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Objectives: Diabetic kidney disease (DKD) is one of the most common
chronic complications in diabetic patients, and there are major limitations
in its pathological diagnosis. This study’s objectives were to examine the
changes in serum insulin-like growth factor-1 (IGF-1) and interleukin-6 (IL-
6) levels in DKD patients with various urinary aloumin/creatinine ratio (ACR)
and to evaluate the utility of these two biological markers in the clinical
diagnosis of the condition.

Methods: We chose 80 type 2 diabetic patients as the experimental group
and 20 healthy normal participants as the control group. The experimental
group was split into three groups based on the ACR range: diabetes without
nephropathy group (ACR < 30 mg/g), microalbuminuric group (30 < ACR <
300 mg/g), and macroalbuminuric group (ACR > 300 mg/qg). The levels of
serum IL-6 and IGF-1 were assessed in each trial participant.

Results: Serum IGF-1 was higher in the experimental group than in the
control group (P < 0.01), and serum IL-6 levels were also higher than in the
control group (P < 0.001). In DKD patients, serum levels of IL-6 and IGF-1
tended to rise when ACR levels rose. By Pearson correlation analysis, serum
IGF-1and IL-6 were positively correlated with ACR (r = 0.765 and r = 0.651,
all P < 0.001) and negatively correlated with eGFR (r = -0.389 and r = -0.364,
all P < 0.01). Additionally, the receiver operating characteristic (ROC)
characteristic curve showed that the area under the curve (AUC) values
for serum IGF-1 and IL-6 were 0.9056 and 0.7850, respectively, while the
AUR value for both combined was 0.9367.
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Conclusion: Serum IGF-1 and IL-6 levels can be used to diagnose DKD, and
the combined analysis of these two indicators can improve the sensitivity
and specificity of the disease diagnosis.

KEYWORDS

insulin-like growth factor-1, IL-6, diabetic kidney disease, diabetes mellitus, urinary
albumin/creatinine ratio

Introduction

Currently, chronic complications of diabetes mellitus are in
serious form worldwide. According to reports, 30-40% of diabetic
patients have DKD (1), which can eventually develop end-stage renal
disease (ESRD) and is one of the leading causes of death in diabetic
patients. Moreover, diabetic kidney disease accounts for 30%-50% of
all patients with chronic renal failure requiring hemodialysis (2). The
typical pathological changes in DKD include glomerular basement
membrane thickening, glomerulosclerosis, tubulointerstitial fibrosis,
interstitial inflammatory infiltration and podocyte injury (3). Patients
in the early stages do not have overt clinical symptoms. The clinical
symptoms of early DKD patients are not obvious, and the disease has
commonly progressed to the middle and advanced stages by the time
the diagnosis is made. Studies have shown that prognosis of patients
with DKD can be improved by aggressive interventions (4, 5).
Therefore, early diagnosis and timely treatment are crucial for
patients with DKD. In recent years, the role of serum IGF-1 and
serum IL-6 in the development of DKD has received considerable
attention from scholars.

IGF-1 is a peptide substance with a function and structure
particularly similar to insulin (6). IGF-1 plays an essential role in
the regulation of cell development and growth and in increasing
substance metabolism and other physiological processes. Early
studies have shown that elevated serum levels of IGF-1 can
influence the early pathological processes of diabetic kidney
disease, such as glomerular enlargement, renal hyperfiltration
and renal hypertrophy (7). In addition, IGF-1R inhibitors
reduced tubulointerstitial fibrosis and renal inflammatory cell
infiltration in DKD mice (8).

IL-6 is a member of the chemokine family that is commonly
produced by fibroblasts and T Lymphocytes. Its primary
biological role is to modulate the immune response and
inflammation responses (9). It was found that the expression
level of IL-6 mRNA was increased in mesangial cells and tubular
cells of DKD patients (10). IL-6 can be closely associated with
specific miRNAs, renal podocyte injury and involved in the
pathogenesis of DKD (11). Additionally, IL-6 can also directly
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promote the production of extracellular matrix and proliferation
of mesenchymal cells, thereby promoting the development of
renal fibrosis. Our study investigated the diagnostic significance
of each biological index and the combination of both in DKD by
looking at serum IGF-1 and serum IL-6 levels in DKD patients
with different ACR.

