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ABSTRACT

Introduction: Hypovitaminosis D has been described as
an epidemic in the recent years and its association with car-
diometabolic alterations such as arterial hypertension, diabe-
tes mellitus, dyslipidemia, obesity and Metabolic Syndrome
have been studied.

Objectives: To evaluate the association between serum
levels of vitamin D and cardiometabolic alterations.

Methods: A cross-sectional study involving patients seen
outpatient in a public hospital service, reference in cardiology
in Recife-PE, Brazil. Serum levels of 25 hydroxyvitamin D were
measured and assessed for their relations with cardiovascular
and metabolic risk parameters.

Results: 90 individuals were evaluated with a mean age of
57.0 = 11.9 years, predominantly female (75.6%). Vitamin D
deficiency (levels < 20 ng/ml) was observed in 12.2% of the
subjects and an insufficiency (levels 20-29 ng/ml) in 35.6%.
Serum vitamin D levels were higher in males (p<0,001), in
subjects with normal waist circumference (WC) (p=0,008),
and in those with elevated glycated hemoglobin (HbA1c)
(p=0,006). Inverse correlation was observed between serum
levels of vitamin D and total cholesterol (TC) (r=-0,214;
p=0,045) and LDL-c (r=-0,227; p=0,033) and direct correla-
tion with HbA1c(r=0,211; p=0,048). In the adjusted analysis,
it was observed that patients that had central obesity had a
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2.8 (IC95%: 1,1-7,7; p=0,048) higher chance of having vita-
min D deficiency when compared to patients with normal WC.
It was verified that patients with high triglycerides levels had
protection for vitamin D deficiency (OR=0,3; ICqyse,. 0,1-0,8;
p=0,023).

Conclusions: Hypovitaminosis D was highly prevalent in
the studied population. Low levels of vitamin D correlated
with elevated levels of TC and LDL-c and central adiposity.
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LIST OF ABBREVIATIONS
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NCEP: National Cholesterol Education Program’s Adult
Treatment Panel III Report NHANES: Third National
Health and Nutrition Examination Survey.

PTH: Parathyroid Hormone.
TC: Total Cholesterol.
TG: Triglycerides.

WC: Waist Circumference.
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INTRODUCTION

The classic role of Vitamin D is the regulation of calcium
and phosphorus metabolism by controlling intestinal absorp-
tion and tubular reabsorption of those ions, keeping them in
appropriate serum levels to secure an adequate growth and
bone mineralization in infants and adolescents and global
bone health®. It is well described the role of Vitamin D in dif-
ferent cellular processes, such as: regulation of cellular proli-
feration and differentiation, regulation of hormone secretion
and regulation of immune function2.

Hypovitaminosis D is the status of insufficiency or defi-
ciency of Vitamin D, defined, according to the Endocrine
Society, as serum levels of 25 hydroxyvitamin D [25(OH)D]
between 20 and 30 ng/mL and < 20ng/mL, respectively3.
This condition has been described as an epidemic in the re-
cent years and its consequences beyond bone health have
been studied. A limited number of studies has described the
prevalence of hypovitaminosis D in Brazil, the majority inclu-
ded mainly the elderly and post-menopausal women which
are the populations at risk for osteoporosis*>. However, stu-
dies held between 2005 and 2013, involving individuals of dif-
ferent age groups, showed a prevalence of Hypovitaminosis D
between 33 and 90.6%3.

The discovery of receptors of Vitamin D in various tissues un-
related with the bone metabolism e the identification of the en-
zyme 1-a-hydroxylase in non-kidney tissues has suggested the
possibility of extraskeletal effects of vitamin Dé and in the last
decades has been described its association with cardiometabo-
lic alterations such as arterial hypertension, diabetes mellitus
(DM), dyslipidemia, obesity and Metabolic Syndrome (MS)’.
Thus the aim of this study is to evaluate the association bet-
ween serum levels of vitamin D and cardiometabolic alterations.

