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ABSTRACT

Background: Although hypovitaminosis D is pre-
valent among healthy adults in Asia and other
regions, available data among Sri Lankans are
not consistent with this finding. We studied vi-
tamin D level among healthy community-dwel-
ling women and examined its effects on parathy-
roid hormone (PTH) level and bone mineral sta-
tus. Methods: Females of 20 - 40 years (n = 434)
who were employed in southern Sri Lanka were
recruited to the study. Bone mineral density and
content (pBMD and pBMC) of the middle phalanx
of the middle finger of the non-dominant hand
were measured in all subjects and 5.0 ml of ve-
nous blood was collected from each subject after
an overnight fast for biochemical assessment of
serum vitamin D, parathyroid hormone and total
alkaline phosphatase. Results: Mean (SD) pBMD
of the women studied was 0.493 (0.060) g/cm” and
pBMC was 1.49 (0.28) g. Severe vitamin D defi-
ciency (<12.5 nmol/L) was seen in 21.4% of sub-
jects, whereas 19.1% subjects had moderate (12.5
- 25.0 nmol/L) and 15.7% had mild (25.1 - 35.0
nmol/L) vitamin D deficiency. Serum vitamin D
showed significant positive correlations with
pBMD (r = 0.13, p = 0.008) and pBMC (r = 0.12, p
=0.01). In regression analysis, vitamin D showed
a positive association with pBMD (regression
coefficient 0.0003, SEM 0.0001, p = 0.007). Con-
clusions: Vitamin D insufficiency/deficiency is
prevalent among healthy young and middle-aged
women in this study group selected from sou-
thern Sri Lanka. The accompanying rise of PTH
indicates the biological significance of low vi-
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tamin D level. The negative effects observed on
bone mineral status suggest the clinical impor-
tance of this finding.

Keywords: Phalangeal BMD; Phalangeal BMC;
Vitamin D; Parathyroid Hormone; Anthropometry

1. INTRODUCTION

Vitamin D has profound effects on the growth and
skeletal development of children and it is a major deter-
minant of adult bone health. Vitamin D deficiency leads
to rickets or osteomalacia, and even a mild deficiency in-
duces secondary hyperparathyroidism and increased bone
resorption [1]. Vitamin D helps maintain the normal se-
rum calcium level within a very narrow range [2]. Vita-
min D deficiency lowers intestinal calcium absorption
from 30% to 15% [3]. This leads to an increased serum
parathyroid hormone level, which is an important deter-
minant of cortical bone remodeling in the elderly [1]. De-
creased serum phosphates due to increased renal excre-
tion caused by secondary hyperparathyroidism and in-
creased alkaline phosphatase are the other metabolic ef-
fects of Vitamin D deficiency [3].

Earlier studies which attempted to determine serum
25(OH)vit-D reference values among healthy subjects may
have been influenced by diverse lifestyle and environ-
mental characteristics, and therefore, may not be applied
clinically and worldwide [4,5]. Defining vitamin D thres-
holds according to health consequences rather than popu-
lation means is the preferred method but debate on “nor-
mal” or “optimal” 25(OH)vit-D level still continues. Se-
veral criteria have been used to define sufficient 25(OH)
vit-D levels, including the level associated with optimal
suppression of circulating parath hormone (PTH), great-
est calcium absorption, highest bone mineral density
(BMD), lowest rates of bone loss, falls, or fractures [6].
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Previous studies have demonstrated low serum vita-
min 25(OH)D levels in populations across neighboring
countries of Sri Lanka. In North India, 91% of healthy
school girls [7] and 84% of pregnant women [8] were
found to have hypovitaminosis D with the cut-off value
for serum 25(OH)D level below 50 nmol/L. Similar data
have been reported from Pakistan [9] and Bangladesh
[10]. Vitamin D status of the population in South-East
Asian countries has received relatively less attention.
However, the problem seems to be less severe in Thai-
land [11]. High prevalence of hypovitaminosis D in South
Asia can be explained by skin pigmentation and tradi-
tional clothing. Air pollution and limited outdoor activity
further compound this problem in the urban population.