Materials and methods

Eighty cases of type 2 diabetic patients (the diagnostic criteria of
diabetes mellitus referred to the diagnostic criteria of diabetes mellitus
published by WHO expert committee in 1999) who attended the
inpatient department of endocrinology in Jingzhou Central Hospital
from September 2021 to February 2022 were selected as the
experimental group, and 20 cases of normal people who visited the
health check-up center of the hospital during the same period were
selected as the control group. According to the Mogensen staging and
Kidney Disease Improving Global Outcomes (KDIGO) guidelines,
the experimental group was divided into three groups: diabetes
without nephropathy group (20 cases, ACR < 30 mg/g),
microalbuminuric group (30 cases, 30 mg/g < ACR < 300 mg/g)
and macroalbuminuric group (30 cases, ACR > 300 mg/g). The
exclusion criteria for the DKD were as follows: patients with kidney
disease caused by other diseases; patients who may affect the ACR
level after treatment with drugs such as ACEI or ARB; factors that
may affect IGF-1 level, such as tumors, tuberculosis, surgery, trauma,
etc., are excluded, factors that may cause the increase in ACR were
excluded, such as strenuous exercise in a short period of time,
infection, and chronic heart failure.

Experimental methods
Measurement of general indicators

The sex, age and duration of diabetes mellitus were counted
in all study subjects, height and weight were measured using a
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uniform tool, and body mass index (BMI) was calculated
according to the BMI formula (BMI = weight/height 2, kg/m?).
After 8h fast, blood samples were taken from patients in the
morning and brought to our lab in less than two hours. Serum
creatinine (SCr), total cholesterol (TC), IL-6, triglycerides (TG),
albumin (ALB), and total protein (TP) levels from serum were
measured using an automated biochemical analyzer. Fasting
plasma glucose (FPG) measured by glucose oxidation method.
Calculation of estimated glomerular filtration rat (eGFR) was
performed using the modified Chinese MDRD formula. Serum
IGF-1 was detected by chemiluminescence immuno-sandwich
assay and detected by a MAGLUI series chemiluminescence
analyzer produced by Shenzhen New Industry Biomedical
Engineering Co., LTD. In addition, ACR from morning urine
was detected by immunoturbidimetric assay.

Statistical treatment

SPSS22.0 statistical software was used for statistical analysis
of the data. For comparisons between two groups, all measures
were expressed as mean + SD when they conformed to normal
distribution and variance homogeneity, and t-test was used to
compare differences between groups; otherwise, the data were
analyzed using the nonparametric Mann-Whitney test. For
comparison of multiple data groups, one-way ANOVA and
multiple comparisons were used, and for data that did not
obey a normal distribution, the nonparametric Kruskal-Wallis
test was used for analysis. Correlation analysis was performed

10.3389/fendo.2022.1082492

using Pearson’s method or non-parametric Spearman. A p < 0.05
was considered statistically significant.

Results

Clinical indices of the healthy control
group and the experimental group.

The general data of all experimental and control groups in
Table 1 were analyzed, and there was no statistical significance
for age, gender, BMI, TG, TC, TP and ALB in the four groups
(P > 0.05). Diabetes without nephropathy group,
microalbuminuria group and macroalbuminuria group had
higher levels of HbAlc and FPG than the healthy control
group (P < 0.01, Table 1). In particular, we found that serum
IGF-1 and IL-6 levels were significantly lower in the control
group than in the diabetes without nephropathy group, the
macroalbuminuria group and the microalbuminuria group
(P < 0.05) (Figure 1).

Serum IGF-1 and IL-6 levels in diabetic
patients with different ACR.

In this study, serum IGF-1 and IL-6 levels were significantly
higher in the macroalbuminuria group (195.49 + 42.25, 5.00 +
1.25, P < 0.0001, Table 1, Figure 2) than in the microalbumin
group (132.48 +29.03, 3.85 + 0.81, P < 0.0001, Table 1, Figure 2).

TABLE 1 Clinical data comparison between the control group and the experimental group.

