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Background: Diabetic nephropathy (DN) is one of the most devastating microvascular complications of diabetes, with a high 
prevalence and poor prognosis. Early intervention is crucial to improve the outcomes of DN. CXCL8 is related to podocyte damage in 
incipient DN; however, the role and expression level of CXCL8 have never been elucidated, especially in those with undiminished 
creatinine clearance.
Methods: Consecutive inpatients with type 2 diabetes were included in this study. Patients were assigned into four groups based on 
the Mogensen stage, reflecting pathological features through clinical manifestations: non-DN group, hyperfiltration group, micro-
albuminuria group and overt DN group. Clinical and laboratory data were retrospectively collected and analyzed. Urinary CXCL8 
(uCXCL8) was measured using an enzyme-linked immunosorbent assay (ELISA) method and adjusted for urinary creatinine (Cr) from 
the same urine sample.
Results: In total, 88 eligible consecutive inpatients with type 2 diabetes were included in this study. uCXCL8 was differentially 
expressed in different stages of incipient DN; it decreased in the hyperfiltration phase of incipient DN (1.40±1.01 pg/μmol Cr) and was 
highly expressed in patients in the microalbuminuria stage (5.01±4.01 pg/μmol Cr). uCXCL8 was positively correlated with age, 
diabetes course, cystatin C and urinary albuminuria-to-creatinine ratio, but negatively correlated with estimated glomerular filtration 
rate (P<0.05). uCXCL8 was a risk factor for classic DN after adjusting for age, diabetes course and cystatin C (OR=1.17, 95% CI 
0.98–1.4, P=0.045).
Conclusion: CXCL8 played an important role in the progression of incipient DN. The unique expression profile of uCXCL8 may 
provide a reference for understanding the prognosis and mechanisms of incipient DN progression. uCXCL8 was an independent risk 
factor for the development of classic DN.
Keywords: type 2 diabetes, diabetic nephropathies, interleukin-8, inflammation

Introduction
Diabetic nephropathy (DN) is one of the most devastating microvascular complications of diabetes. It occurs in 
approximately 20–40% of patients with diabetes, and has become one of the major causes of end-stage renal failure,1 

leading to poor quality of life and increased mortality. The direct costs of treatment for DN are, on average, three times 
higher than those of patients with uncomplicated diabetes.2 As a significant global challenge, DN has a significant social 
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and economic burden.3 A progressive decline in estimated glomerular filtration rate (eGFR) usually indicates the 
irreversible progression of DN, and early intervention is crucial to improve the outcomes of DN.4

Inflammation plays an important role in the progression of DN,5 especially in the early stages. CXCL8 is a member of 
the CXC chemokine family that plays a role in the regulation of the acute inflammatory response. It is secreted by 
a variety of cell types and induces chemotaxis of neutrophils and other inflammatory cells.6 CXCL8 plays an important 
role in DN progression by inducing podocyte damage,7 and our previous study demonstrated that an elevated neutrophil- 
to-lymphocyte ratio is associated with the development of incipient DN.8 However, the pattern of expression of CXCL8 
in incipient DN is still controversial. Urinary CXCL8 (uCXCL8) has been shown to be elevated,7,9 or not,10 along with 
DN progression, and similar conflicts have also been revealed regarding serum CXCL8 expression in DN patients.9,11 On 
the other hand, patients in previously published studies usually presented with elevated serum creatinine or a decreased 
eGFR, which could not be taken as an early period of DN.9,10 Thus, the role and expression level of CXCL8 in patients 
with incipient DN have never been elucidated.

The Mogensen stages of diabetic renal disease emphasize the stages of incipient DN,12 and include a total of five 
stages corresponding to different pathological states. Stage 1 is characterized by aggravated increased urinary albumin 
excretion during physical exercise. Stage 2 is characterized by increased eGFR, also known as a hyperfiltration state, 
which predisposes to irreversible damage to the nephrons and eventually results in the development of progressive renal 
failure.13 Stages 3 and 4 are known as the phases of microalbuminuria and overt DN, respectively; the latter usually 
corresponds to a loss of high molecular weight proteins and structural disruption in the glomeruli.12 Stage 5 is end-stage 
renal failure with uremia due to DN. Few studies have focused on CXCL8 expression in the hyperfiltration stage, which 
is thought to be the very first period of classic DN.13

In this study, consecutive inpatients with type 2 diabetes were included and grouped according to Mogensen stage to 
investigate the role and expression level of CXCL8 in incipient DN.

