations of GDF15 at baseline were associ-
ated with an increased risk of peripheral arterial disease
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Table 3 Comparison of laboratory characteristics between high
and low GDF15 level groups after one year of follow up

Variable GDF15<50th GDF15>=50th

n=87 n=87
Urine
UACR 126.7+£298.6 563+1504.2 0.010*
Biochemistry
BUN 198475 268+13 <0.001*
Creatinine 0.98+0.3 14+07 <0.001*
Uric acid 53+15 6.3+2 0.001*
eGFR 76.7+212 589+306 <0.001*
TG 133.3+813 140.8+£7838 0.545
CHOL 157.3+£30.2 155.1+373 0.672
HDL-C 49+11.5 479+16.1 0.600
LDL-C 90.2+279 86.2+25.7 0.335
FPG 138.8+41.1 134.7+409 0.519
HbA1c 76+12 75+12 0.792
HsCRP 0.24+0.72 0.14+0.16 0.222

BUN: Blood urea nitrogen, CHOL: Cholesterol, eGFR: Estimated glomerular
filtration rate (mL:min/1.73 m?), FPG: Fasting plasma glucose, HbA1c: Glycated
hemoglobin Alc, HDL-C: High Density Lipoprotein Cholesterol, LDL-C: Low
Density Lipoprotein Cholesterol, UACR: TG: Triglycerides, Urine albumin-to-
creatinine ratio, hsCRP: High-sensitivity C-reactive protein

Table 4 Multi variable logistic regression for ABl abnormal

OR 95% Cl p
GDF15>=50th 1.13 0.44-2.90 0.801
Age 1.02 0.13-0.87 0.025%
Sex, male 0.34 0.96-1.09 0511
BMI 1.02 091-1.14 0.739
Hypertension 148 0.54-4.05 0.445
Hyperlipidemia 0.85 0.22-333 03811
Heart failure 496 1.76-13.97 0.002*
Stroke 4.48 0.43-46.80 0210
Renal disease 1.40 0.14-13.58 0.771

GDF15 levels did not show a statistically significant association with abnormal
ABI after adjusting for confounders. However, age and heart failure were
independently associated with abnormal ABI, highlighting that heart failure in
particular may be a more influential factor for ABl abnormalities in this cohort

Table 5 Comparison of baseline ABl and CAVI between high and
low GDF15 level groups

Variable GDF15<50th GDF15>=50th p
n=87 n=87

ABI
Right 1.07£0.11 1.03+0.14 0.012*
Right<0.9 6(6.9) 12(13.8) 0.135
Left 1.07+0.12 1.03+£0.13 0.055
Left<0.9 7(8) 11(12.6) 0.319

CAVI
Right 91+13 94+12 0.224
Left 93+14 95+£1.2 0.196

ABI: Ankle-brachial index, CAVI: Cardio-ankle vascular index
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(ABI value<0.9, right 13.8% and left 12.6%, p=0.135).
There was no significant difference between both groups
in the CAVI test (right 9.1+1.3 and 9.4+ 1.2 p=0.224; left
9.3+1.4 and 9.5+1.2 p=0.196), but both groups showed
abnormal CAVI test results (Table 5).

After one year of follow up, high GDF15 levels were still
associated with a high risk of PAD (ABI value, R+L<0.9:
19.5%)(Fig. 1), whereas low GDF15 levels were not
(R+L<0.9: 12.6% p=0.216); abnormal CAVI test, right
9.2+1.3 and 9.4+1.2 p=0.308); left 9.2+1.4 and 9.5+ 1.3
p=0.191) still present in both groups (Table 6).

Discussion

While our findings suggest an association between
elevated GDF15 levels and an increased likelihood of
peripheral arterial disease (PAD), it is important to
emphasize the cross-sectional nature of this study. Cross-
sectional analyses can identify correlations but cannot
establish causality. The observed relationship between
high GDF15 levels and PAD may reflect a shared under-
lying pathophysiological process, or GDF15 could be a
marker of existing vascular damage rather than a direct
cause of PAD.

Given that we cannot infer temporal causality from this
design, further longitudinal studies are needed to explore
whether elevated GDF15 levels contribute to the devel-
opment of PAD or whether they are a consequence of the
disease process. While the association observed is clini-
cally relevant, conclusions regarding causality should be
made cautiously and in the context of future prospective
studies.

These results align with some previous studies that
have highlighted GDF15 as a potential biomarker for vas-
cular health, particularly in the context of diabetes and
cardiovascular disease. However, it is important to note
that other studies have found no significant association
between GDF15 levels and PAD. M Barma et al.(2017)
[29] and P. Wagne et al.,, (2023) [30] reported no sig-
nificant correlation between GDF15 concentrations and
PAD, suggesting that the relationship might be context-
dependent or influenced by factors such as sample size,
population characteristics, or measurement techniques.
These discrepancies highlight the complexity of GDF15
as a biomarker and the need for further investigation into
its role in vascular diseases like PAD.

