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Abstract: Type 2 diabetes mellitus may be complicated with chronic complications including
diabetic neuropathy (DN). Timely diagnosis is crucial in treatment and maybe reversal of this
complication. C reactive protein to albumin ratio (CAR) is considered as a marker of inflammation
in various diseases that characterized with acute or chronic inflammation. Since diabetic
neuropathy and type 2 diabetes mellitus are also associated with chronic, low grade inflammation,
we aimed to study CAR levels of type 2 diabetic subjects with diabetic neuropathy and to compare
to those in patients without diabetic neuropathy. Type 2 diabetic patients presented to our
institutional outpatient clinics were divided into two according to the presence of DN. Subjects
with DN were listed as DN group and others were as non-DN group. Characteristics and
laboratory data, including CAR, in DN and non-DN groups were compared. Median CAR of the
DN and non-DN groups were 2,19 (0,2-49)% and 0,56 (0,02-5,8)%, respectively (p<0.001). CAR was
significantly and positively correlated with age (r=0.15, p<0.001), weight (r=0.19, p=0.01), BMI
(r=0.11, p=0.03), waist circumference (r=0.10, p=0.046), fasting plasma glucose (r=0.14, p=0.004),
serum creatinine (r=0.25, p<0.001), triglyceride (r=0.17, p<0.001), and LDL-cholesterol (r=0.13,
p=0.001) levels. Moreover, CAR was inversely correlated with eGFR levels (r=-0.16, p<0.001). The
sensitivity and specificity of CAR (when higher than 1,02%) in predicting diabetic neuropathy were
78% and 73%, respectively (AUC: 0.84, p<0.001, 95% CI: 0,82-0,87). Moreover, high CAR level was
an independent risk factor of diabetic neuropathy (p<0.001, OR: 1.34, 95% CI: 0.48-1.62). In
conclusion, elevated CAR levels could be considered as a marker of diabetic neuropathy.

Keywords: type 2 diabetes mellitus; diabetic neuropathy; inflammation; C reactive protein to
albumin ratio

1. Introduction

Type 2 Diabetes mellitus is associated with insulin resistance and chronic hyperglycemia. It is
by far the most common type of diabetes mellitus and it constitutes 90-95% of all diabetic patients
[1]. Insulin is an essential hormone that produced in beta cells in the pancreas. Insulin facilitates
glucose intake of the cells from blood, where it is utilized for energy production or stored as
glycogen. Resistance to insulin action in target tissues may result in hyperinsulinism, which
eventually progress to impaired secretion of the hormone. Development of type 2 diabetes mellitus,
probably the most common metabolic condition, is either caused by deteriorated response of
peripheral tisues to insulin or defective secretion of insulin from pancreatic B-cells. Insulin is also an
essential hormone in the metabolism of fats and proteins. Therefore, insulin deficiency or insulin
resistance leads to hyperglycemia, hyperlipidemia and other laboratory and clinical manifestation of
diabetes mellitus. Yet, most of the patients are asymptomatic at presentation and are diagnosed by
the presence of hyperglycemia in the routine laboratory evaluation and subsequent tests. The rate of
type 2 diabetes mellitus diagnosis is increased and the rate of symptomatic disease decreased with
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efforts to diagnose type 2 diabetes mellitus earlier through screening tests [2]. Injury of major organs
and systems, including cardiovascular diseases, diabetic kidney injury, diabetic foot ulcers, diabetic
retinopathy, and diabetic neuropathy may occur when hyperglycemia persists in diabetic subjects
[3]. Unfortunately, most of the diabetic patients have at least one of these macrovascular or
microvascular complications of the disease and of those, cardiovascular events are the leading cause
of mortality in diabetic population [4]. However, if appropriate management of diabetes is provided,
these serious complications can be delayed or completely avoided [5].

Type 2 diabetes mellitus is usually accompanied by other conditions such as hypertension,
dyslipidemia, and central obesity. Thus, it can be considered as a part of Syndrome X or so called
metabolic syndrome [6]. Processes of insulin production and secretion are controlled strictly, since
the balance of blood glucose depend mainly to release and action of insulin. Metabolic imbalance
which could progress to type 2 diabetes mellitus may be driven by any defects in these processes [7].

