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Abstract
Purpose: To investigate the 24-hours urine and serum mindin levels and the correlation with diabetic
retinopathy (DR) severity.

Methods: Our study included 26 patients with Type 2 diabetes mellitus (DM) diagnosis without DR (Group
1), 25 patients with non-proliferative DR (Group 2), 25 patients with proliferative DR (Group 3) and 25
individuals as control group. Patients were compared in terms of serum and 24-hours urine mindin levels.
Mindin measurements were performed by ELISA method.

Results: Serum mindin levels were identi�ed to be statistically lower in Group 3 compared to Groups 1
and 2 (p<0.001, p=0.001, respectively). There was a statistically signi�cant difference between 24-hours
mindin levels in the control group compared to Groups 1, 2 and 3 (p=0.046, p<0.001, p<0.001,
respectively). Correlation analyses identi�ed a positive correlation between 24-hours urine mindin levels
with severity of DR, HbA1c, proteinuria and insulin use. Multivariate logistic regression analysis identi�ed
that HbA1c, urine mindin level and proteinuria were associated with DR. Serum mindin level was not
found to be signi�cant to predict for DR.

Conclusion: 24-hours urine mindin levels were identi�ed to be higher in patients with DM compared to
non-diabetic control group. Urine mindin levels were also found to increase in correlation with the severity
of DR. This is the �rst study to investigate the relationship between DR, blood and 24-hour urine mindin
level.

Introduction
Diabetic retinopathy (DR) is one of the primary reasons of preventable and treatable blindness globally
[1]. With the increase in prevalence of diabetes mellitus (DM) and increased life expectancy of diabetic
patients, the number of patients with DR are increasing day by day [2].

Histologic studies show loss of pericytes and endothelial cells in retinal capillary veins in early period DR
[3]. Pericyte cell loss, acellular capillaries, microaneurysms and capillary base thickening are pathological
causes of DR [4]. It is caused by pathological pathways similar to diabetic retinopathy and nephropathy.
Damage to podocyte cells in the glomerular capillaries has been shown to play an important role in
diabetic nephropathy (DN) [5]. A variety of studies have shown there is a close correlation between the
incidence of diabetic retinopathy and nephropathy [6–7].

Local in�ammation is accepted as an important risk factor for development and progression of DR and
DN [8]. Mindin (Spondin-2) is a molecule with protein structure in the extracellular matrix family and it
was identi�ed to play a key role in the initiation of the immune response. It has a critical role in migration
of in�ammatory cells and is known to act as a ligand for integrins in in vitro environments [9]. Mindin is
associated with podocyte injury and was shown to be a possible early marker of DN progression [10].
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Encountering similar capillary cell injury and in�ammation process in DN and DR pathogenesis brings to
mind the idea that a range of similar molecules may be responsible for their pathogenesis. Mindin, a
factor involved in initiation and progression of the in�ammatory response in glomerular capillaries may
cause damage in DR by similar mechanisms. Detection of such a molecule before clinically visible
microvascular complications forms will be bene�cial in terms of preventing damage caused by DR in
early stage. In our study, we aimed to investigate whether the mindin molecule is an early indicator of DR
and its relationship with DR severity. Therefore, we investigated the correlation between DR stages and
24-hour serum and blood mindin levels.

Materials And Methods
The study was prospectively completed at Hitit University Education and Research Hospital. It was
approved by Ethics Committee of Hitit University Medicine Faculty (06.01.2017/2016.52). All patients
provided written consent stating they accepted participation in the study

Patients with type 2 DM diagnosis for at least 6 months were included in the study. Those with acute
complications linked to diabetes, who were morbidly obese, had active infection �ndings, had active
malignancy, had acute coronary events in the last 6 weeks, those with decompensated chronic liver
disease, with New York Heart Association class 3 and 4 heart failure, with surgical intervention in the last
1 month, with burns or severe trauma, with retina and vitreous surgery, with uveitis, trauma-linked
situations, or accompanying retina diseases were not included in the study. The comorbid diseases and
medications used were recorded in the study population. Smoking habits of those in the study population
were noted. The arterial pressure (AP) values of patients were taken as the mean of 3 measurements
taken on both arms. Body mass index (BMI) was calculated with the formula weight (kg)/height (m²).
Patients had dilated fundus examinations performed by retina specialist with fundus �uorescein
angiography and optical coherence tomography performed if necessary. Patients with non-proliferative
and proliferative diabetic retinopathy were classi�ed according to the Early Treatment of Diabetic
Retinopathy Study [12].

