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which restricted comparisons in the early part of the 
analysis period. Some surveys did not have data on 
hypertension diagnosis; nonetheless, countries with 
such features (eg, Japan) still had sufficient data to 
evaluate trends in awareness. Furthermore, survey 
protocols might differ across countries because of 
differences in their geographical and social circum-
stances. For example, the time before blood pressure is 
measured might differ across surveys. Nonetheless, 
surveys commonly start with an interview module before 
moving to physical measurements, which allows 
sufficient time for stabilisation of blood pressure, and all 
survey protocols include a resting time before blood 
pressure measurement.18 Finally, over time, standard 
mercury sphygmomanometers have been replaced by 
random-zero sphygmomanometers and, more recently, 
digital oscillometric devices in some health surveys. 

Surveys used in our study used the same type of device 
over time in each country, except those in Australia, 
Canada, Germany, and Spain, where the measurement 
instrument used changed over time (appendix pp 4–6). 
The effect of measurement device on hypertension 
prevalence depends on the circumstances of each survey. 
For example, an automated digital device, although not 
the traditional gold standard in a clinical setting, might 
help to reduce potential observer bias, compared with a 
standard mercury sphygmomanometer.19 However, 
measurements from different devices might not be fully 
comparable.20

The increase in hypertension awareness, treatment, 
and control, especially in the 1990s and early 2000s, 
was probably due to more widespread uptake of, 
and compliance with, clinical guidelines for hyper-
tension with simplified recommendations (see appendix 

Figure 6: Trends in hypertension control, by country, sex, and age group
See appendix (pp 29–41) for country-by-country results. Error bars indicate 95% CIs. 
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which restricted comparisons in the early part of the 
analysis period. Some surveys did not have data on 
hypertension diagnosis; nonetheless, countries with 
such features (eg, Japan) still had sufficient data to 
evaluate trends in awareness. Furthermore, survey 
protocols might differ across countries because of 
differences in their geographical and social circum-
stances. For example, the time before blood pressure is 
measured might differ across surveys. Nonetheless, 
surveys commonly start with an interview module before 
moving to physical measurements, which allows 
sufficient time for stabilisation of blood pressure, and all 
survey protocols include a resting time before blood 
pressure measurement.18 Finally, over time, standard 
mercury sphygmomanometers have been replaced by 
random-zero sphygmomanometers and, more recently, 
digital oscillometric devices in some health surveys. 

Surveys used in our study used the same type of device 
over time in each country, except those in Australia, 
Canada, Germany, and Spain, where the measurement 
instrument used changed over time (appendix pp 4–6). 
The effect of measurement device on hypertension 
prevalence depends on the circumstances of each survey. 
For example, an automated digital device, although not 
the traditional gold standard in a clinical setting, might 
help to reduce potential observer bias, compared with a 
standard mercury sphygmomanometer.19 However, 
measurements from different devices might not be fully 
comparable.20

The increase in hypertension awareness, treatment, 
and control, especially in the 1990s and early 2000s, 
was probably due to more widespread uptake of, 
and compliance with, clinical guidelines for hyper-
tension with simplified recommendations (see appendix 

Figure 6: Trends in hypertension control, by country, sex, and age group
See appendix (pp 29–41) for country-by-country results. Error bars indicate 95% CIs. 
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Long-term and recent trends in hypertension awareness, 
treatment, and control in 12 high-income countries: 
an analysis of 123 nationally representative surveys
NCD Risk Factor Collaboration (NCD-RisC)*

Summary
Background Antihypertensive medicines are effective in reducing adverse cardiovascular events. Our aim was 
to compare hypertension awareness, treatment, and control, and how they have changed over time, in high-
income countries.

Methods We used data from people aged 40–79 years who participated in 123 national health examination surveys 
from 1976 to 2017 in 12 high-income countries: Australia, Canada, Finland, Germany, Ireland, Italy, Japan, 
New Zealand, South Korea, Spain, the UK, and the USA. We calculated the proportion of participants with 
hypertension, which was defined as systolic blood pressure of 140 mm Hg or more, or diastolic blood pressure of 
90 mm Hg or more, or being on pharmacological treatment for hypertension, who were aware of their condition, who 
were treated, and whose hypertension was controlled (ie, lower than 140/90 mm Hg).

Findings Data from 526 336 participants were used in these analyses. In their most recent surveys, Canada, 
South Korea, Australia, and the UK had the lowest prevalence of hypertension, and Finland the highest. In the 1980s 
and early 1990s, treatment rates were at most 40% and control rates were less than 25% in most countries and age 
and sex groups. Over the time period assessed, hypertension awareness and treatment increased and control rate 
improved in all 12 countries, with South Korea and Germany experiencing the largest improvements. Most of the 
observed increase occurred in the 1990s and early-mid 2000s, having plateaued since in most countries. In their most 
recent surveys, Canada, Germany, South Korea, and the USA had the highest rates of awareness, treatment, and 
control, whereas Finland, Ireland, Japan, and Spain had the lowest. Even in the best performing countries, treatment 
coverage was at most 80% and control rates were less than 70%.

Interpretation Hypertension awareness, treatment, and control have improved substantially in high-income countries 
since the 1980s and 1990s. However, control rates have plateaued in the past decade, at levels lower than those in high-
quality hypertension programmes. There is substantial variation across countries in the rates of hypertension 
awareness, treatment, and control.

Funding Wellcome Trust and WHO.

Copyright © 2019 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
High blood pressure is one of the most important risk 
factors for stroke, heart disease, and kidney disease.1 
Antihypertensive medicines can effectively reduce blood 
pressure and the risk of associated diseases.2,3 As clinical 
trials have shown the benefits of pharmacological 
treatment for patients with low to moderate blood 
pressure, clinical guidelines have evolved to recommend 
lower blood pressure thresholds for initiating treat-
ment. National and regional hypertension programmes 
(eg, the Canadian Hypertension Education Program and 
Kaiser Permanente Northern California hypertension 
programme4,5) have demonstrated that it is feasible to 
achieve a high level of hypertension control by improving 
health-care provider and patient compliance with 
evidence-based guidelines, establishing a hyper tension 
registry, monitoring physician performance and pro-
viding feedback, and implementing regular blood 

pressure measurements and single-pill combination 
therapy.4

There are, however, few data on how different high-
income countries, with different health systems and 
clinical guidelines, compare in terms of hypertension 
awareness, treatment, and control; how comparative 
performance in these countries has changed over time; 
and which countries need to improve hypertension 
management. We aimed to benchmark hypertension 
awareness, treatment, and control across 12 high-income 
countries over a period of nearly four decades using 
national data.

Methods
Data sources
In this analysis, we used data from 123 national health 
examination surveys that were done from 1976 to 2017 in 
12 high-income countries: Australia, Canada, Finland, 
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authorities in order to manage each patient’s case in light of the scientifically accepted data pursuant to their respective ethical and professional obligations. It is also the health professional’s
responsibility to verify the applicable rules and regulations relating to drugs and medical devices at the time of prescription.

The content of these European Society of Cardiology (ESC) and European Society of Hypertension (ESH) Guidelines has been published for personal and educational use only.
No commercial use is authorized. No part of the ESC/ESH Guidelines may be translated or reproduced in any form without written permission from the ESC or ESH.
Permission can be obtained upon submission of a written request to Oxford University Press, the publisher of the European Heart Journal and the party authorized to handle
such permissions on behalf of the ESC (journals.permissions@oup.com).

This article has been co-published in the European Heart Journal (doi: 10.1093/eurheartj/ehy339) and Journal of Hypertension (doi:10.1097/HJH. 10.1097/HJH.0000000000001940), and in
a shortened version in Blood Pressure. All rights reserved. VC European Society of Cardiology and European Society of Hypertension 2018. The articles in European Heart Journal and
Journal of Hypertension are identical except for minor stylistic and spelling differences in keeping with each journal’s style. Any citation can be used when citing this article.
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2.1 What is new and what has changed in the 2018 ESC/ESH Arterial Hypertension
Guidelines?

Changes in recommendations

2013 2018

Diagnosis Diagnosis

Office BP is recommended for screening and diagnosis of

hypertension.

It is recommended to base the diagnosis of hypertension on:

• Repeated office BP measurements; or

• Out-of-office BP measurement with ABPM and/or HBPM if logistically

and economically feasible.

Treatment thresholds

Highnormal BP (130–139/85–89 mmHg):Unless the necessary

evidence is obtained, it is not recommended to initiate

antihypertensive drug therapy at high–normal BP.

Treatment thresholds

Highnormal BP (130–139/85–89 mmHg):Drug treatment may be

considered when CV risk is very high due to established CVD, especially

CAD.

Treatment thresholds

Treatment of low-risk grade 1 hypertension:

Initiation of antihypertensive drug treatment should also be

considered in grade 1 hypertensive patients at low–moderate-risk,

when BP is within this range at several repeated visits or elevated by

ambulatory BP criteria, and remains within this range despite a

reasonable period of time with lifestyle measures.

Treatment thresholds

Treatment of low-risk grade 1 hypertension:

In patients with grade 1 hypertension at low–moderate-risk and without

evidence of HMOD, BP-lowering drug treatment is recommended if the

patient remains hypertensive after a period of lifestyle intervention.

Treatment thresholds

Older patients

Antihypertensive drug treatment may be considered in the elderly

(at least when younger than 80 years) when SBP is in the

140–159 mmHg range, provided that antihypertensive treatment is

well tolerated.

Treatment thresholds

Older patients

BP-lowering drug treatment and lifestyle intervention is recommended in

fit older patients (>65 years but not >80 years) when SBP is in the

grade 1 range (140–159 mmHg), provided that treatment is well tolerated.

BP treatment targets BP treatment targets

An SBP goal of <140 mmHg is recommended. • It is recommended that the first objective of treatment should be to

lower BP to <140/90 mmHg in all patients and, provided that the

treatment is well tolerated, treated BP values should be targeted to

130/80 mmHg or lower in most patients.

• In patients <65 years it is recommended that SBP should be lowered

to a BP range of 120–129 mmHg in most patients.

Continued
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Prognostic Value of Reverse Dipper 
Blood Pressure Pattern in Chronic 
Kidney Disease Patients not 
Undergoing Dialysis: Prospective 
Cohort Study
Cheng Wang1,*, Zengchun Ye1,*, Yan Li2,*, Jun Zhang1, Qunzi Zhang1, Xinxin Ma1, Hui Peng1 & 
Tanqi Lou1

The “reverse dipping” blood pressure (BP) pattern has been studied among the general population 
and in individuals suffering from hypertension. However, the prognosis of this pattern in chronic 
kidney disease (CKD) patients is not known. We monitored BP throughout the day and followed health 
outcomes in 588 CKD patients admitted to our hospital. Time to all-cause mortality, cardiovascular 
mortality, renal events and cardiovascular events was recorded. Multivariate-adjusted Cox regression 
analyses were carried out to detect the prognostic value of a reverse dipping BP pattern. Prevalence of 
a “dipper”, “non-dipper” and “reverse dippers” was 34.69%, 43.54% and 18.03%, respectively. Patients 
with a reverse dipping pattern had a higher prevalence of total mortality, cardiovascular mortality, 
renal events and cardiovascular events than patients with a dipping pattern (P < 0.025). Multivariate-
adjusted Cox regression analyses showed that reverse dippers (versus dippers) were associated with 
a higher risk of total mortality (hazard ratio [HR], 5.08; 95% confidence interval [CI], 1.79~14.47), 
cardiovascular mortality (4.17; 1.25~13.88), renal events (3.00; 1.59~5.65) and cardiovascular events 
(4.12; 1.78~9.51) even after adjustment by 24-h systolic BP. These data suggest that a reverse dipping 
BP pattern, independent of 24-h levels of systolic BP, has prognostic value in CKD patients not 
undergoing dialysis.

Chronic kidney disease (CKD) is a public-health issue in China. Prevalence of CKD in China is 10.8%, so the 
number of patients with CKD in China has been estimated to be ≈ 119.5 million according to one survey1. 
Hypertension has been reported to be the leading risk factor for death in patients with CKD, and contributes to 
45% of deaths in males, and 46% in females in CKD patients1,2. Prevalence of hypertension in Chinese patients 
with CKD not undergoing non-dialysis was reported to be 67.3%3. Sustained high blood pressure (BP) is an 
important risk factor that causes deterioration of renal function, and is associated with a high prevalence of cardi-
ovascular events and mortality in CKD patients4. Anti-hypertension measures can slow the progression of CKD 
and cardiovascular disease (CVD) in CKD patients5.

Ambulatory blood pressure monitoring (ABPM) is a better predictor of target-organ damage and cardio-
vascular events than clinical monitoring of BP6–9. ABPM can provide detailed information on BP over a 24-h 
period. According to the ratio of systolic blood pressure (SBP) at night and day based on ABPM data, patients can 
be classified as “extreme dippers”, “non-dippers”, “reverse dippers” and “dippers”10–12. One study demonstrated 
that 80% of participants with hypertensive kidney disease had a non-dipping (41%) or reverse dipping (39%) 
BP profile, and that non-dippers and reverse dippers had more severe damage to target organs (proteinuria and 
left-ventricular hypertrophy) compared with patients with a normal BP pattern13.
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1. Introduction

Vitamin D is a multifunctional pro-hormone postulated to have
widespread actions in humans. Poor vitamin D status is common in
institutionalized people, those with darker skin, those taking
medications that accelerate the catabolism of vitamin D, those
with gastrointestinal malabsorption diseases, those who are obese,
and among older people. Poor vitamin D status results in secondary
hyperparathyroidism, osteomalacia, osteoporosis, and increased
risks of falls and fractures, and is associated with a variety of non-
communicable diseases that lead to poor health outcomes. The
prevalence of hypovitaminosis D is high among the populations of
the United Arab Emirates, Saudi Arabia, Oman, and other Middle
Eastern countries, especially among women [1,2]. In general, dark-
skinned persons are at higher risk of being deficient in vitamin D
compared with their white-skinned counterparts.

Vitamin D deficiency is associated with several serious con-
sequences, including increased risk of common cancers and
autoimmune diseases, infectious, and cardiovascular diseases
(CVDs) [3]. Many lifestyle factors, including smoking, alcohol
consumption, and lack of physical activity; malnutrition; metabolic
abnormalities, such as diabetes, insulin resistance, and obesity; and
excessive stress are known to have a negative impact on the risk for

CVDs. In addition, some endogenous and exogenous conditions,
behavioral patterns, environmental conditions, and epigenetic
influences have major effects on the development of CVD.

Conditions and issues such as pollution, consumption of
contaminated water and food, infectious and parasitic diseases,
climate change, and deficiencies in micro-nutrients (vitamins and
minerals) have deleterious effects on CVD [4,5]. Vitamin D has anti-
inflammatory and anti-mitotic actions that facilitate stabilizing the
endothelium and vascular smooth muscel cells, one of the key
explanations for its cardiovascular-protective effects [6,7]. In the
human body, approximately 80% of the daily vitamin D require-
ment (D3) should be generated via skin after exposure to ultraviolet
B (UVB) rays from the sun [8,9], but sun-avoidance behavior
prevnet this in many people.

Dietary vitamin D consists of both D2 and D3, but the diet
provides insufficient amounts of vitamin D. Therefore, in the
absence of supplements, a significant portion of vitamin D in
humans needs to come from exposure to solar Untraviolet B (UVB)
[2,10] or individuals are likely to experience vitamin D deficiency.
Fig. 1 illustrates the routes of generation and key sites of activation
of vitamin D; 25-hydroxylation in the liver generates 25-hydroxy
vitamin D [25(OH)D] and 1a-hydroxylation in renal tubules
produces its active secosteroid hormone, 1,25(OH)2D.

Fig. 1. Metabolic activation of vitamin D.
The generation of pre-vitamin D in the skin from the precursor 7-dehydrocholesterol, following skin exposure to UVB is illustrated. Pre-vitamin D together with the vitamin D
absorbed via the gastrointestinal tract are transported to the liver, where 25-hydroxylase enzyme (CYP24A1) converts it to 25(OH)D, the body’s storage form of vitamin D. 1a-
hydroxylase enzyme (CYP27B1) is predominantly located in renal tubules (also present in other cells, such as in macrophage), converts 25(OH)D into its active hormonal form,
1,25(OH)D. Any excess vitamin D is converted to an inactive metabolite through 24-hydroxylation.
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A B S T R A C T

Vitamin D regulates blood pressure, cardiac functions, and endothelial and smooth muscle cell functions,
thus, playing an important role in cardiovascular health. Observational studies report associations
between vitamin D deficiency with hypertension and cardiovascular-related deaths. Peer-reviewed
papers were examined in several research databases as per the guidelines of the Preferred Reporting
Items for Systematic Reviews, using key words that address the relationship between vitamin D and
cardiovascular disease. Correlations and interpretations were made considering the risks–benefits,
broader evidence, and implications. This review analyzed current knowledge regarding the effects of
vitamin D on the cardiovascular system. 1,25(OH)2D and related epigenetic modifications subdue cellular
inflammation, improve overall endothelial functions, reduce age-related systolic hypertension and
vascular rigidity, and attenuate the actions of the renin–angiotensin–aldosterone system. Most
observational and ecological studies support 25(OH)vitamin D having protective effects on the
cardiovascular system. However, the association of vitamin D deficiency with cardiovascular diseases is
based primarily on observational and ecological studies and thus, is a matter of controversy. Adequately
powered, randomized controlled clinical trial data are not available to confirm these associations. Thus,
to test the hypothesis that correction of vitamin D deficiency protects the cardiovascular system, well-
designed, statistically powered, longer-term clinical trials are needed in persons with vitamin D
deficiency. Nevertheless, the available data support that adequate vitamin D supplementation and/or
sensible sunlight exposure to achieve optimal vitamin D status are important in the prevention of
cardiovascular disease and other chronic diseases.

© 2016 Elsevier Ltd. All rights reserved.
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Abstract: The aim of this review is to investigate, whether there is a possible link between vitamin D
supplementation and the reduction of blood pressure in hypertensive patients. The renin-angiotensin
-aldosterone system is known for being deeply involved in cardiovascular tonus and blood
pressure regulation. Hence, many of the pharmaceutical antihypertensive drugs inhibit this
system. Interestingly, experimental studies in mice have indicated that vitamin D supplementation
significantly lowers renin synthesis and blood pressure. It is conceivable that similar mechanisms may
be found in the human organism. Regarding this, large-scale cross-sectional studies suggest the serum
25(OH)D-level to be inversely correlated to the prevalence of hypertension. However, randomized
controlled trials (RCTs) have not found a clear association between vitamin D supplementation and
improvements in hypertension. Nevertheless, the missing association of vitamin D and hypertension
in clinical trials can be due to suboptimal study designs. There are hints that restoration of serum
25(OH)D levels during vitamin D therapy is essential to achieve possible beneficial cardiovascular
effects. It is important to perform long-term trials with a short dose interval and a high bioavailability
of supplementation. Taken together, more RCTs are required to further investigate if vitamin D can
be beneficial for the reduction of blood pressure.

Keywords: vitamin D; hypertension; essential hypertension; renin-angiotensin-aldosterone system
(RAAS); cholecalciferol

1. Introduction

According to the World Health Organization (WHO), one in three adults worldwide has raised
blood pressure—a condition that causes around half of all deaths from stroke and heart disease [1].
Adiposity, lack of physical activity and excessive salt intake are some of the best-known environmental
factors associated with hypertension. In recent years, yet another cause has been postulated: vitamin
D deficiency [2–6]. Vitamin D is a key player in calcium homeostasis, in maintaining optimal bone
metabolism and reducing fracture risk [7]. Several studies indicate that vitamin D also seems to play
a protective role against the development of hypertension [5,8]. In this review, we summarize the
existing literature that is concerned with vitamin D and hypertension and investigate if vitamin D
(supplements) could be a beneficial treatment agent for hypertensive individuals.

For the literature search, the online databases PubMed (http://www.ncbi.nlm.nih.gov/pubmed/),
Scopus (http://www.scopus.com/) and clinicaltrials.gov (http://clinicaltrials.gov/) were used up to
January 2018. Search terms such as; “(Cholecalciferol OR vitamin D) and hypertension”; “Essential
hypertension and (cholecalciferol OR ergocalciferol)”; “Vitamin D deficiency and hypertension”, have

Int. J. Mol. Sci. 2018, 19, 455; doi:10.3390/ijms19020455 www.mdpi.com/journal/ijms
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3.3. Suppression of Renin Production

In 2002, Li et al. designed an in vivo study of renin expression in VDR-null mice [28]. One group
of wildtype mice (n = 9) were compared with a group of VDR-null mice (n = 8). The mice were given
optimal growing conditions. After two months of age, they were put on a special diet for five weeks
to normalize the calcium levels in plasma. Afterwards, the BP was measured under anaesthesia,
renin-expression as well as the angiotensin (ANG) II activity were analysed. Interestingly, these
analyses revealed a significantly higher (>20 mmHg) diastolic BP and SBP in VDR-null mice vs.
wildtype mice. To obtain quantitative values of mRNA renin-expression, the Northern blot method
was used. A significant 3.5-fold higher renin-expression and 2.5-fold higher serum level of ANG II in
VDR-null mice vs. wildtype mice was seen (p < 0.001) [28].