Recent researches have focused on the role of inflammation as a link between obesity,
atherosclerosis, and type 2 diabetes mellitus [8]. Commonly used inflammatory markers including
C-reactive protein (CRP), IL-6, plasminogen activator inhibitor-1 (PAI-1), and tumor necrosis
factor-alpha (TNF-alpha) were reported to be associated with incidence of type 2 diabetes mellitus
[9]. In addition, chemokines or so called chemotactic pro-inflammatory cytokines [10], white blood
cell count in blood [11], and adipokines (the inflammatory factors released from adipose tissue) [12],
were also observed to stimulate inflammatory activity in subjects with insulin resistance. Studies on
these inflammatory cytokines found that is subject have shown that serum levels of the cytokines are
reduced by intensive lifestyle interventions [13]. Anti-diabetic drugs such as thiazolidinediones and
lipid-lowering agents such as statins have additional therapeutic benefits due to their
anti-inflammatory actions [14]. Moreover, a lower incidence of diabetes has been noted in subjects
with psoriasis or rheumatoid arthritis, who are on anti-inflammatory and disease-modifying
anti-rheumatic drugs compared to those using other medicines [15].

Long-term intracellular hyperglycemia leads to complications mainly arising from the kidneys,
eyes and nervous system by disrupting the microvascular structure. It is estimated that up to 25% of
patients have already developed one or more diabetic complications at the time of initial diagnosis
of type 2 diabetes mellitus [3]. Hence screening for the disease has great importance in sake of
establishing the diagnosis as early as possible. One of these complications is diabetic neuropathy
which is the most frequently seen type of peripheral neuropathies in developed countries [16].

Diabetic neuropathy is one of the most common complications of diabetes that can lead to pain,
loss of sensation, and limb amputation, hence impair the quality of life [17]. Diabetic neuropathy has
a complex pathophysiology and it affects both components (autonomic and somatic) of the nervous
system. Neuropathic pain, tingling, paraesthesia, numbness and burning feeling is characterized
symptoms of diabetic neuropathy. These symptoms mainly occur in toes, feet, or legs. The
complication has been defined as a peripheral nerve disorder that may develop due to genetic,
traumatic, toxic, metabolic or infectious factors in diabetic subjects. Nearly half of the population
with type 2 diabetes mellitus suffer from diabetic neuropathy and the estimated number of the
diabetic subjects with this complication by the year 2045 is 350 million [18]. Underlying mechanisms
of diabetic neuropathy development is not fully clear and often complex and related with multiple
factors. Some of these factors are metabolic disturbance especially blood glucose alterations,
inflammation, involvement of reactive oxygen species, polyol pathway, diacylglycerol/protein
kinase C pathway, dysfunction in the endothelium, overproduction and accumulation of advanced
glycosylation products, and deteriorated regulation of neurothropic proteins [19]. The inflammation
in the nerve cells is triggered by advanced glycosylation end products via activation of nuclear factor
kappa beta, interleukins, nitric oxide synthase, and tumor necrosis factor- alpha [20]. In diabetic
neuropathy, this inflammation at the cellular level causes other inflammatory cells to come to the
area, causing the inflammatory cytokines they secrete to turn the environment into a place of fire.
Within the nerve cells, ischemia and hypoxia develop, resulting in mitochondrial dysfunction and
excessive production of reactive oxygen species [21].
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The polyol aldose reductase pathway is one of the bypass metabolic pathways of glucose and is
activated due to high blood glucose. In this pathway, aldose reductase enhances production of
sorbitol from glucose and sorbitol dehydrogenase converts sorbitol to fructose [22]. Fructokinase
enzyme is absent in neural tissues, therefore, fructose accumulates in neural cells. On the other hand,
sorbitol slowly spreads around and it also accumulates in these cells. Elevated levels of intracellular
fructose and sorbitol promote increased osmotic pressure in neural cell membranes which
deteriorates inositol and taurine balance of the neural cells [23]. Inositol takes part in detoxification
of free oxygen species and moreover, involves in phospholipid metabolism. Reactive oxygen
radicals cannot be scavenged adequately when inositol levels are depleted, thus, conduction of the
nerve is decelerated due to decreased activity of Na/K ATPase [23]. On the other hand, increased
levels of glucose in blood block the inositol transport into nerve cells. As a result, nerve cells lose a
lot of the inositol they have. Not only depletion of inositol but also reduction of taurine contributes
to the diabetic neuropathy in patients with type 2 diabetes mellitus. Taurine is an anti-oxidant and
transmitter of neural tissues which also involves in calcium regulation in cellular level. Neural cells
swell, degenerate and even become necrotic when taurine levels decrease which all together cause
diabetic peripheral neuropathy [24]. Another molecule that involve in neuropathy in diabetic
subjects is nicotinamide adenine dinucleotide phosphate, which is reduced to the biochemical
reactions that convert glucose to sorbitol. Conversion of glutathione disulfide to glutathione is
limited and activity of nitric oxide synthase is inhibited because of the reduced cellular levels of
nicotinamide adenine dinucleotide phosphate. Finally, free radicals cannot be removed properly
from the micro-environment and production of reactive oxygen species is increased [23]. Another
biochemical reaction that involves in neural damage in patients with type 2 diabetes mellitus is
catalyzed by succinate dehydrogenase. Nicotinamide adenine dinucleotide is converted to its
reduced form (NADH) by this enzyme and formation of superoxide takes place in the mitochondria,
which increase oxidative stress within the cell [25]. As a result, these pathways cause a decrease in
the redox capacity of nerve cells and cell damage due to both the consumption of glutathione and
the production of reactive oxygen derivatives.

