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Abstract

Background: Pediatric chronic kidney disease (CKD) is
associated with disturbance of glucose metabolism & insulin
receptor sensitivity leading to impaired glucose tolerance &
insulin resistance (IR), which are potential risk factors for
cardiovascular disease (CVD). Hyperinsulinemiaand IR are
not extensively investigated in children with CKD, especially
in different stages of CKD.

Aimof Sudy: Detect hyperinsulinemia & IR in pediatric
CKD patients.

Subjects and Methods: A total of 87 children and adoles-
cents; 58 with chronic kidney disease (CKD); (29 CKD stage
2-4, pre-dialysis group & 29 CKD stage 5 on regular hemo-
dialysis, CKD5d group) & 29 age & gender matched controls
were enrolled in the current cross-sectional study. Homeostasis
model assessment of insulin resistance (HOMA-IR) using
fasting insulin & glucose, where IR was considered if HOMA-
IR was 24.39.

Results: Fasting insulin & glucose hadn't significantly
changed between CKD patients & controls (p=0.7, 0.3 respec-
tively), while IR represented by HOMA-IR was found in a
total of 11 (12.6%) CKD patients (6, 6.89% CKD5d & 5,
5.74% CKD 2-4) with no significant difference between pre-
dialysis & dialysis groups (p>0.05), while it was significant
with controls (p=0.039), meanwhile, the total means of HOMA-
IR between were no statistically significant between all CKD
patients & (p=0.64). HOMA-IR correlated positively to dialysis
durations (p=<0.001, <0.001 respectively), but hadn't changed
with BMI.

Conclusion: Pre-dialysis & dialysis CKD pediatric patients
areat ahighrisk of IR & hence CvD. CKD & dialysis
durations are independent risk factors for IR.
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Introduction

CHILDREN with chronic kidney disease (CKD)
carry the highest risk for cardiovascular disease
(CVD) which are multifactorial, not only limited
to uremia-related risk factors, but also to hyperten-

Correspondenceto: Dr. Hamed A. El-Khayat, The Department
of Pediatrics, Faculty of Medicine, Ain Shams University

707

sion, dydlipidemia, and altered glucose metabolism
[1] . It has been found that insulin resistance devel -

oped with decreased renal functions, also many
factors contribute to its development such as un-

treated anemia, erythropoietin deficiency, uremic

toxins, exercise intolerance, vitamin D deficiency
and inflammation in addition to dialysis inadequacy,

which al play an important role inoxidative stress
and inflammation; contributing to development of

cardiovascular diseases [2] . In pediatric patients
with CKD, the presence of glucose intolerance and

insulin resistance may also be potential risk factors
for CVD, asin adult patients [3]. Hyperinsulinemia
and insulin resistance are not extensively investi-

gated in children with CKD asin adult especially
in the Egyptian population.

Aim of the work: Screening of fasting insulin
status & detect insulin resistance (IR) by Home-
ostasis Model Assessment of Insulin Resistance
(HOMA-IR) in pediatric CKD 5 patients on regular
hemodialysis.

Subjects and M ethods

A cross-sectional study that was carried out at
pediatric dialysis & nephrology unit, children
hospital, Ain Shams University, on 58 CKD pedi-
atric patients (29 CKD stage 2-4 & 29 stage 5 on
regular hemodialysis, CKD5d) and 29 age and sex
matched controls. Patients known with diabetes
mellitus (DM) or positive family history of type
1 DM (T1DM) were excluded from the start. On
examination, no one had acanthosis nigricans.
Careful medical history was taken in the form of
age, sex, durations of the disease & dialysis. Assay
of fasting insulin & fasting glucose were done by
withdrawing 3ml of blood serum (was withdrawn
before dialysis session in dialysis group) after
fasting for 8 hours, where specimens were analyzed
by Roche Modular P chemistry analyzer (Roche
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Diagnostics, 9115 Hague Road, Indianapolis, IN

46250). Hyperinsulinemia was defined as fasting
insulin levels 215 mU/ml [4 . HOMA-IRusing
fasting insulin & fasting glucose for the equation
of [fasting insulin ( gL/l x fasting plasma glucose
(mg/d1)]/405], where IR was considered if HOMA-

IR 24.39 (upper 2.5 percentiles or >2 SDs above
mean HOMA-IR for normal-weight children) [5].
Both oral and written consents were obtained from

patients and their caregivers according to the guide-

lines of Institutional Review Board (IRB) of college
of medicine with approval number of FMASU M
S 330/ 2020.

