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Abstract
Background: Growth-differentiation factor-15 (GDF-15) is emerging as an important biomarker, thus the current study aimed
to determine the levels of GDF-15 among, T2DM subjects with chronic kidney disease (CKD) and coronary artery disease
(CAD).
Methodology: The present cross sectional study comprised of 80 T2DM subjects with mean age of 60.15 ± 1.8 years. The
study subjects were divided into four groups Group-I: T2DM subjects (T2DM), Group-II: T2DM subjects with chronic kidney
disease (CKD), Group-III: T2DM subjects with established coronary artery disease (CAD) and Group-IV: T2DM subjects with
CKD and established CAD. Anthropometric, demographic and biochemical parameters were measured in all study subjects.
The levels of GDF-15 were measured in plasma using ELISA.
Results: The level of GDF-15 was significantly higher in diabetic subjects having both CAD and CKD when compared to
other study groups and significant difference was observed between the study groups (p<0.0001). Comparisons of GDF-15
levels between group’s shows statistical significance among the group I vs. other groups (p <0.0001), similar scenario were
observed in group II vs. III (p< 0.05), IV (p <0.0001) and group III vs. IV (p< 0.05). There is a positive correlation with the
level GDF-15 with duration of diabetes, systolic blood pressure, HbA1c, Urea, Creatinine and Triglyceride. Negative correlation were observed in eGFR (r = - 0.35, p < 0.001) and HDL (r = - 0.25 p = 0.03).
Conclusion: The levels of GDF-15 are markedly increased in diabetic subjects having both CAD and CKD. The study finding
highlights the major role of GDF-15 as a promising biomarker of CAD and CKD in T2DM subjects.
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Introduction
Global burden of diabetes is huge and in India, approximately
65.1 million people are with diabetes [1]. Diabetes is associated
with an increased risk of cardiovascular disease, which is the
important cause of morbidity and mortality among patients with
diabetic nephropathy [2]. Myocardial damage is associated with
the development of proteinuria and focal glomerulosclerosis
[3]. Clinical studies suggest that impaired renal function is
a risk factor for the development of cardiovascular disease
conversely; experimental evidence, proof that cardiac injury may
in turn deteriorates kidney function [3, 4]. Recent studies have
demonstrated an association between elevated GDF-15 levels and

progression of kidney and cardiovascular disease in patients with
diabetes [5-8].
Currently, the diagnosis of diabetic nephropathy (DN) is based
on the elevated urinary albumin excretion level. However the
emerging evidences suggested that the risk of DN starts developing
well before the elevation of urinary albumin level. The potential
treatment can be offer to the patients as a preventive measure, if
the onset of DN is diagnosed earlier. The development of focal
glomerulosclerosis and Proteinuria is associated with myocardial
damage. The elevated level of circulating troponins is associated
with both Chronic Kidney Disease (CKD) and cardiac injury. The
expression of serum GDF-15 is also increases with BMI (body
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Mass Index), age and insulin resistance. Increased level of GDF15 is associated with CVDs and also with incidence of CKD
which leads to rapid decline in renal function. Thus the higher
levels were also predictive of deterioration of kidney function.
Growth differentiation factor-15 (GDF-15) is a stress-responsive
member of transforming growth factor-β (TGF-β) super family.
GDF-15 is produced as α ≈ 40 kDa propeptide forms. The N
terminus is cleaved and released as α ≈ 30 kDa disulphide linked
dimeric active protein [9, 10] GDF-15 expression is markedly
increased in response to tissue injury, including heart and kidney
[8, 11]. Previous studies have suggested that higher GDF-15
levels were associated with deterioration of kidney function and
in the development and progression of coronary artery disease [7,
12, 13]. GDF-15 is expressed in heart under normal physiological
conditions, but increases rapidly in response to cardiovascular
injury [14]. Increased expression of GDF- 15 was observed in the
animal and human heart after myocardial infarction and remains
elevated in the infracted myocardium [15].