To investigate the direct effects of active vitamin D on renin synthesis, another group of wildtype
mice had five injections of 30 pmol 1,25(OH)2D3 in three following days. It turned out that the
1,25(OH)2D3 treatment gave a 50% reduction in renin-mRNA, when compared to the control group
(n � 3 in each group). Taken together, these findings imply the importance of vitamin D as an effective
suppressor of the renin synthesis.

To elucidate the molecular pathways behind the downregulating effect of vitamin D on
renin-transcription, Yuan et al. prepared an in vitro study [29]. In this study, specific juxtaglomerular
As4.1 tumour cells from mice kidneys were analysed. In As4.1 cells the cyclic adenosine monophosphate
(cAMP)/protein kinase A (PKA) pathway (shown in Figure 3) is deeply involved in the transcription of
prorenin-mRNA. A G↵S-coupled protein activates adenylate cyclase (AC), which converts adenosine
triphosphate (ATP) into cAMP. The elevated level of cAMP activates protein kinase A (PKA). The catalytic
subunit of PKA then translocates to the nucleus, where it phosphorylates the cAMP response
element-binding protein (CREB). Subsequently, CREB binds to its response element (CRE) in the promoter
region of the Ren1C gene. The other co-activators CBP and p300 are recruited to form a CREB-CBP-CRE
complex that promotes the gene transcription of pro-renin-mRNA.

  
(a) (b) 

Figure 3. cAMP-PKA pathway. (a) Signalling in a juxtaglomerular cell in absence of 1,25(OH)2-vitamin
D3; (b) Signalling in presence of 1,25(OH)2-vitamin D3. cAMP: cyclic adenosine monophosphate,
CBP: CREB-binding protein, CRE: cAMP-dependent response element, CREB: cAMP response
element-binding protein, G↵S: GS-protein alpha subunit, P: phosphate, PKA: protein kinase A, Pol II:
RNA polymerase II, VDR: vitamin D receptor. The “+” stands for “JG in presence of”.
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Letter: does vitamin D have a potential role against COVID-19?

We read with interest the article by Tian et al reviewing the gastroin-

testinal aspects of COVID-19 and the letter published in connection 

with that by Panarese and Shahini.1,2 The latter recommended vita-

min D prophylaxis for prevention of COVID-19 particularly in cases 

of vitamin D deficiency.

In this context, several authorities believe that vitamin D will be 

beneficial, and clinical trials are currently underway.3 There is a pau-

city of data to show the role of vitamin D on COVID-19. It is also vital 

to know the role of vitamin D on asymptomatic COVID-19 cases. The 

positive role of vitamin D in diabetes mellitus, and cardiovascular 

disease may be beneficial in controlling COVID-19.4

However, there is a paradoxical effect of vitamin D for prevent-

ing the severity of COVID-19. Since the world is currently facing 

a pandemic, discussion of this is also essential. When inhaled, the 

SARS-CoV-2 virus, attaches to angiotensin-converting enzyme 2 

(ACE2) expressed on the surface of alveolar epithelial cells. Once 

the virus binds to ACE2, it reduces its activity and, in turn, promotes 

ACE1 activity forming more angiotensin II. It causes heightened pul-

monary vasoconstriction and severity of COVID-19.5,6

The vitamin D analogue calcitrol increases expression of ACE2 

in the lungs in experimental animals in specific experimental con-

ditions.7 ACE2 thus expressed more as a consequence of vitamin D 

supplementation might reduce lung injury.8 It can promote binding of 

the virus to the pulmonary epithelium. Also, vitamin D may suppress 

renin activity.7 That in turn may generate less angiotensin II resulting 

in less pulmonary vasoconstriction (Figure 1). Although vitamin D 

induces the expression of ACE2, which indeed promotes the bind-

ing of the virus, it prevents pulmonary vasoconstriction response in 

COVID-19 cases. COVID-19 is not an isolated disease where vitamin 

D behaves in this manner. A similar mechanism is observed in influ-

enza. The influenza virus H7N9 also produces a heightened angio-

tensin II response, and lung injury is prevented by the expression 

of ACE2 protein.9 However, vitamin D supplementation prevents 

influenza-related illness.10 Although the exact mechanism remains 

unclear, ACE2 over-expression could be a possibility. Based on the 

above observation, we conclude that vitamin D may reduce the se-

verity of COVID-19 in a manner analogous to influenza.
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Abstract

 

Aims

 

To test whether a single large dose of vitamin D2 can improve endothelial function in patients with Type 2
diabetes mellitus and low serum 25-hydroxyvitamin D levels.

 

Methods

 

Double-blind, parallel group, placebo-controlled randomized trial. A single dose of 100 000 IU vitamin D2 or
placebo was administered to patients with Type 2 diabetes over the winter, when levels of circulating 25-hydroxyvitamin
D were likely to be lowest. Patients were enrolled if their baseline 25-hydroxyvitamin D level was < 50 nmol/l. Endothelial
function and blood pressure were measured and fasting blood samples were taken at baseline and 8 weeks after
administration of vitamin D.

 

Results

 

Forty-nine per cent of subjects screened had 25-hydroxyvitamin D levels < 50 nmol/l. Thirty-four subjects
completed the study, with a mean age of 64 years and a baseline 25-hydroxyvitamin D level of 38.3 nmol/l. Vitamin D
supplementation increased 25-hydroxyvitamin D levels by 15.3 nmol/l relative to placebo and significantly improved
flow mediated vasodilatation (FMD) of the brachial artery by 2.3%. The improvement in FMD remained significant after
adjusting for changes in blood pressure. Vitamin D supplementation significantly decreased systolic blood pressure by
14 mmHg compared with placebo; this did not correlate with change in FMD.

 

Conclusions

 

Vitamin D insufficiency is common in patients with Type 2 diabetes during winter in Scotland. A single
large dose of oral vitamin D2 improves endothelial function in patients with Type 2 diabetes and vitamin D insufficiency.

Diabet. Med. 25, 320–325 (2008)
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blood pressure, endothelial function, vitamin D
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FMD, flow-mediated vasodilation; GTN, glyceryl trinitrate; HbA

 

1c

 

, glycated haemoglobin; HOMA,
homeostatic model assessment; PTH, parathyroid hormone; VEGF, vascular endothelial growth factor 

 

Introduction

 

Vitamin D insufficiency, defined as serum 25-hydroxyvitamin
D levels < 50 nmol/l [1], is common in patients with Type 2
diabetes [2,3]. Low 25-hydroxyvitamin D levels are also asso-
ciated with an increased rate of cardiovascular events [4]. It
has been demonstrated that patients at high latitudes are
particularly prone to low 25-hydroxyvitamin D levels during
winter months, and cardiovascular deaths are known to peak
during winter in these populations [4]. Low levels of 25-
hydroxyvitamin D are associated with many markers of

cardiovascular disease; for example, hypertension [5], increased
vascular resistance [6] and increased left ventricular mass
index [7]. In addition, 25-hydroxyvitamin D levels correlate
inversely with coronary calcification, an indicator of
atherosclerosis and a precursor of cardiovascular events [8].

In several small supplementation studies, interventions to
increase 25-hydroxyvitamin D has been shown to reduce
blood pressure in populations at risk of cardiovascular disease
[9,10]. There is also evidence that vitamin D supplementation
increases pancreatic insulin release and improves insulin
resistance [11] plus impaired glucose tolerance [12] in patients
with Type 2 diabetes.

Endothelial function is a powerful surrogate marker of
cardiovascular risk [13], which is impaired in patients with
Type 2 diabetes [14]. Impaired endothelial function has been
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serum levels into the normal range (HOMA +15 vs. 

 

−

 

98,

 

P

 

 = 0.003).

 

Discussion

 

Our first finding of note is that vitamin D insufficiency is
remarkably common during winter in patients with Type 2
diabetes in Scotland. Our second main finding is that vitamin
D supplementation improves endothelial function in this
group of patients. Endothelial function is a powerful surrogate
marker of cardiovascular risk [13]. Changes in endothelial
function are the best available surrogate to predict what
effect a new therapy will have on cardiovascular events [18].
Treatment-induced changes in endothelial function have
produced a few false positive results (e.g. hormone replacement
therapy and antioxidant vitamins) but have not produced a
false negative result. Endothelial function is thus a highly
sensitive, albeit not perfectly specific, test for predicting which
interventions are likely to reduce cardiovascular events [13].
Thus, the improvement in endothelial function seen in this
study provides evidence that high-dose vitamin D therapy may
be able to reduce cardiovascular events in patients with Type 2
diabetes, and merits further study.

There are several possible mechanisms by which vitamin D
could improve endothelial function. Vitamin D may improve
endothelial function indirectly by reducing blood pressure,
which may in turn be due to its suppressing renin [19]
and/or to its decreasing vascular resistance [20]. Vitamin D
may favourably alter coronary calcification, which is a
precursor of vascular events and a common finding in Type 2

diabetes. This possibility arises because of previous observational
data linking low 25-hydroxyvitamin D levels with coronary
calcification [8]. Vitamin D supplementation has been shown
to reduce levels of tumour necrosis factor (TNF)-

 

α

 

, a pro-
inflammatory cytokine, in patients with chronic heart failure
[21]. Vitamin D also reduces activation of a key cellular
component of the atherosclerotic response—the macrophage
[22]. Human endothelial cells are able to synthesize the active
form of vitamin D, which may act at the local level to modulate
the effects of inflammatory cytokines on the vasculature [23].
The vitamin D receptor activates a wide variety of other genes
[20] including vascular endothelial growth factor (VEGF).
VEGF receptor expression is impaired in patients with
Type 2 diabetes [24] and VEGF in turn promotes nitric oxide
synthesis by endothelial cells [25]. It has also been hypothesized
that low vitamin D levels and subsequent secondary hyper-
parathyroidism may promote an acute-phase response which
could explain why low levels of vitamin D may be a risk factor
for increased cardiovascular events [26]. Many hypotheses are
possible and further detailed studies are now warranted to
elucidate the pathways by which vitamin D improves endothelial
function in patients with Type 2 diabetes.

Interpretation of the blood pressure changes in this study is
made difficult because of near-significant differences at
baseline, but vitamin D supplementation did produce a highly
significant fall in systolic blood pressure (

 

P

 

 < 0.001) and a
non-significant fall in diastolic blood pressure. However, the
effect of vitamin D on endothelial function appeared to be
independent of its effect on blood pressure; the improvement
in endothelial function increased slightly after adjustment for

Table 2 Change from baseline of parameters during treatment with vitamin D or placebo, n = 34

Parameter Change with vitamin D Change with  placebo P (between groups)

Vitamin D homeostasis
Vitamin D (nmol/l) 22.9 ±  16.6 7.6 ±  12.5 0.02
Calcium (mmol/l) 0.01 ±  0.08 −0.04 ±  0.10 0.07
Phosphate (mmol/l) 0.05 ±  0.14 −0.04 ±  0.14 0.08
PTH (pmol/l) −0.14 ±  0.99 −0.18 ±  0.94 0.89
Glycaemic control
HbA1c (%) 0.01 ±  0.60 −0.05 ±  0.39 0.74
HOMA (IS) −39.7 ±  79.3 −25.6 ±  139.0 0.72
Endothelial function
FMD response to hyperaemia (%) 2.35 ±  3.12 0.06 ±  3.39 0.048
FMD flow (%) 1.17 ±  26.68 3.55 ±  21.55 0.78
FMD response to GTN (%) −1.33 ±  2.72 −0.98 ±  5.65 0.82
Blood pressure
Systolic BP (mmHg) −7.3 ±  11.8 6.6 ±  9.7 0.001
Diastolic BP (mmHg) −2.2 ±  8.6 2.3 ±  5.7 0.08
Renin–angiotensin levels
Renin (ng/ml) 1.85 ±  0.48 −0.79 ±  2.04 0.06
Angiotensin II (pg/ml) −6.3 ±  19.0 6.8 ±  30.0 0.14

Mean ±  SD.
BP, blood pressure; FMD, flow-mediated vasodilation; GTN, glyceryl trinitrate; HbA1c, glycated haemoglobin; HOMA, homeostatic model 
assessment; IS, insulin sensitivity; PTH, parathyroid hormone; SD, standard deviation.
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Abstract The evidence on the association between
baseline vitamin D status and risk of incident hypertension

in general populations is limited and has not been reliably

quantified. We conducted a systematic review and meta-
analysis of published prospective studies evaluating the

associations of baseline vitamin D status (circulating

25-hydroxyvitamin D [25(OH)D] levels and dietary vita-
min D intake) with risk of hypertension. Eligible stud-

ies were identified in a literature search of MEDLINE,

EMBASE, and Web of Science up to November 2012.
Pooled relative risks (RRs) with 95 % confidence intervals

were calculated using random effects models. Generalized

least-squares trend estimation was used to assess dose–
response relationships. Of the 2,432 articles reviewed for

eligibility, eight unique prospective cohorts with aggregate

data on 283,537 non-overlapping participants and 55,816
incident hypertension cases were included. The RRs (95 %

CIs) for hypertension in a comparison of extreme thirds of

baseline levels of vitamin D were 0.70 (0.58, 0.86) for
seven studies that measured blood 25(OH) D levels and

1.00 (0.95, 1.05) for four studies that assessed dietary

vitamin D intake. The pooled RR of incident hypertension
per 10 ng/mL increment in baseline 25(OH)D levels was

0.88 (0.81, 0.97) in dose–response analysis. Evidence was

lacking of heterogeneity among studies that measured
blood 25(OH) D levels and those that assessed dietary

vitamin D status. Studies are needed to determine whether

the association of vitamin D with hypertension represents a
causal association and also to determine whether vitamin D

therapy may be beneficial in the prevention or the treat-

ment of hypertension.

Keywords Vitamin D ! Blood pressure ! Hypertension !
Meta-analysis

Introduction

The role of vitamin D in regulating calcium and bone
homeostasis is well known [1, 2]. Vitamin D deficiency

typically assessed by circulating levels of 25-hydroxyvi-

tamin D (25(OH)D) has been implicated in numerous
disease conditions in many other organ systems such as the

cardiovascular system. Conditions that have been linked to
vitamin D deficiency include type 2 diabetes [3], metabolic

syndrome [3], coronary heart disease [4], renal disease [5],

and all-cause mortality [6]. Growing evidence points to the
existence of a strong link between vitamin D and blood

pressure. Several cross-sectional studies have investigated

the association between levels of vitamin D, as measured
by 25(OH)D and risk of hypertension and have generally

reported inverse associations [7–9]. The study designs were

however limited, as the temporal sequence of the rela-
tionship could not be firmly established and it was not clear

whether low vitamin D status increased the risk of hyper-

tension among healthy individuals. During the past decade,
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There was no evidence of heterogeneity among the findings

of the studies that measured blood 25(OH)D levels
(P = 0.10) and among those that assessed dietary vitamin

D status (P = 0.13). Exclusion of any single study from the

meta-analysis had little effect on the pooled RRs. When a
fixed effect model was employed, the summary RRs were

identical to that of random-effects meta-analysis. As funnel

plots are unlikely to be useful in meta-analyses containing
fewer than five studies [31], publication bias was only

evaluated for the analysis that involved 25(OH)D levels.

There was no evidence of publication bias among studies
that measured 25(OH)D (Egger’s test P = 0.08).

Dose–response analysis

Five studies reporting RRs for 25 (OH)D exposures in at

least three levels were included in the dose–response
analysis. With a total of 2,371 hypertension cases among

6,716 participants, the pooled RR of incident hypertension

per 10 ng/mL increment in 25(OH)D levels was 0.88
(95 % CI: 0.81, 0.97) with no evidence of heterogeneity

(P = 0.82) among the contributing studies (Fig. 3).

Comment

Previously reported meta-analyses have not been able to

quantify precisely the prospective associations between

vitamin D status and risk of hypertension because they
were limited by the following: there were few incident

cases of hypertension available for analyses, they com-

bined results of studies involving different designs, and did
not standardise reported risk estimates to a consistent

comparison. Our updated meta-analysis, which involves a

total of eight unique prospective studies based in essen-
tially general populations with information on over 55,000

incident hypertension cases, provides a comprehensive

assessment of the association between vitamin D status and
risk of future hypertension. The pooled fully adjusted

results (albeit variably adjusted) of the associations

between vitamin D status and risk of hypertension, show
that individuals in the top thirds of vitamin D levels

(as measured by 25-hydroxy vitamin D) have a 30 % lower

risk of developing hypertension compared to those in the
bottom thirds. A number of possible mechanisms have

been proposed for the role of vitamin D levels in the

development of high blood pressure. Vitamin D deficiency
activates the renin-angiotensin-aldosterone system through

pathways associated with excessive circulating PTH as a

result of secondary hyperparathyroidism [32]. Vitamin D is
essential for normal insulin secretion [33] and its defi-

ciency is associated with insulin resistance [34] which may
be involved in the pathophysiology of hypertension [33].

Vitamin D may also exert its effects on the vascular

endothelial and smooth muscle cells, all of which expresses
the vitamin D receptor [35].

In pooled dose–response analysis of five studies, a

10 ng/mL increment in 25(OH)D levels was associated
with a 12 % lower risk of hypertension. Two studies

reported monotonous risk increases for incident hyperten-

sion across increasing levels of 25(OH)D [10, 11].
Margolis et al.’s[13] results did not support either a linear

or significant nonlinear association, though the shape of the

association was similar to that demonstrated for 25(OH)D
levels and risk of incident cardiovascular outcomes [36].

There have been suggestions that higher 25(OH)D levels

above a certain threshold may not necessarily lower the
risk of cardiovascular outcomes and that beneficial clinical

effects of increasing vitamin D levels may only be evident

among individuals with vitamin D deficiency [14]. Further
work is required to determine the shape that better

describes the vitamin D-hypertension association. There is

presently no consensus on sufficient or optimal levels of
25(OH)D, but levels C30 ng/mL have been classified as

optimal from a bone health point of view [37], with levels

below 20 ng/mL generally regarded as deficient. There is
still limited evidence on the optimal levels of 25(OH)D

2432 potentially relevant 
citations from MEDLINE, 

EMBASE, and Web of 
Science

2369 excluded on basis of title 
and/or abstract

55 articles excluded due to:
41 Cross-sectional studies    
7 No relevant exposure    
5 No relevant outcome 
2 Duplicate publication

8 articles consisting of 11 
eligible studies 

63 Full-text articles retrieved 
for more detailed evaluation

Fig. 1 Search strategy for studies included in current review,
2005–2012
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to misclassification of vitamin D intake should be consid-

ered [27] as self-reported dietary instruments are known to

cause such biases [40]. Third, participants in all four con-
tributing studies [27, 30] self-reported the diagnosis of

hypertension, making misclassification of hypertension

status a possibility. Fourth, there is a possibility that par-
ticipants whose dietary vitamin D intakes were assessed

may already have very low blood levels of vitamin D

(studies did not provide baseline mean 25(OH)D levels
‘‘Appendix Table 1’’).

The strengths and potential limitations of this review and

meta-analyses deserve mention. This is the largest meta-

analysis of prospective associations ever conducted to date
which involves more incident hypertension cases than ever

before and provides precise estimates of the magnitude of the

association of hypertension risk with vitamin D levels. We
employed standardised risk estimates from all contributing

studies to allow a consistent combination of estimates across

studies. Dose–response relationships were assessed using
GLST analysis, allowing the combination of comparable
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Vitamin D has its primary functions in the musculoskeletal 
system and its role in preventing osteomalacia and rickets is 
well characterized.1 In recent years, vitamin D deficiency has 
been linked to diseases in many other organ systems includ-
ing the cardiovascular system,2,3 and it has been shown 
that the ubiquitously present vitamin D receptor regulates 
a large number of genes not involved in calcium metabo-
lism.4 Moreover, many tissues in the human body includ-
ing vascular endothelial cells and cardiomyocytes express 
1α-hydroxylase,5–7 suggesting that vitamin D also functions 
in para- and autocrine ways.

