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Context
The pathogenesis of diabetic nephropathy (DN) is still incompletely understood.
Few studies have linked the cellular inflammatory markers, interleukin 6 (IL-6) and
highly sensitive C-reactive protein (hs-CRP), to the development of DN.
Aim
Weaimed to explore the link among IL-6, hs-CRP, and grades of DN in both types of
diabetes mellitus (DM).
Settings and design
We carried out a case–control study on participants selected from the outpatient
clinic of Internal Medicine Department.
Patients and methods
We worked on 91 participants, comprising 78 patients and 13 controls. The patient
group was further subdivided into two subgroups: subgroup I [39 patients type 1 DM
(T1DM)] and subgroup II [39 patients type 2 DM (T2DM)]. Each subgroup was
categorized according to the urinary albumin excretion rate into three divisions: A
(<20 μg/min), B (20–200 μg/min), and C (>200 μg/min). We applied history taking,
clinical examination, routine investigation, and IL-6 with hs-CRP testing to all
participants.
Statistical analysis
We used Shapiro–Wilk test, χ2 test, Student’s t test, one-way analysis of variance,
Kruskal–Wallis test, least significant difference test, and Pearson’s correlation
coefficient for data analysis.
Results
Despite the significant difference of laboratory data between patient and control
groups, least significant difference analysis revealed a nonsignificant difference
between patients with T1DM and those with T2DM. On the level of the in-groups
analysis, the most significant key players were hs-CRP and IL-6 among the three
urinary albumin excretion rate categories of patients with T1DM and T2DM, with P
values less than 0.01.
Conclusions
We concluded that IL-6 and hs-CRP might be used as sensitive markers for the
development of DN.
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Introduction
The pathogenesis of diabetic nephropathy (DN) is still
incompletely understood [1].

Cellular inflammatory markers like interleukin 6
(IL-6) and highly sensitive C-reactive protein
(hs-CRP) are elevated in tissue damage [2,3],
especially in patients without DN over the
patients with DN [4].

Scant studies have linked these markers to DN in
type 1 (T1) or type 2 (T2) diabetes mellitus (DM)
[5–9].

We aimed to explore the link among IL-6, hs-CRP,
and grades of DN in both types of DM.
ished by Wolters Kluwer - M
Patients and methods
Study design
We conducted a case–control study.
Settings
We carried out this work on participants selected
from the outpatient clinic of Internal Medicine
Department in the period from October 2016 to
October 2017.
edknow DOI: 10.4103/ejim.ejim_27_18
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Participants
Weworkedon91participants, comprising78patientsand
13 sex-matched controls. The patient group was further
allocated into two subgroups according to the type of
diabetes: subgroup I (39patients) representedT1DMand
subgroup II (39 patients) represented T2DM.
Sampling
The estimated sample size was 91 patients at 80%
power and 95% confidence interval (CI) (Open Epi).
Ethical clearance
We took an informed consent from the patients who
participated in the study. We obtained approval for
performing this study from Institutional Review Board.
Inclusion criteria
We considered participants with T1DM and T2DM
of both sex, with age more than or equal to 13 years, for
inclusion.
Exclusion criteria
We excluded patients with proteinuria from causes
other than diabetes, acute infections, malignancies,
smoking, and obstructive uropathy.
Process
We categorized the patient subgroups, according to the
urinary albumin excretion rate (UAER), into three
sub-subgroups (13 patients in each one). Subgroup
A with UAER was less than 20 μg/min, subgroup B
with UAER was ranging from 20 to 200 μg/min, and
in subgroup Cwith UAERwas more than 200 μg/min.
The control group contained 13 normal individuals.

We subjected all the participants to full history taking,
thorough clinical examination, routine laboratory
investigations [including fasting blood glucose, 2 h
postprandial blood glucose, glycated hemoglobin A1c
(HbA1c), lipid profile, and kidney functions], and
Table 1 Demographic and clinical data of the studied groups

Variables Control (N=13) [n (%)]

Sex

Male 7 (53.8)

Female 6 (46.2)

Mean±SD

25.69±7.88

Age (years) –

Duration of DM (years) 95.08±3.66

Waist–hip ratio 111.54±7.74

Systolic pressure (mmHg) 72.69±5.63

Diastolic pressure (mmHg) 7 (53.8)

