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Abstract:

Background: Selenium has an anti-diabetic action as it an insulin-mimetic and antioxidant
nutrient. Selenoprotein P (SeP) is an extracellular glycoprotein, that was linked to insulin
resistance (IR).

Aim: To validate of serum SeP as a measure for insulin resistance in patients with type 1
diabetes mellitus (T1DM).

Methods: This prospective case-control study included 45 children and adolescents with T1DM
and 45 healthy children and adolescents. Serum SeP was measured by ELISA and compared to
estimated glucose disposal rate (eGDR) as a measure of insulin resistance.

Results: Mean + SD of SeP level was higher in T1DM patients than control group (59.78 +59.38
ng/ml, 55.57 + 7.6 ng/ml, respectively), this difference was statistically insignificant (p= 0.642).
SeP demonstrated significant positive correlations with duration of diabetes (¥=0.413, p=0.005),
high density lipoproteins (r=0.496, p=0.001) and glycosylated hemoglobin (r=0.357, p=0.016). There
were statistically significant differences in eGDR between cases and controls (7.78+3.08
mg/kg/min, 12.53+0.91 mg/kg/min, respectively, (p= 0.001). There was no correlation between
SeP level and eGDR values (IR indicator).

Conclusion: Serum SeP level in T1DM patients was not indicative of IR. Higher serum SeP
level are associated with longer duration and poor control of T1IDM.

Level of Evidence of Study: IIB (7).

Keywords: Diabetes Mellitus, Insulin resistance, Selenoprotein P, estimated glucose disposal
rate.

Abbreviations: eGDR: Estimated glucose disposal rate; HbAlc: glycosylated hemoglobin; IR: insulin
resistance; SeP: Selenoprotein P; T1IDM: Type 1 diabetes mellitus;.

Introduction

Absolute insulin deficiency is pathogenic basis of type 1 diabetes mellitus (T1DM); however
development of insulin resistance (IR) may occur in T1DM patients (1). Children with T1DM
with IR are more prone to chronic complications (£). Insulin sensitivity is measured effectively
using the euglycemic-hyperinsulinemic clamp; but it is not readily available in the clinical
setting (3). IR can also be assessed using estimated glucose disposal rate (eGDR) which is an
effective practical measure, with higher IR in individuals who had lower eGDR levels.
Glycosolated hemoglobin (HbA1lc), waist circumference and presence or absences of hypertension
are the indicators used in eGDR calculation (4). Selenium has an anti-diabetic action as it an
insulin-mimetic and antioxidant nutrient, which might be reversed by high selenium intake (5).
Selenoprotein P (SeP) is an extracellular glycoprotein, regulated by dietary selenium
supplementation (6). Most tissues express SeP; however, its majority is expressed in hepatocytes
(7). Insulin impairs release of SeP from the liver in healthy individuals with normal insulin
sensitivity. While in those with IR; a change in SeP level occurs due to disrupting of this feedback
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mechanism. This was thought to cause hyperglycemia in those patients and IR (8). SeP impairs
insulin receptors function and decreases insulin- evoked cellular uptake of glucose. SeP was
reported to induce IR in the hepatocytes through disrupting mitogen-activated protein kinase
(MAPK) pathway. Also excess SeP limits insulin production through decreasing the pancreatic
B cells number (9). The goal of our study was to assess levels of serum SeP in children with
T1DM and to detect the relationship of SeP with glucose control, serum lipids and IR compared
to eGDR.

Subjects and Methods

This was a prospective case-control study carried out on 45 children and adolescents with
T1D and 45 healthy age and sex-matched children serving as controls. Patients were recruited
from the Diabetes, Endocrine & Metabolism Pediatric Unit (DEMPU) outpatient clinic, Cairo
University while controls were recruited from the general outpatient clinics, The Children’s
Hospital, Cairo University. The Pediatric Department and Scientific Ethics Committee of
Faculty of Medicine, Cairo University (code: MS-229-2020) had approved this study that abided
by the Declaration of Helsinki for the protection of human subjects (10).

Participants

Children with T1DM of duration more than 1 year and age between 8-18 years were included
in this study. Patients who suffered other endocrinal diseases (e.g. celiac disease, thyroid disease,
adrenal disorder), conditions that may affect serum SeP levels (e.g. cancer, heart disease,
infectious viral or inflammatory disease) or those taking selenium supplements or drugs that
may affect serum SeP level (e.g. aminoglycosides, cisplatin, clozapine, corticosteroids & valproic
acid), were not included in the study.