CKD were included in the study. Patients with Type-1 diabetes
and patients with a previous/current diagnosis of urolithiasis,
UTI, gestational diabetes, liver cirrhosis, lung diseases, foot ulcers,
cancer, viral hepatitis and patients who are not willing to give
consent were excluded. All the subjects included in the study were
on treatment with oral hypoglycemic agents and or with Insulin
and known hypertensive’s were on antihypertensive medication.
Well established stable CAD patients were recruited for CAD
group, for CKD group, stage 2 and stage 3 CKD patients with
three or more results of urine protein creatinine ratios (>30 mg/
dl) and confirmed clinical diagnosis of diabetic nephropathy were
included in the study. For CKD and T2DM groups, patients who
underwent regular diabetic examination, and diagnosed free of
CAD by their medical history of CAD or angiography, normal
electrocardiography, and without chest pain symptoms, were
recruited as controls (Figure 1).

Despite a growing body of evidence substantiating the role of
GDF-15 in tissue injury little is known about the association of
this biomarker in coronary artery disease and kidney disease.
Deeper understanding of the role of GDF-15 may provide
insights into potential process of renal injury, and the complex
interaction of coronary artery and renal disease. Hence the
present work was designed to determine the levels of GDF-15 in
T2DM subjects with chronic kidney disease (CKD) and coronary
artery disease (CAD).

Demographic and anthropometric details like age, height, weight,
BMI, blood pressure, duration of diabetes, family history of
diabetes and duration of hypertension were obtained from
patients’ proforma and medical records. Biochemical parameters
like fasting and postprandial glucose level, HbA1c, lipid profile,
urea, creatinine, urinary albumin and urinary protein values
were also recorded. All biochemical parameters were estimated
using BS400 biochemistry autoanalyzer, HbA1c was measured
using HPLC method using variant turbo equipment (Bio-Rad).
Creatinine was estimated by Jaffe’s kinetic method, urinary
albumin was estimated by immunoturbidimetric procedure.
Urinary protein was determined using pyrogallol method.

Materials and Methods

Assessment of Plasma GDF-15

Subjects

Fasting blood samples were collected and centrifuged at 2000 rpm/
min for 10 min. After centrifugation plasma samples were gently
transferred into sterile vials for the estimation of plasma GDF-15
levels and stored at 20°C until tested. Plasma GDF-15 levels were
measured with a solid phase enzyme linked immunosorbent assay
following the manufacturer's instruction (Raybio human GDF-15
kit, Norcross, GA). The minimum detectable dose of GDF-15
levels was determined to be 2 pg/ml. The coefficient of mean
variations in the samples was <5%.

The cross section study has been conducted among T2DM
patients, attending outpatient department in a tertiary care
hospital in India. Consecutive patients were recruited based on the
inclusion and exclusion criteria. The study protocol was approved
by the institutional ethics committee. T2DM subjects with age
above 25 years and less than 65 years, diabetic duration more than
5 years, T2DM with established CAD, CKD and both CKD &

Figure 1. Flow Chart of the Patients Included in the Study.
200 Consecutive patients
were screened for the study

Inclusion Criteria age >25 and
<65years, DM duration >5years,
T2DM with established CAD/
CKD/both CKD & CKD/T2DM
alone

120 pts were excluded due to
T1DM, GDM, patients with a previous/current diagnosis of urolithiasis,
UTI, liver cirrhosis, lung diseases,
foot ulcers, cancer, viral hepatitis

Gropu I
T2DM (n = 20)

Gropu II
T2DM + CKD (n = 20)

Gropu III
T2DM + CAD (n = 20)

Gropu IV
T2DM + CKD & CAD (n = 20)

Patients diagnosed
free from CAD &
CKD

stage 2 & stage 3 CKD

Stable CAD

Stable CAD with stage 2 & stage
3 CKD
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Statistical Analysis
All statistical analyses were performed using IBM SPSS Version
20. ANOVA, Multiple comparison-Bonferroni were used to
compared dependent variables, Pearson's correlation coefficient
test was used to observe correlation of plasma GDF-15 with
biochemical and clinical parameters and the p value of <0.05 was
considered statistically significant.