Solar ultraviolet B (UVB) radiation is our most important 
source of vitamin D,8 and accordingly plasma levels of 25- -
hydroxy-vitamin D (25(OH)D) exhibit seasonal variations.9,10 

In populations studies, p-25(OH)D is inversely correlated 
with blood pressure (BP), and vitamin D deficiency has been 
linked to both prevalence of hypertension and risk of incident 
hypertension.11–13 However, poor vitamin D status is also 
associated with other cardiovascular risk factors such as obes-
ity, smoking, sedentary lifestyle, and unhealthy diet,10,14 there-
fore raising the question whether true causal relations exist.15 
Results from clinical trials investigating the effect of vitamin D 
on BP have been inconsistent, and neither of two recent meta-
analyses found strong evidence to support a substantial effect 
of vitamin D.16,17

The discrepancy in findings from clinical trials to date can 
be related to heterogeneity in study populations, low vita-
min D dosages, short duration of treatment, nonhyperten-
sive populations, and confounding solar UVB radiation.18 
Thus, randomized controlled trials establishing the effect of 
vitamin D supplementation on BP are still mandated. In this 
study, we tested the hypothesis that daily cholecalciferol sup-
plementation during winter months lowers BP in patients with 
hypertension.
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Effect of Cholecalciferol Supplementation During 
Winter Months in Patients With Hypertension: 
A Randomized, Placebo-Controlled Trial
Thomas Larsen1, Frank H. Mose1, Jesper N. Bech1, Annebirthe Bo Hansen2 and Erling B. Pedersen1

BACKGROUND
Low 25-hydroxy-vitamin D (25(OH)D) levels are inversely related 
to blood pressure (BP) and have been associated with incident 
hypertension. In people living at northern latitudes diminished 
cholecalciferol synthesis in the winter increases the risk of 
vitamin D deficiency. We wanted to test the hypothesis that daily 
cholecalciferol supplementation in the winter lowers BP in patients 
with hypertension.

METHODS
We investigated the effect of 75 μg (3,000 IU) cholecalciferol  
per day in a randomized, placebo-controlled, double-blind study  
in 130 hypertensive patients residing in Denmark (56º N). 
Ambulatory BP (24-h BP) and arterial stiffness were measured 
before and after 20 weeks of treatment, that took place between 
October and March.

RESULTS
A total of 112 patients (mean age 61 ± 10) with a baseline p-25(OH)
D of 23 ± 10 ng/ml completed the study. Compared with placebo, 
a nonsignificant 3/1 mm Hg (P = 0.26/0.18) reduction was found 

in 24-h BP. In patients with vitamin D insufficiency (<32 ng/ml) 
at baseline (n = 92), 24-h BP decreased by 4/3 mm Hg (P = 0.05/0.01). 
Central BP (CBP) estimated by applanation tonometry and 
calibrated with a standardized office BP was reduced by 7/2 mm Hg 
(P = 0.007/0.15) vs. placebo. No differences in carotid-femoral pulse 
wave velocity (PWV) or central augmentation index (AIx) were found 
between treatment arms.

CONCLUSIONS
Cholecalciferol supplementation, by a dose that effectively increased 
vitamin D levels, did not reduce 24-h BP, although central systolic 
BP decreased significantly. In a post-hoc subgroup analysis of 
92 subjects with baseline p-25(OH)D levels <32 ng/ml, significant 
decreases in 24-h systolic and diastolic BP occurred during 
cholecalciferol supplementation.

Keywords: arterial stiffness; blood pressure; cholecalciferol; 
hypertension; winter
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ing vascular endothelial cells and cardiomyocytes express 
1α-hydroxylase,5–7 suggesting that vitamin D also functions 
in para- and autocrine ways.

Solar ultraviolet B (UVB) radiation is our most important 
source of vitamin D,8 and accordingly plasma levels of 25- -
hydroxy-vitamin D (25(OH)D) exhibit seasonal variations.9,10 

In populations studies, p-25(OH)D is inversely correlated 
with blood pressure (BP), and vitamin D deficiency has been 
linked to both prevalence of hypertension and risk of incident 
hypertension.11–13 However, poor vitamin D status is also 
associated with other cardiovascular risk factors such as obes-
ity, smoking, sedentary lifestyle, and unhealthy diet,10,14 there-
fore raising the question whether true causal relations exist.15 
Results from clinical trials investigating the effect of vitamin D 
on BP have been inconsistent, and neither of two recent meta-
analyses found strong evidence to support a substantial effect 
of vitamin D.16,17

The discrepancy in findings from clinical trials to date can 
be related to heterogeneity in study populations, low vita-
min D dosages, short duration of treatment, nonhyperten-
sive populations, and confounding solar UVB radiation.18 
Thus, randomized controlled trials establishing the effect of 
vitamin D supplementation on BP are still mandated. In this 
study, we tested the hypothesis that daily cholecalciferol sup-
plementation during winter months lowers BP in patients with 
hypertension.
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Effect of Cholecalciferol Supplementation During 
Winter Months in Patients With Hypertension: 
A Randomized, Placebo-Controlled Trial
Thomas Larsen1, Frank H. Mose1, Jesper N. Bech1, Annebirthe Bo Hansen2 and Erling B. Pedersen1

BACKGROUND
Low 25-hydroxy-vitamin D (25(OH)D) levels are inversely related 
to blood pressure (BP) and have been associated with incident 
hypertension. In people living at northern latitudes diminished 
cholecalciferol synthesis in the winter increases the risk of 
vitamin D deficiency. We wanted to test the hypothesis that daily 
cholecalciferol supplementation in the winter lowers BP in patients 
with hypertension.

METHODS
We investigated the effect of 75 μg (3,000 IU) cholecalciferol  
per day in a randomized, placebo-controlled, double-blind study  
in 130 hypertensive patients residing in Denmark (56º N). 
Ambulatory BP (24-h BP) and arterial stiffness were measured 
before and after 20 weeks of treatment, that took place between 
October and March.

RESULTS
A total of 112 patients (mean age 61 ± 10) with a baseline p-25(OH)
D of 23 ± 10 ng/ml completed the study. Compared with placebo, 
a nonsignificant 3/1 mm Hg (P = 0.26/0.18) reduction was found 

in 24-h BP. In patients with vitamin D insufficiency (<32 ng/ml) 
at baseline (n = 92), 24-h BP decreased by 4/3 mm Hg (P = 0.05/0.01). 
Central BP (CBP) estimated by applanation tonometry and 
calibrated with a standardized office BP was reduced by 7/2 mm Hg 
(P = 0.007/0.15) vs. placebo. No differences in carotid-femoral pulse 
wave velocity (PWV) or central augmentation index (AIx) were found 
between treatment arms.

CONCLUSIONS
Cholecalciferol supplementation, by a dose that effectively increased 
vitamin D levels, did not reduce 24-h BP, although central systolic 
BP decreased significantly. In a post-hoc subgroup analysis of 
92 subjects with baseline p-25(OH)D levels <32 ng/ml, significant 
decreases in 24-h systolic and diastolic BP occurred during 
cholecalciferol supplementation.

Keywords: arterial stiffness; blood pressure; cholecalciferol; 
hypertension; winter
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(P = 0.02/0.18) was observed in brachial BP obtained imme-
diately before applanation tonometry. No changes between 
groups were observed in AIx (P = 0.37) or PWV (P = 0.66). 
However, from fall to late winter, PWV tended to increase in 
both the cholecalciferol group (0.45 ± 0.11 m/s, P = 0.004) and 
the placebo group (0.34 ± 0.13 m/s, P = 0.06).

Vasoactive hormones
Changes in brain natriuretic peptide, PRC, Ang II or ALDO 
are documented in Tables 2  and 3 . Median changes between 
baseline and follow-up in PRC and Ang II did not differ sig-
nificantly between groups (P = 0.07 and P = 0.49, respectively) 
although the largest suppression of these hormones seemed to 
occur in the placebo group.

DISCUSSION
Daily cholecalciferol supplementation during winter months 
did not lower 24-h BP significantly in patients with hyperten-
sion. However, a marked and highly significant reduction was 
observed in CBP, which was a secondary endpoint. While the 
optimal vitamin D level for cardiovascular health remains to 
be established, vitamin D sufficiency as it relates to optimal 
levels of biomarkers for calcium metabolism has been defined 
as p-25(OH)D≥32 ng/ml.20,21 Below this threshold PTH will 
start to rise.22,23 In our post-hoc subanalysis, we excluded 
patients who were vitamin D sufficient at baseline and found 
that treatment with cholecalciferol significantly reduced both 
systolic and diastolic 24-h BP.

In individuals with vitamin D deficiency (p-25(OH)D 
<20 ng/ml), reductions in systolic office BP have been reported 
after vitamin D supplementation in both type 2 diabetics and 
nondiabetics,24–26 and UVB irradiation significantly lowered 
both systolic and diastolic ambulatory BP.27 Brachial office BP 
was not a predefined endpoint in our study, but was obtained 
for the purpose of calibrating the SphygmoCor system. Our 
data showed that vitamin D had a pronounced effect on office 
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Figure 2 | Mean plasma concentrations of 25-hydroxy-vitamin D (p-25(OH)D) 
with s.e. From “5 weeks” onward p-25(OH)D was significantly improved  
(P < 0.001), whereas p-25(OH)D dropped significantly in the placebo group  
(P < 0.001). Light gray area represents vitamin D insufficiency (p-25(OH)D <32 ng/
ml). Dark gray area represents vitamin D deficiency (p25(OH)D <20 ng/ml).

Table 4 | Effect of cholecalciferol on blood pressure and 
measures of arterial stiffness

Baseline 20 weeks P value

24-h SBP (mm Hg)

 Placebo (n = 57) 131 ± 9 132 ± 11
0.26

 Cholecalciferol (n = 55) 132 ± 10 130 ± 11

24-h DBP (mm Hg)

 Placebo (n = 57) 77 ± 6 77 ± 7
0.18

 Cholecalciferol (n = 55) 77 ± 6 76 ± 7

24-h heart rate (bpm)

 Placebo (n = 57) 72 ± 10 72 ± 9
0.37

 Cholecalciferol (n = 55) 67 ± 8 67 ± 8

24-h daytime SBP (mm Hg)

 Placebo (n = 57) 136 ± 9 136 ± 11
0.28

 Cholecalciferol (n = 55) 137 ± 10 135 ± 12

24-h daytime DBP (mm Hg)

 Placebo (n = 57) 79 ± 7 80 ± 8
0.19

 Cholecalciferol (n = 55) 80 ± 7 79 ± 7

24-h daytime heart rate (bpm)

 Placebo (n = 57) 75 ± 10  75 ± 10
0.29

 Cholecalciferol (n = 55) 70 ± 8 70 ± 9

24-h nighttime SBP (mm Hg)

 Placebo (n = 57) 117 ± 10 117 ± 12
0.30

 Cholecalciferol (n = 55) 117 ± 11 115 ± 12

24-h nighttime DBP (mm Hg)

 Placebo (n = 57) 68 ± 7 68 ± 7
0.22

 Cholecalciferol (n = 55) 68 ± 7 67 ± 7

24-h nighttime heart rate (bpm)

 Placebo (n = 57) 63 ± 9  63 ± 10
0.65

 Cholecalciferol (n = 55) 60 ± 7 59 ± 8

Pulse wave velocity (m/s)a

 Placebo (n = 57) 8.7 ± 2.1  9.0 ± 2.4
0.66

 D3 (n = 54) 8.5 ± 2.3 9.0 ± 2.5*

Augmentation index (%)b

 Placebo (n = 55) 26 ± 9 26 ± 8
0.37

 D3 (n = 52) 26 ± 7 25 ± 9

Central SBP (mm Hg)b

 Placebo (n = 55) 132 ± 13 133 ± 15
0.007

 D3 (n = 52) 135 ± 16 130 ± 18*

Central DBP (mm Hg)b

 Placebo (n = 55) 82 ± 8 81 ± 8
0.15

 D3 (n = 52) 83 ± 8 80 ± 9*

Office SBP (mm Hg)b

 Placebo (n = 55) 142 ± 13 143 ± 15
0.02

 D3 (n = 52) 144 ± 16 139 ± 18*

Office DBP (mm Hg)b

 Placebo (n = 55) 81 ± 8 80 ± 7
0.18

 D3 (n = 52) 81 ± 11 79 ± 9*

Values are means ± s.d. P values in right column represent the probability of a difference 
between treatment groups.
bpm, beats per minute; DBP, diastolic blood pressure; SBP, systolic blood pressure.
aMeasurements available in 111 patients. bMeasurements available in 107 patients. 
*P < 0.05 vs. baseline.
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(P = 0.02/0.18) was observed in brachial BP obtained imme-
diately before applanation tonometry. No changes between 
groups were observed in AIx (P = 0.37) or PWV (P = 0.66). 
However, from fall to late winter, PWV tended to increase in 
both the cholecalciferol group (0.45 ± 0.11 m/s, P = 0.004) and 
the placebo group (0.34 ± 0.13 m/s, P = 0.06).

Vasoactive hormones
Changes in brain natriuretic peptide, PRC, Ang II or ALDO 
are documented in Tables 2  and 3 . Median changes between 
baseline and follow-up in PRC and Ang II did not differ sig-
nificantly between groups (P = 0.07 and P = 0.49, respectively) 
although the largest suppression of these hormones seemed to 
occur in the placebo group.

DISCUSSION
Daily cholecalciferol supplementation during winter months 
did not lower 24-h BP significantly in patients with hyperten-
sion. However, a marked and highly significant reduction was 
observed in CBP, which was a secondary endpoint. While the 
optimal vitamin D level for cardiovascular health remains to 
be established, vitamin D sufficiency as it relates to optimal 
levels of biomarkers for calcium metabolism has been defined 
as p-25(OH)D≥32 ng/ml.20,21 Below this threshold PTH will 
start to rise.22,23 In our post-hoc subanalysis, we excluded 
patients who were vitamin D sufficient at baseline and found 
that treatment with cholecalciferol significantly reduced both 
systolic and diastolic 24-h BP.

In individuals with vitamin D deficiency (p-25(OH)D 
<20 ng/ml), reductions in systolic office BP have been reported 
after vitamin D supplementation in both type 2 diabetics and 
nondiabetics,24–26 and UVB irradiation significantly lowered 
both systolic and diastolic ambulatory BP.27 Brachial office BP 
was not a predefined endpoint in our study, but was obtained 
for the purpose of calibrating the SphygmoCor system. Our 
data showed that vitamin D had a pronounced effect on office 
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Figure 2 | Mean plasma concentrations of 25-hydroxy-vitamin D (p-25(OH)D) 
with s.e. From “5 weeks” onward p-25(OH)D was significantly improved  
(P < 0.001), whereas p-25(OH)D dropped significantly in the placebo group  
(P < 0.001). Light gray area represents vitamin D insufficiency (p-25(OH)D <32 ng/
ml). Dark gray area represents vitamin D deficiency (p25(OH)D <20 ng/ml).

Table 4 | Effect of cholecalciferol on blood pressure and 
measures of arterial stiffness

Baseline 20 weeks P value

24-h SBP (mm Hg)

 Placebo (n = 57) 131 ± 9 132 ± 11
0.26

 Cholecalciferol (n = 55) 132 ± 10 130 ± 11

24-h DBP (mm Hg)

 Placebo (n = 57) 77 ± 6 77 ± 7
0.18

 Cholecalciferol (n = 55) 77 ± 6 76 ± 7

24-h heart rate (bpm)

 Placebo (n = 57) 72 ± 10 72 ± 9
0.37

 Cholecalciferol (n = 55) 67 ± 8 67 ± 8

24-h daytime SBP (mm Hg)

 Placebo (n = 57) 136 ± 9 136 ± 11
0.28

 Cholecalciferol (n = 55) 137 ± 10 135 ± 12

24-h daytime DBP (mm Hg)

 Placebo (n = 57) 79 ± 7 80 ± 8
0.19

 Cholecalciferol (n = 55) 80 ± 7 79 ± 7

24-h daytime heart rate (bpm)

 Placebo (n = 57) 75 ± 10  75 ± 10
0.29

 Cholecalciferol (n = 55) 70 ± 8 70 ± 9

24-h nighttime SBP (mm Hg)

 Placebo (n = 57) 117 ± 10 117 ± 12
0.30

 Cholecalciferol (n = 55) 117 ± 11 115 ± 12

24-h nighttime DBP (mm Hg)

 Placebo (n = 57) 68 ± 7 68 ± 7
0.22

 Cholecalciferol (n = 55) 68 ± 7 67 ± 7

24-h nighttime heart rate (bpm)

 Placebo (n = 57) 63 ± 9  63 ± 10
0.65

 Cholecalciferol (n = 55) 60 ± 7 59 ± 8

Pulse wave velocity (m/s)a

 Placebo (n = 57) 8.7 ± 2.1  9.0 ± 2.4
0.66

 D3 (n = 54) 8.5 ± 2.3 9.0 ± 2.5*

Augmentation index (%)b

 Placebo (n = 55) 26 ± 9 26 ± 8
0.37

 D3 (n = 52) 26 ± 7 25 ± 9

Central SBP (mm Hg)b

 Placebo (n = 55) 132 ± 13 133 ± 15
0.007

 D3 (n = 52) 135 ± 16 130 ± 18*

Central DBP (mm Hg)b

 Placebo (n = 55) 82 ± 8 81 ± 8
0.15

 D3 (n = 52) 83 ± 8 80 ± 9*

Office SBP (mm Hg)b

 Placebo (n = 55) 142 ± 13 143 ± 15
0.02

 D3 (n = 52) 144 ± 16 139 ± 18*

Office DBP (mm Hg)b

 Placebo (n = 55) 81 ± 8 80 ± 7
0.18

 D3 (n = 52) 81 ± 11 79 ± 9*

Values are means ± s.d. P values in right column represent the probability of a difference 
between treatment groups.
bpm, beats per minute; DBP, diastolic blood pressure; SBP, systolic blood pressure.
aMeasurements available in 111 patients. bMeasurements available in 107 patients. 
*P < 0.05 vs. baseline.
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BP, which may explain the reduction in CBP. Twenty-four hour 
BP is considered superior to office BP because of increased 
reproducibility.28 Standard deviations in 24-h BP and overlap-
ping confidence intervals between changes in systolic office BP 
and systolic 24-h BP suggest that we might have found a sig-
nificant effect on 24-h BP if more patients had been included 
in the study. The differences in the findings concerning office 
and ambulatory measurements may be chance findings caused 
by slightly insufficient power.

There are several possible mechanisms by which vitamin D 
may lower BP, including effects on the renin–angiotensin sys-
tem (RAS), PTH as well as direct modulatory effects on vascu-
lar smooth muscle cells. First, in animal studies 1,25(OH)2D 
downregulates renin expression independently from PTH and 
calcium levels,29 and renin expression is highly elevated in 
vitamin D receptor null mice, which leads to systemic hyper-
tension, cardiac hypertrophy, and heart failure.30–32 Although 
inverse correlations between p-25(OH)D and plasma renin 
activity have been documented in both normotensive and 
hypertensive populations,33–35 prospective human clinical trials 
have not confirmed this relationship satisfactorily. Conversely, 
Sugden et al. reported a highly significant decrease in systo-
lic BP 8 weeks after a single oral dose of 2.5 mg ergocalciferol 
without significant effects on PRC.26 The results of a descriptive 
study of 17 children and young adults with hereditary vitamin 
D resistant rickets were also remarkable, as none of the patients 
had hypertension, left ventricular hypertrophy or plasma renin 
activity elevation.36 Thus, the role of vitamin D in the complex 
regulation of renin expression has not been fully established in 
humans. In our study, cholecalciferol treatment did not alter 
plasma levels of RAS components significantly. On the con-
trary, PRC and Ang II tended to decrease. Given that most 
patients were on an angiotensin-converting enzyme inhibitor 
or Ang II receptor blocker, conclusions regarding changes in 
the RAS should be made with a certain reservation.

Second, the PTH receptor has been identified in vascular 
endothelium and smooth muscle cells,37 which suggests that 

PTH may have direct regulatory effects on the vessel wall.38 
Epidemiologic studies have shown independent associations 
between PTH and BP,39,40 and most patients with primary 
hyperparathyroidism are hypertensive.41 In addition, low cal-
cium levels have been shown to contribute to hypertension.42 
In experimental studies, BP increases during PTH infusion,43 
and PTH was a significant predictor of BP in elderly patients 
with hypertension.44 Cross-sectional data from the US 
National Health and Nutrition Examination Surveys suggest 
that the association between vitamin D and BP may in fact be 
mediated by PTH.45 In the present study, cholecalciferol sig-
nificantly suppressed PTH and increased Ca++ suggesting that 
at least part of the BP lowering effect of cholecalciferol may be 
PTH-mediated. Although there was a highly significant nega-
tive correlation between changes in 25(OH)D and PTH, only 
a weak positive correlation was observed between changes in 
PTH and systolic 24-h BP. At baseline, p-Ca++ and p-ALP were 
significantly higher in the placebo group. Although these find-
ings were seemingly unrelated to PTH and vitamin D status, 
the subsequent increase in p-Ca++ in cholecalciferol-treated 
patients should therefore be interpreted with caution. Neither 
plasma levels of phosphate nor FGF23 differed between treat-
ment groups, which are not unexpected in a population with 
preserved kidney function.

Third, endothelial cells and cardiomyocytes express 
1α-hydroxylase, and 1,25(OH)2D modulates the effects of 
inflammatory cytokines on the vasculature.5 In rat cell cul-
tures, 1,25(OH)2D caused a pronounced inhibition on vascu-
lar smooth cell growth.46 In vitamin D deficient patients with 
type 2 diabetes, ergocalciferol improved endothelial function 
independently from changes in BP.25 In our study neither 
PWV nor AIx were reduced significantly, indicating that arte-
rial stiffness was unaffected by cholecalciferol. In both groups, 
PWV tended to increase from fall to late winter, which is con-
sistent with previous observations that PWV is highest in the 
winter among hypertensive patients.47 These findings do not 
preclude; however, that vitamin D may have a direct effect on 
vascular resistance, and the study was not sufficiently powered 
to detect drug-related changes in PWV and AIx.

