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Abstract: Vitamin D may play a significant role in regulating the rate of aging. The objective of the
study was to assess vitamin D status and its associated factors in institutionalized elderly individuals.
A total of 153 elderly individuals living in Nursing Homes (NH) were recruited into the study.
Serum 25-hydroxyvitamin D [25(OH)D] concentration was used as the biomarker of vitamin D
status, and it was considered as the dependent variable in the model. The independent variables
were the type of NH, age-adjusted time of institutionalization, age, sex, skin color, body mass index,
waist and calf circumference, physical activity practice, mobility, dietary intake of vitamin D and
calcium, vitamin D supplementation, use of antiepileptics, and season of the year. Serum 25(OH)D
concentrations less than or equal to 29 ng/mL were classified as insufficient vitamin D status.
The prevalences of inadequate dietary intake of vitamin D and calcium were 95.4% and 79.7%,
respectively. The prevalence of hypovitaminosis D was 71.2%, and the mean serum concentration of
25(OH)D was 23.9 ng/mL (95% confidence interval [CI]: 22.8-26.1). Serum 25(OH)D concentration was
associated with the season of summer (p = 0.046). There were no associations with other independent
variables (all p > 0.05). The present results showed that a high prevalence of hypovitaminosis D was
significantly associated with summer in institutionalized elderly individuals.

Keywords: vitamin D; elderly individuals; nursing homes

1. Introduction

The population aged 60 or over is growing at a faster rate than the total population in almost all
regions worldwide. Most notably, the current challenge in demographics is the rapidly increasing
population of older adults. In 2012, people aged 60 or over represented almost 11.5 per cent of our total
global population of 7 billion. By 2050, the proportion is projected to nearly double to 22 per cent [1].

The number of elderly individuals in Brazil was estimated to be more than 30.2 million in 2017.
Thus, they represented approximately 7 per cent of the Brazilian population of 209.3 million inhabitants
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in this period. In the Northeast of Brazil, the proportion of elderly individuals increased from 5.8% in
2000 to 7.2% in 2010 [2].

A widespread health problem experienced among elderly individuals is multiple micronutrient
inadequacy, including vitamin D, which may lead mainly to frailty, sarcopenia, and cognitive
decline [3,4].

Vitamin D regulates aging by controlling the activity of autophagy, which slows down aging
processes by removing dysfunctional mitochondria. Vitamin D also reduces mitochondrial dysfunction,
oxidative stress, inflammation, calcium signaling, epigenetic changes and DNA disorders, including
telomere shortening, which act upon aging processes [5].

The diagnosis of vitamin D deficiency is a controversial issue. Serum levels of 25-hydroxyvitamin
D [25(0OH)D] above 30 ng/mL are associated with increased efficacy of intestinal calcium absorption and
stabilization of serum parathyroid hormone (PTH) values, which are suggested as being the threshold
for fracture prevention [6]. The Endocrine Society suggests that the 25(OH)D concentrations that are
considered deficient, insufficient, and sufficient are <20, >21 and <29, and >30 ng/mL, respectively [7].
However, the Brazilian Society of Clinical Pathology/Laboratory Medicine and the Brazilian Society of
Endocrinology and Metabolism recently proposed concentrations of 25(OH)D above 20 ng/mL as being
adequate for the health of the population up to 60 years old, while values between 30 and 60 ng/mL
are adopted for groups at risk of vitamin D deficiency, including elderly individuals [8].

Vitamin D deficiency among elderly individuals can result in cardiovascular risk, mortality, low
quality-of-life scores, decreased physical functionality, secondary hyperparathyroidism, and increased
risk of fractures [3,9-11]. Age-related changes in body composition, such as decreased muscle mass
and increased adipose tissue, can lead to a decrease in serum vitamin D concentrations. Furthermore,
the muscular weakness presented by the elderly population can be potentiated by the deficiency of
vitamin D [12]. Moreover, Pilz et al. (2012) observed a significantly increased mortality risk in the
female Nursing Home (NH) residents with the lowest 25(OH)D levels [13].

Several factors are involved in changes in vitamin D status in aging, such as the seasonality,
which is currently observed as being an important predictor because it has an impact on the behavior
and lifestyle of individuals [6,14,15]. Even under favorable environmental conditions, vitamin D
bioavailability in elderly individuals can be negatively affected by the reduced capacity of its cutaneous
synthesis. Furthermore, this population can be vulnerable to vitamin D deficiency as a result of
low exposure to sunlight, their particular type of skin pigmentation, adiposity, use of antiepileptic
medications, reduced kidney function, and low dietary vitamin D intake [9,15-17].

In light of these considerations, hypovitaminosis D has been frequently found among
institutionalized elderly individuals living in countries with low ultraviolet radiation (UV) indexes,
where elderly people spend more time indoors [13,18], as well as in high-latitude regions where there
is a high UV index [16,19,20].

Although several studies carried out on elderly people have revealed a poorer vitamin D status
during the winter seasons because of the lower sunlight exposure [19-22], contradictory findings have
been found in the literature. One study developed with elderly people from a Mediterranean area
suggested significant differences in serum 25(OH)D concentrations between seasons, with the lowest
concentrations occurring in the summer and the highest during the autumn, although their vitamin D
intake was significantly lower in the autumn and winter [23].

Based on these findings, our study was developed to answer the question about the status of
vitamin D in institutionalized elderly individuals living in a region with high levels of UV radiation,
while considering various particularities of aging. For this reason, we have drawn up a theoretical
model that encompasses diverse variables and contemplates these conditions.

In addition to this, institutionalization impacts the interactions of elderly individuals with the
environment as well as their nutritional status, which, in turn, are influenced by their social status,
psychological disorders, and general health conditions [24,25]. In this scenario, the objective of the
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present study is to assess serum 25(OH)D concentrations and associated factors in institutionalized
elderly individuals living in a region of northeastern Brazil with high ultraviolet radiation levels.

2. Materials and Methods

2.1. Study Population

The study was carried out with 304 elderly individuals living in nine Nursing Homes (NH) in
the city of Natal (Rio Grande do Norte state), which is in the northeast of Brazil. All the individuals
included in the study were at least 60 years old and living in these NHs. In Brazil, the Statute of
the Elderly [26] considers elderly individuals to be aged 60 years or older. Elderly individuals who
had marked physical and mental impairments, as well as difficult venous access, were excluded
from the study. After exclusion, the initial sample of 304 elderly individuals was narrowed down to
153 participants (Figure 1).

