Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Dove

ORIGINAL RESEARCH

Cross-Sectional Analysis of the Involvement of
Interleukin-17A in Diabetic Retinopathy in Elderly
Individuals with Type 2 Diabetes Mellitus

Fugiang Liu®'™

Feng Han*?
Xiaoli Liu*?
Lina Yang*®
Caixia Jiang*®
Chen Cui'™
Fang Yuan'™
Xin Zhang'™
Lei Gong'™

Xinguo Hou'™
Yuan Liu'™

Li Chen'™

'Department of Endocrinology, Qilu
Hospital of Shandong University, Jinan,
Shandong, 250012, People’s Republic of
China; Institute of Endocrine and
Metabolic Diseases of Shandong
University, Jinan, Shandong, 250012,
People’s Republic of China; 3Key
Laboratory of Endocrine and Metabolic
Diseases, Shandong Province Medicine &
Health, Jinan, Shandong, 250012, People’s
Republic of China; #jinan Clinical
Research Center for Endocrine and
Metabolic Diseases, Jinan, Shandong,
250012, People’s Republic of China;
SDepartment of Endocrinology, Zhanggiu
District People’s Hospital, Jinan, 250200,
People’s Republic of China

Correspondence: Yuan Liu; Li Chen
Email liuyuan198735@163.com;
chenli3@medmail.com.cn

Background: To investigate the correlation between serum interleukin-17A (IL-17A) levels
and diabetic retinopathy (DR) in elderly individuals with type 2 diabetes mellitus (T2DM).
Methods: The study included 194 elderly patients (94 males and 100 females) with T2DM.
Digital retinal photography as well as fundus fluorescein angiography was employed to
distinguish between nonproliferative diabetic retinopathy (NPDR) and proliferative diabetic
retinopathy (PDR). In addition, multiple logistic regression analysis was conducted to
determine the correlation between serum IL-17A levels and DR status.

Results: The average age of the study cohort was 69.14 + 6.33 years, of which 52.08% were
male. The study participants with the highest IL-17A (Q4) levels had higher TC, DBP, and
low-density lipoprotein cholesterol (LDL-C) values than those the other groups. Analysis
using unadjusted and adjusted linear regression revealed that the effect size of 1.09 for DR in
the unadjusted model indicates that IL-17A is associated with an increase of 1.09 in DR
(mmol/L) (B 1.09, 95% confidence interval (CI) 1.03, 1.16). Using the minimum-adjusted
model (the model 2), as IL-17A increased, DR was higher by 1.11 (B 1.11, 95% CI 1.04,
1.18). With the fully adjusted model (the model 3), for each additional IL-17A increase, DR
was higher by 1.15 (B 1.15, 95% CI 1.06, 1.24).

Conclusion: Serum IL-17A levels are apparently positively correlated to DR in Chinese
elderly individuals with T2DM.
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Background
Type 2 diabetes mellitus (T2DM) is a global health problem that is strongly
associated with high rates of morbidity and mortality.' Diabetic retinopathy (DR)
mainly results in prescient and imaginative blindness and visual impairment in
working age individuals. The global prevalence of DR and severe DR has been
estimated to be 35% and 10%, respectively.” DR has become a major public health
problem in China. Because the current prevalence and risk factors for DR were
mostly obtained from studies involving non-Asian populations, its application to
Chinese populations remains uncertain.’ DR is also considered as a primary cause
of decreased vision, visual loss and blindness in adult diabetic patients.” In response
to vascular damage, retinal vessels undergo angiogenesis, which lead to prolifera-
tive DR and blindness.’

Interleukin-17 (IL-17) is a cytokine family consisting of six structurally related
isoforms, namely, IL-17A—F. IL-17A is considered the most important members of
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this family, and its upregulation has been associated with
various autoimmune and chronic inflammatory diseases
diabetes.’

inflammatory activity, which is achieved by inducing the

such as IL-17A  possesses strong pro-
production of various pro-inflammatory cytokines, matrix
metalloproteinases, and chemokines, and thus plays
a central role in the etiology of inflammatory diseases.’
Some inflammatory factors include IL-17A, and IL-6 may
come from the intestine.* Recent studies have shown that
anti-TCR combination therapy using anti-IL-6 and anti-IL
-17 effectively increases the B cell mass, whereas islet
immune cell infiltrate only exhibited a slightly improve-
ment in B cell mass. Triple combination therapy effectively
induced blood glucose homeostasis involving normalized
serum C-peptide concentrations by controlling autoimmu-
nity and improving anti-inflammatory effects.'® IL-17A
may be involved in the pathological process of DR, but
the relationship between them is still unclear. As the
relationship between IL-17A and DR is complicated,
more research is needed.