DM, diabetes mellitus.
special tests (including UAER measured by a
spectrophotometer, and ELISA for hs-CRP and serum
IL-6).
Statistical analysis
We analyzed the data using statistical package for the
social sciences, version 20.0 for Windows (SPSS; SPSS
Inc., Chicago, Illinois, USA). We expressed continuous
variables as the mean±SD, median, and range, whereas
the categorical variables as a number (percentage). We
checked continuous variables for normality by using
Shapiro–Wilk test. We analyzed normally distributed
data between two groups by using independent
Student’s t test. We used one-way analysis of variance
to compare normally distributed variables in three groups
or more. We used Kruskal–Wallis test to compare non-
normally distributed variables in three groups or more.
We used Fisher’s least significant difference (LSD) test
according to thehomogeneity of variances.Percentages of
categorical variables were compared using the χ2 test.
We used Pearson’s correlation coefficient to assess the
correlationbetweenIL-6,hs-CRP,andstudyparameters,
with positive sign as an indication for direct correlation
and negative sign as an indication for inverse correlation.
Moreover, we consider values near to 1 as strong
correlation and values near 0 as weak correlation.
Results
The patient group included 78 participants who were
allocated to subgroup I (T1DM) and subgroup II
(T2DM). Subgroup I included 39 patients,
comprising 23 male and 16 female, with age ranging
from 18 to 33 years old and duration of diabetes
ranging from 6.5 to 18 years. Subgroup II included
39 patients, comprising 20 male and 19 female, with
age ranging from 46 to 62 years old and duration of
diabetes ranging from 6 to 17 years. Control group
included 13 participants, comprising sevenmale and six
female, with age ranging from 13 to 50 years old.
Patients

Subgroup I (N=39) [n (%)] Subgroup II (N=39) [n (%)]

23 (59) 20 (51.3)

16 (41) 19 (48.7)

Mean±SD Mean±SD

25.45±4.65 53.49±4.07

11.55±3.11 10.72±3.04

103.78±12.34 102.1±12.08

132.18±7.90 129.78±12.54

84.49±8.33 81.03±7.88

23 (59) 20 (51.3)
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Demographic and clinical data are demonstrated in
Table 1.

Table 2 showed a significant difference between the
patient subgroups and control group regarding all
laboratory data. However, LSD clarified the absence
of difference in all these parameters between subgroup
I and subgroup II.

Performing in-group analysis in subgroup I revealed a
significant difference between the three studied sub-
subgroups of T1DM regarding creatinine, urea,
UAER, hs-CRP, and IL-6. Regarding LSD, there
were statistical differences in UAER, hs-CRP, and
IL-6 between all sub-subgroups, but creatinine and
urea showed difference in subgroup IC when compared
with both subgroup IA and subgroup IB, with no
difference between subgroup IA and subgroup IB
(Table 3). We found a similar result in subgroup II
in-group analysis (Table 4). When we compared
subgroups IA with IIA, IB with IIB, and IC with
IIC, we could not reveal a statistical difference
(supplementary tables 1, 2, and 3).

We applied Pearson’s correlation to both inflammatory
markers to explore their link with other parameters.
Regarding hs-CRP, as demonstrated in the Table 5,
Table 2 Comparison of laboratory results of the studied groups

Variables Control (N=13) Patients

Subgroup I (N=39) Subgroup

Fasting blood glucose (mg/dl)

Mean±SD 86.46±3.26 163.9±37.7 163.5

Range 79–90 85–250 85

2 h postprandial (mg/dl)

Mean±SD 116.77±11.4 257.3±40.5 251.

Range 98–130 210–350 205

HbA1c %

Mean±SD 4.85±0.28 7.77±1.03 7.70

Range 4.5–5.3 6–12.9 6.4

Creatinine (mg/dl)

Mean±SD 0.88±0.14 1.19±0.26 1.14

Range 0.65–1.1 0.7–1.7 0.7

Urea (mg/dl)

Mean±SD 27.15±5.94 35.23±10.4 34.49

Range 20–40 20–60 20

Urinary albumin excretion rate (μg/min)

Mean±SD 6.38±3.07 226.4±202.2 218.8

Range 2–10 5–640 4–

Highly sensitive C-reactive protein (mg/l)

Mean±SD 1.32±0.42 4.11±1.83 4±

Range 0.7–2 0.9–8.9 0.9

Interleukin 6 (pg/ml)

