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Introduction

Abstract
Aim: Diabetes mellitus (DM) is a proven risk factor for diseases
such as end stage renal disease (ESRD) and osteoarthritis (OA).
Thus, it is not unreasonable to assume that some of the ESRD/
OA pathogenesis, namely inflammation and metabolic dysfunction,
could be attributed to DM as a comorbititiy. This study aims to
investigate DM's effect on metabolic biomarker levels in patients
with ESRD or undergoing total joint arthroplasty.
Methods: Under IRB approval, plasma samples were collected
from 82 patients with ESRD prior to hemodialysis and from 39
patients prior to total hip and knee arthroplasty. Normal human
plasma samples (female & male, 18-35 years old) were purchased
from George King Biomedical Inc. (Overland Park, KS). Samples
were stored at -80°C. Metabolic biochips were purchased from
RANDOX (Co. Antrim, Northern Ireland) to test c-peptide, ferritin,
IL-6, resistin, insulin, TNF-α, IL-1α, leptin and PAI-1. These
biomarkers were tested in two batches: 82 ESRD and 17 normals,
and 39 TJA and 25 normals.
Results & Conclusions: All biomarkers, except insulin, were
significantly elevated in ESRD+DM compared to normal. For
TJA+DM vs. normal, all biomarkers were increased except
c-peptide and insulin, which were decreased, and ferritin, which
showed no significant change. The only biomarker significantly
increased in ESRD+DM compared to ESRD-DM, was leptin.
Furthermore, ESRD+DM vs. normal were significant for leptin, but
ESRD-DM vs. normal was not. This pattern is consistent with the
leptin pattern seen in patients with ESRD+MetS. This suggests
that elevated leptin levels seen in patients with ESRD may be due
to DM and/or MetS, which are both highly prevalent in the ESRD
population. For all other biomarkers, there was lack of significance
in ESRD+DM vs. ESRD-DM, as well as in TJA+DM vs. TJA-DM.
This suggests that the presence of DM may not substantially
further alter the metabolic profiles seen in patients with ESRD or
undergoing TJA.
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Diabetes mellitus (DM) is a proven risk factor for diseases such
as end stage renal disease (ESRD) and osteoarthritis (OA) [1-3].
Thus, it is not unreasonable to assume that some of the ESRD/OA
pathogenesis, namely inflammation and metabolic dysfunction,
could be attributed to DM as a comorbititiy. This study aims to
investigate DM's effect on metabolic biomarker levels in patients with
ESRD or undergoing total joint arthroplasty.

End stage renal disease
Chronic kidney disease, and its advancement to ESRD, has
previously been linked to risk factors such as diabetes, hypertension
and glomerulonephritis [1]. ESRD is marked by failure to remove
waste products and uremia, requiring hemodialysis. Thus, an
abnormal milieu of serum proteins and compounds, including
metabolic waste products, would be expected in patients with
ESRD. Whether or not part of the abnormal metabolic profile can
be attributed to DM as a comorbitity or causative factor, is unclear.

Osteoarthritis and total joint arthroplasty
Osteoarthritis, a degenerative joint disease, is the leading cause of
total joint arthroplasty (TJA) procedures in the United States [4,5].
Traditionally, OA has been seen as a degenerative joint disease due
to long-term load-barring wear and tear of the joint. More recently,
metabolic disregulation and inflammation have been indicated as
contributing factors to the pathogenesis of OA and the need for TJA
[2,6]. Diabetics have an increased risk for developing OA, possibly
by accelerating joint damage through high serum levels of glucose
and advanced glycosylation end products [2,3,7]. It has also been
shown that low levels of insulin, as seen in patients with type 1 DM,
decreases bone mineral density, and thus bone integrity [3,7,8]. In
contrast, patients with type 2 DM have increased insulin and bone
mineral density, but still have an increase risk of bone disorders, most
likely attributed to dysregulation of bone and cartilage structure due
to hyperglycemia and glycosylation [3,7,8]. While we expect to see
altered metabolic biomarker patterns in patients undergoing TJA, we
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may also expect to see biomarker variance when comparing diabetic
patients undergoing TJA to non-diabetic patients undergoing TJA.