In our study, the main purpose was to investigate the
relationship between IL-17A and DR. Therefore, by
employing digital retinal photography and fundus fluores-
cein angiography in determining either nonproliferative
DR (NPDR) or proliferative DR (PDR), we investigated
the correlation between IL-17A and DR in Chinese elderly
diagnosed with T2DM.

Methods

Study Design

This cross-sectional study was developed to establish the
correlation between IL-17A and DR. This investigation
used baseline IL-17A levels as the independent variable,
whereas DR was the dependent variable.

Study Population

This cross-sectional study included 194 T2DM elderly
individuals at the Qilu Hospital of Shandong University
China) from May 2019 to
November 2019. We utilized the following patient exclu-

(Jinan, Shandong,
sion criteria: (1) T1DM, lactic acidosis, diabetic ketoaci-
dosis, or hyperosmolar nonketotic diabetic coma, or other
special types of diabetes; (2) duration of diabetes of <
1 year; (3) acute renal failure; (4) occurrence of diabetic
foot or ulcers and other infectious diseases; (5) heart fail-
ure or acute cardio-cerebrovascular disease; and (6)
severely impaired renal or liver function. Diabetes was

to the 1999 World Health
Organization criteria,” ie, fasting blood glucose (FBG) >
7.0 mmol/L and/or 2-h postprandial blood glucose (PBG)
> 11.1 mmol/L.

diagnosed according

11

Assessment of DR

DR was assessed using color fundus photography and
graded using the International Clinical DR Severity
Scale.'> According to the standardized operation process,
a digital retina camera is used to take high-quality fundus
photos for both eyes after the pupils are dilated (CR-2 AF,
CANON, Japanese).'? If necessary, fundus fluorescein
angiography was conducted. Based on the Early Diabetic
Retinopathy Study (ETDRS) Retinopathy Severity Score,'*
digital retinal photography and fluorescein angiography
were employed by professional ophthalmologists to assess
and grade DR." The digital retinal camera captures 16.1
megapixel images and employed auto focus and shoot tech-
nology. Three undilated 45° retinal photographs of each eye
were captured by standard-trained technicians.'*

Clinical Data Collection

We collected information about demographic characteristics
and previous medical history through standard question-
naires. Anti-diabetes drugs consist of the following: insulin,
insulin secretagogues, and other types (a-glucosidase inhi-
bitors, thiazolidinedione, and metformin). Blood pressure
(BP) was defined as three documented measurements
(OMRON Model HEM-752 FUZZY, Omron Company,
Dalian, China) > 140/90 mmHg at rest and using the left
arm after sting for at least 5 min, with the average reading
employed in the analysis. History of hypertension and treat-
ment with antihypertensive agents reported by the patient.
After overnight fasting for at least 10 h, venous blood
samples were collected and used in measuring fasting
blood glucose (FBG), fasting C peptide(FCP), fasting insu-
lin (FINS), alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), blood urea nitrogen (BUN), creatinine
(Cr), triglycerides (TGs), and high-density lipoprotein cho-
lesterol (HDL-C) levels in an automatic analyzer
(TOSHIBA TBA-40F, Toshiba,
a modified method to directly measure high-density lipo-
protein cholesterol (HDL-C). HbAlc was determined by
high-performance liquid chromatography (BIO-RAD
VARIANT II, Bio-Rad, USA). Venous blood samples
were subjected to centrifugation at 3000 rpm for 10 min

Japan). We used

to isolate sera, which were then aliquoted and stored at
—80°C until analysis of IL-17A levels. A multiplex
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magnetic bead-based antibody detection kit (Bio-Plex® sus-
pension array system, Bio-Rad Laboratories Inc., Hercules,
CA, USA), was employed for determination of IL-17A
levels following the manufacturer’s recommendations.
This kit, for IL-17A, the inter-batch variation (%cv) is 2.4,
the inter-plate variation (%cv) is 1.4, and the detection limit
LLOQ is 2.44pg/mL. All patients’ serum samples were
measured in duplicate.