Methods

All participants in the study were subjected to a full history-taking including age, gender,
age at time of diagnosis, presenting symptoms and history of drug intake that can affect serum
SeP levels. Clinical examination included anthropometric measures (height, height SDS, weight,
weight SDS, body mass index (BMI), BMI SDS, hip circumference, waist circumference, and
waist-hip ratio). Waist circumference was assessed at the half of the distance between the lowest
rib and the iliac crest (11). Blood pressure (BP) was measured and expressed as centiles for age
and gender (12). Results of fasting blood glucose, HbAlc and fasting triglycerides, total
cholesterol, low density lipoprotein (LDL) and high density lipoprotein (HDL) were recorded.
Insulin resistance was calculated using eGDR according to the following equation: eGDR
(mg/kg/min) = (-=0.551xHbAlc) + (—=3.407xHTN) + (-0.09xWC) + 21.158, where WC=waist
circumference measured in cm and HTN is the presence of hypertension (0O=no, 1=yes) (13).

Selenoprotein P measurement

Venous blood samples were collected from all participants and tested for fasting blood glucose
(FBG), HbA1lc and serum lipids and serum SeP. Samples for SeP were centrifuged at a speed of
2000-3000 rpm for 15 min after leaving at room temperature for 10-20 min. The supernatant
was removed and stored at -20°c till time of assay. Serum SeP was assayed using commercially
available ELISA kit (Cat No: SG-10784, sinoGeneClon Biotech Co., Ltd, HangZhou, China)
according to the manufacturer instructions. The standard preparation supplied with the assay
was used to plot standard curve. The optical density readings at 450 nm were converted to
concentrations in ng/ml after the reaction.

Statistical Analysis

Statistical Package of Social Science (SPSS) Software program (version 22.0) was used to
analyze data. Frequencies and percentages were used to express qualitative data while mean
and standard deviation were used to express quantitative data if parametric. Median and range
were used to express quantitive data if non-parametric. Student t-test and one-way ANOVA test
(if parametric) and Chi square (x2) were used in comparison between groups. Linear Correlation
Coefficient was calculated to assess relation between quantitative variables. Significant p value
was <0.05.
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Results

The study included 45 T1DM patients and 45 sex and age-matched healthy controls. The
mean (=SD) age of the cases was 11.2 + 2.4 years while the mean (+SD) age of the controls was
11.48 + 2.6 years. Twenty four cases (53.3 %) were females and 21 (46.7%) were males.
Demographic, clinical, and laboratory data of the studied groups are summarized in Tablel.
Height SDS was significantly lower (p=0.001), while BMI SDS, systolic and diastolic blood
pressure percentiles were higher in cases than in controls with significant p value (p=0.003,
0.011, 0.007 and 0.001 respectively) as shown in Table 1. HbAlc, total cholesterol, triglycerides,
LDL, FBS and 2h PPs were significantly higher (»p=0.001) while HDL was significantly lower
(P=0.001) in cases than in controls. These findings reflect the uncontrolled blood glucose levels
and dyslipidemia that are common with T1DM, risk factors that predispose to cardiovascular
diseases as in table 1. Cases had significantly lower eGDR than controls (7.78+3.08 vs 12.53+0.91
mg/kg/min) (p=0.001) reflecting insulin resistance in cases as shown in Table 2.

Table 1: Demographic, clinical and laboratory data of studied groups.

Demographic data Cases Control P
(No. = 45) (No. = 45) value
Age (year) 11.20+2.40  11.48+260  0.603
Gender Male 21 (46.7%) 22 (48.9%)
No. (%) Female 24 (53.3%) 23 (51.1%) 0.833
Family Positive 27 (60 %) 21 (46.7%)
E;Stz’g Negative 18 (40 %) 243.3%)  O20°
Puberty Yes 6 (13.3%) 10 (22.2%) 0.970
No. (%) No 39 (86.7%) 35 (77.8%) '
Weight SDS 1.20 + 1.79 0.98 + 0.52 0.432
Height SDS -1.55+1.06  -0.55+0.65  0.001
BMI SDS 0.60 + 2.28 -1.01+0.62  0.003
Waist / Hip ratio 0.87+0.10 0.85 +0.02 0.180
Systolic percentile (%)  73.42+28.20 59.80+17.78  0.007
HbAlc (%) 10.46+1.97  4.78+0.31 0.001
FBS (mg/dl) 146.31+33.52 102.60+9.74  0.001
2h PPs (mg/dl) 275.56 + 93.46 163.93+10.89  0.001
Cholesterol (mg/dl) 193.67+45.43 153.04+7.04  0.001
Triglycerides (mg/dl) 105.47 +25.18 82.64+4.71 0.001
HDL (mg/dl) 38.18 +15.47 53.78+3.32  0.001
LDL (mg/dl) 112.89 +21.31 95.67 + 4.81 0.001

BMI (body Mass Index), Systolic blood pressure, Diastolic blood pressure, EGDR (Estimated Glucose
Disposal Rate), HDL (High density lipoprotein), LDL (Low density lipoprotein), FBS (Fasting blood
sugar), 2h PPs (2h post prandial sugar); P value <0.05: Statistically significant.

