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Abstract

Objective—To evaluate the impacts of vitamin D and parathyroid hormone (PTH) on
longitudinal changes in arterial stiffness.

Approach and Results—Distensibility coefficient (DC) and Young’s elastic modulus (YEM)
of the right common carotid artery were evaluated at baseline and after a mean (standard
deviation) of 9.4 (0.5) years in 2,580 MESA participants. Cross-sectional and longitudinal
associations were evaluated using multivariable linear regression and analysis of covariance. At
baseline, participants were 60.1 (9.4) years old (54% female; 26% Black, 20% Hispanic, 14%
Chinese). Mean annualized 25(0OH)D was <20 ng/dL in 816 and PTH was >65 pg/dL in 285
participants. In cross-sectional analyses, low 25(OH)D (<20 ng/ml) was not associated with stiffer
arteries after adjustment for cardiovascular disease (CVD) risk factors (p>0.4). PTH >65 pg/ml
was associated with stiffer arteries after adjustment for CVD risk factors, other than systolic blood
pressure (SBP) (DC: p=—2.4x10"4 mmHg™1, p=0.003; YEM: =166 mmHg, p=0.01), but after
adjustment for SBP, these associations no longer were statistically significant. Longitudinal
arterial stiffening was associated with older age (p<0.0001), higher SBP (p<0.008), and use of
antihypertensive medications (p<0.006), but not with 25(OH)D or PTH (p>0.1).

Conclusions—Carotid arterial stiffness is not associated with low 25(OH)D concentrations.
Cross-sectional associations between arterial stiffness and high PTH were attenuated by SBP.
After nearly a decade of follow-up, neither baseline PTH nor 25(OH)D concentrations were
associated with progression of carotid arterial stiffness.
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Introduction

Vitamin D deficiency and hyperparathyroidism are associated with cardiovascular disease
(CVD) risk.1~9 Low circulating concentrations of 25-hydroxyvitamin D (25(OH)D) and
elevated parathyroid hormone (PTH) have been linked to hypertension, insulin resistance,
metabolic syndrome, coronary heart disease, congestive heart failure, cerebrovascular
disease and death.1:7-14

Increased arterial stiffness is associated with aging, fragmentation of elastin fibers, and a
decrease in the elastin to collagen ratio in arterial walls.1® This process may underlie the
development of hypertension, CVD, cerebral dysfunction, and strokel6-20 as a rigid arterial
tree is less able to accommaodate the large pulsatile output from the heart. Increased vascular
stiffness accelerates atherogenesis and is associated with an increase in cardiac morbidity
and mortality.2! Vitamin D and PTH are closely linked and may affect vascular smooth
muscle tone through the renin-angiotensin-aldosterone axis?2 and may promote vascular
endothelial growth factor.23 Additionally, lymphocyte and monocyte/phagocyte
differentiation are modulated by vitamin D, thereby affecting the release of inflammatory
cytokines that promote arterial plaque formation.24 Since heightened vascular smooth
muscle tone, endothelial dysfunction, and plaque formation are directly linked to
hypertension, coronary artery disease and stroke. Increased vascular stiffness is a plausible
mechanism through which 25(OH)D and PTH may affect CVD risk.2:16:17.21.25,26

Structural and functional alterations in the arterial bed, such as circumferential widening of
large arteries and wall thickening lead to changes in carotid artery distensibility and
elasticity, measured with distensibility coefficient (DC) and Young’s elastic modulus
(YEM) respectively. These are validated, non-invasive measures of arterial function, that
characterize arterial stiffness'>27 and can identify individuals at increased CVD risk.2! Both
measure the ability of an artery to expand and contract with each cardiac pulsation; however,
the major difference between these stiffness parameters is that YEM accounts for carotid
artery wall thickness in an attempt to separate whether arterial stiffening is solely related to
pressure differences or intrinsic changes in the arterial wall.15.18.27

A limited number of studies have evaluated the associations of elevated PTH and low
25(0OH)D with increased arterial stiffness; however, these studies are limited by their small
sample size and their cross-sectional design.2-28-30 The aim of this study was to explore the
relationship between markers of bone-mineral metabolism and changes in arterial stiffness
in an ethnically diverse cohort without clinically evident CVD.
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Baseline Characteristics

Baseline characteristics are shown in Table 1. Participants were a mean (standard deviation)
of 60.1 (9.4) years old, 54% were female, 39.5% were White, 25.5% were Black, 20.5%
were Hispanic, and 14.5% were Chinese. The mean annualized 25(OH)D was 26.3 (11.5)
ng/ml, and was less than 20 ng/dL in 816 (30%) and 20-30 ng/ml in 973 (36%) participants.
The mean PTH was 43.5 (18.8) pg/dL and was greater than 65 pg/dL in 285 (11%)
participants. 86% of subjects graduated from high school and 44% earned <$40000. The
average physical activity score was 1665 MET-min/wk. At baseline, the mean distensibility
coefficient (DC) was 3.1 (1.3) x 1073 mmHg~! and the mean Young’s elastic modulus
(YEM) was 1591 (938) mmHg.