Statistical Analysis

The present study represented continuous variables
using two approaches. We expressed the continuous
variables of the normal distribution as the mean + stan-
dard deviation and displayed the continuous variables
following a skewed distribution using the median (Q1-
Q4). Categorical variables were expressed as frequen-
cies or percentages. In this study, we used one-way
ANOVA test (normal distribution), y* test (categorical
variables) or Kruskal-Wallis test (skew distribution) to
test the differences between different IL-17A groups
(quartiles). Data analysis was performed using two
steps. Step 1: Single factor analysis and multiple linear
regression analysis were used. This study generated
three models: Model 1, which did not utilize covariate
adjustment; Model 2, wherein adjusted was performed
only for sociodemographic data; and Model 3, which
was employed for variables in Model 2 and with cov-
ariate adjustment as shown in Table 1. Step 2: To
resolve the nonlinear problem involving IL-17A and
DR, we conducted a generalized additive model with
smooth curve fitting (penalized spline method). When
nonlinearity was detected, we first computed for the
inflection point with a recursive algorithm, and then
generated a two-part linear regression for both sides of
the inflection point. Using a log-likelihood ratio test, we
then determined the best fit model using the P value. To
ensure reliability of data analysis, we also performed
sensitivity analysis. We converted IL-17A levels into
categorical variables and computed for the P for the
trend. This was performed to verify that the IL-17A
results could be considered as a continuous variable
We the
R statistical package in all analyses (http://www.

and to assess non-linearity. employed
R-project.org, the R Foundation) and EmpowerStats
(http://www.empowerstats.com, X&Y Solutions, Inc.,
Boston, MA, USA). Differences with P values < 0.05

(two-sided) were deemed statistically significant.

Results
Baseline Characteristics of Selected
Subjects

According to strict admission criteria, a total of 194 sub-
jects were selected for final data analysis (for details,
please refer to the selection and exclusion criteria). The
baseline characteristics of the study participants are pre-
sented in Table 1 as IL-17A quartiles. The average age of
the 194 selected participants was 69.14 + 6.33 years, and
approximately 52.08% of them were male. No statistically
significant differences were observed based on diabetes
mellitus (DM) duration, gender, total cholesterol (TC),
HbAlc, low-density lipoprotein cholesterol (LDL-C),
weight, or hypertension among various IL-17A groups
(all P values > 0.05). The individuals in the group with
the highest IL-17A (Q4) showed higher TC, LDL-C, DBP.
Reverse patterns
C peptide (FCP).

were observed using fasting

Univariate Analysis for DR

The relevant findings generated by univariate analyses are
presented in Table 2. Using univariate linear regression,
we determined that gender, age, weight, FBG, HbAlc (%),
and LDL-C were not correlated with DR. We also
observed that DM duration (B 1.09, 95% CI 1.03, 1.14)
and DBP (B 1.04, 95% CI 1.01, 1.07) were correlated with
DR. In contrast, univariate analysis revealed that (aspartate
aminotransferase) AST/alanine aminotransferase (ALT)
levels (B 0.75, 95% CI 0.29,1.94) had a positive correla-
tion with DR.

Results of Unadjusted and Adjusted

Linear Regressions

We then constructed three analysis models to assess the
independent effect of IL-17A levels on DR (univariate and
multivariate linear regression). Table 3 shows the effect
sizes (B) and 95% confidence intervals. Using the unad-
justed model (model 1), the model-based effect size could
explain the correlation between IL-17A and DR. For
example, ie, the effect size of 1.09 for DR in the unad-
justed model indicates that IL-17A is correlated to a 1.09
increase in DR (mmol/L) (f 1.09, 95% CI 1.03, 1.16). In
the minimum-adjusted model (model 2), as IL-17A
increased, DR showed a 1.11 increase (B 1.11, 95% CI
1.04, 1.18). Using the fully adjusted model (model 3)
(adjusted for all covariates as shown in Table 1), for
every additional increase in IL-17A, an increase in DR
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by 1.15 (B 1.15, 95% CI 1.06, 1.24) was observed. For
sensitivity analysis, we also converted IL-17A from
a continuous variable into a categorical variable (quartile
of IL-17A), and employed the P for IL-17A profiling as
a categorical variable with the fully adjusted model and
the results were consistent with those when IL-17A was
utilized as a continuous variable.

The Results of the Association Between
IL-17A and DR

In this study, we assessed the relationship between IL-17A
and DR (Figure 1). The smooth curve and the findings of the
generalized additive model revealed that the relationship
between IL-17A and DR was generally linear after adjust-
ment for age, sex, BMI, fasting C peptide (FCP), and SBP.