METHODS

This was a cross-sectional study, which involved patients
evaluated on the outpatient of Nutrition in universitary public
hospital reference in Cardiology in Notheast Brazil, between
2013 and 2015. The following inclusion criterion was applied:
individuals of both sexes, aged > 20 years old that agreed to
join the study. The exclusion criteria adopted were as follows:
individuals with hepatomegaly; kidney disease; ascites; re-
cent abdominal surgery; pregnant women and women that
had had children until six months before the screening of the
research; pacientes with edema, that would prevent the ana-
lysis of anthropometric measurements and those on Vitamin
D replacement therapy.

The study protocol was approved by the Ethics Committee
of University of Pernambuco.

Casuistry

Considering an a error of 5%, a B error of 20%, an esti-
mated mean correlation between 25 (OH) D serum levels and
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the glycolipid profile of 0.5 (obtained from a pilot study) and
one variability of 0.15 (d2), a minimum sample size of 88 in-
dividuals was obtained. To correct any losses, this number
was increased by 10%, totaling a sample n of 97.

Biochemical Analysis

Were conducted on the laboratory of clinical analysis in the
hospital. Serum levels of 25(OH)D were evaluated by
Chemiluminescence Immunoassay, using a Diasorin Analyzer
LIAISON (Turin, Italy), with coefficient inter and intra varia-
tion test of 8% to 15% and 8% to 13%, respectively, and a
detection limit of 2ng/ml. Vitamin D status were defined con-
sidering deficient values <20ng/ml, insufficient when values
were between 20-29ng/ml and sufficient when =30 ng/ml°.

For the analysis of cardiometabolic alterations, were eva-
luated the following parameters: fasting glucose and glycosy-
lated haemoglobin (HbA1c), considering the reference values
recommended by the American Diabetes Association (ADA)S,
and blood lipid concentrations (Triglycerides (TG), total cho-
lesterol (TC), LDL-cholesterol, HDL-cholesterol, non-HDL cho-
lesterol and TG/HDL ratio), considering standard the values
on the V Brazilian Guideline on Dyslipidemia and Prevention
of Atherosclerosis®.

Fasting glucose and lipid profile were analyzed by the eny-
matic method, and HbAlc by turbidimetry. Clinical analysis
were made using Cobas Integra 400 (Roche Diagnostics) ana-
lyzer. The non-HDL cholesterol was used as an estimate of the
total number of aterogenic particles on plasma (VLDL + IDL +
LDL). Non-HDL cholesterol was calculated by the subtraction of
HDL-c to TC: non-HDL cholesterol = CT - HDL-c. For all sam-
ples, it was considered a fasting of 12 hours and preparation
protocol, according to the recommended by the V Brazilian
Guideline on Dyslipidemia and Prevention of Atherosclerosis®.

Anthropometric evaluation

The parameters waist circumference (WC) and body mass
index (BMI) were evaluated. All measurements were collected
in duplicates by a single observer and repeated when the
gauging error between them was greater than 0.1 cm or 0.1
kg. The final measure considered was the average between
the two closest values. The BMI was obtained by the equa-
tion: Weight/Height2, being the nutritional status of the
adults classified according to the World Health Organization
proposal!?, and the elderly, according to the classification pro-
posed by Lipschit!l. Weight and height were measured accor-
ding to recommended techniques, using an electronic scale
(Welmy®, Santa Barbara d'Oeste, Sao Paulo, Brazil), capacity
150kg with 100g division, and Tonelli® stadiometer
(Criciima, SC, Brazil), with precision in millimeters.

Socioeconomic and demographic variables

Among socioeconomic and demographic variables, infor-
mations on age, sex, race, schooling and socioeconomic le-
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vel were collected. The race was self-defined by the inter-
viewee, considering white, black, brown or other. The schoo-
ling was obtained in years of study, considering the catego-
ries: < 9 years and > 9 years of study. In the determination
of the socioeconomic level, the “Brazilian Classification
Criteria”, established by the Brazilian Association of
Anthropology and Brazilian Association of Research
Companies (BARC), were used to classify the population in
economic classes A1, A2, B1, B2, C1, C2, D and E, in des-
cending order, respectively initiated by the one with the best
purchasing power. After classifying, the economy class was
recategorized in subclasses: high economic class (categories
Al, A2 and B1) and low economic class (categories B2, C1,
C2, D and E).

