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ABSTRACT
Introduction: Low vitamin D (VD) is associated with secondary hyperparathyroidism and both con-

tribute to deleterious consequences (reduced bone mineral density (BMD), risk of fractures and falls).
Objective: To study the VD status and biological correlates in a group of postmenopausal women.
Material and methods: We studied 123 postmenopausal women evaluated in the C.I.Parhon Na-

tional Institute of Endocrinology, the Pituitary and Neuroendocrine Diseases department. All cases 
had been reffered for the evaluation of BMD by the general practitioner. The evaluation included serum 
measurements of total and ionised calcium, phosphorus, alkaline phosphatase (ALP), 25 hydroxi vita-
minD (25OHD), parathyroid hormone (PTH), osteocalcin, betacrosslaps. Central DXA osteodensitom-
etry was performed.

Results: 91.9% of cases had 25OHD serum levels below 30 ng/ml (74.8% had VD deficiency, 17.1% 
VD insufficiency). Only 8.1% had sufficient VD levels. A history of fragility fractures was present 
in 45.83% of the osteoporotic patients, 27.27% of the osteopenic ones and 15.15% of the women with 
normal BMD.

32 women (26%) were on VD supplementation at the time of evaluation. Among these subjects, the 
25OHD level was significantly higher in those with prior fragility fractures (p=0.018) and osteoporosis 
(p=0.008).

25OHD concentration negatively correlated with PTH, alkaline phosphatase (ALP) and osteocalcin. 
The bone markers evaluated had a significant inverse correlation with the radius BMD, T and Z scores 
(p=0.004).

27.17% of the cases with VD deficiency had secondary hyperparathyroidism. The 25OHD concentra-
tion was significantly lower in these cases (p=0.000).

Conclusions: VD insufficiency is widely prevalent but still under-recognized and under-treated, 
possibly leading to secondary hyperparathyroidism. The compliance to VD supplementation is lower 
in subjects without osteoporosis or fragility fractures. Primary prevention measures should be more 
actively implemented.
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INTRODUCTION

V itamin D (VD) is essential for the 
optimal functioning of the muscu-
loskeletal system as it stimulates di-
etary calcium absorption, the mi-
neralization of the osteoid and has 

a major regulating role in bone turnover and 
muscle function (1). 

VD deficiency is extremely prevalent in the 
general population worldwide (2). Very high 
prevalence has also been demonstrated in a 
large cohort of Romanian postmenopausal 
women with osteoporosis (3). 

In adults, VD deficiency becomes manifest 
as muscle weakness, bone mineralization de-
fect (leading to osteomalacia), muscle pain (2), 
reduced bone mineral density (4) and higher 
incidence of fractures (5) and falls (6). Bio-
chemically, low vitamin D status is associated 
with an increase in serum parathyroid hormone 
(PTH) concentration which contributes to some 
of the deleterious effects of VD deficiency (7). 

The optimal marker for the assessment of 
the VD status of the organism is the serum con-
centration of 25hydroxivitamin D (25OHD) 
(8). The US Endocrine Society defines VD defi-
ciency as 25OHD serum levels below 20 ng/
ml, VD inadequacy at values between 20-30 
ng/ml and VD sufficiency at concentrations 
above 30 ng/ml (9). These are the criteria that 
we will use in this paper although the debate 
about the optimal cutoffs persists and other au-
thorities use lower values (10). 

As the data in the Romanian population are 
scarce, in the present study we aim to describe 
the VD status in a group of postmenopausal 
women as well as the correlations between VD 
deficiency, secondary hyperparathyroidism, 
bo ne markers and osteodensitometric parame-
ters. 

MATERIAL AND METHODS

Subjects

We studied 123 postmenopausal women 
evaluated in the “C.I. Parhon” National Insti-
tute of Endocrinology, the Department of Pitu-
itary and Neuroendocrine Diseases between 
1.09.2013-1.06.2014. All patients had been 
reffered for the evaluation of the bone mineral 
density by the general practitioner. 20 of them 
were under antiosteoporotic treatment for a 
minimum of 1 year at the evaluation. The rest 

of the cases were evaluated for the first time; 
the reasons for referral were: age >65 years, or 
postmenopausal status and other risk factors 
for osteoporosis.