Discussion

Current DR treatment methods are mainly used in the
advanced stages of the disease and may be related to serious
side effects. Therefore, it is necessary to explore new diagnos-
tic methods to identify the progression of DR earlier and
monitor the effects of related treatments. Biochemical biomar-
kers refer to markers found in blood or other body fluids and
tissues that can sensitively predict disease progression.'’
These biomarkers may be a valuable tool for detecting the
early stages of DR, identifying the people most likely to
develop diabetic retinopathy and predicting treatment effect.'®

This present cross-sectional study detected a significant
difference in serum IL-17A levels between patients with and
without DR. These findings indicate that DR is significantly
correlated to increased odds of IL-17A after adjusting for
gender, age, duration of diabetes, and other traditional diabetes
factors. Some recent studies have shown that IL-17A is one of
the key cytokines involved in the progression of diabetes
complications.”!"'® Their study confirmed that IL-17A
plays an important role in fundus disease and blood vessel
proliferation in diabetic mice, and found that T lymphocytes
and neutrophils that express IL-17A in retinal blood vessels."’
The latest research suggests that intravitreal injection of IL-
17A will accelerate the progression of diabetic fundus lesions,
while partial blockade of IL-17A receptors will delay the
development of diabetes-mediated fundus lesions.*

Our previous research shows that the higher the serum
IL-17A level, the higher the incidence and severity of DR.
The underlying mechanism can be summarized as: (1) IL-
17A can trigger the destruction of the fundus vascular
barrier as well as increase the degree of inflammation of
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Table 2 Univariate Analysis for Diabetic Retinopathy

Covariate Statistics OR (95% CI) P-value
Age (years) 69.14 + 633 1.00 (0.95, 1.05) 09114
DM duration 7.86 £ 591 1.09 (1.03, 1.14) 0.0021
Height (m) 1.62 £ 0.08 0.83 (0.77, 1.45) 0.0759
Weight (kg) 68.20 + 9.93 1.00 (0.97, 1.03) 0.8107
WC (cm) 93.79 £ 9.28 1.00 (0.97, 1.03) 0.9912
HC (cm) 101.82 £ 6.90 1.01 (0.96, 1.05) 0.7120
Gender

Male 94 (48.45%) 1.0

Female 100 (51.55%) 1.15 (0.62, 2.15) 0.6528
SBP (mmHg) 150.48 + 21.85 1.01 (0.99, 1.02) 0.2369
DBP (mmHg) 90.15 + 12.38 1.04 (1.01, 1.07) 0.0043
HR 7994 £ 11.84 1.01 (0.98, 1.03) 0.6646
FCP (ng/mL) 1.22 £ 0.59 1.43 (1.02, 2.85) 0.0420
FINS 949 + 13.93 1.02 (0.99, 1.06) 0.1369
HbAlc (%) 6.99 £ 1.25 1.01 (0.79, 1.29) 0.9488
FBG (mmol/L) 8.13 £226 1.12 (0.98, 1.28) 0.1224 0.6786
AST (U/L) 24.19 £ 51.59 1.00 (0.99, 1.01) 0.9170
ALT (U/L) 20.03 + 29.57 1.00 (0.99, 1.01) 0.5541
AST/ALT 1.24 £ 0.34 0.75 (0.29, 1.94) 0.9263
Cr (umol/L) 7839 £ 19.28 1.00 (0.98, 1.02) 0.3247
BUN (mmol/L) 6.02 £ 1.35 1.12 (0.89, 1.41) 0.3505
TC (mmol/L) 483 £ 1.23 1.13 (0.88, 1.45) 0.4208
TG (mmol/L) 1.67 £ 1.13 0.98 (0.64, 1.20) 0.2218
LDL-C (mmol/L) 271 £1.03 1.21 (0.89, 1.64) 0.5955
HDL-C (mmol/L) 1.37 £ 0.33 1.29 (0.51, 3.26) 0.8742
Alb (mg/L) 141.96 + 416.47 1.00 (1.00, 1.00) 0.7957
ACR (mALB/Ucr) 105.03 £ 360.71 1.00 (1.00, 1.00)

Abbreviations: Alb, albumin; ACR, albumin to creatinine ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; TC, total
cholesterol;Cr, creatinine; DM, diabetes mellitus; HC, hip circumference; DBP, diastolic blood pressure; Cl, confidence interval; FBG, fasting blood glucose; FCP, fasting
C peptide; FINS, fasting insulin; HbA ¢, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HR, heart rate; OR, odds ratio; LDL-C, low-density lipoprotein

cholesterol; SBP, systolic pressure; TG, triglyceride; WC, waist circumference.

