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Abstract: (1) Background: A recent review concluded that there was no strong evidence for beneficial
vitamin D effects on cardiovascular disease (CVD) risk, but whether individuals with vitamin D
deficiency have a higher risk of CVD should be further studied. (2) Aims: We assessed the as-
sociation between vitamin D levels and CVD events, CVD mortality, and overall mortality in a
prospective population-based study in Lausanne, Switzerland. (3) Methods: A total of 5684 partici-
pants (53.6% women, 52.5 ± 10.7 years) were followed for a median of 14.4 years [interquartile range:
10.7–16.6]. Vitamin D blood levels were categorized as normal (≥75 nmol/L or 30 ng/mL), insufficient
(50–74 nmol/L or 21–29 ng/mL), and deficient (<50 nmol/L or 20 ng/mL). (4) Results: In total,
568 cardiovascular events, 114 cardiovascular deaths, and 679 deaths occurred during follow-up. Af-
ter multivariate analysis, vitamin D levels were negatively associated with CVD events: hazard ratio
and (95% confidence interval) for a 10 nmol/L increase: 0.96 (0.92–0.99). However, no association was
found for CVD [0.93 (0.84–1.04)] and overall mortality [0.98 (0.94–1.02)]. No associations were found
between vitamin D categories and CVD events, 0.93 (0.71–1.22) and 1.14 (0.87–1.49); CVD deaths,
0.78 (0.41–1.50) and 1.10 (0.57–2.12); and overall mortality, 1.10 (0.82–1.48); and 1.17 (0.87–1.58) for
insufficiency and deficiency, respectively. After excluding participants taking vitamin D supplements,
similar results were obtained. (5) Conclusion: In this prospective population-based study, vitamin D
levels were inversely associated with CVD events but not with CVD or overall mortality.

Keywords: vitamin D; all-cause mortality; prospective study; cardiovascular disease

1. Introduction

Low vitamin D status has been associated with increased mortality in some popula-
tions [1,2]. A meta-analysis of 33 prospective studies on half a million participants found an
inverse association between vitamin D concentrations and incident coronary heart disease,
stroke, and all-cause mortality among people with low vitamin D levels [3]. Meta-analyses
of randomized controlled trials analyzing the effect of vitamin D supplementation have
shown small decreases in all-cause mortality among specific groups, such as the elderly
and people with cancer, diabetes, or COVID-19 [2,4,5]. For instance, in patients with vita-
min D deficiency and no prior history of myocardial infarction, treatment with vitamin D
was associated with a significantly lower risk of all-cause mortality [6]. Finally, a recent
meta-analysis of randomized controlled trials suggested that vitamin D supplementation
could decrease all-cause mortality but not cardiovascular disease (CVD) morbidity and
mortality [7]. Still, several limitations of the previous studies that assess the association
between vitamin D and mortality have been put forward, such as heterogeneous dosing

Nutrients 2023, 15, 4046. https://doi.org/10.3390/nu15184046 https://www.mdpi.com/journal/nutrients

https://doi.org/10.3390/nu15184046
https://doi.org/10.3390/nu15184046
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0003-0853-1458
https://orcid.org/0000-0002-0691-2153
https://orcid.org/0000-0002-4548-8500
https://doi.org/10.3390/nu15184046
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu15184046?type=check_update&version=2


Nutrients 2023, 15, 4046 2 of 10

methods of vitamin D, genetic variation in vitamin D metabolism-related genes, participant
diversity, and short follow-up periods [1,2]. A recent narrative review concluded that
there was no strong evidence for beneficial vitamin D effects on CVD risk, neither in the
general population nor in high-risk groups, but that it should be further studied whether
individuals with vitamin D deficiency or a combination of low vitamin D status with
specific gene variants have a higher risk of CVD or not [8].

Hence, in this study, we assessed the association between vitamin D levels and cardio-
vascular events, cardiovascular mortality, and overall mortality, in an apparently healthy,
population-based sample living in Lausanne, Switzerland. Our hypothesis was that partici-
pants with low vitamin D levels would have a higher incidence of CVD events.

