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Abstract

The Longitudinal Study of Adult Health (ELSA-BRASIL) is a multi-
centric and multidisciplinary cohort study aimed at investigating the 
incidence and risk factors of chronic diseases. Vitamin D deficiency 
has been associated with several comorbidities. In this context, the 
need to assess the impact of vitamin D on endothelial dysfunction 
in a large-scale study is justified. Thus, in this study, serum levels of 
vitamin D were determined by HPLC in 509 participants of the ELSA-
BRASIL, and its association with endothelial function parameters by 
Peripheral Arterial Tonometry (BPA and PATratio). Reduced levels of 
vitamin D were shown to be associated with indicative measures 
of worse endothelial function. In the logistic regression model, the 
variables male sex, white color, increase in age, BMI, triglycerides, 
and vitamin D<30ng/mL were also indicative of worse endothelial 
function. In summary, vitamin D has presented an association with 
endothelial function, which may indicate a protective action of vi-
tamin D to the vascular endothelium.

Keywords: ELSA-BRASIL; Vitamin D; Endothelial dysfunction; En-
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Introduction

Vitamin D is involved in cell development and growth, auto-
immunity, insulin resistance and cardiovascular diseases [1,2]. 
Vitamin D levels are also possibly associated with endothelial 
function through the renin-angiotensin system, by promoting 
Nitric Oxide (NO) availability and immunomodulation [3,4]. 

There are indications that vitamin D could be somehow re-
lated to endothelial function, nonetheless the data found in 
the literature is contradictory [5,6] and inconclusive [7]. Hence 
the present study aimed to evaluate vitamin D and endothelial 
function in a subsample of adults residing in Minas Gerais par-
ticipating in the Longitudinal Study of Adult Health (ELSA-BRA-
SIL) who underwent measurement of microvascular endothelial 
function by Peripheral Arterial Tonometry (PAT).

Materials and Methods

Overview 

The present study is part of the ELSA-BRASIL, a multicentric 
cohort, approved by the Research Ethics Committee of Universi-

dade Federal de Minas Gerais (UFMG) under registration num-
ber ETIC 186/06. The project was carried out in accordance with 
the guidelines of the Declaration of Helsinki.

A serum subsample of 509 participants, age 35 to 74 years 
old, was used to determine vitamin D levels. The endothelial 
function parameters were provided via a database collected be-
tween 2008 and 2010 by the researchers of the ELSA-BRASIL 
study, following standardized protocols. After quality control, 
the results of 20 participants were excluded due to technical 
issues. 

Vitamin D blood concentrations were categorized into vita-
min D levels above or below 30 ng/mL in accordance with the 
International Osteoporosis Foundation and the American Geri-
atrics Society, which designate vitamin D “insufficiency” when 
blood vitamin D is between 12 and 30 ng/mL [8,9].

Vitamin D Blood Analysis 

Vitamin D blood concentration of the participants was quan-
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tified using the technique of High-Performance Liquid Chroma-
tography (HPLC) according to [10].

Endothelial Function Assessment 

The endothelial function was assessed using an automated 
device (EndoPAT2000; Itamar Medical, Caesarea, Israel). From 
these measurements, the PATratio was calculated, which is the 
ratio between the amplitude of the vascular pulse 90 to 120 
seconds after cuff deflation and the mean basal pulse ampli-
tude (mean BPA) [11,12].

Statistical Analysis

Categorical data were described by the absolute and relative 
frequencies, while continuous variables were summarized by 
the median and interquartile range (Q1-Q3).

To investigate the explanatory variables associated with the 
vitamin D response variables or endothelial function, the logis-
tic regression model was used, according to the definition of the 
response variable as qualitative. The level of significance used 
was 5%. The computer program used was R CORE-TEAM, 2020.

Results 

Vitamin D Categories 

In the sample of this study (n=509), 124 (24.4%) had values   
below 30 ng/mL and 385 (75.6%) of the participants, above 30 
ng/mL.

Endothelial Function Measurements

Descriptive statistics with BPA and PATratio values (Table 1).

In the qualitative measure of endothelial function, the com-
bined values   of the BPA and PATratio quartiles were used to 
classify the endothelial function in the categories worse, mod-
erate and better function. Figure 1 illustrates this classification: 
quadrant 1 contains the 306 (62.6%) individuals with better 
endothelial function (BPA<Q3 and PATratio>Q1); quadrant 4, 61 
(12.5%) individuals with worse endothelial function (BPA>Q3 
and PATratio<Q1); and in quadrants 2 and 3 are the 122 (24.9%) 
individuals with moderate endothelial function. 

