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Abstract

Background: Experimental and clinical studies have shown the cardio-protective, anti-inflammatory, and anti-athero-
sclerotic actions of vitamin D.

Material and Methods: We aimed to investigate a possible correlation between vitamin D status and heart geometry
using echocardiographic parameters of the left ventricle in youngsters with type 1 diabetes mellitus (T1D). Seventy-eight
pediatric patients (aged 13.47 + 2.86 years) with T1D of more than two years duration and 74 healthy controls (aged
12.04 + 2.79 years) were enrolled in this case-control study. Anthropometric parameters were recorded, vitamin D and
parathormone serum levels were measured, and trans-thoracic echocardiographic study was performed.

Results: Vitamin D deficiency was found in 74 % T1D patients and in 72 % of the controls, while parathormone levels
were normal in both groups. T1D patients presented significantly higher values of interventricular septal thickness at
diastole (IVSD) compared to controls (0.76 £ 0.16 cm vs 0.71 £ 0.14 cm, p =0.043). All other echocardiographic param-
eters did not exhibit significant differences between patients and controls. The diastolic function of the left ventricle (LV)
was normal in both groups. After sub-grouping, the participants according to the deficiency or not of vitamin D, only
patients with T1D and low vitamin D levels had increased values of IVSD compared to controls (0.78 + 0.17 vs 0.71 +
0.14, p =0.008). Patients with T1D and normal vitamin D levels presented similar values of IVSD compared to controls
(0.71 £0.12 vs 0.73 £ 0.15, p =NS).

Conclusions: Children and adolescents with T1D and normal vitamin D levels do not exhibit changes in LV dimensions
or diastolic function, except for increased IVSD, compared to controls. Larger and longitudinal studies are required to
confirm and consolidate this finding. HIPPOKRATIA 2019, 23(1): 9-14.
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Introduction

Vitamin D plays a crucial role in maintaining bone
health and regulating calcium homeostasis'. The identi-
fication of the vitamin D receptor (VDR) in a number
of different cells and tissues (cardiomyocytes, pancreatic
beta-cells, nerve cells, endothelial cells, immune cells,
osteoblasts), suggests that vitamin D exerts a wide range
of actions in extra-skeletal tissues®. Data from various
experimental and clinical studies have shown the cardio-
protective®*, anti-inflammatory, and anti-atherosclerotic
actions of vitamin D%,

Vitamin D deficiency (VDD) has been reported to be
associated with a variety of cardiovascular and metabolic
disorders, such as hypertension, insulin resistance, meta-
bolic syndrome, diabetes mellitus, peripheral vascular
disease, and congestive heart failure’'s. Studies in adults
have shown that patients with type 1 diabetes (T1D) and

VDD exhibit left ventricular hypertrophy and diastolic
dysfunction'®!”. Furthermore, substitution therapy with
vitamin D has been reported to result in blood pressure
reduction in humans and can also reverse cardiac hyper-
trophy in rats'®".

These data support the existence of a possible mecha-
nistic connection between VDD and cardiovascular dis-
ease. However, most studies focus on adults, and data on
children and adolescents with VDD is limited. The aim
of the present study was to investigate the possible cor-
relation between serum vitamin D levels and echocardio-
graphic parameters of the left ventricle (LV) in children
and adolescents with T1D.

Materials and Methods
Seventy-eight consecutive pediatric patients (43
boys), with T1D (mean age of 13.47 + 2.86 years), were
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enrolled in the case-control study during the same au-
tumn-winter seasonal period. These young patients, at-
tended the pediatric Diabetes outpatient unit, of the 4"
department of Pediatrics of the Aristotle University of
Thessaloniki, at “Papageorgiou” General Hospital, from
October 2012 to March 2015. The inclusion criteria were:
pediatric patients who suffered from T1D for more than
two years, Caucasian race, age range between 7 and 18
years old, and negative family history for cardiac malfor-
mation or cardiac disease. The exclusion criteria for the
study were the presence of obesity, acute illness, diabetic
complications, as well as the administration of any medi-
cation other than insulin.