Results
A total of 80 consecutive patients (M: F = 58:22) were included
in the study with the mean age of 60.15 ± 1.8 years and mean
Diabetic duration was 14.91 years. The study subjects were
divided into four groups Group-I: T2DM subjects (n=20; M: F=
12:8), Group-II: T2DM subjects with CKD (n=20; M:F= 15:5),
Group-III: T2DM subjects with established CAD (n=20; M:F=
16:4) and Group-IV: T2DM subjects with CKD and established
CAD (n=20; M:F= 15:5).
The demographic detail of the study group was presented in
Table 1. The duration of Hypertension was higher in Group IV
when compared to other groups. Our study population showed
46.25% of the subjects had family history of diabetes. Stastical

significance was observed in the Systolic blood Pressure (p=0.01),
HbA1c (p=0.01), Postprandial blood sugar levels (p=0.02), Urea
(p<0.001), Creatinine (p<0.001), eGFR (p<0.001), Triglyceride
(p=0.01), High Density Lipoprotein (p=0.02) and VLDL (p=
0.04) between the study groups (Table 2).
The level of GDF-15 was markedly increased in diabetic subjects
with both CKD and CAD (Group IV: 520.52 ± 62.18) compared
to other groups. It is also observed that the mean levels of GDF15 was higher in T2DM subjects with CAD (group III: 474.14 ±
65.14) compared to T2DM subjects with CKD (424.28 ± 53.79)
and subjects with T2DM (Group I: 315.29 ± 40.77). Significant
difference in the plasma levels of GDF-15 (p<0.001) was
observed between the groups. Comparisons of GDF-15 levels
between the groups shows statistical differences between group
I vs. group II (p<0.0001), group III (p<0.0001), group IV (p<
0.0001), group II vs. group III (p=0.012), group IV (p<0.0001)
and group III vs. IV (p=0.027) (Table 3).
Among the study groups GDF-15 levels are positively correlated
with duration of diabetes (r=0.32; p=0.001), systolic blood
pressure (r=0.28; p=0.01), HbA1c (r=0.35; p=0.001), urea (r=
0.42; p=0.001), creatinine (r=0.32; p=0.001) and triglyceride (r=
0.31; p=0.01). A negative correlation were noticed in eGFR (r=
- 0.35; p=0.001) and HDL (r = -0.25; P=0.03). Other variable
doesn’t show any correlation with GDF -15.

Table 1. Demographic Characterises of the Study Subjects.
S.No
1
2
3
4
5

Group I
Group II
Group III
Group IV
(T2DM)
(T2DM with CKD) (T2DM with CAD) (T2DM with CKD & CAD)
M:F
12:8
15:5
16:4
15:5
Age in years
58.10 ± 7.72
62.35 ± 6.64
59.45 ± 6.63
60.70 ± 6.83
27.22 ± 4.21
27.92 ± 3.72
28.47 ± 6
27.41 ± 4.75
BMI kg/m2
Duration of Diabetes
11.45 ± 6.55
14.15 ± 6.34
16.95 ± 7.17
17.10 ± 9.03
Duration of Hypertension 4.95 ± 4.24
6.60 ± 3.03
6.75 ± 4
7.35 ± 7.44
Variables

Table 2. Biochemical Characteristics of the Study Subjects.
S.No

Variables

1
2
3
4
5
6
7
8
9
10
11
12
13
14

SBP(mmhg)
DBP (mmhg)
FBG (mg/dl)
PPBG (mg/dl)
HbA1c (%)
Ur (mg/dl)
Cr (mg/dl)
eGFR ml/min
TG (mg/dl)
T.Chlo (mg/dl)
HDL (mg/dl)
LDL (mg/dl)
VLDL (mg/dl)
Non HDL (mg/dl)

