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Objective: The aim of this study was to determine 25-hydroxyvitamin D concentrations in
healthy employees of the Universidad de Ciencias Médicas, Costa Rica.

Methods: Levels of 25-hydroxyvitamin D, calcium, phosphorus, intact parathyroid hormone
(iPTH), and creatinine were measured in 80 people. Solar ultraviolet radiation exposure and
25-hydroxyvitamin D intake were estimated using a previously designed questionnaire. Participants
were 52 women aged (mean + standard deviation) 35.8+10.0 years old, body mass index of
27.14£5.9 kg/m?, and 26 men aged 36.4+10.8 years old, body mass index of 27.5%5.0 kg/m>.
Results: All participants were normocalcemic, eight females were postmenopausal, three were
hypertensive; none had renal, gastrointestinal, or thyroid disease. The level of 25-hydroxyvitamin D
was 23.917.0 ng/dL and iPTH 40.1£17.5 pg/dL. A level of 25-hydroxyvitamin D =30 ng/dL
was seen in 17% of the population. The eight participants with iPTH higher than 67 ng/dL, had
25-hydroxyvitamin D of 18.944.8 ng/dL. Two participants who received 25-hydroxyvitamin D
and calcium supplements were excluded.

Conclusion: The 25-hydroxyvitamin D insufficiency and deficiency found in healthy employees
from an academic center in Costa Rica may be due to working long hours in-doors and solar
ultraviolet radiation exposure. It is unknown whether secondary hyperparathyroidism seen in
nearly 10% of this population, may have long-term effects on bone health.

Keywords: vitamin D deficiency, osteoporosis, secondary hyperparathyroidism, bone
metabolism

Introduction
Vitamin D plays a fundamental role in bone health due to its effects on calcium
absorption.!® Inadequate concentrations of 25-hydroxyvitamin D are associated with
an increased bone turnover and osteoporosis.** This condition has been linked to
alterations in neuromuscular function, increasing the risk of falls.®” Moreover, it has
been reported that low levels of 25-hydroxyvitamin D are related to an increased risk
of diabetes, hyperlipidemia, cardiovascular disease,*® and asthma.!°

The prevalence of 25-hydroxyvitamin D deficiency has become a worldwide health
problem.'!? In recent years, in the United States the prevalence of 25-hydroxyvitamin D
deficiency has doubled'*!* and studies from some Latin American countries, have
shown a high prevalence of 25-hydroxyvitamin D deficiency in postmenopausal
women with osteoporosis.'>!® In Central America, however, little is known about the
prevalence of 25-hydroxyvitamin D deficiency.

This prompted us to perform an exploratory investigation in a tropical country
located in Central America, aimed to determine 25-hydroxyvitamin D concentrations
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and examine its relationship to solar ultraviolet radiation
exposure and dietary 25-hydroxyvitamin D intake in a group
of apparently healthy personnel from Universidad de Ciencias
Meé¢dicas (UCIMED), and academic institution located in San
José, Costa Rica. Additionally, we evaluated the relation-
ship between 25-hydroxyvitamin D and intact parathyroid
hormone (iPTH) concentration. It is expected that this pilot
study will support evidence to perform future investigations
in a larger population in this country.

Methods

From 130 healthy staff members of the UCIMED, 100 were
randomly selected and 80 of them agreed to participate in
the study; two were excluded from the analysis because they
took vitamin D and calcium supplements. All the participants
signed an informed consent, underwent a medical history and
physical examination, which included measuring blood pres-
sure, body weight, and height. Body mass index (kg/m?) was
calculated for all the participants. Solar ultraviolet radiation
exposure, and 25-hydroxyvitamin D intake were evaluated
by applying a designed questionnaire previously tested. The
time in minutes of solar ultraviolet radiation exposure during
weekdays and weekends, the use sunscreen, and skin type
of each participant were evaluated. The skin type was clas-
sified using the skin scale; this scale used the constitutional
color and the results of exposure to ultraviolet radiation to
indicate the skin type.'” Additionally, we inquired about the
consumption of milk and vitamin supplements to estimate
the intake of 25-hydroxyvitamin D.