The control group consisted of 80 children/adoles-
cents with normal weight [body mass index (BMI) <85®
percentile for age and gender], who had volunteered or
came from those who attended the general Pediatrics
outpatient clinic. Three of them were excluded from
the study due to hyperglycemia and three due to infec-
tion. Finally, seventy-four healthy children/adolescents
(38 boys), with mean age of 12.04 + 2.79 years, were
enrolled. Acute or chronic disease, obesity, and T1D or
other autoimmune diseases were the exclusion criteria for
the control group.

A required sample size of 126 participants (63 for
each group) was calculated (http://statulator.com/Sam-
pleSize/ss2M.html; sample size calculator for comparing
two independent means) in order to achieve a power of
80 % and a level of significance of 5 % (two sided), for
detecting a true difference of -0.1099 units in means be-
tween the study group and the control.

All participants underwent a systematic clinical
evaluation, including anthropometric measurements, by
the same pediatrician. BMI was calculated using the for-
mula: body weight (kilograms)/height (meters)>. Blood
pressure was measured with the participant in the sitting
position, using the appropriate cuff size.

Glycated hemoglobin (HbAlc) was measured in a
capillary blood sample in all T1D patients utilizing a spe-
cific method (DCA 2000R+ Hemoglobin Alc, Siemens,
Germany). In all participants, serum levels of 25-hydrox-
ycholecalciferol [25(OH)D] were measured by radioim-
munoassay, with an automatic gamma counter (Wallac
1470 Wizard, Turku, Finland). Furthermore, parathor-
mone levels (PTH) were measured by direct chemilumi-
nescence (ADVIA, Centaur XTP, Siemens, USA). Levels
of 25(OH)D greater than 30 ng/ml were considered nor-
mal, whereas levels below 30 ng/ml defined as VDD?.

Trans-thoracic echocardiographic study was per-
formed in the left decubitus position using a General
Electric-Vivid 3 Pro (Israel) ultrasound machine with a
5 MHz transducer. Guided by two-dimensional echocar-
diography short-axis view, standard M-mode parameters
of LV were obtained following the recommendations
of the American Society of echocardiography®. The
measurements included the following parameters: left
ventricular internal diameter at end-diastole and end-
systole (LVIDD, LVIDS, respectively), interventricular

septal thickness at diastole (IVSD), left ventricular pos-
terior wall thickness at end-diastole (LVPWD), LV ejec-
tion fraction and fractional shortening (EF, FS), and LV
mass. LV mass index (LVMI) was obtained by the fol-
lowing formula: LV mass/body surface area (g/m?). We
also indexed LV mass by height® in order to determine
the presence of LV hypertrophy (using the 95" percentile
as a cut-off)*2. Measurement of left atrial diameter (LAD)
was performed from M-mode parasternal short-axis view
at the level of the aortic valve?. From the parasternal
4-chamber view, using Doppler echocardiography, we
also estimated the LV diastolic function by measuring E
wave, A wave of the mitral valve, and the E/A ratio.

The study was approved by the Ethics Committee
of the School of Medicine, Faculty of Health Sciences,
Aristotle University of Thessaloniki (decision No 2,
23/3/2016) and informed written consent was obtained
from all participants’ parents or guardians.

Statistical analysis

Continuous variables are expressed as mean + stand-
ard deviation for normally distributed and as median
(minimum-maximum in brackets) for non-normally dis-
tributed. Kolmogorov-Smirnov and Shapiro-Wilk tests
were used to examine the normality of distributions based
on the size of the groups under comparison. Comparison
of variables between two groups was performed with ei-
ther Student’s t-test for normally distributed, or Mann-
Whitney U-test for non-normally distributed variables.
Categorical variables among groups were compared us-
ing the chi-squared test. A comparison of means among
three or more groups was conducted by one-way analysis
of variance. For multiple comparisons, Bonferroni post-
hoc tests were applied, after correction for the level of
significance. Correlation between variables was assessed
by Spearman’s rank correlation coefficient. Data were
analyzed using IBM SPSS Statistics for Windows, Ver-
sion 19 (IBM Corp., Armonk, NY). All tests were two-
sided, and a was set at 0.05.

