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Summary

Vitamin D has been associated with multiple cardiometabolic risk factors in children but there is
a paucity of studies examining its correlation to vascular function and structure. Our objective was
to determine whether there is a correlation between vitamin D, cardiometabolic risk, vascular dis-
tensibility and carotid artery intima-media thickness (CIMT) in high-risk children.

This was a cross-sectional, cohort study that compared vitamin D to cardiometabolic risk factors,
carotid artery distensibility, and CIMT in 74 children with multiple, modifiable atherosclerosis-pro-
moting risk factors. Vitamin D was used as a continuous variable and also categorized as deficient
(<20 ng/mL) or sufficient (>20 ng/mL). Seven modifiable atherosclerosis-promoting risk factors
were analyzed — body mass index, systolic blood pressure, total cholesterol, triglyceride, high den-
sity lipoprotein cholesterol, fasting insulin, & tobacco smoke exposure history.

For the entire cohort, vitamin D was 26.1+9.4 ng/mL (6-63 ng/mL); and the levels were deficient
in 20%. The number of modifiable atherosclerosis promoting risk factors per child was 3.3+1.6.
Distensibility index was 2.62+0.87% per 10 mmHg, CIMT 0.54+0.06 mm. There was an inverse cor-
relation between vitamin D and risk factor score (r=—0.27, p=0.02); this remained significant after
adjusting for age, sex, and race. There was no association between vitamin D levels and distensibil-
ity index or CIMT.

Even though vitamin D levels were inversely correlated with cardiometabolic risk factor score in
high-risk children, there are no demonstrable vascular functional or structural effects.
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BACKGROUND

Vitamin D deficiency is prevalent in the US [1,2] and has
been attributed to multiple medical problems including
rickets in children and osteoporosis in older adults. In ad-
dition to skeletal problems, deficient vitamin D states have
been linked to extra-skeletal diseases including cardiovascu-
lar disease in some observational and experimental studies
[3-6] but other studies have shown no association or mixed
results [7,8]. Vitamin D levels are inversely associated with
hypertension, diabetes, atherosclerosis, myocardial infarc-
tion, congestive heart failure, stroke, microalbuminuria and
decreased kidney function [4,9-14].

In children, the role that vitamin D plays in cardiometa-
bolic risk is not well studied and the results are contradic-
tory. National Health and Nutrition Examination Survey
(NHANES) cross-sectional studies confirmed a high prev-
alence of vitamin D deficiency (defined by this group as
serum levels <30 ng/mL) among the pediatric population
and this was associated with adverse cardiovascular risk,
such as hypertension, low high density lipoprotein choles-
terol (HDL) levels [15], high body mass index (BMI), cen-
tral adiposity, and metabolic syndrome [16]. A recent study
performed in urban school children with a high prevalence
of obesity and vitamin D deficiency, however, confirmed no
association between vitamin D deficiency (defined by this
group as serum levels <20 ng/mL), adiposity, and cardio-
metabolic risk factors [17].

The effect of vitamin D on vascular function and structure
has been examined in several adult studies that have shown
inverse correlations between vitamin D status and vascular
endothelial function [18,19], brachial artery distensibility
[18], and carotid artery intima-media thickness (CIMT), a
marker of atherosclerosis [11,20]. There are, however, very
few studies in children that examine the correlation between
vitamin D deficiency and vascular function and structure.
A recent report in children and adolescents found an in-
verse correlation between serum vitamin D levels and ad-
iposity, metabolic syndrome, and hypertension but found
no correlation with vascular endothelial function or CIMT
[21]. In contrast, another study performed in children on
dialysis showed that CIMT had a U-shaped bimodal distri-
bution across vitamin D levels so children with extremely
low or high vitamin D had increased CIMT [22].