Methods
Study Design and Population
This is a retrospective cross-sectional study. Consecutive patients with type 2 diabetes, over 18 years old, admitted to the 
Department of Endocrinology of the First Hospital of Qinhuangdao from March 8th to June 20th 2022, were included. 
The exclusion criteria were: 1) prior non-diabetic chronic kidney disease; 2) acute coronary artery disease or stroke; 3) 
acute infectious diseases; 4) neoplasm; and 5) eGFR <60 mL/min·1.73 m2.14 All participants provided written informed 
consent, and this study was approved by the Ethical Committee of the First Hospital of Qinhuangdao (2019D014). We 
declare that this study complies with the Declaration of Helsinki.

Patients were assigned into four groups based on the level of eGFR and urinary albumin-to-creatinine ratio (UACR) 
according to the Mogensen stage. The non-DN group included patients with UACR <30 mg/g and 90≤ eGFR <120 mL/ 
min·1.73 m2, the hyperfiltration group included patients with UACR <30 mg/g and eGFR ≥120 mL/min·1.73 m2, the 
microalbuminuria group included patients with 30≤ UACR <300 mg/g and 90≤ eGFR <120 mL/min·1.73 m2, and the 
overt DN group included patients with UACR ≥300 mg/g or 60≤ eGFR <90 mL/min·1.73 m2, as shown in Figure 1. 
Classic DN was defined as UACR ≥30 mg/g or eGFR <90 mL/min·1.73 m2 in this study.

Measurement of Clinical and Laboratory Data
Clinical data of patients were recorded, including age, gender, body mass index (BMI), waist circumference, smoking 
history, course of diabetes, hypertension and oral angiotensin-converting enzyme inhibitors or angiotensin receptor 
blockers (ACEI/ARB).

Laboratory examinations were measured in the central laboratory of the First Hospital of Qinhuangdao, including 
glycosylated hemoglobin A1c (HbA1c), serum creatinine, cystatin C, C-reactive protein (CRP), low-density lipoprotein 
cholesterol (LDL-c) and UACR. UACR was calculated using the average of two morning urine samples on 
different days, and eGFR was calculated by the Modification of Diet in Renal Disease (MDRD) formula.15
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The morning midstream spot void was collected and stored at −80°C in a refrigerator. The uCXCL8 concentration 
was measured using a Human IL-8 enzyme-linked immunosorbent assay (ELISA) kit (QuantiCyto®) with a sensitivity of 
3.9 pg/mL, and urinary creatinine concentration was measured by the sarcosine oxidase method, on the same urine 
sample. uCXCL8 expression was adjusted for urinary creatinine, and expressed as pg/μmol Cr.

Statistical Analysis
R version 3.6.3 was used for the statistical analysis. Normally distributed data were described as mean ± standard 
deviation (SD), non-normally distributed numeric data were shown as median [interquartile range], and enumeration data 
were expressed as number and percentage. One-way ANOVA, Kruskal–Wallis or chi-squared analysis was applied to 
assess the differences among different groups according to the data type. Dunn’s test was used to compare the differences 
among CXCL8 groups in post-hoc analysis. Spearman’s rank correlation test was used to evaluate linear correlations 
between independent variables. The likelihood ratio test was performed to determine the risk factors for classic DN in 
multiple logistic regression analysis. For power calculation, when the type 1 (α) error was considered as 0.05, two-sided 
and equally, the type 2 (1−β) error was estimated as 88.59%.16 P values <0.05 were considered statistically significant. 
Missing data were discarded in the statistical process.

