ORIGINAL ARTICLE

Association between serum 25-hydroxyvitamin D levels
and bone mineral density in normal postmenopausal

women

Vasundhara Kamineni, Akkenapally Prasanna Latha, K. Ramathulasi

Department of Obstetrics and Gynaecology, Kamineni Academy of Medical Sciences and Research Centre, Hyderabad, Telangana, India

ABSTRACT

Aim: This study was conducted with the objective of assessing serum 25-hydroxyvitamin D (25(OH)D) in
postmenopausal women (PMW), to detect osteopenia or osteoporosis in PMW and to establish a correlation
between serum 25(OH)D levels and bone mineral density (BMD).

Materials and Methods: A total of 100 healthy PMW were selected, and a prospective observational study was
conducted to correlate the BMD with serum 25(OH)D levels. Their laboratory investigations along with serum
25(0OH)D levels were done. Their BMD was assessed with dual-energy X-ray absorptiometry at lumbar spine
and neck of femur; T-scores were derived. Correlation analysis was done to investigate the relationship between
serum 25(0OH)D levels and BMD.

Results: The proportion of osteoporosis at the hip was 31.9% in deficient group, 16.1% in insufficient, and
18.2% in sufficient group and at lumbar spine, it was 27.7%, 16.1%, and 22.7%, respectively. Forty-seven
percent of PMW had deficient (<20 ng/ml) serum 25(OH)D levels and 31% had insufficiency. T-score at hip
in deficient group was -2.05 + 0.25, and in an insufficient group, it was —=1.79 + 0.13; T-score at lumbar spine
was -1.92 £ 0.12 and -1.79 + 0.12, respectively, but both were not statistically significant. Osteoporosis was
seen in 24%, osteopenia in 55% at hip level and 23% and 59% respectively at lumbar spine. There was no
association between serum 25(OH)D levels and BMD neither at hip nor at lumbar spine (P=0.51and P=0.79
respectively).

Conclusion: In this study, among our cohort of patients there was no correlation between serum 25(OH)D levels
and BMD. However, Vitamin D deficiency coexists with low BMD. Vitamin D insufficiency is a common risk factor

for osteoporosis associated with increased bone remodeling and low bone mass.
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INTRODUCTION

Osteoporosis is the most prevalent bone disorder among
postmenopausal women (PMW). Poor nutrition, inadequate
exposure to sunlight and low Vitamin D status contribute
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to severe osteoporosis in India.l"? Current standard
approach for diagnosing osteoporosis is the estimation
of bone mineral density (BMD) using dual energy X-ray
absorptiometry (DEXA). Studies have shown that women
whose intake of calcium is high exhibit high BMD when
compared to women with low calcium intake. Vitamin D
and calcium supplements aid in the prevention of bone loss
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by reducing bone renewal and the number of nonvertebral
fractures.”!

The serum 25-hydroxyvitamin D (25(OH)D) level is
thought to reflect the Vitamin D nutritional status
accurately. Severe Vitamin D deficiency can cause
osteomalacia, which is characterized by inadequate
mineralization of the newly formed osteoid.
Vitamin D deficiency is believed to cause secondary
hyperparathyroidism, leading to an increase in the bone
turnover and bone loss.*”! It is hypothesized that low
25(OH)D levels by virtue of development of secondary
hyperparathyroidism could be a contributing factor to low
BMD. Although there is no consensus on the definition
of optimal serum 25(OH)D levels, Vitamin D deficiency
is defined by most experts as a serum 25(OH)D level
of <50nmol/L (<20 ng/ml), whereas a serum 25(OH)D
level of >75 nmol/L (>30 ng/ml) is considered to be
normal and a level of 50-75 amol/L (20-30 ng/ml)
defines Vitamin D insufficiency.!

BMD is measured by standard deviation (SD) and expressed
as T-score. It is calculated as the difference between the
measured BMD of the patient and the expected bone
density value in a normal young person (YN) divided
by the population SD. T-score = (BMD — YN)/SD.
Osteopenia is defined with T-score between —1 and —2.5,
and osteoporosis was defined with T-score <—2.5.I"%

MATERIALS AND METHODS

This is a prospective observational study. The study
population included 100 healthy postmenopausal
patients (complete cessation of periods over a period
of >1 year) seen primarily at our out-patient department
and patients referred by the Department of Orthopaedics
and General Medicine at Kamineni Institute of Medical
Sciences and Research Centre, LB Nagar, Hyderabad,
Telangana State over a period of 2 years. The study was
duly approved by the Institutional Ethics Committee.
Patients were included in the study after obtaining informed
consent. All women belong to semi-urban/urban locality.
A detailed history regarding menstrual history, duration of
menopause, menopausal symptoms is obtained. A social
and medical history, features of osteoporosis including
fragility fracture, intake of medications and supplements,
personal history and family history of fractures, loss of
height, bone pain and other complaints were elicited. Other
important assessments included dietary intake of calcium
and exposure to sunlight per day. Body mass index (BMI)
was calculated as weight in kilograms divided by square of
height in meters. A comprehensive physical examination
was done.
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Inclusion criteria
Healthy PMW attaining menopause naturally, i.e., cessation
of menstruation for 1 year due to loss of follicular activity.

