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ABSTRACT: Introduction: Vitamin D and parathyroid hormone
(PTH) are two major modulators of mineral metabolism and the
maintenance of calcium and phosphorus homeostasis. Vitamin D
insufficiency is characterized by serum 25-hydroxy-vitamin D [25
(OH) D] concentration under 30 ng / mL and deficiency under 20
ng / mL. Such deficiency also increases PTH secretion and bone
demineralization. This study aims to evaluate serum 25 (OH) D
concentrations in postmenopausal women and correlates them
with serum PTH concentrations and bone mineral density (BMD).
Methods: Clinical, laboratory and densitometric data were
collected from 114 postmenopausal women who participated in a
previous clinical study. The patients recruited had a diagnosis of
osteopenia or osteoporosis without previous treatment. Statistical
analysis was carried out by the Statistical-Statsoft® software.
Results: Patients were divided in osteoporotic 82.9% (n=92) and
osteopenic 17.1% (n = 19). The mean values of 25 (OH) D were
26.21 £ 9.69 ng / mL. Deficiency (16.05 + 2.81 ng / mL) was
identified in 32.4% of patients (n=37) and insufficiency (24.71 +
3.18 ng/mL) in 33.3% (n=38). PTH presented a mean of 53.7 +
20.1 pg/ mL and 25% (n = 29) were above the reference values.
Concentrations of PTH correlated inversely with 25 (OH) D (p
<0.01; rho=-0.2971). There was a negative correlation of femoral
neck T-score in two situations: history of fractures and diagnosis
of'spinal fractures (p <0.01). Conclusion: Hypovitaminosis D has
been shown to be prevalent among these postmenopausal women
with no seasonal influence. There was a negative correlation

between PTH levels and 25(OH)D. The correlation between the
history of fractures and BMD was found out, therefore, femur
BMD can predict risk of fractures in other sites.

Keywords: Vitamin D deficiency; Parathyroid hormone; Bone
diseases, metabolic; Postmenopause.

RESUMO: Introdugdo: A vitamina D e o paratormoénio (PTH) sdo
os principais moduladores do metabolismo mineral, contribuindo
para homeostase do calcio e fosforo. Considera-se como
insuficientes niveis séricos abaixo de 30 ng/mL de 25-hidroxi-
vitamina D [25(OH)D] e deficientes quando abaixo de 20 ng/
mL. Tal deficiéncia também ocasiona aumento da secregdo de
PTH e, assim, ha aumento da desmineralizacdo Ossea. Este
estudo visa avaliar os niveis séricos de 25(OH)D em mulheres
na pos-menopausa e correlaciona-los com as concentragdes de
PTH e a densidade mineral dssea (DMO). Materiais e métodos:
Foram coletados dados clinicos, laboratoriais e densitométricos
de 114 mulheres na pds-menopausa que participaram de estudo
clinico prévio. As pacientes incluidas apresentavam diagnostico
de osteopenia ou osteoporose sem tratamento prévio. A analise
estatistica foi realizada pelo software Statistica - Statsoft®.
Resultados: As pacientes foram classificadas em osteoporoéticas
82,9% (n=92) ¢ osteopénicas 17,1% (n=19). Amédia dos valores
de 25(OH)D encontrada foi 26,21 + 9,69 ng/mL. Identificou-se
deficiéncia (16,05 + 2,81 ng/mL) em 32,4% das pacientes (n =
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37) e insuficiéncia (24,71 + 3,18 ng/mL) em 33,3% (n = 38). Os
valores de PTH apresentaram média de 53,7 +20,1 pg/mL. Destes,
25% (n = 29) apresentaram-se acima dos valores de referéncia.
Os valores séricos de PTH correlacionaram-se negativamente
com os valores séricos de 25(OH)D (p < 0,01; tho = -0.2971).
Houve uma correlagdo negativa do T-score de colo de fémur em
duas situagdes: historico de fraturas e no diagnostico de fraturas
de coluna (p < 0,01). Conclusdo: Neste grupo de mulheres pos-

INTRODUCTION

Vitamin D and parathyroid hormone (PTH)
are the main hormones in bone metabolism'.
Both, through a controlled feedback system, contribute to
the homeostasis of calcium and phosphorus in the body.
Low serum levels of calcium stimulates the release of
PTH by the parathyroid glands and it acts on the skeleton,
releasing ionized calcium (Ca2 +) and phosphate (HPO42-)
into the bloodstream. In the kidneys, PTH stimulates the
reabsorption of Ca2 + and decreases the reabsorption of
HPOA42-, while exerting positive feedback for the synthesis
of vitamin D. This favores the intestinal absorption of
calcium and contributes to adequate bone formation.
Normal levels of serum calcium and adequate vitamin D
concentrations are both inhibitory factors to PTH secretion'.
Thus, both hormones have an impact on bone density and
prevention of osteoporotic fractures?.