Patients were divided into 4 groups; 26 patients with type 2 DM diagnosis and no DR (55±9 years) (Group
1); 25 patients with non-proliferative DR (61±8 years) (Group 2); 25 patients with proliferative DR
diagnosis (60±7 years) (Group 3); and 25 people without DM diagnosis (53±11 years) (control group). All
patients had mindin, full blood count, glucose, blood urea nitrogen (BUN), creatinine, sodium (Na),
potassium (K), calcium (Ca), phosphorus (P), uric acid, total protein (T. Protein), albumin, total cholesterol
(T. Cholesterol), low density lipoprotein cholesterol (LDL-c), high density lipoprotein cholesterol (HDL-c),
triglyceride (TG), c-reactive protein (CRP), HbA1c and protein urea tests in 24-hours urine studied. Serum
samples were collected from patients between 08:00-12:00 after 12 hours fasting. After coagulation,
blood samples, they were centrifuged for 5 minutes at 4000 rpm and serum was obtained. Urine was
collected over 24 hours. Serum and urine samples for mindin measurements were stored at -80°C until
study with other biochemical test parameters studied on the same day. Biochemical blood parameters,
24-hours urine protein and creatinine tests were measured photometrically with standard measurement
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methods using commercial kits with an autoanalyzer. Full blood counts were completed using standard
measurement methods with automated full blood count device. HbA1c analysis was performed using
standard measurement methods. Serum and urine mindin values were measured with the ELISA method
(Cat. No: YLA0860HU). The inter and intra assay CV values for the method were <8% and <10,
respectively, with measurement interval between 0.05 ng/mL and 38 ng/mL with sensitivity of 0.031
ng/mL. Measurements were performed using the EZ Read 400 ELISA microplate reader (Biochrom, UK).

Statistical analyses were performed with IBM SPSS Statistics version 23 program. Distribution of
variables was analyzed with the Shapiro Wilk test. Parameters with normal distribution are given as
mean±standard deviation, while parameters without normal distribution are shown as median (25%-75%
quartiles). One-way ANOVA analysis and multiple comparison methods were used to compare groups
with normal distribution. Kruskall Wallis variance analysis and Mann-Whitney U test was used for
comparison of groups without normal distribution. The chi-square test and Fisher exact test were used to
compare categorical variables. Spearman correlation test was used for correlation analysis. Multivariate
logistic regression analysis was used for prediction of groups with and without retinopathy. P values
<0.05 were accepted as statistically signi�cant.

Results
The demographic data, body mass index (BMI), smoking habits, comorbid diseases and systemic
medication use of the study population are given in Table 1. There were no statistical differences
between the groups in terms of age (exclude between group 2 and control group), gender distribution,
BMI, smoking habits, systolic blood pressure and diastolic blood pressure (p>0.05) (Table 1). While there
was no statistically signi�cant difference between group 1 and group 2-3 in terms of oral antidiabetic use,
insulin use was signi�cantly higher in groups 2 and 3 compared to group 1. There was a signi�cant
difference between group 1 and group 2-3 in terms of hypertension and coronary artery disease. Coronary
artery disease was statistically signi�cantly higher in Group 2 (NPDRP) compared to Group 3 (PDRP).
Considering the drug use, the use of Angiotensin-converting enzyme Inhibitors/Angiotensin receptor
blockers and diuretics was statistically signi�cantly higher in groups 2 and 3. Statin use was statistically
signi�cantly higher in group 2 compared to group 3.
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Table 1
The demographic characteristics, medications and co-morbidities of the studied population.