Knowledge on vitamin D status among Sri Lankan is
limited [12]. There were no studies done on Sri Lankan
men’s vitamin D levels. Hence, clinicians vary in their
practice regarding the dose of vitamin D prescribed in
the treatment of osteoporosis. Sri Lanka has no major
seasonal variation in weather and sunlight is available
during most of the daytime throughout the year. This is
taken as an assurance of adequate vitamin D levels among
Sri Lankan but the accuracy of this statement has not
been adequately examined. Although the vitamin D me-
tabolism among elders is the major health concern, stud-
ies among community-dwelling healthy adults are con-
sidered priority in order to understand the state of vita-
min D metabolism in the entire age range. This would al-
low us to determine whether vitamin D deficiency is re-
stricted to certain age groups or it is more widely spread.
Hence, in an ongoing study examining the association
between vitamin D and bone health in different age groups,
we initially selected a group of healthy pre-menopausal
women.

We hypothesized that young women in Sri Lanka may
be vitamin D deficient and this would have a negative
effect on their bone health. We used AccuDXA which
measures bone mineral content (BMC) and density in the
middle phalanx of the middle finger, using Dual-energy
X-ray absorptiometry technique, to measure bone min-
eral status. AccuDXA was particularly selected for this
study due to the restricted availability of central-type
densitometers in Sri Lanka and the easiness of using Ac-
cuDXA in the community settings. A previous study in
Sri Lanka has shown a high correlation between phalan-
geal BMD measured by AccuDXA and BMDs in central
sites such as spine and femoral neck [13]. Furthermore,
phalangeal BMD predicts fractures to the same extent as
BMDs in spine or proximal femur [14,15]. In a popula-
tion-based study showing the inverse relationship be-
tween measured serum 25(OH)D levels and PTH levels,
vitamin D levels were significantly higher in rural com-
pared to urban subjects [16]. As the negative influence of
elevated PTH is seen first in the peripheral cortical-rich
skeletal sites, we believed that AccuDXA which measures
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BMD in the cortically-rich middle phalanx could be a va-
lid tool to measure the effect of elevated PTH.

2. MATERIALS AND METHODS

The study was conducted in South of Sri Lanka after
obtaining approval from the Ethical Review Committee
of the Faculty of Medicine, Galle. Females of 20 - 40
years who were employed in the institutions located in
the Galle district were the study population. Subjects were
selected using multistage cluster sampling technique. These
institutions were first stratified according to the number
of female staff members and then seven such places were
randomly selected such as a hospital (1), teacher training
schools (2), technical colleges (2) and schools (2). All the
females of this age group attached to the selected institu-
tions were considered eligible for the study.

Selected institutions were informed one to two weeks
before the intended visit and permission was obtained
from the relevant authorities. Eligible women were in-
formed about the study by the investigators and informed
written consent was obtained. They (n = 582) were inter-
viewed and a brief clinical examination was performed.
Women who had taken medications such as systemic cor-
ticosteroids (n = 16), thyroxin (n = 8), hormone replace-
ment therapy or contraceptive pills (n = 44), multi-vi-
tamin preparations including vitamin D (n = 38), thiazide
diuretics (n = 12), pharmacological doses of calcium (n =
20) and women who had chronic liver or renal disease
(05) and endocrine disorders (05) were excluded from
the study. Similarly women with long standing inflamma-
tory or infective diseases were also excluded. However,
women with non-communicable diseases such as diabetes,
hypertension or hyperlipidaemia were not excluded unless
they belonged to above mentioned exclusion criteria.