Clinical variables

The presence of comorbidities: hypertension, DM and dys-
lipidemia, were considered when the patient reported a pre-
vious diagnosis emitted by the physician; used antihyperten-
sive, hypoglycemic or lipid-lowering drugs, respectively;
and/or it was reported on the medical record.

For the diagnosis of MS, the criteria proposed by the
National Cholesterol Education Program’s Adult Treatment
Panel III Report (NCEP / ATP III), which defines the diagno-
sis by the presence of three or more of the following compo-
nents: abdominal obesity, defined by the measurement of the
waist circumference (WC) >102cm for men and >88cm for
women; triglycerides >150mg/dL; HDL-c <40mg/dL for men
and <50mg/dL for women; blood pressure >130mmHg or
<85mmHg and fasting blood glucose >100mg / dL.

Statistical analysis

The data were analyzed with the aid of the Statistical
Package for Social Sciences - SPSS version 13.0 (SPSS Inc.,
Chicago, IL, USA).

Continuous variables were tested for normality of distribu-
tion by the Kolmogorov Smirnov test. Data with normal distri-
bution were described as mean and standard deviation and
those with non-normal distribution were described as median
and interquartile range. Linear correlation of Pearson or
Spearman was used to evaluate the association of 25 (OH) D
levels with biochemical parameters.

The association between the categorical variables was ana-
lyzed through the Pearson Chi-square test. Subsequently, a
multivariate analysis was performed using the logistic regres-
sion method, and all the variables associated with vitamin D
deficiency were included in the univariate analysis with sta-
tistical significance of up to 20%. For acceptance of the as-
sociations investigated in the final model, the value of p
<0.05 was adopted.

RESULTS

97 eligible individuals were evaluated, of which 7 were not
considered for the analysis due to inconsistency or refusal to
take part on the study. The final sample was 90 patients,
mean age of 57,0£11.9 years, majority of women (75.6%)
and low social class patients (93.2%).

The Prevalence of arterial hypertension and DM were
64.4% and 32.2%, respectively. MS was present in 50% of
the patients, 65.2% of the population studied was overweight
and abdominal obesity was observed in 65.9%. 7.2% of the
subjects were smokers.

Hypovitaminosis D was identified in 47.8% of the patients
(35.6% with insufficiency status and 12.2% with deficiency
status). Serum levels of Vitamin D were higher among men
(p<0.001), individuals with normal WC (p=0.008) and those
with high levels of HbAlc (p=0.006) (Table 1).

There was an inverse correlation between serum levels of
Vitamin D and TC (r=-0.214; p=0.045) and LDL-c (r=-0.227;
p=0,033) and direct correlation with HbAlc (r=0.211;
p=0.048) (Table 2).

On the adjusted analysis, it was observed that obese pa-
tients had 2.8 (IC95%: 1.1-7.7; p=0.048) higher chance of
show deficiency on Vitamin D compared to those with normal
WC. It was also verified that patients with high levels of TG
showed protection to deficiency of Vitamin D (OR=0.3;
1C95%0.1-0.8; p=0.023) (Table 3).

DISCUSSION

Cardiovascular diseases are the main cause of death
worldwide. Over recent decades, Brazil has witnessed a de-
cline in mortality rates due to coronary heart disease and
stroke. However, in 2012, these diseases were the first and
the third commonest causes of premature death nationwide,
respectively2.

Concomitant to this decline in mortality rates, it has been
shown that hypovitaminosis D represents a major health issue
worldwide!3. It has also been described its role with cardio-
vascular alterations that predisposes cardiovascular diseases’.