Group I
Group II
Group III
Group IV
(T2DM)
(T2DM with CKD) (T2DM with CAD) (T2DM with CKD & CAD)
126. 05 ± 9.54
133.2 ± 14.89
126.50 ± 14.61
139.05 ± 16.46
76.10 ± 6.73
77 ± 8.65
75 ± 8.27
78.25 ± 4.94
155.50± 30.10
173.05 ± 70.96
146.55 ± 27.74
156.75 ± 45.32
213.30 ± 56.04
269.10 ± 83.13
221.35 ± 59.41
219.75 ± 45.92
7.12 ± 1.2
8.45 ± 1.63
8.84 ± 1.64
8.6 ± 1.4
23.35 ± 5.85
36.40 ± 9.52
23 ± 5.54
42.95 ± 10.74
0.94 ± 0.17
1.63 ± 0.5
0.93 ± 0.15
1.6 ± 0.65
80.65 ± 11.8
47.8 ± 10.16
84.25 ± 13.49
47.5 ± 13.79
91.65 ± 34.29
135.10 ± 37.30
144.25 ± 67.92
159.50 ± 97.23
153.05 ± 35.01
133.80 ± 45.16
158.35 ± 40.88
152.95 ± 60.84
49.7 ± 11.57
48.4 ± 19.11
37.05 ± 12.85
41.25 ± 10.88
78.3 ± 14.87
70.7 ± 24.9
86.75 ± 29.8
84.2 ± 41.14
23.85 ± 9.25
39.35 ± 18.26
32.6 ± 16.82
29.9 ± 17.91
99.95 ± 19.43
113.5 ± 21.9
120.7 ± 35.61
125.5 ± 49.34

P-Value
0.01*
0.55
0.35
0.02*
0.01*
<0.001*
<0.001*
<0.001*
0.01*
0.36
0.02*
0.32
0.04*
0.1

SBP: Systolic Bood Pressure; DBP: Diastolic Blood Pressure; FBG: Fasting Blood Glucose; PPBG: Postprandial Blood Glucose;
HbA1c: Glycated Hemoglobin; eGFR: Estimated Glomerular Filteration Rate; Ur: Urea; Cr: Creatinine; TG: Triglyceride; T.Chol: Total
Cholesterol; HDL: High Density Lipoprotein; LDL: low Density Lipoprotein; VLDL: Very Low Density Lipoprotein. A p value < 0.05
is considered statistically significant.
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Table 3. Comparison of GDF-15 levels between the Study Groups.
Study Group
Group I

Group II

Group III

Group IV

Group II
Group III
Group IV
Group I
Group III
Group IV
Group I
Group II
Group IV
Group I
Group II
Group III

95% confidence interval
Lower Bound Upper bound
-157.19
-60.78
-207.06
110.65
253.44
-157.03
60.78
157.19
-98.07
98.07
-144.45
-48.04
110.65
207.06
1.66
98.07
-94.59
1.82
157.03
253.44
48.04
144.45
-1.82
94.59

P - Value
<0.0001**
<0.0001**
<0.0001**
<0.0001**
0.012*
<0.0001**
<0.0001**
0.012*
0.027*
<0.001**
<0.001*
0.027

Group I: T2DM; Group II: T2DM with CKD; Group-III: T2DM with established CAD, Group-IV: T2DM with CKD and CAD. A
p value < 0.05 is considered statistically significant.

When focusing on each groups separately, group II (CKD)
showed negative correlation with eGFR (r = -0.48; p=0.03), group
III showed negative correlation with Post prandial blood sugars
(r=-0.46; p=0.04) and group IV showed positive correlation with
Urea (r=0.47; P= 0.04) and Creatinine (r=0.46; P=0.04) and
negative correlation with eGFR (r= -0.25; p=0.03).

Discussion
The association of GDF-15 levels in diabetes, cardiovascular and
kidney disease has been studied previously, perhaps for the first
time we have examined the levels of GDF-15 in all the four groups
(T2DM, CKD, CAD, and CKD & CAD). In healthy condition
GDF-15 is rarely much expressed [16]. The plasma concentration
of GDF-15, increased and up-regulated under pathological
conditions such as hypoxia, inflammation or oxidative stress
[17]. GDF-15 plays a role as an endocrine factor if present in
circulation [18]. GDF-15 is released from macrophages, vascular
cardiomyocytes, adipocytes, smooth muscle cells and endothelial
cells after tissue injury, anoxia, and proinflammatory cytokine
responses [10, 19, 20].
GDF-15 highly expressed in response to biomechanical
stress, ischemia, anoxia and different kinds of cytokines and
growth factors like interleukin-1 (IL-1, IL-2, IL-4, IL-6), TNF-,
angiotensin II, macrophage colony stimulating factor (M-CSF),
and TGF-β. GDF-15 plays a major role in the regulation growth,
cell differentiation and inflammatory response [21].
Cardiomyocytes in the infarct border zone have been identified
as the main source of GDF-15 [22]. The controversy exists in
the production sites of GDF-15 during heart failure conditions.
Even though GDF-15 is strongly released from the infracted
condition of the human heart, it might also be released from
the macrophages [23]. Earlier study also reported that there
is no evidence for the myocardial expression of GDF-15 in
patients having advanced non-ischemic heart failure. Perhaps,