  Controls

(n=25)

Group 1

(n=26)

Group 2

(n=25)

Group 3

(n=25)

P

Age (years) 53±11 55±9 61±8a 60±7 0.006

Gender (F/M) (16/9) (16/10) (14/11) (16/9) 0.930

BMI (kg/m²) 29.1

(26.1-31.2)

31.1

(28.3-34.8)

30.8

(28.2-34.9)

32.2

(26.7-34.2)

0.065

Smoking 4 4 2 3 0.914

SBP (mm Hg) 126±15 123±16 127±17 129±5 0.598

DBP (mm Hg) 80±10 76±12 76±9 78±9 0.489

HT 6 8 19 18 <0.001*

CAD 1 3 11 5 0.003*

PAD 1 1 0 1 1

CVD 0 0 2 1 0.936

PD 2 0 3 2 0.703

ACEi/ARB 4 6 16 15 <0.001*

Diuretics 1 5 10 10 0.007*

CCB 4 2 8 4 0.172

BB 0 3 8 5 0.053

Statin 0 4 9 1 0.005*

ASA 2 4 10 5 0.036*

Insulin** 0 12 19 19 0.034*

Thiazolidinediones** 0 3 4 0 0.119

Biguanide** 0 20 18 15 0.403

SU/Glinides** 0 8 5 3 0.256

DPP-4 inhibitors** 0 12 5 5 0.058

ap= 0.013

* Statistically signi�cant
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  Controls

(n=25)

Group 1

(n=26)

Group 2

(n=25)

Group 3

(n=25)

P

**The control group was not included in the statistical analyses when comparing antidiabetic drugs
between groups.

F: Female, M: Male, BMI: Body Mass Index, SBP: Systolic Blood Pressure, DBP: Diastolic Blood
Pressure,

HT: Hypertension, CAD: Coronary Artery Disease, PAD: Peripheral Artery Disease, CVD: Cerebrovascular

Disease, PD: Pulmonary Diseases, ACEi/ARB: Angiotensin-converting Enzyme Inhibitors/Angiotensin
Receptor

Blockers, CCB: Calcium Canal Blockers, BB: Beta Blockers, ASA: Acetylsalicylic acid, SU:
Sulfonylureas,

Comparisons of biochemical data between the groups are given in Table 2. There was no statistically
signi�cant difference identi�ed between the groups in terms of Na, K, P, uric acid, T. Protein, T. Cholesterol,
LDL-c, TG and CRP values (p>0.05). HbA1c and blood glucose were identi�ed to be statistically different
between the group 1 and groups 2-3. GFR, BUN and Proteinuria were identi�ed to be statistically different
between the group 1 and groups 2-3. GFR and Proteinuria were also statistically signi�cantly different
between groups 2 and 3.
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Table 2
Comparison of biochemical parameters between groups.

  Controls

(n=25)

Group 1

(n=26)

Group 2

(n=25)

Group 3

(n=25)

P

BUN (mg/dL) 13(12-18) 13(10-16)a 17(14-22) 19(13-25)b 0.007

Creatinine (mg/dL) 0.7(0.6-0.8) 0.8(0.6-0.9) 0.8(0.7-1.0) 0.9(0.7-1.1)c 0.025

GFR
(mL/min/1.73m2)

100(95-106) 101(93-109)d 92(78-99)e 75(63-95)f <0.001

Sodium(mmol/L) 139(138-
141)

138(137-141) 139(137-140) 140(137-141) 0.782

Potassium(mmol/L) 4.5(4.4-5.0) 4.6(4.3-4.6) 4.5(4.4-5.0) 4.6(4.3-5.1) 0.936

Calcium (mg/dL) 9.7(9.6-9.9) 9.7(9.4-9.9) 9.7(9.3-9.9) 9.4(8.9-9.6)g 0.020

Phosphorus(mg/dL) 3.5(3.2-3.9) 3.8(3.5-3.9) 3.7(3.2-4.1) 3.8(3.4-4.2) 0.277

Uric acid (mg/dL) 5.6(4.4-6.1) 4.9(4.2-5.8) 4.8(4.1-5.7) 5.2(4.2-6.2) 0.345

T. Protein (g/dL) 7.7(7.3-7.9) 7.4(7.1-7.6) 7.6(7.3-7.8) 7.3(6.9-7.8) 0.053

Albumin (g/dL) 4.4(4.3-4.7) 4.4(4.2-4.5) 4.2(4.1-4.6) 4.1(3.6-4.5)h 0.035

T.Cholesterol (mg/dL) 198±42 203±43 185±56 206±40 0.373

LDL-c (mg/dL) 115±40 120±34 103±44 124±32 0.255

TG (mg/dL) 125(110-
199)

177(123-257) 127(92-219) 167(124-223) 0.124

HDL-c (mg/dL) 54(49-59) 46(40-53)ı 49(41-64) 47(42-51)j 0.036

Blood Glucose
(mg/dL)