All individuals who were eligible after the first inter-
action (n = 434) were subjected to a comprehensive phy-
sical examination, including measurements of body weight
and height. Height was measured using a portable stadi-
ometer (IUCHI, Yamato Scientific, Japan) and weight
was measured using a portable beam balance (Bauman,
Germany) with non-detachable weights. We measured
BMD (pBMD) and BMC (pBMC) of the middle phalanx
of the middle finger of the non-dominant hand in all sub-
jects. AccuDXA (Shick technology, New York, USA),
portable densitometer with dual-energy X-ray absorptio-
metry technique (DXA) was used to measure BMD. Ac-
cuDXA has less than one minute scan time and meas-
urement precision of less than 1.0%. All scans were done
by one technician who had a prior training on accuDXA
and the accuracy and precision of the machine were test-
ed on each scanning day using the inbuilt software. Ma-
chine was kept in a cool environment during scanning to
ensure the accuracy of measurements.

Five milliliters (5 ml) of venous blood was collected
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from each subject after overnight fast for the biochemical
assessment of serum vitamin D, parathyroid hormone
and total alkaline phosphatase. Specimens were immedi-
ately transported to the RIA laboratory of the Faculty of
Medicine, Galle in a box containing ice packs and serum
separation was done without delay and stored in a freezer
at —80°C. Liquid phase radioimmunoassay methodology
was used for quantitative determination of 25(OH) vit-D
levels in serum using the IDS Gamma-B 25-hydroxy-vi-
tamin D kits obtained from Immunodiagnostic Systems
(IDS) limited UK with a precision of the intra-assay of
6.1% and inter-assay 7.3%. The Immunotech radioimmu-
noassay kit was used for the determination of parathyroid
hormone levels. In PTH estimations, the coefficients of
variation of the intra-assays was 7.45%, whereas inter-
assay was 8.5%. Serum total alkaline phosphatase (ALP)
was measured using Kinetic photometric test where the
lower limit of detection was 2 IU/L. Intra-assay precision
of ALP estimation was below 0.50% and inter-assay co-
efficient variation was 2.0%.

Statistical Analysis

Data were analyzed using open source statistical soft-
ware [17]. All results including pBMD and pBMC meas-
urements are presented as mean (standard deviation)
unless stated otherwise. Serum 25-vitD, PTH and ALP
showed a skewed distribution and values were log trans-
formed before analysis. Correlation and regression me-
thods were used to examine the associations between
pBMD/pBMC and other measurements recorded as con-
tinuous numerical variables. Analysis of variance (ANOVA)
test was used to detect differences between groups. Two-
tailed p less than 0.05 was selected as the level of statis-
tical significance.

3. RESULTS

The baseline measurements of phalangeal BMD/BMC
and the anthropometry are given in Table 1. Out of 434
women in the study sample, 202 (46.5%) were married.
None of the subjects admitted having smoked or taken
alcohol at any stage in their lives. Anthropometric meas-
urements (weight, height and BMI) were positively and
significantly (p < 0.001) correlated, with both pBMD and
pBMC.

When all the anthropometric measures were included
in a regression model and weak associations were ex-
cluded in a step-wise fashion, height remained the strong-
est predictor of pPBMD (regression coefficient 0.004; SE
0.0004; p < 0.001). In this model, height alone explained
12% of variation in pPBMD. A one centimeter difference
in height was associated with 0.004 g/cm’ difference in
pBMD. Similarly, a change of one kilogram was associ-
ated with 0.002 g/cm’ change in pBMD. A unit increase
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in BMI was associated with an increase in pBMD of
0.003 g/cm’.