2. Participants and Methods
2.1. Study Design

The CoLaus (Cohorte Lausannoise) study is a population-based prospective study
assessing the clinical, biological, and genetic determinants of cardiovascular disease aged
35 to 75 years at baseline, living in the city of Lausanne, Switzerland. In each survey,
participants answered questionnaires and underwent a clinical examination, and blood
samples were drawn for analyses. Recruitment began in June 2003, ended in May 2006,
and included 6733 participants. The first follow-up was performed between April 2009 and
September 2012 (N = 5064 participants), the second follow-up between May 2014 and April
2017 (N = 4881), and the third follow-up between April 2018 and May 2021 (N = 3751).
Median follow-up time was 5.4 (average 5.6, range 4.5–8.8) years for the first follow-up,
10.7 (average 10.9, range 8.8–13.6) years for the second follow-up, and 14.5 (average 14.6,
range 13.2–17.3) for the third follow-up.

2.2. Vitamin D Levels

Blood samples for vitamin D measurement were collected when the participant at-
tended the baseline (2003–2006) visit. Vitamin D was assessed at baseline via an ultra-HPLC
tandem-MS system. The calibrators, 3Plus1 Multilevel Serum Calibrator Set 25-OH-Vitamin
D3/D2 (ChromoSystems), were standardized against the National Institute of Standards
and Technology 972 reference material. The between-day CV% was 4.6% at 40 nmol/L [9].
Vitamin D levels were further categorized as normal (≥75 nmol/L or 30 ng/mL), insuffi-
cient (50 to 74 nmol/L or 21 to 29 ng/mL), and deficient (<50 nmol/L or 20 ng/mL) [10].

2.3. Death and Cardiovascular Events

During the follow-up period, first incident CVD events and deaths were prospectively
collected and independently adjudicated according to established recommendations and
similar definitions detailed elsewhere [11].

2.4. Other Covariates

Educational level was categorized into high (university), middle (high school), and low
(apprenticeship or mandatory). Nationality was categorized as being born in Switzerland
or not. Marital status was categorized as living with or without a partner. Smoking status
was self-reported and categorized as never, former, and current. No information regarding
dietary intake or sun exposure was collected.

Body weight and height were measured with participants barefoot and in light indoor
clothes. Body weight was measured in kilograms to the nearest 100 g using a Seca® scale
(Hamburg, Germany). Height was measured to the nearest 5 mm using a Seca® (Hamburg,
Germany) height gauge. Body mass index (BMI) was calculated and categorized as normal
(<25 kg/m2), overweight ≥25 and <30 kg/m2) and obese ≥30 kg/m2).

Blood pressure (BP) was measured using an Omron® HEM-907 automated oscillo-
metric sphygmomanometer after at least a 10-minute rest in a seated position, and the
average of the last two measurements was used. Hypertension was defined using an
SBP ≥ 140 mm Hg or a DBP ≥ 90 mm Hg or presence of antihypertensive drug treatment.
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Biological assays were performed by the CHUV Clinical Laboratory on fresh blood
samples within 2 hours of blood collection. Total cholesterol was assessed via CHOD-PAP
(maximum inter and intra-batch CVs: 1.6–1.7%); HDL-cholesterol was assessed using
CHOD-PAP + PEG + cyclodextrin (maximum inter and intra-batch CVs: 3.6–0.9%); glucose
via glucose dehydrogenase (maximum inter and intra-batch CVs: 2.1–1.0%). Diabetes was
defined as fasting plasma glucose ≥ 7 mmol/L or presence of antidiabetic drug treatment.

The 10-year risk of developing CVD was computed using SCORE [12] or SCORE-
OP [13] risk equations for low-risk countries according to the participant’s age.

Vitamin D and multivitamin supplements were extracted from the list of medicines
reported by the participants.

2.5. Exclusion Criteria

Participants were excluded if they (1) lacked vitamin D data, (2) presented with CVD
at baseline, (3) had no follow-up, and (4) had any missing covariate.

