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ABSTRACT

Cardiometabolic disorders and vitamin D deficiency are becoming increasingly more prevalent across
multiple populations. Different studies have suggested a potential association between abnormal vitamin
D levels and multiple pathological conditions including cardiovascular diseases and diabetes.

We aimed to evaluate the association between vitamin D levels, using 25-hydroxy vitamin D (250HD)
asanindicator of vitamin D status, and the presence of cardiometabolic disorders including cardiovascular
disease, diabetes and metabolic syndrome.

We performed a systematic review of the current literature on vitamin D and cardiometabolic disorders
using the PubMed and Web of Knowledge databases in September 2009. Studies in adults looking at the
effect of vitamin D levels on outcomes relating to cardiometabolic disorders were selected. We performed
a meta-analysis to assess the risk of developing cardiometabolic disorders comparing the highest and
lowest groups of serum 250HD.

From 6130 references we identified 28 studies that met our inclusion criteria, including 99,745 partic-
ipants. There was moderate variation between the studies in their grouping of 250HD levels, design and
analytical approach. We found that the highest levels of serum 250HD were associated with a 43% reduc-
tion in cardiometabolic disorders [OR 0.57,95% (CI 0.48-0.68)]. Similar levels were observed, irrespective
of the individual cardiometabolic outcome evaluated or study design. High levels of vitamin D among
middle-age and elderly populations are associated with a substantial decrease in cardiovascular disease,
type 2 diabetes and metabolic syndrome. If the relationship proves to be causal, interventions targeting
vitamin D deficiency in adult populations could potentially slow the current epidemics of cardiometabolic
disorders.

© 2009 Elsevier Ireland Ltd. All rights reserved.

Abbreviations: Cl, 95% confidence interval; CVD, Cardiovascular disease; DM, Type 2 diabetes mellitus; MetS, Metabolic syndrome; MI, Myocardial infarction; OR, Odds
ratio; RCT, Randomised control trial; 250HD, 25-Hydroxy vitamin D.
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1. Introduction

Cardiometabolic disorders including cardiovascular disease
(CVD), type 2 diabetes mellitus (DM) and metabolic syndrome
(MetS) are major causes of morbidity and mortality worldwide
[1,2]. Hypertension, dyslipidema, central obesity and glycaemic
dysregulations are known risk factors for CVD [2]. Metabolic syn-
drome represents the clustering of these risk factors that together
lead to increased risk of developing CVD and DM [3].

Vitamin D deficiency is also highly prevalent in different popula-
tions across the world. Studies suggest that approximately 30-50%
of the adult population are at risk of vitamin D deficiency [4,5].
The older adult population is especially vulnerable to vitamin D
deficiency, due to a decreased capacity to synthesise vitamin D
from sunlight [6]. Additionally, aging is associated with lower 7-
dehydrocholesterol levels [7], which is a precursor required for
synthesis of vitamin D in the skin.

Vitamin D is known to play an important role in bone and min-
eral homeostasis and has also been linked with multiple other
pathophysiological mechanisms. The vitamin D binding receptor
is not only expressed in tissues involved in calcium homeostasis
but also found in more than 36 other tissue types [8] and vita-
min D has more recently been implicated in a number of additional
pathological processes. These processes include cancer, multiple
sclerosis, psoriasis and the inflammatory response [9-11], sup-
porting a role for vitamin D in delineating healthy trajectories of
aging.

There is also growing evidence to support the link between
abnormal levels of vitamin D and CVD and DM [4,12-14]. However,
the published literature differs substantially in terms of method-
ology, populations and results presented. Therefore the evidence
remains inconclusive or incongruent.

We aimed, by critically appraising the current evidence, to eval-
uate the overall effects of vitamin D levels on potential risk of
developing cardiometabolic disorders (CVD, DM and MetS). We also
aimed to evaluate whether the association between vitamin D and
cardiovascular disease, diabetes and metabolic syndrome would
differ by type of cardiometabolic disorder, study design, gender,
age and ethnicity.

2. Methods

We performed a systematic review and meta-analysis of stud-
ies that evaluate the relationship between vitamin D levels and
cardiometabolic disorders in adults. We used the measurement of
serum 25-hydroxy vitamin D (250HD) as a proxy for vitamin D
status [15].

2.1. Search strategy

We searched the PubMed and Web Of Knowledge databases,
which include Web of Science with conference proceedings 1970
to present, BIOSIS 1969 to present, MEDLINE 1950 to present
and journal citation reports 1997-2008. The searches were run
between September 29th and October 2nd 2009. Cross-sectional,
case-control and cohort studies analysing the effects of vitamin
D levels on outcomes relating to cardiometabolic disease were
included.

Search terms included vitamin D, cholecalcif*, vit D, metabolic
syndrome metabolic syndrome*, metabolic syndrome X [MESH],
diabetes, diabetes type 2, diabeti*, diabete*, diabetes mellitus
[MESH], diabetes mellitus type 2 [MESH], cardiovascular dis-
ease, cardiovascualar disease*, coronary heart disease, coronary
heart disease*, cardiovascular, coronary, myocardial, myocardial*,
ischaemic heart disease, ischaemic heart disease*, ischemic heart
disease, ischemic heart disease®, cardiovascular diseases [MESH],
coronary disease [MESH], myocardial ischemia [MESH], stroke,
cerebral vascular, cerebrovascular, CVA, cerebrovascular accident,
cerebral vascular accident, stroke [MESH]. Relevant studies were
obtained without language restriction.