The median (interquartile range-IQR) serum vitamin
Dand PTH concentrations were 30.86 (15.61 - 52.37)
nmol/L and 52.00 (30.80 - 70.00) pg/mL respectively.
Serum alkaline phosphatase level was 61.76 (IQR 44.98
- 78.00) IU/L (Table 2). Severe vitamin D deficiency
(below 12.5 nmol/L) defined according to the Lips clas-
sification (Lips, 2001) was seen in 21.4% of subjects.
Further, 19.1% subjects had moderate (12.5 - 25.0 nmol/L)
and 15.7% had mild (25.1 - 35.0 nmol/L) vitamin D defi-
ciency. Elevated serum PTH concentrations (>65.0 pgm/L)
was observed in 142 (33.5%) women whereas elevated
serum ALP (>95.0 IU/L) was observed in 51 (11.7%)
subjects. Serum vitamin D showed significant positive
correlations with BMD (r = 0.13, p = 0.008) and BMC (r
= 0.12, p = 0.01) and a significant negative correlation
with PTH (r = —0.62, p < 0.001). Serum PTH showed a
significant negative correlations with both BMD (r = —0.16,
p = 0.001 and BMC (r = —0.15, p = 0.002). Although
ALP showed negative correlations with BMD (—0.02, p =
0.74) and BMC (—0.03, p = 0.52), they were not statisti-
cally significant. In regression analysis involving pMBD
as the dependent variable and vitamin D as the indepen-
dent variable, vitamin D showed a positive association with
pBMD (regression coefficient 0.0003, SEM 0.0001, p =
0.007). Inclusion of height, weight or BMI in the model
did not change the results materially.

Regression model was fitted with PTH as the depend-
ent variable and vitamin D as the independent variable to
assess the relationship of these two variables (Figure 1).
Using the regression equation (intercept = 73.08 and

Table 1. Baseline characteristics of the study population'.

Parameter Unit Mean SD Range

Bone Mineral Density glem® 0493 0.06 0.230 - 0.660

Bone Mineral Content g 1.49 0.28 0.850-2.360
Weight Kg 5.1 89 32.00-73
Height cm 154 5.6 138.00 - 175.00

Body Mass Index Kg/m* 21.61 3.6 17.01-305

'There were 434 subjects enrolled for the study.

Table 2. Distribution of serum vitamin D, PTH and ALP'.

Parameter Unit Mean Median IQR SD

Serum Parathyroid

Hormone pg/mL  49.97 52

30.80-70.00 24.64

Serum Vitamin D nmol/L 3532 30.86 15.61-5237 24.71

Serum Alkaline

Phosphatase UL 64.18

61.76 44.98 -78.00 27.51

"There were 434 samples for analysis.
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gradient = —0.62), rising of PTH above 65.0 pg/mL was
seen at the vitamin D level of 13.02 nmol/L. Ninety six
subjects (22.1%) of our study sample had vitamin D lev-
els < 13.02 nmol/L. Among them, 76% of subjects (n =
73) had elevated PTH (>65 pg/mL). Other 24 % (n = 23)
had mean PTH concentration of 51.64 pg/mL (median of
58.00 pgm/L).

Further, BMC/BMD, anthropometric indices and other
serum measurements were analyzed in the tertiles of vi-
tamin Dconcentration (Table 3). In contrast to women in
the lower tertile of vitamin D, women in the upper tertile
were shorter, had higher BMD and lower PTH level.
BMC, weight and BMI showed no difference in the ter-
tiles of vitamin D. Women with lower vitamin Dhad
higher PTH level and women with higher vitamin D had
lower PTH level. Furthermore, PTH showed a trend
across the tertiles of vitamin D. Serum ALP, the widely
used surrogate marker of vitamin D deficiency in clinical
evaluation of patients, showed poor correlation with vi-
tamin D and PTH levels indicating that it is not reflective
of serum vitamin D level.

4. DISCUSSION

This study which examined vitamin D, PTH and alka-
line phosphatase among women of 20 - 40 years in
Southern Sri Lanka showed a high prevalence of vitamin
D insufficiency among subjects. In addition, serum ALP
level showed a poor correlation with vitamin D indicat-
ing its limited ability to demonstrate underlying hypovi-
taminosis D. While hypovitaminosis D was prevalent

among the study subjects, a corresponding rise in serum
PTH among them indicated that the low levels of vitamin
D observed is not a mere biochemical finding but has

PTH (pg/mL)

120.004

parath = 73.08 + —0.62? vitd 3
R-Squara =0.39

80.001

40.001

120.00
25(OH) D nmol/L

Figure 1. Linear regression between PTH and vitamin D levels
of the study sample.