Mean±SD 1.97±0.33 2.66±0.77 2.57

Range 1.35–2.45 1.3–4.1 1.
aAnalysis of variance test. bControl versus subgroup I. cControl versus sub
glycated hemoglobin A1c; LSD, least significant difference. It means tha
both patient subgroups showed a positive correlation
with disease duration, blood pressure (systolic and
diastolic), kidney functions (urea and creatinine),
UAER, and IL-6, whereas there were no
correlations in control group. Regarding IL-6, as
demonstrated in Table 6, both patient subgroups
showed a positive correlation with disease duration,
waist–hip ratio, blood pressure (systolic and diastolic,
except for subgroup I, where there was no correlation
with diastolic pressure), kidney functions, UAER, and
hs-CRP, whereas there were no correlations in control
group.
Discussion
The net results of our study were the significant
difference of the laboratory data between patient and
control groups; however, LSD analysis revealed a
nonsignificant difference between patients with
T1DM and T2DM. On the level of in-groups
analysis, the most significant key players were hs-
CRP and IL-6 between the three UAER categories
of patients with T1DM and T2DM, with P values less
than 0.01.

We tried to explain if there was an association between
hs-CRP and IL-6 and grades of DN in the two types of
Test P LSD

II (N=39)

6±38.6 Fa 26.45 <0.001 <0.001b <0.001c 0.97d

–245

9±39.6 Fa 75.54 <0.001 <0.001b <0.001c 0.53d

–340

±0.95 Fa 54.35 <0.001 <0.001b <0.001c 0.76d

–12.5

±0.25 Fa 8.17 <0.001 <0.001b <0.001b 0.31d

–1.6

±10.4 Fa 3.42 0.04 <0.001b <0.001c 0.74d

–60

±198.7 Ka,e26.08 <0.001 <0.001b <0.001c 0.86d

620

1.78 Ke 28.89 <0.001 <0.001b <0.001c 0.78d

–8.7

±0.75 Fa 4.72 0.01 0.003b 0.01c 0.56d

2–4

group II. dSubgroup I versus subgroup II. eKruskal–Wallis test. HbA1c,
t the value is statistically significant (P<0.05).



Table 3 Comparison of laboratory results of the type 1 diabetes mellitus subgroups

Variables Subgroup IA (N=13) Subgroup IB (N=13) Subgroup IC (N=13) Test P LSD

Fasting blood glucose (mg/dl)

Mean±SD 152.7±15.7 179.8±49.4 159.2±37.2 Fa 1.91 0.16 0.06b 0.65c 0.16d

Range 129–178 85–250 109–250

2 h postprandial (mg/dl)

Mean±SD 245±32.4 271.5±44.9 255.4±42 Fa 1.34 0.25 0.10b 0.51c 0.31d

Range 210–290 210–350 210–330

HbA1c%

Mean±SD 7.44±0.21 7.85±1.69 8.02±0.51 Fa 1.08 0.35 0.32b 0.16c 0.38d

Range 7–7.6 6–12.9 6.9–8.6

Creatinine (mg/dl)

Mean±SD 1±0.16 1.15±0.23 1.42±0.18 Fa 15.83 <0.001 0.05b <0.001c 0.001d

Range 0.70–1.2 0.8–1.6 1.1–1.7

Urea (mg/dl)

Mean±SD 28.7±5.95 30.53±6.57 46.46±7.53 Fa 27.52 0.04 0.49b <0.001c <0.001d

Range 20–40 20–40 35–60

Urinary albumin excretion rate (μg/min)

Mean±SD 12.54±4.03 189.62±40.6 477.9±93.6 Ke 205.6 <0.001 <0.001b <0.001c <0.001d

Range 5–19 130–200 230–640

Highly sensitive C-reactive protein (mg/l)

Mean±SD 2.62±0.76 4.1±0.84 5.62±2.12 Ke 21.75 <0.001 0.01b <0.001c 0.008d

Range 0.9–3.7 2.5–5.5 3–8.9

Interleukin 6 (pg/ml)

Mean±SD 1.95±0.44 2.5±0.46 3.54±.31 Fa 50.85 <0.001 0.001b <0.001c <0.001d

Range 1.3–2.8 1.8–3.2 3.2–4.1
aAnalysis of variance test. bSubgroup IA versus subgroup IB. cSubgroup IA versus subgroup IC. dSubgroup IB versus subgroup IC.
eKruskal–Wallis test. HbA1c, glycated hemoglobin A1c; LSD, least significant difference. It means that the value is statistically significant
(P<0.05).