We excluded patients with primary hyper-
parathyroidism or hypercalcemia of other 
causes, end-stage kidney failure, active malig-
nancy, inflammatory or metabolic bone dis-
ease. 

METHODS

In all cases the evaluation included total and 
ionised calcium, phosphorus, 25OHD, PTH 

serum measurements; in many of them the 
bone markers (osteocalcin, crosslaps) and cal-
ciuria were also evaluated. Serum concentra-
tions of 25OHD, PTH,  crosslaps and osteo-
calcin were measured by electro che mi lu mi nis -
cence Elecsys 2010. The nor mal ranges of the 
commercial kits used are showed in Table 1.

 All patients were also evaluated by central 
DXA osteodensitometry (lumbar spine L1-L4, 
hip, ultradistal radius in some cases) using a GE 
Healthcare Lunar Prodigy machine.

The history of previous fragility fractures 
was carefully documented in all cases (based 
on clinical and radiological grounds). Vertebral 
fractures were diagnosed on plain radiographs 
recommended in selected cases based on the 
clinical suspicion (pain, kyphosis, height loss).

Statistical analysis. The statistical analysis 
was done using the SPSS programme, version 
17.0. 

RESULTS

The mean age of the 123 women included in 
the study was 57.9 years and the mean 

postmenopausal interval 10 years (see table). 
85% of the cases (105 women) were non-
smokers, 11.4 (14 cases) active smokers and 
3.3% (4 cases) were past smokers.

The vitamin D status in the whole group 
was skewed toward lower values so that the 
mean serum concentration was well below the 
cut-off defining VD deficiency (15.89 ng/mL – 
see Table 1). Calcium and phosphorus serum 
concentrations were normal in all subjects but 
the alkaline phosphatase (ALP) and PTH con-
centrations were raised in some cases – see 
Table 1. As shown in Figure 1, the prevalence 
of insufficient levels of VD was very high in the 
study group: 91.9% of cases (114 women) had 
25OHD serum levels below 30 ng/ml. 74.8% 
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After the osteodensitometric evaluation 66 
cases were found to have normal BMD, 33 had 
DXA criteria diagnostic of osteopenia (T-score 
between -1.5 and -2.5 SD) and 24 cases had 
osteoporosis according to the DXA results (T 
score below -2.5 SD). 

93 (75.6%) of the patients had no history of 
fragility fractures, 24 (19.5%) had one fragility 
fracture while 6 (4.9) of them had a history of 2 
or more fragility fractures. The fragility fractures 
did not occur solely in the osteoporotic group 
(according to the DXA criteria). 45.83% of the 
osteoporotic patients had a history of fragility 
fractures but also 27.27% of the osteopenic 
ones as well as 15.15% of the women with nor-
mal BMD on DXA examination. Even cases 
with multiple fragility fractures were found 
among the subgroups with normal DXA or os-
teopenia: the total number of the previous fra-
gility fractures was 13 in the normal DXA sub-
group, 12 in the osteopenic subgroup and 15 
in the osteoporotic subgroup.

The mean 25OHD serum concentration 
was, however, significanly higher in osteopo-
rotic patients with a history of fractures (26.56 
± 8.86 ng/dl) compared both with the ones 
without fragility fractures (15.58± 8.14 ng/dl) 
and with the osteopenic and normal BMD sub-
jects that have suffered a fragility fracture (hav-
ing mean 25OHD concentrations of 17.45 ± 
9.45 ng/ml and 13.42 ± 6.53 ng/ml, respec-
tively) (Figure 2).

In order to explain this, we analysed next 
the results taking into account the current treat-
ment with VD. Only 32 women (26% of the 
study group) were on VD supplementation at 
the time of the evaluation. VD supplementa-
tion had been offered either as adjunctive 
treatment to antiresorbtive medication for al-

of the cases had VD deficiency (92 cases) and 
17.1% of cases had inadequate VD levels (21 
cases) and only 8.1% % (10 cases) had suffi-
cient VD levels.

TABLE 1. Demographic and laboratory data in the study group.