Diabetic neuropathy is also one of the leading causes of morbidity related to the type 2 diabetes
mellitus. Complications related with diabetic foot including infection, ulceration, ischemia, gangrene
and amputation are usually occur because of diabetic neuropathy as a precipitating factor [26]. Both
diabetic neuropathy and related complications that mentioned above reduces the quality of life of
the diabetic patients and impose a great socioeconomic burden on healthcare systems [26]. Annual
cost of the diabetic subjects with diabetic neuropathy is 2 to 4 times higher than the diabetic patients
without neuropathy [27]. It increases the risk of diabetic foot ulcers and limb amputations.
Therefore, yearly examination and evaluation for diabetic neuropathy is recommended in diabetic
population. In addition to routine physical examination, monofilament and tuning fork tests are
used in neuropathy assessment. Moreover, electrophysiological findings obtained by standard
electromyography (EMG) are used in the diagnosis of diabetic neuropathy. Abnormalities in nerve
conduction tests are often the first concrete sign of this diabetic microvascular complication. First
signs of neuropathy after the onset of hyperglycemia include dysfunctions such as decreased
sensory nerve and motor nerve conduction velocities, increased sensitivity to pain and painful
response to even normal stimuli. If autonomic neuropathy is suspected, extensive examination of the
systems should be performed. Tight glycemic regulation should be ensured to prevent disease
progression right after the establishment of diabetic peripheral neuropathy diagnosis. The benefit of
maintaining glycemic control to prevent the progression of neuropathy is prominent in the patients
with type 1 diabetes mellitus, however, no benefit was obvious in subjects with type 2 diabetes
mellitus [28]. There are studies indicating that axonopathy, demyelination, nerve degeneration and
sensitivity to pain decrease as the disease progresses.

Although the mechanisms that cause diabetic neuropathy have been well-established, the
effective treatment method of this complication is not fully understood. Current treatment of
diabetic neuropathy focused on symptomatic relief since there is no specific treatment option for this
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complication [29]. Hence, establishing the diagnosis as early as possible following with strict glucose
control remains the only effective strategy for diabetic neuropathy.

These accumulating evidences suggest that diabetic peripheral neuropathy is associated with
increased burden of inflammation. On the other hand, a novel inflammatory marker, C-reactive
protein to serum albumin ratio (CAR) has been introduced as anew and promising marker of
inflammatory conditions and as a diagnostic and prognostic marker of various diseases. For
example, the CARE TIME study showed that elevated levels of CAR could be a marker of diabetic
nephropathy in type 2 diabetes mellitus [30]. Moreover, CAR is considered as a diagnostic marker in
colorectal carcinoma [31], and pancreas malignancy [32], and as a prognostic marker in sepsis [33].
All of these conditions are associated with inflammation as diabetic neuropathy is. However, to the
best of our knowledge, CAR levels have not been studied in type 2 diabetes mellitus patients with
diabetic neuropathy.