Initial sample (n = 304)

Exclusions (n = 27)

» Difficult venous access

*  Marked physical and mental

impairment

Eligible elderly individuals
(n=277)

Losses (n =124)

*  Hemolysis

* Admission
* Death

+ Insufficient biological material

Final sample (n =153)

Figure 1. Flowchart of the study participants.

The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Research Ethics Committee of the Federal University of Rio Grande do Norte (#263/11;
CAAE 0290.0.051.000-11). All participants or their guardians provided written informed consent before
they participated in the study.

The sample size calculation for the cross-sectional studies was defined on the basis of the mean and
standard deviation of the concentration of 24.0 (7.6) ng/mL of 25(OH)D, corresponding to 10 random
subjects in the sample of this study, and to the power of the test of 95%, resulting in 154 elderly
individuals. Thus, this study obtained a response rate of 99.3%. For association studies, the sample
size would be 156 elderly individuals, considering the population size of 304 elderly individuals,
a hypothetical frequency of vitamin D deficiency of 71.2% [19], a confidence limit of 5%, and a design
effect equal to 1 [27].
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2.2. Theoretical Model of the Study

The theoretical model of this study was developed according to determinant factors of vitamin D
status. Serum 25(OH)D concentration was defined as the dependent variable, and the independent
variables were those likely to influence vitamin D status: Age, sex, skin color, body mass index (BMI),
physical activity practice, mobility, diet, use of vitamin D supplements, and use of antiepileptic
medications. The sociodemographic, nutritional, lifestyle, and biological variables were included in
the “proximal” layers. Type of NH, age-adjusted time of institutionalization, and level of education
were components of the “distal” layer. The season of the year was considered as a cross-sectional
influence because it has a direct relationship with 25(OH)D concentrations (Figure 2). This study also
addressed the relationship between the dependent variable and possible clinical implications in cases
of vitamin D-deficient elderly individuals—multimorbidity, falls, sarcopenia, depression, cognition,
and functional status.

cross-sectional

[—\

TN
Type and time of
institutionalization
Level of education

I:distal layer

—

Mobility

Food consumption and
supplementation (vitamin D)
Antiepileptics

Body mass index
Body composition
Physical activity

@ximal layer

Season of the year

Age
Sex
Skin color

7

Figure 2. Theoretical model of the determinants of vitamin D status in institutionalized elderly individuals.

Age-adjusted time of institutionalization was calculated to determine how much time after the
advanced age period (as a percentage, defined as the time after turning 60 years of age) elderly
individuals remained institutionalized, according to a previous study [28].

Weight, height, and waist and calf circumference were measured to determine the anthropometric
variables. Skin color was obtained by self-classification among the five categories adopted by the
Brazilian Institute of Geography and Statistics (IBGE): Black, mixed race (“pardo” in official Portuguese),
Caucasian, Asian, and indigenous (Native Brazilian) [29]. Body weight was assessed with a Balmak®
electronic scale (Santa Barbara do Oeste, Brazil) with a capacity of 300 kg and an accuracy of 50 g.
In elderly individuals with disabilities or permanent mobility restrictions, weight was measured with
aSeca® 985 bed scale (Bolton, England). Height was defined using the average of the two measurements
and a portable Caumaq® stadiometer (Cachoeira do Sul, Brazil). For physically impaired elderly
individuals, height was estimated using the equation of Chumlea et al. (1987) [30]. BMI was classified
while considering the cutoff points proposed by Lipschitz [31].

Calf perimeter values less than 31 cm were indicative of loss of muscle mass in elderly individuals.
Results for waist perimeter greater than 102 cm in males and 88 cm in females were considered to
indicate a higher risk of diseases [32].

Physical activity practice was determined through information provided by caregivers, categorized
into “yes” or “no” answers. Information on diseases, multimorbidity, polypharmacy, use of antiepileptic



Nutrients 2019, 11, 1516 50f 13

drugs, and vitamin D supplementation was collected from the medical records of the NHs. Multimorbidity
was considered as the presence of two or more diseases with clinical diagnoses included in medical
records. Polypharmacy was characterized for those individuals who took five or more medications
daily [33].

Data on the mobility variable were collected from the caregivers of the elderly individuals using
a Barthel scale [34]. Sarcopenia was measured according to previously defined criteria [35], based on
discrimination of reduced muscle mass concentrations (calf circumference assessment) associated with
a reduction in strength (grip test) and/or functional status. Functional status was assessed according
to the scale set by Katz [36]. Cognitive function was assessed according to Pfeiffer’s Short Portable
Mental Status Questionnaire, which evaluates short- and long-term memory, orientation, information
on everyday facts, and mathematical reasoning. Individuals were classified into four categories: intact
mental function (0-2 errors), mild cognitive impairment (3—4 errors), moderate (5-7 errors), and severe
(8-10 errors) [37,38].

The elderly subjects were categorized by seasons. The season used was the date corresponding
to 30 days prior to blood collection. This was to take into account the half-life of 25(OH)D [39].
The Laboratory of Environmental and Tropical Variables of the Federal University of Rio Grande do
Norte provided UV values for each season of the year [39].

2.3. Analysis of 25(OH)D Serum Concentration

Blood samples after overnight fasting (8-12 h) were collected by standard venipuncture. Serum
concentrations of 25(OH)D were measured using the chemiluminescent Liaison® test from kit DiaSorin®
(Saluggia, Italy). Serum 25(OH)D values equal to or below 29 ng/mL (72 nmol/L) were considered as
“insufficient”, while values between 30-60 ng/mL (75-150 nmol/L) were classified as “sufficient” [8].
In the present study, the name “hypovitaminosis D” was used for elderly individuals with a 25(OH)D
value equal to or below 29 ng/mL.

2.4. Dietary Intake

Food consumption data were collected according to the method of weighed food records (WFRs),
as described by Sales et al. (2018) [28]. Habitual intake of each nutrient was estimated by removing
the effect of intrapersonal variance, based on the method developed by Nusser et al. (1996) [40].
Subsequently, the results were adjusted for energy intake [41]. The prevalences of inadequate intake of
calcium and vitamin D were estimated by using the Estimated Average Requirement (EAR) as the
cut-off point [42].