Group Control Diabetes without nephropathy Microalbuminuria Macroalbuminuria
Number 20 20 30 30

Age (years)mean +/- SE 57.45 + 12.38 59.10 + 8.53 57.60 + 10.45 59.53 + 10.22
Gender (female/male) 11/9 12/8 18/12 22/8
Course of disease (years) (interquartile) - 6.0 (1-15) 9.0 (1-26)* 9.0 (1-31)*
BMI (kg/m2)mean +/- SE 24.63 + 2.50 26.54 + 3.60 25.15 + 3.32 24.60 + 3.22
eGFR (ml/min)mean +/- SE - 107.87 + 27.98 86.66 + 28.40" 67.70 + 24514
TP (g/L)mean +/- SE 69.90 + 4.55 69.89 + 4.55 71.08 + 6.24 70.06 + 6.13
ALB (g/L)mean +/- SE 41.76 + 3.80 42.19 +3.21 4373 + 337 42,59 + 4.46

TC (mmol/L)mean +/- SE 4.34 + 0.94 4.63 + 120 4.46 + 1.05 4.63 + 0.88
TG (mmol/L)mean +/- SE 1.52 + 0.56 1.54 + 0.58 1.72 + 0.74 1.74 + 0.84
FPG (mmol/L)mean +/- SE 525 + 0.41 8.49 + 125" 8.01 + 1.56° 7.76 + 1.49"
IL-6 (pg/mL)mean +/- SE 1.64 + 0.49 2.68 + 0.75° 3.85 + 0.81% 5.00 + 1.25%4
IGF-1 (ng/ml) 79.65 + 13.23 105.21 + 17.80° 132.48 + 29.03* 195.49 + 42.25"
ACR (mg/g) - 9.28 + 4.72 148.94 + 71.13¢ 556.66 + 19751
HbAlc (%) 520 + 0.27 7.62 + 1.60° 8.10 + 1.67° 8.30 + 1.96"
DR (yes/no) - 3/17 30/30¢ 30/30¢

Data are means + SD for Gaussian variables and median (interquartile) for non-Gaussian variables.

Diabetes without nephropathy, Microalbuminuric and Macroalbuminuric versus Control, *P < 0.05, °P < 0.01; Macroalbuminuric and Microalbuminuric versus diabetes without
nephropathy, °P < 0.05, 4P < 0.01; Microalbuminuric versus Macroalbuminuric, P < 0.05, P < 0.01.

BMI, body mass index; DR, diabetic retinopath; eGFR, estimated glomerular filtration rat; TP, total protein; ALB, albumin; TC, total cholesterol; FPG, fasting plasma glucose; TG,
triacylglycerol; IL-6, interleukin 6; IGF-1, insulin-like growth factor-1; HbAlc, glycated hemoglobin; ACR, urinary albumin/creatinine ratio.
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Serum insulin-like growth factor-1 (IGF-1) (A) and interleukin-6 (IL-6) (B) were higher in the diabetes without nephropathy, microalbuminuria
and macroalbuminuria groups than in the control group (**P < 0.01, ***P < 0.001, ****P < 0.0001).

Moreover, both groups were higher than the group with diabetes
without nephropathy (105.21 + 17.80, 2.68 + 0.75, P < 0.0001,
Table 1, Figure 2). This indicates that serum IGF-1 and IL-6
levels increased with the increase of ACR in DKD patients. And
significantly more patients in the microalbuminuria and
macroalbuminuria groups had diabetic retinopathy (DR) than
diabetic patients without nephropathy (Figure 2).

Correlation analysis of serum IGF-1,
serum |IL-6 and other clinical indicators
in DKD patients

Pearson correlation analysis was used to explore the close
degree of serum IGF-1 and clinical indicators in patients with
diabetic kidney disease. The results showed that serum IGF-1
was positively correlated with serum IL-6 (r = 0.425, P < 0.01)
(Figure 3A) and ACR (r = 0.765, P < 0.001) (Figure 3B) to
varying degrees and negatively correlated with eGFR (r = - 0.389,
P < 0.01) (Figure 3C). There was no significant correlation with
duration of diabetes, albumin, total protein and fasting blood
glucose (P > 0.05) (Table 1, Figure 3D).

Similarly, serum IL-6 was positively correlated with ACR
(r = 0.651, P < 0.001) (Figure 4B), IGF-1 (r = 0.425, P < 0.01)
(Figure 3A) and negatively correlated with eGFR (r = - 0.364,
P < 0.01) (Figure 4A), but not significantly correlated with FPG
(P = 0.577, Figure 4C).