The study was conducted between October and March in 
Denmark (56º N) when cutaneous cholecalciferol synthesis 
is negligible.9 Vitamin D deficiency was slightly less prevalent 
compared to what has previously been described at these lati-
tudes.10 We attribute this to the fact that baseline examinations 
took place in late fall where plasma levels of vitamin D reach 
yearly peak values.10 Although a few patients spent vacation 
time at southern latitudes during the course of the trial, this 
did not result in a statistically significant difference in vitamin 
D status between travellers and non-travellers. However, travel-
lers receiving placebo did tend to have slightly higher vitamin 
D levels at follow-up. A cholecalciferol dose of 75 μg/day was 
highly effective in raising vitamin levels without causing hyper-
calcemia. Similarly findings were reported by Heaney et al. who 
employed cholecalciferol doses up to 275 μg,48 indicating that 
the upper tolerable vitamin D input level is much higher than 
previously assumed. Considering the 2-month whole-body 
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Figure 3 | Ambulatory blood pressure (BP) and heart rate in patients with 
plasma concentrations of 25–hydroxy–vitamin D <80 nmol/l at baseline (n = 
92). Mean values and s.e.m. after treatment with cholecalciferol and placebo. 
bpm, beats per minute; DBP, diastolic blood pressure; HR, heart rate; SBP, 
systolic blood pressure.
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Abstract | Most acute coronary syndromes are caused by sudden luminal thrombosis due to atherosclerotic 
plaque rupture or erosion. Preventing such an event seems to be the only effective strategy to reduce mortality 
and morbidity of coronary heart disease. Coronary lesions prone to rupture have a distinct morphology 
compared with stable plaques, and provide a unique opportunity for noninvasive imaging to identify vulnerable 
plaques before they lead to clinical events. The submillimeter spatial resolution and excellent image quality 
of modern computed tomography (CT) scanners allow coronary atherosclerotic lesions to be detected, 
characterized, and quantified. Large plaque volume, low CT attenuation, napkin-ring sign, positive remodelling, 
and spotty calcification are all associated with a high risk of acute cardiovascular events in patients. 
Computation fluid dynamics allow the calculation of lesion-specific endothelial shear stress and fractional flow 
reserve, which add functional information to plaque assessment using CT. The combination of morphologic 
and functional characteristics of coronary plaques might enable noninvasive detection of vulnerable plaques 
in the future.

Maurovich-Horvat, P. et al. Nat. Rev. Cardiol. advance online publication 22 April 2014; doi:10.1038/nrcardio.2014.60

Introduction
Cardiovascular diseases are the number one cause of 
death globally. The number of people who die from cardio-
vascular diseases, mainly from coronary heart disease and 
stroke, will increase to reach 23.3 million by 2030 from 
an estimated 17.3 million deaths in 2008. Cardiovascular 
diseases are projected to remain the single leading cause of 
death by 2030 globally.1,2 In 2014, an estimated 1.1 million 
people in the USA will have a major adverse coronary 
event, which will lead to death in ~34% of those individu-
als, despite many effective treatment strategies existing 
to lower cardiovascular risk.3 Furthermore, by 2030, the 
prevalence of coronary artery disease (CAD) in the USA 
is predicted to increase by 16.6%—from 8.0% (based on 
2010 estimates) to nearly 9.5%.3,4 Acute myocardial infarc-
tion and sudden cardiac death remain the first manifes-
tations of coronary atherosclerosis in the majority of the 
population (in 50% of men and 64% of women), which 
accounts for these unfavourable statistics.5,6 Most indi-
viduals do not, therefore, experience any symptoms or 
warning signs before the coronary event (acute coronary 
syndromes [ACS] or sudden cardiac death) occurs. 

Prevention of acute coronary events seems to be the 
only effective strategy to reduce the burden of cardio-
vascular disease and improve mortality and morbidity 
rates.7,8 Considerable efforts are ongoing to predict where 
acute coronary events will happen on an individual 
plaque level. The identification of patients at high risk of 
developing acute coronary events remains a major chal-
lenge in cardiovascular imaging.4,8,9 Current diagnostic 

strategies focus predominantly on the detection of 
myocardial ischaemia and haemodynamic luminal nar-
rowing, but not the detection and characterization of 
coronary atherosclerotic plaques.6 This strategy is based 
on the evaluation of symptomatic patients and ignores 
the larger problem of a major adverse coronary events 
occurring as the first (and only) manifestation of CAD. 

In post-mortem studies, most acute coronary events are 
found to be caused by sudden luminal thrombosis due to 
plaque rupture.10–12 The morphology of atherosclerotic 
plaques that are prone to rupture is distinct from stable 
lesions (Figure 1), which provides a unique opportunity 
for noninvasive imaging to identify high-risk plaques 
before they lead to adverse clinical events.13,14 Moreover, 
the assessment of coronary plaque composition and size 
are potentially more important than traditional detec-
tion of luminal stenosis for predicting devastating acute 
coronary events.11,15,16 Coronary computed tomography 
angiography (CCTA) permits the noninvasive evaluation 
of the coronary atherosclerotic plaque, not just the coro-
nary lumen.17 CCTA provides information regarding the 
coronary tree and atherosclerotic plaques beyond simple 
luminal narrowing and plaque type defined by calcium 
content.17,18 These novel applications will improve 
image-guided prevention, medical therapy, and coro-
nary interventions. The ability to interpret CCTA images 
beyond the coronary lumen and stenosis is of utmost 
importance as we develop personalized medical care to 
enable therapeutic interventions stratified on the basis of 
plaque characteristics. 

In this Review, we describe the morphological and 
functional features of vulnerable plaques, as potential 

Competing interests
The authors declare no competing interests

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved

NATURE REVIEWS | CARDIOLOGY  ADVANCE ONLINE PUBLICATION | 1

MTA-SE Lendület 
Cardiovascular Imaging 
Research Group, Heart 
and Vascular Centre, 
Semmelweis 
University, 68 
Varosmajor ut, 1025 
Budapest, Hungary 
(P.M-H., B.M.). Cardiac 
MR PET CT Program, 
Division of Cardiology 
and Department 
of Radiology, 
Massachusetts General 
Hospital, Harvard 
Medical School, 
165 Cambridge Street, 
Suite 400, Boston, 
MA 02114. USA (M.F., 
U.H.). Stony Brook 
University, 101 Nicolls 
Road, Stony Brook, 
NY 11794 USA (S.V.).

Correspondence to: U.H. 
uhoffmann@ 
mgh.harvard.edu

Comprehensive plaque assessment 
by coronary CT angiography
Pál Maurovich-Horvat, Maros Ferencik, Szilard Voros, Béla Merkely and Udo Hoffmann

Abstract | Most acute coronary syndromes are caused by sudden luminal thrombosis due to atherosclerotic 
plaque rupture or erosion. Preventing such an event seems to be the only effective strategy to reduce mortality 
and morbidity of coronary heart disease. Coronary lesions prone to rupture have a distinct morphology 
compared with stable plaques, and provide a unique opportunity for noninvasive imaging to identify vulnerable 
plaques before they lead to clinical events. The submillimeter spatial resolution and excellent image quality 
of modern computed tomography (CT) scanners allow coronary atherosclerotic lesions to be detected, 
characterized, and quantified. Large plaque volume, low CT attenuation, napkin-ring sign, positive remodelling, 
and spotty calcification are all associated with a high risk of acute cardiovascular events in patients. 
Computation fluid dynamics allow the calculation of lesion-specific endothelial shear stress and fractional flow 
reserve, which add functional information to plaque assessment using CT. The combination of morphologic 
and functional characteristics of coronary plaques might enable noninvasive detection of vulnerable plaques 
in the future.
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Introduction
Cardiovascular diseases are the number one cause of 
death globally. The number of people who die from cardio-
vascular diseases, mainly from coronary heart disease and 
stroke, will increase to reach 23.3 million by 2030 from 
an estimated 17.3 million deaths in 2008. Cardiovascular 
diseases are projected to remain the single leading cause of 
death by 2030 globally.1,2 In 2014, an estimated 1.1 million 
people in the USA will have a major adverse coronary 
event, which will lead to death in ~34% of those individu-
als, despite many effective treatment strategies existing 
to lower cardiovascular risk.3 Furthermore, by 2030, the 
prevalence of coronary artery disease (CAD) in the USA 
is predicted to increase by 16.6%—from 8.0% (based on 
2010 estimates) to nearly 9.5%.3,4 Acute myocardial infarc-
tion and sudden cardiac death remain the first manifes-
tations of coronary atherosclerosis in the majority of the 
population (in 50% of men and 64% of women), which 
accounts for these unfavourable statistics.5,6 Most indi-
viduals do not, therefore, experience any symptoms or 
warning signs before the coronary event (acute coronary 
syndromes [ACS] or sudden cardiac death) occurs. 

Prevention of acute coronary events seems to be the 
only effective strategy to reduce the burden of cardio-
vascular disease and improve mortality and morbidity 
rates.7,8 Considerable efforts are ongoing to predict where 
acute coronary events will happen on an individual 
plaque level. The identification of patients at high risk of 
developing acute coronary events remains a major chal-
lenge in cardiovascular imaging.4,8,9 Current diagnostic 

strategies focus predominantly on the detection of 
myocardial ischaemia and haemodynamic luminal nar-
rowing, but not the detection and characterization of 
coronary atherosclerotic plaques.6 This strategy is based 
on the evaluation of symptomatic patients and ignores 
the larger problem of a major adverse coronary events 
occurring as the first (and only) manifestation of CAD. 

In post-mortem studies, most acute coronary events are 
found to be caused by sudden luminal thrombosis due to 
plaque rupture.10–12 The morphology of atherosclerotic 
plaques that are prone to rupture is distinct from stable 
lesions (Figure 1), which provides a unique opportunity 
for noninvasive imaging to identify high-risk plaques 
before they lead to adverse clinical events.13,14 Moreover, 
the assessment of coronary plaque composition and size 
are potentially more important than traditional detec-
tion of luminal stenosis for predicting devastating acute 
coronary events.11,15,16 Coronary computed tomography 
angiography (CCTA) permits the noninvasive evaluation 
of the coronary atherosclerotic plaque, not just the coro-
nary lumen.17 CCTA provides information regarding the 
coronary tree and atherosclerotic plaques beyond simple 
luminal narrowing and plaque type defined by calcium 
content.17,18 These novel applications will improve 
image-guided prevention, medical therapy, and coro-
nary interventions. The ability to interpret CCTA images 
beyond the coronary lumen and stenosis is of utmost 
importance as we develop personalized medical care to 
enable therapeutic interventions stratified on the basis of 
plaque characteristics. 

In this Review, we describe the morphological and 
functional features of vulnerable plaques, as potential 
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targets of conventional CCTA imaging. We also highlight 
novel image post-processing techniques and integrated 
computational fluid dynamics simulations to characterize 
coronary plaques and stenoses. Finally, we discuss future 
imaging techniques for atherosclerotic plaque detection 
and potential strategies to identify patients at highest risk 
of developing ACS.

Key points

 ■ Most acute coronary events result from sudden luminal thrombosis due to 
rupture of an atherosclerotic plaque

 ■ Modern computed tomography (CT) scanners enable robust coronary plaque 
characterization and quantification

 ■ Large plaque volume, low CT attenuation, napkin-ring sign, positive remodelling, 
and spotty calcification are all associated with plaques vulnerable to rupture

 ■ Computational fluid dynamic simulation enables plaque-specific endothelial 
shear stress and fractional flow reserve assessment, and thus permits 
functional characterization of plaques

 ■ Coupling individual plaque morphology with plaque-specific functional data will 
enable new noninvasive detection of vulnerable plaques with CT

Plaque morphology
Histological investigations have revealed three dis-
tinct features of plaques associated with acute coro-
nary events: rupture; erosion; and calcified nodule.19 
Two-thirds of luminal thrombi in acute events result 
from ruptured atherosclerotic lesions characterized by 
a necrotic core covered by a thin layer of fibrous cap 
(Figure 1b).19 Plaques vulnerable to rupture might have 
the same morphological characteristics as ruptured 
plaques, but with an intact thin fibrous cap.12 These 
lesions—termed thin-cap fibroatheroma (TCFA), with 
a cap thickness of <65 μm—are considered to be the pre-
cursor lesions of plaque rupture.19 The limited spatial 
resolution of current CT scanners (≈ 400 μm) precludes 
the morphometric analysis of fibrous cap by CCTA.20 
Histopathological investigations suggest that plaques 
prone to rupture are enlarged in all three spatial dimen-
sions.19,21 In TCFAs the necrotic core length is ~2–17 mm 
(mean 8 mm) and the area of the necrotic core in 80% 
of cases is >1.0 mm2.4,19 These dimensions are over the 
plaque detection threshold (>1 mm plaque thickness) for 
CCTA.22 Moreover, the majority of TCFAs occur in the 
proximal portions of the main coronary arteries, where 
vessel diameter is largest, and CCTA has the highest 
image quality and accuracy for the plaque detection.19,23 
In modern CT scanners, the detection and quantification 
of some features of high-risk lesions might, therefore, be 
feasible (Supplementary Table 1 online).

Coronary plaque burden
Large plaque volume was associated with the diagno-
sis of ACS in cross-sectional studies, and quantifica-
tion of noncalcified plaques (NCP) can improve risk 
stratification and improve the prognostic value of CCTA 
to predict future cardiovascular events. The multicentre 
Providing Regional Observations to Study Predictors 
of Events in the Coronary Tree (PROSPECT) trial24 is 
the first and largest natural-history study of coronary 
plaques using invasive angiography and intravascular 
ultrasound (IVUS) to identify plaques vulnerable to 
rupture on a per-lesion basis.24 The prospective study 
included 697 patients with ACS in whom 3-vessel grey-
scale IVUS and IVUS with radiofrequency backscatter 
analysis (known as virtual histology IVUS [VH-IVUS]) 
were performed to characterize nonculprit (that is 
unruptured) lesions. After a median of 3.4 years f ollow-
up, the strongest predictor of future events was the 
IVUS-derived plaque burden of ≥70% (HR 5.03; 95% CI 
2.51–10.11; P <0.001).24

CT data sets can provide submillimeter isotropic 
spatial resolution, and the possibility of CT attenuation-
based tissue characterization enable the quantification 
of total coronary plaque burden and individual plaque 
components, which is similar to the results obtained with 
IVUS.25–29 Automated software tools are now available 
for plaque quantification and characterization (Figure 2). 
Automated quantification of plaques is desirable to 
improve the reproducibility, accuracy and efficiency 
of CCTA plaque analysis. The reproducibility of auto-
mated 3D quantification software for plaque burden was 
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Figure 1 | The morphology and functional characteristics of stable and vulnerable 
plaques. a | Stable fibrocalcific lesion with calcification and small lipid pools. 
The plaque leads to mild narrowing of the lumen; however, there is no ischaemia 
after the lesion (FFR >0.8; green). ESS near the plaque is in the normal physiological 
range indicating undisturbed flow. b | Rupture prone vulnerable plaque with a large 
lipid-rich necrotic core, thin fibrous cap, neovascularization, spotty calcium and 
presence of inflammatory cells. Despite the positively remodelled vessel wall at 
the site of the plaque, the lesion causes severe luminal narrowing and ischaemia 
(FFR <0.8; red). The downstream plaque region with low and oscillatory ESS 
promotes plaque growth, whereas the upstream low ESS at the shoulder regions is 
more inflamed (indicated by presence of macrophages), which might lead to plaque 
destabilization. High ESS at the most stenotic part can trigger plaque rupture. 
Abbreviations: ESS, endothelial shear stress; FFR, fractional flow reserve. Part b 
modified with permission from Nature Publishing Group © Slager, C. J. et al. The role 
of shear stress in the destabilization of vulnerable plaques and related therapeutic 
implications. Nat. Clin. Pract. Cardiovasc. Med. 2, 456–464 (2005).89
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Atherosclerosis, the principal cause of cardiovascular dis-
eases (CVDs), is a process that involves a complex inter-

play among different factors and cell types, including cells 
of the immune system (T cells, B cells, natural killer cells, 
monocytes/macrophages, dendritic cells) and cells of the ves-
sel wall (endothelial cells [ECs], vascular smooth muscle 
cells [VSMCs]). The atherogenic process evolves in differ-
ent stages, starting from inflammatory endothelial activation/
dysfunction and resulting in plaque vulnerability and rupture.1

Several cardiovascular risk factors have been recognized. 
Among them, vitamin D deficiency [25(OH)D <20 ng/mL] is 
emerging as a new one. In addition to its well-defined role in 
bone and calcium metabolism, vitamin D has been identified 
as an important factor in cardiovascular health.2–8

Vitamin D deficiency affects almost 50% of the population 
worldwide. It has been suggested that this pandemic might 
contribute to the worldwide increased prevalence of CVD.9–11

Several mechanisms have been proposed to account for 
this inverse relationship. In addition to its effects exerted on 
numerous tissues and organs that indirectly participate in the 
atherosclerosis, vitamin D is directly involved in this sys-
temic inflammatory process.12,13 Vitamin D receptors (VDRs) 
are present in all cells implicated in atherosclerosis, includ-
ing ECs, VSMCs, and immune cells. Vitamin D appears 
to regulate a wide range of physiological and pathological 
processes like vascular cell growth, migration, and differen-
tiation; immune response modulation; cytokine expression; 
and inflammatory and fibrotic pathways, all of which play 
a crucial role, starting from the early stage of endothelial 
activation/dysfunction to the later stages of the plaque vul-
nerability and rupture.

In this review, we provide current data on the effects 
of vitamin D on cells directly implicated in atherosclero-
sis such as ECs, VSMCs, and immune cells (lymphocytes, 
monocytes, macrophages, etc) with a focus on the underly-
ing molecular mechanisms, which are still largely unknown. 
We also summarize reports related to the favorable (anti-
atherogenic) actions of vitamin D in tissues and organs that 
indirectly participate in the atherogenic process. Finally, we 
critically discuss clinical studies to assess the protective role 
of vitamin D and the efficacy of vitamin D and VDR agonists 
in CVD. Because a comprehensive background is a prereq-
uisite for further discussions of vitamin D–induced effects, 

we provide a brief description of vitamin D metabolism and 
mechanism of action.

Vitamin D Metabolism and 
Mechanism of Action

Vitamin D is a steroid hormone that comes in 2 forms that 
differ chemically in their side chain, D2 and D3 (Figure 1). 
Either produced in the skin (D3) from 7-dehydrocholesterol 
by exposure to ultraviolet-B light or ingested with foods of 
plant or animal origin (D2 and D3, respectively), vitamin D 
is biologically inert and requires 2 hydroxylations to form its 
active metabolite.10 The first hydroxylation is constitutive and 
takes place in the liver by vitamin D-25-hydroxylase to form 
25(OH)D. The second hydroxylation is catalyzed by 25(OH)
D-1aOHase (CYP27B1) to form the biologically active form 
of vitamin D, 1,25(OH)2D (calcitriol; see Figure 1). This lat-
ter 1a-hydroxylation of 25(OH)D takes place in most tissues 
and cells of the body; however, serum levels of 1,25(OH)D 
are determined mainly by renal 1a-hydroxylase activity. This 
activity is regulated by serum calcium, phosphate, parathor-
mone, and fibroblast growth factor 23.

It is important to know that circulating 25(OH)D levels are 
a main determinant of extrarenal tissue levels of 1a,25(OH)2D 
and thus are the best indicator of whole-body vitamin D sta-
tus. Actually, 25(OH)D is used for the classification of the 
vitamin D status as deficient or sufficient.11

The biological responses to the 1a,25(OH)2D3 hormone and 
its analogs are mediated by the VDR, which is a DNA-binding 
transcription factor. However, VDR is also localized to the 
plasma membrane caveolae and may result in activation of 
signal transduction pathways that generate rapid nongenomic 
responses.14

Interestingly, genome-wide associations studies revealed 
a genetic influence on 25(OH)D levels by 25-hydroxylase, 
24-hydroxylase, and 7-dehydrocholesterol reductase, the 
enzyme that catalyzes the last step in cholesterol biosynthe-
sis.15 Moreover, the genes CYP2R1, CYP24A1, and DCHR7 
encoding the aforementioned enzymes, respectively, were also 
significant at the methylation level according to a genome-
wide methylation study.16

Details on vitamin D metabolism and mechanism of action 
are given in the online-only Data Supplement.