Fasting venous blood sample was obtained to mea-
sure serum calcium, phosphorus, and creatinine con-
centrations (480 Beckman Coulter, Brea, CA, USA);
25-hydroxyvitamin D was determined using Architect
Automatic equipment (Abbott Laboratories, Abbott Park,
IL, USA [coefficient of variation of 4.5%]). iPTH (normal
range 11-67 pg/mL) was determined by chemilumines-
cence (IMMULITE 2000 DPC, [coefficient of variation
7%]). Venous blood was spun and serum was frozen until
analysis. All the determinations were done in the same
run. We defined 25-hydroxyvitamin D deficiency as serum
25-hydroxyvitamin D level <20.0 ng/mL, and insufficiency
as 25-hydroxyvitamin D levels between 20 and 29.9 ng/mL.!
This study was conducted during rainy season (August and
September) in Costa Rica; this country is located in North
latitude 11°13”12” and South latitude 08°, 102", 26”.° Results
are expressed as mean * standard deviation. Student’s #-test
and analysis of variance were used to compare means; Fisher’s

exact test was used to analyze the independence of sex and
ultraviolet sun radiation vs vitamin D status, defined as
vitamin D =30 ng/dL and =29.9 ng/dL. Also, logistic regres-
sions, using single independent variables, were employed to
evaluate the effect of sex and ultraviolet sun radiation expo-
sure during weekdays and weekends using vitamin D status
as dependent variable. The Scientific Ethics Committee of
UCIMED approved this study.

Results
The clinical characteristics and biochemical variables of
the study population with an age range of 18—-60 years old
are shown in Table 1. Thirty-five percent had normal body
weight, while 40% and 22.5% were overweight and obese,
respectively. All had normal calcium, phosphorous, and
creatinine concentrations. Table 2 illustrates the skin type dis-
tribution and the use of sunscreen in each photo type group.
Twenty-two participants (19 females and three males) utilized
sunscreen, (27.5% of the study population). No associations
were found between 25-hydroxyvitamin D concentrations,
skin photo types, and the use of sunscreen, or adiposity.
During weekdays individuals’ solar ultraviolet radiation
exposure was limited to the early morning or late afternoon
hours (between 6 and 7 am, and between 4 and 5 pm). The
25-hydroxyl-vitamin D concentrations were higher in males
than in females (P=0.031) as shown in Table 1. The duration
of solar ultraviolet radiation exposure, (less than 5 minutes vs
more than 5 minutes during weekdays and weekends) and
25-hydroxyvitamin D concentrations are illustrated in
Table 3. Moreover, the Fisher’s exact test yielded a significant
association only between vitamin D status and ultraviolet

Table | Pertinent clinical characteristics of the study population

Variables Female (52) Male (26)
Age (years) 35.8+£10.2 36.4£10.8
Weight (kg) 67.6+14.1 80.4+15.6*
Height (m) 1.6£0.1 1.7£0.1*
BMI (kg/m?)? 27.146.0 27.545.0
Systolic blood pressure (mmHg)® 109.3£12.7 118.7£16.6
Diastolic blood pressure (mmHg)® 71.7£9.2 75.5%11.5
25-hydroxyvitamin D (ng/mL) 22.6+6.4 26.6+7.7%
iPTH (pg/mL) 41.7+18.8 36.9t14.4
Calcium (mg/dL) 9.3+0.3 9.5+0.3*
Phosphorus (mg/dL) 3.310.5 3.2+0.4
Creatinine (mg/dL) 0.8+0.1 1.0£0.1*

Notes: Results expressed as mean + SD. *BMI (kg/m2) weight in kg/square height;
®blood pressure: mmHg; *P<<0.05 as compared to females; 4P<<0.03| as compared
to females.

Abbreviations: BMI, body mass index; iPTH, intact parathyroid hormone.
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Table 2 Skin type distribution and use of sunscreen in the study
population in each skin photo type category

Skin photo Use of sunscreen Total participants
type* Yes No

| 3 (100) 0(0) 3(4)

2 8 (33) 16 (29) 24 (31)

3 6 (30) 14 (25) 20 (26)

4 5(18) 21 (37) 26 (33)

5 0 4(7) 4 (5)

6 0 1(2) 1 ()

Notes: Number in parenthesis represents % of the individuals in each skin
photo type. *Fitzpatrick scale."”

sun radiation during weekends (P=0.0221). Similarly, the
logistic analysis demonstrated a significant association
of vitamin D status and weekend ultraviolet sun radiation
(P=0.0164), with an odds ratio of 0.24 (confidence interval
95%: 0.075-0.769).