2.2. Selection

2.2.1. Inclusion criteria

Studies were included if they fulfilled the following criteria: (1)
cross-sectional studies, case—control, cohort or randomised con-
trolled trials (RCTs), (2) measure of vitamin D status using serum
250HD concentration, (3) studies looking at the effects 250HD
levels on outcomes relating to cardiometabolic disorder [Cardio-
vascular disease (myocardial infarction, stroke, ischaemic heart
disease and peripheral vascular disease), diabetes and metabolic
syndrome)] and (4) any language.

2.2.2. Exclusion criteria

Studies were excluded if they included: (1) participants younger
than 18 years of age, (2) pregnant women, (3) participants with type
1 diabetes, (4) patients with hyperparathyroid disease or any other
disease or conditions that might interfere with calcium or vitamin
D homeostasis including participants on dialysis, or (5) research
conducted on animals. We also excluded studies evaluating the
effects of vitamin D supplementation and calcium, as well as letters,
abstracts, and conference papers.

Working in pairs, two authors (JP, OH, DD, AM, SS, AC, OhF) inde-
pendently reviewed each reference title and abstract to determine
whether the studies satisfied the inclusion criteria. Any disagree-
ments with article selection were resolved through discussion and a
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third author was available to resolve disagreement. Full text articles
were retrieved for the selected titles. Reference lists of the retrieved
articles were searched for additional publications. We also con-
tacted the authors directly for any additional and unpublished
studies. When a non-English paper was identified, services were
available for translation. Studies retrieved were assessed again by
two independent authors to ensure that they satisfied the inclusion
criteria. Any disagreements were resolved through discussion.

2.3. Data extraction

Two independent reviewers extracted the data using a data col-
lection form, designed prior to the database searches. The study and
participant characteristics, comparison groups, outcomes, analy-
sis and conclusions were recorded. Study characteristics recorded
included date of publication, geographic origin and setting of the
study, design and funding source. We extracted data about the
study participantsincluding the total number included in the analy-
sis, recruitment procedures, residential region, health care setting,
age, gender and ethnicity. Outcome measures including the out-
comes evaluated, numbers of withdrawals, exclusions and loss to
follow up were collected. The results, types of statistical analysis
and the conclusions were also extracted. Where the same data set
had been published in more than one paper, only the result from the
study with the most complete data set was included in the analysis.

2.4. Statistical analyses

Results were pooled using a random effects model and tests
for heterogeneity and publication bias were undertaken. Sensitiv-
ity analysis and meta-regression were performed on the different
study methods, outcomes and participant subgroups to assess the
validity of our findings. Results were expressed as pooled odds
ratios (OR [95% confidence intervals, CIs]).

We compared the highest group of serum 250HD with the low-
est group using the lower group as the reference value. Where
the data was presented inversely, with the highest serum 250HD
level as the reference value, we extracted the relevant data from
the paper and calculated odds ratios and 95% confidence inter-
vals. We performed a cumulative meta-analysis by chronological
order of publication in which the pooled estimate of the treat-
ment effect is updated each time the results of a new study are
published. This makes it possible to track the accumulation of
evidence over time. We examined possible sources of hetero-
geneity between the studies using a meta-regression technique.
We performed the Breslow-Day test for homogeneity of ORs,
Cochran-Mantel-Haenszel’s test for the null hypothesis of no effect
(OR=1), and the Mantel-Haenszel common OR estimate [16]. We
also report the ‘I square statistic’, which is the percentage of vari-
ation attributable to heterogeneity [17]. We assessed publication
bias by using a funnel plot and Begg’s test to find out whether
there was a bias towards publication of studies with positive results
among studies with a smaller sample size [18].

We also examined the influence of individual studies, from
which the meta-analysis estimates are derived, omitting one study
at a time to examine the extent to which inferences depend on a
particular study or group of studies.

2.5. Subgroup analysis

To test the robustness of our findings we repeated the meta-
analysis by different outcomes (CVD, DM, MetS) and different study
design. We also replicated the analysis after excluding any studies
where ORs had been manually calculated, to take into account any
potential errors introduced during conversion of the original data
into the OR estimate.

3. Results
3.1. Study selection

We retrieved 3952 references from the PubMed database and
4088 from Web of Knowledge databases. 1910 duplications were
identified and removed, leaving a total of 6130 references (Fig. 1).
Initial screening of the title and abstract resulted in the exclusion
of 6049 references leaving 81 articles to source in full text. No addi-
tional references were identified from searching reference lists of
the 81 full text papers. We received eight articles from authors
directly, three of which were already included in our own reference
list, and four of which did not meet our inclusion criteria. One paper
was sent from the author after a request due to difficulty in retriev-
ing the article in full text. After further inspection we excluded 46
papers from the 81 full text articles. Five studies did not meet the
inclusion criteria as they were not cross-sectional, case-control,
randomised controlled trials or cohort studies [19-23]. Two of
these references were the same paper; one version in German
[22] and the second translated into English [23]. Three studies
were excluded as they did not record a measurement of serum
250HD [24-26]. A further 16 papers were excluded as they did
not report cardiometabolic disease outcomes [27-42], two were
excluded as they included supplementation of vitamin D [43,44],
one study was conducted on rats [45]. The remaining papers were
excluded because they were letters, abstracts or conference pro-
ceedings [46-66].

A further five papers were not included in the pooled analysis
because their results were not presented in a format that allowed
us to combine the results with the other studies [67-70]. One final
study was excluded because one data set had been used to look at
two different CVD outcomes, and these fell into the same outcome
criteria in our analysis. We chose the study which presented the
results in the most similar way to the other studies included in the
pooled analysis [71] and removed the other study from the analysis
[72].33 ORs from 28 independent studies were included in the final
pooled result.

3.2. Study characteristics

Characteristics of the 28 independent studies included in the
final analysis [71,73-99] are presented in Table 1.