Logistic regression analysis

Logistic regression analysis was performed to correlate the
progression of DKD with serum IL-6, serum IGF-1, TG, TC,
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FPG and HbAlc levels. The results showed that the progression
of DKD was correlated with serum IGF-1 and IL-6 (P < 0.05,
Table 2), independent of other indicators (P > 0.05, Table 2).

ROC curves for the separation
and combination of serum
IGF-1 and serum IL-6

On the basis of examination of logistic regression analysis,
we additionally established ROC curves. In this study, the
area under the ROC curve was used to indicate the accuracy of
biological indicators to predict disease. As shown, AUC
values for serum IGF-1 and IL-6 were 0.9056 and 0.7850
(Figure 5), respectively, and AUC value for both combined
was 0. 9367 (Figure 5).

Moreover, the sensitivity and specificity of the serum IGF-1
index were 96.7% and 70.0% (Table 3), respectively, and the
sensitivity and specificity of serum IL-6 were 66.3% and 83.0%
(Table 3), respectively. The sensitivity and specificity of the
combination of the two indicators were 90.0% and 83.3%
(Table 3), respectively. This indicates not only that serum
IGF-1 and IL-6 can be used to predict DKD progression
separately, but also that the combination of the two has higher
sensitivity and specificity.

Discussion

DKD is one of the most serious chronic consequences in
people with diabetes and is the second most deadly condition for
people with type 2 diabetes after cardiovascular disease.
Histopathologic diagnoses are the gold standard for the
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The levels of insulin-like growth factor-1 (IGF-1) (A) and interleukin-6 (IL-6) (B) increased with the increase of urinary albumin/creatinine ratio
(ACR) in diabetic kidney disease (DKD) patients (****P < 0.0001). (C) The number of DKD patients with DR is higher than the diabetes without

nephropathy group (**P < 0.01).

diagnosis of DKD, but this test is a traumatic examination with
limitations and low patient willingness to be tested. Therefore, it
poses difficulties for clinical diagnosis. ACR is frequently used to
assist in the diagnosis and staging of DKD, however it can be
interfered with by other factors. Previous studies have
demonstrated an association between serum IGF-1 and the
development of DKD (7). This is consistent with the results of
our study, where serum IGF-1 levels were higher in the group of
patients with DKD than in the control group. Moreover, serum
IGF-1 levels continued to rise as the ACR index increased. As an
insulin-like analogue, IGF-1 has a role in promoting cell
proliferation, differentiation and accelerating substance
metabolism (12). Previous reports have shown that the
expression of IGF-1, IGF-1 mRNA and IGFBP1 mRNA was
upregulated in the kidneys of rats with DKD compared with
normal controls (13, 14). Levin et al. showed that increased IGF-

Frontiers in Endocrinology

05

1 levels were associated with early pathological changes in STZ-
induced diabetic rats, including renal hypertrophy and
hyperfiltration (7). In addition, elevated levels of IGF-1
activate the Akt signaling pathway, which expresses Snaill and
results in renal fibrosis (8, 15). Kong et al. showed that the
activation of IGF-1/IGF-1R pathway can promote renal
mesangial cells to produce type IV collagen and connexin,
which are the main components of extracellular matrix and
can promote the proliferation of mesangial cells and stromal
thickening, thus leading to glomerular sclerosis (16). In addition,
elevated IGF-1 expression levels were associated with other renal
histopathological alterations, including mesangial expansion,
infiltration of inflammatory factors, and renal cell proliferation
(17, 18). Our study also found that IL-6 expression level was
significantly elevated in DKD patients and associated with ACR.
Inflammatory response is one of the pathogenic mechanisms of
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Correlation analysis of serum insulin-like growth factor-1 (IGF-1) with interleukin-6 (IL-6), urinary albumin/creatinine ratio (ACR) and estimated
glomerular filtration rat (eGFR) in patients with diabetic kidney disease (DKD). (A) IGF-1 was positively correlated with IL-6. (B) IGF-1 was
positively correlated with ACR. (C) IGF-1 was negatively correlated with eGFR. (D) IGF-1 had no significant correlation with fasting plasma

glucose (FPG).