In view of these inconsistent reports in the literature and
paucity of studies examining the vascular changes that may
be associated with vitamin D deficiency in children, we un-
dertook this study to investigate the relationship between vi-
tamin D deficiency and vascular function as assessed by com-
mon carotid artery distensibility index and vascular structure
as assessed by CIMT in high-risk children. We hypothesized
that vitamin D deficiency is associated with a decreased ca-
rotid artery distensibility index, an increased CIMT, and a
higher number of risk factors that promote atherosclerosis.

MATERIAL AND METHODS

This cross-sectional, cohort study involved 74 children,
13.7+3.1 years who attended the Children’s Mercy Hospital
Preventive Cardiology Clinic over a two-year period (January
1, 2009 to December 31, 2010). These children were referred

for evaluation of obesity, dyslipidemia and other atheroscle-
rosis-promoting risk factors. Demographic and anthropo-
metric data including age, sex, race (per self report), weight
(in kilograms), height (in centimeters), and BMI (kg/m?)
were recorded. Race data was obtained as vitamin D levels
are known to be lower in African Americans and Hispanics.
Exposure to tobacco smoke, defined as any exposure to pri-
mary or secondary tobacco smoke, was recorded. Blood pres-
sure was obtained over the right arm in the sitting position
using a Dinamap blood pressure monitor [23]. A fasting
total cholesterol (TC), HDL C, triglyceride (TG), fasting
insulin, and serum 25-hydroxyvitamin D levels were per-
formed. The season in which this data was obtained was also
recorded as spring/summer (March to August) and fall/
winter (September to February). Children’s Mercy Hospital
Institutional Review Board approved the study.

A common carotid artery B-mode ultrasound was obtained
for measurement of arterial distensibility and CIMT at the
clinic visit. The carotid arteries were imaged by trained so-
nographers using a standard ultrasound machine (Philips
iE 33, Bothell, Wash) and a high resolution, 1.9-3 MHz lin-
ear array transducer. A simultaneous EKG tracing was ob-
tained for the purposes of gating. The digital images of both
the left and right common carotid arteries were stored for
offline reading. A single, trained reader who was blinded
to the clinical data performed all measurements prospec-
tively. Scanning of the carotid arteries and reading of CIMT
were performed per previously published protocols [24,25].

Arterial distensibility

The common carotid arterial diameter was measured us-
ing B-mode images with ultrasonic calipers placed from
the near-end intima to the far end intima of the arterial lu-
men. The diameter was measured on still frames at the QRS
complex (“QRS”) reflecting diastole and on still frames be-
tween the QRS complexes (“non-QRS”), reflecting systole.
The “non-QRS” point is the moment in which the vessel is
maximally dilated. Twenty-five measurements of the arte-
rial lumen at “QRS” and 25 at “non-QRS” were measured
over both the right and left common carotid arteries within
10 mm from the carotid bifurcation. The “QRS” diameter
measurements were averaged to obtain a mean “QRS” dia-
stolic diameter and the “non-QRS” diameter measurements
were averaged to obtain a mean “non-QRS” systolic diam-
eter for each child. The distensibility index was calculated
as [ (“non-QRS” diameter — “QRS” diameter) /“QRS” diam-
eter] /(Systolic blood pressure — Diastolic blood pressure)
and reported as percentage per 10 mm/Hg. This measure
reflects how distensible the artery is with higher distensibil-
ity indices indicating healthier vasculature [26].

In order to ensure the accuracy of arterial diameter mea-
surements, intra-reader reliability was calculated. For this,
the reader measured carotid artery diameters from iden-
tical frames on two separate occasions while being blind-
ed to the other reading. The intra-reader reliability was ex-
cellent at 94%.

CIMT

CIMT measurements were taken from the far wall of
both the left and right common carotid arteries using a
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semi-automated, edge detection software (QLAB, Philips
iE 33). This software was used to measure the CIMT within
a 10-mm-wide box that was placed along the far wall of the
common carotid artery within 2 cm of the carotid bifurcation.
CIMT was measured in end-diastole (“QRS”), which started
at 2 frames before the QRS complex to 2 frames after the
QRS complex. Along with the CIMT, the success rate of the
measurement was also tabulated by QLAB. This is the per-
centage of the CIMT wall within the region of interest that
was accurately measured. Only frames with CIMT measure-
ments with a success rate of 95% or above were accepted. Each
study consisted of measuring CIMT from 100 frames from
the left and right common carotid artery [24] (Figure 1).