Biomarkers
As insulin resistance and dysregulation are hallmarks of DM,
we would expect to see altered insulin levels in ESRD/TJA patient
populations. C-peptide is cleaved from pro-insulin and secreted
with insulin, thus we would expect the c-peptide trend to mirror the
changes in insulin9. However, it is important to note that c-peptide
relies more on the kidney for clearance than insulin does, so we may
expect to see higher levels of c-peptide than insulin in patients with
ESRD [9].
Levels of leptin, an adipokine, are correlated to amount of adipose
tissue, and at high levels has proinflammatory actions [10]. Nakhjavani
et al. showed that leptin levels in patients with longstanding DM did
not differ from normal, but that leptin was significantly lower in
patients newly diagnosed with DM compared to normal and patients
with longstanding DM [11]. Resistin and tissue necrosing factor alpha
(TNF-α) are also secreted from inflamed adipose tissue and have been
shown to increase in DM [10,12,13].
Ferritin is an iron storage protein best known for being
increased during inflammation and infection, but is also linked to
DM [14]. Plasminogen activator inhibitor 1 (PAI-1) prevents fibrin
clot degradation and extracellular matrix turnover by inhibiting
plasminogen activators, and thus plasmin [15]. Mechanisms involving
PAI-1 may play a role in DM pathogenesis, thus we may expect to see
increased PAI-1 in patients with DM [16,17].
Interleukin 6 (IL-6) is a pleiotropic cytokine that has both proinflammatory and anti-inflammatory actions. There have been
numerous conflicting studies about IL-6 relation to and potential
role in DM [16]. IL-6 can amplify the effects of other cytokines
and possibly alter insulin secretion, thus it may contribute to the
pathogenesis of DM, but is not likely a key player [17].
Interleukin 1 alpha (IL-1α) is another proinflammatory cytokine
suggested to play a role in autoimmune processes [18]. Recently, it
has been shown that fatty acids and metabolic stress can induce IL-1α
release, triggering an inflammatory process in vasculature [18].

Materials and Methods
Patient recruitment
Patients diagnosed with ESRD and undergoing regular
hemodialysis at Loyola University Ambulatory Dialysis Unit were
recruited and informed consent was obtained. Additional inclusion
criteria were age above 18 years, on hemodialysis for more than 90
days and free of any active infection or malignancy. Pre-dialysis blood
was collected during the monthly laboratory blood collection at the
dialysis unit. Patient sample collection was performed on the second
dialysis of the week, prior to any heparin administration and before
patients were connected to dialysis machine. All patient samples were
drawn in non-fasting conditions.
Surplus plasma was obtained from patients scheduled to undergo
TJA at Loyola University Medical Center. Plasma samples were
collected during the routine pre-operative consultation and one
day post-operative. All patient samples were drawn in non-fasting
conditions.

The following information was collected from patients’ electronic
medical records: age, gender, BMI, HDL, triglycerides, systolic &
diastolic BP, Hemoglobin A1C, fasting serum glucose, hypertension
(HTN), DM, statin use and procedure type.

Statistical analysis
All data was analyzed using GraphPad Prism Software (San
Diego, CA). Unpaired, non-parametric t-tests were conducted to
determine the significance of patterns among variables.

Results
Biomarker evaluation in ESRD population
Population demographics and histograms of biomarker levels
are shown in table 1 and figure 1. The following biomarkers were
significantly elevated in patients with ESRD compared to normal:
c-peptide, ferritin, IL-6, resistin, TNF-α, IL-1α, leptin, and PAI-1
as shown in table 2 and figure 2. No significance was found when
comparing ESRD to normal for insulin. Leptin was significantly
elevated in ESRD+DM, as compared to ESRD-DM. No significant
difference was seen in other biomarkers for ESRD+DM vs. ESRDDM.