2.6. Statistical Analysis

Statistical analysis was conducted using Stata version 16.1 for Windows (Stata corp.,
College Station, TX, USA). Descriptive statistics were presented as number of participants
(percentage) for categorical variables or as average ± standard deviation for continuous
variables. Between-group comparisons were performed using chi-square or Fisher’s exact
test for categorical variables and analysis of variance for continuous variables.

Bivariate associations between vitamin D categories and the outcomes of interest were
assessed using Kaplan–Meyer curves. Multivariate analyses were conducted using Cox
model for cardiovascular disease and overall mortality, and Fine–Gray competing risk
model for cardiovascular disease mortality, using non-cardiac mortality as competing event.
The effects of vitamin D categories and continuous vitamin D levels (per 10 nmol/L increase)
were studied. Several models were considered: model 1 adjusted for calendar month of
blood draw, age (continuous), sex (male, female), nationality (Swiss, other), education (low,
middle, high), marital status (with a partner, without a partner), hypertension (yes, no),
diabetes (yes, no), total and HDL cholesterol (continuous), body mass index categories
(normal, overweight, obese) and smoking categories (never, former, current); model 2
adjusted for SCORE2 categories (low, intermediate, high), calendar month of blood draw,
nationality (Swiss, other), education (low, middle, high), and marital status (with a partner,
without a partner); and model 3 adjusted for risk of CVD according to SCORE2 (continuous),
calendar month of blood draw, nationality (Swiss, other), education (low, middle, high),
and marital status (with a partner, without a partner). The same models were used in
a sensitivity analysis that excluded participants taking any supplements susceptible of
containing vitamin D. Finally, we conducted dose–response analyses assessing the shape of
association between vitamin D levels and outcomes (CVD events and overall mortality) via
fractional polynomials, adjusting for the same variables as model 3.

Statistical significance was considered for a two-sided test with p < 0.05.

3. Results
3.1. Characteristics of Participants

Of the initial 6733 participants, 5684 (84.4%) were included in the analyses. The
reasons for exclusion are summarized in Supplementary Figure S1, and the characteristics of
included and excluded participants are summarized in Supplementary Table S1. Included
participants were more frequently women, born in Switzerland, of higher educational
level, and presented less frequently with obesity, hypertension, diabetes, and vitamin D
deficiency.

Mean (±SD) vitamin D levels were 51 ± 24 nmol/L. Over half of the sample (56.8%)
presented with vitamin D deficiency, one-third (31.0%) with vitamin D insufficiency, and
12.2% with normal vitamin D levels. The characteristics of included participants according
to vitamin D categories are summarized in Table 1. Participants with vitamin D deficiency
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were younger, less frequently women and born in Switzerland, more frequently current
smokers, and presenting with obesity, hypertension, diabetes, and a very high CVD risk.

Table 1. Characteristics of participants according to vitamin D categories, CoLaus study, Lausanne,
Switzerland.

Deficient Insufficient Normal p-Value

N (% of total) 3229 (56.8) 1760 (31.0) 695 (12.2)
Women (%) 1673 (51.8) 984 (55.9) 392 (56.4) 0.006
Age (years) 51.9 ± 10.6 52.9 ± 10.7 54.4 ± 10.8 <0.001

Born in Switzerland (%) 1866 (57.8) 1191 (67.7) 495 (71.2) <0.001
Marital status: with a partner (%) 2152 (66.7) 1202 (68.3) 454 (65.3) 0.289

Educational level (%) 0.079
High 647 (20.0) 368 (20.9) 138 (19.9)

Middle 774 (24.0) 453 (25.7) 198 (28.5)
Low 1808 (56.0) 939 (53.4) 359 (51.7)

Smoking categories (%) 0.004
Never 1300 (40.3) 733 (41.7) 288 (41.4)

Former 1020 (31.6) 584 (33.2) 255 (36.7)
Current 909 (28.2) 443 (25.2) 152 (21.9)