Exclusion criteria

Women who have undergone surgery for bilateral
oophorectomy, patients with a major medical illness such
as hepatic dysfunction, significant thyroid dysfunction,
renal disease, metabolic bone disorders, and malignancies.
Women on steroid therapy, any medications which
affect bone metabolism, use of calcium or Vitamin D
supplements, hormone replacement therapy, tamoxifen,
bisphosphonates.

Biochemical measurements

Laboratory tests included serum creatinine, albumin,
total calcium, inorganic phosphates liver enzymes,
thyroid function tests, and serum 25(OH)D levels. Serum
calcium and serum phosphorus were determined by
spectrophotometric analysis. Albumin-corrected calcium
was calculated using the formula:

Corrected calcium = 0.8 X [normal albumin (4.0) - patients
albumin| + total serum calcium

Serum 25(OH)D was measured by enhanced
chemiluminescent immunoassay. Women were classified
based on Vitamin D levels as deficient (<20 ng/ml);
insufficient (20-30 ng/ml); and sufficient (>30 ng/ml).

Bone mineral density

The T-score, bone mineral content and BMD were
determined at two anatomic sites, namely, the lumbar
spine, L2-1.4 anteroposterior (LSAP), and femoral neck
using DEXA. The BMD of the subjects were recorded in
terms of absolute mineral content (g/cm?) at these sites.
BMD values were interpreted as T-score. Osteopenia was
defined as T-score <—1 and osteoporosis as T-score <—2.5.

Statistical analysis

Analysis was performed with the use of SPSS (version 20;
SPSS Inc., Chicago, 1L, USA). Descriptive results are
presented as mean * standard error of mean. Pearson’s
coefficient was calculated for the correlation between
continuous variables. Correlation computes the value of
the Pearson’s correlation coefficient (7). Its value ranges
from -1 to 0, to +1. P < 0.05 was considered statistically
significant.

RESULTS

A total of 100 patients were selected. Baseline demographic
characteristics and relation to Vitamin D characterization
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are mentioned in Table 1. The mean age was found to be
significantly higher in those with deficientlevel of Vitamin
D (65.4 £ 0.53) compared to insufficient (59.2 £ 0.86) and
sufficient (49.9 £ 0.54) levels. Similarly, the mean duration
after menopause was found to be significantly higher in those
with deficient level of Vitamin D (12.68 £ 0.77) compared
to insufficient (7.58 + 0.91) and sufficient (2.81 £ 0.24)
levels. The mean BMI was however found to be significantly
higher in insufficient category (29.12 + 0.81) compared to
deficient (27.14 £ 0.6) and sufficient (26.09 £ 0.91) levels.
The dietary intake of calcium was found to be significantly
higher in sufficient level (685.7 £ 166.9) followed by
insufficient (575.4 * 104.7) and deficient (484.4 £ 19.8)
levels. The mean BMD at the neck of femur and lumbar
spine were similar in all categories, and the differences
were also not statistically significant. Similarly, the mean
T-score at hip and lumbar spine were found to be highestin
those with deficient level (—2.05 + 0.15and —1.92 £ 0.12,
respectively) compared to insufficient and sufficient
levels, but however, the differences were not statistically
significant (P > 0.05; not significant).

Categorization of Vitamin D levels and BMD at the level
of hip is shown in Table 2. The proportion of osteoporosis
at the level of hip was found to be highest in those
with deficient Vitamin D category (31.9%) followed by
sufficient (18.2%) and insufficient (16.1%) levels. However,
the differences were not statistically significant (P = 0.40;
not significant).

Table 3 shows the categorization of Vitamin D by BMD at
the level of lumbar spine. The proportion of osteoporosis
at the level of lumbar spine was found to be highest in

deficient level (27.7%) followed by sufficient (22.7%) and
insufficient (16.1%) levels. However, the differences were
not statistically significant (P = 0.62; not significant).