Currently, there is a discussion regarding serum
reference values of 25 (OH) D. The Brazilian Society
of Endocrinology and Metabolism proposes that for the
healthy population adequate values are > 20 ng/mL and
for patients with risk factors for osteoporosis, the adequate
values are > 30 ng/mL>**, It is important to emphasize that
the expected level of 25(OH)D is the necessary to maintain
PTH at normal levels and to avoid the bone consequences
of secondary hyperparathyroidism®.

However, there is a documented hypovitaminosis
D epidemic in the world literature®. Vitamin D deficiency
is common in the elderly and in patients with osteoporosis
and correlates with loss of bone mass and increased risk of
falls and consequently fractures’.

Therefore, this study aimed to evaluate the
prevalence of hypovitaminosis D in a group of women
who were treated at the Bone Metabolism Unit of the
Department of Endocrinology and Metabolism of the UFPR
(SEMPR) and to correlate the values of 25 (OH) D with
serum PTH levels and bone mineral density.

MATERIALS AND METHODS

Acretrospective cross-sectional observational study,
in which the medical records of patients who participated in
a selection for a clinical study performed during the period
2011 to 2012 at SEMPR were reviewed.

The inclusion criteria for both the clinical study and
the present study were:
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menopausadas houve uma alta prevaléncia de hipovitaminose D,
a qual se correlacionou negativamente com o PTH, ndo sendo
observado relagdo com as estagdes do ano. Houve uma correlagao
entre a histdria de fraturas e a DMO, evidenciando que a DMO de
fémur pode predizer risco de fraturas em outros sitios.

Palavras-chave: Deficiéncia de vitamina D; Hormonio
paratire6ideo; Doencas 0sseas metabolicas; Pos-menopausa.

a) female gender above 50 years postmenopausal
(absence of menstruation for at least 24 months);

b) osteopenia or osteoporosis detected by bone
densitometry (osteopenia between -1.1 and 2.4 and
osteoporosis below -2.5 of T-score).

As exclusion criteria, we considered:

a) patients with other osteometabolic diseases or
history of medication use that interfere with bone metabolism
(eg, corticosteroids, anticonvulsants, methotrexate);

b) patients who have received previous treatment
for osteoporosis / osteopenia or vitamin D replacement.

The data collected included characteristics of the
patients [age, weight, height, body mass index (BMI)
and race], the history of atraumatic fractures (location
and quantity) defined by the anamnesis, laboratory data
(intact serum PTH, serum 25(OH)D, serum phosphate,
serum calcium, total calcium corrected by albumin, urinary
calcium, serum creatinine and urinary clearance), bone
mineral density (BMD) of the total femur, femoral neck and
lumbar spine, and the presence or absence of microfractures
in the control spine radiography. The dates of blood
collection for 25(OH)D dosage and the accomplishment
of the exams were recorded and classified according to the
season of the year. All data were recorded by the researchers
in spreadsheet (Microsoft Excel®).

Statistical analysis was performed using the
software (Statistica - Statsoft ®). The mean, standard
deviation, maximum, minimum and median of the
quantitative variables were calculated. Patients were
classified separately according to bone densitometry
and serum levels of 25(OH)D and PTH. Statistical tests
were performed according to the nature of the variables
and types of analyzes required. Spearman’s correlation
analysis was used to evaluate the correlation between 25
(OH) D and PTH concentrations, and each of them with
laboratory and densitometric data. The Kruskal Wallis
test was used to verify PTH and 25(OH)D in relation to
qualitative variables. Fisher’s exact and Chi-square tests
correlated qualitative variables with each other. Student’s
and Mann-Whitney’s t-tests correlated the quantitative
variables of normal distribution [BMI, age, PTH, 25(OH)
D and other laboratory and densitometric data] with the
presence of fractures and BMD classification in osteopenia/
osteoporosis - each variable was analyzed separately. The
level of significance was considered from 5% and the
sample calculated to obtain at least 90% test power.