In order to ensure the accuracy of CIMT measurements,
intra-reader reliability was calculated. For this, the reader
measured the CIMT from identical frames on two separate
occasions while being blinded to the other reading. The in-
tra-reader reliability was excellent at 90%.

Modifiable atherosclerosis — promoting risk factors

Seven modifiable, atherosclerosis-promoting risk factors
were considered in the data analysis - BMI, SBP, TC, TG,
HDL C, insulin, & tobacco smoke exposure history. The
number of sub-optimal, modifiable, atherosclerosis promot-
ing risk factors that were present in each child was count-
ed and the total was reported as the risk factor score. For
this, the risk factors were dichotomized based on the fol-
lowing cutoff levels that are either previously published or
norms accepted in our clinic: BMI >95™ percentile for age
and sex, SBP >95™ percentile for age, sex and height, TC
>170 mg/dL, TG >100 mg/dL, HDL C <45 mg/dL, insu-
lin >18 ulU/mL, and history of tobacco smoke exposure.
We have previously noted that an increased number of risk
factors (>3) are associated with an increased CIMT [24].
The relation between the risk factor score and vitamin D
status was further explored adjusting for age, sex and race.

Statistics and analysis

Vitamin D (predictor) was used as a continuous variable
and was also categorized into two levels — deficient defined
as serum vitamin D level <20 ng/mL or sufficient defined
as serum vitamin D level >20 ng/mL as per the Institute of

Figure 1. Carotid artery intima media thickness.
A still frame from a clip of the common
carotid artery is displayed. The
measurement of the CIMT is taken within
the 10 mm box (region of interest). The
intima-media is highlighted and the
semi-automated CIMT measurement is
recorded on the right side of the frame
(0.57 mm).

Medicine [1] and American Academy of Pediatrics recom-
mendations [27]. Continuous variables were described as
mean + standard deviation and categorical variables were
described as percentages. We compared demographic, an-
thropometric and laboratory data, CIMT, and distensibility
indices between vitamin D sufficient and insufficient chil-
dren using Student t test for continuous variables and chi
squared test for categorical variables. Vitamin D levels were
compared among demographic variables (gender, race),
season, and the dichotomized risk factors using a Student
t test. For univariate analysis, we assessed the association
between vitamin D levels and the individual risk factors,
risk factor score, distensibility index and CIMT using the
Pearson correlation coefficient. We then performed multi-
variate analysis to assess the impact of risk factor score on
vitamin D taking gender, age, and race into account using
general linear models. Statistical analysis was performed us-
ing SPSS 18 and SAS 9.2 (Cary, NC). Statistical significance
was claimed at 95% confidence level (p<0.05).

RESULTS

74 children (33 male), aged 13.7+3.1 years who had both
a carotid artery ultrasound performed as well as vitamin D
levels drawn at the same clinic visit were selected for this
study. Vitamin D levels in white children (28.0+8.5 ng/mL)
were significantly higher than in children of the other races
(23.0£10.2 ng/mL) (p=0.03). Fifty percent had vitamin D
levels drawn in the Spring/Summer seasons and there were
no seasonal differences in vitamin D levels noted.

Fifty-eight percent were obese (BMI 95" percentile for
age and sex), 19% had SBP >95th percentile for age, sex
and height, 85% had elevated TG, 62% had elevated TG,
47% had low HDL, fasting insulin was high in 30% and
30% had been exposed to tobacco smoke. The mean num-
ber of atherosclerosis promoting risk factors per child was

3.3+1.6 (Table 1).