the circulating GDF-15 levels were increased the same as cardiac
troponin and natriuretic peptides levels in serum [24].
It has been established that levels of GDF-15 correlated strongly
with age [25], specifically higher in elderly adults [26], these
changes would reflect both in cardiovascular and renal changes,
inflammations and pathophysiological process. The elevated
levels of GDF-15 in subjects with T2DM with both CAD and
CKD could reflect both cardiovascular and renal perturbations,
inflammation and other independent pathophysiological
processes [14, 27]. Several animal and human studies highlighted
the association between GDF-15 with CAD and CKD; perhaps
there is a paucity of data in diabetic subjects with both cardio and
renal complications. The elevated level of GDF-15 was already
reported in diabetic conditions, hypertension, and deterioration
of kidney function [15, 26]. Further, increased level of circulating
GDF- 15, was also observed in acute myocardial infarction, shows
that there exist a strong link between GDF-15 and inflammation
[25, 28]. As GDF-15 plays an important role in various diseases,
current study assessed the level of GDF-15 among T2DM
patients with CAD and CKD. The mean level of GDF-15 in
T2DM subjects was lower when compared to other groups. The
findings highlighted that elevated levels of GDF-15 is associated
with both CKD and CAD. A recent study also showed that the
expression of GDF-15 is up regulated in CKD and represents a
novel independent serum marker of mortality [11].
Further, GDF-15 is also patented for the diagnosis of kidney
injury after surgery, prediction of kidney failure after heart
surgery and detecting the prognosis of CKD [29]. Our study
finding is consistent with the earlier study, which suggested
that higher levels of GDF-15 are a precursory marker of
cardiovascular disease in patients with diabetic nephropathy in
addition to other well known cardiovascular risk factors like NTproBNP and glomerular filtration rate (GFR) [30, 31]. Among
other biomarkers, GDF-15 is found to be one of the promising
biomarkers which predicts cardiovascular outcome and many
studies have suggested that higher plasma GDF-15 levels are
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seen in patients with cardiovascular pathologies such as CAD or
chronic heart failure [23, 32]. Present study findings are in line
with the earlier findings that the GDF-15 is closely associated with
cardiovascular and kidney disease [23, 28, 32-34]. Thus GDF-15
could be an important precursory biomarker for T2DM patients.
The association of injured tissue response to stress and increased
GDF-15 levels confirmed that the GDF-15 expression is
increased with the severity of the underlying disease condition
[19]. Previous studies strongly supports GDF 15 as a independent
biomarker for cardiovascular disease [29, 35]. Current study
findings showed higher plasma GDF-15 levels in T2DM with
CAD and CKD (Group II, III and IV) as compared to T2DM
subjects. However, when compared to CKD, the mean level
of GDF-15 is higher in CAD with T2DM subjects. This may
suggested that the GDF-15 is superior marker for CAD. Hence
the level of GDF-15 increased with the severity of the underlying
disease. Thus our data suggested that plasma GDF-15 had a good
capability in predicting CAD and CKD, and it can be used as an
adjunct in distinguishing CAD and CKD.

Limitations
Current study has various limitations, firstly because of the
cross sectional nature of the study, we could not able to clearly
establish a causal relationship between plasma GDF-15 levels and
the development of CAD and CKD. Secondly, the interaction
of drugs which increases the levels of plasma GDF-15 has not
been studied and identified. Thirdly, the sample size used in this
study was relatively small. Fourthly, current study is a single centre
study, which lacks generalizablity of the findings. Thus further
multicentre study with large sample size is required to make these
associations clear.

Conclusion
In conclusion, our study highlighted that the level of GDF-15
was significantly increased in T2DM patients with both CKD and
CAD, when compared to CAD, CKD and T2DM. Thus GDF15 would be a promising diagnostic marker for both CAD and
CKD. Further research is essential before considering GDF-15 as
therapeutic intervention and prevention of diabetic complications.
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