2.5. Statistical Analysis

The data were analyzed using the statistical software IBM SPSS Statistics 21 (IBM Corp, Armonk,
NY, USA). Initially, a descriptive analysis was performed with variables at the individual level,
which allowed the sample to be characterized for socioeconomic, health, anthropometric, nutritional,
and vitamin D statuses. Data on serum levels of 25(OH)D and dietary intake were checked for
missing data and outliers that could hinder a multivariate analysis. In addition, variables were
excluded from further analysis when they had more than 25% of missing data and outliers, identified
under a multivariate perspective through measurement of the Mahalanobis distance (D*)—distance
greater than 3.0. There was no record of sample losses and multivariate outliers after adjustment of
intrapersonal variability, interpersonal variability, and energy from dietary intake. The normality was
checked by using the Kolmogorov—-Smirnov test. Subsequently, the variables color, body mass index,
cognition, functional status, and seasons of the year were dichotomized according to the predominance
of elderly individuals in groups and/or clinical characteristics. Subsequently, to check for statistical
associations, Pearson’s chi-square test was run, considering the outcome variable (25(OH)D) and
other variables relative to the theoretical model. The magnitude of the association was assessed using
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prevalence ratios (PR) with the corresponding confidence intervals (Cls). The significance level o was
set at p < 0.05 (two-tailed test).

3. Results

The power of the study was 99.7% (with continuity correction), considering a 95% confidence
interval. The calculation was obtained from 109 exposed participants and 44 unexposed participants,
resulting in a prevalence of vitamin D insufficiency of 71% and 28%, respectively. Thus, the prevalence
ratio (PR) was equal to 2.5, with a difference of 43% among the prevalences.

The mean age of the elderly individuals was 81.7 (9.2) years, ranging from 60-103. Thus, they were
a long-living population, and there were more females (78.4%) than males. It was found that 64.5%
of them had some level of education, 70.6% lived in nonprofit institutions, and that the average
age-adjusted time of institutionalization was 29.4%. The BMI values indicated that 46.4% of the elderly
individuals were thin.

It was found that 60.3% showed signs of loss of muscle mass, according to calf circumference.
Most of the elderly individuals did not practice physical activity, had moderate-to-severe cognitive
impairment, and showed multimorbidity (Table 1).

Table 1. General, anthropometric, lifestyle, and health characteristics of institutionalized elderly
individuals (1 = 153).

Variables n (%) 95% CI
Sex
Male 33 (21.6) 3.30-15.00
Female 120 (78.4) 3.30-71.90
Skin color 2
White 70 (54.7) 46.10-54.10
Black 25 (19.5) 12.50-26.60
Brown 27 (21.1) 14.10-28.90
Other 6 (4.7) 1.60-8.60
Marital status P
Single 66 (52.0) 42.50-60.60
Widowed 32(25.2) 18.10-33.10
Married 17 (13.4) 7.90-19.70
Separated/Divorced 12 (9.4) 3.70-17.30
Level of education ©
Mliterate 43 (35.5) 27.30—43.80
Literate 32 (26.4) 18.20-34.70
Elementary I (years 1-5) 16 (13.2) 6.60-19.00
Elementary II (years 6-9) 6 (5.0) 1.70-9.10
High School 18 (14.9) 8.30-21.50
Higher Education 6 (5.0) 1.70-9.10
Type of institution
Profit 45 (29.4) 22.20-37.20
Nonprofit 108 (70.6)  62.80-77.80
Time of institutionalization (mean) 4 29.38% 24.72-34.04
BMI (kg/m?) ¢
Thin 55 (46.4) 39.10-54.00
Normal weight 37 (31.1) 23.90-39.50
Excess weight 27 (22.7) 15.10-29.40
Abdominal circumference f
Obese 51 (40.5) 31.80-50.00
Non-obese 75 (59.5) 50.00-68.20
Calf circumference &
Sign of lean mass loss 88 (60.3) 51.10-68.50

No sign of lean mass loss 58 (39.7) 31.50-47.90
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Table 1. Cont.

Variables n (%) 95% CI
Physical activity
Inactive 87 (70.2) 67.80-81.50
Active 37 (29.8) 18.50-32.20
Mobility
Without mobility 20 (13.1) 7.80-19.00
With mobility 133 (86.9)  81.00-92.20
Sarcopenia & 66 (45.2) 46.60-63.00
Cognition
Preserved mental function 13 (9.0) 4.90-13.90
Mild cognitive impairment 9(6.3) 2.80-10.40
Moderate cognitive impairment 26 (18.1) 11.80-25.00
Severe cognitive impairment 96 (66.7) 58.40-74.30
Multimorbidity P 84 (66.1) 57.50-74.00
Polypharma\cyj 59 (38.6) 34.80-50.70

Use of antiepileptic medications 27 (18.8) 12.50-25.70
An=128;Pn=127,n=121;9n=133;°n=151; n=126; 8 n = 146; " n = 124;  n = 144; n = 139.

Concerning functional status, 31.8% of the elderly individuals were classified as “A” (independent
for eating, continence, locomotion, toilet use, dressing, and bathing), followed by 16.2% in the item “G”
(dependent on performing the above six functions). Dietary intake of vitamin D was 2.8 (3.2) ug/day,
resulting in a high prevalence of inadequacy (95.4%), in addition to low frequency in the use of vitamin
D supplementation (5.9%). The prevalence of hypovitaminosis D in the study population was 71.2%,
with a mean value of 23.9 (16.6) ng/mL for 25(OH)D/mL. No participant was categorized in the winter
season according to the criteria applied to the distribution of elderly individuals by seasons (Table 2).

Table 2. Dietary and environmental characteristics of institutionalized elderly individuals (n = 153).