The categorized vitamin D levels were compared to the en-
dothelial function measures given by BPA and PATratio, and with 
the endothelial function categories in Figure 1. Participants 
with PATratio<0.2010 had significantly lower vitamin D levels 
(p=0.031). No difference was observed in biomarker levels be-
tween groups with BPA measurements above or below 6.6519. 

Lower vitamin D levels were observed in the group with worse 
endothelial function when compared to individuals with mod-
erate or better endothelial function (p=0.040).

Regression Model for Endothelial Function

The ordinal logistic regression model was adjusted for or-
dered categories (worse, moderate and better) to investigate 
the association between vitamin D and endothelial function.

The vitamin D variable was introduced as a fixed explanatory 
variable. The other explanatory variables were chosen among 
the participants' characteristics and laboratory parameters 
using the stepwise method of variable selection in regression 
models.

For each 1 ng/mL increase in serum vitamin D levels, the 
chance of having better endothelial function increased by 1%. 
On the other hand, for each additional unit in age, Body Mass 
Index (BMI) and triglycerides reduces the chance of having bet-
ter endothelial function increased by 2%, 8% and 1%, respec-
tively. Being male or white or high urine calcium (> 9,5 mg/dL) 
decrease the chance of having better endothelial function by 
72%, 35% and 37% respectively (Table 2).

Figure 1: Scatter diagram of BPA Basal Pulse Amplitude and PATra-
tio Peripheral Arterial Tonometry ratio parameters for classifica-
tion of endothelial function in better (quadrant 1), moderate (2 
and 3) or worse (4).

Table 1: BPA and PATratio values of 489 study participants.
Variable Median (Q1-Q3)

BPA 6.106 (5.527-6.652)

PATratio 0.464 (0.201-0.769)
BPA Basal Pulse Amplitude and PATratio Peripheral Arterial Tonometry ratio.
Data are presented as median an Q1 and Q2 (interquartile range).
Table 2: Logistic regression model for endothelial function according 
to vitamin D and characteristics of study participants.

Characteristics Odds ratio* CI 95% p-value

Vitamin D (ng/mL) 1.01 (1.00;1.01) 0.052

Age (years) 0.98 (0.95;1.00) 0.040

Gender: male 0.28 (0.18;0.40) 0.000

Color/race: white 0.65 (0.45;0.96) 0.031

BMI (Kg/m2) 0.92 (0.90;0.98) 0.004

Triglycerides (mg/dL) 0.99 (0.99;1.00) 0.009

Urine calcium >9,5 mg/dL 0.63 (0.43;0.93) 0.020
*Better to worse endothelial function. BMI: Body Mass Index

Discussion

Vitamin D and Endothelial Function Measures

Participants with worse endothelial function had lower blood 
vitamin D when compared to those with better or moderate en-
dothelial function. Accordingly, this finding was also reported in 
other studies that used different techniques to assess endothe-
lial function [13-15]. Jablonski, 2011 [14], demonstrated that in-
dividuals with vitamin D deficiency have lower expression of the 
Vitamin D Receptor (VDR) and 1-α-hydroxylase in endothelial 
cells when compared to healthy individuals [14]. Therefore, de-
creased levels of vitamin D may be associated with less vascular 
protection, being a possible indicator of poorer vascular health 
or microvascular damage.

Logistic Regression: Endothelial Function and Characteris-
tics of Study Participants

Through logistic regression analysis, the variables that af-
fect both endothelial function and vitamin D blood levels of 
the study participants were evaluated. According to the model 
used, being male, increasing in age, BMI, triglycerides, and uri-
nary calcium reduces the chance of the individual having better 
endothelial function, which can be considered as factors with a 
negative impact on the endothelium health. On the other hand, 
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being of black, brown, yellow or indigenous color/race, as well 
as the increase in the serum concentration of vitamin D indi-
cated an increase in the chance of better endothelial function; 
supporting the hypothesis once again that vitamin D exerts a 
protective action to vascular health.

Conclusion

Although there is biological plausibility in the association 
between vitamin D deficiency and endothelial dysfunction, 
the cross-sectional study (study design) is fragile in establish-
ing a cause-effect relationship, as there is no clear temporal se-
quence between vitamin D blood concentration and endothe-
lial function. This may be an interesting point to be highlighted 
as a limitation of the study. On the other hand, as a positive 
factor, the sample size is highlighted. 
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