Results

This study had 58 CKD pediatric patients (29
with CKD2-4 or pre-dialysis & 29 CKD5 or dial-
ysis) & 29 age & gender matched children as
controls, where the mean age was 9.41 +3.66, 10.62
+2.21, 9.03+2.24 years respectively (p=0.083).
The median body mass index standard deviation
score (BMI SDS) was significantly lower in dial-
ysis group compared to pre-dialysis & controls
(p=0.001), while median dialysis duration was 3

Table (1): Demographic datain studied groups.

(1-7) years (Table 1). We had total 11 (18.96%)
CKD patients with hyperinsulinemia (5, 8.66%
CKD 2-4, 6, 10.34% CKD5d), while the median
fasting insulin inulU/ml was 6.2 (2.7-10) in CKD5d
patients, 7.7 (6.4-8.6) in CKD2-4 & 4.9 (2.8-11.9)
in controls, with no significant difference (p=0.7).
Fasting glucose was >120mg/dl in 4 (6.8%) CKD2-
4 patients, 2 (3.4%) CKD5d, & no onein controls,
while the mean fasting glucose was 96.03 +23.88,
93.45+20.89 & 88.52+7.88mg/dI respectively, with
no statically significant difference between all of
them (p=0.31). We had 11 (12.64%) CKD pediatric
patients with insulin resistance as defined by
HOMA-IR >4.39, where 6 (6.89%) patients
CKD5d & 5 (5.7%) patients CKD2-4, while no
one in controls, with significant difference between
both CKD groups & controls (p=0.039), neverthe-
less, the baseline median HOMAR-IR was insig-
nificantly differed between all the 3 groups
(p=0.64); (Table 2). On studying the correlation
of HOMA-IR & other variables, it was positively
correlated with dialysis durations (r=0.751,
p<0.001), where insulin resistance increased with
the longer dialysis duration, while the BMI had
no associations (Table 3).

Groups

Test of

_ Control (n0.=29)  CKD5d (no.=29) CKD2-4 (no.=29) significance

Variables
Mean £ SD Mean = SD Mean = SD
Median (range) Median (range) Median (range) Value p-value
no. (%) no. (%) no. (%)

Age (year) 9.03+2.24 1062 +2.21 941 +3.66 f=2.56 0.083
Gender:

Mae 15 (51.72%) 13 (44.83%) 13 (44.83%) X?=0.36 0.832

Female 14 (48.28%) 16 (55.17%) 16 (55.17%)
BMI SDS 0.67 (0-1.81) -0.82(-268-05)  096(-1.01-201) H=1323  0001(K")
Hemodialysis duration (Y ear) 3(1-7)

BMI SDS: Body mass index standard deviation score.

Table (2): Fasting insulin, glucose & IR in studied groups.

(f): *One Way ANOVA test of significance.
* Post-hoc test was significant between: (K1) CKD5d group Vs. (Control and CKD2-4 groups).

(H): *Kruskal Wallistest of significance.
(X): *Chi-Square test of significance.

Groups Test of

_ Control (no.=29) CKD5d (n0.=29)  CKD2-4 (no.=29) significance

Variables
Mean * SD Mean * SD Mean * SD
Median (range) Median (range) Median (range) Vaue p-vaue
no. (%) no. (%) no. (%)

Fasting Insulin (ulU/mL) 7.7 (6.4-8.6) 4.9(2.8-11.9) 6.2 (2.7-10) H=0.712 0.7
Fasting Glucose (mg/dL) 88.52+7.88 93.45+20.89 96.03+£23.88 f=1.187 0.310
HOMAIR 1.68 (1.36-1.9) 1.15 (0.54-3.09) 1.36 (0.61-2.33) H=0.868 0.648
IR (HOMA-IR>4.39):

No 29 (100%) 23(79.31 %) 24 (82.75%) Fisher's Exact test  0.039(K1)

Yes 0 (0%) 6 (20.68%) 5 (17.25%)

(f) : *One Way ANOVA test of significance.