Although this study proposes that elevated GDF15
levels may contribute to PAD through mechanisms
such as inflammation, these hypotheses remain specu-
lative without direct empirical evidence from the cur-
rent data. Previous experimental studies have suggested
a potential role for GDF15 in modulating inflamma-
tory pathways. For instance, research by Adela, R et al.
(2015) [31]demonstrated that GDF15 acts as a regulator
of inflammatory cytokines, which could contribute to
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Fig. 1 Kaplan Meier between GDF15 and ABI

Table 6 Comparison of ABl and CAVI between high and low
levels of GDF15 after one year of follow up

Variable GDF15<50th GDF15>=50th
n=87 n=_87 p
ABI
Right 1.06+0.13 1.02+0.16 0.068
Right<0.9 10(11.5) 15(17.2) 0.280
Left 1.06+0.13 1.03£0.15 0.130
Left<0.9 5(5.7) 12(13.8) 0319
R+L<09 11(12.6) 17(19.5) 0216
CAVI
Right 92+13 94+12 0.308
Left 92+14 95+13 0.191

ABI: Ankle-brachial index, CAVI: Cardio-ankle vascular index

endothelial dysfunction and atherosclerosis, key features
of PAD. Furthermore, a study by A. Schwarz et al. (2023)
[32] found that GDF15 expression was upregulated in
response to oxidative stress and inflammatory stimuli,
suggesting a role in vascular inflammation. These findings
are consistent with the hypothesis that elevated GDF15
levels may be a response to vascular injury, potentially
exacerbating the pathophysiology of PAD. However, the
precise mechanisms through which GDF15 influences
PAD remain unclear and warrant further investigation.
Experimental models examining the effects of GDF15
inhibition or overexpression in PAD-specific settings
would provide more clarity on its functional role in this
disease.

The present study observed a modest association
between GDF15 levels and PAD outcomes, particularly
with respect to ABI measurements. These results are in

line with some studies that have highlighted GDF15 as a
potential biomarker for vascular health in diabetes.

GDF15, also named macrophage inhibitory cytokine-1,
is a homeostatic cytokine that regulates neural and car-
dio-metabolic functions and is released in response to
stress, tissue injury, inflammation, and cancer [33], and
thus has been widely explored as a biomarker for disease
progression and prognosis [17].

In agreement with previous studies [34, 35] we found
that the high serum GDF15 levels are associated with age,
family history of DM, heart failure, and renal disease. We
also found a lower use of SGLT2 inhibitors in the high
GDF15 level group, implying that SGLT2 inhibitors may
attenuate GDF15 [36]. Several studies have demonstrated
the role of serum GDF15 in diabetic nephropathy and
diabetic retinopathy, suggesting that GDF15 is a predic-
tor for diabetic kidney disease [37, 38] and diabetic reti-
nopathy [24, 27]. While we did not specifically investigate
diabetic retinopathy, we found high serum GDF15 levels
in patients with diabetic nephropathy, which is also posi-
tively correlated with urine ACR and eGEFR.

We identified a positive correlation between the circu-
lating GDF15 level and PAD. GDF15 predisposes patients
not only to the manifestations of the atherosclerotic pro-
cess but also to its progression. Among the atheroscle-
rotic manifestations, acute coronary syndrome (ACS),
ischemic stroke, and peripheral artery disease (PAD) are
outcomes of particular importance. ABI and CAVI have
been widely used to evaluate arterial stiffening and arte-
rial stenosis/obstruction and are useful diagnostic tools
in daily clinical care units for macrovascular complica-
tions [39, 40]. Both indices are considered useful for
preventing diabetic macroangiopathy. The present study
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demonstrated that an ABI value <0.9 was associated with
the high GDF15 level group, despite there being no sig-
nificant difference between both groups. On the other
hand, an abnormal CAVI test (>9.0) was present in both
groups.

This study has several important limitations. Firstly,
the ethnic homogeneity of the sample, which primar-
ily consisted of Asian patients, limits the generalizability
of our findings to broader populations. The results may
not be applicable to patients from other ethnic back-
grounds, where GDF15 levels and PAD prevalence may
differ. Additionally, the retrospective nature of the study
introduces potential selection bias, as only patients who
met specific inclusion criteria were included. This design
cannot account for confounding variables or bias that
may have influenced the results, and causality cannot be
definitively established from cross-sectional data.

Furthermore, measurement errors, particularly in the
assessment of ABI and CAVI, could influence the results.
Variability in these measurements could lead to misclas-
sification or underestimation of PAD severity. Although
ABI and CAVI are widely used in clinical practice, they
are not perfect markers for diagnosing PAD, and their
accuracy may vary depending on factors such as opera-
tor skill, device calibration, and patient characteristics.
There is a possibility that Monckeberg type arteriosclero-
sis exists, especially in the lower limb arteries of diabetic
patients whose ABI is apparently normal or high. Lastly,
the lack of long-term follow-up data beyond one year
limits our ability to draw conclusions about the long-
term impact of elevated GDF15 on PAD progression or
its therapeutic implications. Future prospective studies
with larger, more diverse populations and longer follow-
up periods are needed to confirm these findings and
explore potential causal relationships between GDF15
and PAD in individuals with type 2 diabetes.

In conclusion, our study found that increased plasma
GDF15 concentrations were independently and positively
associated with metabolic parameters and peripheral
artery disease in individuals with type 2 DM. In addi-
tion, our findings suggest that GDF15 may be a valuable
biomarker for discriminating peripheral artery disease in
patients with type 2 DM. Further investigations regarding
the underlying mechanisms between GDF15 and PAD in
individuals with type 2 DM are warranted and may help
in the development of novel therapies for PAD in diabetic
patients.
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