Fifteen participants drank at least one glass of milk per
day; each glass contains 1.25 pg of 25-hydroxyvitamin D,
corresponding to 50 U of this vitamin, thus the impact of
vitamin D intake on 25-hydroxyvitamin D concentrations
was insignificant.

Table 4 illustrates the prevalence of sufficiency, insuffi-
ciency, and deficiency of 25-hydroxyvitamin D in the study
population. A 25-hydroxyvitamin D =30 ng/dL concentration
was seen in 11% of females and 27% of males, respectively. As
compared to participants with normal body mass index, over-
weight and obese individuals had lower 25-hydroxyvitamin
D concentrations, but the differences were not significant
(data not shown). As shown in Figure 1, an inverse relation
between 25-hydroxyvitamin D and iPTH was observed. Four
individuals with 25-hydroxyvitamin D below 20 ng/mL and
four with 25-hydroxyvitamin D lower than 25 ng/dL had iPTH
of 74.1+4.6 ng/mL (normal range 11-67 pg/mL), concordant
with secondary hyperparathyroidism. As shown in Figure 2,
higher iPTH concentrations were seen in those individuals
with 25-hydroxyvitamin D deficiency compared to those with
25-hydroxyvitamin D higher than 30 ng/dL (P=0.037).

Table 3 Solar ultraviolet (UV) exposure and 25-hydroxyvitamin D
(25-OH D)

Solar UV Weekdays Weekends

radiation Participants 25-OH D Participants 25-OH D
exposure

< 5 minutes 29 23.8+6.3 16 20.3+1.6
= 5 minutes 49 24.0+7.5 62 24.8+7.0%

Notes: Results are expressed as mean + standard deviation. *P<<0.05 as compared
to less than 5 minutes.

Table 4 25-hydroxyvitamin D in males and females

25-hydroxyvitamin D Sex Total
Females Males

<20 ng/dL 19 37) 5(19) 24 (31)

20-29.9 ng/dL 27 (52) 14 (54) 41 (52)

=30 ng/dL 6(I) 7 (27) 13 (17)

Note: Number in parenthesis represents the percentage of the male and female
population.

Discussion

This study evaluated the concentration of 25-hydroxyvitamin D
in a small sample of an apparently healthy population with-
out evidence of kidney disease as creatinine concentrations
were within normal range, who live in the Central Valley in
San José, Costa Rica. The participants reported low dietary
intake of fortified milk with 25-hydroxyvitamin D, and had
low solar ultraviolet radiation exposure.

The cumulative prevalence of 25-hydroxyvitamin D insuf-
ficiency and deficiency was striking and unexpectedly high
as seen in Table 4. It was believed that 25-hydroxyvitamin D
deficiency was more common in countries far from the equator.
However, a number of recent reports have shown that this
was not the case.'>!

In the United States, the prevalence of 25-hydroxyvitamin
D deficiency has doubled, attaining figures of 41.6% in the
whole population. In Latinos living in the United States,
25-hydroxyvitamin D deficiency reaches up to 69.2%.!"12 Of
note, studies conducted in Latin America, in osteoporotic post-
menopausal women demonstrated 25-hydroxyvitamin D defi-
ciency in 67%, 50%, and 42% of the subjects, respectively.*!>16
This study was performed during the rainy season in Costa
Rica and found a high prevalence of 25-hydroxyvitamin D
insufficiency and deficiency despite the fact that this country

iPTH (pg/dL)
3

25-OH D (ng/dL)

Figure | Inverse relationship between 25-hydroxyvitamin D and intact parathyroid
hormone (iPTH) concentrations.
Abbreviation: 25-OH D, 25-hydroxyvitamin D.
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Figure 2 Higher mean intact parathyroid hormone (iPTH) concentrations and
25-hydroxyvitamin D deficiency.
Abbreviation: 25-OH D, 25-hydroxyvitamin D.