Biomarker evaluation in TJA population
Population demographics and histograms of biomarker levels
are shown in table 2 and figure 3. The following biomarkers were
significantly elevated in patients undergoing TJA compared to
normal: resistin, IL-1α, leptin, IL-6, TNF-α, and PAI-1 as shown in
table 2 and figure 4. C-peptideand insulin was both decreased in TJA
compared to normal. No significance was found when comparing
TJA to normal for ferritin. For TJA+DM vs. TJA-DM, no significant
difference was found in any biomarkers.

Discussion
Biomarker evaluation in ESRD population
Based on literature, we would expect to see increased levels
Table 1: Patient population demographics
ESRD all ESRD+DM ESRD-DM TJA all TJA+DM TJA-DM
Sample size

82

51

31

39

9

30

Age

65

68

60

68

65

68

Gender
(% female)

54

60

45

60

0

70

BMI

29

31

27

32

34

31

HTN

96%

100%

90%

80%

90%

70%

MetS

84%

92%

70%

66%

88%

57%

Most demographics are consistent among the ESRD populations. There is a
substantial difference between ESRD+DM and ESRD-DM for MetS, which can
be attributed to the fact that insulin resistance is one of the criteria for MetS. Age
and BMI are similar in all three TJA populations, while HTN, MetS and gender are
different in TJA+DM compared to TJA-DM.
Table 2: P-values for unpaired non-parametric t-tests run on biomarker data
ESRD
vs. normal

ESRD+DM
vs. ESRD-DM

TJA
vs. normal

TJA+DM
vs. TJA-DM

C-peptide

<0.0001

0.3

0.01

1

Ferritin

<0.0001

0.1

0.6

0.6

Biomarker evaluation

IL-6

<0.0001

0.2

<0.0001

0.2

Resistin

<0.0001

0.06

0.01

1

Under IRB approval, plasma samples were collected from 82
patients with ESRD prior to hemodialysis and from 39 patients prior
to total hip and knee arthroplasty (THA/TKA). Normal human
plasma samples (female & male, 18-35 years old) were purchased from
George King Biomedical Inc. (Overland Park, KS). Samples were
stored at -80°C. Metabolic biochips were purchased from RANDOX
(Co. Antrim, Northern Ireland) to test C peptide, ferritin, IL-6,
resistin, insulin, TNF-α, IL-1α, leptin and PAI-1. These biomarkers
were tested in two batches: 82 ESRD and 17 normals, and39 TJA and
25 normals.

Insulin

0.4

0.3

0.01

0.7

TNF-α

<0.0001

0.6

<0.0001

0.6

IL-1α

<0.0001

0.5

0.0003

0.6

Leptin

0.01

0.03

0.01

0.6

PAI-1

0.05

0.2

<0.0001

0.4
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Note that ESRD includes all patients with ESRD, while ESRD+DM includes
only patients with ESRD who have DM documented in their medical record and
ESRD-MetS includes only patients with ESRD who did not have DM documented
in their chart. Similarly, TJA includes all patients undergoing TJA, while TJA+DM
includes only patients with DM documented in their charts and TJA-DM includes
only patients undergoing TJA that do not have DM documented.
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Figure 1: Frequency distribution of RANDOX biochip biomarker levels in patients with ESRD. Distributions vary across biomarkers for blood samples collected on
the 82 patients with ESRD. C-peptide, resistin and TNF-α show normal distributions. IL-6, insulin, IL-1α and PAI-1 show left skew, while leptin shows a bimodal
distribution. Bin centers created according to plasma sample biomarker concentrations: uIU/mL for insulin, pg/mL for IL-6, TNF-α and IL-1α, and ng/mL for
c-peptide, ferritin, resistin, leptin and PAI-1.