In present study, we aimed to observe CAR levels in diabetic neuropathy subjects and to
compare to those in diabetic patients without diabetic neuropathy.

2. Materials and Methods

Patients with type 2 diabetes mellitus that treated in outpatients internal medicine clinics of
Abant Izzet Baysal University Hospital were enrolled to the present retrospective analysis. Patients
with active infection, inflammatory disease, advanced liver disease, cancer, and pregnancy were
excluded from the study. The subjects receiving anti-inflammatory drugs were also excluded. Study
population was divided into two according to the presence of diabetic neuropathy; diabetic patients
with DN (DN group) and diabetic subjects without DN (non-DN group). The diagnosis of diabetic
neuropathy was based on the recommendations of the Toronto Diabetic Neuropathy Expert Group
[34].

Age, sex, body weight, height, duration of type 2 diabetes mellitus, systolic and diastolic blood
pressures, smoking and drinking habits of the study cohort recorded from institutional
computerized database and from the files of the patients. Presence of diabetic nephropathy and
retinopathy were also recorded. A body mass index (BMI) was calculated by division of weight (kg)
by the square of height (m).

Laboratory parameters including blood leukocyte count, hemoglobin, hematocrit, platelet
count, fasting glucose, glycated hemoglobin (HbAlc), blood urea, creatinine, estimated glomerular
filtration rate (eGFR), serum uric acid, liver function tests (aspartate [AST] and alanine [ALT]
transaminases), total, LDL and HDL cholesterol levels, plasma triglyceride, C-reactive protein and
albumin, were also obtained and recorded. A CAR value was calculated by division of C-reactive
protein by serum albumin. General characteristics and laboratory parameters of the DN and non-DN
groups were compared.

Statistics

Statistical software (SPSS 16.0 for Windows, IBM Co. Chicago, IL, USA) was used in statistical
analyses of the study variables. Distribution skewness of the study variables were held with
Kolmogorov Smirnov test. The variables that fit into normal distribution were expressed as means
and standard deviations while the variables with skewed distribution were expressed as medians
(min-max). Categorical variables were expressed as numbers and percentages. Comparison of the
variables with normal distribution was conducted with independent samples t test while the
comparison of the variables with skewed distribution was held with Mann Whitney u test.
Chi-square test w sued in comparison of categorical variables among study groups. Correlations
between CAR and other study variables were analyzed with Person’s correlation analysis test.
CAR'’s sensitivity and specificity in showing DN were analyzed with ROC analysis test. Logistic
regression analysis (independent variables; age, BMI, diabetes duration, fasting plasma glucose,
HbAlc, serum creatinine, LDL-cholesterol and CAR) was conducted to find out independent risk
factors for diabetic neuropathy. It is considered as statistically significant when the p value is lower
than 0.05 thresholds.
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3. Results

Study cohort was consisted with 697 diabetic individuals; 266 in DN and 431 in non-DN groups.
Mean age of the DN and non-DN groups were 60 + 10 years and 56 + 11 years, respectively. Age was
not statistically different between the study groups (p=0.11). 172 (65%) the subjects in DN group was
women and 94 (35%) of them were men, while 219 (56%) of the participants in non-DN group were
women and 212 (44%) of them were men. There was no statistically significant difference between
DN and non-DN groups in term of gender (p=0.06).

Body weight (p=0.6), waist circumference (p=0.56), systolic blood pressure (p=0.17) and diastolic
blood pressure (p=0.07) of the DN and non-DN groups were not statistically different. However,
body mass index of the DN group (31,1 [17-46,3] kg/m2) was significantly greater than the BMI of the
non-DN group (30,8 [19-55,4] kg/m2), (p=0.02). Table 1 summarizes the general characteristics of the
DN and non-DN groups.

Table 1. General characteristics of the DN and non-DN groups.

DN group Non-DN group p
Women (n, (%)) 172 (65%) 219 (56%)
Gender Men (n, (%)) 94 (35%) 212 (44%) 0.06
Mean + Standard Deviation
Age (years) 60+10 56 +11 0.11
Median (min.-max.)
Weight (kg) 82 (48-120) 83 (46-150) 0.6
Waist circumference (cm) 105 (75-132) 105 (78-160) 0.56
BMI (kg/m2) 31,1 (17-46,3) 30,8 (19-55,4) 0.02
Diabetes duration (years) 6 (1-24) 3 (1-20) <0.001
Systolic blood pressure (mmHg) 128 (90-180) 130 (90-200) 0.17
Diastolic blood pressure (mmHg) 75 (50-110) 80 (50-110) 0.07

Abbreviations: BMI; body mass index.

