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Background: Subclinical inflammation and presence of almost all indicators of systemic inflammation are
found in type 2 diabetic patients. Such a systemic and subclinical inflammatory process can be char-
acterized by elevated circulating levels of inflammatory markers.
Aim: To study the state of subclinical inflammation in patients with type 2 diabetes mellitus and
establish a correlation between glycemic control and inflammatory markers.
Methods: This research included 90 subjects divided into 2 groups; Group A: 70 patients with type 2
diabetes and Group B: 20 Age and sex matched people as the control group. All patients were clinically
examined, had laboratory investigations including; fasting and 2 h postprandial blood sugar, HbA1c,
serum ferritin., high sensitivity C-reactive protein hs-CRP, kidney functions tests, liver function tests,
complete blood count and erythrocyte sedimentation rate and antinuclear antibody.
Results: The estimated levels of ESR, FBS, serum ferritin, hs-CRP and HbA1c in T2DM were 10.69± 3.05,
186.01± 92.21, 6005.2 ± 2639.83, 155.75 ± 73.95, 7.5± 3.23, respectively. In a similar way, in control
subject, the estimated levels for respective parameters were 12.4 ± 3.41, 83.25± 6.25, 45.088 ± 39.35,
19.97± 18.51, 4.555 ± 0.58, respectively. Mean values of all parameters, except ESR, were found to be
significantly augmented in T2DM subjects when compared to control group. There is significant positive
correlation between HbA1c and hs-CRP (r¼0.761, p< 0.001). Moreover, serum ferritin has shown sig-
nificant positive correlation with HbA1c (r¼ 0.853, p < 0.001).
Conclusion: Strong correlation between inflammation and glycemic control in patient with type 2 dia-
betes mellitus suggests that inflammation plays an important role in the pathogenesis of diabetes.

© 2018 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Type 2 diabetes (T2D) is a major global health problem affecting
approximately 415 million people. By 2040, this number is ex-
pected to increase to 642 million. Approximately 90e95% of these
cases are type 2 diabetes mellitus (T2DM) [1]. Diabetes mellitus
(DM) is a devastating disease. The estimated 5-yearmortality rate is
calculated as 18.9% of patients with T2DM. Diabetic complications,
namely, cardiovascular diseases, neuropathy, and nephropathy
with subsequent amputation, usually lead to death [2].

Subclinical inflammation and the presence of almost all in-
dicators of systemic inflammation have been observed in patients
with T2DM. Inflammation has recently been suggested to be a
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crucial factor contributing to the development of this disease. This
systemic and subclinical inflammatory process is characterized by
elevated circulating levels of inflammatory parameters, including
C-reactive protein (CRP) or high-sensitivity CRP (hs-CRP) and in-
flammatory cytokines [3]. Hs-CRP is a CRP measured using a highly
sensitive assay. CRP represents the classical acute phase protein.
CRP is a pentameric protein that is produced in the liver in response
to inflammatory stimuli, and plasma levels of hs-CRP provide a
sensitive marker of increased inflammatory activity in the arterial
wall [4].

Chronic systemic subclinical inflammation has also been iden-
tified as a driver of insulin resistance, metabolic syndrome, and
T2DM. The process of inflammation induces the hepatic synthesis
of various acute phase proteins, such as ferritin, which is believed to
play roles in insulin resistance and atherosclerosis. Scientific evi-
dence has predicted effects of elevated serum ferritin levels on
insulin resistance and T2DM, either because of increased body iron
stores or influences from several inflammatory diseases [5].
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The development of complications is linked to the accumulation
of glycation adducts in tissue proteins. Optimal monitoring of gly-
cemic control involves plasma glucosemeasurements (fasting (FBS)
and postprandial blood sugar (PPBS)) and measurements of gly-
cated haemoglobin (HbA1c) levels. These measurements are com-
plementary; the patient's glucose measurements provide a picture
of short-term glycemic control, whereas the HbA1c level reflects
the average glycemic control over the previous 3 months [6].