For the entire cohort, vitamin D levels were 26.1+9.4 ng/mL
(6-63 ng/mL) with 15 of the 74 (20%) being deficient.
There was an inverse correlation between vitamin D and
risk factor score (r=-0.27, p=0.02) (Figure 2). However,
when each risk factor was considered as a continuous or a
dichotomous variable (suboptimal versus optimal), there was
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Table 1. Demographic characteristics and modifiable atherosclerosis
promoting risk factors between Vitamin D deficient and
sufficient children*.

Vitamin D (ng/mL)

Deficient <20 Sufficient >20
Age (years) 14.1£2.2 13.6£33
Male** 6 (18%) 27 (82%)
White** 5 (11%) 41 (89%)***
BMI Z score 1.9£0.6 1.4£1.7%%%
SBP Z score 0.7+0.9 0.7+0.9
TC(mg/dL) 214+26 216+49
TG (mg/dL) 2824621 173+139
HDL (mg/dL) 44+9 47+13
Eﬂlsltji/"rgﬂ;‘su"" 25436 15415
Er);poolféllstotobacco 6 (27%) 16 (73%)
Risk factor score 41£13 304168

* Reported as mean = SD unless otherwise specified; ** Numbers
(percentages); *** p<0.05.

Correlation Coefficient=—0.27
o p=0.02
60
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o
o
o
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Figure 2. Relationship between cardiovascular risk factor score and
Vitamin D levels. This graph shows the inverse correlation
between the number of modifiable atherosclerosis
promoting risk factors per child (risk factor score) and the
vitamin D level.

no significant association between vitamin D and risk fac-
tors with the exception of obesity status (p<0.05) (Table 2).
After adjustment for age, gender, and race, the inverse cor-
relation between vitamin D and risk factor score persisted
(p=0.03) while the correlation between vitamin D and obe-
sity status became insignificant.

Vitamin D deficiency was not significantly associated with
distensibility index; however, there was a trend towards low-
er distensibility indices in the vitamin D deficient children

Table 2. Vitamin D (ng/mL) comparisons between groups.

Vitamin D (mean £SD)

Gender

Male 25.5+9.1

Female 26.5+9.7
Race*

White 28.0+14.2

Non-White 23.0£10.2
Season

Spring/Summer 25.94+8.9

Fall/Winter 26.3£9.9
BMI*

Obese 243489

Non-Obese 28.7+9.6
SBP

>95" Percentile 23.545.1

<95™ Percentile 26.2+10.3
TC

>170 mg/dL 252499

<170 mg/dL 28.6+7.1
TG

>100 mg/dL 26.3+10.6

<100 mg/dL 24.6+7.4
HDL

<45 mg/dL 23.9+7.6

>45mg/dL 27.5+£11.0
Fasting Insulin

>18 ulU/mL 23.145.9

<18 ulu/mL 27.0£10.7
Tobacco Smoke Exposure History

Yes 24.4+8.8

No 26.3+8.8

*p<0.05.

(2.48+0.81 vs. 2.65+0.89% per 10 mmHg). There was no
difference in CIMT between vitamin D deficient and suffi-

cient children (Table 3).

DiscussIoN

This is one of the few reports describing the vascular effects
of vitamin D deficiency in high-risk children. Our study con-
firmed that while vitamin D levels correlated with increased
cardiometabolic risk as measured by cardiovascular risk fac-
tor score, there were no clearly discernible functional or
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Table 3. Distensibility Index and CIMT (mean £SD).

Al Vitamin D Deficient Vitamin D Sufficient P value
children <20 ng/mL =20 ng/mL
Distensibility Index
(% per 10 mmHg) 2.62+0.87 2.48+0.81 2.65+0.89 0.50
CIMT (mm) 0.54+0.07 0.53+0.07 0.54+0.06 0.82

structural vascular changes. To our knowledge, studies ex-
amining the vascular effect of vitamin D status in children
are limited to a report by Pacifico, et al. This study exam-
ined the link between total adiposity, metabolic profile, hy-
pertension, and low vitamin D levels in children and they
also confirmed a metabolic correlation with vitamin D de-
ficiency but found no effects on vascular function or struc-
ture [21]. The lack of correlation between vitamin D levels
and vascular function or structure may be because vascular
changes may manifest only after a substantial length of ex-
posure to vitamin D deficiency, so the vascular effects may
only been seen in youth with a history of long standing vita-
min D deficiency. Hence, there may be a long-term vascular
benefit in maintaining vitamin D at sufficient levels in chil-
dren as per the Institute of Medicine recommendations [1].