Overall the studies included 99,745 participants. All studies
were published between 1990 and 2009 with the majority (89%)
published between 2004 and 2009. Nineteen of the 28 were cross-
sectional, 3 were case-control and 6 were cohort studies, no
randomised control trials were selected. Half of the studies were
conducted in the United States, eight were European (29%) two
studies were from Iran, three from Australasia and one from India.
The participants were from both rural and urban regionsin over
half of the studies (15 out of 28). Most were conducted in the
community (17 out of 28), 9 were conducted in outpatient depart-
ments and 2 studies were performed at hospitals on inpatients. The
mean age of the participants ranged between 40.5 and 74.5 years
and the majority of the studies, 25 out of 28 (89%) included both
male and female patients. Two studies reported separate ORs for
men and women. Ten papers (36%) included only Caucasian partic-
ipants, two studies (7%) included only Hispanic, nearly half (46%)
included a mix ethnicity group and 11% of studies did not spec-
ify the ethnicity of their study population. Over half the studies
(57%) reported cardiovascular disease as their outcome including
myocardial infarction (MI), stroke and peripheral artery disease.
Metabolic syndrome was reported in seven studies (25%) and DM
was the outcome in five studies (18%). In two studies more than
one outcome was measured, and for these studies the OR for each
outcome was included in the analysis.
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Table 1

Characteristics of studies included by principal outcome evaluated (cardiovascular disease, or type 2 diabetes or metabolic syndrome).

Author Date of Study name Study design Geographic No in analysis Gender Ethnicity Comorbidities
publication setting
CVD
Pilz et al. [73] 2009 Vitamin D and mortality in older men and women Cohort Europe 614 Both Caucasian T2DM, mixed CVD
Wang et al. [75] 2008 Vitamin D deficiency and risk of cardiovascular disease Cohort USA 1739 Both Caucasian
Ginde et al. [77] 2009 Prospective study of serum 25-hydroxy vitamin D level, Cohort Iran 3408 Women Mixed T2DM, M], stroke,
cardiovascular disease mortality, and all-cause mortality in hypertension, cancers,
older U.S. adults COPD, asthma
Kilkkinen et al. [78] 2009 Vitamin D status and the risk of cardiovascular disease Cohort USA 6219 Both Caucasian T2DM, hypertension
death
Melamed et al. [80] 2008 Serum 25-hydroxy vitamin D levels and the prevalence of Cross-sectional USA 4839 Both Mixed T2DM, MI, CKD
peripheral arterial disease: results from NHANES
2001-2004
Pilz et al. [71] 2008 Low vitamin D levels predict stroke in patients referred to Cohort Europe 3299 Both Caucasian T2DM, CAD, HF
coronary angiography
Melamed et al. [79] 2008 25-Hydroxy vitamin D levels and the risk of mortality in Cross-sectional USA 13,331 Both Mixed
the general population
Reis et al. [81] 2008 Differences in vitamin D status as a possible contributor to Cross-sectional USA 2897 Both Mixed
the racial disparity in peripheral arterial disease
Chonchol et al. [83] 2008 Association between 25-hydroxy vitamin D deficiency and Cross-sectional Europe 462 Both Caucasian T2DM, mild renal
cardiovascular disease in type 2 diabetic patients with impairment
mild kidney dysfunction
Giovanucci et al. [84] 2008 25-Hydroxy vitamin D and risk of myocardial infarction in Case-control USA 1354 Men Mixed T2DM, hypertension
men: a prospective study
Kendrick et al. [85] 2009 25-Hydroxy vitamin D deficiency is independently Cross-sectional USA 16,603 Both Mixed
associated with cardiovascular disease in the Third
National Health and Nutrition Examination Survey
Kim et al. [86] 2008 Prevalence of hypovitaminosis D in cardiovascular diseases Cross-sectional USA 8351 Both Caucasian T2DM, hypertension, CKD
(from the National Health and Nutrition Examination
Survey 2001-2004).
Marniemi et al. [93] 2005 Dietary and serum vitamins and minerals as predictors of Cross-sectional Europe 755 Both
myocardial infarction and stroke in elderly subjects
Cigolini et al. [95] 2005 Serum 25-hydroxy vitamin D3 concentrations and Cross-sectional Europe 459 Both Hispanic T2DM
prevalence of cardiovascular disease among type 2
diabetic patients
Rajasree et al. [97] 2001 Serum 25-hydroxy vitamin D3 levels are elevated in South Case-control India 213 Men Sub-Continent T2DM, hypertension
Indian patients with ischemic heart disease Asia
Scragg et al. [99] 1990 Myocardial infarction is inversely associated with plasma Cross-sectional Australasia 179 Both CKD
25-hydroxy vitamin D3 levels: a community-based study
DM
Ginde et al. [77] 2009 Prospective study of serum 25-hydroxy vitamin D level, Cohort Iran 3408 Women Mixed T2DM, M], stroke,
cardiovascular disease mortality, and all-cause mortality in hypertension, cancers,
older U.S. adults COPD, asthma
Knekt et al. [87] 2008 Serum vitamin D and subsequent occurrence of type 2 Case-control USA 1364 Mixed Caucasian
diabetes
Mattila et al. [88] 2007 Serum 25-hydroxy vitamin D concentration and Control Europe 4097 Mixed
subsequent risk of type 2 diabetes
Martins et al. [89] 2007 Prevalence of cardiovascular risk factors and the serum Cross-sectional USA 15,088 Mixed Mixed

levels of 25-hydroxy vitamin D in the United States: data
from the Third National Health and Nutrition Examination
Survey
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Marniemi et al. [93]

Scragg et al. [96]

Scragg et al. [96]