Table 3. Anthropometry, BMD and other serum measurements (PTH, ALP) in the tertiles of vitamin D concentrations'.

Measurement Lower Third of Vitamin D Middle Third of Vitamin D Upper Third of Vitamin D p-Value
Bone Mineral Content 1.475 (0.29) 1.489 (0.28) 1.542 (0.27) 0.12
Bone Mineral Density 0.485 (0.06)" 0.493 (0.05)" 0.503 (0.06)° 0.03

Weight 50.57 (9.2) 51.17 (9.2) 51.02 (8.1) 0.9
Height 155.28 (5.0)" 153.50 (6.0)° 152.59 (5.2)° 0.03
Body Mass Index 20.98 (3.7) 21.75 (3.8) 21.93 (3.3) 0.11
Foot Length 23.28 (1.3) 24.46 (1.7) 23.13 (1.0) 0.49
Abdominal Girth 74.22 (8.8) 74.90 (9.2) 74.43 (9.2) 0.83
Chest Circumference 85.78 (7.9) 86.29 (8.5) 86.30 (8.1) 0.85
Hip Circumference 90.36 (8.0) 90.75 (8.3) 88.84 (8.8) 0.15
Skin Fold Thickness 15.21 (5.9) 16.01 (6.4) 15.86 (6.9) 0.59
Serum PTH 69.61 (16.7)" 53.10 (21.6)" 30.11 (17.7)° <0.001
Serum ALP 61.72 (24.6) 66.52 (25.7) 64.50 (31.2) 0.328

Copyright © 2013 SciRes.

"There were 145 subjects in each thirds of serum vitamin D. **“values with different superscript in a row are significantly different (ANOVA; p < 0.05).
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definite metabolic consequences. This was further streng-
thened by finding lower pBMD/pBMC among vitamin D
deficient subjects.

Data on vitamin D status among Sri Lanka are limited.
Mayer et al., [12] estimated 25-vitD levels of Sri Lankan
ethnic Tamils from the central part of the country and
compared it with a similar ethnic group in Norway. In
their analysis among 30 - 60-year-old community-dwell-
ing Sri Lankan women, the mean 25-vitD level was 47.4
+ 15.8 nmol/L. This level was 1.4 times higher than what
we have seen in the southern coastal border of the coun-
try. Further, they observed only 6.3% of subjects to have
25-vitD levels <25.0 nmol/L. We observed 40.5% of
subjects in our sample to be below this cut-off value.
There can be several reasons for this disparity. Firstly,
ethnic Tamils may synthesize more vitamin D with sun-
light exposure. Secondly, the period of sun exposure of
subjects in the two studies could be different. Most of
our study subjects were employed in office-based jobs
and had less sun exposure, often limited to 5 - 15
min/day in the early morning hours. This information,
however, is not readily available in the other study.
Thirdly, the differences in eating habits between the two
ethnic groups may provide an explanation for the observ-
ed differences.

Despite the abundant sunlight, previous studies have
reported a high prevalence of vitamin D deficiency in
South Asian countries [10,18-20]. In fact, a comparison
of the present findings on serum vitamin D data with
other studies may not be entirely appropriate as the stud-
ies have been conducted in different seasons, with diffe-
rent study subjects and using different assays. However,
the present study indicates the occurrence of high preva-
lence of hypovitamin D in a country with abundant sun-
light. The possible reasons could be the restricted avail-
ability of ultra violet light in the correct range to facili-
tate skin vitamin D synthesis, or the shaded sunshine due
to overcastting of sky, or shadows created by buildings
and trees and type of dresses which cover most of the
body surface.