95(85-99) 151(137-
170)k

185(140-
223)l

183(118-
262)m

<0.001

BUN: Blood Urea Nitrogen, GFR: Glomerular Filtration Rate, HDL-c: High Density Lipoprotein, LDL-c:
Low Density Lipoprotein, TG: Triglyceride, CRP: C-Reactive Protein

ap=0.006 vs Group 2, p= 0.008 vs Group 3, bp=0.036 vs Controls, cp=0.010 vs Controls, p=0.013 vs
Group 1, dp=0.020 vs Group 2, ep=0.034 vs Controls, fp<0.001 vs Controls, gp=0.003 vs Controls,
p=0.016 vs Group 1, hp=0.009 vs Controls, ıp=0.015 vs Controls, jp=0.004 vs Controls, kp<0.001 vs
Controls, p=0.036 vs Group 2, lp<0.001 vs Controls, mp<0.001 vs Controls, np<0.001 vs Controls,
p=0.025 vs Group 2, op<0.001 vs Controls, pp<0.001 vs Controls, rp=0.006 vs Controls, p=0.010 vs
Group 1, sp=0.002 vs Controls, p=0.004 vs Group 1, p=0.026 vs Group 2, şp<0.001 vs Group 2, p<0.001
vs Group 3, tp<0.001 vs Controls, up<0.001 vs Controls, üp<0.001 vs Group 1, p=0.001 vs Group 2,
vp=0.046 vs Controls, yp<0.001 vs Controls, zp<0.001 vs Controls, xp=0.005 vs Controls, wp=0.004 vs
Controls, p=0.019 vs Group 1
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  Controls

(n=25)

Group 1

(n=26)

Group 2

(n=25)

Group 3

(n=25)

P

CRP (mg/dL) 3.1(3.1-4.1) 3.1(3.1-4.7) 3.4(3.1-5.0) 3.3(3.1-4.4) 0.472

HbA1c (%) 5.4(5.3-5.7) 7.5(6.7-8.3)n 8.2(7.5-9.2)o 8.4(7.3-9.3)p <0.001

Hemoglobin (g/dL) 13.9±1.4 13.8±1.5 13.6±1.5 12.5±1.4r 0.003

Hematocrit(%) 43.7±4.0 43.4±4.3 42.7±4.3 39.2±4.2s 0.001

Proteinuria(g/day) 0.080(0.040-
0.134)

0.100(0.077-
0.149)ş

0.196(0.117-
0.455)t

0.254(0.115-
1.085)u

<0.001

Serum mindin
(ng/mL)

2.07(1.27-
2.73)

2.14(1.89-
2.58)

2.00(1.82-
2.39)

1.66(1.52-
1.91)ü

0.001

24-hours urine mindin
(ng/day)

4740(3864-
7411)

8300(4464-
11309)v

8998(7467-
13602)y

9047(6799-
11298)z

<0.001

BUN: Blood Urea Nitrogen, GFR: Glomerular Filtration Rate, HDL-c: High Density Lipoprotein, LDL-c:
Low Density Lipoprotein, TG: Triglyceride, CRP: C-Reactive Protein

ap=0.006 vs Group 2, p= 0.008 vs Group 3, bp=0.036 vs Controls, cp=0.010 vs Controls, p=0.013 vs
Group 1, dp=0.020 vs Group 2, ep=0.034 vs Controls, fp<0.001 vs Controls, gp=0.003 vs Controls,
p=0.016 vs Group 1, hp=0.009 vs Controls, ıp=0.015 vs Controls, jp=0.004 vs Controls, kp<0.001 vs
Controls, p=0.036 vs Group 2, lp<0.001 vs Controls, mp<0.001 vs Controls, np<0.001 vs Controls,
p=0.025 vs Group 2, op<0.001 vs Controls, pp<0.001 vs Controls, rp=0.006 vs Controls, p=0.010 vs
Group 1, sp=0.002 vs Controls, p=0.004 vs Group 1, p=0.026 vs Group 2, şp<0.001 vs Group 2, p<0.001
vs Group 3, tp<0.001 vs Controls, up<0.001 vs Controls, üp<0.001 vs Group 1, p=0.001 vs Group 2,
vp=0.046 vs Controls, yp<0.001 vs Controls, zp<0.001 vs Controls, xp=0.005 vs Controls, wp=0.004 vs
Controls, p=0.019 vs Group 1

There were statistically signi�cant differences between Group 3 and Groups 1-2 in terms of serum mindin
levels (Table 2). Serum mindin levels were identi�ed to be lower in Group 2 than group 1, however this
difference was not statistically signi�cant. There was no statistically difference between the control
group and groups 1-2 (Figure 1).