There is no significant correlation between serum 25(OH)
D levels and BMD at neck of femur [Figure 1, » = 0.11;
P = 0.29; not significant] and at lumbar spine [Figure 2,
r=0.09; P = 0.35; not significant]. There was a positive
correlation between serum 25(OH)D levels and dietary
calcium [Figure 3, » = 0.48; P < 0.001; significant| and
duration of sunlight exposure [Figure 4, 7= 0.72; P < 0.001;
significant] and negative correlation with years after
menopause [Figure 5, 7= 0.61; P < 0.001; significant].

DISCUSSION

The present study investigated the association of serum
25(OH)D levels and BMD in healthy PMW consuming
optimal diet, exposed to sunlight and performing physical
activity. Several studies have documented hypovitaminosis
D in people living in countries with abundant sunshine.>*!"!
Prevalence of Vitamin D deficiency in India is alarmingly
high.*"?l Vitamin D deficiency is an important risk
factor for the development of osteoporosis. In the
present study, 47% of PMW have low serum 25(OH)D,
deficiency (<20 ng/ml) and 31% have insufficiency and
osteoporosis at hip was 31.9% and 16.1% respectively and
at LSAP it was 27.7% and 16.1% respectively. Harinarayan
et al reported the prevalence of Vitamin D deficiency of
70% and insufficiency of 23% in PMW and osteoporosis
at hip of 28% and LSAP of 22% in PMW. Maintenance
of adequate serum 25(OH)D level is of paramount
importance as future bone loss is to be prevented in women

Table 1 : Relationship of certain variables by vitamin D categorization

Parameter (mean = SE)

Vitamin D categorization

P value and significance

Deficient (47) Insufficient (31) Sufficient (22)
Age (years ) 65.4+0.53 59.2+0.86 49.9+0.54 F=81.9;
*P<0.001; S
Duration of menupause (years) 12.68=0.77 7.58+0.91 2.81x0.24 F=29.6;
*P<0.001; S
BMI (Kg/m2) 27.14+0.6 29.12+0.81 26.09+0.91 F=3.54;
*P=0.003; S
Dietary intake of calcium (mg/dl) 484.4+19.8 575.4+104.7 685.7+166.9 F=17.1;
*P<0.001; S
BMD at neck of femur (gm/cm?) 0.62+0.03 0.660.03 0.64+0.04 F=0.24;
*P=0.78; NS
BMD at lumbar spine (gm/cm?) 0.62=0.02 0.64=0.02 0.64=0.03 F=0.26;
*P=0.77; NS
T score at hip —-2.05+0.15 -1.79+0.13 -1.94+0.22 F=0.66;
*P=0.51; NS
T score at lumbar spine -1.92+0.12 -1.79+0.12 -1.87=0.17 F=0.22;
*P=0.79; NS

*Statistically significant

Journal of Mid-life Health | Oct-Dec 2016 | Vol 7 | Issue 4

165



Kamineni, et al.: Serum vitamin D levels and bone mineral density in normal postmenopausal women

12
1 : 7
& L % .0
°
%os :i el S * > “’
2 o
H $ o .’f", o® @ * e
s o ¢ % * % @ .
E $* 8o o ¢
£os K J *g 248$ oo
% * *
z e *
© 04
H e
02 ‘ xé > : 40 0 & P

° 10 20 30 %0 50 60
Serum Vitamin D in ng/ml

o

§

H . .

$ RS

g *

&

i d o 2
08

£ AREX ’ "

®

fos» z‘t‘t‘“zi z""o. :‘0 A 4

& <

ioa *5e ‘ﬁ" * *

]

]

o 10 20 30 40 50 60
serum Vitamin D in ng/mi

Figure 1: Correlation analysis between serum Vitamin D and bone
mineral Density. Scatter plot showing correlation between serum
Vitamin D and bone mineral Density at neck of femur
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Figure 3: Correlation analysis between serum Vitamin D and dietary
calcium intake in all subjects included in the study

Table 2 : Vitamin D categorization by bone mineral density
categorization at the level of hip

Vitamin D
categorization

Bone mineral density
categorization at hip level

No of subjects

Normal Osteopenia Osteoporosis

Deficient 47 10(21.3) 22 (46.8) 15(31.9)
Insufficient 31 7(22.6) 19(61.3) 5(16.1)
Sufficient 22 4(18.2) 14(63.6) 4(18.2)
Total 100 21(21.0) 55 (55.0) 24 (24.0)

x*=3.55; P=0.46; NS.Values in parenthesis indicate percentages

Table 3 : Vitamin D categorization by bone mineral density
categorization at the level of lumbar spine