Investigations on this topic are recent in Brazil, more stu-
dies are necessary to report the prevalence of hypovitamino-
sis D and its association with cardiometabolic risk factors. The
prevalence found on this study (47.8%, being 35.6% with in-
sufficiency status and 12.2% with deficiency) was close to the
one described by Silva et al.'4, that showed a prevalence of
43.8% in a sample of 132 individuals in Belo Horizonte (MG)
with similar characteristics to the present study: patients is
currently undergoing outpatient follow-up, with median age
of 58.9 years and predominance of female individuals.

However, Gondim et al.!> found a higher prevalence of
Vitamin D deficiency (33%) in a sample of 100 patients, with
median age of 57.63%11 years, in a coronary care facility on

Nutr. clin. diet. hosp. 2019; 39(4):86-93



NUTRICION CLINICA Y DIETETICA HOSPITALARIA

Table 1. Mean and standard deviation of serum levels of 25 (OH)D according to sociodemographic, clinics and anthropometric variables
in patients followed on the ambulatory of a hospital (n=90) in the Brazilian Northeast between 2013 and 2015.

Variable n Mean SD p-value*
Sex
Male 22 40.1 13.4
<0.001
Female 68 30.1 9.8
Age
<60 years 49 32.7 10.7
0.888
>60 years 41 32.4 12.7
Education (Years of study)
<9 years 42 31.5 10.2
0.314
>9 years 46 33.9 12.7
BARC Classification
High 6 29.6 7.9
0.539
Low 82 32.7 11.8
Diabetes Mellitus
No 61 31.5 10.8
0.198
Yes 29 34.8 12.8
Nutritional Status
No Weight Excess 31 354 13.4
0.092
Weight Excess 58 31.1 10.4
Waist Circumference
Normal 30 37.0 12.2
0.008
Elevated 58 30.2 10.5
Fasting Glucose
<100 mgy/dl 46 31.6 11.3
0.350
> 100 mg/dI 41 33.9 11.9
HbA1c
<6% 18 28.3 5.2
0.006
>6% 70 33.8 12.5

BARC - Brazilian Association of Research Companies; SD — Standard Desviation; NCEP III- National Cholesterol Education Program’s Adult
Treatment Panel III Report. * Student “t” Teste.
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Table 1 continuacién. Mean and standard deviation of serum levels of 25 (OH)D according to sociodemographic, clinics and anthro-
pometric variables in patients followed on the ambulatory of a hospital (n=90) in the Brazilian Northeast between 2013 and 2015.

Variable n Mean SD p-value*
Total cholesterol
<200 mg/dl 49 33.9 10.4
0.221
>= 200 mg/dI 39 30.8 13.0
Triglycerides
<150 mg/dl 53 32.8 11.5
0.796
> 150 mg/dI 35 32.1 12.1
LDL-c
<100 mg/dl 28 34.8 11.8
0.212
>100 mg/dl 60 31.4 11.6
HDL-c
Low 39 31.9 11.4
0.678
Normal 49 33.0 12.0
TG/HDL
<4.0 61 32.3 11.7
0.785
>4.0 27 33.0 11.9
Non HDL-c
<130 mg/dl 29 34.0 12.2
0.396
>130 mg/dl 59 31.8 11.5

BARC - Brazilian Association of Research Companies; SD — Standard Desviation; NCEP III- National Cholesterol Education Program’s Adult

Treatment Panel III Report. * Student “t” Teste.

a hospital in Recife Metropolitan Area. The authors point out
the elevated prevalence of Vitamin D deficiency, although the
individuals live in the tropics with average high sunny index
and with average to three hour daily exposure solar light.

The studies mentioned above, as ours, were conducted in
states where incidence of direct solar light is elevated in most
parts of the year, even though hypovitaminosis D was repor-
ted in 50% of the patients.