Table 4 Comparison of laboratory results of the type 2 diabetes mellitus subgroups

Variables Subgroup IIA (N=13) Subgroup IIB (N=13) Subgroup IIC (N=13) Test P LSD

Fasting blood glucose (mg/dl)

Mean±SD 158.2±30.8 176.2±47.9 156.4±35 Fa 1.05 0.36 0.24b 0.91c 0.20d

Range 127–245 85–245 110–245

2 h postprandial (mg/dl)

Mean±SD 241.9±32.2 264.6±43.6 249.2±41.7 Fa 1.12 0.34 0.15b 0.64c 0.33d

Range 205–285 210–340 210–320

HbA1c %

Mean±SD 7.35±0.17 7.83±1.54 7.92±0.5 Fa 1.38 0.27 0.20b 0.13c 0.80d

Range 7.1–7.6 6.4–12.5 7–8.5

Creatinine (mg/dl)

Mean±SD 0.98±0.14 1.05±0.20 1.38±0.20 Fa 17.19 <0.001 0.40b <0.001c <0.001d

Range 0.7–1.2 0.8–1.5 1–1.6

Urea (mg/dl)

Mean±SD 27.92±5.2 29.38±5.7 46.15±7.83 Fa 33.27 <0.001 0.56b <0.001c <0.001d

Range 20–38 20–41 32–60

Urinary albumin excretion rate (μg/min)

Mean±SD 10.38±5.18 178.3±8.85 467.7±90.8 Ke 33.83 <0.001 <0.001b <0.001c <0.001d

Range 4–19 128–200 220–620

Highly sensitive C-reactive protein (mg/l)

Mean±SD 2.53±0.72 3.98±0.79 5.5±0.04 Ke 22.83 <0.001 0.009b <0.001c 0.006d

Range 0.9–3.5 2.4–5 3–8.7

Interleukin 6 (pg/ml)

Mean±SD 1.88±0.43 2.41±0.41 3.42±0.34 Fa 52.18 <0.001 0.001b <0.001c <0.001d

Range 1.20–2.7 1.9–3.1 3–4
aAnalysis of variance test. bSubgroup IIA versus subgroup IIB. cSubgroup IIA versus subgroup IIC. dSubgroup IIB versus subgroup IIC.
eKruskal–Wallis test. HbA1c, glycated hemoglobin A1c; LSD, least significant difference. It means that the value is statistically significant
(P<0.05).
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Table 5 Pearson’s correlation between highly sensitive C-reactive protein and other parameters in the studied groups

Variables Patients

Control (N=13) Subgroup I (N=39) Subgroup II (N=39)

r P r P r P

Age 0.04 0.90 −0.03 0.88 0.14 0.40

Duration of disease – – 0.51 <0.001 0.56 <0.001

Waist–hip ratio −0.31 0.31 −0.22 0.18 −0.20 0.22

Systolic blood pressure −0.15 0.63 0.47 0.002 0.50 <0.001

Diastolic blood pressure −0.42 0.15 0.34 0.04 0.42 0.008

Fasting blood glucose 0.23 0.45 −0.06 0.74 −0.09 0.57

2 h postprandial 0.20 0.52 −0.02 0.89 −0.03 0.87

HbA1c −0.04 0.89 0.23 0.16 0.25 0.13

Creatinine −0.13 0.68 0.44 0.005 0.35 0.03

Urea −0.34 0.26 0.49 0.002 0.47 0.02

Urinary albumin excretion rate 0.16 0.60 0.59 <0.001 0.59 <0.001

Cholesterol −0.01 0.98 0.18 0.28 0.15 0.36

Triglyceride −0.18 0.55 0.08 0.62 −0.002 0.99

HDL −0.15 0.61 0.16 0.32 0.18 0.28

LDL 0.17 0.59 0.14 0.41 0.13 0.42

Interleukin 6 0.33 0.27 0.52 <0.001 0.54 <0.001

HbA1c, glycated hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein. It means that the value is statistically
significant (P<0.05).