Vitamin D
categorization

Bone mineral density
categorization at lumbar spine

No of subjects

Normal Osteopenia Osteoporosis

Deficient 47 10(21.3) 24 (51.1) 13 (27.7)
Insufficient 31 5(16.1) 21 (67.7) 5(16.1)
Sufficient 22 3(13.6) 14 (63.6) 5(22.7)
Total 100 18(18.0) 59 (59.0) 23(23.0)

x*=2.63; P=0.62; NS.Values in parenthesis indicate percentages

once they have crossed the watershed of menopause.
The BMD T-scores had no relation to 25(OH)D status
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Figure 2: Correlation between serum Vitamin D and bone mineral
Density at lumbar spine
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Figure 4: Correlation analysis between serum Vitamin D and duration
of sunlight exposure in all subjects included in the study

in correlation analysis in PMW. Serum 25(OH)D levels
depict the current Vitamin D status of an individual while
BMD denotes bone mineral accrual over a period of time
depending upon a variety of other factors. They suggested
that Vitamin D deficiency presents as osteopenia in BMD
measurements in PMW. Study of BMD without knowing
25(OH)D status can be misleading. Due to daytime high
temperature and tropical climate, any advice on sun
exposure is less likely to be followed. Hence, in South
Indian PMW, dietary entichment/supplementation with
calcium and Vitamin D should be considered in therapy
of osteoporosis along with antiresorptive agents. Because
of diversity of dietary and social habits, more multicentric
studies are to be undertaken to document the problem in
different parts of India. The prevalence of hypovitaminosis
D in our study was 78% as shown in other studies on
Indian PMW."*P Lavanya ez a/l'” showed 25% Vitamin
D insufficiency and 75% deficiency in PMW. Prevalence
of hypovitaminosis D in PMW was found to be 47%
in Thailand, 49% in Malaysia, 90% in Japan and 92% in
South Korea."? Many studies have found almost 80% of
PMW have low BMD of osteoporotic range.'s*!

In our study, there is no correlation between serum

25(OH)D levels and BMD neither at hip nor at LSAP. In
Journal of Mid-life Health |
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Figure 5: Correlation analysis between serum Vitamin D levels and
duration of menopause

earlier studies Harinarayan e¢f a/,"*! demonstrated that BMD
had no relation to serum 25(OH)D status.***l Few studies
have shown a positive correlation of serum 25(OH)D levels
and BMD.”**>**7 Vitamin D is a fundamental vitamin to
maintain calcium level in the bone by increasing calcium
absorption in the intestines, stimulating bone resorption
by increasing number of osteoclasts, and maintain level of
parathyroid hormone to stabilize serum calcium levels.*!

Beg et al.? reported, prevalence of hypovitaminosis D in
PMW was 88.5% and Vitamin D deficiency of 68.24% and
insufficiency of 20.27%. The BMD at lumbar spine was
1.20 + 0.18 in PMW without osteoporosis as compared to
0.81 £ 0.13 in the osteoporosis group. Their study showed a
positive correlation between Vitamin D and BMD, although
the relation was not statistically significant (# = 0.201,
P <0.089). Skin complexion, poor sun exposure, vegetarian
food habits, low milk intake, high phytates in food, and
lack of Vitamin D fortification program explain the high
prevalence of Vitamin D deficiency in India despite it is
sunny climate. The association between 25(OH)D levels
and BMD is still debatable. The heterogeneity in the results
of this relationship can be partially explained by differences
in population, differences in age group and differences in
the sites of the body studied. More important is the fact
that different Vitamin D levels were used to define Vitamin
D deficiency and insufficiency during such studies.

In this study, there was a positive correlation between
25(OH)D level and dietary calcium intake and duration of
sunlight exposure.>'*! In our study, there was a negative
correlation between 25(OH)D levels and duration of
menopause.'"? Lavanya ¢f a/,'! have shown time and
duration after menopause also has a significant effect on
Vitamin D and BMD. PMW have significantly lower BMD
due to estrogen deficiency, ageing associated with decreased
osteoblast function, decreased calcium absorption, and

Journal of Mid-life Health | Oct-Dec 2016 | Vol 7 | Issue 4

decreased ability to synthesize Vitamin D leading to
OSteopOorosis.

CONCLUSION

Although a direct relationship could not be established
between 25(OH)D and BMD, Vitamin D deficiency
coexists with low BMD in our study. Vitamin D
insufficiency is a common risk factor for osteoporosis
associated with increased bone remodeling and low bone
mass. Simple measurement of BMD without knowing the
Vitamin D status is not of much use. Calcium and Vitamin
D supplementation should be an integral part of therapy
of osteoporosis in India.
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