The goal of the present study was to analyse the levels of the
inflammatory markers hs-CRP and ferritin, leukocyte counts and
the sedimentation rate in patients with T2DM and a group of
healthy controls and to correlate their values with the parameters
of glycemic regulation, such as HbA1c levels.

2. Subjects and methods

This study was approved by the Healthcare Ethics Committee of
the Faculty of Medicine, Menoufia University. All participants were
given and completed a written informed consent form justifying
the purpose, methods, results, and difficulties of the study.

Ninety subjects were enrolled in the study, including 70 patients
with poorly controlled T2DMwho were recruited from the Internal
Medicine Department of El Menshawy Hospital and Menoufia
University Hospital. Patients were selected on the basis of poor
glycemic control (HbA1c¼ 7.5%). As a control group, we selected 20
normoglycemic (non-diabetic), apparently healthy subjects. The
control subjects were matched to the T2DM group by age and sex.

Subjects included in this study did not have a history of iron
deficiency or anaemia, active liver or kidney diseases, chronic
pancreatitis, gastrointestinal diseases, recent infectious diseases,
endocrine disorders, autoimmune diseases and were not using
hormone therapy. Non-diabetic control subjects were of approxi-
mately the same age (40e60 years old) and exhibited normal
glucose tolerance. These subjects also did not display abdominal
obesity, a criterion of insulin resistance.

2.1. Laboratory analysis

After providing written informed consent, all subjects were
clinically examined, and arterial blood pressure and body param-
eters, including height, weight and waist circumference, were
measured. Seven millilitres of venous blood were collected from all
subjects after an overnight fast of at least 8 h. Two millilitres were
placed in vacutainer tubes containing EDTA for routine CBC analysis
and use in measuring the HbA1c level (using quantitative colori-
metric kits) (Teco Diagnostics, USA) [7]. The other 5ml of blood
Table 1
Comparison of the sex and age distributions between the two groups.

Non-diabetic
(n¼ 20)

Age (years)
Mean± SD

50.3± 5.6

Sex Male 6
Female 14

Table 2
Comparison of laboratory parameters between the two groups.

Non-diabetic (n¼ 20) T2D

ESR(mm/h) 12.4± 3.41 10.6
FBS(mg/dL) 83.25± 6.25 186.
PPBS(mg/dL) 120.9± 8.76 289.
hs-CRP (ng/mL) 45.088± 39.35 6005
Ferritin (ng/mL) 19.97± 18.51 155.
HbA1c (%) 4.555± 0.58 7.5±

a Significant difference.
were placed in plain tubes and centrifuged to obtain serum, which
was used to measure the levels of ferritin, hs-CRP, kidney function
parameters, liver function parameters and anti-nuclear antibody
(ANA). Serum hs-CRP levels were measured using an ELISA (Cal-
biotech Inc. (CBI)), based on the principle of a solid phase enzyme-
linked immunosorbent assay, according to a previously described
method [8]. Human serum ferritin [9] and ANA levels [10] were
measured using ELISAs (Calbiotech Inc. (CBI)). FBS and 2 h PPBS
levels were determined by the glucose oxidase method using a
Spinreact diagnostics kit (Spinreact, Spain). Biochemical tests
designed to analyse serum aspartate aminotransferase (SGOT) and
serum alanine aminotransferase (SGPT) levels were performed
using the kinetic UV-optimized method of the International
Federation of Clinical Chemistry (LTEC Kit, England) [11].

2.2. Statistical analysis

All data were collected, tabulated and statistically analysed us-
ing SPSS software (SPSS Inc., Chicago, IL, USA). Data are presented
as the means±standard deviations. Student's t-test was used to
determine significant differences in analysed variables between the
two groups. The Mann-Whitney U test was used to assess the null
hypothesis that a randomly selected value from one sample is
equally likely to be less than or greater than a randomly selected
value from a second sample. The frequencies are presented as %.
Correlations between parameters were analysed using the Pearson
R test for variables with a normal distribution and the Spearman
test for variables with a non-normal distribution. The probability
value (p) was considered significant if it was less than 0.05 and
highly significant if was <0.001.