Body mass index (kg/m2) 26.1 ± 4.6 25.2 ± 4.1 24.2 ± 3.7 <0.001
BMI categories (%) <0.001

Normal 1456 (45.1) 939 (53.4) 435 (62.6)
Overweight 1229 (38.1) 619 (35.2) 211 (30.4)

Obese 544 (16.9) 202 (11.5) 49 (7.1)
Hypertension (%) 1195 (37.0) 557 (31.7) 231 (33.2) <0.001

Diabetes (%) 238 (7.4) 75 (4.3) 21 (3.0) <0.001
SCORE risk categories (%) <0.001

Low-intermediate 1898 (59.3) 1114 (64.1) 434 (63.1)
High 885 (27.6) 420 (24.2) 198 (28.8)

Very high 419 (13.1) 203 (11.7) 56 (8.1)

Results are expressed as number of participants (column percentage) for categorical variables and mean ± standard
deviation for continuous variables. Between-group comparisons performed using chi-square for categorical
variables and via analysis of variance for continuous variables.

3.2. Association between Vitamin D Categories, Vitamin D Levels, Cardiovascular Events and
Mortality, and Overall Mortality

During a median of 14.4 years [interquartile range: 10.7–16.6] of follow-up,
568 cardiovascular events, 114 cardiovascular deaths, and 679 overall deaths occurred.
The associations between vitamin D categories and vitamin D levels with cardiovascular
events and mortality are indicated in Table 2. No significant association was found between
vitamin D categories and CVD events, CVD, or overall mortality. When vitamin D levels
were considered as a continuous variable, significant inverse associations were found with
CVD events, and similar albeit non-significant associations were found for CVD and overall
mortality (Table 2).

Associations for CVD events showed a null association for vitamin D concentrations
below 50 ng/mL, and a trend towards a negative association for vitamin D concentrations
above 50 ng/mL (Figure 1, panel A). For overall mortality, a non-significant, negative
association was found (Figure 1, panel B).

The results after excluding 712 participants taking vitamin supplements are sum-
marized in Table 3. No significant association was found between vitamin D categories
and levels with any of the considered outcomes, while the negative associations between
vitamin D levels and CVD events were replicated, and the negative associations between
vitamin D levels and CVD or overall mortality reached statistical significance in some
models (Table 3).



Nutrients 2023, 15, 4046 5 of 10

Table 2. Association between vitamin D categories or vitamin D levels and cardiovascular disease,
cardiovascular mortality, and overall mortality, CoLaus study, Lausanne, Switzerland.

Deficient p-Value Insufficient p-Value Normal p-Value
for Trend

Per 10 nmol/L
Increase p-Value

N 3229 1760 695
Cardiovascular events

Unadjusted 1.22 (0.93–1.60) 0.156 1.12 (0.84–1.50) 0.440 1 (ref.) 0.156 0.92 (0.89–0.95) <0.001
Adjusted, model 1 1.26 (0.96–1.65) 0.097 1.04 (0.79–1.37) 0.773 1 (ref.) 0.097 0.93 (0.89–0.96) <0.001
Adjusted, model 2 1.08 (0.83–1.42) 0.562 0.91 (0.69–1.20) 0.500 1 (ref.) 0.562 0.94 (0.90–0.98) 0.003
Adjusted, model 3 1.14 (0.87–1.49) 0.349 0.93 (0.71–1.22) 0.602 1 (ref.) 0.349 0.96 (0.92–0.99) 0.030

Cardiovascular mortality
Unadjusted 1.00 (0.57–1.74) 0.994 0.77 (0.42–1.44) 0.418 1 (ref.) 0.994 0.93 (0.85–1.02) 0.118