Variables Mean (SD) 95% CI

Vitamin D intake (ug/day) 2.8 (3.2) 2.32-3.33
Calcium intake (mg/day) 997.9 (291.8) 921.18-1074.64
Serum 25(0OH)D (ng/mL)?®  23.9 (16.6-31.0) -

Local UV Index
Summer 6.6 (0.5) 6.45-6.66
Spring 6.6 (0.5) 6.51-6.80
Fall 6.3 (0.4) 6.48-6.99
Vitamin D intake
Possibly inadequate 146 (95.4) 92.20-98.70
Possibly adequate 7 (4.6) 1.30-7.80
Calcium intake
Possibly inadequate 122 (79.7) 73.20-85.60
Possibly adequate 31 (20.3) 14.40-26.80
Vitamin D status P
Insufficient 109 (71.2) 64.70-78.40
Sufficient 44 (28.8) 21.60-35.30
Distribution by seasons
Summer 92 (60.1) 51.60-68.00
Spring 46 (30.1) 22.90-37.90
Fall 15 (9.8) 5.20-15.00

2 median (inter-quartile range between 25 and 75, respectively); b according to the diagnosis of vitamin D status.

There was an association between 25(OH)D and summer (p = 0.046), and there were no associations
with any other independent variables (all p > 0.05) (Table 3).
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Table 3. Association between serum 25(OH)D concentration and variables of the theoretical model.

Serum 25(OH)D (ng/mL)
Hypovitaminosis D (<29)  Sufficient (30-60)
n % n % PR ? (95% CI) p
Sex
Male 25 75.8 8 24.2 1.08 (0.86-1.36)  0.518
Female 84 70.0 36 30.0
Age
75 years or older 84 73.0 31 27.0 1.11 (0.86-1.43)  0.392
60-74 years 25 65.8 13 34.2
Skin color
Non-white 36 62.1 22 37.9 0.80 (0.63-1.02)  0.063
White 54 77.1 16 229
Type of institution
Nonprofit 72 66.7 36 333 0.43 (0.18-1.03)  0.053
Profit 37 82.2 8 17.8
Body Mass Index
Non-normal weight 83 72.3 31 27.2 0.63 (0.25-1.57) 0.314
Normal weight 30 81.1 7 18.9
Abdominal circumference
With abdominal fat 39 76.5 12 23.5 0.85 (0.68-1.06)  0.181
Without abdominal fat 49 65.3 26 34.7
Calf circumference
Sign of muscle mass loss 62 70.5 26 29.5 1.05 (0.86-1.29)  0.628
No sign of muscle mass loss 43 74.1 15 25.9
Physical activity
Inactive 75 68.8 34 31.2 043 (0.16-1.12)  0.078
Active 31 83.8 6 16.2
Mobility
Yes 17 85.0 3 15.0 1.23 (0.99-1.53)  0.145
No 92 69.2 41 30.8
Multimorbidity
Yes 59 70.2 25 29.8 0.91(0.77-1.23)  0.828
No 31 72.1 12 27.9
Falls
Yes 4 80.0 1 20.0 1.12 (0.72-1.76)  0.669
None 99 71.2 40 28.8
Sarcopenia
Yes 57 71.3 23 28.8 1.00 (0.81-1.23)  0.996
No 47 71.2 19 28.8
Cognition
Moderate to severe impairment 89 73.0 33 27.0 1.33(0.90-1.99)  0.083
Preserved to mild impairment 12 54.5 10 45.5
Depression
Depressed 6 54.5 5 455 0.75(0.13-1.30)  0.198
Non-depressed 86 72.9 32 271
Functional status
Reduced independence 68 67.3 33 32.7 0.88 (0.71-1.08)  0.251
Independent 36 76.6 11 23.4

Seasons of the year
Other seasons 38 62.3 23 37.7 0.49 (0.24-1.00)  0.046
Summer 71 77.2 21 22.8
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Table 3. Cont.

Serum 25(OH)D (ng/mL)
Hypovitaminosis D (<29)  Sufficient (30-60)
n % n % PR ? (95% CI) p
Vitamin D intake
Possibly inadequate 104 71.2 42 28.8 1.00 (0.62-1.61)  0.991
Possibly adequate 5 71.4 2 28.6
Dietary Calcium
Possibly inadequate 117 95.9 5 41 1.02(0.93-1.13)  0.576
Possibly adequate 29 93.5 2 6.5
Vitamin D supplementation
Yes 87 70.2 37 29.8 1.05(0.65-1.69)  0.825
No 6 66.7 3 33.3
Antiepileptic medications
Yes 19 70.4 8 29.6 0.98 (0.75-1.28)  0.882
No 84 71.8 33 28.2

a Prevalence Ratio.

4. Discussion

The high prevalence of hypovitaminosis D found in the institutionalized elderly individuals of
the present study was only significantly associated with the summer season, and this was found in
the theoretical model involving several proximal and distal factors that determine vitamin D status.
Moreover, the seasons of the year were considered as cross-sectional variables. The evaluation of the
seasons of the year together with the assessment of the dietary intake of vitamin D (whether it was
adequate or inadequate) was a relevant point of the present study, in that it was necessary to consider
the two external sources of vitamin D obtained by the population.

Vitamin D is the only nutrient acquired from external sources, e.g., natural sunlight. It is estimated
that an individual’s highest daily vitamin D intake can be obtained by exposure to sunlight. However,
in elderly individuals, the capacity of the cutaneous synthesis of vitamin D is undermined by the
gradual loss of this physiological mechanism [9,17].

In epidemiological studies on vitamin D status, physical activity is often used as a proxy for time
spent outdoors and, indirectly, for exposure to sunlight. Consequently, the elderly individuals who
spend their lives at home indoors and those who spend less time doing outdoor physical activities
have decreased levels of 25(OH)D [43].

Many of the elderly individuals were distributed by the summer season (60.1%), but although the
region where the study was conducted has an annual average of UV indexes ranging from high to
very high [44], it can be inferred that the studied population did not benefit from this environmental
factor, as shown by the contradictory significant association between hypovitaminosis D and summer.
We know that in tropical regions, the summer heat is extremely uncomfortable, causing most elderly
individuals to avoid sunlight exposure. Similar reasons for this paradoxical finding were previously
discussed, emphasizing different weather conditions between areas or countries [23]. In addition,
their failure to benefit from the summer season can also be explained because activities in the NHs
follow a pattern—they start early in the day with personal hygiene and provision of food and medicines,
and end with little or no sunlight exposure, because the times are inappropriate. Furthermore, factors
such as health problems, logistics of the NH, and indoor leisure activities affect the access of the
elderly individuals to sunlight exposure more often when compared to their non-institutionalized
peers [19,45].