Table 6 Pearson’s correlation between interleukin 6 and other parameters in the studied groups

Variable Patients

Control (N=13) Subgroup I (N=39) Subgroup II (N=39)

r P r P r P

Age 0.03 0.92 −0.02 0.90 0.28 0.90

Duration of disease – – 0.74 <0.001 0.75 <0.001

Waist–hip ratio 0.16 0.60 −0.52 <0.001 −0.51 <0.001

Systolic blood pressure −0.35 0.24 0.40 0.01 0.34 0.04

Diastolic blood pressure −0.49 0.09 0.20 0.22 0.34 0.03

Fasting blood glucose 0.07 0.82 −0.10 0.54 −0.19 0.25

2 h postprandial 0.003 0.9 0.002 0.99 −0.03 0.86

HbA1c −0.004 0.99 0.10 0.53 0.13 0.44

Creatinine 0.50 0.08 0.54 <0.001 0.56 <0.001

Urea 0.22 0.48 0.60 <0.001 0.65 <0.001

Urinary albumin excretion rate 0.22 0.48 0.85 <0.001 0.87 <0.001

Cholesterol 0.26 0.40 −0.06 0.70 −0.11 0.51

Triglyceride −0.12 0.69 0.07 0.67 −0.03 0.85

HDL 0.34 0.26 0.14 0.38 0.15 0.37

LDL −0.14 0.63 0.23 0.15 0.25 0.12

Highly sensitive C-reactive protein 0.33 0.26 0.52 <0.001 0.54 <0.001

HbA1c, glycated hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein. It means that the value is statistically
significant (P<0.05).
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diabetes in comparison with normal nondiabetic
personnel.

Our work supports the results of Shelbaya et al. [8] who
concluded that IL-6 and hs-CRP were sensitive
markers for DN in Egyptian patients with T1DM.
In addition, Dalla Vestra et al. [5] had demonstrated
that low-grade inflammation is associated with
nephropathy status and glomerular basement
membrane thickening in T2DM. In contrast,
Bertoni et al. [10] and Wang et al. [11] showed no
significant difference in the studied groups regarding
IL-6 and other inflammatory markers, as they
supposed that most patients were undergoing a
course of treatment using many drugs, which
changed the effects of inflammation, like metformin,
statins, and antihypertensive medications.

We found that the results of this study embraced the
findings of Schwab et al. [12] who conducted a study
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on children, adolescents, and young adults with
T1DM, and revealed a significant correlation
between IL-6, hs-CRP, and the duration of DM.

Dogan et al. [13], conducted a study on 27 children
with T1DM and found a significant positive
correlation between IL-6, hs-CRP, and HbA1c. In
contrast, the current study showed no correlation in
either patients with T1DM or those with T2DM with
blood glucose or HbA1c, which may be attributed to
the better blood glucose control in participants of this
study. Schram et al. [14], proved that association
between UAER and HbA1c is independent and
suggests that factors other than bad glycemic control
may be involved in the pathophysiology of early renal
impairment in patients with T2DM. In addition,
Czyzewska et al. [7], concluded that in patients with
T2DM with better metabolic control, CRP was a
sensitive marker of albuminuria.

We confirmed similar results to a study made by
Choudhary and Ahlawat [6], who proved the effect of
inflammation, mainly subclinical type, in the occurrence
of early renal injury especially in T2DM, owing to the
significant association betweenUAERand inflammatory
cytokines. In addition, Piccirillo et al. [15], proved that
low-degreeof inflammationwas already found in the early
stage of microalbuminuria, and low-grade inflammatory
markers could play a role in the beginning, and the
development of renal insult in patients with T2DM.
Moreover, Stehouwer et al. [16], proved in a study of
328 patients with T2DM that urinary albumin levels
increased by 1.02mg/24h (95% confidence interval,
1.01–1.27) for each increase in CRP of 1mg/l over 10
years of follow-up. The same was found by Domingueti
et al. [9], who suggested that an interrelation between
inflammation and hypercoagulabilitymight contribute to
the development and progression of renal disease in
T1DM.

Wadwa et al. [17] reported that lipid profiles
showed a significant positive correlation with
hs-CRP and IL-6. However, in the present study,
no correlation was detected in both patients with
T1DM and those with T2DM without possible
explanation.

Oneof the strengthsofour studywas the inclusionofboth
T1DM and T2DM, sex-matched patients, in a direct
comparison between them, in addition to in-group
analysis according to UAER categories. In addition,
our results showed a positive correlation between IL-6
and hs-CRP. However, a larger scale study is needed to
validate our results on a national level and to evaluate the
cost-effectiveness of using these markers for screening of
early DN.
Conclusion
IL-6 and hs-CRP may be used as sensitive markers
for the development of DN in patients with T1DM
and T2DM. We recommend the use of IL-6 and hs-
CRP in the routine follow-up of diabetic patients.
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