Scragg et al. [96]

Scragg et al. [98]
MetS

Maki et al. [74]

Bonakdaran et al. [76]

Reis et al. [82]
Reis et al. [90]
Reis et al. [90]

Botella-Carretero et al. [91]
Rueda et al. [92]

Ford et al. [94]

2005

2004

2004

2004

1995

2009

2009

2008

2007

2007

2007

2007

2005

Dietary and serum vitamins and minerals as predictors of
myocardial infarction and stroke in elderly subjects

Serum 25-hydroxy vitamin D, diabetes, and ethnicity in the
Third National Health and Nutrition Examination Survey
Serum 25-hydroxy vitamin D, diabetes, and ethnicity in the
Third National Health and Nutrition Examination Survey
Serum 25-hydroxy vitamin D, diabetes, and ethnicity in the
Third National Health and Nutrition Examination Survey
Dietary and serum vitamins and minerals as predictors of
myocardial infarction and stroke in elderly subjects

Serum 25-hydroxy vitamin D is independently associated
with high-density lipoprotein cholesterol and the
metabolic syndrome in men and women

Correlation between serum 25-hydroxy vitamin D3 and
laboratory risk markers of cardiovascular diseases in type
2 diabetic patients

Relation of 25-hydroxy vitamin D and parathyroid
hormone levels with metabolic syndrome among U.S.
adults

Vitamin D, parathyroid hormone levels, and the prevalence
of metabolic syndrome in community-dwelling older
adults

Vitamin D, parathyroid hormone levels, and the prevalence
of metabolic syndrome in community-dwelling older
adults

Vitamin D deficiency is associated with the metabolic
syndrome in morbid obesity

Vitamin D, PTH, and the metabolic syndrome in severely
obese subjects

Concentrations of serum vitamin D and the metabolic
syndrome among U.S. adults

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

USA

Australasia
Australasia
Australasia

Australasia

USA

Iran

USA

USA

USA

Europe
Europe

USA

755

2766

1736

1726

476

119

1654

410

660

298

8421

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Caucasian
Black
Hispanic

Mixed

Caucasian

T2DM

Iranian

Mixed

Caucasian

Caucasian

T2DM, hypertension, statin
use and morbid obesity
Morbid obesity

Hispanic
Caucasian

Mixed
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Search results to September 2009
(n=8040)

PubMed (n=3952)

Web of Knowledge (n=4088)
Duplicates (n=1910)
Bibliographies and experts (n=0)

Studies excluded after title and
abstract screening by inclusion

y

A 4

criteria, described in methods.
(n=6049)

Studies retrieved for detailed
evaluation (n=81)

Studies excluded (n=48)

SC1(n=5)
SC2 (n=3)

Y

v

SC3 (n=16)
SC10 (n=2)
SC11 (n=21)

Studies to be included in the systematic
review (n=33)

SC12 (n=1)

y

Studies included in the meta-analysis

(28)

Unable to pool results (n=5)

Studies contributing > 1 OR (n=3)
Diabetes Mellitus (n=7)
Cardiovascular disease (n=16)
Metabolic Syndrome (n=7)
Cross sectional studies (n=20)
Case-Control studies (n=3)
Cohort Studies (n=5)

Fig. 1. Flow diagram for the selection of studies evaluating the effect of serum 250HD on cardiometabolic disease.

3.3. Effects of 250HD levels on the risk of cardiometabolic
disorders

We pooled the estimated ORs comparing the effect of low and
high levels of 250HD on the risk of having cardiometabolic disor-
ders. Thirty-three ORs from 28 studies were reported in the papers
or manually calculated from the data, 99,745 participants were
included in the pooled analysis (Fig. 2a).

Over 85% of the study results (29 of the 33 ORs) showed that
high levels of vitamin D are associated with a lower prevalence of
cardiometabolic disorders. Three studies showed an opposite asso-
ciation, and 1 study showed no effect. When the data were pooled
the result was an OR of 0.57 (95% CI 0.48-0.68).

Sensitivity analysis was performed by removing each study
result in turn from the pooled result, there was no substantial dif-
ference in the effect size of any of the pooled results (data not
presented). When we evaluated the historical trend in results by
adding the ORs in chronological order of publication we found
a consistent trend in reporting a beneficial effect of high levels

of vitamin D on reducing the risk of cardiometabolic disorders
(Fig. 3).

3.4. The effects of 250HD on cardiometabolic disorders by study
design

100% of the cohort studies results supported the association
between high levels of vitamin D and reduced cardiometabolic
disease with a pooled OR 0f 0.42 (95% C10.28-0.65). Of the 23 cross-
sectional study results included, 19 (83%) demonstrated a reduced
level of cardiometabolic disease with high levels of vitamin D. One
study result showed no effect and three studies suggested that
high levels of vitamin D are associated with increased CVD, DM
and MetS. Pooled results for the cross-sectional studies showed
an OR of 0.59 (95% CI 0.48-0.72). Two of the three case-control
studies demonstrated reduced cardiometabolic disorders in par-
ticipants with high levels of vitamin D. However one study showed
the opposite effect. The pooled result for the three case-control
studies resulted in an OR of 0.81 (95% CI 0.33-2.01) (Fig. 2a).
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(a)
Sample

Study size ES (5% CI)
Gohort Study '
Pilz 2009 614 _—— 032 (0.12, 0.87)
Wang 2008 1739 —_— 053 (0.36, 0.79)
Ginde 2008a 3408 — 1 012 (0.05,0.27)
Ginde 2009b 3408 —— 1 0.19(0.09, 0.39)
Kiliddnen 2009 6219 | 0.76 (0.61,0.95)
Pilz 2008 3299 —— 0,67 (0.45, 0.97)
Mattila 2007 007 e 058 (0.32, 1.06)
Subtotal (1-squared = 80.9%, p = 0.000) - 0.42 (0.28, 0.65)