Other findings from our study, such as the high inadequacies of dietary vitamin D and calcium,
physical inactivity, and multimorbidities may additionally have nullified the response to environmental
conditions that would otherwise be favorable for vitamin D status. In regard to elderly Brazilian subjects,
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even in the summer, Caucasian males in the youngest group of individuals presented a significant
increase in 25(OH)D levels, demonstrating that a seasonal variation in 25(OH)D concentrations was
influenced by factors such as gender, ethnicity, and age [20].

Okan et al. noted that 25(OH)D levels and the UV index of elderly people living in NHs were
significantly lower than those living in their own homes, though there was a positive correlation
between UV index and 25(OH)D observed in both groups [46].

These data reinforce the need to discuss vitamin D status in the context of the institutionalization
of elderly individuals, and demands a model that encompasses diversified variables, such as those
used in our study.

Although aging has been reported as a factor that interferes with vitamin D metabolism [9,17],
the 25(OH)D concentrations in elderly Brazilian individuals with regular sunlight exposure and physical
activity practice were similar to the values found in young and healthy individuals. These results
confirm that vitamin D metabolism is activated by sunlight exposure, despite the physiological
limitations of elderly individuals [20]. Physical activity is considered to be one of the factors associated
with higher 25(OH)D levels [14]. In light of this evidence, some benefits can be achieved with changes
in the lifestyles of elderly individuals.

Most of the elderly individuals lived in nonprofit institutions and had lived 29% of their life as
an elderly individual in an institutional setting, which was considered a distal factor of the study model
and was associated with an increased risk of vitamin D insufficiency and hypovitaminosis D when
compared to elderly individuals living in the community [19]. In the same study, the prevalences of
hypovitaminosis D in institutionalized elderly individuals and outpatients from a city in southeastern
Brazil were 71.2% and 43.8%, respectively. This result is similar to that found in the present study.
In this regard, confounding factors arising from disease burden in elderly individuals may also account
for the high prevalence of vitamin D insufficiency. In a previous study, frail elderly individuals who
had been recently institutionalized showed a 41% prevalence of vitamin D deficiency and a 45%
prevalence of vitamin D insufficiency [47].

In our study, the population profiles and the infrastructures of the NHs were similar. Therefore,
the studied elderly individuals did not show significant differences, whether they were in nonprofit
public or for-profit private institutions. As shown in Table 3, the high prevalence of hypovitaminosis D
in for-profit private institutions demonstrates that the institutionalization, by itself, can be addressed
as a determinant of health problems in NHs. Furthermore, the study population lives in the Northeast
of Brazil, a region with high social inequalities that may affect genetic distinctions in comparison to
other areas of the country. A study developed in the same region found evidence that longevity in this
region was characterized by the presence of longer telomeres in women associated with a low level of
education [48].

All these factors may partly explain the findings reported in this study. However, the high
prevalence of vitamin D insufficiency, per se, in the context of low dietary intake of vitamin D and
calcium as well as physical inactivity, represents signs of deterioration in vitamin D status, thus affecting
the health of institutionalized elderly individuals.

Other points should be addressed in the field of aging. This study focuses on this particular
generation of long-living individuals, and according to the theoretical model proposed, age is a proximal
factor of interference in 25(OH)D concentrations. In this regard, there is increasing evidence that aging
can proceed at variable rates and be regulated by vitamin D. Normal concentrations of vitamin D
are capable of maintaining these processes at their regular low rates, and this slows down the aging
process and also helps to prevent the onset of some age-related diseases. When vitamin D is deficient,
there is an increase in the activities of these aging processes, which not only accelerates the rate of
aging, but also creates conditions that initiate the onset of age-related diseases [5].

The present study showed limitations regarding its temporal approach (cross-sectional), hindering
the establishment of a causal relationship, and also due to lack of evaluation of sun exposure.
Future studies should focus on reproducibility, involving a protocol with longitudinal observation
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and comparison among institutionalized and non-institutionalized elderly individuals. Furthermore,
as shown by the benefits found in institutionalized elderly individuals in Finland [49] who received
vitamin D food fortification, the literature reinforces the need for special attention in health care for
elderly people, with a focus on modifiable risk factors.

5. Conclusions

A high prevalence of hypovitaminosis D was found in institutionalized elderly individuals living
in a region with high ultraviolet radiation levels, and this was significantly associated with summer.
These findings suggest the probability of the presence of interfering vitamin D factors mediated by
aging. In this scenario, aging conditions which increase the risk of vitamin D deficiency have to be
taken into consideration. Furthermore, the institutionalization of elderly individuals needs to be
carefully handled to create alternatives that mitigate aging-related health problems.

Author Contributions: Conceptualization, S.E.S.S., K.C.L., and L.EC.P; data curation, S.E.S.S., M.C.S., and
J.R.T.A; formal analysis, S.E.S.S. and K.C.L.; funding acquisition, K.C.L. and L.F.C.P; investigation, S.E.S.S. and
L.EC.P; methodology, S.ES.S., M.C.S,,].RT.A., KCMS.-E.,, K.C.L., and L. EC.P; project administration, K.C.L.
and L.EC.P; supervision, K.C.M.S.-E., K.C.L,, and L.EC.P; validation, S.ES.S., M.CSS, ] RTA,K.C.L,and LECP;
visualization, S.E.S.S.; writing—original draft, S.E.S.S. and L.E.C.P.,; writing—review & editing, S.E.S.S., M.C.S,,
JRT.A., KCMS.-E,KCL, and LEC.P.

Funding: This research was supported by the Research Support Foundation of Rio Grande do Norte (Fundacao de
Apoio a Pesquisa do Rio Grande do Norte—FAPERN) and the National Council for Scientific and Technological
Development (Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico—CNPq, Brazil; grant no
77228/2013). This study was also financed by the Coordenacao de Aperfeicoamento de Pessoal de Nivel
Superior—Brasil (CAPES)—Finance Code 001.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  UNFPA. Ageing in the Twenty-First Century: A Celebration and A Challenge; UNFPA: New York, NY, USA, 2012;
ISBN 9780897149815.