(Circulation. 2013;128:2517-2531.)
© 2013 American Heart Association, Inc.
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Direct Effects of Vitamin D on 
the Atherogenic Process

Effects of Vitamin D on ECs
It is well known that endothelium is the key vessel wall com-
ponent in the initiation of the atherogenic process. Its possible 
role in the later stages has been strongly suggested.17,18

Studies revealed that ECs express VDRs and have the 
ability to synthesize calcitriol [1a,25(OH)2D3] because they 
express 1a-hydroxylase.19 The coexistence of these 2 crucial 
elements of vitamin D metabolism strengthened the hypoth-
esis of an autocrine/intracrine mechanism of vitamin D action 
as a modulator of endothelial functions.20

Vitamin D exerts protective effects on endothelial activa-
tion/dysfunction, an inflammatory process that precedes ath-
erosclerosis, through several mechanisms both genomic and 
nongenomic (Figure 2). Among the main alterations ascrib-
able to endothelial dysfunction are the reduced availability 
of nitric oxide (NO) and increased production of reactive 
oxygen species.18

Vitamin D found to stimulate NO production in human 
umbilical vein ECs cultures through endothelial NO synthase 
activation. This effect was dose dependent, VDR mediated, 
and accompanied by a significant increase in the level of phos-
phorylation of intracellular kinases such as p38, protein kinase 
B (AKT), and extracellular signal-regulated kinases.21,22

The multimeric enzyme complex NADPH oxidase is the 
major enzyme system that generates superoxide (the main 
reactive oxygen species) in the vasculature. In vivo and in 
vitro experiments have recently demonstrated that a vitamin 
D analog (22-oxacalcitriol) significantly suppressed the ele-
vated expression of p22(phox) and NADPH oxidase subunit 
and improved endothelial NO synthase coupling, thus reduc-
ing oxidative stress in endothelium.23

Moreover, vitamin D protected ECs against H2O2 oxida-
tive stress, counteracting superoxide anion generation and 
apoptosis and blocking the extrinsic caspase cascade by posi-
tively controlling the level of phospho-active extracellular 
signal-regulated kinases. Exploring in vitro the 1a,25(OH)2 D 
downstream effector, Polidoro et al24 found that 1a,25(OH)2 D 
upregulated SirT-1 expression in human umbilical vein ECs 
and reverted the SirT-1 downregulation induced by H2O2.

The above currently identified antioxidative stress mecha-
nisms of vitamin D are in line with the observed reduction of 
the basal reactive oxygen species level in the ECs of spontane-
ously hypertensive rat treated long term with 1a,25(OH)2D3.

25

Vitamin D appears also to be implicated in the modu-
lation of the vascular tone via regulation of the release of 
vasoconstrictor metabolites of arachidonic acid called 
endothelium-derived contracting factors.26 The release 
of endothelium-derived contracting factors occurs via a 
calcium-dependent process in which the calcium influx 

Figure 1. Schematic representation illustrating synoptically the metabolism and actions of vitamin D in cells and tissues that are impli-
cated directly and indirectly in the atherogenic process. EC indicates endothelial cell; Glut-4, glucose transporter 4; HDL, high-density 
lipoprotein; IL, interleukin; IR, insulin receptor; LDL, low-density lipoprotein; M1, macrophage/monocyte 1; M2, macrophage/monocyte 2; 
RAAS, renin-angiotensin-aldosterone system; TGs, triglycerides; Th, T helper; and VSMC, vascular smooth muscle cell.
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Atherosclerosis, the principal cause of cardiovascular dis-
eases (CVDs), is a process that involves a complex inter-

play among different factors and cell types, including cells 
of the immune system (T cells, B cells, natural killer cells, 
monocytes/macrophages, dendritic cells) and cells of the ves-
sel wall (endothelial cells [ECs], vascular smooth muscle 
cells [VSMCs]). The atherogenic process evolves in differ-
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ing ECs, VSMCs, and immune cells. Vitamin D appears 
to regulate a wide range of physiological and pathological 
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tiation; immune response modulation; cytokine expression; 
and inflammatory and fibrotic pathways, all of which play 
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activation/dysfunction to the later stages of the plaque vul-
nerability and rupture.
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monocytes, macrophages, etc) with a focus on the underly-
ing molecular mechanisms, which are still largely unknown. 
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indirectly participate in the atherogenic process. Finally, we 
critically discuss clinical studies to assess the protective role 
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in CVD. Because a comprehensive background is a prereq-
uisite for further discussions of vitamin D–induced effects, 
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active metabolite.10 The first hydroxylation is constitutive and 
takes place in the liver by vitamin D-25-hydroxylase to form 
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D-1aOHase (CYP27B1) to form the biologically active form 
of vitamin D, 1,25(OH)2D (calcitriol; see Figure 1). This lat-
ter 1a-hydroxylation of 25(OH)D takes place in most tissues 
and cells of the body; however, serum levels of 1,25(OH)D 
are determined mainly by renal 1a-hydroxylase activity. This 
activity is regulated by serum calcium, phosphate, parathor-
mone, and fibroblast growth factor 23.

It is important to know that circulating 25(OH)D levels are 
a main determinant of extrarenal tissue levels of 1a,25(OH)2D 
and thus are the best indicator of whole-body vitamin D sta-
tus. Actually, 25(OH)D is used for the classification of the 
vitamin D status as deficient or sufficient.11

The biological responses to the 1a,25(OH)2D3 hormone and 
its analogs are mediated by the VDR, which is a DNA-binding 
transcription factor. However, VDR is also localized to the 
plasma membrane caveolae and may result in activation of 
signal transduction pathways that generate rapid nongenomic 
responses.14
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a genetic influence on 25(OH)D levels by 25-hydroxylase, 
24-hydroxylase, and 7-dehydrocholesterol reductase, the 
enzyme that catalyzes the last step in cholesterol biosynthe-
sis.15 Moreover, the genes CYP2R1, CYP24A1, and DCHR7 
encoding the aforementioned enzymes, respectively, were also 
significant at the methylation level according to a genome-
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Details on vitamin D metabolism and mechanism of action 
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(Circulation. 2013;128:2517-2531.)
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processes like vascular cell growth, migration, and differen-
tiation; immune response modulation; cytokine expression; 
and inflammatory and fibrotic pathways, all of which play 
a crucial role, starting from the early stage of endothelial 
activation/dysfunction to the later stages of the plaque vul-
nerability and rupture.

In this review, we provide current data on the effects 
of vitamin D on cells directly implicated in atherosclero-
sis such as ECs, VSMCs, and immune cells (lymphocytes, 
monocytes, macrophages, etc) with a focus on the underly-
ing molecular mechanisms, which are still largely unknown. 
We also summarize reports related to the favorable (anti-
atherogenic) actions of vitamin D in tissues and organs that 
indirectly participate in the atherogenic process. Finally, we 
critically discuss clinical studies to assess the protective role 
of vitamin D and the efficacy of vitamin D and VDR agonists 
in CVD. Because a comprehensive background is a prereq-
uisite for further discussions of vitamin D–induced effects, 

we provide a brief description of vitamin D metabolism and 
mechanism of action.

Vitamin D Metabolism and 
Mechanism of Action

Vitamin D is a steroid hormone that comes in 2 forms that 
differ chemically in their side chain, D2 and D3 (Figure 1). 
Either produced in the skin (D3) from 7-dehydrocholesterol 
by exposure to ultraviolet-B light or ingested with foods of 
plant or animal origin (D2 and D3, respectively), vitamin D 
is biologically inert and requires 2 hydroxylations to form its 
active metabolite.10 The first hydroxylation is constitutive and 
takes place in the liver by vitamin D-25-hydroxylase to form 
25(OH)D. The second hydroxylation is catalyzed by 25(OH)
D-1aOHase (CYP27B1) to form the biologically active form 
of vitamin D, 1,25(OH)2D (calcitriol; see Figure 1). This lat-
ter 1a-hydroxylation of 25(OH)D takes place in most tissues 
and cells of the body; however, serum levels of 1,25(OH)D 
are determined mainly by renal 1a-hydroxylase activity. This 
activity is regulated by serum calcium, phosphate, parathor-
mone, and fibroblast growth factor 23.

It is important to know that circulating 25(OH)D levels are 
a main determinant of extrarenal tissue levels of 1a,25(OH)2D 
and thus are the best indicator of whole-body vitamin D sta-
tus. Actually, 25(OH)D is used for the classification of the 
vitamin D status as deficient or sufficient.11

The biological responses to the 1a,25(OH)2D3 hormone and 
its analogs are mediated by the VDR, which is a DNA-binding 
transcription factor. However, VDR is also localized to the 
plasma membrane caveolae and may result in activation of 
signal transduction pathways that generate rapid nongenomic 
responses.14

Interestingly, genome-wide associations studies revealed 
a genetic influence on 25(OH)D levels by 25-hydroxylase, 
24-hydroxylase, and 7-dehydrocholesterol reductase, the 
enzyme that catalyzes the last step in cholesterol biosynthe-
sis.15 Moreover, the genes CYP2R1, CYP24A1, and DCHR7 
encoding the aforementioned enzymes, respectively, were also 
significant at the methylation level according to a genome-
wide methylation study.16

Details on vitamin D metabolism and mechanism of action 
are given in the online-only Data Supplement.

(Circulation. 2013;128:2517-2531.)
© 2013 American Heart Association, Inc.
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BACKGROUND
It is unclear whether supplementation with vitamin D reduces the risk of cancer 
or cardiovascular disease, and data from randomized trials are limited.
METHODS
We conducted a nationwide, randomized, placebo-controlled trial, with a two-by-two 
factorial design, of vitamin D3 (cholecalciferol) at a dose of 2000 IU per day and 
marine n−3 (also called omega-3) fatty acids at a dose of 1 g per day for the pre-
vention of cancer and cardiovascular disease among men 50 years of age or older 
and women 55 years of age or older in the United States. Primary end points were 
invasive cancer of any type and major cardiovascular events (a composite of myo-
cardial infarction, stroke, or death from cardiovascular causes). Secondary end points 
included site-specific cancers, death from cancer, and additional cardiovascular events. 
This article reports the results of the comparison of vitamin D with placebo.
RESULTS
A total of 25,871 participants, including 5106 black participants, underwent random-
ization. Supplementation with vitamin D was not associated with a lower risk of ei-
ther of the primary end points. During a median follow-up of 5.3 years, cancer was 
diagnosed in 1617 participants (793 in the vitamin D group and 824 in the pla-
cebo group; hazard ratio, 0.96; 95% confidence interval [CI], 0.88 to 1.06; P = 0.47). 
A major cardiovascular event occurred in 805 participants (396 in the vitamin D 
group and 409 in the placebo group; hazard ratio, 0.97; 95% CI, 0.85 to 1.12; P = 0.69). 
In the analyses of secondary end points, the hazard ratios were as follows: for death 
from cancer (341 deaths), 0.83 (95% CI, 0.67 to 1.02); for breast cancer, 1.02 (95% CI, 
0.79 to 1.31); for prostate cancer, 0.88 (95% CI, 0.72 to 1.07); for colorectal cancer, 1.09 
(95% CI, 0.73 to 1.62); for the expanded composite end point of major cardiovas-
cular events plus coronary revascularization, 0.96 (95% CI, 0.86 to 1.08); for myo-
cardial infarction, 0.96 (95% CI, 0.78 to 1.19); for stroke, 0.95 (95% CI, 0.76 to 1.20); 
and for death from cardiovascular causes, 1.11 (95% CI, 0.88 to 1.40). In the analy-
sis of death from any cause (978 deaths), the hazard ratio was 0.99 (95% CI, 0.87 to 
1.12). No excess risks of hypercalcemia or other adverse events were identified.
CONCLUSIONS
Supplementation with vitamin D did not result in a lower incidence of invasive 
cancer or cardiovascular events than placebo. (Funded by the National Institutes 
of Health and others; VITAL ClinicalTrials.gov number, NCT01169259.)
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BMI may have modified the effect of vitamin D 
on cancer.

Cardiovascular Disease and All-Cause 
Mortality

During follow-up, there were 805 major cardio-
vascular events (myocardial infarction, stroke, or 
cardiovascular death), with events in 396 partici-
pants in the vitamin D group and 409 participants 
in the placebo group (hazard ratio, 0.97; 95% CI, 
0.85 to 1.12; P = 0.69) (Table 2). Supplementation 
with vitamin D also did not affect the risk of 
secondary cardiovascular end points (Table 2). 
There were no significant differences between the 
two groups with respect to the cumulative inci-
dence of major cardiovascular events (Fig. 2B) 
and no significant effect modification according 
to baseline characteristics or randomization to 
the n−3 fatty acid intervention (Table 3) or ac-
cording to traditional cardiovascular risk factors 
(Table S3 in the Supplementary Appendix). There 
were 978 deaths from any cause; the numbers of 
these deaths were similar in the vitamin D group 
and the placebo group (485 and 493 deaths, re-
spectively; hazard ratio, 0.99; 95% CI, 0.87 to 1.12). 
Analyses that censored data for nonadherence did 
not materially alter the results. No meaningful 
change in the rates of major cardiovascular events 
or death from any cause occurred after data from 
the first 2 years of follow-up were excluded 
(Table 2).

Adverse Events
There were no significant differences between the 
two groups with respect to incident diagnoses of 
hypercalcemia, kidney stones, or gastrointestinal 
symptoms (Table S4 in the Supplementary Ap-
pendix).

Discussion

In this large primary-prevention trial, supplemen-
tation with vitamin D3 (at a dose of 2000 IU per 
day) did not lead to a significantly lower incidence 
of invasive cancer of any type or a composite of 
major cardiovascular events (myocardial infarc-
tion, stroke, and death from cardiovascular causes) 
than placebo. The intervention also did not lead 
to a lower incidence of total deaths from cancer 
or a lower incidence of breast, prostate, or colorec-
tal cancer than placebo.

Effects did not vary according to baseline 

serum 25-hydroxyvitamin D levels. The use of 
vitamin D did not lead to a significant difference 
in any of the secondary cardiovascular end points 
or in the rate of death from any cause in the over-
all cohort or in subgroups.

In analyses excluding early follow-up data, there 
was also no significant between-group difference 
in the incidence of invasive cancer of any type or 
major cardiovascular events. A post hoc analysis 

Figure 2. Cumulative Incidence Rates of Invasive Cancer of Any Type  
and Major Cardiovascular Events, According to Year of Follow-up,  
in the Vitamin D Group and Placebo Group.

Analyses were from Cox regression models that were controlled for age, sex, 
and randomization group in the n−3 fatty acid portion of the trial (intention-
to-treat analyses). The insets show the same data on an enlarged y axis.
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1 year of follow-up and an analysis that excluded 
2 years of follow-up, neither of which was spec-
ified in the protocol, the rate of death from can-
cer was significantly lower with vitamin D than 
with placebo (hazard ratio, 0.79 [95% CI, 0.63 to 
0.99], and hazard ratio, 0.75 [95% CI, 0.59 to 0.96], 
respectively). In analyses restricted to 153 deaths 
from cancer in patients with medical records or 
other adjudication of the cause of death beyond the 
NDI coding, the hazard ratios were 0.72 (95% CI, 
0.52 to 1.00) over the total follow-up period and 
0.63 (95% CI, 0.43 to 0.92) after the first 2 years 

were excluded. Preliminary analyses of cancer 
stage at diagnosis showed slightly fewer advanced 
cancers, metastatic cancers, or both among pa-
tients assigned to vitamin D than among those 
assigned to placebo, but differences were not 
significant (data not shown). The cumulative inci-
dence rates of site-specific cancers and of death 
from cancer (prespecified secondary end points) 
are shown in Figure S2 in the Supplementary Ap-
pendix.

Results of prespecified subgroup analyses are 
presented in Table 3. The findings suggest that 

End Point
Vitamin D Group 

(N = 12,927)
Placebo Group 

(N = 12,944)
Hazard Ratio  

(95% CI)

no. of participants with event

Cancer

Primary end point: invasive cancer of any type 793 824 0.96 (0.88–1.06)

Breast cancer 124 122 1.02 (0.79–1.31)

Prostate cancer 192 219 0.88 (0.72–1.07)

Colorectal cancer 51 47 1.09 (0.73–1.62)

Death from cancer 154 187 0.83 (0.67–1.02)

Cardiovascular disease

Primary end point: major cardiovascular event† 396 409 0.97 (0.85–1.12)

Cardiovascular event in expanded composite  
end point‡

536 558 0.96 (0.86–1.08)

Myocardial infarction 169 176 0.96 (0.78–1.19)

Stroke 141 149 0.95 (0.76–1.20)

Death from cardiovascular causes 152 138 1.11 (0.88–1.40)

Other cardiovascular end point§

PCI 182 188 0.97 (0.79–1.19)

CABG 73 98 0.75 (0.55–1.01)

Death from myocardial infarction 24 15 1.60 (0.84–3.06)

Death from stroke 19 23 0.84 (0.46–1.54)

Death from any cause 485 493 0.99 (0.87–1.12)

Analyses excluding the first 2 yr of follow-up

Invasive cancer of any type 490 522 0.94 (0.83–1.06)

Death from cancer 112 149 0.75 (0.59–0.96)

Major cardiovascular event 274 296 0.93 (0.79–1.09)

Death from any cause 368 384 0.96 (0.84–1.11)

*  Analyses were from Cox regression models that were controlled for age, sex, and n−3 fatty acid randomization group. 
Analyses were not adjusted for multiple comparisons.

†  This end point was a composite of myocardial infarction, stroke, or death from cardiovascular causes.
‡  This end point was a composite of major cardiovascular events and coronary revascularization (percutaneous coronary 

intervention [PCI] or coronary-artery bypass grafting [CABG]).
§  These events were not prespecified as primary or secondary outcomes.

Table 2. Hazard Ratios and 95% Confidence Intervals for the Primary, Secondary, and Other End Points,  
According to Randomized Assignment to Vitamin D or Placebo, in Intention-To-Treat Analyses.*
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Long prescribed to prevent and treat 
bone-related disorders,1 supplemental vita-
min D has been viewed in recent years as 

a potential strategy for preventing cancer and 
cardiovascular disease. In the United States, rou-
tine assessment of vitamin D status in patients in 
primary care settings2 and the use of vitamin D 
supplements3 have increased substantially. Eco-
logic studies have shown lower rates of death from 
cancer and cardiovascular disease in regions with 
greater sun exposure than in areas with less sun 
exposure.1,4 Such exposure is necessary for cuta-
neous synthesis of vitamin D. Laboratory studies 
have shown the presence of vitamin D receptors 
in many tissues and have suggested plausible vi-
tamin D pathways that may be related to cancer 
and cardiovascular disease, and observational 
studies have shown associations between low se-
rum levels of 25-hydroxyvitamin D and increased 
risks of cancer and cardiovascular disease.1,4-6 
Nevertheless, it is uncertain whether supplemen-
tation with vitamin D prevents cancer or cardio-
vascular disease, because such results cannot es-
tablish causality.1,4,7,8 For example, observational 
studies are susceptible to confounding by out-
door physical activity (which correlates with sun 
exposure), adiposity (which may decrease bioavail-
ability of 25-hydroxyvitamin D), general nutritional 
status, and other factors that may produce spuri-
ous protective associations.1,4

Data from large-scale randomized trials (involv-
ing ≥10,000 participants) of vitamin D in moderate 
or high doses and designed with cancer or cardio-
vascular disease as primary outcomes are lacking. 
Trials examining such outcomes, typically using 
secondary or post hoc analyses, have usually 
shown null results, but the use of low doses of vi-
tamin D, insufficient statistical power, short dura-
tions, lack of rigorous end-point adjudication, or a 
combination of these factors limit conclusions.1,4 
However, meta-analyses9,10 of randomized trial 
data suggest a stronger benefit of vitamin D with 
respect to the rate of death from cancer than to 
the incidence of cancer. The U.S. Preventive Ser-
vices Task Force concluded that there are insuf-
ficient data to evaluate the effectiveness of sup-
plementation with vitamin D for the prevention 
of cancer or cardiovascular disease.7 The Insti-
tute of Medicine had previously reached this same 
conclusion and called for new trials of vitamin D 
(in amounts at least twice the current recom-
mended dietary allowance of 600 to 800 IU per 

day for bone health) to clarify the benefit–risk bal-
ance.1 The Vitamin D and Omega-3 Trial (VITAL), 
a large-scale trial that evaluated high-dose vita-
min D, was designed to address these knowl-
edge gaps. Included in the trial population were 
more than 5000 black participants, for whom 
the question of the effectiveness of vitamin D is 
particularly relevant because their cutaneous syn-
thesis of vitamin D in response to solar radiation 
is lower than that in persons in other racial or 
ethnic groups. VITAL also evaluated n−3 (omega-3) 
fatty acids; those results are shown in an accom-
panying article in the Journal.11

Me thods

Trial Design and Oversight
We conducted this randomized, double-blind, pla-
cebo-controlled trial, with a two-by-two factorial 
design, to examine the benefits and risks of vi-
tamin D3 (cholecalciferol) at a dose of 2000 IU 
per day and marine n−3 fatty acids at a dose of 
1 g per day in the primary prevention of cancer 
and cardiovascular disease among 25,871 men 
who were 50 years of age or older and women who 
were 55 years of age or older. The trial protocol has 
been described elsewhere4,12 and is available with 
the full text of this article at NEJM.org.