Table 2: Comparison between Cases and Control groups regarding eGDR and SeP levels.

Cases group Control group P

(No. =45) (No. =45) value
. 7.78 + 3.08 12.53+0.91
¢GDR (mg/kg/min) 3.14-12.28 10.4-13.59 0001
. Mean + SD 59.78 + 60.05 55.57 + 7.60
Selenoprotein P (ng/ml) Range (12-312) 45-75.5 0.642

* P value <0.05: Statistically significant.

eGDR in T1DM patients was negatively correlated with significant p value with their weight
SDS (r= -0.727, p=0.001), BMI SDS (r= -0.883, p=0.001), waist/hip ratio (r= -0.746, p=0.001),
revealing that higher body weight and BMI was associated with insulin resistance shown in
Table 3. In addition, eGDR showed statistically significant negative correlations with systolic
blood pressure percentile (r=-0.683, p=0.001) and diastolic blood pressure percentile (r=-0.725,
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p=0.001), HbAlc (xr=-0.608, p=0.001), total cholesterol (r= -0.872, P=0.001), triglycerides (r= -
0.862, p=0.001), LDL (r= -0.777, p=0.001), FBS (r= -0.907, p=0.001) and 2h PPS (r= -0.899,
p=0.001), while there was a significant positive correlation between eGDR in T1DM patients and
height SDS (r=0.610, p=0.001) and HDL (r= 0.886, p=0.001) (Table 3). On the other hand, there
was no correlation between eGDR and chronological age (r= -0.248, p=0.101) or duration of
disease (r=-0.268, p=0.075) ( Table 3). Although mean (= SD) SeP level, in this study, was higher
in patients with T1DM than in controls (569.78 + 60.05ng/ml versus 55.57 + 7.6 ng/ml), but with
no significant p value (P= 0.642) as shown in Table 2.

In children with T1DM, there were significant positive correlations between SeP and
duration of disease (r=0.413, P=0.005), HDL(r=0.496, P=0.001) and HbAlc (xr=0.357, P=0.016).
Thus higher SeP was associated with poor controlled diabetes (Table 3). The Serum SeP levels
of T1IDM patients were negatively correlated significantly with their systolic and diastolic blood
pressures with significant p value (r= -0.442, P=0.002 and r= -0.387, P=0.009 respectively) as
shown in Table 3. On the other hand, the correlation between SeP levels of T1DM patients and
their eGDR values was not significant (r= 0.149, P=0.327), suggesting no association between
SeP levels and IR as in table 3.

Table 3: Correlation between eGDR values and SeP level with demographic, clinical &
laboratory data of children and adolescents with T1DM patients.

SeP eGDR
r P r P value
value

Se p 0.149 0.327
eGDR 0.149 0.327

Age 0.451 0.002 -0.248 0.101
Duration of DM 0.413 0.005 -0.268 0.075
Weight SDS -0.228 0.132 -0.727 0.001
Height SDS 0.248 0.100 0.610 0.001
BMI SDS -0.319 0.051 -0.883 0.001
Waist / Hip ratio -0.255 0.091 -0.746 0.001
Systolic percentile -0.616 0.001 -0.683 0.001
Diastolic percentile -0.369 0.013 -0.725 0.001
HbAlc 0.357 0.016 -0.608 0.001
Total cholesterol -0.176 0.247 -0.872 0.001
Triglycerides -0.221 0.145 -0.862 0.001
HDL 0.346 0.020 0.886 0.001
LDL -0.171 0.261 -0.777 0.001
FBS -0.039 0.800 -0.907 0.001
2h PPs -0.080 0.601 -0.899 0.001

eGDR: estimated Glucose Disposal Rate; FBS: Fasting blood sugar; HDL: High density lipoprotein; LDL:
Low density lipoprotein; 2h PPs: 2h post prandial sugar; P-value <0.05: Statistically significant.