The renal production of 1,25-dihydroxy vitamin D is
tightly regulated by plasma parathyroid hormone and se-
rum calcium and phosphorus levels [21]. Although there
is no consensus on optimal levels of 25-vitD as measured
in serum, vitamin D deficiency is defined by most ex-
perts as a 25-vitD level of <50 nmol/L [22]. The 25-vitD
levels are inversely associated with parathyroid hormone
levels until the former reach 30.0 - 40.0 pg/L, at which
point parathyroid hormone levels begin to level off [23].
Some studies have used increased PTH as a surrogate of
vitamin D deficiency. Need et al., [24] showed a gradual
increase in PTH levels in subjects with 25-vitD <40.0
nmol/L. Other studies using PTH change as the surrogate
marker of vitamin D deficiency have selected different

Copyright © 2013 SciRes.

levels: 30.0 nmol/L [25] and 37.5 nmol/L [26]. In our
study, the mean PTH concentration in women with nor-
mal vitamin D (>35.0 nmol/L) was 32.7 pg/mL. How-
ever, mild vitamin D deficient women had a mean PTH
level of 57.2 pg/mL (p < 0.05). Our analysis revealed
that the rise in PTH begins at vitamin D level of 13.02
nmol/L. Hence this level would demarcate vitamin D de-
ficiency among our subjects. Twenty two percent (n = 96)
of subjects had their vitamin D levels < 13.02 nmol/L. In
this subgroup of vitamin D insufficient women, 76.0% of
subjects (n = 73) had elevated PTH (>65 pg/mL). Al-
though the role of PTH in the pathogenesis of osteoporo-
sis may not be fully elucidated as yet, PTH level is con-
sidered to be a useful marker of vitamin D adequacy.

Subclinical vitamin D deficiency is considered to be a
risk factor for osteoporosis and fractures [27]. In the pre-
sent study, we observed a trend of progressive increase in
pBMD with increasing tertiles of 25-vitD concentrations.
In addition, 25-vitD showed a significant and positive (P
< 0.001) influence on the pPBMD/pBMC. In a previous
study, serum vitamin D level was directly related to BMD
in white, black, and Mexican-American men and women,
with a maximum density achieved when the vitamin D
level reached 100.0 nmol/L or more [28]. When the level
was 75.0 nmol/L or less, there was a significant decrease
in intestinal calcium absorption [29] that associated with
increased PTH response [23]. The Women’s Health Ini-
tiative study [30] also showed that serum level of vita-
min D had little effect on the risk of fracture when levels
were 65.0 nmol/L or less. However, women who were
most consistent in taking calcium and vitamin D; had a
29% reduction in hip fracture. Optimal prevention of
both non-vertebral and hip fracture occurred only in tri-
als providing 700 to 800 IU of vitamin D; per day in pa-
tients whose baseline concentration of vitamin D was
<42.0 nmol/L and whose mean concentration of vitamin
D then rose to approximately 100.0 nmol/L [28].

The limitations of our investigation would be the use
of phalangeal BMD. AccuDXA is portable, hence easy to
use in community surveys. The availability of central
DXA technology in Sri Lanka is greatly limited. In pre-
vious studies, phalangeal BMD has shown a good corre-
lation with BMDs in central sites such as hip and spine
[31]. Still BMDs in different sites behave differently lim-
iting applicability of our finding to other skeletal sites. Se-
condly, our sample was limited to females who were work-
ing indoors. Other employment categories such as field
workers and unemployed women may have different nu-
tritional and sunlight exposure patterns resulting different
vitamin D levels. Thirdly, the country’s geographical and
ethnic variations are not represented in the study sam-
ple. This could compromise the external validity of the
results. However, the supervised sample collection, time-
ly transportation and storage of serum samples as well as
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employment of radioimmunoassay techniques for the ana-
lysis of serum PTH and vitamin D assessment may result
in higher accuracy in the estimated parameters.

Our results indicate a high frequency of 25-vitD insuf-
ficiency/deficiency and its association with PTH hor-
mone status. Data also indicate the positive association
between BMD and anthropometric measures of nutrition
such as height, weight and BMI. This study needs to be
repeated using subjects of different categories to clarify
the issue. This is especially needed as two available stu-
dies show contrasting results.
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