Participants were recruited throughout the 
United States, and the groups were balanced ac-
cording to sex and with a goal to include at least 
5000 black participants. Eligible participants had 
no history of cancer (except nonmelanoma skin 
cancer) or cardiovascular disease at trial entry, 
and they were required to agree to limit the use 
of vitamin D from all supplemental sources, in-
cluding multivitamins, to 800 IU per day and to 
complete a 3-month placebo run-in phase. Safety 
exclusions included renal failure or dialysis, cir-
rhosis, history of hypercalcemia, or other serious 
conditions that would preclude participation. 
Randomization was computer generated within 
sex, race, and 5-year age groups in blocks of eight.

Baseline questionnaires collected data on risk 
factors for cancer, cardiovascular disease, and 
other conditions and included a food frequency 
questionnaire. Participants received follow-up 
questionnaires at 6 months and 1 year after ran-
domization and annually thereafter to collect in-
formation on adherence to trial regimens, outside 
use of vitamin D supplements, development of 
major illnesses, updates on risk factors, and po-
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Abstract
BACKGROUND/OBJECTIVES—Although single, high doses of vitamin D effectively 
maintain vitamin D sufficiency in several populations, no studies have evaluated healthy adults 
over winter, during which vitamin D status declines. This study investigated whether high-dose 
vitamin D3 given once to healthy adults before winter will (1) prevent the wintertime decline in 
vitamin D status, (2) promote vitamin D sufficiency 1 year following the dose and (3) prevent the 
rise of parathyroid hormone (PTH) concentrations.

SUBJECTS/METHODS—In this double-blind, placebo-controlled trial, we assessed plasma 
25(OH)D and PTH concentrations at baseline, 5, 90 and 365 days after drug administration in 28 
healthy adults. In all, >80% of subjects returned at each time point.

RESULTS—At baseline, the young, healthy participants had a mean plasma 25(OH)D 
concentration of 17.5 ± 6.1 ng/ml. Only two subjects exhibited plasma 25(OH)D concentrations 
>30 ng/ml. At 5 days, subjects randomized to vitamin D3 had a higher mean plasma 25(OH)D 
concentration compared with the placebo group (39.1 vs 19.1 ng/ml, P<0.001). Plasma 25(OH)D 
concentrations returned to baseline at 90 and 365 days in the vitamin D3 group and remained 
unchanged in the placebo group. PTH and calcium concentrations were unrelated to changes in 
25(OH)D levels and similar between groups over time.
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Figure 2. 
Geometric mean plasma 25(OH)D at each visit. Plasma 25-hydroxyvitamin D (25(OH)D) 
concentrations were measured at baseline, 5 days, 90 days and 365 days following an oral 
dose of 250 000 IU of vitamin D3. The plasma 25(OH)D concentration increased 130% 
relative to placebo at the 5-day time point (GMR 2.31, P<0.0001), but it did not sustain this 
significant increase at additional time points. There was no significant change in either 
group from baseline measured over the winter months (comparing baseline and 90-day time 
points). Geometric means at each visit are plotted, together with their 95% confidence 
intervals.
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Table 1

Participant demographics

Baseline characteristics Study arm

Vitamin D (n = 14) Placebo (n = 14)

Age, year, mean (s.d.) 28.2 (6.7) 26.5 (5.2)

Female, n (%) 12 (86) 10 (71)

White, n (%) 9 (64) 9 (64)

Weight, kg, mean (s.d.) 66.6 (9.3) 65.5 (10.2)

Height, m, mean (s.d.) 1.7 (0.1) 1.7 (0.1)

BMI, mean (s.d.) 23.7 (2.9) 22.3 (2.2)

Fitzpatrick scale, n

    Type 2 5 6

    Type 3 4 4

    Type 4 2 2

Serum calcium level, mg/dl, mean (s.d.) 9.3 (0.3) 9.2 (0.3)

Hours outdoors, week, mean (s.d.) 9.0 (5.2) 7.0 (5.4)

Current vitamin D supplementation, n 4 1

Study participants (n = 28) at baseline were between ages 18 and 65 years and were healthy by self-report. Participants were not pregnant or 
chronically ill and worked at indoor occupations. None of the participants reported smoking or excessive alcohol consumption. Hours outdoors, 
height, weight and details of current vitamin D supplementation were collected by self-report. There were no significant differences between the 
groups at baseline. Few participants (n = 2) were vitamin D sufficient (25(OH)D >30 ng/ml), and many (n = 21) had 25(OH)D concentrations < 
20ng/ml. Of five participants taking vitamin D supplementation (400-1000IU daily) at the start of the study, only one was vitamin D sufficient.
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Abstract
Summary In a randomized, cross-over study, once monthly
administration of vitamin D3 was preferred over a once daily
administration of a fixed-dose combination of vitamin D3 and
calcium, with a better compliance but without any significant
difference in the increase in vitamin D levels.
Introduction The aim of the present study was to compare a
once-monthly administration of vitamin D3 to a daily admin-
istration of a fixed-dose combination of vitamin D3 and cal-
cium during two treatment periods of 6 months.
Methods One hundred volunteers aged 50 years old or older
were randomized to receive either one drinkable ampoule con-
taining 25,000 IU vitamin D3 (D-Cure®, SMB) once monthly
(group VD) or one chewable tablet containing 1000 mg cal-
cium carbonate+800 IU vitamin D3 (Steovit Forte®, Takeda)
once daily (group VDCa) during 6 months. After the first
6 months of treatment, the groups were reversed according
to the randomized cross-over design. Treatment compliance
(i.e. the primary outcome), preference, acceptability and vita-
min D levels and adverse events were all collected.

Results For the two periods, the patients had a significantly
higher compliance in the VD group than in the VDCa group
(p<0.0001). During the study, 50 (56.8 %) patients preferred
the VD treatment, 16 (18.2 %) patients preferred the VDCa,
and for 22 (25.0 %) patients, neither treatment was preferred.
At the end of the first 6 months of treatment, the mean (SD)
increase of 25(OH)D was 6.57 ng/mL (8.19) in the VD group
and 3.88 ng/mL (10.0) in the VDCa group (p=0.16 between
groups).
Conclusion In this study, a once-monthly administration of
vitamin D3 was preferred over a once-daily administration
of a fixed-dose combination of vitamin D3 and calcium, with
a better compliance but without any significant difference in
the increase in vitamin D levels.

Keywords 25OHD . Compliance . Preference . Randomized
controlled trial . VitaminD

Introduction

Treatment compliance, defined as the extent to which a patient
acts in accordance with the prescribed interval and dose as
well as dosing regimen, is a key factor in the management of
bone health, in the same way as in other chronic diseases [1].
Patient compliance improves effectiveness of osteoporosis
treatment. When patients comply, there is a rise of bone min-
eral density, reduction of fracture risk, and improved quality of
life [1, 2]. Unfortunately, long-term compliance with treat-
ment has been shown to be poor in osteoporosis and about
half of patients stop therapy within 1 to 2 years [3]. Compli-
ance could even be lower with supplementation with calcium
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use (p=0.0023) and (2) adverse events (p=0.0010), patients
being less satisfied when taking VDCa treatment. No differ-
ence was found for taste and ease of use criteria. When ac-
ceptability criteria were considered as continuous variables,
satisfaction was higher with VD treatment for the following
acceptability criteria: (1) frequency of use (p=0.010), (2) ad-
verse events (p=0.0034) and (3) overall satisfaction
(p<0.0001) (Table 3).

During the first 6 months of follow-up, the mean (SD)
25(OH)D increased from 29.1 ng/mL (10.9) to 35.7 ng/mL
(8.85) in the VD group and from 27.9 ng/mL (10.2) to
31.8 ng/mL (8.8) in the VDCa group, without any statistical
differences between groups (p=0.16).

The incidence of adverse events related to treatment was
low but more frequently reported by subjects on VDCa
(Table 4).These adverse events related to treatment were gas-
trointestinal disorders (i.e. constipation, nausea and abdominal
upper pain).

Discussion

Strategies to improve patient compliance are of primary im-
portance. Many interventions, involving different factors, may
be considered. Indeed, there is evidence to support that a mul-
tifaceted strategy targeting cognitive, behavioural and

emotional factors is more effective than one aimed at a single
factor [26]. Preference of the patients also needs to be taken
into account [27]. Indeed, besides the potential effect on com-
pliance with treatment, the patient’s perspective is becoming
increasingly important in clinical and policy decisions. In our
study, more patients preferred D-Cure®, but the two treat-
ments (i.e. D-Cure® and Steovit Forte®) were chosen for dif-
ferent reasons. The frequency of use is the main reason given
for choosing vitamin D alone, but it should be pointed that the
potential reasons for preference were predefined.

Interestingly, increasing time between two doses has also
been suggested to improve compliance. However, and more
globally, the dose interval is still a matter of debate. On one
side, some studies have suggested that compliance with
monthly regimes could be better than with daily regimes [1].
On the other side, according to a recent review, it is likely that
for the optimal functioning of the endocrine/autocrine system,
significant 25OHD should be available on a daily basis to
ensure stable circulating concentrations, implying that varia-
tion in vitamin D dosing schedules could have profound ef-
fects on the outcomes of clinical trials because of the short
circulating half-life of intact vitamin D [24]. Consequently, the
balance between bioavailability and compliance needs to be
taken into account.

Anyway, it should be pointed out that although the exact
consequences of dose interval on bone health outcome are not
well known, the effect of the frequency of vitamin D admin-
istration on vitamin D status has already been investigated. In
our study, even if the monthly intake has improved the vitamin
D status more than the daily intake, it does not reach statistical
significance. Other studies have compared daily, weekly and
monthly vitamin D supplementation. In one 4-month study of
equivalent oral doses of vitamin D3 600 IU/day, 4200 IU/
week and 18,000 IU/month, daily dosing was the most and
monthly dosing the least effective to raise 25(OH)D concen-
trations [28]. In another 2-month study, intakes of 1500 IU of
D3 daily, 10,500 IUweekly and 45,000 IU once every 28 days
were equally effective [29]. In a 1-year study, intakes of
800 IU daily were more efficient than intakes of 97,333 IU
every 4 months to increase serum 25(OH)D3 concentrations
[30]. Another study, conducted over a period of 3 months,
showed no difference in the improvement of vitamin D status

Table 2 Association between chosen reasons of preference and chosen
treatment

VD group VDCa group Fisher exact
test

N (%) N (%) p

Reason Taste 2 (3.0) 3 (18.8) 0.030
Ease of use 17 (34.0) 10 (62.4)

Frequency of use 21 (42.0) 3 (18.8)

No adverse events 7 (14.0) 0 (0.0)

Treatment reputation 0 (0.0) 0 (0.0)

Other 3 (6.0) 0 (0.)

Total 50 (76.5) 16 (23.5)

Table 3 Association between
acceptability criteria considered
as continuous variables and
treatment

Acceptability VD group (n=87) VDCa group (n=87) Non-parametric p

Mean±SD M (P25–P75) Mean±SD M (P25–P75)

Taste 3.59±0.97 4 (3–4) 3.69±0.89 4 (3–4) 0.46

Ease of use 4.06±0.64 4 (4–4) 4.06±0.70 4 (4–4) 0.95

Frequency of use 4.06±0.57 4 (4–4) 3.77±0.83 4 (3–4) 0.010

Adverse events 4.24±0.63 4 (4–5) 3.90±1.06 4 (4–5) 0.0034

Overall satisfaction 2.91±0.29 3 (3–3) 2.63±0.65 3 (2–3) <0.0001
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25-Hydroxyvitamin D and
Risk of Myocardial Infarction in Men
A Prospective Study

Edward Giovannucci, MD, ScD; Yan Liu, MS; Bruce W. Hollis, MD, PhD; Eric B. Rimm, ScD

Background: Vitamin D deficiency may be involved in
the development of atherosclerosis and coronary heart
disease in humans.

Methods: We assessed prospectively whether plasma 25-
hydroxyvitamin D (25[OH]D) concentrations are asso-
ciated with risk of coronary heart disease. A nested case-
control study was conducted in 18 225 men in the Health
Professionals Follow-up Study; the men were aged 40 to
75 years and were free of diagnosed cardiovascular dis-
ease at blood collection. The blood samples were re-
turned between April 1, 1993, and November 30, 1999;
99% were received between April 1, 1993, and Novem-
ber 30, 1995. During 10 years of follow-up, 454 men de-
veloped nonfatal myocardial infarction or fatal coro-
nary heart disease. Using risk set sampling, controls
(n=900) were selected in a 2:1 ratio and matched for age,
date of blood collection, and smoking status.

Results: After adjustment for matched variables, men
deficient in 25(OH)D (!15 ng/mL [to convert to nano-
moles per liter, multiply by 2.496]) were at increased risk

for MI compared with those considered to be sufficient
in 25(OH)D ("30 ng/mL) (relative risk [RR], 2.42; 95%
confidence interval [CI], 1.53-3.84; P# .001 for trend).
After additional adjustment for family history of myo-
cardial infarction, body mass index, alcohol consump-
tion, physical activity, history of diabetes mellitus and
hypertension, ethnicity, region, marine $-3 intake, low-
and high-density lipoprotein cholesterol levels, and tri-
glyceride levels, this relationship remained significant (RR,
2.09; 95% CI, 1.24-3.54; P=.02 for trend). Even men with
intermediate 25(OH)D levels were at elevated risk rela-
tive to those with sufficient 25(OH)D levels (22.6-29.9
ng/mL: RR, 1.60 [95% CI, 1.10-2.32]; and 15.0-22.5 ng/
mL: RR, 1.43 [95% CI, 0.96-2.13], respectively).

Conclusion: Low levels of 25(OH)D are associated with
higher risk of myocardial infarction in a graded man-
ner, even after controlling for factors known to be asso-
ciated with coronary artery disease.

Arch Intern Med. 2008;168(11):1174-1180

A VARIETY OF OBSERVATIONS

are not easily explained by
known cardiovascular dis-
ease (CVD) risk factors. In
most populations stud-

ied, the rate of CVD-related death is el-
evated at higher latitudes, increases dur-
ing the winter months, and is lower at high
altitudes. As noted elsewhere,1 this pat-
tern is consistent with an adverse effect of
hypovitaminosis D, which is more preva-
lent at higher latitudes, during the win-
ter, and at lower altitudes. Alternative ex-
planations for these observations are
possible, but a variety of plausible biologi-
cal mechanisms support a role for vita-
min D. The vitamin D axis affects vascu-
lar smooth muscle cell proliferation,
inflammation, vascular calcification, the
renin-angiotensin system (RAS), and blood
pressure,1 all of which affect risk of CVD
and myocardial infarction (MI).

Despite these suggestive ecologic data
and plausible mechanisms, data directly
linking vitamin D levels to risk of MI are
sparse. A Danish study2 examined 25-
hydroxyvitamin D (25[OH]D) levels mea-
sured in 128 patients admitted to the hos-
pital with ischemic heart disease (75 with
angina pectoris and 53 with acute MI) and
409 control subjects and found that
25(OH)D levels were significantly lower in
those with angina (23.5 ng/mL [to con-
vert to nanomoles per liter, multiply by
2.496]) or MI (24.0 ng/mL) than in con-
trols (28.8 ng/mL). In a New Zealand case-
control study3 of 179 patients with MI, cases
had a lower mean 25(OH)D level (P=.02),
which was more pronounced in the winter-
spring (P = .03) than in the summer-
autumn (P=.21). The relative risk (RR) of
MI decreased across increasing quartiles of
25(OH)D (#10 ng/mL: RR, 1 [reference];
10-13 ng/mL: RR, 0.56 [95% confidence in-
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ular filtration rate because circulating 25(OH)D levels
could be lower in individuals with chronic kidney dis-
ease, which is a risk factor for CVD.26 Controlling for the
estimated glomerular filtration rate did not change the
results. Given the strength of the association observed
between 25(OH)D level and MI risk, and the fact that
controlling for these factors did not appreciably affect
the magnitude of the association, substantial residual
confounding by these factors is not likely but cannot be
ruled out.

Because 25(OH)D levels are largely affected by sun ex-
posure, it is plausible that some other consequence of sun
exposure other than vitamin D production is respon-
sible for the observed association with MI. Neverthe-
less, much evidence supports mechanisms whereby vi-
tamin D could affect CVD risk. Of the potentially relevant
mechanisms, vitamin D affects vascular smooth muscle
cell proliferation, inflammation, vascular calcification, and
blood pressure through the RAS.1

The RAS helps regulate blood pressure, electrolyte lev-
els, and volume homeostasis, and excessive RAS stimu-
lation is associated with hypertension. Animal studies27

show that vitamin D is an important regulator of the RAS
system and that 1,25-dihydroxyvitamin D, the activated
form of vitamin D, suppresses renin gene expression. Dis-
ruption of the vitamin D receptor gene leads to elevated
renin production, cardiac hypertrophy, and elevated blood
pressure in mice.28 In a randomized controlled trial
(RCT)29 of either UV-B or UV-A administered through
tanning booths, UV-B, which increased 25(OH)D levels
by 162%, was effective in reducing 24-hour ambulatory
blood pressure (by –6/–6 mm Hg, P! .001), whereas UV-A
did not affect 25(OH)D levels or blood pressure. In an-
other RCT30 of individuals with low vitamin D status (!20
ng/mL; mean, approximately 10 ng/mL), supplementa-
tion with 800 IU of vitamin D resulted in an increase in
serum 25(OH)D of 72% (P! .01), a decrease in systolic
blood pressure of 9.3% (P=.02), and a suggestive de-
crease in diastolic blood pressure of 8.5% (P=.10). In the
HPFS and the Nurses’ Health Study,31 during 4 years of
follow-up, men and women who had plasma 25(OH)D
levels less than 15 ng/mL were 3 times as likely to have
a new diagnosis of hypertension in the next 4 years com-
pared with those with 25(OH)D levels greater than 30
ng/mL. An inverse association between 25(OH)D levels

and blood pressure was also found using Third National
Health and Nutrition Examination Survey data.32

Calcification is a common feature of atherosclerosis,
and nearly all angiographically significant lesions are cal-
cified.33 Calcification of coronary arteries has been asso-
ciated with increased risk of MI34 and poorer 5-year sur-
vival.35 Atherosclerotic calcification is a process regulated
in ways similar to skeletal osteogenesis.36 A significant
association exists between osteoporosis and vascular cal-
cification, suggesting that osteoregulatory mechanisms
related to bone development may affect calcification in
the vasculature. Levels of 1,25-dihydroxyvitamin D have
been shown to be inversely associated with vascular cal-
cification,36 suggesting that vitamin D may affect MI risk
through its effects on vascular calcification.

Other mechanisms could account for or contribute to
the association between 25(OH)D and MI risk. Vitamin
D deficiency, possibly combined with low calcium in-
take, has been associated with impaired fasting glucose
and possibly risk of type 2 diabetes mellitus,37-40 risk fac-
tors for CVD. Vitamin D deficiency has also been asso-
ciated with a cytokine profile that favors greater inflam-
mation (eg, higher C-reactive protein and interleukin 6
levels and lower interleukin 10 levels),41-46 which could
predispose to heightened MI risk. Finally, seasonal res-
piratory tract infections, particularly influenza, have been
proposed to account for the winter increase in mortality
due to CVD,47 and hypovitaminosis D could contribute
to these infections.48,49

Two case-control studies2,3 and a small prospective study4

found that individuals with low 25(OH)D levels were at
higher risk for ischemic heart disease. The strongest test
of the hypothesis that vitamin D lowers MI risk would be
from an RCT. Two RCTs reported on CVD. In a UK study
of 2686 men and women, the participants were random-
ized to receive 830 IU of vitamin D daily (administered as
100 000 IU of oral vitamin D3 every 4 months) or placebo
for 5 years. The in-study 25(OH)D levels were 29.7 ng/mL
in the vitamin D group and 21.4 ng/mL in the placebo group.
There was a nonsignificant decrease in CVD incidence (RR,
0.90; 95% CI, 0.77-1.06) and CVD mortality (RR, 0.84; 95%
CI, 0.65-1.10) in the intervention group. Based on the
present study, a difference of 8.3 ng/mL in 25(OH)D con-
centration would be associated with an RR of 0.92, which
is compatible with the previous results. A recent meta-

Table 3. Estimated RRs of MI by Level of 25(OH)D at Baseline During 10 Years of Follow-up

Variable

Plasma 25(OH)D, ng/mL
P Value
(Trend)"15.0 15.1-22.5 22.6-29.9 #30.0

Cases/controls, No. 63/87 156/307 165/299 70/207 NA
RR (95% CI)

Matching variables 2.42 (1.53-3.84) 1.65 (1.15-2.37) 1.72 (1.22-2.42) 1 [Reference] !.001
MV1a 2.01 (1.22-3.30) 1.45 (0.99-2.12) 1.56 (1.09-2.22) 1 [Reference] .02
MV2b 2.09 (1.24-3.54) 1.43 (0.96-2.13) 1.60 (1.10-2.32) 1 [Reference] .02

Abbreviations: CI, confidence interval; MI, myocardial infarction; MV, multivariate; NA, not applicable; 25(OH)D, 25-hydroxyvitamin D; RR, relative risk.
SI conversion factor: To convert 25(OH)D to nanomoles per liter, multiply by 2.496.
aMV1: matching variables (age, month and year of blood collection, and smoking status) and family history of MI before the age of 60 years, history of diabetes

mellitus, history of hypertension, alcohol intake, body mass index, physical activity, region, race, multivitamin use, marine $-3 intake, and fasting status.
bMV2: all the variables in MV1 and high- and low-density lipoprotein cholesterol and triglyceride levels.
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Several studies have shown that low 25-hydroxyvitamin D levels are as-
sociated with higher risk of cardiovascular disease and an increase in 25-
hydroxyvitamin D levels protects against cardiovascular disease. In this study,
we aimed to compare the effects of rosuvastatin and fluvastatin on vitamin
D metabolism. The study population consisted of 134 hyperlipidemic patients
who had not previously been treated with lipid lowering medications. Patients
were randomized in a 1:1 ratio to rosuvastatin 10 mg or fluvastatin 80 mg
XL during the study. Lipid parameters, 25 hydroxyvitamin-D, and bone al-
kaline phosphatase (BALP) were obtained at baseline and after 8 weeks of
rosuvastatin and fluvastatin treatment. Sixty-nine patients were administered
rosuvastatin, and 65 patients fluvastatin. Total Cholesterol and LDL cholesterol
decreased after 8 weeks of both rosuvastatin and fluvastatin treatments. Ro-
suvastatin was significantly more effective than fluvastatin on lowering total
(P < 0.001) and LDL cholesterol (P < 0.001). There was a significant increase
in 25-hydroxyvitamin D with rosuvastatin treatment (P < 0.001), whereas
no significant change in 25-hydroxyvitamin D was observed with fluvastatin
treatment. Mean BALP fell from 18.5 to 9.6 u/I (P < 0.001) with rosuvas-
tatin and from 17.0 to 12.8 with fluvastatin (P = 0.004). There was no signifi-
cant difference in BALP levels between rosuvastatin and fluvastatin treatment
(P = 0.368). The present study demonstrated that 25-hydroxyvitamin D levels
increased with rosuvastatin treatment; whereas fluvastatin treatment had no
effect on 25-hydroxyvitamin D. This disparity could be related to the potency
or the bioavailability of these two statins. Further studies are needed to clarify
the relationship between statins and the vitamin D physiology.