DKD (19). Studies have shown that gene polymorphisms of IL-6
are closely related to the development of DKD and its elevated
expression level can increase the probability of the disease (20).
IL-6 can not only directly stimulate mesangial cells proliferation,
damage islet cells and disrupt islet function, but also damage
renal vascular endothelial cells and promote renal interstitial
fibrosis. IL-6 receptor blockers have been reported to inhibit the
inflammatory response and reduce insulin resistance in DKD
mice (21). In addition, by inhibiting the IL-6R/JAK2/STAT3
pathway in renal cells was able to protect the kidney in diabetic
rats (22).

In this study, we confirmed the promoting effect of serum
IGF-1 and serum IL-6 expression levels on DKD, based on
which logistic regression analysis was performed and ROC
curves were constructed. The results showed that serum IGF-1
and IL-6 contributed to the diagnosis of DKD, with AUR values
of 0.9056 and 0.7850 (Table 3), respectively. Moreover, the
sensitivity and specificity of the two indicators combined to
diagnose the disease was higher, with an AUR value of 0.9367

Frontiers in Endocrinology

06

(Table 3). The majority of the IGF-1 in the organism exists in
bound form. IGF-1 binding to IGF-1R activates the downstream
MAPK pathway, increases the expression of fibrosis-related
genes and stromal Has2 genes, and accelerates the process of
mesangial expansion and proteinuria in streptozotocin-induced
diabetic mice (23). Through oxidative stress and inflammatory
reactions, IL-6 may contribute to DKD (24, 25). Studies have
shown that by inhibiting the p38-MAPK signaling pathway, the
level of the inflammatory factor IL-6 can be attenuated, thereby
reducing renal inflammatory infiltration (26). Both serum IGF-1
and IL-6 are involved in the development of DKD, and we
speculate that this may be related to the coordinated action of
both signaling pathways, which together promote the
progression of DKD.

Correlation analysis showed that serum IGF-1 and IL-6 were
negatively correlated with eGFR and positively correlated with
ACR. It is hypothesized that serum IGF-1 and IL-6 exacerbate
renal injury by affecting glomerular filtration rate as well as
urinary albumin. Additionally, we discovered that the number of
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TABLE 2 Logistic regression analysis of clinical biological indicators and the progression of DKD.

B SE Wald
IL-6 2.230 0.879 6.438
IGF-1 0.089 0.030 8.609
FPG -0.552 0.672 0.676
TC 0.619 0.772 0.643
TG -0.199 0.902 0.049
HbAlc 0.344 0505 0.463

individuals with DR was greatly lower in the diabetes without
nephropathy group than in the microalbuminuric and
macroalbuminuric groups (Figure 2C). We hypothesize that
this may be because serum IGF-1 and IL-6 are involved in the
development of retinopathy. Increased IGF-1 levels were
reported to hasten the onset of DR (27). IL-6 was found to be
positively linked with the development of DR. Inhibiting the
activation of the IL-6/STAT3 signaling pathway and altering
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Sig. Exp(B) 95%Cl

0.011 9.304 1.661 52.109
0.003 1.093 1.030 1.160
0.411 0.576 0.154 2.147
0.423 1.858 0.140 4.801
0.825 0.819 0.140 4801
0.496 1.410 0.524 3.794

oxidative stress and inflammatory response allowed IL-6 to play
a protective role in the retina of diabetic rats (28). The
relationship between serum IGF-1 and IL-6 expression levels
and the severity of DR is unclear, and more studies are feasible
for us to follow.

In conclusion, serum IGF-1 and IL-6 can be used as
biochemical indicators for diagnosing and judging the progression
of DKD, which is closely related to the kidney damage of the
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TABLE 3 Analysis of ROC curve results.

AUC p-Value 95%Cl Specificity, Sensitivity,

% %

IGF-1 09056  <0.0001 (0.833, 70.0 96.7
0.978)

IL-6 07850  <0.0001 (0.669, 83.0 66.3
0.901)

combined 09367  <0.0001 (0.878, 83.3 90.0
0.995)

disease, and the combination of the two can improve the sensitivity
and specificity of the assay, which has guiding significance for the
subsequent diagnosis and treatment of DKD. However, there are
still some limitations in this study, and the sample size can be
expanded in the future to further explore the changes of serum IGF-
1 and serum IL-6 levels in DKD of different severity.
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