Normal 
range

Measured
range

Mean
SD

(Std. 
deviation)

General data
Age (years) 42-79 57.97 8.03
BMI (kg/m2) 18-24.9 18-43 28.68 5.68
postmenopausal years 1-33 10.93 7.83
Laboratory data
25 OH D (ng/mL) 30-100 3-46 15.89 8.19
Ca (mg/dL) 8.4-10.3 8.8-10.2 9.23 0.48
Ionised Ca (mg/dL) 3.6-5.2 2.8-4.5 3.92 0.29
Alkaline phosphatase 
(ALP) (IU/L)

18-63 4-136 74.83 20.68

P (mg/dL) 2.5-4.5 1.9-5.5 3.46 0.59
PTH (pg/mL) 15-65 18-114 52.39 21.82
Osteocalcin (ng/mL) 15-46 0-80 23.28 12.14
Betacrosslaps (ng/ml) 0.22-1.008 0.1-2.6 0.5 0.42

TABLE 2. Correlations between the 25OHD serum concentration, bone markers and osteodensitometric 
parameters.

PTH 
(ng/dL)

P (mg/dL) ALP
Osteocalcin

(ng/dL)
Betacross-

laps
Calciuria
 (mg/24h)

25OHD (ng/mL)
r= -0.185
p=0.042

r= 0.192
p=0.036

r= -0.226
p=0.012

r= -0.185
p=0.042

ns
r= 0.361
p=0.004

Age (years) ns ns ns
r= 0.216
p=0.022

ns ns

BMI (kg/m2) ns ns ns
r= -0.380
p=0.000

ns ns

BMD radius 
(g/cm2)

ns ns ns
r= -0.560
p=0.000

r= -0.534
p=0.000

ns

T score radius (SD) ns ns ns
r= -0.546
p=0.002

r= -0.541
p=0.002

ns

Z score radius (SD) ns ns ns
r= -0.515
p=0.004

r= -0.687
p=0.000

ns

FIGURE 1. Histogram of the 25OHD serum concentrations in the 
study group showing a high prevalence of VD deficiency and 
insufficiency.
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ary hyperparathyroidism: 9.25 ±3.5 ng/dl ver-
sus 13.29 ±4.63 ng/dl (Figure 5). 

DISCUSSION

Vitamin D deficiency has been recently de-
scribed as a pandemic condition with sig-

nificant consequences for the individual and 
public health, related not only to the musculo-
skeletal health but also to a wide range of dif-
ferent chronic diseases (2).

The studies adressing the prevalence of this 
condition in Romania are scarce but they have 
all demonstrated high prevalence of VD defi-
ciency in various groups of subjects and a very 
low mean 25OHD concentration in these sub-
jects (3, 11-13). Our results are in line with the 
previous reports and demonstrate a very high 
prevalence of low VD status in a group of post-
menopausal women. Although a selection bias 
that could overestimate the results is probably 

ready diagnosed osteoporosis or as preventive 
measure against postmenopausal osteoporosis 
and consisted of 1000 UI native VD daily for 
8-16 months before our evaluation. As seen in 
Figure 3, most cases receiving current VD sup-
plementation were among the osteopenic/os-
teoporotic or with a positive history of fragility 
fractures. 

It is of note that only 18 out of the 30 pa-
tients with positive history for fragility fractures 
(60%) were on current VD supplementation, 
while 12 were not (40%). The corresponding 
percentages for different bone mass categories 
are irrelevant because many patients with low 
bone mass have been diagnosed at the time of 
the evaluation in our clinic.

If we analysed separately the subjects with 
current VD supplementation, the 25OHD se-
rum concentration was significantly higher in 
those with prior fragility fractures (23.63 
±10.48 versus 17.10 ±6.84 ng/dl in those 
without fractures; p=0.018) and osteoporosis 
(26.19 ± 9.65 versus 17.52 ± 8.01 in those 
without osteoporosis, p=0.008).

The Pearson bivariate correlations in the 
whole sample showed that 25OHD negatively 
correlated with PTH, ALP and osteocalcin and 
was positively correlated with the calciuria, but 
not the serum calcium level – see Table 2.

The negative correlation between the 
25OHD and PTH concentrations is also illus-
trated in Figure 4.