It is noteworthy that in our population there were preva-
lences of females (75.6%), black or mixed race individuals
(63.3%) and overweight individuals (63.3%), characteristics
often associated to lower levels of Vitamin D13:16,

Serum levels of Vitamin D are influenced by many factors,
such as sex and age. IIt is common to find lower serum le-

vels of Vitamin D in elderly people3, however, in our sample,
there was not a significant difference between serum levels of
Vitamin D in adults and elderly individuals, corroborating with
the study by Giorelli et al.l’, that evaluated 53 individuals,
with median age of 65.3+10.3 years, and also did not find dif-
ferences between age brackets. Lower levels of Vitamin D in
the elderly can be explained by the physiological decrease in
levels of 7-dehydrocholesterol (7-DHC), precursor for the cu-
taneous synthesis of vitamin D, therefore, the elderly have a
reduced capacity of producing this vitamin and are suscepti-
ble to hypovitaminosis D8,

Lower Serum Levels of 25(OH)D in women, as found in the
present study, were also described by Yetley!d, in a investi-
gation involving participants of the Third National Health and
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Table 2. Correlation (r) between 25(0OH)D and age, anthropo-
metry and biochemical parameters in patients followed on the
ambulatory of a hospital (n=90) in the Brazilian Northeast bet-

Table 3. Logistic regression of factors associated to the deficiency
of 25(0OH)D in patients followed on the ambulatory of a hospital
(n=90) in the Brazilian Northeast between 2013 and 2015.

ween 2013 and 2015.
Variable OR (CIgsos) p-value
Variable r p-value
Waist Circumference
Age -0.106* 0,321
Normal 1.0 -
0.048
- *
Body Mass Index 0,098 0,363 Elevated )8 (1.1-7.7)
Waist Circumference - 0,084* 0,436 Triglycerides
Total Cholesterol - 0,214* 0,045 Normal 1.0 -
0.023
HDL-c - 0,092% 0,394 Elevated 0.3 (0.1 - 0.8)
. i N n 0,

LDL-c - 0,227+ 0,033 OR: Odds Ratio; CI: Confidence Interval of 95%.
Triglycerides - 0,020t 0,851 We did not observe lower serum levels of vitamin D in indi-

. . viduals that have DM, and HbA1lc was directly correlated to
Triglycerides/HDL-c 0,044t 0,684 ! ) .

9y / 25(0OH)D levels, though a weak correlation, this result does
Non HDL Cholesterol - 0.194% 0.070 not reproduce previously published data and indicates that

' ' patients with high levels of fasting glucose or HbA1c are more
Fasting GLucose 0,149% 0,168 susceptible to have lower levels of vitamin D7.
HbA1c 0.211* 0048 The relationship between hypovitaminosis D and DM is as-
' ' sociated to the PTH elevation, that involves an elevation of in-

* Pearson Correlation; TSpearman Correlation.

Nutrition Examination Survey (NHANES) that showed that
women had a higher prevalence of low levels of 25(0OH)D
when compared to men in all age brackets, with exception of
children aged between 1 and 5 years old. This difference is
associated, mainly, to the direct relation between vitamin D
and testosterone, therefore it is expected to find higher le-
vels of vitamin D in men due to their higher serum levels of
testosterone?0,

Our study did not find differences in serum levels of vita-
min D in patients with high or not blood pressure, tough this
relation is described in the literature”21. The main mechanism
to explain the relation between hypovitaminosis D and high
blood pressure is the elevation on the levels of parathyroid
hormone (PTH) due to the chronic deficiency of Vitamin D22,

Low levels of vitamin D cause a reduced intestinal absorp-
tion of calcium and the lower serum calcium concentration
causes an increase of PTH secretion on the try to regulate vi-
tamin D levels. By this mechanism serum 1,25-(0OH)2D is kept
at (nearly) normal levels at the expense of a higher serum
PTH concentration, which is referred to as secondary hyper-
parathyroidism22. Secondary hyperparathyroidism is related
to the activation of the renin-angiotensin system. inhibition of
1,25-dihydroxyvitamin D3 [1,25(0H)2D3] synthesis also led
to an increase in renin expression, whereas 1,25(0OH)2D3 in-
jection led to renin suppression.
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sulin resistance and dysfunction of pancreatic beta cells. The
action of 25(OH)D in insulin resistance happens through di-
rect effects, stimulating insulin receptor expression and insu-
lin responsiveness for glucose transport24, or indirect, through
its role on the regulation of extracellular calcium ensuring the
normal influx of calcium through the cell membranes and ade-
quate pool of intracellular calcium, because this ion is essen-
tial to intracellular processes mediated by insulin on the insu-
lin responsive tissues?®. High levels of calcium in insulin target
cells may induce insulin resistance by insulin signal transduc-
tion impaired leading to the diminution activity of GLUT-426,