Results

Demographic and basic clinical characteristics of the
participants are summarized in Table 1. In both groups,
PTH levels ranged within the normal range. However,
low vitamin D levels were found in both T1D patients
(58/78, 74 %) as well as in the control group (53/74, 72
%) (Table 1). The mean value of HbAlc was 8.09 + 1.13
%, and the mean duration of T1D was 6.83 + 3.29 years.

Individuals with T1D presented significantly higher
levels of IVSD compared to controls (0.76 £ 0.16 cm vs
0.71 £ 0.14 cm, p =0.043) (Table 2, Figure 1). All other
mean values of echocardiographic parameters of the left
ventricle did not exhibit significant differences between
the two groups (Table 2). The diastolic function of the
left ventricle was also normal in the two groups with no
statistically significant difference (Table 2).

When participants were sub-grouped according to the
presence or not of VDD, mean values of anthropometric



HIPPOKRATIA 2019, 23, 1 11

Table 1: Basic demographic and clinical characteristics of the 78 children/adolescents with type 1 diabetes and the 74 normal-
weight healthy children/adolescents who participated in the case-control study investigating the correlation between vitamin

D status and heart geometry.

Participants with Type 1 Diabetes

Control Group

Total VDD No VDD Total VDD No VDD
(n=78) (n=58) (n=20) (n=74) (n=53) (n=21)
Age (years) 1347 +2.86 13.67+2.67 1284335 12,04 4279 11,87 £2.59 12,47 + 326
Gender (M/F) 43135 28/30 15/ 38/36 25/28 13/8
BMI (kg/m?) 201£375 2158+ 3.73 19.69 + 3.54 19.69 +2.75 19.29 + 231 20.68 +3.48
Diastolic Blood 66.14+9.17 66.93 +9.96 63.85 + 5.95 60+ 6.79 60.26 + 6.90 60.86 + 6.67

Pressure (mmHg)

Systolic Blood 113.23£11.63  113.71£10.79  111.85+14.13  106.76+10.96  106.91+10.95 10638+ 11.20
Pressure (mmHg)

HbAlc (%) 8.09+1.13 8.14+1.00 7.94+143 - - -
Diabetes duration 6.83+3.29 736 +3.48 530 +2.05 - - .
(years)

Comorbidities no no no - - -

Data are presented as mean =+ standard deviation, n: number of children/adolescents, M/F: Male/Female, BMI: Body mass index, HbAlc: Glycated hemoglobin,

VDD: Vitamin D deficiency group.

Table 2: Echocardiographic parameters of the study population (78 children/adolescents with type 1 diabetes and 74 normal-weight healthy

children/adolescents), with or without vitamin D deficiency.