of ferritin, PAI-1, resistin, IL1-α , TNF-α, c-peptide and insulin in
patients with DM compared to normal, and no difference in IL-6
and leptin levels [11,12,14,15,17-21]. However, when investigating
biomarker levels in patients with ESRD+DM vs. normal, we might
expect to see a different metabolic profile than in patients with DM
alone.
We have previously shown that c-peptide, resistin, IL-1α, ferritin,
leptin, IL-6, PAI-1 and TNF-α are all increased in patients with ESRD
compared to normal, while insulin is not [22]. Coupled with the fact
that 60% of our ESRD population has DM, we expected and did see
this same biomarker pattern in ESRD+DM vs. normal.
However, it was surprising to find that there was no significant
difference between ESRD+DM and ESRD-DM, as we would have
expected to see additional metabolic derangement in the diabetic
group. The only biomarker that did show a significant increase
in ESRD+DM compared to ESRD-DM, was leptin. Interestingly,
we have previously shown that there was no correlation found
between DM and biomarker levels in ESRD patients, but that DM
was correlated to whether or not a patient fit the criteria for MetS.
Thus it would make sense that the leptin pattern for DM mimics the
leptin pattern for MetS in ESRD patients [22]. Here we see the same
pattern of leptin levels in ESRD ± DM as ESRD ± MetS: leptin is only
significantly increased in ESRD patients compared to normal if they
have DM (P<0.0002), but is not significantly increased if they do not
have DM (P=0.37).
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Biomarker evaluation in TJA population
Although only 30% of the patients undergoing TJA had DM,
biomarker patterns for TJA+DM vs. normal were consistent with TJA
vs. normal biomaker patterns previously investigated. For TJA+DM
vs. TJA-DM, no significant difference was found in any biomarkers,
suggesting that the change in metabolic biomarker levels seen in
patients undergoing TJA is due to joint disease processes, rather than
due to DM as a comorbidity.

Limitations of this study
Many of these patients have numerous comorbidities, making
it difficult to distinguish between biomarkers that are elevated as a
result of the ESRD/OA/DM pathogenesis and biomarkers that are
elevated as a result of comorbidities. Thus, more statistical analysis is
required to investigate the correlations between biomarker levels and
presence of various comorbidities.
As our patient populations all had either ESRD or joint
deterioration, it was not possible to see whether patients with DM
and no comorbidities (i.e. ESRD or OA) had elevated metabolic
biomarkers as compared to baseline, as some literature suggested. It is
possible that because patients with ESRD or undergoing TJA already
have inflammatory processes and metabolic dysfunction occurring,
the concurrence of DM did not substantially elevated biomarkers
more than we would see in ESRD or TJA alone. However, if we looked
at patients with DM but without ESRD, OA or other disease processes
ISSN: 2377-3634
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Figure 2: Bar graphs indicating biomarker means and standard deviations. The following biomarkers were significantly elevated in patients with ESRD compared to
normal: c-peptide (P<0.0001), ferritin (P<0.0001), IL-6 (P<0.0001), resistin (P<0.0001), TNF-α (P<0.0001), IL-1α (P<0.0001), leptin (P=0.01) and PAI-1 (P=0.05).
No significance was found when comparing ESRD to normal for insulin (P=0.4). Leptin was significantly elevated in ESRD+DM, as compared to ESRD-DM
(P=0.03). No significant difference was seen in other biomarkers for ESRD+DM vs. ESRD-DM.