Blood leukocyte count (p=0.33), hemoglobin (p=0.16), hematocrit (p=0.27), platelet count
(p=0.35), aspartate transaminase (p=0.68), alanine transaminase (p=0.65), blood urea (p=0.14), eGFR
(p=0.057), serum wuric acid (p=0.07), total cholesterol (p=0.14), triglyceride (p=0.36), and
HDL-cholesterol (p=0.1) levels of the DN and non-DN groups were not statistically different. On the
other hand, C-reactive protein (p<0.001), serum albumin (p=0.01), fasting plasma glucose (p<0.001),
HbAlc (p=0.001), serum creatinine (p=0.049), and LDL-cholesterol (p=0.03) levels of the DN group
was significantly higher than those of the non-DN group. Table 2 shows the laboratory data of the
DN and non-DN groups.

Table 2. Laboratory parameters of the DN and non-DN groups.

DN group Non-DN group p
Mean + Standard Deviation
leukocyte count (k/mm?) 6,9+2 6,8+23 0.33
Hemoglobin (g/dL) 13,1+1,6 135+1,7 0.16
Hematocrit (%) 39+4 40+5 0.27
platelet count (k/mm?3) 262 + 36 256 + 34 0.35
aspartate transaminase (U/L) 24+9 28 +10 0.68
alanine transaminase (U/L) 23+11 22+12 0.65
Median (min.-max.)

C-reactive protein (mg/L) 9,5 (1-250) 2,2 (0,1-26,1) <0.001

Serum albumin (g/dL) 4,3 (2,8-5,3) 4,4 (2,9-5,6) 0.01

Fasting plasma glucose (mg/dL) 8,3 (4,9-16,5) 7,7 (5,1-17,2) <0.001
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HbAlc (%) 177 (66-565) 147 (65-514) 0.001
Blood urea (mg/dL) 34 (17-222) 32 (13-258) 0.14
Serum creatinine (mg/dL) 0,83 (0,59-3,41) 0,8 (0,39-3,93) 0.049
eGFR (%) 99,5 (15,3-185) 99,8 (15,8-181) 0.057
Serum uric acid (mg/dL) 5,6 (1,8-10,4) 5,5 (2,4-13,6) 0.07
Triglyceride (mg/dL) 153 (47-850) 151 (50-856) 0.36
Total cholesterod (mg/dL) 187 (52-318) 200 (50-378) 0.14
LDL-cholesterol (mg/dL) 132 (21-200) 114 (29-244) 0.03
HDL-cholesterol (mg/dL) 46 (13-87) 44 (17-92) 0.1
CAR (%) 2,19 (0,2-49) 0,56 (0,02-5,8) <0.001

Median CAR of the DN and non-DN groups were 2,19 (0,2-49)% and 0,56 (0,02-5,8)%,
respectively. CAR was significantly elevated in DN group compared to the CAR of the subjects in
non-DN group (p<0.001).

Smoking (p=0.27) and drinking alcohol (p=0.44) rates were not significantly different among
DN and non-DN groups. However, the rate of diabetic retinopathy (p<0.001) and diabetic
nephropathy (p<0.001) were higher in subjects in DN group compared to the patients in non-DN
group.

Correlation tests revealed that CAR was significantly and positively correlated with age (r=0.15,
p<0.001), weight (r=0.19, p=0.01), BMI (r=0.11, p=0.03), waist circumference (r=0.10, p=0.046), fasting
plasma glucose (r=0.14, p=0.004), serum creatinine (r=0.25, p<0.001), triglyceride (r=0.17, p<0.001),
and LDL-cholesterol (r=0.13, p=0.001) levels. Moreover, CAR was inversely correlated with eGFR
levels (r=-0.16, p<0.001).

In receiver operative characteristics (ROC) curve analysis, the sensitivity and specificity of CAR
(when higher than 1,02%) in predicting diabetic neuropathy were 78% and 73%, respectively (AUC:
0.84, p<0.001, 95% CI: 0,82-0,87). Figure 1 shows the ROC curve of CAR in detecting diabetic
neuropathy.