Adjusted, model 1 1.16 (0.60–2.22) 0.661 0.90 (0.47–1.73) 0.751 1 (ref.) 0.661 0.92 (0.83–1.02) 0.097
Adjusted, model 2 1.07 (0.55–2.07) 0.845 0.84 (0.44–1.63) 0.608 1 (ref.) 0.845 0.92 (0.83–1.02) 0.129
Adjusted, model 3 1.10 (0.57–2.12) 0.784 0.78 (0.41–1.50) 0.461 1 (ref.) 0.784 0.93 (0.84–1.04) 0.229
Overall mortality

Unadjusted 1.22 (0.96–1.56) 0.111 0.93 (0.71–1.22) 0.620 1 (ref.) 0.111 0.96 (0.92–0.99) 0.028
Adjusted, model 1 1.25 (0.93–1.69) 0.140 1.18 (0.87–1.59) 0.281 1 (ref.) 0.140 0.96 (0.92–1.00) 0.062
Adjusted, model 2 1.12 (0.83–1.50) 0.466 1.07 (0.79–1.44) 0.654 1 (ref.) 0.466 0.97 (0.93–1.01) 0.188
Adjusted, model 3 1.17 (0.87–1.58) 0.288 1.10 (0.82–1.48) 0.542 1 (ref.) 0.288 0.98 (0.94–1.02) 0.302

Results are expressed as hazard rate (95% confidence interval) for cardiovascular events and overall mortality and
a sub-hazard rate (95% confidence interval) for cardiovascular mortality. Statistical analysis using Cox model
for cardiovascular events and overall mortality, and Fine–Gray competing risk model for cardiovascular disease
mortality, using non-cardiac mortality as competing event. Model 1 adjusted for calendar month of blood draw,
age (continuous), sex (male, female), nationality (Swiss, other), education (low, middle, high), marital status (with
a partner, without a partner), hypertension (yes, no), diabetes (yes, no), total and HDL cholesterol (continuous),
body mass index categories (normal, overweight, obese) and smoking categories (never, former, current). Model
2 adjusted for SCORE2 categories (low, intermediate, high), calendar month of blood draw, nationality (Swiss,
other), education (low, middle, high), and marital status (with a partner, without a partner). Model 3 adjusted
for risk of CVD according to SCORE2 (continuous), calendar month of blood draw, nationality (Swiss, other),
education (low, middle, high), and marital status (with a partner, without a partner).

Table 3. Association between vitamin D categories, vitamin D levels and cardiovascular disease, car-
diovascular mortality, and overall mortality, excluding participants consuming vitamin supplements,
CoLaus study, Lausanne, Switzerland.

Deficient p-Value Insufficient p-Value Normal p-Value
for Trend

Per 10 nmol/L
Increase p-Value

N 2917 1494 561
Cardiovascular events

Unadjusted 1.28 (0.94–1.74) 0.113 1.19 (0.86–1.66) 0.289 1 (ref.) 0.113 0.92 (0.88–0.95) <0.001
Adjusted, model 1 1.24 (0.92–1.67) 0.166 1.02 (0.75–1.39) 0.903 1 (ref.) 0.166 0.93 (0.89–0.97) 0.001
Adjusted, model 2 1.06 (0.79–1.43) 0.707 0.85 (0.62–1.16) 0.301 1 (ref.) 0.707 0.93 (0.89–0.98) 0.003
Adjusted, model 3 1.12 (0.83–1.51) 0.448 0.89 (0.66–1.21) 0.452 1 (ref.) 0.448 0.95 (0.91–0.99) 0.027

Cardiovascular mortality
Unadjusted 1.02 (0.55–1.90) 0.943 0.68 (0.34–1.37) 0.280 1 (ref.) 0.943 0.90 (0.81–1.00) 0.053

Adjusted, model 1 1.23 (0.59–2.58) 0.576 0.82 (0.38–1.75) 0.610 1 (ref.) 0.576 0.88 (0.79–0.99) 0.042
Adjusted, model 2 1.07 (0.52–2.19) 0.847 0.70 (0.34–1.44) 0.329 1 (ref.) 0.847 0.89 (0.78–1.00) 0.053
Adjusted, model 3 1.20 (0.58–2.51) 0.624 0.71 (0.34–1.49) 0.368 1 (ref.) 0.624 0.90 (0.79–1.02) 0.095
Overall mortality

