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Hormonal, Metabolic and Radiological
Markers of Subclinical Atherosclerosis in
Egyptian Children with Type 1 Diabetes
Abstract
Endothelial dysfunction may be a critical early target for preventing atherosclerosis
and cardiovascular disease. Leptin/adiponectin ratio can serve as a clinical marker
of endothelial dysfunction in children with type 1 diabetes. We investigated
the relationship between leptin/adiponectin ratio with carotid intima-media
thickness cIMT and endothelial dysfunction in 68 type 1 diabetic children mean
age 8-14 years compared to 68 healthy control subjects matched for age, sex and
body mass index. A serum level of leptin was measured via radioimmunoassay
and adiponectin level was measured using an enzyme linked immunosorbent
assay. Flow Mediated Dilatation was significantly correlated with leptin 9.906
± 1.688 ng/dl and leptin/adiponectin L/A ratio r -0.301, p=0.079 but not with
adiponectin. Statistically significant correlation was found between carotid intima
media thickness and L/A ratio (r-0.274 P=0.026), leptin (r- 0.302 P=0 .012) and
adiponectin (r -0.301 P=0.079). BMI was strongly statistically correlated with cIMT.
CIMT, FMD, L/A ratio, and BMI may be useful surrogate markers of subclinical
atherosclerosis that make early preventive interventional strategies feasible in
type 1 diabetic children.
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Introduction
Type 1 diabetes (T1DM) affects approximately 3 million people
in the USA of whom approximately 200,000 are children [1].
The prevalence of T1DM among pediatric patients has increased
between 2001 and 2009 in the USA and worldwide [2,3].
Evidence indicates that atherosclerosis begins in childhood
with the accumulation of lipids in the intima of arteries to form
fatty streaks [4] nearly all children have at least some degree of
aortic fatty streaks by 3 years of age [5] and these fatty streaks
increase after 8 years [6]. There is a growing interest to prevent
the cardiovascular disease risk factors early in the course of the
disease, even at pediatric stages [7]. Furthermore, endothelial
dysfunction precedes the development of atherosclerosis and is
believed to play a crucial role in its pathophysiology. Autopsies
have shown that the atherosclerotic process at the endothelial
level begins in childhood and progress rapidly in the presence of risk
factors [8]. Two recent studies have demonstrated that vascular

remodeling and neointimal formation are markedly attenuated
in leptin deficient ob/ob mice and db/db mice with leptin
receptor mutation [9,10] suggesting that leptin may accelerate
the development of vascular injury. Conversely, studies with
adiponectin-deficient mice have revealed that adiponectin plays
a protective role in the development of atherosclerosis [11,12].
We, therefore, hypothesize that the leptin-to-adiponectin ratio
serves as an atherogenic index superior to leptin or adiponectin
alone compared to carotid intima-media thickness CIMT and
brachial flow-mediated dilatation FMD as established clinical
markers of atherosclerosis in African Egyptian type 1 diabetic
children.

Materials and Methods
This study was a case-control study. It was performed on 68 of
children and adolescents with type 1 diabetes mellitus attending
the Pediatric Clinic of Ismailia General Hospital, Ismailia. The study
was conducted during the period from 1/5/2016 to 1/2/2017.
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Sixty eight healthy children age and sex matched were included as
control group. All children were normotensive, normoalbuminuric
and had no retinopathy. Those who receive regular medications
that can affect carotid intima-media thickness such as aspirin,
cholesterol lowering drugs as well as children with liver and renal
diseases were excluded. Height, weight, and body mass index
were measured according to the Egyptian growth curves. Good
glycemic control was defined as average annual HbA1C <7% and
poor glycemic control average HbA1C >9%. All study groups were
treated with basal bolus insulin regimen. Ethical committee of
the hospital approved the study.

Laboratory investigation
Lipid profile: Venous blood samples were taken in the morning,
after an overnight fast 10-12 h. Serum total cholesterol and
triglyceride concentrations were measured using standard
enzymatic methods [13]. Glycosylated hemoglobin (HbA1c)
was determined by quantitative colorimetric determination of
glycohemoglobin in whole blood [14]. Adiponectin was measured
by enzyme linked immunosorbent assay (ELISA). AviBion Human
adiponectin enzyme-linked immunosorbent assay kits were used
for monitoring serum adiponectin level. Leptin was measured by
ELISA technique, using Active Human Leotin ELISA Kit (Diagnostic
Systems Laboratories, Inc., USA).