Vitamin D can also have an affect on insulin answer to glu-
cose stimulation directly or indirectly. The direct effect may
be mediated by the bond of its circulating levels, 1,25(0H;)D
to the vitamin D receptor in beta cells. Alternatively, vitamin
D activation may also occur in beta cells by the enzyme
lalpha-hydroxylase, that has been recently shown to be ex-
pressed in those cells?’. Indirect effects of vitamin D may be
mediated by its role on the regulation of extracellular calcium
and of the flow of calcium through the beta cell. Insulin se-
cretion is a calcium dependent process, therefore, alterations
on this flow may have adverse effects on the secretory func-
tion of beta cells?8.

Corroborating with the literature?!, in our sample we found
inverse correlation between 25(0OH)D and alterations in lipid
profile like elevation of TC and LDL-c. However, it is not fully
elucidated in literature the mechanisms that connect vitamin
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D deficiency to the increase of blood lipid concentrations (TC
and LDL-c).

On the adjusted analysis, we verified that patients with ele-
vated TG presented protection to hypovitaminosis D, what is
different of the literature that associates low levels of Vitamin
D to hypertriglyceridemia?®.

Two mechanisms have been proposed to explain the asso-
ciation between hypovitaminosis and hypertriglyceridemia. In
first place, vitamin D may reduce serum TG by reducing its
hepatic synthesis and secretion mediated by its effect on the
calcium hepatocellular. In second place, elevated levels of
PTH are followed by lipolitc activity reduction, whilst the re-
duction of serum PTH may decrease TG levels by elevation on
its peripheral clearance3!.

Although the relation between hypovitaminosis D and BMI
be well described in literature!®, we did not find this result in
our study. However, serum levels of 25(OH)D were lower in
patients with elevated WC, as was established on the adjus-
ted analysis almost three times higher the chance of having
vitamin D deficiency in abdominal obese patients, when com-
pared to patients with normal WC.

Evidences support that obesity may initiate a condition of
deficiency of vitamin D and vitamin D may be a risk factor for
obesity, being suggested that the excess of body fat retains
metabolites of vitamin D and that cholecalciferol produced by
the skin of acquired on the diet may be partially kidnapped by
body fat and transported to the liver to the first hydroxyla-
tion32, Additionally, the significant level of o1-a-hydroxylase in
fat cells of obese individuals would explain the larger local use
of 25(0H)D3,

Some experimental data indicate that vitamin D deficiency
may favor adiposity by the elevation of PTH levels, which cau-
ses a larger influx of calcium in the adipocytes, increasing li-
pogenesis34. Other evidences also suggest that 1,25(0H,)D
inhibits adipogenesis through actions modulated by vitamin D
dependent receptors. So, vitamin D depletion may lead to an
excessive differentiation of pre-adipocytes and adipocytes3>.

CONCLUSION

The results of the present study indicate that hypovitami-
nosis D was highly prevalent even though it is a population
living in a sunny region. Low levels of vitamin D correlated
with elevated levels of TC and LDL and elevated abdominal
adiposity.

Hypovitaminosis D topic still represents a gap in our natio-
nal literature. Therefore, it is important to highlight the need
for further studies on the subject that may better clarify this
high prevalence of hypovitaminosis D in our population and
evaluate new results with analysis of other variables such as
food consumption and time of sun exposure, not performed
in this study.
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