The bone markers evaluated had a signifi-
cant inverse correlation with the radius BMD, T 
and Z scores, but not with the osteodensito-
metric parameters at other sites. Osteocalcin 
alone was significantly correlated with the age 
and BMI of the subjects (Table 2).

No significant difference between the smok-
ers and non- or ex-smokers was identified for 
the study variables- data not shown.

Not all cases with 25OHD <20 ng/ml have 
secondary hyperparathyroidism: only 25 out of 
92 cases (27.17%), while the rest (67 cases, 
72.82%) have values of PTH below the upper 
limit of normal (65 pg/ml). There was no statis-
tically significant difference between the BMD, 
T or Z scores at all levels (lumbar spine, hip or 
radius), calcium concentration in the serum or 
urine or bone markers between the VD defi-
cient cases with and without increased PTH 
levels. However, the 25OHD concentration, 
although low in both these groups, was signifi-
cantly lower in VD deficient cases with second-

FIGURE 2. Serum concentration of 25OHD according to the bone 
mass and fracture history status.

FIGURE 3. BMD categories and fragility fractures history in cases 
without VD supplementation (panel a) and  with VD 
supplementation (panel b) showing that most cases receiving 
supplementation are the ones with low bone mass and/or 
pathological fractures.
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roidism which leads to osteoclast activation 
and bone resorption by enhancing the expres-
sion of RANKL (15). The secondary increase in 
PTH serum levels does not occur in all cases 
with VD deficiency (16-18) – this was present 
in only 27.17% of VD deficient cases in our 
group, those with most severely decreased 
25OHD levels. This subgroup of patients with 
VD deficiency is at particularly increased risk 
for bone loss (17) so they should receive proper 
VD replacement which has the potential to de-
crease the PTH concentration (19) , to improve 
the BMD and decrease the incidence of frac-
tures (20).

In our group, low VD status was inversely 
associated with increased PTH, ALP and osteo-
calcin levels – results which are in line with pre-
vious reports on very large cohorts of post-
menopausal women (21). These correlation 
underlines the association between low vita-
min D status and increased bone turnover rate 
leading to accelerated bone mass loss and low 
BMD. The bone markers evaluated (osteocal-
cin and betacrosslaps) were both associated 
with lower BMD, T and Z scores at the ultradis-
tal radius, but not at other sites. This last result 
was slightly different from others (22) who 
found a correlation between high osteocalcin 
and both ultradistal radius and lumbar spine 
bone mass.

The target 25OHD concentration in VD-
deficient patients is at least 30 ng/ml. Concen-
trations below 30 ng/ml have been associated 
with bone biopsies with incipient aspects sug-
gestive of osteomalacia (increased osteoid vo-
lume) (23). On the other hand, 25OHD con-
centrations above 30 ng/ml are associated with 
low fracture risk (24) and recommended both 
by the International Osteoporosis Foundation 
(IOF) guide (24) and the Task Force for Vitamin 
D of the US Endocrine Society (9). The daily 
dose of D3 to be taken in order to achieve this 
concentration is about 800-1000 UI (25).

In our study, patients with a history of pa-
thological fractures or previously diagnosed os-
teoporosis had significantly higher 25OHD le-
vels than those without these features. This was 
surprising at first, because it has been shown 
that VD deficiency is more common in patients 
with fragility fractures than in age-matched 
control subjects (17). However, in our group 
these cases were also the ones for whom VD 
supplementation was most frequently recom-
mended and this could account for this finding. 

involved (all cases had been reffered by the 
general practitioner with a suspicion of low 
bone mass or for the follow-up of already diag-
nosed low bone mass), the prevalence in the 
general postmenopausal population can be in-
ferred to be significant. The possible coexis-
tence of a subclinical malabsorbtive state in 
some cases should also be borne in mind, given 
the high prevalence of an underdiagnosed gas-
trointestinal etiology for the low vitamin D sta-
tus (14). 

Low VD status is associated with low bone 
mass and fractures. These effects are, at least in 
part, mediated by the secondary hyperparathy-

FIGURE 4. Negative correlation between the 25OHD and the PTH 
serum concentrations.

FIGURE 5. VD deficient cases with and without secondary 
hyperparathyroidism have significantly different 25OHD levels.
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