Carotid artery studies
Doppler ultrasound on carotid artery using a Philips HD11,
linear array probe 12 MHz The estimation of cIMT was done at
radiology department, Suez Canal University Hospital. The child
was in supine position. The same experienced doctor scanned
all the children, and he used the same equipment. He was
blinded to study subjects concerning their clinical and laboratory
characteristics. All studies were done following a predetermined,
standardized scanning protocol for the right and left carotid
arteries, using images of the far wall of the distal common carotid
arteries and carotid bulbs according to the Mannheim common
carotid IMT consensus [15]. Each CCA segment was measured.
Four measurements of the intima–media thickness were
averaged, in order to give the mean common carotid intima–
media thickness for each side.
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Data analysis
All the data were collected and were statistically analyzed using
SPSS 14 program. Numerical data were expressed as mean ± SD.
Non-numerical data were expressed as percentage. The mean
was compared using the unpaired Student’s t test. P value <0.05
was considered statistically significant. Pearson correlation
was calculated to determine univariate relationships. Multiple
regression analysis was performed to determine predictive
variables for carotid IMT.
Ethical consideration: This study was performed with parental
consent and after approval of Ismailia General Hospital ethical
committee.

Results
Sixty eight diabetic children their mean age was (12.15 ± 2.92
years). The mean duration of diabetes was (5.35 ± 2.19 years).
The mean BMI was (20.8 ± 2.15) the mean HbA1C (8.35 ±
2.92). There was no significant difference between the study
and the control group regarding their age, weight and BMI.
Adiponectin level was significantly lower in children with T1DM
(9.906 ± 1.68) than control (11.23 ± 1.14) (P 0.02). Children with
T1DM had significantly higher cIMT (0.597 ± 0.07) than control
(0.42 ± 0.045) (P 0.001). FMD was significantly lower in children
with type 1 diabetes (5.097 ± 01.38) than in control (7.2 ± 1.34).
Flow Mediated Dilatation was significantly correlated with leptin
(r=-0.299, p=0.013) and leptin/adiponectin L/A ratio (r-0.301,
P 0.079) but not with adiponectin (r163, p 191). Statistically
significant correlation was found between carotid intima media
thickness and L/A ratio, leptin and adiponectin (r-.274, p 0.002),
(r- 302, p 0.012), (r -0.301, p 0.079) respectively. BMI was strongly
statistically correlated with cIMT as well as HbA1c HbA1c r -0.33
0.79 (Figure 1).

Flow mediated vasodilatation (FMD) of brachial
artery
All children were fasted for more than 4 hours before the
examination. Brachial artery diameter was assessed by a single
experienced radiologist. He used an automated, beat by beat
image processing software package (Vascular Tools 4.6, Medical
Imaging applications, USA). The child right arm was comfortably
immobilized in the extending position, allowing for ultrasound
scanning of the brachial artery 5-10 cm above the antecubital
fossa. Recording of vessel images were followed by inflation
of a cuff to suprasystolic pressure (40-50 mmHg above systolic
pressure) for 5 minutes. After the 5 minutes occlusion, the cuff
was rapidly deflated to allow for reactive or flow-mediated
hyperemia. Pulse wave amplitudes were recorded for at least 5
minutes after cuff was deflated [16,17].
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Figure 1 Clinical and laboratory characteristics of study and
control groups study group control group.

This article is available in: http://www.imedpub.com/reports-in-endocrine-disorders-open-access/