1
Gross sectional Sutdy 1
Maki 2008 257 _— 033 (0.13,0.81)
Bonakdaran 2008 119 —_— 080 (0.42, 153)
Kendrick 2009 16603 [ 0.68 (0.60,0.77)
Melamed 20082 4839 - 0.76 (0.19, 3.11)
Melamed 2008b 13331 | — 1.22(0.90, 1.65)
Reis 20082 2897 —_— 064 (0.45, 0.89)
Reis 2008b 1654 —_— 0.6 (0.15, 0.45)
Chonchal 2008 462 —— 0.59 (0.29, 0.90)
Kim 2008 8351 —_— 0.75 (0.34, 1.67)
Martins 2007 15088 " 0.42 (0.08, 2.16)
Reis 2007 men 410 —_— 057 (0.26, 1.25)
Reis 2007 women 860 ——— 0.88 (0.43, 1.80)
Botella 2007 73 —_— 0.47 (0.25, 0.89)
Rueda 2007 208 —_— 063 (0.26,1.52)
Marmiemi 20052 785 | —— 123 (0.74, 2.05)
Marniemi 2005b 755 —_— 0.99 (0.56, 1.76)
Ford 2005 8421 B ] 0.46 (0.38, 0.56)
Cigolini 2005 459 —— 0,69 (0.45, 1.05)
Seragg 2004a 2766 s 025 (0.11, 0.58)
Scragg 2004b 1736 i > 3.40(1.07,10.83)
Scragg 2004c 1726 ———— 0417 (0.08,0.37)
Scragg 1995 476 —_— 0.36 (0.18, 0.70)
Seragg 1990 179 —07' 0,30 (0.15, 0.60)
Subtotal (l-squared = 74.3%, p = 0.000) 0.59(0.48,072)

i
Case control Study !
Giovanucci 2008 1354 —_— 0.47 (0.30,0.73)
Knekt 2008 1364 —_—l 0.67 (0.23, 1.96)
Rajasree 2001 213 i ——— 160 (1.02, 252)
Sublotal (I-squared = 86.2%, p = 0.001) — 0.81(0.33, 2.01)

|
Overall (l-squared = 76 4%, p = 0.000) < 057 (0.48, 0.68)
NOTE: Weights are from random effects analysis h

T T
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1
QOdds Ratio

(b)
Sample

Study size ES (85% CI)
cvD !
Pilz 2009 614 _— 032 (0.12, 0.87)
Wang 2009 1738 e 053 (0.36, 0.79)
Ginde 2008b 3408 —— 019 (0.08, 0.35)
Kilkkinen 2008 6218 = 0.76 (0.61,0.95)
Kendrick 2009 16603 = 0.68 (0.60, 0.77)
Melamed 20082 4839 - 0.76 (0.19, 3.11)
Melamed 2008b 13331 | t— 1.22(0.90, 1.65)
Pilz 2008 3200 —— 0,67 (0.45, 0.97)
Reis 20082 2887 —_— 064 (0.45, 0.89)
Chonchol 2008 482 B 059 (0.39, 0.90)
Giovanucei 2008 1354 —_—— 0.47 (0.30,0.73)
Kim 2008 8351 —_— 0.75(0.24, 1.67)
Marniemi 20052 755 | —T— 1.23(0.74, 2.05)
Cigolini 2005 459 —_ 069 (0.45, 1.05)
Rajasree 2001 213 | —— 160 (1.02, 2.52)
Scragg 1980 179 _— 030 (0.15, 0.60)
Sublotal (l-squared = 74.1%, p = 0.000) < 067 (0.5, 0.81)

]
Metabolic syndrome :
Maki 2008 257 —_— 033 (0.13, 0.81)
Bonakdaran 2009 119 —_— 080 (0.42, 1.53)
Reis 2008b 1654 —_— 0.26 (0.15, 0.45)
Reis 2007 men 410 —_— 057 (0.26, 1.25)
Reis 2007 women 660 —_— 0,88 (0.43, 1.80)
Batella 2007 73 e 0.47 (0.25, 0.89)
Rueda 2007 298 —_— 063 (0.26, 152)
Ford 2005 8421 S 0.46 (0.38, 0.56)
Sublotal (-squared = 39.1%, p = 0.118) f—g 0.49 (0.38, 0.64)
DM i
Ginde 20092 3408 ‘e i 0.12 (0.08, 0.27)
Knekt 2008 1364 —_—l 067 (0.23, 1.96)
Mattila 2007 4087 —_— 058 (0.32, 1.06)
Martins 2007 15088 0.42 (0.08, 2.16)
Marniemi 20056 755 —_— 0,99 (0.56, 1.76)
Soragg 20042 2766 _— 025 (0.11,0.58)
Scragg 2004b 1736 1 3.40(1.07, 10.83)
Scragg 2004c 1726 — 0.17 (0.08, 0.37)
Scragg 1995 478 036 (0.19,0.70)
Sublotal (l-squared = 79.3%, p = 0.000) — T 0.45 (0.25, 0.82)

i
Overall (1-squared = 76 4%, p = 0.000) <> 057 (0.48, 0.68)
NOTE: Weights are from random effests analysis !

T T
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Fig. 2. Forest plot: (a) odds ratios levels for vitamin D and risk of cardiometabolic disease by study design (Cohort studies, cross-sectional and case-control studies). (b) Odds
ratios levels for vitamin D and risk of cardiometabolic disease by outcome (CVD, DM and metabolic syndrome).