Results
Demographic, Clinical and Laboratory Characteristics of Patients
In total, 88 consecutive patients with type 2 diabetes were finally included in this study (Figure 1). There were no 
significant differences in age, gender, BMI, smoking history, waist circumference, family history of diabetes, history of 
stroke and hypertension, or oral ACEI/ARB use among the different stages of incipient DN (P>0.05) (Table 1). However, 
the diabetes course was the longest in the microalbuminuria group and shortest in the hyperfiltration group (P=0.025) 

Figure 1 Flowchart of the enrollment and grouping of the patients. 
Abbreviations: DN, diabetic nephropathy; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio.
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(Table 1). Regarding the laboratory data, there were no significant differences in the concentrations of HbA1c, CRP and 
LDL-c among the different stages of incipient DN, while concentrations of cystatin C and serum creatinine showed 
similar trends of distribution among the different groups, being highest in the overt DN group and lowest in the 
hyperfiltration group, opposite to the trends for eGFR distribution (P<0.05, Table 1).

uCXCL8 Expression Level in Different Stages of Incipient DN
uCXCL8 was differentially expressed in the different stages of incipient DN (P=0.017) (Table 1, Figure 2). It was 
expressed at a medium level in patients in the non-DN group (3.11±4.13 pg/μmol Cr) and at an extremely low level in 
patients in the hyperfiltration group (1.40±1.01 pg/μmol Cr), then it dramatically increased in those in microalbuminuria 
group (5.01±4.01 pg/μmol Cr) and slightly decreased in patients in the overt DN group (4.41±4.60 pg/μmol Cr), as 
shown in Table 1 and Figure 2. Notably, uCXCL8 was the only index that was the highest in the microalbuminuria group 
among all the laboratory indicators investigated in our study (P<0.05). In post-hoc analysis, the uCXCL8 level of patients 
in the microalbuminuria and overt DN groups was significantly higher than that in the hyperfiltration group (P<0.01), but 
showed no significant differences compared to that in patients in the non-DN group (Figure 2).

Correlations Between uCXCL8 and Other Clinical and Laboratory Factors in Patients 
with Incipient DN
uCXCL8 was positively correlated with age (r=0.219, P=0.040), diabetes course (r=0.213, P=0.046), cystatin 
C (r=0.337, P=0.004) and UACR (r=0.233, P=0.031), and negatively correlated with eGFR (r=−0.292, P=0.006), as 
shown in Table 2. Other clinical and laboratory parameters showed no correlations with uCXCL8 in incipient DN. 
Specifically, CRP showed no linear correlation with uCXCL8 in patients with incipient DN (r=0.113, P=0.478) (Table 2).

Table 1 Demographic, Clinical and Laboratory Characteristics of Patients in Different Stages of Incipient DN

Non-DN 
Group (n=22)

Hyperfiltration 
Group (n=21)

Microalbuminuria 
Group (n=16)

Overt DN 
Group (n=29)

P-Value

Age (years) 60.09±8.19 55.14±11.57 62.94±10.66 62.00±12.96 0.12

Gender, n (% of female) 9 (40.9) 6 (28.6) 7 (43.8) 18 (62.1) 0.119

BMI (kg/m2) 25.55±2.42 25.79±4.11 24.82±2.58 26.44±3.71 0.49
Waist circumference (cm) 89.80±8.96 90.65±9.43 87.08±7.25 91.32±11.64 0.663

Smoking history, n (% of yes) 9 (42.9) 10 (47.6) 5 (31.2) 4 (13.8) 0.09

Diabetes course (years) 8.00 [3.00, 14.75] 5.00 [1.00, 10.00] 16.50 [5.00, 20.25] 11.00 [7.00, 20.00] 0.025
Family history of diabetes, n (% of yes) 10 (50.0) 10 (50.0) 7 (46.7) 13 (44.8) 0.98

History of stroke, n (% of yes) 5 (23.8) 3 (14.3) 3 (18.8) 7 (25.0) 0.803
Hypertension, n (% of yes) 9 (42.9) 12 (57.1) 10 (62.5) 18 (64.3) 0.472

Oral ACEI/ARB, n (% of yes) 6 (27.3) 4 (19.0) 1 (6.2) 9 (31.0) 0.258

HbA1c (%) 8.38±1.82 8.96±2.00 9.33±2.05 8.54±1.78 0.48
Serum creatinine (μmol/L) 65.22±10.52 53.55±7.88 64.29±8.56 75.25±17.13 <0.001

Cystatin C (mg/L) 1.05±0.14 0.94±0.18 1.10±0.24 1.22±0.26 0.001

CRP (mg/L) 2.05±2.12 3.17±3.93 3.95±5.98 4.10±3.79 0.652
LDL-c (mmol/L) 2.53±0.78 2.94±1.18 2.86±1.03 2.79±0.95 0.551