Reports in Endocrine Disorders: Open Access

Discussion
The combination of measuring leptin-to-adiponectin L:A ratio
and CIMT might effect more atherosclerotic changes than would
leptin or adiponectin alone. This study demonstrated statistically
significant relationship between L:A ratio and CIMT regardless
of BMI. Dalla Poza et al. found similar findings [18]. However,
there was evident strong statistically significant relationship
between L:A ratio and BMI in young type1 diabetic children.
Leptin has peripheral actions to stimulate vascular inflammation,
oxidative stress and vascular smooth muscle hypertrophy [19].
In endothelial cells, leptin stimulates transforming growth
factor beta 1 synthesis [20]. The ability of leptin to promote
proinflammatory signaling through cytokines and growth factors
may contribute to endothelial dysfunction, atherosclerosis and
insulin resistance in hyperleptinemic states [21]. Ouchi et al.
found that endothelium-dependent vasorelaxation was impaired
in subjects with low plasma adiponectin concentration [22]. A
recent study has also demonstrated that adiponectin attenuates
high glucose-induced production of reactive oxygen species in
endothelial cells through a cAMP-PKA-dependent mechanism.
This study demonstrated a strong significant association between
elevated HbA1c levels and cIMT. Thus, activation of cAMP-PKA
signaling is an important mechanism by which adiponectin
protects endothelial cells from activation. Developing an inhibitor
to cAMP-PKA is at experimental investigations and may be future
effective treatment. Adenovirus-mediated supplementation
of adiponectin inhibits the formation of atherosclerotic lesions
and decreases mRNA levels of SR-A, TNF-α and VCAM-1 in the
vascular wall [23]. Adiponectin acts as an important regulator of
endothelial nitric oxide synthase (eNOS), a key determinant of
endothelial function and angiogenesis. Adiponectin promotes
eNOS phosphorylation in endothelial cells through AMP-activated
protein kinase (AMPK)-dependent signaling mechanisms [24].
Adiponectin also prevents apoptosis in endothelial cells through
activation of AMP signaling [25]. Adiponectin suppresses
production of cytokines like TNF∞ by macrophages, suppresses
accumulation of lipids in monocytes derived from macrophages
and inhibits transformation of macrophages into foam cells
[26]. Furthermore adiponectin participates in the stabilization
of atherosclerotic plaques by increasing expression of tissue
inhibitor of metalloproteinase1 TIMP1 in infiltrating macrophages
[27]. Taken together, these favorable actions of adiponectin
on endothelial function and vessel growth could contribute
to vascular protection [28]. Observational studies in children
showed an inverse correlation between plasma adiponectin
concentrations, adiposity, and insulin resistance [29,30], hepatic
fat by magnetic resonance imaging [31-35], and carotid intimamedia thickness [36]. Satoh et al. reported that plasma L:A
ratio is correlated with pulse wave velocity [37]. Brachial FlowMediated dilatation was significantly correlated with leptin 9.906
© Under License of Creative Commons Attribution 3.0 License

2018
Vol.2 No.1:3

± 1.688 ng/ml and adiponectin r-0.327, P= 0.055 and L:A ratio
as well r-0.301 P = 0.079. Brachial flow-mediated dilation (FMD)
is a measure of the release of nitric oxide by the endothelium
due to a transient flow stimulus. Impaired brachial FMD is widely
regarded as an early and potentially reversible manifestation
of vascular disease and may represent an integrated measure
of the impact of various insults to the endothelium [38].
Diabetes is another chronic medical condition known to impair
vascular function in children [39]. Decreases in both FMD and
NED (Nitroglycerin Enhanced Dilatation) have been observed
in children with type 1 diabetes mellitus [40]. Ja¨rvisalo et al.
studied 105 healthy children and found that peak FMD was
7.7_4.0% in attempt to reach normative value of FMD. FMD is
an indirect measure of endothelial dysfunction [41]. However,
the technique measures the vascular changes associated
with atherosclerosis, has been widely used and validated in
children, shows strong dose-response associations with known
cardiovascular risk factors, and in older subjects predicts clinical
cardiovascular risk [42]. New guidelines of International Society
of Pediatric Endocrinology and Diabetes emphasized screening
and treatment of cardiovascular risk factors in diabetic children
at age 11 years. Folate supplementation improved endothelial
dysfunction in folate deficient diabetic children [43]. SEARCH
CVD study included 402 T1D patients of average age 10-22 years,
demonstrated higher cIMT of carotid bulbs compared to healthy
controls [44]. A recent meta-analysis of 90 studies that included
2656 confirmed that T1D patients had a significantly greater cIMT
(SMD: 0.89; 95% CI, 0.69-1.09; P< .001), significantly lower FMD%
(SMD:_1.45%; 95% CI, _1.74 to _1.17; P< .001), significantly
increased cf-PWV (SMD: 0.57; 95% CI, 0.03-1.11; P< .001), and
significantly decreased GTN% (SMD: _1.11; 95% CI, _1.55 to
_0.66; P< .001) than controls [45]. Furthermore, a recent study
protocol of a large critical review and meta-analysis to detect
risk factors and determinants of carotid intima-media thickness
in children with prenatal and postnatal environmental exposure
is ongoing [46]. Hyperglycemia is the major casual factor in the
development of endothelial dysfunction in diabetes [47]. A highly
significant correlation is found between HbA1c and L:A ratio
along with CIMT and FMD. The latter has been demonstrated in
recent studies to be decreased and reliable marker of endothelial
dysfunction in patients with risk factors for atherosclerosis [48-50].

Conclusion
Our study suggests that L:A ratio, CIMT FMD and HbA1c can serve
as clinical non-invasive reliable markers of endothelial dysfunction
and subclinical atherosclerosis in children with type 1 diabetes.
Clinicians could use those markers as diagnostic and prognostic
mentoring tools for primary prevention of cardiovascular diseases
where potential therapeutic interventions are feasible.
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