2. BRASIL Sinopse Do Censo Demografico. Available online: http://www.ibge.gov.br/home/estatistica/
populacao/censo2010/sinopse/default_sinopse.shtm (accessed on 22 August 2017).

3. Veldurthy, V.; Wei, R.; Oz, L.; Dhawan, P; Jeon, Y.H.; Christakos, S. Vitamin D, calcium homeostasis and
aging. Bone Res. 2016, 4, 16041. [CrossRef] [PubMed]

4.  Ter Borg, S.; Verlaan, S.; Hemsworth, J.; Mijnarends, D.M.; Schols, ] M.G.A.; Luiking, Y.C.; De Groot, L.C.
Micronutrient intakes and potential inadequacies of community-dwelling older adults: A systematic review.
Br. J. Nutr. 2015, 113, 1195-1206. [CrossRef] [PubMed]

5. Berridge, M.]. Vitamin D deficiency accelerates ageing and age-related diseases: A novel hypothesis. J. Physiol.
2017, 595, 6825-6836. [CrossRef] [PubMed]

. Holick, M.E. Vitamin D Deficiency. N. Engl. ]. Med. 2007, 357, 266-281. [CrossRef] [PubMed]

7. Holick, M.E; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Murad, M.H.;
Weaver, C.M. Endocrine Society Evaluation, treatment, and prevention of vitamin D deficiency: An Endocrine
Society clinical practice guideline. J. Clin. Endocrinol. Metab. 2011, 96, 1911-1930. [CrossRef] [PubMed]

8. Ferreira, C.E.S.; Maeda, S.S.; Batista, M.C.; Lazaretti-Castro, M.; Vasconcellos, L.S.; Madeira, M.; Soares, L.M.;
Borba, V.Z.C.; Moreira, C.A. Posicionamento oficial da Sociedade Brasileira de Patologia Clinica/Medicina
Laboratorial (SBPC/ML) e da Sociedade Brasileira de Endocrinologia e Metabologia (SBEM) sobre intervalos
de referéncia da vitamina D [25(OH)D]. J. Bras. Patol. Med. Lab. 2017, 53, 377-381.

9.  Flicker, L. Vitamin D and the endocrinology of ageing. Curr. Opin. Endocr. Metab. Res. 2019, 5, 7-10.
[CrossRef]

10. Feng, X.; Guo, T.; Wang, Y.; Kang, D.; Che, X.; Zhang, H.; Cao, W.; Wang, P. The vitamin D status and its
effects on life quality among the elderly in Jinan, China. Arch. Gerontol. Geriatr. 2016, 62, 26-29. [CrossRef]

11. Salminen, M.; Saaristo, P; Salonoja, M.; Vaapio, S.; Vahlberg, T.; Lamberg-Allardt, C.; Aarnio, P; Kiveld, S.-L.
Vitamin D status and physical function in older Finnish people: A one-year follow-up study. Arch. Gerontol.
Geriatr. 2015, 61, 419-424. [CrossRef]


http://www.ibge.gov.br/home/estatistica/populacao/censo2010/sinopse/default_sinopse.shtm
http://www.ibge.gov.br/home/estatistica/populacao/censo2010/sinopse/default_sinopse.shtm
http://dx.doi.org/10.1038/boneres.2016.41
http://www.ncbi.nlm.nih.gov/pubmed/27790378
http://dx.doi.org/10.1017/S0007114515000203
http://www.ncbi.nlm.nih.gov/pubmed/25822905
http://dx.doi.org/10.1113/JP274887
http://www.ncbi.nlm.nih.gov/pubmed/28949008
http://dx.doi.org/10.1056/NEJMra070553
http://www.ncbi.nlm.nih.gov/pubmed/17634462
http://dx.doi.org/10.1210/jc.2011-0385
http://www.ncbi.nlm.nih.gov/pubmed/21646368
http://dx.doi.org/10.1016/j.coemr.2018.12.001
http://dx.doi.org/10.1016/j.archger.2015.09.002
http://dx.doi.org/10.1016/j.archger.2015.08.014

Nutrients 2019, 11, 1516 12 of 13

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

Dawson-Hughes, B. Vitamin D and muscle function. ]. Steroid Biochem. Mol. Biol. 2017, 173, 313-316.
[CrossRef]

Pilz, S.; Dobnig, H.; Tomaschitz, A.; Kienreich, K.; Meinitzer, A.; Friedl, C.; Wagner, D.; Piswanger-Solkner, C.;
Mirz, W.; Fahrleitner-Pammer, A. Low 25-hydroxyvitamin D is associated with increased mortality in female
nursing home residents. J. Clin. Endocrinol. Metab. 2012, 97, 653-657. [CrossRef] [PubMed]

Skaaby, T.; Husemoen, L.L.N.; Thuesen, B.H.; Pisinger, C.; Hannemann, A.; Jorgensen, T.; Linneberg, A.
Longitudinal associations between lifestyle and vitamin D: A general population study with repeated vitamin
D measurements. Endocrine 2016, 51, 342-350. [CrossRef] [PubMed]

Liu, B.A.; Gordon, M.; Labranche, ].M.; Murray, T.M.; Vieth, R.; Shear, N.H. Seasonal prevalence of vitamin D
deficiency in institutionalized older adults. J. Am. Geriatr. Soc. 1997, 45, 598-603. [CrossRef] [PubMed]
Mosekilde, L. Vitamin D and the elderly. Clin. Endocrinol. 2005, 62, 265-281. [CrossRef] [PubMed]

De Jongh, R.T.; Van Schoor, N.M.; Lips, P. Changes in vitamin D endocrinology during aging in adults.
Mol. Cell. Endocrinol. 2017, 453, 144-150. [CrossRef] [PubMed]

Samefors, M.; C)stgren, C.J.; Molstad, S.; Lannering, C.; Midlov, P.; Tengblad, A. Vitamin D deficiency in
elderly people in Swedish nursing homes is associated with increased mortality. Eur. |. Endocrinol. 2014,
170, 667-675. [CrossRef]