3.5. The effects of 250HD levels on cardiometabolic disorders by
outcome

All but three of the study results showed that high levels
of vitamin D are associated with a reduced prevalence of car-

Study Odds

ID ratio (95% CI)
Pilz 2009 _— 0.32(0.12, 0.87)
Maki 2009 —_— 0.33(0.17, 0.64)
Wang 2009 —— 0.47 (0.33, 0.66)
Bonakdaran 2009 —_— 0.52(0.36,0.74)
Ginde 2009a —_— 0.37 (0.20, 0.68)
Ginde 2008b —— 0.33(0.19, 0.58)
Kilkkinen 2009 —_— 0.39(0.23, 0.64)
Kendrick 2009 — 0.45(0.33, 0.63)
Melamed 2008a — 0.47 (0.34, 0.64)
Melamed 2008b —_—— 0.53(0.38,0.72)
Pilz 2008 — 0.55(0.41,0.73)
Reis 2008a —— 0.56 (0.44, 0.73)
Reis 2008b — 0.52(0.41,0.68)
Chonchol 2008 —— 0.53(0.42, 0.68)
Giovanucci 2008 —— 0.53 (0.42, 0.66)
Kim 2008 —— 0.54 (0.43, 0.67)
Knekt 2008 — 0.54 (0.44, 0.67)
Mattila 2007 —— 0.55 (0.44, 0.67)
Martins 2007 —— 0.54 (0.44, 0.67)
Reis 2007 men —— 0.55(0.45, 0.68)
Reis 2007 women —— 0.56 (0.46, 0.67)
Botella 2007 —— 0.55 (0.46, 0.67)
Rueda 2007 —— 0.56 (0.46, 0.67)
Marniemi 2005a —— 0.58 (0.48, 0.69)
Marniemi 2005b —— 0.59 (0.50, 0.70)
Ford 2005 —— 0.58 (0.49, 0.69)
Cigolini 2005 —— 0.59 (0.50, 0.69)
Scragg 20042 - 0.57 (0.49, 0.68)
Scragg 2004b — 0.59 (0.50, 0.69)
Scragg 2004c —— 0.57 (0.48, 0.67)
Rajasree 2001 — 0.59 (0.49, 0.70)
Scragg 1995 —— 0.58 (0.49, 0.69)
Scragg 1990 —— 0.57 (0.48, 0.68)

T T

A 1 10

Fig. 3. Cumulative Forest plot: odds ratios levels for vitamin D and risk of car-
diometabolic disorders added in chronological order of publication.

diovascular disease, pooled OR 0.67 (0.55-0.81) (Table 2 and
Fig. 2b).

All eight of the studies with metabolic syndrome as the outcome
showed that high levels of vitamin D are associated with reduced
prevalence of metabolic syndrome, pooled result OR 0.49 (95% CI
0.38-0.64) (Table 2). The results for studies looking at the effect
on diabetes showed that high levels of vitamin D are associated
with reduced levels of diabetes in seven of the nine results. One
study showed no effect and one study suggested that high lev-
els of vitamin D were associated with a higher level of DM. The
pooled result demonstrated an overall decrease in the prevalence
of diabetes associated with high levels of vitamin D, OR 0.45 (95%
C10.25-0.82) (Fig. 2b and Table 2).

3.6. Results excluding manually converted ORs

Seventeen of the ORs were manually calculated from data pre-
sented in the papers. All of the manually converted ratios were
excluded from a pooled analysis (Fig. 4). We pooled the results from
the 16 studies that were presented as ORs (adjusted for covariates)
in the original papers. An OR of 0.57 (95% CI 0.43-0.74) was the
result, which is of the same magnitude but with a wider confidence
interval when compared to the pooled result of all the studies OR
0.57 (95% C10.48-0.68).

3.7. Heterogeneity

After performing the test for heterogeneity, we found that the
heterogeneity between the studies was significant: p<0.01 I? = 76%
and therefore in the pooled analysis presented above, we used
a random effects model instead of a fixed effects model. Con-
sequently, we also performed a meta-regression analysis, which
indicated no connection between mean age of study participants,
gender, number in the analysis, geographical setting or ethnicity
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Table 2
Measures of disease association and variables adjusted for as reported by each study and by principal outcome evaluated (cardiovascular disease, or type 2 diabetes or metabolic syndrome).