Echo parameters Participants with Type 1 Diabetes Control group p* P p*
Total VDD No VDD Total VDD No VDD
(n=78) (n=58) (n=20) (n=74) (n=53) (n=21)
LVIDD (cm) 440£057 444£0.54 429£0.65 436+0.55 431£0.55 449+0.55 0.694 0379 0.305
LVIDS (cm) 279+0.38 278037 280+043 275+034 272£033 2.86+0.34 0.592 0.243 0305
IVSD (cm) 0.76+0.16 0.78+0.17 0.71+0.12 0.71+0.14 0.71+0.14 0.73+0.15 0.043 0.008 0.632
LVPWD (cm) 0.82+0.18 0.83£0.19 0.79£0.16 0.80£0.16 0.80£0.16 0.79£0.17 0.495 0.700 0455
LAD (cm) 278+041 284£039 261+041 274043 275+041 273+048 0.584 0.240 0401
LV mass (gr) 113.92£3727 115.19+38.23 110.21£35 104.76 4145 103.14£39.79  108.83£46.13 0.123 0.114 0915
LV mass index (g/n’) 74.74+20.62 73.05+17.29 79.64+28.15 71.86.+20.46 69.38+20.01 78.10420.72 0.353 0.303 0.794
LV mass/height’ (gr/cm’) 30.08£9.93 28.89+7.50 3350+ 14.64 27494725 26,69+ 6.69 2949+833 0.104 0.123 0.297
EF (%) 65.96+5.08 60.60=5.16 64.10+4.43 66.63+4.68 66.82+4.95 66.14+3.99 0.506 0.901 0.129
ES (%) 36.23+3.94 36.74+3.99 34754344 36.74+3.86 36.87+4.10 36.42+3.22 0.538 0.974 0.168
E wave (m/sec) 0.88+0.17 0.89£0.17 0.85£0.15 093£0.19 094020 092+0.16 0.159 0393 0.226
Awave (m/sec) 0.46+0.08 045+0.08 047+0.08 049+£0.1 049+0.10 047+0.08 0.078 0.021 0.592
E/A ratio 1.96+04 1.99+041 1.86+0.34 1.93+041 1.89+0.36 200051 0.531 0.240 0314

Data are presented as mean + standard deviation. VVD: Vitamin D deficiency, LVIDD: Left ventricular internal diameter end diastole, LVIDS: Left ventricular internal diameter
end systole, [IVSD: Interventricular septal thickness end diastole, LVPWD: Left ventricular posterior wall end diastole, LAD: Left atrial diameter, LV: Left ventricle, EF: Ejec-
tion fraction, FS: Fractional shortening. p-value *: participants with diabetes mellitus type 1 total, vs control group total; p-value #: participants with diabetes mellitus type 1
and VDD, vs control and VDD; p-value *: participants with diabetes mellitus type 1 without VDD, vs control group without VDD.

and demographic characteristics did not differ between
patients and controls. Comparing all the echocardio-
graphic parameters, mean values did not differ signifi-
cantly between children with or without VDD, except for
IVSD (Figure 1). Patients with T1D had increased mean
values of IVSD compared to controls only in the sub-
group of low vitamin D levels (0.78 + 0.17 and 0.71 +
0.14, respectively, p =0.008). On the other hand, patients
with T1D and normal vitamin D levels presented similar
values of IVSD compared to controls (0.71 + 0.12 and
0.73 £ 0.15, respectively, p =0.632).

After the application of correlation analysis, it was
revealed that vitamin D levels presented a significant

positive correlation with LVMI (r =0.164, p =0.043) and
LV mass/height’ (r =0.162, p =0.046) (Figure 2). Addi-
tionally, vitamin D levels presented a statistical trend cor-
relation with diabetes duration, in a negative manner (r
=-0.206, p =0.071).

Furthermore, diabetes duration showed significantly
positive correlations to a wide variety of cardiac in-
dexes: IVSD (r =0.372, p =0.001), LV mass (r =0.332, p
=0.003), LVMI (r =0.231, p =0.042), and LAD (r =0.383,
p =0.001) (Figure 3). Finally, HbAlc levels exhibited
a significant positive correlation to diabetes duration (r
=0.26, p =0.021), a statistical trend to correlate positively
to LAD values (r=0.222, p =0.055), and a negative corre-
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Figure 1: Boxplot of the interventricular septal thickness end diastole (IVSD) values in type 1 diabetes (T1D) children/ado-
lescents and controls; A) Comparison between T1D and controls in total sample; B) Comparison between T1D and controls in
the vitamin D deficiency subgroup; C) Comparison between T1D and controls in the subgroup without vitamin D deficiency.
TIDM: Type 1 diabetes mellitus, IVSD: Interventricular septal thickness end diastole.
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Figure 2: Correlation between vitamin D levels and A) left ventricle (LV) mass index and B) LV mass/height’.