Table 3 Correlation Analysis Between IL-17A and DR Using Different Models

Variable Crude Model Model I? Model II°

B (95% CI) P-value B (95% CI) P-value B (95% CI) P-value
IL-17A 1.09 (1.03, 1.16) 0.0056 1.11 (1.04, 1.18) 0.0026 1.15 (1.06, 1.24) 0.0007
IL-17A (quartile)
Ql Reference Reference Reference
Q2 1.41 (0.55, 3.65) 0.4727 1.26 (0.47, 3.34) 0.6496 1.87 (0.62, 5.64) 0.2671
Q3 1.13 (0.43, 2.99) 0.8045 0.98 (0.35, 2.70) 0.9623 1.19 (0.37, 3.82) 0.7728
Q4 3.01 (1.23,7.39) 0.0159 3.23 (1.25, 8.32) 0.0154 6.48 (2.02, 20.77) 0.0017
P for trend 0.0159 0.0154 0.0017

Notes: *Model | adjusted for age, DM duration and gender; ®model Il adjusted for age, DM duration, sex, SBP, DBP, AST, ALT, GGT, AST/ALT, FBG, TC, LDL-C, HbAlc,

ACR, FCP, Alb.

Abbreviations: Cl, confidence interval; Alb, albumin, ACR, albumin to creatinine ratio, AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea
nitrogen, TC, total cholesterol; Cr, creatinine; DM, diabetes mellitus; DBP, diastolic blood pressure; FBG, fasting blood glucose; HbA ¢, glycated hemoglobin; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic pressure.
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Figure | Association between interleukin-17A (IL-17A) and diabetic retinopathy (DR). A threshold, nonlinear association between IL-17A and DR was determined
(P<0.001) in a generalized additive model (GAM). The solid red line shows the smooth curve fit between variables. Blue bands show the 95% of confidence interval from the
fit. All were adjusted for age, gender, body mass index (BMI), SBP, and fasting C peptide (FCP).

the fundus tissue by stimulating the secretion of inflam-
matory factors by vascular endothelial cells,?' and (2) IL-
17A triggers local retinal inflammation and immune
response, which in turn accelerate DR progression.'”

Global DR research studies have revealed that a longer
T2DM duration, increasing age, higher HbAlc levels, and
poorer blood pressure control were strongly correlated with
DR."*? In this study, the longer the DM duration, the higher
the prevalence and severity of DR, which is consistent with
previous studies.”> Many previous studies have shown that
FCP is related to DR.** An earlier study showed that after
adjustment for confounding factors, C-peptide and insulin
levels were significantly correlated with extent of DR in
Latinos with type 2 diabetes.”> However, we did not observe
a significant correlation between DR and FCP levels in the
present study. Fasting plasma C peptide (OR, 1.43; 95% CI
1.02 to 2.85; P=0.0420) concentrations in these diabetic parti-
cipants shows as a risk factor with retinopathy and its degree of
severity. Our study population is mainly elderly diabetic
patients, and renal function was generally reduced and plasma
FCP levels were increased.

The main findings of this clinical study are as follows.
(1) Thus far, this is a very meaningful study to investigate
the independent association between serum IL-17A levels
and DR in Chinese elderly T2DM patients. (2) This
research helps to support the further research to looking
for markers for diagnosis and treatment of diabetic retino-
pathy. (3) The correlation between IL-17A and DR may
help predict the progressive pathology of fundus neovas-
cularization in elderly patients with T2DM, and may par-
ticipate in the development of T2DM.

Previous studies have shown that elevated levels of IL-
17A are correlated to the development of diabetic fundus
lesions.®” In addition, serum IL-17A levels in individuals
with PDR are significantly higher than those with NPDR or
without retinopathy and controls.?* 2® Actual clinical work
shows that the current DR detection methods or grading
standards cannot accurately reflect the degree of disease
progression.'>*® This supports our hypothesis that IL-17A
may be utilized as a sensitive predictor of retinopathy.

Our research also has some limitations: (1) In this study, we
mainly included Chinese elderly patients with T2DM as the
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research objects. Therefore, there are certain deficiencies in the
universality and extrapolation of the research. (2) The family
history of T2DM patients is also an important baseline feature.
However, in the data collected in this study, the patient’s family
history of T2DM was not collected. (3) Because individuals
with TIDM were excluded from this study, as well as those
with diabetic foot disease, acute renal failure, and severe
infections, as well as those with kidney or liver disease or
heart failure or acute cerebrovascular and cardiovascular dis-
ease, and those being treated with anti-gout drugs, the observa-
tions of this study may not be applicable to these people. (4)
This investigation is a cross-sectional observational study and
thus is susceptible to potential confounding factors. To mini-
mize their effects, we employed rigorous statistical analysis.

Conclusions

This study provides evidence that suggests a novel link
between IL-17A and DR in Chinese elderly individuals
with T2DM. This correlation may also contribute to the
pathogenesis of T2DM. Hence, serum IL-17A levels may
be potentially employed as a biomarker for diabetic retino-
pathy, as well as serve as a novel therapeutic target for the
treatment of diabetic fundus diseases.
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