There were statistically signi�cant levels of difference identi�ed between the control group and groups 1-
2-3 in terms of 24-hours urine mindin levels (Table 2). The 24-hours urine mindin levels was higher in
group 3 than group 1-2, however this difference was not statistically signi�cant (Figure 2).

Correlation analysis was performed for serum mindin and 24-hours urine mindin (Table 3). There are
negative correlation between serum mindin level and groups. Urine mindin levels over 24 hours were
identi�ed to be positively correlated with groups, HbA1c, proteinuria, and the use of insulin, diuretic, BB,
ASA and biguanide. There was no correlation identi�ed between serum mindin and 24-hours urine mindin
levels (r= -0.130, P=0.195).
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Table 3
Correlation analysis results of serum mindin and 24-hours urine mindin.

Serum Mindin 24-hours urine mindin  

Group r= -0.269

P= 0.007

Group r= 0.376

P< 0.001

Blood Glucose r= 0.191

P= 0.055

Age r= -0.235

P= 0.018

Age r= 0.085

P= 0.401

Insulin r= 0.220

P= 0.027

GFR r= 0.164

P= 0.101

GFR r= -0.133

P= 0.186

ACEi/ARB r= 0.195

P= 0.051

Albumin r= 0.188

P= 0.060

Albumin r= -0.035

P= 0.732

Diuretics r= 0.223

P= 0.025

HbA1c r= -0.075

P= 0.458

HbA1c r= 0.247

P= 0.013

BB r= 0.200

P= 0.045

Proteinuria r= -0.169

P= 0.091

Proteinuria r= 0.302

P= 0.002

ASA r= 0.246

P= 0.013

Hypertension r= -0.196

P= 0.049

Hypertension r= 0.246

P= 0.130

Biguanide r= 0.226

P= 0.023

GFR: Glomerular Filtration Rate, ACEi/ARB: Angiotensin-converting Enzyme Inhibitors/Angiotensin
Receptor Blockers, BB: Beta Blockers, ASA: Acetylsalicylic acid.

The study population was divided into two groups as those with retinopathy (Group 2 and Group 3) and
those without retinopathy (Group 1). Multivariate regression analysis was performed for the main
determinative parameters for retinopathy. Regression analysis results identi�ed the main determinant of
retinopathy was primarily HbA1c level, with 24-hours urine mindin in 2nd place followed by proteinuria.
Serum mindin level was not found to be signi�cant for the prediction of retinopathy (Table 4).
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Table 4
Multivariate logistic regression analysis in patients with retinopathy and without

retinopathy.
Variables Multivariate Logistic Regression Analysis

B Wald OR (95%CI) P

Age 0.076 2.255 1.079 (0.977-1.193) 0.133

GFR -0.016 0.492 0.984 (0.941-1.029) 0.483

HbA1c 0.579 7.400 1.785 (1.176-2.710) 0.007

Proteinuria 9.769 5.544 17.485(5.140-59.486.659) 0.019

24-Hours Urine Mindin 0.000 6.494 1.000 (1.000-1.000) 0.011

Serum Mindin 0.125 0.147 1.133 (0.598-2.146) 0.701

GFR: Glomerular Filtration Rate

Discussion
In our study, 24-hours urine mindin levels were identi�ed to be higher among patients with DM compared
to a non-diabetic control group. Urine mindin levels were also found to increase in correlation with the
severity of DR. There was a negative correlation between serum mindin level and retinopathy severity.
Multivariate logistic regression analysis identi�ed that 24-hour urine mindin level was the most important
parameter for prediction of retinopathy after HbA1c.