3. Results

The demographic data did not reveal differences in age between
the group (70 patients) with T2DM (50.83± 8.26) and non-diabetic
healthy controls (50.3± 5.6) (Table 1). Moreover, the chi-square
(X2) test did not show a significant difference in sex between the
two groups (p¼ 0.342) (Table 1).

The criteria used to select the subjects were based on FBS and
HbA1c levels. Subjects with T2DM had significantly higher FBS and
HbA1c levels than non-diabetic subjects (mean values 186.01mg/
dL versus 83.25mg/dL and 7.50% versus 4.55%, respectively)
(Table 2). A higher postprandial blood sugar level was also observed
in the T2DM group (289.7± 125.54mg/dL) than in the control
group (120.9± 8.76mg/dL). Notably, subjects with T2DM and
controls showed no differences in the white blood cell count.
T2DM
(n¼ 70)

Test of sig. p

50.83± 8.26 t-test¼0.331 0.742

12 X2¼0.904 0.342
58

M (n¼ 70) Unpaired (t) test P value

9± 3.05 2.158 0.034a

01± 92.21 11.155 0.000a

7± 125.54 9.251 0.000a

.2± 2639.83 13.697 0.000a

75± 73.95 13.913 0.000a

3.23 9.95 0.000a



Fig. 1. Correlations between HbA1c and hs-CRP levels (r ¼ 0.761, p ¼ 0.000*).
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However, control subjects showed a greater statistically significant
difference in the ESR than the patient group (Table 2).

In addition, after investigating the serum levels of the inflam-
matory biomarkers ferritin and hs-CRP in both patients with T2DM
and controls, highly significant differences in the serum hs-CRP and
ferritin levels were observed in the T2DM group compared to the
control group (Table 2).

HbA1c levels were positively correlated with hs-CRP levels, with
a highly significant p value (r¼ 0.761, p< 0.001) (Fig. 1). Similarly,
HbA1c levels were positively and significantly correlated with
ferritin levels (r¼ 0.853, p< 0.00) (Fig. 2). Another correlation
study revealed significant positive correlations between hs-CRP
levels and other parameters, such as body mass index (BMI), FBS
and PPBS (Table 3). Furthermore, significant positive correlations
were observed between serum ferritin levels and BMI, FBS and
PPBS (Table 4).

Based on these results, HbA1c and FBS levels were significantly
correlated with hs-CRP and serum ferritin levels in patients with
T2DM.
4. Discussion

The current study confirms the presence of a low level of sys-
temic inflammation in patients with T2DM, which is mostly related
to features of metabolic syndrome. However, the main new find-
ings are related to the observations of positive correlations between
HbA1c and hs-CRP levels and between ferritin and HbA1c levels.

In the present study, the ESR was significantly elevated in the
control group compared with the patients with T2DM. Nadeem and
her colleagues found higher ESRs in patients with diabetes than in
healthy subjects, indicating a role for inflammation in the patho-
genesis of the disease. The levels of inflammatory markers were
increased in older patients [12].

Studies conducted in participants of both sexes have revealed
the importance of inflammatory markers in T2DM pathogenesis.
The hs-CRP level was significantly elevated in patients with T2DM
compared with healthy controls. These findings are consistent with
the findings from a study conducted to assess the hs-CRP levels in
patients with T2DM. Significantly higher hs-CRP levels were
observed in patients with T2DM compared to the healthy popula-
tion [13]. However, this result contradicts the findings reported by
Lima and colleagues, as the authors did not observe a significant
difference between patients with T2DM and healthy controls [14].
The discrepancy may be explained by the use of median values in
the published study and means± SD in the present study.

Serum ferritin is an acute phase reactant and a marker of iron
stores in the body [15]. Patients with T2DM exhibited significantly
elevated serum ferritin levels compared with those in healthy in-
dividuals. This finding is supported by results from a prospective
case control study conducted by Kumar et al. inwhich patients with
T2DM exhibited significantly higher serum ferritin levels than
healthy controls [16].