RESULTS

We selected 114 women, all of them Caucasian. The
mean age observed was 70.4 + 6.81 years and the mean BMI
26.32 + 3.71 kg/m?. Laboratory data are shown in Table
1. All patients had BMD reduction and were classified as
osteoporotic 82.5% (n=94) and osteopenic 17.5% (n=20).

The exams were performed in the fall (n = 44,
38.6%) and winter (n = 43, 37.7%). There was no
statistically significant correlation between the seasons of
the year and serum PTH values (p = 0.332), 25 (OH) D (p
=0.338) and the T-score values in BMD.

The mean values of 25(OH)D were 26.21 +9.69 ng/
mL. Thirty-two percent of patients (n = 37) had vitamin D
deficiency (16.05 £2.81 ng/mL), 33% (n=38) insufficiency
(24.71 £ 3.18 ng/mL) and 34% (n = 39) had adequate
levels (37.39 + 5.79 ng / mL), as shown in Graphic 1. The
calculated Spearman correlations are shown in Table 2.

Table 1 - Anthropometric and laboratory data

Mean + standard

Variables deviation
Age years) 70.4 +6.81
BMI (kg / m?) 26.3+3.71
PTH (pg / ml) 53.7+20.1
25 (OH) D (ng/ mL) 26.2 +9.69
Corrected serum calcium (mmol/L) 2.29+£0.09
Urinary calcium (mg/dL) 232+1.77
Serum phosphate (mmol/L) 1.19+0.13
Serum Creatinine (mg/dL) 0.69 +0.16
Urinary Clearance (mL/min) 76.1 £28.6

Authors, 2017.

Graphic 1 - Concentrations of 25 (OH) D

® Deficiency(16,05 + 2,81
ng/mL)
Insuficiency(24,71 + 3,18
ng/mL)

® Adequate (37,39 +5,79
ng/mL).

38 (33,3%)

Authors, 2017.
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Table 2 - Correlations between 25 (OH)D and parameters

Parameter p value
Age (years) 0.3888
BMI (kg/m?) 0.1233
PTH (pg/ml) 0.0013; rho =-0.297
Corrected serum calcium (mmol/L) 0.2986
Urinary calcium (mmol/L) 0.5857
Serum phosphate (mmol/L) 0,1289
Urinary Clearance (mL/min) 0.5861
T-score of L1-L4 0.2269
Femoral neck T-score 0.3017
Total femur T-score 0.9273

Authors, 2017.

The observed PTH values had a mean of 53.7 +
20.1 pg/mL. Twenty-five percent of the patients (n = 29)
had PTH above the reference value (10-65 pg/mL or 10-
65 ng/L). There was a negative correlation between serum
PTH values with 25(OH)D values (p <0.01; rho =-0.2971),
as shown in Figure 1. Through the multiple comparison test,
the difference of serum PTH was statistically significant
between the normal and deficient 25(OH)D group.
There was no difference in the comparison between the
normal group with the insufficient group and between the
insufficient group with the deficient group.

Other laboratory data and their correlations are
shown in Table 3. The only one with a significant inverse
correlation was serum phosphate (p <0.01; rho = -0.28),
as expected by PTH physiology.

Table 3 - Correlations between PTH and others parameters

Parameter p value

Age years) 0,699

BMI (kg/m?) 0.517

Corrected serum calcium (mmol/L) 0.245

Urinary calcium (mmol/L) 0.153

Serum phosphate (mmol/L) 0.028; rtho =-0.277
Urinary Clearance (mL/min) 0,409

T-score of L1-L4 0.167

Femoral neck T-score 0.592

Total femur T-score 0.407

Authors, 2017.
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Test: Spermann correlation (p = 0.0013; tho =-0.2971)
The authors, 2017.

Figure 1 - Correlation between PTH and 25 (OH) D levels

Age did not correlate significantly with PTH and
25(OH)D concentrations. There was a significant negative
correlation with femoral neck T-scores (p <0.05; rho =
-0.225) and total femur (p <0.05; rho = -0.189). Older
women presented a tendency to present microfractures
to the spine radiography, according to the student’s t test
(p <0.001).

BMD values are presented in Table 4. According
to the Spearman coefficient, BMI correlated positively
with BMD [L1-L4: p <0.05 and rho = 0.29; femoral neck:
p <0.001 and rho = 0.312; total femur: p <0.001 and
rho = 0.533). It was evidenced by the t-student test that
osteoporotic patients present lower BMIs than patients with
osteopenia (p <0.01). There was no correlation between
lumbar spine and femur BMD with serum concentrations
of 25 (OH) D and PTH.