UACR (mg/g) 7.57±4.95 8.30±4.21 58.87±77.65 123.41±165.25 <0.001

eGFR (mL/min·1.73 m2) 103.82±7.54 138.47±17.92 103.36±8.35 84.91±17.21 <0.001
uCXCL8 (pg/μmol Cr) 3.11±4.13 1.40±1.01 5.01±4.01 4.41±4.60 0.017

Notes: The non-DN group included patients with UACR <30 mg/g and 90≤ eGFR <120 mL/min·1.73 m2; the hyperfiltration group included patients with UACR <30 mg/g 
and eGFR ≥120 mL/min·1.73 m2; the microalbuminuria group included patients with 30≤ UACR <300 mg/g and 90≤ eGFR <120 mL/min·1.73 m2; and the overt DN group 
included patients with UACR ≥300 mg/g or 60≤ eGFR <90 mL/min·1.73 m2. 
Abbreviations: BMI, body mass index; ACEI/ARB, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers; HbA1c, glycosylated hemoglobin A1c; CRP, 
C-reactive protein; LDL-c, low-density lipoprotein cholesterol; UACR, urinary albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate; uCXCL8, urinary 
CXCL8; Cr, creatinine.
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Associations Between uCXCL8 and Classic DN
In the crude logistic regression analysis, uCXCL8 was significantly associated with a greater risk of classic DN 
[OR=1.23, 95% confidence interval (CI) 1.03–1.47, P=0.023] (Table 3). After adjustment for the risks of age, diabetes 
course and cystatin C, uCXCL8 remained significantly associated with classic DN (OR=1.17, 95% CI 0.98–1.40, 
P=0.045) (Table 3).
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Figure 2 Urinary CXCL8 expression in different stages of incipient diabetic nephropathy. 
Note: *P<0.05 in the post-hoc analysis. 
Abbreviations: DN, diabetic nephropathy; uCXCL8, urinary CXCL8.

Table 2 Correlations Between uCXCL8 and Other Clinical and 
Laboratory Parameters in DN

r P-Value

Age 0.219 0.040

Gender 0.193 0.071
Body mass index −0.006 0.952

Waist circumference 0.059 0.615

Smoking history −0.21 0.051
Diabetes course 0.213 0.046

Family history of diabetes −0.04 0.716

History of stroke −0.018 0.866
Hypertension 0.074 0.497

Oral ACEI/ARB 0.053 0.621

HbA1c 0.058 0.620
Serum creatinine 0.055 0.610

Cystatin C 0.337 0.004

C-reactive protein 0.113 0.478
LDL-c 0.047 0.665

UACR 0.233 0.031

eGFR −0.292 0.006

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitors or angiotensin recep-
tor blockers; HbA1c, glycosylated hemoglobin A1c; LDL-c, low-density lipoprotein choles-
terol; UACR, urinary albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate.
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Discussion
With a rapidly increasing prevalence, diabetes and its chronic microvascular complication, nephropathy, has become 
a global social and economic burden.3 The inflammatory factor CXCL8 has been demonstrated to be associated with 
podocyte damage. CXCL8 is increased in the microalbuminuria stage of DN,7 and targeting its receptors, CXCR1 and 
CXCR2, can ameliorate metabolic disturbances through modulating inflammation in DN.17 However, the role and 
expression level of CXCL8 in incipient DN have never been elucidated, especially when based on the Mogensen 
stage and taking the hyperfiltration stage into account. In this study, consecutive inpatients with type 2 diabetes were 
included and grouped according to the Mogensen classification. As a result, uCXCL8 was demonstrated to be 
differentially expressed in different stages of incipient DN, significantly correlated with conventional predictors for 
diagnosing DN, and remained an independent risk factor for classic DN after adjusting for multiple variables.

Based on the results of this study, the uCXCL8 level was the lowest in the hyperfiltration group (Table 1, Figure 2). 
Since the results have been adjusted for urinary creatinine, they were not affected by individual differences in urine 
volume. Therefore, we can postulate that the hyperfiltration state of incipient DN may not be related to increased 
neutrophil chemotaxis. To our knowledge, no previous studies have explored the expression of CXCL8 in the hyperfil-
tration stage of incipient DN. The uCXCL8 level was highest in the microalbuminuria group and decreased slightly in the 
overt DN group in our study (Table 1, Figure 2), in agreement with previous clinical and animal research,7 although the 
CXCL8 expression was not adjusted for creatinine in the previous study. The possible cause for this may be the most 
intense inflammatory response occurring in the microalbuminuria stage, before the fibrosis of glomeruli. The underlying 
clinical implication is that we may be able to identify the pathological progression of glomeruli through the fluctuation of 
urinary indicators, but not through biopsy.