In 2008, Markis et al. were the first to establish a strong corre-
lation between the mean blood glucose and HbA1c levels in pa-
tients with T2DM, which supported the idea of expressing HbA1c
levels as MBG [17]. In the present study, we observed a significant
positive correlation between HbA1c and hs-CRP levels. This finding
is consistent with the findings reported by Sarinnapakorn et al.,
who observed a correlation between hs-CRP levels and HbA1c
levels. Significantly higher mean HbA1c levels were observed in
patients with hs-CRP levels �1mg/L. Other factors, such as age,
blood pressure, BMI, LDL cholesterol, and serum creatinine levels,
were not correlated with the hs-CRP level [18].

The serum ferritin level was significantly correlatedwith HbA1c,
FBS and PPBS levels. These results are consistent with the findings
from a recent study conducted by Arora, inwhich the serum ferritin
level was proportional to the blood glucose level [19]. However, our
finding contradicts the results reported by Sharifi and Sazandeh,
who did not observe a correlation between serum ferritin and
HbA1c levels in patients with T2DM and normal controls (r¼ 0.23).



Fig. 2. Correlations between HbA1c and serum ferritin levels (r ¼ 0.853, p < 0.001*).

Table 3
Correlations between hs-CRP levels with BMI, FBS and PPBS.

R P value

BMI 0.272 0.01a

FBS 0.288 0.006a

PPBS 0.417 0.000a

a Significant difference.

Table 4
Correlation and regression analysis of ferritin levels with BMI, FBS and PPBS.

R P value

BMI 0.319 0.002a

FBS 0.352 0.001a

PPBS 0.484 0.000a

a Significant difference.
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The authors suggested that the use of bloodletting may affect the
total haemoglobin and HbA1c levels; therefore, the authors
postulated that HbA1c is not an appropriate marker of blood
glucose control [20].

Positive correlations between ferritin, HbA1c, and FBS levels
indicated that hyperglycaemia increased the glycation of haemo-
globin and increased the release of free iron from glycated proteins
such as haemoglobin. These processes form a vicious cycle of
hyperglycaemia, haemoglobin glycation and increased levels of free
iron and ferritin. This increased iron pool will enhance oxidant
generation, leading to biomolecule damage [21].

In the present study, we did not observe a correlation between
serum ferritin levels and age (r¼ 0.037, p¼ 0.726). This result is
consistent with the findings reported by Fernandez-Real and col-
leagues, who did not observe a correlation between serum ferritin
levels and age among patients with diabetes [22]. However, our
results are not consistent with the findings reported by Padmaja
and colleagues, who observed a low but significant positive cor-
relation between serum ferritin levels and age in patients with
diabetes [23].

The elevated serum ferritin level recorded in our study might be
explained by the possible correlation with the occurrence of long-
term complications of diabetes, including both microvascular and
macrovascular disorders [24].

The present study reported correlations between elevated gly-
cated haemoglobin levels, which reflect poor glycemic control, and
both hs-CRP and serum ferritin levels, which are inflammatory
markers that reflect the role of glycemic control and subclinical
inflammation in patients with T2DM. Consistent with our findings,
elevated hs-CRP levels were postulated to represent subclinical
inflammation in a previous study [25]. The higher positive corre-
lation between serum ferritin and HbA1c levels indicates that
hyperglycaemia affects ferritin levels, probably due to inflamma-
tion and/or oxidative stress [23]. Further studies including a larger
number of subjects are needed before these parameters can be used
effectively as biomarkers of the primary prevention of T2DM in this
population.

5. Conclusions

Increased inflammationwas observed in patients with T2DM, as
manifested by elevated ESR, serum ferritin and hs-CRP levels.
Furthermore, we observed significant positive correlations be-
tween HbA1c and hs-CRP levels and between HbA1c and serum
ferritin levels. All these findings suggest a link between inflam-
mation and glycemic control in patients with T2DM.

Abbreviations

T2DM type 2 diabetes mellitus
hs-CRP high-sensitivity C-reactive protein
FBS fasting blood sugar
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PPBS postprandial blood sugar
HbA1c glycated haemoglobin
ESR erythrocyte sedimentation rate
BMI body mass index
SGOT serum aspartate aminotransferase
SGPT serum alanine aminotransferase
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