Cross-Sectional Associations with Arterial Stiffness Measures

In cross-sectional analyses, continuous 25(OH)D was not associated with stiffness
parameters before or after adjustment for CVD risk factors (p>0.1) (Table 2). When grouped
by category of 25(OH)D concentrations, no significant trend toward increasing stiffness
with lower 25(OH)D was observed after adjustment for traditional CVD risk factors (p>0.3)
(Figure 1). The strongest association with increased stiffness at exam 1 was seen in
participants with 25(OH)D concentrations <20 ng/ml (lower DC, p=-1.6x10"% mmHg1,
p=0.01; higher YEM, p=107.2 mmHg, p=0.03); however, these associations disappeared
after adjustment for traditional CVD risk factors (p>0.4). As a continuous variable,
25(OH)D concentration was not associated with arterial stiffness (DC, B=-2.4 x10~/
mmHg~1, p=0.91; YEM, p=0.2 mmHg, p=0.92 (Table 2, cross-sectional model 3).

At baseline, higher PTH concentrations were associated with greater stiffness demonstrated
by lower DC (B=-2.5x10"% mmHg~1, p=0.04) and higher YEM (p=1.98 mmHg, p=0.06,
Figure 1). This relationship appeared to be non-linear, with overtly elevated PTH
concentrations (=65 pg/mL) being most strongly associated with differences in DC and
YEM. Adjusting for CVD risk factors other than blood pressure, PTH >65 pg/ml was
associated with lower DC (B=-2.4x10~* mmHg™1, p=0.003) and higher YEM (p=166
mmHg, p=0.01) (Table 3). However, these associations no longer were statistically
significant when baseline systolic blood pressure (SBP) was included in the model (DC: p=
-1.4x1074 mmHg~1 p=0.08; YEM: B=118 mmHg p=0.07).

Within race/ethnicity groups, there were no significant associations between baseline
25(0OH)D and YEM or DC (all p>0.05). The associations of PTH with DC and YEM
appeared strongest for Hispanic participants (DC: B=-3.6x10-4 mmHg™1, p=0.02; YEM:
=275 mmHg, p=0.04), but the p-values for the interaction of race/ethnicity with PTH were
not statistically significant for DC (p=0.15) or YEM (p=0.08).

Longitudinal Associations with Arterial Stiffness Measurements

DC decreased from 3.1 (1.3) x 1073 mmHg~! at exam 1 to 2.7 (1.2) x 1073 mmHg ! at
exam 5 and YEM increased from 1591 (938) mmHg at exam 1 to 1754 (1340) mmHg at
exam 5, both indicating progression of arterial stiffness over the follow up period.
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Longitudinal changes in DC and YEM were associated with older age (DC: p=-2.0x107°
mmHg~1, per year, p<0.0001; YEM: p=13.4 mmHg, per year, p<0.0001) and higher systolic
blood pressure (DC: B=-2.9x10"6 mmHg?, p=0.007) and use of antihypertensive
medication (YEM: B=157.4 mmHg, p=0.006). No associations or even trends were observed
between baseline 25(0OH)D or PTH and carotid stiffness (all p>0.3) with or without
adjustment for baseline DC and YEM. Additionally, those with baseline PTH >65 pg/ml or
25(0OH)D <20 also were not associated with a significant change in DC or change in YEM
after nearly 10 years of follow up (Table 2 and Table 3) compared to the reference groups.

Within race/ethnicity groups, no significant associations between 25(OH)D and PTH with
longitudinal changes in YEM or DC were observed (all p>0.05) and the p-values for the
interaction of race/ethnicity with PTH were not statistically significant for changes in DC
(p=0.15) or YEM (p=0.96)

Discussion

In the current analysis, we observed a cross-sectional association of higher PTH
concentrations with increased arterial stiffness that was independent of CVD risk factors
except baseline SBP. No associations were present for 25-OHD. After nearly a decade of
aging, neither baseline PTH nor 25-OHD concentrations were associated with changes in
arterial stiffening.

Potentially deleterious effects of vitamin D deficiency on CVD risk have been described and
have even led some clinicians to promote vitamin D supplementation for CVD risk
reduction.2:>-7:31 A relationship between low vitamin D concentrations and increased
arterial stiffness has been described in cross-sectional observational studies; 22529 however,
the effects of vitamin D status on longitudinal changes in arterial stiffness are less clear. Our
results are in accordance with small randomized controlled trials of vitamin D
supplementation which failed to demonstrate improvements in arterial stiffness with vitamin
D supplementation,28:32 though the longest of these trials only followed subjects for 3
years.28 Relationships between vitamin D concentrations and CVD endpoints have been
mixed. For example, low vitamin D concentrations have been associated with increased risk
of incident coronary heart disease33 and presence of coronary artery calcium,343% but not
with congestive heart failure or carotid intima-media thickness.3¢ Associations between low
circulating vitamin D concentration and CVD risk may also be partly confounded by CVD
risk factors such as obesity and inactivity.3” The only large, long-term randomized
controlled trial of vitamin D supplementation showed no change in CVD events over a 7
year period.38