ROC Curve

0,5

=
=]
1

Sensitivity

i=
T
1

0,24

00 T T T
00 02 04 05 03 10

1 - Specificity

Diagonal segments are produced by ties.

Figure 1. ROC curve of CAR in detecting diabetic neuropathy.

Logistic regression analysis was performed to find out whether CAR was an independent risk
factor of diabetic neuropathy (also taking into account BMI, diabetes duration, fasting plasma
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glucose, HbAlc, serum creatinine and LDL-cholesterol levels). High CAR level appeared as an
independent risk factor of diabetic neuropathy (p<0.001, OR: 1.34, 95% CI: 0.48-1.62).

4. Discussion

Present study showed several important results; (a) patients with DN have higher CAR levels
compared to the diabetic patients without DN, (b) there are significant correlation between CAR and
markers of poor diabetic outcome in patients with type 2 diabetes mellitus, (c¢) CAR have
considerably high sensitivity and specificity in detecting diabetic neuropathy, and (d) increased
CAR level is an independent risk factor for diabetic neuropathy (a unit increase in CAR increase the
odds of diabetic neuropathy by 34%).

The body mass index level of the DN group was greater than the BMI level of the non-DN
group in present study. Accordingly, there are similar works in literature that found elevated BMI in
diabetic subjects with neuropathy. For example a study by Smith et al. studied 218 subjects and
found that obesity was a risk factor for development of diabetic neuropathy [35]. A more recent
work by Callaghan et al. reported that obesity was an important risk factor for diabetic neuropathy
in subjects with diabetes mellitus [36]. Another report from Africa showed that patients with
diabetic neuropathy were more likely to have higher body mass index compared to the diabetic
subjects without neuropathy [37]. Not only body mass index, but also other indexes of obesity are
found to be related with neuropathy in diabetic patients. For instance, a study from Korea revealed
that besides body mass index, waist circumference, whole body fat and visceral fat mass were higher
in patients with diabetic neuropathy compared to those without diabetic neuropathy [38].

Duration of diabetes mellitus was another factor that associated with diabetic neuropathy in
present study. An Indian study including 336 diabetic subjects revealed that duration of diabetes
was associated with the presence of diabetic neuropathy [39]. A recent meta-analysis on more than
12000 diabetic patients found that duration of diabetes was significantly associated with increased
risk of diabetic polyneuropathy [40]. These data suggest that increased disease duration is associated
with increased neuropathy risk in diabetic population. In accordance with the literature knowledge,
present study showed that duration of diabetes was significantly longer in DN group compared to
that in non-DN group.

Fasting plasma glucose is an important factor in development of neuropathy in diabetic
patients. Poor control of diabetes mellitus which result in high blood glucose levels increases the risk
of diabetic polyneuropathy. In contrast, authors reported that enhancement of blood glucose control
could prevent the development of diabetic neuropathy [28]. Fluctuations in blood glucose levels in
diabetic subjects have negative effects on development and progression of diabetic polyneuropathy,
according to the study by Oyibo et al. [41]. Not only diabetic subjects but also patients with
prediabetes are at risk of neuropathy. The rate of impaired glucose tolerance have been reported to
be increased in individuals with peripheral neuropathy [42]. Moreover, not only impaired tolerance
of glucose, but also metabolic syndrome rates were increased in subjects with symmetric peripheral
neuropathy [43]. In line with literature knowledge, in present study, we reported higher blood
fasting glucose levels in patients with diabetic neuropathy compared to the subjects without diabetic
neuropathy.