LV: Left Ventricle.
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Figure 3: Correlation between diabetes duration and A) interventricular septal thickness end diastole (IVSD), B) left ventricle
(LV) mass, C) left atrial diameter, D) LV mass index in type 1 diabetes children/adolescents.
IVSD: Interventricular septal thickness end diastole, LV: Left ventricle.

lation to vitamin D levels without reaching a statistically
significant level (r =-0.163, p =0.15).

Discussion

The present study shows that children and adoles-
cents with T1D and VDD do not have changes in LV wall
dimensions or diastolic function compared to controls,

except for IVSD. Septal hypertrophy has been described
as an early echocardiographic finding of left ventricular
hypertrophy in childhood obesity?*.

Although a correlation between VDD and diabetes
in adults has been reported in multiple studies, there are
only a few studies investigating the incidence of VDD
in children and adolescents with T1D and its impact on
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cardiometabolic complications!*?7,

In the present study, the prevalence of low vitamin D
levels was similarly high between the groups of the over-
all cohort. This finding is in agreement with the study by
Wood et al®®. However, after the division of the partici-
pants into subgroups, it was revealed that low vitamin D
levels were associated with a statistically increased mean
value of IVSD only in children and adolescents with T1D
compared with controls. This is a very interesting find-
ing, but it should be confirmed by further larger studies.

Pandit et al also found that interventricular septal
thickness was significantly increased in a group of VDD
adult population compared to a group with normal vita-
min D levels®. Another study in adults showed that pa-
tients with VDD had higher LVIDS, IVSD, LVPWD, and
LV mass compared to patients with normal vitamin D
levels®. The authors claim that VDD diminish the protec-
tive effect of vitamin D from fibrosis, myocardial thick-
ening, and anti-apoptosis'’.

Diastolic function of the LV was normal in our pa-
tients. This finding is consistent with previous studies in
adults on the same topic?’*. Nevertheless, diastolic dys-
function has been described in young patients with T1D,
using conventional and novel methods, such as tissue
Doppler imaging®'-.

Contrary to diastolic function, LV systolic function
was not reported to be impaired in most studies®. How-
ever, Di Cori et al using highly sensitive echocardio-
graphic techniques demonstrated the presence of systolic
dysfunction in young adults with well-controlled T1D?.

The duration of T1D and HbAlc levels have been
correlated with diastolic dysfunction in T1D patients®"".
Diastolic dysfunction may be an early alteration, that pre-
cedes systolic dysfunction®***. The presence of left ven-
tricular systolic and/or diastolic dysfunction in T1D pa-
tients has been described as “diabetic cardiomyopathy”,
which is related to metabolic control and the duration of
the disease®®.

In the present study, there was neither systolic nor di-
astolic dysfunction. The above finding can be attributed
to the participants’ sufficient glycemic control (since the
75" percentile of the HbAlc variable was 8.7 %), or to
the short duration of the disease (in 75 % of the study
population, disease duration was less than nine years). As
a result, we did not find echocardiographic features of
diabetic cardiomyopathy in our T1D patients.

Furthermore, in this study, vitamin D levels had a
significant positive correlation with LVMI and LV mass/
height’. Other studies also showed a similar correla-
tion between vitamin D levels and LV mass and LV wall
thickness?’#. With regard to HbAlc, we found a nega-
tive correlation with vitamin D levels, without reaching
a statistically significant level. One more study failed to
observe a significant correlation, but other more recent
studies found a statistically significant negative correla-
tion between vitamin D levels and HbA 1c levels?64!42,

Summarizing the results of the present study, we con-
clude that an incipient left ventricular hypertrophy could

be a unique and early sign of cardiac structural changes,
which could potentially lead to cardiomyopathy in chil-
dren and adolescents with T1D and low vitamin D levels.
Therefore, routine measurement of circulating vitamin
D levels is recommended in T1D youngsters, not only
to achieve good bone mass but also to avoid a potential
early onset of cardiac dysfunction.
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