Vitamin D has been shown to be useful in optimal function-
ing of several extra-skeletal pathways including the circulato-
ry system. Vitamin D is thought to be useful for maintaining
appropriate levels of apolipoprotein A-1 (a main component
of HDL) [28,29] and for regulating lipoprotein lipase activ-
ity thus influencing triglyceride levels [30]. Vitamin D has
also been shown to negatively regulate the renin-angiotensin-
aldosterone pathway thus helping regulate blood pressure
[31,32]. In addition, vitamin D can alter insulin sensitivity
and influence pancreatic beta-cell secretory function [6,33].

Although in our study the individual cardiometabolic risk
factors showed no correlation with vitamin D levels, we did
note an inverse correlation when all the modifiable risk fac-
tors were combined into a score, and this relationship per-
sisted even after adjustment for age, sex, and race. This may
suggest clustering effect, common underlying demograph-
ic and socioeconomic risks, or a not yet known mechanism
by which vitamin D modulates cardiovascular function.

Our findings are in agreement with two, large scale, cross-
sectional, community based, NHANES studies that con-
firmed an inverse correlation between vitamin D and car-
diometabolic risk in children [15,16]. In contrast, a recent
study performed in urban, inner city school children in
winter did not confirm any correlation between vitamin D
status and adiposity or cardiometabolic risk [17]. However,
this population had a uniformly high prevalence of vitamin
D deficiency with very few vitamin D sufficient children.

Vitamin D and obesity status were inversely correlated in
our study; however, this correlation became insignificant
after adjustment for age, sex, and race. Obese children are
known to have lower vitamin D levels and this may be due to
a combination of factors: less conversion of vitamin D from
prometabolites in the skin due to reduced outdoor activity,
reduced vitamin D intake due to poor diet choices (sugary

beverages replacing dairy), and sequestration of vitamin D
in fat tissue [15,16,34-36]. Even though 58% of our study
population was obese, only 20% had vitamin D deficien-
cy. This contrasts to the findings by Sacheck et al who con-
firmed a much higher prevalence of vitamin D deficiency
in obese, urban, inner city school population [17]. The dif-
ferences or lack thereof between vitamin D status and obe-
sity in our study may be due to the fact that our children
were screened during both winter and summer months or
the effect of latitude (39° N for Kansas City). In our study,
white children had higher vitamin D levels than non-white
children, consistent with the findings of earlier studies [15].
This is due to decreased production of vitamin D from pre-
cursors as a result of increased melanin in darker skins al-
lowing less ultraviolet light penetration [37,38].

Limitations of this study are that this small cohort is a con-
venience sample with variable stages of development and
lack of healthy controls. The study sample is likely under-
powered and the vitamin D deficient children in this cohort
is underrepresented. It is likely that a study looking at ade-
quate number of children with vitamin deficiency may con-
trast the changes in vascular function and structure, if any.

CONCLUSIONS

We have examined the rarely reported relationship between
vitamin D, cardiometabolic risk, and vascular function and
structure (as measured by distensibility index and CIMT re-
spectively) in children and found that while vitamin D lev-
els are inversely correlated with cardiometabolic risk factor
score, there was a lack of clear association between vitamin
D status and distensibility index or CIMT. Considering these
mixed results and similar conflicting reports in the litera-
ture, it is our recommendation that a prospective, case con-
trolled study in a large population of children with varying
cardiometabolic risks be designed to further investigate the
vascular effects of vitamin D deficiency. In the interim, in
view of the association between vitamin D levels and cardio-
metabolic risk factor score, we recommend vitamin D sup-
plementation for vitamin D deficient, high-risk children.
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