(H): *Kruskal Wallistest of significance.

* Post-hoc test was significant between: (K1) CKD5d group Vs. (Control and CKD2-4 groups).
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Table (3): Correlation analyses (Spearman's correl ation) of
HOMA-IR (and other variable factors.

HOMA-IR Spearman'srho p—value
BMI SDS —0.068 0.612
Hemodialysis duration (Y ear) 0.751 <0.001

BMI SDS: Body mass index standard deviation score.

Discussion

Insulin resistance is awell-known complication
of CKD, which occurs as a diminished response
of target organs to the insulin effect. The mainfunc-
tion of insulin is enhancing the glucose uptake by
skeletal muscles, decreased hepatic glucose pro-
duction & lipolysisin adipose tissues [6,7] .

We had total 11 (12.64%) CKD patients with
insulin resistance (5, 5.7% CKD2-4, 6, 6.89%
CKD5d), while no one in the control group. No
significant difference could be found between both
pre-dialysis & dialysis groups (p>0.05), with sta-
tistically significant difference when compared
tocontrols (p=0.011), meanwhile, the median fasting
insulin, glucose & HOMA-IR showed no significant
difference between al the 3 groups ( p=0.7, 0.31,
0.64). Our study was in accordancewith study by
(8], who compared pre-dialysis, dialysis patients
& controlsin terms of insulin resistance using
HOMA-IR, where insulin resistance was found in
82.80%, 80.60% & 00.00% respectively with sig-
nificant difference among all the 3 groups (p=0.02),
nevertheless our results were in discordant to their
results regarding the mean insulin values and
HOMA-IR indexes, where significantly higher
values were found in the pre-dialysis and dialysis
patient groups compared to the controls (p=0.019,
p=0.014; respectively). Pediatric studies by (9&10)
had also demonstrated a high prevalence of abnor-
mal results of glucose tolerance tests (32.7%, 45%
respectively) and increased HOMA-IR (47.1%) in
CKD children before renal transplantation.

The study revealed that IR had not correlated
significantly with BMI (p=0.90, 0.073, 0.61 respec-
tively). This could be explained by the direct effect
of the kidney disease itself on insulin receptors &
dysregulation of glucose metabolism, rather than
the known metabolic syndrome that is associated
with obesity & high BMI asin usual population,
thus, it renders the CKD pediatric patients to the
risk of non-obese metabolically obese variant
(NOMO) which increases the cardiovascul ar risk
through a mechanistic pathway independent of fat
metabolism. A study by [11] that was conducted on
children and adolescents with CKD, found frequent
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hyperinsulinemia and insulin resistance in children
with mild-to-moderate CK D, which was similar
to our results, however it disagreed with oursin
the form of association with BMI, where they
found that HOMA-IR was strongly associated
positively with high BMI, where abnormally high
HOMA-IR was found in six (40%) non-lean sub-
jects and in only one lean subject (p<0.001).

Our results showed a significantly positive
correlation between HOMA-IR with the total du-
ration of dialysis (r=0.751, p<0.001), where insulin
resistance increased with the longer dialysis dura-
tion, which could be explained by the effect of
disease & dialysis on sensitivity ofinsulin receptors
& dysregulatedglucose metabolic pathway [12]
found similar findings where HOMA-IR was an
independent predictor of carotid stiffness on anal-
ysis, including age, BMI, duration of dialysis &
blood pressure.

Conclusions and Recommendations:

In conclusion, predialysis & dialysis CKD
pediatric patients are at a high risk of IR & hence
CVD. Dialysis durations is an independent risk
factor for IR; however, BMI had no correlation.
We do recommend the importance of frequent
monitoring insulin levels in pediatric patients with
chronic kidney disease for early interventionto
avoid cardiovascular disease & increased mortality.
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