Discussion

Insulin resistance in T1DM patients is the result of various factors including genetic
potential, exogenous insulin injection and life style (I4). eGDR is a validated method for
assessing insulin resistance in T1DM patients (13). eGDR of our studied cohort was reduced by
62% (7.78+3.08 vs 12.53+ 0.91 mg/kg/min), compared to their age and gender matched controls.
They had higher BMI and shorter stature. This noted overweight among TIDM children and
adolescents seems to be universal, where reports of overweight estimates it to be 12.5% to 33.3%
among children and adolescents with T1DM. This noted overweight was attributed to better
glycemic control (15). Complications of this overweight among children with T1DM includes type
2 diabetes. Metabolic syndrome incidence complicates 3-29% of children with T1IDM who are
overweight (16). Our study showed that T1DM patients with low eGDR, had higher systolic,
diastolic blood pressure percentiles, HbAlc, total cholesterol, triglycerides, LDL, FBS, 2 h PPS,
indicating insulin resistance in these patients and features of metabolic syndrome.

We have not assessed inulin receptor antibodies, but the noted decrement of eGDR suggests
that our studied cohort suffered from insulin resistance. It is interesting however, that SeP did
not correlate with eGDR. Hence, SeP cannot be used as a surrogate marker for insulin resistance.
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Patients with T1DM in this study were shorter than their age and gender matched controls.
The shorter stature among our studied cohort might be related to the poor control of blood sugar,
as their mean HbAlc was very high (mean + SD=10.46 + 1.97%). It is not clear if this was related to
the hyperglycemia associated with the high HbAlc. We did not estimate their growth hormone levels,
hence we are not aware if their short stature is related to growth hormone deficiency. Children
with T1DM were reported to have deficiency in (GH) binding protein (I17). GH receptors
expression in the liver is regulated by insulin. Insulin therapy increases GH receptors but it does
not normalize them (I18).

In this study, patients who had low eGDR had higher weight SDS, BMI SDS and waist / hip
ratio. This was similar to study conducted by Mihaela L. Bicu et al who found that obese patients
had lower eGDR in comparison with lean subjects (19). Higher insulin doses and an increase in
the rate of hypoglycemia may be possible causes for development of obesity and subsequent
insulin resistance in T1DM cases (20).

Levels of selenoproteins are known to be affected by hepatic disease, dietary intake of
selenium (21). In our study, SeP levels of T1DM patients did not differ significantly with that of
the controls. This concurs with other studies. SeP levels did not correlate with insulin resistance
in gestational diabetes (22). On the other hand, some studies reported progressive increase in
serum SeP level in prediabetics and patients with T1DM (8). El-Kafrawy et al. showed in their
study that obese and overweight had higher serum SeP concentrations than lean subjects (23).
We have not estimated selenium intake in the diet of our studied cohort, so low selenium intake
cannot be ruled out as a confounder of serum SeP.

HbA1lc is a reliable marker for diabetic control that correlates well with both macro and micro
vascular diabetic complications. In this study, serum SeP levels of the cases significantly
correlated with duration of diabetes, HDL and HbA1lc. Thus, it is probable that serum SeP level
may be an indicator of diabetic control, but not of insulin resistance. The correlation between
SeP and HbAlc has been reported by others as well (24), but is not unanimous, as lack of
correlation was also reported. Others found either a negative correlation between SeP levels and
HbA1lc (25), or no significant correlation between the two variables (26). Hence, the serum SeP
cannot be used as an indicator of insulin resistance.

Diabetic patients may have dyslipidemia; which increases their risk for development of early
macrovascular complications. They may have high cholesterol, TG and low HDL. Low HDL may
be a consequence for development of insulin resistance in these patients. Dyslipidemia should be
screened in diabetic patients to prevent their development of early macrovascular complication
(27, 28). Our study revealed that TIDM patients with high SeP, had high HDL. It seems that
long-term selenium intake is associated with dyslipedemia irrespective of the glycemic
control(29, 30).

In addition, we found that patients with low SeP had higher systolic and diastolic blood
pressures percentiles. Similarly, Schomburg et al suggested in their study that low SeP levels
may increase the risk for development of cardiovascular diseases. This can be explained by loss
of the antioxidant properties of SeP (31).

Our study did not show significant relation between SeP level and eGDR value in T1DM
patients. It rules out the sensitivity of SeP as a reliable indicator of insulin resistance. The small
sample size does not allow studying the multifaceted effects of SeP, sensitivity and specificity of
SeP as an indicator of adequate diabetic control. Larger numbers may shed more light on the
role of SeP in diabetes mellitus. We did not assess selenium intake, or selenium nail content or
measure the level of insulin antibodies in T1DM patients to be sure of reliability of the results.
So we suggest further studies which should include measuring insulin antibodies level.

Conclusion

eGDR was a reliable measure for evaluation of IR in T1DM. T1DM and controls did not
differ significantly in their serum SeP level. There was no significant relation between SeP and
eGDR. Serum SeP level was not a reliable marker for insulin resistance in this study but may
be indicator for diabetic control.
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