Many factors play roles in the etiopathogenesis of DR. The most important mechanisms comprise
oxidative stress [12] and in�ammatory processes [13–19]. In�ammation and oxidative stress are very
closely related. In�ammation may be assessed as tissue response to stress factors changing the
hemostasis of oxidant tissues. Though oxidative stress and in�ammatory pathways are described and
therapeutic approaches affecting these pathways are determined and in spite of glycemic control blood
pressure control and lipid-lowering treatments, the prevalence of DR is increasing. In spite of control of
risk factors known for many diseases, retinopathy progression continues in patients. This situation leads
to the consideration that other molecules may play a role in the pathogenesis.

Mindin was shown to be an important molecule in construction of in�ammatory cytokines like TNF-alpha
and IL-6 [20]. For migration of leukocytes to the in�ammation area, mutual interaction between many
integrins on leukocytes and ligands on endothelial cells is required. Mindin is a new ligand for integrins
that has been shown to have critical importance for migration of in�ammatory cells [9]. Mindin may be
target molecule for many diseases. A study administering rats 3% dextran sulfate sodium to induce an
acute colitis model have shown mindin increased the acute colitis model and stimulated NF-κ B promotor
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activation via TLR-9. Rats with induced defective mindin were identi�ed to have serious defects in
immune response formation properties [21]. This situation reveals the role of mindin as a basic element
of innate and adaptive immunity. Previous studies have shown the correlation between urine mindin
levels and DN. Murakoshi et al. [10] in a study of rats with type 2 DM found podocyte injury was more
intense in the high-calorie group and that urine mindin levels may be a marker of podocyte injury
identi�ed in urine before albumin/creatinine ratio. Another study by Kahvecioglu et al [22] have identi�ed
that serum mindin levels increased in DN patients in parallel with proteinuria levels. In this study, serum
mindin levels increased in parallel with the loss of renal function. In our study, mindin was measured in
both 24-hours urine and serum, as previous studies have emphasized that measurement of urine levels
may be more signi�cant [10]. In our study, no statistically signi�cant correlation was identi�ed between
serum and urine mindin levels. While urine mindin level was correlated with presence and severity of
retinopathy, serum mindin level was identi�ed to have a negative correlation with severity of retinopathy
showing there may be different factors affecting mindin fractionation. At the same time, we identi�ed a
signi�cant positive correlation between urine mindin level and HbA1c levels in DM patients. Regression
analysis for retinopathy performed in our study identi�ed HbA1c, proteinuria and urine mindin levels as
independent variables.

There is a very close correlation between microalbuminuria and DR in type 2 DM patients. Rani et al have
found that the prevalence of DR in patients with microalbuminuria is doubled while it is six times for
those with macroalbuminuria [23]. In our study, proteinuria was identi�ed to be signi�cantly high in the
DR patient group compared to those without DR and the control group. Logistic regression analysis
identi�ed proteinuria as an independent risk factor for retinopathy. A recent study assessed mindin as an
early marker of glomerular basal membrane injury [24]. Mindin causes cell/matric adhesion in glomeruli
and changes in the glomerular �ltration barrier with its role in in�ammation (10). Finally, podocyte cell
loss and glomerulosclerosis cause proteinuria. In our study, in accordance with the literature, there was a
signi�cant correlation identi�ed between proteinuria and urine mindin. This indicates that identi�cation of
increased mindin, with elevation identi�able in the early period of the underlying pathogenetic process for
diabetic nephropathy, in 24-hours urine may be assessed as an early biomarker with stimulating
properties for retinopathy, just as for nephropathy.

There are a range of limitations of our study. First, our study population was taken from a single center
and comprises relatively low numbers of patients. Additionally, the mean age of our control group did not
match the diabetic patient group, which is another limitation of the study.

In conclusion, urine mindin levels increase in parallel with the severity of DR. 24 hour urine mindin level
may be assessed as an independent variable for the determination of DR. Additionally, 24-hours urine
mindin levels are also correlated with proteinuria, a �nding in diabetic nephropathy. Serum mindin levels
were not correlated with 24-hours urine mindin levels. Additionally, the positive correlation between DR
with HbA1c and proteinuria once more emphasizes the effect of these two factors in development of DR
and the importance of strict diabetes regulation for the prevention of DR.
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With the property of being the �rst in this �eld to assess DR with urine and serum mindin levels, there is a
need for experimental studies researching pathways associated with mindin in diabetic retinopathy
pathogenesis as a continuation of our study.
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Comparison of serum mindin levels between groups

Figure 2

Comparison of 24-hours urine mindin levels between groups  