UACR and eGFR have become widely accepted as markers for diagnosing DN in clinical practice,4 and cystatin C is 
an early predictor of DN, in both serum and urine.4,18 In this study, uCXCL8 was positively correlated with UACR and 
negatively correlated with eGFR, in agreement with previous studies.9,11 However, whether uCXCL8 is associated with 
a faster decline in eGFR remains controversial.7,10 In addition, uCXCL8 was positively correlated with cystatin C in our 
study, and we found no relevant reports in previous studies. This makes uCXCL8 a potential early predictor of DN. 
Besides, there was no significant correlation between uCXCL8 and serum CRP in our study, although both of them are 
parameters of inflammation. This may be because CRP is a systematic inflammatory factor tested in serum and can be 
influenced by many other diseases and conditions, whereas CXCL8 was measured in urine samples to identify only renal 
problems in our study. Previous studies have not shed light on this point, to our knowledge. In summary, uCXCL8, 
differently from systemic inflammatory factors, was associated with conventional predictors of incipient DN; on the other 
hand, fluctuations in these predictors may be related to inflammatory responses.

Based on the results of our study, uCXCL8 was an independent risk factor of classic DN after adjusting for multiple 
variables. Although previous studies also focused on the relationship between CXCL8 and albuminuria or proteinuria,9,11 

some of them did not control for the decline in eGFR,9 and some used serum but not urinary CXCL8 as a predictor.11 

Therefore, our study is the first to report the independent ability of uCXCL8 to predict incipient DN with undiminished 
eGFR.

Table 3 Crude and Adjusted Analyses of Relationships Between uCXCL8 and Classic DN in Regression 
Analysis

Crude OR (95% CI) Crude P-Value Adjusted OR (95% CI) Adjusted 
P-Value

uCXCL8 1.23 (1.03, 1.47) 0.023 1.17 (0.98, 1.4) 0.045

Age 1.03 (0.99, 1.08) 0.170 0.98 (0.93, 1.04) 0.513
Diabetes course 1.07 (1.01, 1.14) 0.026 1.06 (0.98, 1.14) 0.139

Cystatin C 88.02 (5.51, 1406.59) 0.002 41.73 (2.39, 728.11) 0.004

Abbreviations: uCXCL8, urinary CXCL8; OR, odds ratio; CI, confidence interval.
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It is worth noting that the diabetes course was not even among the different groups in our study, and did not increase 
along with the progression of stages in incipient DN. Since the included patients were consecutive admissions to our 
hospital during a certain period, this result may reflect the epidemiological distribution of local patients to some extent, 
and supports the point that DN progression is not entirely dependent on the course of disease.

This study has several strengths. First, consecutive inpatients were included to minimize the selection bias of this 
retrospective study. Second, the Mogensen stage, with an emphasis on the stage of incipient DN, was used as the 
grouping standard, and the uCXCL8 level in the hyperfiltration stage, which had not been investigated in previous 
studies, to our knowledge, was evaluated in this study. Third, the uCXCL8 level was adjusted for urinary creatinine to 
avoid the influence of differential individual urine volumes, using a spot urine test, which is convenient and suitable for 
clinical application. Fourth, CRP was evaluated in our study as an indicator of systemic inflammation.

The study also has some limitations. First, the sample size was relatively small in this study, which may have 
attenuated the significance in part of the statistical analysis. Second, the observational nature of the data precluded proof 
of causality; they could only be considered hypothesis generating. Third, this was a cross-sectional study, and renal 
outcomes over time were not investigated. Prospective large-scale cohort studies are needed in the future.

Conclusion
CXCL8 plays an important role in the progression of incipient DN. The unique expression profile of uCXCL8 may 
provide a reference for understanding the prognosis and mechanisms of incipient DN progression. uCXCL8 correlated 
with conventional parameters of diagnosing DN in the early stages, and was an independent risk factor for the 
development of classic DN.
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