Introduction

Statins are widely used drugs in hypercholesterolemic pa-
tients in both primary and secondary prevention [1,2].
These drugs have not only cholesterol lowering effect, but
also many pleiotropic effects [3]. One of these pleiotropic
effects may be mediated in part by an effect on vitamin D
metabolism.

Several studies have shown that low 25-hydroxy-
vitamin D levels were associated with higher risk

of cardiovascular disease and an increase in 25-
hydroxyvitamin D levels protects against cardiovascular
disease [4–8]. In our previous study, we demonstrated
the effect of rosuvastatin on vitamin D metabolism, an
increase in 25-hydroxyvitamin D levels after 8 weeks of
treatment [9]. There is no study comparing the effects
of two statins on the levels of 25-hydroxyvitamin D. In
this study, we aimed to assess whether increase in 25-
hydroxyvitamin D levels is a class effect of statins, or a
pleiotropic effect specific to rosuvastatin. Therefore, we
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Table 3 Bone parameters before and after rosuvastatin and fluvastatin treatment

Rosuvastatin 10 mg (n = 69) Fluvastatin 80 mg XL (n = 65) ∗P

Baseline After treatment ∗∗P Baseline After treatment ∗∗P

25-OHvitD (ng/mL) 11.8 (3.7–30.0) 35.2 (4.0–101.0) <0.001 9.6 (4.0–67.0) 10.2 (3.9–83.0) 0.557 <0.001
1,25 OHvitD (pg/mL) 18.3 (5.6–145.0) 24.0(10.5–51.0) 0.008 19.4 (2.8–43.0) 20.7 (6.4–56.4) 0.241 0.144
BALP (U/L) 18.4 (2.6–214.0) 9.6 (0.9–21.6) <0.001 17.0 (2.99–258.0) 12.8 (0.7–167.0) 0.004 0.368
OCL (ng/mL) 4.3 (1.0–35.0) 4.5 (1.0–24.7) 0.927 4.8 (1.0–32.0) 4.0 (1.2–35) 0.178 0.123
Ca (mg/dL) 9.4 ± 0.6 9.4 ± 0.5 0.774 9.6 ± 0.5 9.4 ± 1.0 0.041 0.056
P (mg/dL) 3.1 ± 0.7 3.1 ± 0.5 0.768 3.1 ± 0.7 3.2 ± 0.6 0.181 0.222

25-OHvitD: 25 Hydroxyvitamin D; 1,25 OHvitD: 1,25-hydroxyvitamin D.
BALP, bone alkaline phosphatase; OCL, osteocalcin; P, phosphorus; Ca, calcium.
∗P: P value between rosuvastatin and fluvastatin.
∗∗P: P value between baseline and after treatment.
Continuous variables with normal distribution were expressed as mean ± SD. Variables with skew distribution are expressed as median
(minimum–maximum), and categorical variables are expressed as percentage.

treatment; however, there was no increase in the levels
of 25-hydroxyvitamin D with fluvastatin treatment. This
is the first study comparing the effect of two different
statins on the levels of 25-hydroxyvitamin D. In our pre-
vious study, we demonstrated that 25-hydroxyvitamin
D levels increased significantly after 8 weeks of rosuvas-
tatin treatment [9]. There are very few studies in the
literature investigating the role of statins on the vitamin
D metabolism.

Currently, several studies demonstrated that 25-
hydroxyvitamin D may be a novel marker for cardiovas-
cular disease. Melamed et al. have recently shown that a
25-hydroxyvitamin D level lower than 17.8 ng/mL was
independently associated with all-cause mortality com-
pared to the general population [11]. Giovannucci et al.
reported that men with 25-hydroxyvitamin D levels of
30 ng/mL or greater had approximately half the pop-
ulation risk of myocardial infarction, independent from
other cardiovascular risk factors [4].

Statins have unexpected beneficial effects other than
lowering LDL-C levels. These pleiotropic effects such as
reduction in the rate of transplant rejection, decrease in
disease activity score in rheumatoid arthritis, and de-
crease in number of lesions in multiple sclerosis were
achieved with different statin regimens [12]. One of these
unexpected beneficial effects is the influences on vita-
min D metabolism. Pérez-Castrillón et al. have previously
shown that vitamin D levels significantly increased in pa-
tients with acute ischemic heart disease after the treat-
ment of atorvastatin [13]. Studies with lovastatin and
simvastatin showed similar results in patients with famil-
ial hypercholesterolemia [14,15].

There are several studies evaluating the relationship
between statin and bone metabolism [16,17]. A meta-
analysis found fewer hip fractures, improved hip bone

mineral density and a decrease in bone alkaline phos-
phatase levels with statin treatment [16]. The improve-
ment in bone mineral density with the treatment of
statins may be caused by the increase in vitamin D levels.
However, different statins may not have the same effect
on bone. In cell culture experiments, it was demonstrated
that inhibition of osteoclastic activity was inversely cor-
related with the magnitude of a HMG-CoA reductase
activity [17].

At equal doses rosuvastatin decreases LDL-C much
more efficiently than fluvastatin [18]. We chose fluvas-
tatin as a control group to find out whether efficiency in
HMG-CoA reductase inhibition is related to increase in
levels of 25-hydroxyvitamin D. Rosenson et al. random-
ized 55 adults to placebo, pravastatin 40 mg/day, simvas-
tatin 20 mg/day or simvastatin 80 mg/day groups. Only
high-dose simvastatin (80 mg/day) produced a significant
reduction in bone-specific alkaline phosphatase after 8
week treatment. Their findings suggest that reduced bone
turnover may be related to the intensity of HMG-CoA re-
ductase inhibition [19]. In our study, there was no signif-
icant difference in BALP levels between rosuvastatin and
fluvastatin treatment.

There are very few studies investigating the effect
of fluvastatin and rosuvastatin on bone physiology.
Bjarnason et al. investigated the effect of fluvastatin on
parameters of bone remodeling. Sixty-eight elderly post-
menopausal women with osteoporosis and mild hyperc-
holesterolemia were randomly assigned to 12-week open
treatment with fluvastatin plus vitamin C or vitamin C
only. They found that fluvastatin had no effect on the
markers of bone formation (serum total alkaline phos-
phatase and osteocalcin) [20]. In this study, bone alka-
line phosphatase levels were not measured. Galus et al.
investigated the role of fluvastatin in early phase of
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Effects of Atorvastatin on Vitamin D Levels in Patients With Acute Ischemic
Heart Disease
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Vitamin D deficiency is a risk factor for osteoporosis and other chronic diseases, including
type 1 diabetes, hypertension, metabolic syndrome, and ischemic heart disease. Cholesterol
and vitamin D share the 7-dehydrocolesterol metabolic pathway. This study evaluated the
possible effect of atorvastatin on vitamin D levels in patients with acute ischemic heart
disease. Eighty-three patients (52 men and 31 women) with an acute coronary syndrome
(75 with acute myocardial infarction and 8 with unstable angina) were included. After
diagnosis, patients received atorvastatin as secondary prevention. Serum vitamin D was
measured by high-performance liquid chromatography at baseline and at 12 months.
Atorvastatin treatment produced a statistically significant decrease in cholesterol and
triglyceride levels and an increase in vitamin D levels (41 ! 19 vs 47 ! 19 nmol/L, p "
0.003). Vitamin D deficiency was decreased by 75% to 57% at 12 months. In conclusion,
atorvastatin increases vitamin D levels. This increase could explain some of the beneficial
effects of atorvastatin at the cardiovascular level that are unrelated to cholesterol
levels. © 2007 Elsevier Inc. All rights reserved. (Am J Cardiol 2007;99:903–905)

Vitamin D deficiency is a risk factor for osteoporosis and
other chronic diseases, including type 1 diabetes, hyperten-
sion, metabolic syndrome, and ischemic heart disease.1 Vi-
tamin D is synthesized in the skin by ultraviolet radiation
that acts on 7-dehydrocolesterol, which is hydroxylated into
carbon-25 by 25-hydroxyvitamin D-1! hydroxylase or
CYP27B1, an enzyme located in the mitochondria of the
hepatocyte. The resulting metabolite, 25-hydroxyvitamin D,
is the best way to measure individual vitamin D levels.2
Cholesterol and vitamin D share the 7-dehydrocolesterol
metabolic pathway.3 Statins have beneficial effects on mor-
bidity and mortality of patients with acute ischemic heart
disease; these may be mediated by vitamin D. These pa-
tients have a greater prevalence of vitamin D deficiency and
are often treated with statins as secondary prevention.1 This
led us to study the possible effect of atorvastatin on vitamin
D levels in this group of patients. Increased levels of vita-
min D could explain some of the beneficial effects of ator-
vastatin at the cardiovascular and bone metabolism levels
that are unrelated to cholesterol levels.

Methods and Results

Patients hospitalized for an acute coronary syndrome, de-
fined as high-risk unstable angina, non–ST-elevated myo-
cardial infarction, or ST-elevated myocardial infarction,
were eligible for inclusion. Eighty-three patients (52 men
and 31 women) with an acute coronary syndrome (75 with

acute myocardial infarction and 8 with unstable angina)
were included. Patients were recruited at hospital admis-
sion. Exclusion criteria were alcoholism, neoplasia, hyper-
or hypocalcemia, and treatment with phosphocalcium me-
tabolism-modifying drugs. After diagnosis, patients re-
ceived atorvastatin as secondary prevention. Low (10 to 20
mg) and high (40 to 80 mg) doses were used according to
baseline levels of cholesterol and triglycerides and index of
vascular risk. Only patients completing follow-up were
evaluated. A control group of 73 hypertensive patients (38
men and 35 women) not receiving treatment with statins
was included.

Blood samples were obtained after 8 or 9 hours of fast-
ing. Total calcium, phosphorus, total cholesterol, and tri-
glycerides were measured using a Hitachi 917 autoanalyzer
(Hitachi, Tokyo, Japan). Levels of 25-hydroxyvitamin D
were determined by high-performance liquid chromatogra-
phy with an intra-assay variation coefficient of 12%. Lab-
oratory measurements were obtained at baseline and at 12
months. Vitamin D deficiency was defined as "50 nmol/L.3

A descriptive statistical analysis was made, including
measurements of central tendency and scattering for quan-
titative variables. Student’s t test was used to compare

aInternal Medicine Department, Río Hortega University Hospital, Fac-
ulty of Medicine of Valladolid, and bPediatric Laboratory, Pediatrics-
IBGM Department, Faculty of Medicine of Valladolid, Valladolid, and
cPfizer, Madrid, Spain. Manuscript received September 20, 2006; revised
manuscript received and accepted November 7, 2006.
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Table 1
Effect of atorvastatin on vitamin D and other laboratory data

Variable Baseline 12 mos p
Value

Total cholesterol (mg/dl) 182 ! 48 161 ! 33 0.0001
HDL cholesterol (mg/dl) 39 ! 12 49 ! 11 0.0001
LDL cholesterol (mg/dl) 114 ! 41 90 ! 31 0.0001
Triglycerides (mg/dl) 152 ! 91 117 ! 66 0.003
Calcium (mg/dl) 9.5 ! 0.6 9.6 ! 0.5 NS
Phosphorus (mg/dl) 3.6 ! 0.6 3.4 ! 0.6 NS
25-Hydroxycholecalciferol (nmol/L) 41 ! 19 47 ! 19 0.003

LDL " low-density lipoprotein.
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variables and Pearson’s correlation coefficient for relations
between quantitative variables. Results are expressed as
mean ! SD; statistical significance was established as p "
0.05.The study was approved by the hospital clinical re-
search committee, and all patients gave written informed
consent to participate in the study.

Eighty-three patients with acute coronary syndrome and
a mean age of 61 ! 10 years were recruited. Of these, 90%
had acute myocardial infarction and 10% had unstable an-
gina. Twenty percent of the patients were hypertensive and
13% diabetic. In addition to statins, 28% received treatment
with angiotensin-converting enzyme inhibitors, 57% with !
blockers, 20% with nitrates, 2% with angiotensin antago-
nists, and 1% with thiazides. Fifteen percent had been pre-
viously treated with cholesterol-lowering drugs (fibrates,
pravastatin). As presented in Table 1, atorvastatin treatment
produced a statistically significant decrease in total choles-
terol, low-density lipoprotein cholesterol, and triglyceride
levels and an increase in high-density lipoprotein (HDL)
cholesterol and vitamin D levels (41 ! 19 vs 47 ! 19
nmol/L, p " 0.003). Seventy-five percent of patients had
vitamin D deficiency ("50 nmol/L) at baseline, which was
decreased by 75% to 57% at 12 months.3 Results did not
differ according to gender or dose of atorvastatin used. A
statistically significant correlation was observed between
baseline levels of 25-hydroxycholecalciferol and total cho-
lesterol (r " 0.273, p " 0.002; Figure 1) and HDL choles-
terol (r " 0.387, p " 0.005). There was no relation between
final levels of 25-hydroxycholecalciferol and total choles-
terol (r " 0.032, p " 0.982; Figure 1) and HDL cholesterol
(r " 0.078, p " 0.587). No relation between 25-hydroxy-
cholecalciferol and low-density lipoprotein cholesterol at
basal (r " 0.105, p " 0.464) or final (r " 0.153, p " 0.287)
level was observed. Patients in the control group were an
average of 62 ! 9 years of age and were treated with
angiotensin-converting enzyme inhibitors. They had initial
levels 55 ! 26 nmol/L of vitamin D, which were not
modified during the year of follow-up (57 ! 25 nmol/L, p
" 0.543).

Discussion

These results show that atorvastatin significantly increased
vitamin D levels, thus decreasing the percentage of patients
with vitamin D deficiency, a previously unrecorded finding.
Comparable findings come from 2 small studies that in-
cluded 18 patients with familial hypercholesterolemia,
which showed that lovastatin and simvastatin treatments
resulted in increased plasma levels of vitamin D.4,5 Grimes6

analyzed analogies between vitamin D and statins and sug-
gested that part of the benefits obtained by these drugs could
be mediated by vitamin D. Our results support this hypoth-
esis.

The possible interest of vitamin D in cardiovascular
disease is because patients with terminal renal disease and
low levels of vitamin D have a cardiovascular mortality 10
to 20 times greater than that of the general population.1
Vitamin D deficiency may increase the risk of cardiovascu-
lar disease through 3 mechanisms. First, in vitro studies
have shown that vitamin D causes an imbalance between
anti-inflammatory and proinflammatory cytokines, thus de-
creasing the activity of nuclear factor-#B, increasing the
production of interleukin-10, and decreasing levels of inter-
leukin-6, interleukin-1, interferon-$, and tumor necrosis
factor-%.7 Second, myocardial cells of the vascular endo-
thelium have receptors for vitamin D1 whose activation
inhibits cell proliferation. Local production of calcitriol, the
active metabolite of vitamin D, depends on circulating lev-
els of 25-hydroxycholecalciferol, which would be increased
by atorvastatin treatment. Third, the association between
vitamin deficit and hypertension is mediated by activation
of the renin-angiotensin-aldosterone system. High levels of
calcitriol decrease plasma renin activity, producing a de-
crease in angiotensin II levels.8 This modulation of the
renin-angiotensin-aldosterone system, in addition to de-
creasing blood pressure, decreases inflammation at the level
of the vascular endothelium, thus limiting progression of
atherosclerosis.9

The mechanism by which atorvastatin increases vitamin
D levels is related to inhibition of 3-hydroxy-3 methylglu-
taryl coenzyme A (HMG-CoA) reductase. Cholesterol is

Figure 1. Relation between baseline and final levels of total cholesterol and 25-hydroxycholescalciferol.
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a b s t r a c t

Introduction: There is a multitude of evidence supporting the benefit of statin use in cardiovascular dis-
ease; however, statin-induced myopathy is a major reason for statin discontinuation and non-adherence.
Vitamin D deficiency has been independently associated with muscle weakness and severe myopathy,
and may be a confounder for statin-induced myopathies. Since there is no consensus on a treatment
course of action for statin-induced myopathy, investigation into potential confounders to elucidate the
dynamics of statin-induced myopathy is warranted.
Methods: A retrospective chart review was conducted on 105 patients in a cardiometabolic clinic with a
vitamin D drawn from December 2006 to April 2008. Patients exposed to statins were divided into two
groups: (1) patients with low vitamin D (<32 ng/mL) [n = 52] and (2) patients with a sufficient vitamin D
level (P32 ng/mL) [n = 32]. Data were compared via t-tests or Fisher’s Exact, as appropriate.
Results: There were 41 statin-specific myopathies amongst the 24 statin-intolerant patients. Low vitamin
D was significantly associated with statin-induced myopathy (p = 0.048). Following prescription vitamin
D supplementation, statin tolerance rates were significantly higher in patients with a baseline vitamin D
620 ng/mL than those with a baseline vitamin D >20 ng/mL (90% vs 33%; p = 0.036).
Conclusion: Vitamin D status may be considered a modifiable risk factor for muscle-related adverse
effects of statins, and supplementation of vitamin D (particularly when 620 ng/mL) may improve statin
tolerance.
! 2016 The Authors. Published by Elsevier Inc. This is anopenaccess article under theCCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Low vitamin D serum concentration is a growing public health
concern, even in regions with higher sun exposure [1,2]. Vitamin D
serum concentrations can be defined as (1) sufficient or P30 ng/
mL, (2) insufficient or 21–29 ng/mL, or (3) deficient or 620 ng/
mL [3]. Low vitamin D is associated with a multitude of disease
states, including osteoporosis, muscle weakness, cancer, autoim-
mune disease, diabetes, schizophrenia, depression, lung dysfunc-
tion, and cardiovascular disease (CVD) [4,5]. Currently, the role of
vitamin D in cardiovascular disease has become an emerging area
of research. The Framingham Offspring Study demonstrated a 62%
increase in risk of developing a first cardiovascular event in
patients with hypertension and vitamin D deficiency [6]. One

hypothesis is that inadequate vitamin D status may complicate
the adverse effect risk of 3-hydroxy-3-methylglutaryl coenzyme
A reductase inhibitors or statins, which are commonly prescribed
for cholesterol reduction in patients at risk for CVD [7].