Unadjusted 1.21 (0.93–1.59) 0.161 0.89 (0.66–1.20) 0.456 1 (ref.) 0.161 0.95 (0.91–0.99) 0.022
Adjusted, model 1 1.41 (1.01–1.98) 0.045 1.33 (0.95–1.86) 0.097 1 (ref.) 0.045 0.95 (0.90–0.99) 0.023
Adjusted, model 2 1.21 (0.87–1.69) 0.259 1.14 (0.82–1.60) 0.433 1 (ref.) 0.259 0.96 (0.91–1.00) 0.066
Adjusted, model 3 1.29 (0.92–1.80) 0.138 1.20 (0.86–1.68) 0.275 1 (ref.) 0.138 0.97 (0.92–1.01) 0.146

Results are expressed as hazard rate (95% confidence interval) for cardiovascular events and overall mortality and
a sub-hazard rate (95% confidence interval) for cardiovascular mortality. Statistical analysis using Cox model
for cardiovascular events and overall mortality, and Fine–Gray competing risk model for cardiovascular disease
mortality, using non-cardiac mortality as competing event. Model 1 adjusted for calendar month of blood draw,
age (continuous), sex (male, female), nationality (Swiss, other), education (low, middle, high), marital status (with
a partner, without a partner), hypertension (yes, no), diabetes (yes, no), total and HDL cholesterol (continuous),
body mass index categories (normal, overweight, obese) and smoking categories (never, former, current). Model
2 adjusted for SCORE2 categories (low, intermediate, high), calendar month of blood draw, nationality (Swiss,
other), education (low, middle, high), and marital status (with a partner, without a partner). Model 3 adjusted
for risk of CVD according to SCORE2 (continuous), calendar month of blood draw, nationality (Swiss, other),
education (low, middle, high), and marital status (with a partner, without a partner).
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Figure 1. Associations between vitamin D levels and cardiovascular events (panel A) and overall 
mortality (panel B). The reference value is 50 nmol/L. The red line corresponds to the hazard ratio 
and the colored areas represent the 95% confidence intervals for the dose–response curves. 

  

Figure 1. Associations between vitamin D levels and cardiovascular events (panel A) and overall
mortality (panel B). The reference value is 50 nmol/L. The red line corresponds to the hazard ratio
and the colored areas represent the 95% confidence intervals for the dose–response curves.
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4. Discussion

In this study, we found an inverse association between vitamin D levels and CVD
events, but not with CVD or overall mortality. No association was found between vitamin
D insufficiency or deficiency and cardiovascular outcomes or overall mortality.

4.1. Characteristics of Participants

Over half of the sample (56.8%) presented with vitamin D deficiency, one-third (31.0%)
with vitamin D insufficiency, and 12.2% with normal vitamin D levels. Our findings are
consistent with those of other studies [3,14]. For instance, among the 26 population-based
cohorts included in a meta-analysis, 24 had mean vitamin D levels below 75 nmol/L, and
7 below 50 nmol/L [3]. Overall, our results indicate that the prevalence of vitamin D
insufficiency and deficiency is high in the general population of Lausanne.

4.2. Association between Vitamin D Levels, Vitamin D Categories, Cardiovascular Events and
Mortality, and Overall Mortality

Vitamin D levels were inversely associated with CVD events and to a lesser degree
to CVD or overall mortality. Our results partly replicate those of a Chinese study, where
increased serum vitamin D levels were associated with lower CVD and overall mortality [2],
and those of a study including 33 prospective studies, where increased vitamin D levels
were associated with lower CVD and overall mortality among people with vitamin D
levels below 40 nmol/L but not among people with higher vitamin D levels [3]. The
lack of association between vitamin D and mortality agrees with a recent meta-analysis
of randomized controlled trials, which showed that vitamin D supplementation could
reduce CVD events but not CVD or overall mortality [7]. Surprisingly, the dose–response
associations between vitamin D levels and CVD events or overall mortality were the mirror
of those reported in the previous study [3], with a null association being found for vitamin
D levels below 50 nmol/L and a negative association for values above this threshold. Still,
the dose–response curves observed in this study were comparable to those of EPIC-CVD, as
reported elsewhere [3]. Overall, our results suggest that increasing vitamin D levels might
be associated with lower incidence of CVD events, while the association with mortality
could not be established,