occurring, we may see a change in metabolic biomarker profile, when
comparing DM to normal.
Appropriate controls for this study would have been matched
for age, gender and BMI, to remove variations due to age-related
disease processes, rather than ESRD, TJA, or DM disease states.
However, recruitment of individuals above 60 years old who do not
have any medical conditions is extremely slow, and thus normal
samples (female & male, 18-35 years old) were purchased from
George King Biomedical Inc. (Overland Park, KS). As shown in table
1, demographics (age, gender, BMI) are similar between ESRD+DM
and ESRD-DM, and also between TJA+DM and TJA-DM, with the
exception of the apparent age difference seen between TJA+DM and
TJA-DM. While, this was not the focus of our study, a larger cohort
would allow us to demonstrate any potential demographic differences.
We did not separate patients based on what type of DM they had,
and as the two types do have different pathogenesis, we may expect
to see some variation between the two groups. Thus, additional
investigation of biomarker levels in type 1 DM and type 2 DM would
be useful. It is also important to point out that the metabolic profile
may vary from patient to patient depending on how far their disease
has progressed.
Many of patients are treated with numerous anti-inflammatory,
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analgesic, antidiabetic and other medications. Some of these
medications may have a modulatory effect on the generation of
biomarkers. It would be difficult to differentiate the specific effects
produced by antidiabetic medications alone from effects of other
medications. It is also important to note that most of the ESRD+DM
and TJA+DM patients are being treated with antidiabetic medications,
which may affect the measured analyses. Upon review of the available
HbA1C and glucose levels, there was a mix between pre-diabetic and
non-diabetic patients in the non-DM groups. Moreover, it was not
our objective to differentiate between pre-diabetic and non-diabetics.
Plasma samples drawn were from patients with ESRD as part of
a maintenance dialysis clinic-based draw, which was completed in 3
shifts. Thus it was not possible to obtain fasting samples. Likewise,
the arthroplasty plasma samples were obtained at a pre-surgical
testing panel and thus can also be assumed non-fasting glucose
samples. However, most of the metabolic biomarkers included in
this investigation have relatively long half-lives and do not change
prandially. It’s unlikely that fasting would have altered these results.
Some of the patients undergoing TJA had very little documented
in their chart, possibly because Loyola University Medical Center is
not their primary healthcare provider. Thus it is possible that some
patients may have had DM that was not documented in the charts we
had access to during this project.
ISSN: 2377-3634
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Figure 3: Frequency distribution of RANDOX biochip biomarker levels in patients undergoing TJA. Distributions vary across biomarkers for blood samples collected
on the 39 patients prior to TJA. Most had left skew trends, except for TNF-α and PAI-1, which showed more bimodal and uniform distributions, respectively. Bin
centers created according to plasma sample biomarker concentrations: uIU/mL for insulin, pg/mL for IL-6, TNF-α and IL-1α, and ng/mL for c-peptide, ferritin,
resistin, leptin and PAI-1.

Figure 4: Bar graphs indicating biomarker means and standard deviations. The following biomarkers were significantly elevated in patients undergoing TJA
compared to normal: resistin (P=0.01), IL-1α (P=0.0003), leptin (P=0.01), IL-6 (P<0.0001), TNF-α (P<0.0001) and PAI-1 (P<0.0001). C-peptide (P=0.01) and
insulin (P=0.01) were both decreased in TJA compared to normal. No significance was found when comparing TJA to normal for ferritin (P=0.6). For TJA+DM vs.
TJA-DM, no significant difference was found in any biomarkers.
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Conclusions
The altered metabolic profiles seen in patients with ESRD or
undergoing TJA, as compared to normal, suggests that there is
metabolic dysfunction present in these disease states, which possibly
contributes to the pathogenesis and overall clinical outcome in these
groups. The only biomarker significantly increased in ESRD+DM
compared to ESRD-DM, was leptin. Furthermore, ESRD+DM vs.
normal were significant for leptin, but ESRD-DM vs. normal was not.
This pattern is consistent with the leptin pattern seen in patients with
MetS. This suggests that the elevated leptin levels seen in patients with
ESRD may be due to DM and/or MetS, which are highly prevalent
in the ESRD population. For all other biomarkers, there was lack of
significance between ESRD+DM and ESRD-DM, as well as between
TJA+DM and TJA-DM. This suggests that the presence of DM may
not substantially further alter the metabolic profiles seen in patients
with ESRD or undergoing TJA.
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