The adherence rate with statins is quite poor, with reports
showing patients may go without medication for as much as
20.4% of the time, even in the absence of typical health-system bar-
riers to adherence (i.e., high co-pays) [8]. The reasoning behind this
abundant non-adherence is multi-factorial and statin-induced
muscle symptoms are a major reason for drug discontinuation
and non-adherence. Vitamin D deficiency has been independently
associated with muscle weakness and severe myopathy and may,
in fact, be a confounder for statin-induced myopathies [7,9,10].
Myopathy is differentiated into 3 categories: (1) myalgia – muscle
aches/weakness without CK elevation, (2) myositis – muscle symp-
toms with CK elevation, and (3) rhabdomyolysis – muscle symp-
toms associated with marked CK elevations (>10 times the upper
limit of normal) [10].
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switched from one statin to another, regardless of cause (including
muscle pain) [15]. Key differences in our design include recruit-
ment from a cardiometabolic clinic and assessment following vita-
min D supplementation. Although geographical location differed,
two demographic variables were similar between their studies,
specifically a higher percentage of females and !30% rate of dia-
betes. Kurnik and colleagues contended in their review that differ-
ences in these two demographics may account for their conflicting
results from previously published literature. Backes and colleagues
had a very similar design and methodology to our study, yet found
no difference in vitamin D concentrations between groups [16].
The high prevalence of African American patients in our study
may account for some degree of variability in findings.

The findings of a recent meta-analysis indicate that a statins’
relative hydrophilicity or lipophilicity is related to the type and fre-
quency of adverse reactions.[24] There are 3 general groupings
based on the continuum of lipophilicity: (1) highly lipophilic – sim-
vastatin, and lovastatin, (2) modestly lipophilic – atorvastatin and
fluvastatin, and (3) lowly lipophilic – rosuvastatin and pravastatin
[25]. There may be a relationship between statin lipophilicity and
the incidence of statin-induced myopathy or vitamin D concentra-
tions, as our data indicate that lowly lipophilic statins (pravastatin
and rosuvastatin) may be better tolerated when re-challenging a
statin in a patient with previous statin-induced myopathy and pre-
viously low vitamin D concentrations.

Each statin may affect vitamin D concentrations differently.
Smaller, short-term studies have shown that more lipophilic

statins (simvastatin and lovastatin) can cause increases in various
metabolites of vitamin D, while less lipophilic statins (pravastatin)
provide no improvement in vitamin D [26–28]. Additionally, recent
studies suggest atorvastatin and rosuvastatin can increase serum
vitamin D concentrations [29]. The mechanisms involved with
increasing serum vitamin D concentrations following statin admin-
istration are not yet certain, but it has been proposed that statin
potency may play a role [29]. Further research is warranted to
elucidate the effect of long-term statin administration on vitamin D
concentrations.

The mechanism on statin-induced myopathy with vitamin D is
uncertain. A synergistic mechanism involving vitamin D deficiency
worsening myopathy seems feasible given the pleiotropic effects
statins have on skeletal muscle and the role of vitamin D receptors
(VDRs) on skeletal muscle protein synthesis [30]. Another hypoth-
esis proposed is through the induction of CYP enzymes by vitamin
D, a known inducer of CYP3A4 and CYP2C9 [31]. Higher vitamin D
concentrations may cause enhanced enzyme activity and metabo-
lism of certain statins leading to less drug bioavailability. Con-
versely, low vitamin D may decrease CYP activity, thus indirectly
increasing toxicity of some statins.

Given the retrospective nature of this review, there are several
limitations. Retrospective research is useful in establishing associ-
ations, but is unable to identify a causal relationship. Additionally,
there is a lack of specifics on sun exposure and supplementation
adherence, especially considering its importance to vitamin D con-
centrations. The small sample size is an important limitation, but is
common when considering statin-induced myopathy evaluations.
Our sample size was further limited by the need for a vitamin D
concentration, as it is not routine practice to check for deficiencies
in patients prescribed statins. Also, women accounted for the
majority of our patients which may be related to the higher likeli-
hood of getting vitamin D concentrations as part of an osteoporosis
work up. The statin selected for re-challenge, although often the
same statin, was variable in regards to specific statin and dose.
There is a certain degree of subjectivity to defining myopathy that
is an inherent limitation to this study. The definition of low vitamin
D lacks a consensus, but was defined based on previous literature
in this field of study. There was no ability to discern the existence
of drug-drug interactions as a cause of underlying myopathy.

Conclusion

This study provides insight to the potential relationship
between vitamin D concentrations and statin-induced myopathy.

Table 1
Patient Demographics.a

Characteristic n Vitamin D <32 ng/mL n Vitamin D P32 ng/mL p-value

Age (years) 52 61.6 ± 11.2 32 61.0 ± 10.9 0.80
Gender
F 47 90.4% 25 78.1% 0.20
M 5 9.6% 7 21.9%

Race
Caucasian 35 67.3% 26 81.3% 0.21
Non-Caucasian b 17 32.7% 6 18.8%

Osteoporosis/Osteopenia 19 36.5% 14 45.2% 0.65
Hypertension 40 76.9% 24 75% 0.99
Diabetes Mellitus 18 34.6% 9 28.1% 0.63
Hypothyroidism 14 26.9% 6 18.8% 0.44
Smoker 7 13.5% 3 9.4% 0.73
Vitamin D (ng/mL) 52 21 ± 6.6 32 42 ± 10.5 <0.0001
CPK (30–170 IU/L) 30 164.9 ± 156.1 15 101.8 ± 69.4 0.10
Body Mass Index (kg/m2) 49 31.3 ± 5.7 29 29.6 ± 6.0 0.12
Total Cholesterol (mg/dL) 52 216 ± 78.8 32 206 ± 79.8 0.59

a Data reported as means ± standard deviations as appropriate.
b 96% of non-Caucasians were African American.

Fig. 1. Rate of statin-induced myopathy by vitamin D Status before vitamin D
supplementation
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..treatment, although this consensus opinion has not been fully tested.
For all these reasons, the European Task Force retains a goal
approach to lipid management and treatment goals are tailored to
the total CV risk level. There is also evidence suggesting that lowering
of LDL-C beyond the goals that were set in the previous EAS/ESC
Guidelines is associated with fewer ASCVD events.34,116,117

Therefore, it seems appropriate to reduce LDL-C to as low a level as
possible, at least in patients at very high CV risk, and for this reason a
minimum 50% reduction is suggested for LDL reduction, together
with reaching the tailored goal.

The lipid goals are part of a comprehensive CV risk reduction
strategy and are summarized in Table 7. The rationales for the non-
lipid targets are given in the 2016 ESC Joint Prevention Guidelines.10

The targeted approach to lipid management is primarily aimed at
reducing atherosclerotic risk by substantially lowering LDL-C to lev-
els that have been achieved in recent large-scale trials of PCSK-9
inhibitors. Therefore, for patients at very high CV risk, whether in
secondary prevention or (rarely) in primary prevention, LDL-C
reduction of >_50% from baseline and an LDL-C goal of <1.4 mmol/L
(<55 mg/dL) are recommended. For patients with ASCVD who
experience a second vascular event within 2 years (not necessarily of
the same type as the first event) while taking maximally tolerated
statin-based therapy, an LDL-C goal <1.0 mmol/L (<40 mg/dL) may
be considered.119,120 For people at high CV risk, an LDL-C reduction
of >_50% from baseline and an LDL-C goal <1.8 mmol/L (<70 mg/dL)
are recommended. In patients at moderate CV risk, an LDL-C goal
<2.6 mmol/L (<100 mg/dL) should be considered, while for low-risk
individuals a goal of <3.0 mmol/L (<116 mg/dL) may be considered
(see Recommendations for treatment goals for low-density lipoprotein cho-
lesterol below and Supplementary Table 2).

Secondary goals have also been defined by inference for non-
HDL-C and for ApoB; they receive a moderate grading, as they have
not been extensively studied in RCTs. The specific goal for non-
HDL-C should be 0.8 mmol/L (30 mg/dL) higher than the corre-
sponding LDL-C goal; the adjustment of lipid-lowering therapy in
accordance with these secondary goals may be considered in patients
at very high CV risk after achievement of an LDL-C goal, although the
clinical advantages of this approach with respect to outcomes remain
to be addressed. When secondary targets are used the recommenda-
tions are: (i) non-HDL-C <2.2 mmol/L (<85 mg/dL), <2.6 mmol/L
(<100 mg/dL), and <3.4 mmol/L (<130 mg/dL) in people at very high,
high, and moderate CV risk, respectively;121!123 and (ii) ApoB <65
mg/dL, <80 mg/dL, and <100 mg/dL in very-high, high, and moderate
total CV risk, respectively.121,123,124

To date, no specific goals for HDL-C or TG levels have been
determined in clinical trials, although increases in HDL-C predict
atherosclerosis regression, and low HDL-C is associated with excess
events and mortality in coronary artery disease (CAD) patients, even
at low LDL levels. Clinicians should use clinical judgment when con-
sidering further treatment intensification in patients at high or very
high total CV risk.

7 Lifestyle modifications to
improve the plasma lipid profile

The pivotal role of nutrition in the prevention of ASCVD has been
extensively reviewed.125!129 Dietary factors influence the develop-
ment of CVD either directly or through their action on traditional
risk factors, such as plasma lipids, BP, or glucose levels.

Recommendations for treatment goals for low-density lipoprotein cholesterol

Recommendations Classa Levelb

In secondary prevention for patients at very-high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of

<1.4 mmol/L (<55 mg/dL) are recommended.33!35,119,120 I A

In primary prevention for individuals at very-high risk but without FH,c an LDL-C reduction of >_50% from baselined and

an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended.34!36 I C

In primary prevention for individuals with FH at very-high risk, an LDL-C reduction of >_50% from baseline and an LDL-C

goal of <1.4 mmol/L (<55 mg/dL) should be considered.
IIa C

For patients with ASCVD who experience a second vascular event within 2 years (not necessarily of the same type as the

first event) while taking maximally tolerated statin-based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may be

considered.119,120

IIb B

In patients at high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are

recommended.34,35 I A

In individuals at moderate risk,c an LDL-C goal of <2.6 mmol/L (<100 mg/dL) should be considered.34 IIa A

In individuals at low risk,c an LDL-C goal <3.0 mmol/L (<116 mg/dL) may be considered.36 IIb A

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cholesterol.
aClass of recommendation.
bLevel of evidence.
cFor definitions see Table 4.
dThe term ‘baseline’ refers to the LDL-C level in a person not taking any LDL-C-lowering medication. In people who are taking LDL-C-lowering medication(s), the projected
baseline (untreated) LDL-C levels should be estimated, based on the average LDL-C-lowering efficacy of the given medication or combination of medications.
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..treatment, although this consensus opinion has not been fully tested.
For all these reasons, the European Task Force retains a goal
approach to lipid management and treatment goals are tailored to
the total CV risk level. There is also evidence suggesting that lowering
of LDL-C beyond the goals that were set in the previous EAS/ESC
Guidelines is associated with fewer ASCVD events.34,116,117

Therefore, it seems appropriate to reduce LDL-C to as low a level as
possible, at least in patients at very high CV risk, and for this reason a
minimum 50% reduction is suggested for LDL reduction, together
with reaching the tailored goal.

The lipid goals are part of a comprehensive CV risk reduction
strategy and are summarized in Table 7. The rationales for the non-
lipid targets are given in the 2016 ESC Joint Prevention Guidelines.10

The targeted approach to lipid management is primarily aimed at
reducing atherosclerotic risk by substantially lowering LDL-C to lev-
els that have been achieved in recent large-scale trials of PCSK-9
inhibitors. Therefore, for patients at very high CV risk, whether in
secondary prevention or (rarely) in primary prevention, LDL-C
reduction of >_50% from baseline and an LDL-C goal of <1.4 mmol/L
(<55 mg/dL) are recommended. For patients with ASCVD who
experience a second vascular event within 2 years (not necessarily of
the same type as the first event) while taking maximally tolerated
statin-based therapy, an LDL-C goal <1.0 mmol/L (<40 mg/dL) may
be considered.119,120 For people at high CV risk, an LDL-C reduction
of >_50% from baseline and an LDL-C goal <1.8 mmol/L (<70 mg/dL)
are recommended. In patients at moderate CV risk, an LDL-C goal
<2.6 mmol/L (<100 mg/dL) should be considered, while for low-risk
individuals a goal of <3.0 mmol/L (<116 mg/dL) may be considered
(see Recommendations for treatment goals for low-density lipoprotein cho-
lesterol below and Supplementary Table 2).

Secondary goals have also been defined by inference for non-
HDL-C and for ApoB; they receive a moderate grading, as they have
not been extensively studied in RCTs. The specific goal for non-
HDL-C should be 0.8 mmol/L (30 mg/dL) higher than the corre-
sponding LDL-C goal; the adjustment of lipid-lowering therapy in
accordance with these secondary goals may be considered in patients
at very high CV risk after achievement of an LDL-C goal, although the
clinical advantages of this approach with respect to outcomes remain
to be addressed. When secondary targets are used the recommenda-
tions are: (i) non-HDL-C <2.2 mmol/L (<85 mg/dL), <2.6 mmol/L
(<100 mg/dL), and <3.4 mmol/L (<130 mg/dL) in people at very high,
high, and moderate CV risk, respectively;121!123 and (ii) ApoB <65
mg/dL, <80 mg/dL, and <100 mg/dL in very-high, high, and moderate
total CV risk, respectively.121,123,124

To date, no specific goals for HDL-C or TG levels have been
determined in clinical trials, although increases in HDL-C predict
atherosclerosis regression, and low HDL-C is associated with excess
events and mortality in coronary artery disease (CAD) patients, even
at low LDL levels. Clinicians should use clinical judgment when con-
sidering further treatment intensification in patients at high or very
high total CV risk.

7 Lifestyle modifications to
improve the plasma lipid profile

The pivotal role of nutrition in the prevention of ASCVD has been
extensively reviewed.125!129 Dietary factors influence the develop-
ment of CVD either directly or through their action on traditional
risk factors, such as plasma lipids, BP, or glucose levels.

Recommendations for treatment goals for low-density lipoprotein cholesterol

Recommendations Classa Levelb

In secondary prevention for patients at very-high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of

<1.4 mmol/L (<55 mg/dL) are recommended.33!35,119,120 I A

In primary prevention for individuals at very-high risk but without FH,c an LDL-C reduction of >_50% from baselined and

an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended.34!36 I C

In primary prevention for individuals with FH at very-high risk, an LDL-C reduction of >_50% from baseline and an LDL-C

goal of <1.4 mmol/L (<55 mg/dL) should be considered.
IIa C

For patients with ASCVD who experience a second vascular event within 2 years (not necessarily of the same type as the

first event) while taking maximally tolerated statin-based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may be

considered.119,120

IIb B

In patients at high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are

recommended.34,35 I A

In individuals at moderate risk,c an LDL-C goal of <2.6 mmol/L (<100 mg/dL) should be considered.34 IIa A

In individuals at low risk,c an LDL-C goal <3.0 mmol/L (<116 mg/dL) may be considered.36 IIb A

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cholesterol.
aClass of recommendation.
bLevel of evidence.
cFor definitions see Table 4.
dThe term ‘baseline’ refers to the LDL-C level in a person not taking any LDL-C-lowering medication. In people who are taking LDL-C-lowering medication(s), the projected
baseline (untreated) LDL-C levels should be estimated, based on the average LDL-C-lowering efficacy of the given medication or combination of medications.
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8.11.3 New approaches to increase high-density lipopro-

tein cholesterol

Although genetic studies suggest that low HDL-C levels are not a
cause of ASCVD, casting doubt on the possibilities of future treat-
ment options to raising HDL-C levels with attenuation of CVD,
major developments in the search for efficacious agents to raise
HDL-C and ApoA1 levels with concomitant benefits on atheroscle-
rosis and CV events are on the horizon. On the one hand, interest is
focused on ApoA1 mimetic peptides and recombinant forms of HDL
possessing potential for in vivo HDL particle remodelling and
enhanced cardioprotective activity.350 On the other, agents that
enhance catabolism of TG-rich lipoproteins, such as the antisense oli-
gonucleotide to ApoC-III, and which lead to a concomitant reduction
in TGs (!70%) and a marked elevation in HDL-C (!40%) in hyper-
triglyceridemia, are under development.351 Importantly, however, we
currently lack understanding of the relationship between the modal-
ity of raising HDL/ApoA-I levels and a possible antiatherogenic func-
tion of HDL particles.

8.11.4 New approaches to reduce lipoprotein(a) levels

Another approach under study is the selective decrease of Lp(a) con-
centrations. RNA-based therapies are now being evaluated in clinical
settings. Results from studies of an antisense oligonucleotide in
patients with normal Lp(a) values as well as in patients with elevated
Lp(a) concentrations have shown a reduction of >90%.352 These
approaches are currently being evaluated in phase II"III studies and
an outcome trial is planned to study whether Lp(a) reduction trans-
lates into risk reduction.

8.12 Strategies to control plasma
cholesterol

Although LDL-C goals are attained with monotherapy in many
patients, a significant proportion of patients at high-risk or with very
high LDL-C levels need additional treatment. In this case, combina-
tion therapy is reasonable. In patients at very-high risk and with per-
sistent high-risk despite being treated with a maximally tolerated
statin, combination with ezetimibe is recommended and, if still not at
goal, the addition of a PCSK9 inhibitor is recommended (see Figure 4
and Recommendations for pharmacological low-density lipoprotein choles-
terol lowering). Of note, addition of a PCSK9 inhibitor directly to a sta-
tin is also feasible120,290 (Figure 4).

As shown in Figure 3, the expected clinical benefit of treatment to
lower the LDL-C level of any person can be estimated; it depends on
the intensity of therapy, the baseline LDL-C level, and the baseline
estimated risk of ASCVD. This simple algorithm can be used to help
clinicians select the appropriate therapy and quantify the expected
benefits of LDL-C-lowering therapy to help inform discussions with
patients. For ease of reference, Supplementary Table 3 provides a
summary of the absolute LDL-C reductions that can be achieved
with various therapeutic approaches at particular baseline levels of
LDL-C.

8.13 Strategies to control plasma
triglycerides
Although CVD risk is increased when fasting TGs are >1.7 mmol/L
(>150 mg/dL),56 the use of drugs to lower TG levels may only be
considered in high-risk patients when TGs are >2.3 mmol/L (>200
mg/dL) and TGs cannot be lowered by lifestyle measures. The avail-
able pharmacological interventions include statins, fibrates, PCSK9
inhibitors, and n-3 PUFAs. A meta-analysis of 10 trials included peo-
ple treated with various agents that reduce serum TGs (fibrates, nia-
cin, and n-3 PUFAs) and reported a 12% reduction in CV

Recommendations for pharmacological low-density lipoprotein cholesterol lowering

Recommendations Classa Levelb

It is recommended that a high-intensity statin is prescribed up to the highest tolerated dose to reach the goals set for the

specific level of risk.32,34,38 I A

If the goalsc are not achieved with the maximum tolerated dose of a statin, combination with ezetimibe is

recommended.33 I B

For primary prevention patients at very-high risk, but without FH, if the LDL-C goal is not achieved on a maximum toler-

ated dose of a statin and ezetimibe, a combination with a PCSK9 inhibitor may be considered.
IIb C

For secondary prevention, patients at very-high risk not achieving their goalc on a maximum tolerated dose of a statin and

ezetimibe, a combination with a PCSK9 inhibitor is recommended.119,120 I A

For very-high-risk FH patients (that is, with ASCVD or with another major risk factor) who do not achieve their goalc on

a maximum tolerated dose of a statin and ezetimibe, a combination with a PCSK9 inhibitor is recommended.
I C

If a statin-based regimen is not tolerated at any dosage (even after rechallenge), ezetimibe should be considered.197,265,353 IIa C

If a statin-based regimen is not tolerated at any dosage (even after rechallenge), a PCSK9 inhibitor added to ezetimibe

may also be considered.197,265,353 IIb C

If the goalc is not achieved, statin combination with a bile acid sequestrant may be considered. IIb C

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cholesterol; PCSK9 = proprotein convertase subtilisin/
kexin type 9.
aClass of recommendation.
bLevel of evidence.
cFor definitions see Table 7.
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drug Ezetimibe

Mechanism of action Selectively inhibits absorption of dietary and biliary 
cholesterol in the small intestine, leading to a decrease in 
the delivery of intestinal cholesterol to the liver. This 
causes a reduction of hepatic cholesterol stores and 
lowers LDL by reducing its precursor (VLDL) 

Pharmacological 
action 

↓LDL 20%  ↓TG 8% ,  ↑HDL 1-4%  (does not raise HDL by 
much) No effect on steroids, lipid-soluble vitamins, bile 
acids. 

Pharmacokinetics -Absorbed & conjugated in intestine to active glucuronide
-Reaches peak blood level in 12–14 hours 
-Undergoes enterohepatic circulation
-Its half-life is 22 hours 
-Most of the drug is excreted in feces 

Indications -As Monotherapy: Primary prevention of low risk of CHD  
which needs modest LDL. (if LDL is very high, statins 
should be used. Ezetimibe isn’t used alone except in 
modest of LDL) 
-As Combination Therapy; it’s safe With: (statins; 
synergistic In moderate/severe  LDL ) Or ( If must ↓  statin 
dose because of side effects) Or (With other lipid lowering 
drugs As fibrates). 

ADRs • GIT disturbance ( the main symptoms for most of 
antihyperlipidemics)
 • headache, fatigue, arthralgia and myalgia (muscle pain) .

Cholesterol Absorption Inhibitors
(Targeting Exogenous Cholesterol)