High PTH concentrations have been associated with poor CVD outcomes? in observational
studies.2%:30 In prior cross-sectional analysis among MESA participants, higher PTH
concentrations were associated with increased blood pressure, higher central aortic pressure,
and lower large artery elasticity.39 PTH levels seem to be more strongly associated with
congestive heart failure events than coronary heart disease events.® The results of the present
study agree with previously reported studies describing cross-sectional associations between
elevated PTH and increased carotid stiffness measures; however, the results were blunted
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when SBP was included in the model. This suggests that the cross-sectional associations
between arterial stiffness and PTH may be mediated though blood pressure. It also is
possible that the baseline SBP is more collinear with DC and YEM since pulse pressure,
which takes blood pressure into account, is a part of the formulae used to calculate these
outcome measures.

It may be expected that higher PTH concentrations at baseline would lead to more rapid
progression of arterial stiffness over a decade of aging; however, we did not observe a
longitudinal association between baseline PTH concentrations and progressive arterial
stiffening. Since those with the highest PTH levels also were found to have stiffer arteries at
baseline, acceleration of stiffness over time may be blunted since there could be less
physiologic “room” for progression of the carotid stiffness parameters (“ceiling” effect).
However, when baseline stiffness parameters were included in the models to attempt to
account for this discrepancy, still, no associations or even consistent trends were observed.
Although PTH and vitamin D were not longitudinally associated with changes in YEM and
DC, acceleration of stiffness parameters were observed as expected with traditional CVD
risk factors, such as advancing age and hypertension.*0 Alternatively, although 25-(OH)D
has a relatively long circulating half-life (approximately 3 weeks) and is considered a good
biomarker, a single measurement may not fully capture cumulative vitamin D exposure over
a 10 year period, resulting in misclassification. Similarly for PTH, which comparatively has
a much shorter half-life (2-4 minutes), making it even more subject to misclassification. A
single measurement seems adequate for cross-sectional associations but is less useful over a
decade of follow up.

Several limitations of the current study should be considered. First, we imaged the carotid
arteries but measured brachial artery blood pressure. Brachial artery pressure is considered
to be a surrogate for central aortic pressure, but may overestimate stiffness measurements
since brachial measurements can overestimate central pressures, though the two measures
are highly correlated, especially in older adults.*! Vitamin D and PTH status were defined
by baseline concentrations and the absence of follow up levels of either hormone poses a
challenge to the interpretation of the longitudinal analyses. This potentially is more likely to
be an issue with the vitamin since supplementation is common in the general population and
we did not have information regarding vitamin D supplementation during the follow up
period. Also, the race/ethnicity subgroup analyses may be limited by small sample size.
Since all participants had ultrasound studies at exams 1 and 5, there may be a survivorship
bias. Participants who were followed to exam 5 were healthier and less likely to have a non-
fatal CVD event than the complete MESA cohort which would likely result in a null bias

Conclusions

In cross-sectional analyses, we did not observe any independent associations between
arterial stiffness measures and vitamin D status. Carotid arterial stiffness was associated
with PTH concentrations >65 mg/dL, but the associations were attenuated by adjustment for
SBP. In longitudinal analyses, advancing age and hypertension were associated with
progression of arterial stiffness, but neither baseline PTH nor 25(OH)D were associated with
changes in arterial stiffness measures after nearly a decade of follow-up. Elevated PTH is
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associated with carotid stiffness, but the causal and temporal interrelationships of PTH,
blood pressure, and carotid stiffness are not entirely clear and warrant further study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance

Low vitamin D and high parathyroid hormone concentrations have been associated with
heart disease and hypertension, but much less is known about their long-term effects on
arterial stiffening, which has been linked to the development of heart failure, strokes, and
heart attacks. In this study, carotid artery stiffness was associated with high parathyroid
hormone levels, though this finding was attenuated by systolic blood pressure. Vitamin D
concentration was not associated with baseline arterial stiffness. Neither baseline
parathyroid hormone nor vitamin D concentrations were associated with changes in
arterial stiffening over nearly a decade of follow up. These findings suggest that
parathyroid hormone may impact the development of arterial stiffness, but the causal and
temporal interrelationships of PTH, blood pressure, and carotid stiffness are not entirely
clear and warrant further study.
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Figure 1.

a. Baseline Distensibility Coefficient by 25-hydroxyvitamin D and Parathyroid Hormone Concentrations
*Median p-trends fully adjusted as in Model 3.

b. Baseline Young’s Elastic Modulus by 25-hydroxyvitamin D and Parathyroid Hormone Concentrations
*Median p-trends fully adjusted as in Model 3.
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