Table 4 - Densitometric data

Variables Mean + standard deviation
DMO L1-L4 (g/cm?) 0.812 +0.098

T-score L1-L4 -2.941 + 0.845

BMD femoral neck (g/cm?) 0.724 £ 0.091

T-score Femoral neck -2.195+0.828

Total Femur BMD (g/cm?) 0.756 £ 0.108

T-score Femur Total -1.934 +0.934

The authors, 2017.

The history of atraumatic fractures was positive
in 70.8% of the patients (n = 80). The most frequent
location was the forearm in 37% (n = 32); followed by the
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lower limb (22.8%, n = 26) and hip (9.6%, n = 11). It was
evidenced that patients with previous fractures had a lower
lumbar spine T-score than patients with a negative history
for fractures, however, this was not significant for femoral
neck and total femur T-scores. The relationship between
the history of fractures and the classification of patients
between osteoporotic and osteopenic was not significant (p
=0.006), as was the correlation with 25 (OH) D (p = 0.39)
and serum PTH (p = 0.39).

A prevalence of 27% (n = 30) of morphometric
fractures evaluated in the radiography of the control column
was observed. A higher number of a traumatic fractures
was identified with increasing age (p<0.01). In addition,
patients with morphometric fractures at the x-ray had a
lower T-score of the femoral neck.

DISCUSSION

In the present study, a high prevalence of
hypovitaminosis D was demonstrated in a group of
women from Curitiba, similarly with the international and
national literature. In addition, a negative correlation with
PTH was observed. In a global study® with 26 countries,
28.4% of vitamin D deficiency was reported in a population
of 7564 postmenopausal women (<20 ng/mL). On the
other hand, the percentage of postmenopausal women
with osteoporosis who present serum 25(OH)D <30 ng/
mL (insufficiency) during winter approaches 90-100% in
Europe and 80% in Canada and the United States’. Even
in Brazil, the country with the highest 25(OH)D status
in the multicenter study, only 34.3% of the women had
adequate serum levels in winter and 43% in summer®. In a
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study conducted in Sdo Paulo, a high prevalence of vitamin
D insuficiency (41.9%) and vitamin D deficiency (15.4%)
associated with secondary hyperparathyroidism (55%)
was demonstrated in a population without risk factors'’.
In Belo Horizonte, a study of 180 outpatients found out a
prevalence of 42.4% of vitamin D deficiency'".

The main factors contributing to vitamin D
insuficiency or deficiency are low sun exposure, presence
of diseases or drugs that affect its metabolism, and poor
dietary vitamin D'>8. In our study, patients’ diet was not
approached as calcium and vitamin D intake, but secondary
causes that could affect vitamin D dosages were excluded.
The probable causes of the geriatric population being more
susceptible to hypovitaminosis D seem to be due less sun
exposure, reduced production capacity of 25(OH)D (mainly
due to decreased renal function), less vitamin absorption in
the gastrointestinal tract, besides using multiple drugs that
interfere in its absorption and metabolization'>!.

It is known that the seasons also appear to exert an
effect on vitamin D concentrations, especially in temperate
regions'*!52° In our study, this association was probably not
observed because the majority of the patients had collected
serum 25(OH)D in autumn and winter, presenting a lack
of sample dispersion.

The prevalence of hyperparathyroidism secondary
and hypovitaminosis D in this sample was 25%, unlike
other Brazilian studies that observed a prevalence higher
than 60%, which is probably due to the fact that the
patients are older than the patients in this study. Saraiva'®
presented a 66% prevalence of hypovitaminosis D in a
population over 65 years old, with 55% of secondary
hyperparathyroidism associated. In 2007, in a comparison
between institutionalized and outpatient patients, secondary
hyperparathyroidism occurred in 61.7% of the patients in
the institutionalized group and in 54% of the patients in
the outpatient group?..

However, our data demonstrated a significant
negative correlation of 25 (OH) D and PTH, in agreement
with other studies, despite different coefficient values!32225,
This correlation, which is most evident when the level of
25 (OH) D is below 30 ng/mL, reinforces that the ideal
value of 250HD for patients with osteoporosis is greater
than 30 ng/mL%13.

BMI was positively correlated with BMD, as
patients with osteoporosis had significantly lower BMI than
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