Saraiva, G.L.; Cendoroglo, M.S.; Ramos, L.R.; Aratjo, LM.Q.; Vieira, ].G.H.; Maeda, S.S.; Borba, V.Z.C;
Kunii, I.; Hayashi, L.F,; Lazaretti-Castro, M. Prevaléncia da deficiéncia, insuficiéncia de vitamina D e
hiperparatiroidismo secundario em idosos institucionalizados e moradores na comunidade da cidade de Sao
Paulo, Brasil. Arq. Bras. Endocrinol. Metabol. 2007, 51, 437-442. [CrossRef]

Maeda, S.S.; Kunii, 1.S.; Hayashi, L.E,; Lazaretti-Castro, M. Increases in summer serum 25-hydroxyvitamin
D (250HD) concentrations in elderly subjects in Sao Paulo, Brazil vary with age, gender and ethnicity.
BMC Endocr. Disord. 2010, 10, 12. [CrossRef]

Andersen, R.; Molgaard, C.; Skovgaard, L.T.; Brot, C.; Cashman, K.D.; Chabros, E.; Charzewska, J.; Flynn, A;
Jakobsen, J.; Karkkainen, M.; et al. Teenage girls and elderly women living in northern Europe have low
winter vitamin D status. Eur. J. Clin. Nutr. 2005, 59, 533-541. [CrossRef]

Mowé, M.; Bohmer, T.; Haug, E. Serum calcidiol and calcitriol concentrations in elderly people: Variations
with age, sex, season and disease. Clin. Nutr. 1996, 15, 201-206. [CrossRef]

Pérez-Llamas, F.; Lopez-Contreras, M.].; Blanco, M.].; Lépez-Azorin, F.; Zamora, S.; Moreiras, O. Seemingly
paradoxical seasonal influences on vitamin D status in nursing-home elderly people from a Mediterranean
area. Nutrition 2008, 24, 414-420. [CrossRef] [PubMed]

Pereira Machado, R.S.; Santa Cruz Coelho, M. A. Risk of malnutrition among Brazilian institutionalized
elderly: A study with the Mini Nutritional Assessment (MNA) questionnaire. J. Nutr. Health Aging 2011,
15, 532-535. [CrossRef] [PubMed]

Hoffman, R. Micronutrient deficiencies in the elderly—Could ready meals be part of the solution? J. Nutr. Sci.
2017, 6, 4. [CrossRef]

Brazil. The Statute of the Elderly, Law 10741. 2003. Available online: http://www.planalto.gov.br/ccivil_03/
leis/2003/110.741.htm (accessed on 15 April 2017).

Open Source Epidemiologic Statistics for Public Health. Available online: https://www.openepi.com (accessed
on 22 January 2018).

Sales, M.C.M.C.; de Oliveira, L.P; de Araujo Cabral, N.L.; de Sousa, S.E.S.; das Gragas Almeida, M.;
Lemos, TM.AM.; de Oliveira Lyra, C.; de Lima, K.C.; Sena-Evangelista, K.C.M.; de Fatima Campos
Pedrosa, L.; et al. Plasma zinc in institutionalized elderly individuals: Relation with immune and
cardiometabolic biomarkers. J. Trace Elem. Med. Biol. 2018, 50, 615-621. [CrossRef] [PubMed]

Instituto Brasileiro de Geografia e Estatistica (IBGE). Caracteristicas étnico-raciais da populagio: Classificagées e
identidades, 2nd ed.; IBGE: Rio de Janeiro, Brazil, 2013; ISBN 978-85-240-4244-7.

Chumlea, W.A.; Roche, A.F,; Mukherjee, D. Nutritional Assessment of the Elderly Through Anthropometry;
Ross Laboratories: Columbus, OH, USA, 1987.

Lipschitz, D.A. Screening for nutritional status in the elderly. Prim. Care 1994, 21, 55-67.

National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation; Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel IIT). Third report of the National Cholesterol Education
Program (NCEP) expert panel on detection, evaluation, and treatment of high blood cholesterol in adults
(Adult Treatment Panel III) fin. Circulation 2002, 106, 3143-3421. [CrossRef]


http://dx.doi.org/10.1016/j.jsbmb.2017.03.018
http://dx.doi.org/10.1210/jc.2011-3043
http://www.ncbi.nlm.nih.gov/pubmed/22319037
http://dx.doi.org/10.1007/s12020-015-0641-7
http://www.ncbi.nlm.nih.gov/pubmed/26024976
http://dx.doi.org/10.1111/j.1532-5415.1997.tb03094.x
http://www.ncbi.nlm.nih.gov/pubmed/9158582
http://dx.doi.org/10.1111/j.1365-2265.2005.02226.x
http://www.ncbi.nlm.nih.gov/pubmed/15730407
http://dx.doi.org/10.1016/j.mce.2017.06.005
http://www.ncbi.nlm.nih.gov/pubmed/28602863
http://dx.doi.org/10.1530/EJE-13-0855
http://dx.doi.org/10.1590/S0004-27302007000300012
http://dx.doi.org/10.1186/1472-6823-10-12
http://dx.doi.org/10.1038/sj.ejcn.1602108
http://dx.doi.org/10.1016/S0261-5614(96)80242-1
http://dx.doi.org/10.1016/j.nut.2008.01.006
http://www.ncbi.nlm.nih.gov/pubmed/18329850
http://dx.doi.org/10.1007/s12603-011-0059-8
http://www.ncbi.nlm.nih.gov/pubmed/21808930
http://dx.doi.org/10.1017/jns.2016.42
http:// www.planalto.gov.br/ccivil_03/leis/2003/l10.741.htm
http:// www.planalto.gov.br/ccivil_03/leis/2003/l10.741.htm
https://www.openepi.com
http://dx.doi.org/10.1016/j.jtemb.2018.04.026
http://www.ncbi.nlm.nih.gov/pubmed/29716762
http://dx.doi.org/10.1161/circ.106.25.3143

Nutrients 2019, 11, 1516 13 of 13

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

Kennerfalk, A.; Ruigémez, A.; Wallander, M.-A.; Wilhelmsen, L.; Johansson, S. Geriatric Drug Therapy and
Healthcare Utilization in the United Kingdom. Ann. Pharmacother. 2002, 36, 797-803. [CrossRef]