is located in North latitude 11°13”12” and South latitude 08°,
102’, 26”.¢ In this region there is only a dry and a rainy season.
All throughout the year there is sunlight but during this par-
ticular period of the year it rains in the afternoon. This study
demonstrated that individuals’ sun exposure was limited to the
early morning or late afternoon hours. Factors associated with
25-hydroxyvitamin D production include incident angle of the
sun, season, latitude, time of the day, skin photo type, people
older than 65 years old, and the use of sunscreen.'>!'" " In this
investigation, 27% of the population used sunscreen, particu-
larly individuals with fair skin and women, a factor which could
contribute to a reduction of 25-hydroxyvitamin D synthesis.
Higher 25-hydroxyvitamin D concentrations were seen in males
as compared to females. This may be associated to a lower
ultraviolet sun radiation in females. Our study did not dem-
onstrate any effect of the use of sunscreen or weekdays’ solar
ultraviolet radiation exposure on vitamin D concentrations.
Nonetheless, weekends’ solar ultraviolet radiation exposure
did have an impact on 25-hydroxyvitamin D concentrations
and, the risk to develop vitamin D insufficiency/deficiency for
individuals who had ultraviolet sun radiation for more than
5 minutes during weekends was 24% of the risk for individuals
who had less than 5 minutes exposure on weekends. Overall,
the high prevalence of 25-hydroxyvitamin D insufficiency/
deficiency could be explained by the duration of ultraviolet
sun radiation exposure, particularly during weekends and, the
incident angle of the sun, as it occurred in early morning hours
or late in the afternoon.

Low 25-hydroxyvitamin D concentrations have been
reported in overweight and obese individuals.?' The
mechanisms by which excess of adipose tissue reduces
25-hydroxyvitamin D could be linked to storage of this sterol in

the expanded adipose mass, or to a lower 25-hydroxyvitamin D
binding globulin.?>? In this report, the normal weight partici-
pants had higher 25-hydroxyvitamin D levels than the over-
weight and obese participants, although the difference was not
significant, likely due to the small sample size.

We observed an inverse relationship between serum
25-hydroxyvitamin D and iPTH as previously shown*** and
found that nearly 10% of the participants had high iPTH
concentrations. Secondary hyperparathyroidism may occur in
individuals with kidney disease, with gastrointestinal disorders
including celiac disease and after parathyroidectomy, due to
inadequate 25-hydroxyvitamin D concentrations.?* % Second-
ary hyperparathyroidism associated with 25-hydroxyvitamin D
deficiency is commonly seen in elderly and institutionalized
individuals,®3° in subjects with low body weight, with a
history of falls and fractures, and with 25-hydroxyvitamin
D deficiency.® Since all the participants of our study had
normal renal function, and none had gastrointestinal disease,
it is likely that the cause of elevated iPTH levels were due to
25-hydroxyvitamin D insufficiency/deficiency. The health
implications of 25-hydroxyvitamin D insufficiency/deficiency
and secondary hyperparathyroidism observed in this study are
not known. The results raises concerns about long-term effects
of low vitamin D levels on bone health, as the participants of
the study were of young age. Whether this condition would
predispose to early bone loss, particularly in women is not
clear. Furthermore, low 25-hydroxyvitamin D may increase the
risk of cardiovascular disease as shown in recent studies.®’.

There were some limitations in this study. For example,
we did not provide 25-hydroxyvitamin D supplementation
to those participants with 25-hydroxyvitamin D concentra-
tions below 30 ng/mL to determine if replacement therapy
would reduce iPTH.*® Likewise, it was not possible to rule
out normocalcemic primary hyperparathyroidism. However,
the latter condition is uncommon and follow-up evaluation
is required to confirm this diagnosis.

The high prevalence of 25-hydroxyvitamin D concentra-
tions below 30 ng/dL associated with secondary hyperpara-
thyroidism needs to be documented during other months of the
year. The findings of this study were unexpected because
the participants live in a region with abundant exposure to
sunlight, the main natural source of 25-hydroxyvitamin D
production.'®? If our findings were confirmed, the deficit of
25-hydroxyvitamin D would be identified as a public health
problem in Costa Rica.

In conclusion, changes in lifestyle, long working hours,
low solar ultraviolet radiation exposure and potentially,
the use of sunscreen could explain the high prevalence of
insufficiency and deficiency of 25-hydroxyvitamin D levels
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in this population. These results are worrisome as this con-
dition could impact bone health promoting osteopenia and
osteoporosis later in life’! and may increase cardiovascular
risk.*” Whether dietary and vitamin D supplementation has
beneficial effects on bone health or on diabetes prevention is
unclear. As recently shown, this approach has no effects on
osteoporosis, fracture risk®? or on glucose homeostasis and
diabetes prevention.** However, from a public health approach,
healthy solar ultraviolet radiation exposure of at least 10
minutes daily along with physical activity and vitamin D
supplementation, could be recommended in office workers
and homebound citizens with severe 25-hydroxyvitamin D
deficiency. This recommendation clearly has to be balanced
in order to prevent skin cancer.
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