Author Date of Study name Adjustments Relative risk ratio
publication
CVD
Pilz et al. [73] 2009 Vitamin D and mortality in older men and women 0.32(0.11-0.82)
Wang et al. [75] 2008 Vitamin D deficiency and risk of cardiovascular disease 0.53(0.36-0.8)
Ginde et al. [77] 2009 Prospective study of serum 25-hydroxy vitamin D level, cardiovascular 0.19 (0.09-0.37)
disease mortality, and all-cause mortality in older U.S. adults
Kilkkinen et al. [78] 2009 Vitamin D status and the risk of cardiovascular disease death Age, sex, marital status, educational level, body mass index, 0.76 (0.61-0.95)
alcohol consumption, smoking, leisure-time physical activity, and
season HDL, LDL, BP, DM
Melamed et al. [80] 2008 Serum 25-hydroxy vitamin D levels and the prevalence of peripheral 0.76 (0.17-2.85)
arterial disease: results from NHANES 2001-2004
Pilz et al. [71] 2008 Low vitamin d levels predict stroke in patients referred to coronary Age, sex, LDL, HDL, active smoker, BMI, CRP, GFR, arterial 0.67 (0.46-0.97)
angiography hypertension, DM, NT pro-B type natriuretic peptide, physical
activity, calcium and PTH
Melamed et al. [79] 2008 25-Hydroxy vitamin D levels and the risk of mortality in the general 1.22 (0.9-1.65)
population
Reis et al. [81] 2008 Differences in vitamin D status as a possible contributor to the racial 0.67+*%%*
disparity in peripheral arterial disease
Chonchol et al. [83] 2008 Association between 25-hydroxy vitamin D deficiency and 0.59 (0.38-0.89)
cardiovascular disease in type 2 diabetic patients with mild kidney
dysfunction
Giovanucci et al. [84] 2008 25-Hydroxy vitamin D and risk of myocardial infarction in men: a 0.47 (0.3-0.73)
prospective study
Kendrick et al. [85] 2009 25-Hydroxy vitamin D deficiency is independently associated with 0.68 (0.6-0.77)
cardiovascular disease in the Third National Health and Nutrition
Examination Survey
Kim et al. [86] 2008 Prevalence of hypovitaminosis D in cardiovascular diseases (from the 0.75(0.34-1.68)
National Health and Nutrition Examination Survey 2001-2004)
Marniemi et al. [93] 2005 Dietary and serum vitamins and minerals as predictors of myocardial 1.23 (0.74-2.06)
infarction and stroke in elderly subjects
Cigolini et al. [95] 2005 Serum 25-hydroxy vitamin D3 concentrations and prevalence of 0.69 (0.45-1.05)
cardiovascular disease among type 2 diabetic patients
Rajasree et al. [97] 2001 Serum 25-hydroxy vitamin D3 levels are elevated in South Indian 1.6 (1.02-2.53)
patients with ischemic heart disease
Scragg et al. [99] 1990 Myocardial infarction is inversely associated with plasma 25-hydroxy 0.3 (0.15-0.61)
vitamin D3 levels: a community-based study
DM
Ginde et al. [77] 2009 Prospective study of serum 25-hydroxy vitamin D level, cardiovascular 0.12 (0.05-0.26)
disease mortality, and all-cause mortality in older U.S. adults
Knekt et al. [87] 2008 Serum vitamin D and subsequent occurrence of type 2 diabetes Age, BMI, physical activity, smoking, education, blood pressure and 0.67 (0.23-1.96)
cholesterol
Mattila et al. [88] 2007 Serum 25-hydroxy vitamin D concentration and subsequent risk of Age, sex, and month of collecting blood samples, T2DM, BMI, 0.58 (0.32-1.06)
type 2 diabetes leisure-time exercise, smoking, education and first 5 year follow
up excluded
Martins et al. [89] 2007 Prevalence of cardiovascular risk factors and the serum levels of 0.42 (0.07-1.85)
25-hydroxy vitamin D in the United States: data from the Third
National Health and Nutrition Examination Survey
Marniemi et al. [93] 2005 Dietary and serum vitamins and minerals as predictors of myocardial 0.99 (0.56-1.76)

infarction and stroke in elderly subjects
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Scragg et al. [96] 2004 Serum 25-hydroxy vitamin D, diabetes, and ethnicity in the Third Age, sex, BM], leisure-time physical activity, and season 0.25(0.11-0.6)
National Health and Nutrition Examination Survey
Scragg et al. [96] 2004 Serum 25-hydroxy vitamin D, diabetes, and ethnicity in the Third Age, sex, BM], leisure-time physical activity, and season 3.40(1.07-10.86)
National Health and Nutrition Examination Survey
Scragg et al. [96] 2004 Serum 25-hydroxy vitamin D, diabetes, and ethnicity in the Third Age, sex, BM], leisure-time physical activity, and season 0.17 (0.08-0.37)
National Health and Nutrition Examination Survey
Scragg et al. [98] 1995 Serum 25-hydroxy vitamin D3 levels decreased in impaired glucose Age, sex, ethnicity and time of year 0.36 (0.19-0.71)
tolerance and diabetes mellitus
MetS
Maki et al. [74] 2009 Serum 25-hydroxy vitamin D is independently associated with 0.33 (0.13-0.79)
high-density lipoprotein cholesterol and the metabolic syndrome in
men and women
Bonakdaran et al. [76] 2009 Correlation between serum 25-hydroxy vitamin D3 and laboratory risk 0.8 (0.42-1.53)
markers of cardiovascular diseases in type 2 diabetic patients
Reis et al. [82] 2008 Relation of 25-hydroxy vitamin D and parathyroid hormone levels Age, sex, ethnicity, household income, smoking status, alcohol use, 0.26 (0.15-0.44)
with metabolic syndrome among U.S. adults physical activity, total calcium intake and total energy intake
Reis et al. [90] 2007 Vitamin D, parathyroid hormone levels, and the prevalence of Age adjusted metabolic syndrome components, health-related 0.57 (0.26-1.25)
metabolic syndrome in community-dwelling older adults behaviors, 25(0H)D, and PTH levels
Reis et al. [90] 2007 Vitamin D, parathyroid hormone levels, and the prevalence of Age adjusted metabolic syndrome components, health-related 0.88(0.43-1.8)
metabolic syndrome in community-dwelling older adults behaviors, 25(0OH)D, and PTH levels
Botella-Carretero et al. [91] 2007 Vitamin D deficiency is associated with the metabolic syndrome in Age, gender, vitamin D deficiency and calcium intake 0.47 (0.25-0.89) :
morbid obesity g
Rueda et al. [92] 2007 Vitamin D, PTH, and the metabolic syndrome in severely obese subjects Age, sex, percentage fat mass and season 0.63 (0.26-1.52) ]
Ford et al. [94] 2005 Concentrations of serum vitamin D and the metabolic syndrome Age, sex, race or ethnicity, education, smoking status, cotinine 0.46 (0.46-0.67) *
among U.S. adults concentration 8
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The majority (85%) of the studies’ results were in agreement
with this main finding.