Cincura, C.; Pontes-Neto, O.M.; Neville, 1.S.; Mendes, H.F.; Menezes, D.E.,; Mariano, D.C.; Pereira, LF,;
Teixeira, L.A.; Jesus, P.A.P.; de Queiroz, D.C.L.; et al. Validation of the National Institutes of Health Stroke
Scale, Modified Rankin Scale and Barthel Index in Brazil: The Role of Cultural Adaptation and Structured
Interviewing. Cerebrovasc. Dis. 2009, 27, 119-122. [CrossRef]

De Oliveira Neto, L.; Agricola, PM.D.; de Andrade, FL.J.P; de Oliveira, L.P; Lima, K.C.; de Oliveira Neto, L.;
Agricola, PM.D.; de Andrade, FLJ.P; de Oliveira, L.P.; Lima, K.C. What is the impact of the European
Consensus on the diagnosis and prevalence of sarcopenia among institutionalized elderly persons? Rev. Bras.
Geriatr. Gerontol. 2017, 20, 754-761. [CrossRef]

Katz, S.; Ford, A.B.; Moskowitz, R.W,; Jackson, B.A; Jaffe, M.W. Studies of illness in the aged. The index of
adl: A standardized measure of biological and psychosocial function. JAMA 1963, 185, 914-919. [CrossRef]
Pfeiffer, E. A short portable mental status questionnaire for the assessment of organic brain deficit in elderly
patients. J. Am. Geriatr. Soc. 1975, 23, 433—441. [CrossRef] [PubMed]

Martinez de la Iglesia, J.; Duefias Herrero, R.; Onis Vilches, M.C.; Aguado Taberné, C.; Albert Colomer, C.;
Luque Luque, R. Spanish language adaptation and validation of the Pfeiffer’s questionnaire (SPMSQ) to
detect cognitive deterioration in people over 65 years of age. Med. Clin. 2001, 117, 129-134.

LAVAT Laboratério de Variaveis Ambientais e Tropicais. Available online: http://www.crn.inpe.br/lavat/
(accessed on 8 May 2019).

Nusser, S.M.; Carriquiry, A.L.; Dodd, K.W.; Fuller, W.A. A semiparametric transformation approach to
estimating usual daily intake distributions. J. Am. Stat. Assoc. 1996, 91, 1440-1449. [CrossRef]

Willett, W.; Stampfer, M.]. Total energy intake: Implications for epidemiologic analyses. Am. J. Epidemiol.
1986, 124, 17-27. [CrossRef] [PubMed]

Institute of Medicine (US) Subcommittee on Interpretation and Uses of Dietary Reference Intakes; Institute
of Medicine (US) Standing Committee on the Scientific Evaluation of Dietary Reference Intakes. Standing
Committee on the Scientific Evaluation of Dietary Reference Intakes. Dietary Reference Intakes: Applications in
Dietary Assessment; National Academies Press: Washington, DC, USA, 2000; ISBN 978-0-309-07183-3.

Van Dam, R.M.; Snijder, M.B.; Dekker, ].M.; Stehouwer, C.D.; Bouter, L.M.; Heine, R.J.; Lips, P. Potentially
modifiable determinants of vitamin D status in an older population in the Netherlands: The Hoorn Study.
Am. |. Clin. Nutr. 2007, 85, 755-761. [CrossRef] [PubMed]

World Health Organization (WHO). Global Solar UV Index: A Practical Guide. A Joint Recommendation of
World Health Organization, World Meteorological Organization, United Nations Environment Programme and the
International Commission on Non-lonizing Radiation Protection; Library Cataloguing-in-Publication; WHO:
Geneva, Switzerland, 2002; ISBN 92 4 159007 6.

Lin, T.-C,; Liao, Y.-C. The impact of sunlight exposure on the health of older adults. J. Nurs. 2016, 63, 116-122.
Okan, E; Okan, S.; Zincir, H. Effect of Sunlight Exposure on Vitamin D Status of Individuals Living in
a Nursing Home and Their Own Homes. J. Clin. Densitom. 2018. In Press. [CrossRef]

Komar, L.; Nieves, J.; Cosman, F.; Rubin, A.; Shen, V.; Lindsay, R. Calcium Homeostasis of an Elderly
Population upon Admission to a Nursing Home. J. Am. Geriatr. Soc. 1993, 41, 1057-1064. [CrossRef]
Oliveira, B.S.; Zunzunegui, M.V.; Quinlan, J.; Batistuzzo de Medeiros, S.R.; Thomasini, R.L.; Guerra, R.O.
Lifecourse Adversity and Telomere Length in Older Women from Northeast Brazil. Rejuvenation Res. 2018,
21, 294-303. [CrossRef]

Jaaskeldinen, T.; Itkonen, S.T.; Lundqvist, A.; Erkkola, M.; Koskela, T.; Lakkala, K.; Dowling, K.G.; Hull, G.L.;
Kroger, H.; Karppinen, J.; et al. The positive impact of general vitamin D food fortification policy on vitamin D
status in a representative adult Finnish population: Evidence from an 11-y follow-up based on standardized
25-hydroxyvitamin D data. Am. J. Clin. Nutr. 2017, 105, 1512-1520. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1345/aph.1A226
http://dx.doi.org/10.1159/000177918
http://dx.doi.org/10.1590/1981-22562017020.170053
http://dx.doi.org/10.1001/jama.1963.03060120024016
http://dx.doi.org/10.1111/j.1532-5415.1975.tb00927.x
http://www.ncbi.nlm.nih.gov/pubmed/1159263
http://www.crn.inpe.br/lavat/
http://dx.doi.org/10.1080/01621459.1996.10476712
http://dx.doi.org/10.1093/oxfordjournals.aje.a114366
http://www.ncbi.nlm.nih.gov/pubmed/3521261
http://dx.doi.org/10.1093/ajcn/85.3.755
http://www.ncbi.nlm.nih.gov/pubmed/17344497
http://dx.doi.org/10.1016/j.jocd.2018.12.005
http://dx.doi.org/10.1111/j.1532-5415.1993.tb06452.x
http://dx.doi.org/10.1089/rej.2017.1937
http://dx.doi.org/10.3945/ajcn.116.151415
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	Theoretical Model of the Study 
	Analysis of 25(OH)D Serum Concentration 
	Dietary Intake 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