No associations were found between vitamin D categories and all outcomes studied.
A study conducted in the UK Biobank concluded that genetically determined vitamin D
deficiency was associated with increased CVD and overall mortality [1], while no such
relationship was found in another study also using genetically determined vitamin D
levels [3]. Indeed, a recent narrative review noted the need to experiment with whether
vitamin D supplementation could benefit people with vitamin D deficiency [8]. It is also
possible that the observed association between vitamin D and CVD outcomes may be due to
people with extreme deficiencies, as per the dose–response graphs published previously [3].
Overall, it seems that categorizing vitamin D levels into insufficiency and deficiency does
not add further information in assessing the associations between vitamin D and CVD
outcomes.

4.3. Possible Mechanisms

Several mechanisms by which vitamin D influences CVD have been proposed. Vi-
tamin D supplementation has been suggested to decrease total and LDL cholesterol and
triglyceride levels in one study [15], total cholesterol and triglycerides among the elderly
in another [16], only triglyceride levels in postmenopausal women in a third [17], and to
exert no effect in people with metabolic syndrome in a fourth study [18]. Further, while the
previously mentioned studies failed to find any effect of vitamin D supplementation on
HDL cholesterol levels, yet another study reported an increase in HDL cholesterol after
vitamin D supplementation among people with cardiovascular disease [19]. Vitamin D
supplementation does not decrease BP levels, although a beneficial effect among vitamin
D deficient, hypertensive patients was suggested [20,21]. Vitamin D levels are inversely
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associated with the risk of diabetes [22], and vitamin D supplementation leads to improve-
ments in glucose and insulin levels [19] and prevents evolution to diabetes among people
with prediabetes [23]. Finally, whether vitamin D represents a bystander-only indicator or
a causal factor amenable to treatment in CVD is still debated. Similarly, whether supple-
menting patients at high risk of CVD and with vitamin D insufficiency is beneficial or not
regarding CVD outcomes, warrants further investigation [24,25]. Also, mechanistic studies,
namely regarding the biochemical pathways influenced by vitamin D and acting on CVD
risk, should be further studied.

Overall, the available information suggests a beneficial effect of vitamin D supplemen-
tation on cardiovascular risk factors, but results differ according to the population studied.
This effect could explain the association between vitamin D levels and CVD events.

4.4. Strengths and Limitations

The main strengths of this study are the assessment of blood vitamin D levels, its
prospective setting, and adjusting for a large set of covariates. In addition, the findings
replicate those of other studies conducted in other countries.

This study also has several limitations. First, the number of events was relatively
small, leading to a low statistical power. Hence, it is possible that the non-significant,
negative associations between vitamin D levels and CVD or overall mortality would
become significant had we relied on a larger sample. Second, it was not possible to assess
the dietary intake of vitamin D in the absence of dietary assessment. Still, as a significant
amount of vitamin D (80–90%) comes from sun exposure [26], and as we adjusted for
a month of blood drawing, we believe that the omission of the food source should not
represent a major bias. Third, blood vitamin D levels were measured only once at the
beginning of this study, and changes were not assessed during the follow-up. Hence, it is
possible that the vitamin D condition of some participants might have changed.

5. Conclusions

In this prospective, population-based study, vitamin D levels were inversely associated
with CVD events but not with CVD or overall mortality. The inverse association was not
confirmed when vitamin D levels were categorized into normal, insufficient, or deficient.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu15184046/s1, Figure S1: Participant Selection; Table S1: char-
acteristics of included and excluded participants, CoLaus study, Lausanne, Switzerland.
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