Diabetic neuropathy is closely associated with HbAlc in type 2 diabetes mellitus patients.
Variability in glycated hemoglobin levels was suggested to be correlated with the presence of
diabetic neuropathy in diabetic population [44]. Similarly, studies in different populations were
linked diabetic neuropathy to the increased levels of HbAlc [45]. In addition, extensive control of
glucose by reducing HbAlc to target levels in a short interval result in amelioration of neuropathy in
diabetic subjects [46]. However, there are conflicting studies in literature, too. A recent study by
Casedei et al. concluded that HbAlc was a valuable marker of diabetes mellitus but its role in the
diagnosis of diabetic neuropathy should be elucidated more in the following studies with larger
cohort [47]. Present study, in which higher HbAlc levels were detected in patients with diabetic
neuropathy compared to the patients without diabetic neuropathy, supports the previous studies in
the literature claiming that elevated HbAlc increases the risk of diabetic neuropathy.
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The difference among DN and non-DN groups in term of serum creatinine levels was slightly
significant while the difference in eGFR was slightly insignificant in present work. The CARE TIME
study found increased rate of diabetic neuropathy in subjects with diabetic kidney disease and
higher levels of serum creatinine were noted in those subjects [30]. Another study in literature which
involved 100 subjects revealed that serum creatinine levels of the patients with diabetic
microvascular complications were significantly higher than that of the diabetic subjects without
microvascular complications [48]. Thus, we can claim that our results were consistent with the
literature knowledge.

Plasma LDL-cholesterol levels of the DN group were greater than the LDL of non-DN group in
present report. There are studies with similar results in the literature. Tesfaye et al. reported that
elevated LDL-cholesterol was associated with increased diabetic neuropathy risk in diabetic subjects
[49]. Subsequently, Andersen et al.’s study confirmed the results of the previous studies by reporting
high diabetic neuropathy risk in diabetic patients with elevated LDL-cholesterol [50]. Furthermore, a
recent meta-analysis that studied more than 30000 subjects revealed that patients with high
LDL-cholesterol were at increased risk of diabetic neuropathy [51]. However, there are also
conflicting reports in the literature about the role of LDL-cholesterol in diabetic neuropathy. A
Danish study in 2019 reported that increased LDL-cholesterol was not associated with high risk of
diabetic neuropathy [52]. The results of present study support the studies suggested that high
LDL-cholesterol increases the risk of diabetic neuropathy. However, we could not report any
statistical difference in plasma triglyceride levels of the subjects with or without diabetic
neuropathy.

Serum C-reactive protein is the prototype and most commonly used marker of inflammation.
On the other hand, serum albumin is considered as a negative acute phase marker since it is reduced
during infections and inflammatory conditions. Combined use of these two indices, CAR has been
studied in various conditions. Previously, the CARE TIME study reported that elevated CAR levels
were associated with diabetic kidney injury [30]. The role of CAR has been studied in malignant
conditions, too. A recent work suggested that CAR was superior than other indexes in predicting the
outcome of the subjects with colorectal carcinoma [53]. In addition, CAR was introduced as a
prognostic indicator of survival in patients with non-small cell lung cancer [54]. Interestingly, a
meta-analysis suggested that CAR was useful in predicting outcome after treatment in patients with
various types of cancer [55]. Infectious diseases are also characterized with high CAR levels. Authors
suggested CAR as a useful marker of prognosis and disease severity in Covid-19 cases [56]. In
geriatric population with sepsis, elevated CAR was associated with 28 day mortality [57]. CAR was
also studied in rheumatologic conditions. In 2019, elevated CAR levels were proposed as a marker of
disease activity in Takayasu arteritis [58]. In another study, CAR has been reported to have high
sensitivity and specificity in predicting ANCA associated vasculitis [59]. Recent studies investigated
its role in surgical procedures. For example, CAR was useful in risk stratification of patients whom
received trans-catheter edge to edge mitral valve repair [60]. Moreover, higher CAR in patients
undergoing surgery higher rate of mechanical ventilation needed in postoperative period [61].
Behera et al. studied CAR levels in patients with pancreatitis and found that CAR was an
independent predictor of mortality in those patients [62]. All of these conditions are associated with
inflammatory burden as diabetic neuropathy is. Thus, our results showing increased CAR levels in
diabetic neuropathy appear to be compatible with the literature.

We can emphasize the presence of several limitations in the present study. Relatively small
study population and retrospective design of the work are main limitations that prevent
globalization of the results of the present work. Moreover, single center nature of the study makes
the third limitation. However, to the best of our knowledge, this is the first work in the literature that
reported association between CAR and diabetic neuropathy.
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5. Conclusions

In summary, elevated CAR levels could be considered as a marker of diabetic neuropathy and
warrant prompt evaluation in patients with type 2 diabetes mellitus. CAR can be a valuable
additional diagnostic tool in this aspect due to its inexpensive and easy to assess nature.
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