When we evaluated the effects of vitamin D levels on the risk
of the individual outcomes included we found a significant associ-
ation between high levels of vitamin D and a reduction on the risk
of having cardiovascular disease (33% reduction compared to low
levels of vitamin D), type 2 diabetes (55% reduction) and metabolic
syndrome (51% reduction).

An inverse association between vitamin D status and adipos-
ity, glucose tolerance, lipid profiles and blood pressure has been
supported in a number of studies [15,96,100-101]. However, the
mechanism underlying these effects is not fully understood. Vita-
min D may exert its effects directly through the modulation of gene
expression, via activation of vitamin D receptors, or through the
regulation of intracellular and extracellular calcium [15,102].

Low levels of vitamin D and the association with increased car-
diovascular disease has been described by Zitterman et al. [103]
who have proposed different mechanisms to explain this asso-
ciation [103]. The production of a matrix protein which inhibits
cellular vascular calcification is up-regulated in the presence vita-
min D. Therefore low levels of vitamin D may result in higher
vascular calcification, which could ultimately lead to an increased
risk of cardiometabolic disorders. It has also been suggested
that vitamin D acts as an inhibitor of inflammatory cytokines.
Furthermore the production of the anti-inflammatory cytokine
interlukin-10 is increased in the presence of vitamin D, possibly
linking vitamin D to inflammatory responses seen in cardiovas-
cular insult. Low vitamin D levels have also been associated with
an increased activation of the rennin-angiotensin system [104],
leading to elevated blood pressure, hence insufficient vitamin D lev-
els may contribute to cardiovascular disease through uncontrolled
hypertension.

To our knowledge this is the first systematic review with meta-
analysis looking at the potential association between vitamin D
levels and cardiometabolic disorders (cardiovascular disease, dia-
betes and metabolic syndrome) as a combined outcome. The few
existing meta-analysis address the association between vitamin D
and either all cause mortality [105] or type 2 diabetes and metabolic
syndrome separately [9]. Therefore there is no currently published
comprehensive perspective of the association between vitamin D
levels and the risk of developing cardiometabolic disorders.

Nevertheless our findings are similar to the reported estimates
in the current published meta-analysis evaluating the effects of
vitamin D on the risk of having diabetes and metabolic syndrome
[9]. Our results are difficult to compare with the vitamin D and
all cause mortality meta-analysis paper [105] as, although the
results for cardiovascular disease mortality were reported, the
study includes vitamin D supplementation and mortality as the
primary outcome, which differs from our primary outcome.

Consistency of our results with the findings from the review
of vitamin D and calcium in type 2 diabetes published in 2007
by Pittas et al. further supports our findings. Our OR 0.45 (95% CI
0.25-0.82) for DM outcome was similar to the OR (0.54) reported
in the review and meta-analysis by Pittas et al. [9]. This OR was
significant only when the data on Non-Hispanic-black popula-
tions was removed. Our findings support a statistically significant
association between high vitamin D levels and lower levels of
cardiometabolic disorders across all populations. However one of
our study results showed a statistically significant relationship
between high levels of vitamin D and an increased prevalence
of DM. This was in a population of black participants. These two
observations along with evidence from other studies could sug-
gest that the effect of vitamin D on cardiometabolic disorders in
black populations may not be as strong or could be reversed to
that found in non-black ethnic groups, warranting further investi-
gation in future studies that could target these specific populations.

Although we originally aimed to compare our results between gen-
der, age, and ethnic subgroups, the data collected was not presented
in enough detail to conduct further stratified pooled analyses. Fur-
ther evaluation is warranted to investigate the potential differences
that might exist in the association between vitamin D levels and
cardiometabolic disorders among different groups of the popula-
tion.

We did not include potential effects of supplementation with
the aim to evaluate the natural association of vitamin D levels with
the presence of cardiometabolic disorders.

Our findings may be hampered by heterogeneity, which can
be explained by the multiple differences between studies regard-
ing the study design, the way 250HD is reported, measured
and analytical procedures, including confounding and adjusting
for confounders. Nevertheless it is clear that there is a majority
agreement amongst the study results and an overall and histori-
cal consensus regarding the association between higher levels of
vitamin D and lower prevalence of each of the three outcomes
(cardiovascular disease, type 2 diabetes and metabolic syndrome)
included in our analysis when evaluated as combined and as sepa-
rate outcomes as well. Our results demonstrate a strong association
between high levels of vitamin D and cardiometabolic disorders
as a whole. This can be seen in 85% of the studies, which agree
on the beneficial effects of 250HD. However this data emanates
entirely from observational studies, mostly of a cross-sectional
nature, therefore further evaluations are required before a causal
association can be confirmed between vitamin D levels and car-
diometabolic disorders.

4.1. Conclusions

To our knowledge, this is the first meta-analysis on this topic
that provides a complete picture of the potentially beneficial
role that high levels of 250HD may provide on cardiometabolic
health. The association was significant across all cardiometabolic
disease outcomes and study designs, in 28 studies including
99,745 participants across a variety of ethnic groups and in
both men and women. Our findings suggest that high levels of
vitamin D, among adult populations, are associated with a sub-
stantial decrease in cardiovascular disease, type 2 diabetes and
metabolic syndrome. Interventions targeting a positive modifi-
cation of vitamin D deficiency in adult and elderly populations
could substantially contribute to halting the current epidemics of
cardiometabolic disorders. Further controlled trials are required
to evaluate the causal association between vitamin D levels
and cardiometabolic disorders as well as the benefit of vitamin
D supplementation in the reduction of cardiometabolic dis-
ease.
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