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Abstract

OBJECTIVES: To determine the current level of serum vitamin D of adult Thai
office workers in 2014 by using a standard laboratory method and its level in relation
to sex, age, sunlight exposure and dressing.

MATERIALS AND METHODS: This is a cross section study of 211 Thai office and
field workers of one company performed in April 2014. The study used an electro-
chemiluminescence (or electrogenerated chemiluminescence (ECL)) method to
determine their blood level of 25(OH)D. Their level of 25(OH)D then was analyzed
against their age, sex, sunlight exposure time, and choice of clothing, using pearson
coefficient.

RESULTS: Two hundred and eleven office workers aged between 23 and 63 years
old were included in this study. Eighty one of these were male and 124 were female.
Of these, 72.5% are aged between 31 and 50 years old. Ten percent of them are
underweight, while 27.2% of them are overweight (BMI > 25 kg/m?). One hundred and
thirty four of them (63.5%) had vitamin D level > 20 ng/ml considered normal by Thai
normal value rates. Seventy seven of them (36.5%) had vitamin D levels less than 20 ng/ml
or had hypovitaminosis D by Thai normal value rates. There is no significant relation
between vitamin D levels and age, sex, sunlight exposure time, and choice of clothing.
CONCLUSION: About a third (36.5%) of these Thai office workers were deemed to
have hypovitaminosis D when measured against the standard normal value of 20 ng/ml
upwards. The level of vitamin D from this study is much lower than previously
estimated and will change the health promotion and disease prevention methodology
for diseases related to hypovitaminosis-D in the future.

itamin D is a nutrient known for its role in prevention

\ / and treatment of rickets, osteoporosis, myopathy and lower
incidence of fractures. The epidemiologic evidence indicates
arelation between inadequate vitamin D levels and such diseases as
cancer, diabetes,”? hypertension,* rheumatoid arthritis,’ heart failure,’
acute myocardial infarction, dementia and Alzheimer’s disease.?
Although the causative relation between vitamin D deficiency and
these diseases is yet to be defined, so far the epidemiologic evidence
strongly advocates for the medical community to look for better
prevention approaches to reduce vitamin D deficiency. Vitamin D
is a fat soluble vitamin, scarcely found in ordinary food. There are
two forms of vitamin D, Vitamin D2 (ergocalciferol) and vitamin D3
(cholecalciferol). The human body obtains vitamin D from 2 sources;
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skin transforms subcutaneous cholesterol called 7-dehydrocholesterol
into vitamin D3 (cholecalciferol). Source 2: From food; for instance,
this list of high vitamin D content as a percentage of daily value
(DV),” Cod liver oil 1 tablespoon (340%DV), A piece of salmon
3 ounce (199% DV), Sun-dried mushroom 3 ounce (100% DV) and
One egg (vitamin D is in yolk) 6% DV, etc.

Previously there was a false belief that vitamin D2 was not as
effective as vitamin D3 in transforming into 25(OH)D. This belief
was proved wrong by one study'® which showed that vitamin D2
is as effective as vitamin D3 in transforming into 25(OH)2D.
Vitamin D levels can be measured in two units, ng/ml and nmol/ml,
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where 1 ng/mL equals to 2.5 nmol/ml. The normal value of
vitamin D is a matter of controversy. The Institute of
Medicine (IOM) had issued latest definition of vitamin D
level as follows:"

nmol/L** ng/mL* Health status

<30td=""> < 12td=""> -+ Vitamin D deficiency

30-50 12-20 * Inadequate vitamin D to
maintain health

=50 =20 * Adequate vitamin D

> 125 > 50 * Probably too much vitamin D

In Thailand, to date there is a paper to support what
constitutes normal vitamin D levels of the Thai population.'?
The 2008, the Thai Population Health Survey" arbitrarily
categorized vitamin D level as follows:

* Vitamin D deficiency (< 20 ng/ml)

* Vitamin D inadequacy (21-30 ng/ml)

* Normal vitamin D level (> 30 ng/ml)

This study used a level of 25(OH)D of < 20 ng/ml as
a cut-off point for vitamin D deficiency, based on an IOM
report. There are only a few reports on vitamin D levels of
the Thai population. Some of these did not use homogenous
standard laboratory methodology. An early study worth
mentioning was done with 105 post-menopausal urban
women by Konkan University'? in the year 2000 which
reported average vitamin D levels as 33.24 ng/ml, while
66.3% of the subjects had vitamin D levels less than
35 ng/ml.

The 2008 Thai Population Health Survey had reported
vitamin D levels of 2,641 Thais of all sex and age
(including children) that 5.7% of the subjects were vitamin
D deficient, while 45.2% of them had inadequate vitamin
D 45.2% and 49.1% of them had normal vitamin D level
(> 30 ng/ml). Another study was done with 217 nurses of
The Royal Irrigation Hospital published in 2012.** This
study which used high-performance liquid chroma-
tography assay (HPLC) in assessment of blood levels
of vitamin D reported that 49.8% of these nurses were
vitamin D deficient (< 20 ng/ml), 45.6% of them had
inadequate vitamin D (21-30 ng/ml) and 4.6% of them
had normal vitamin D levels (> 30 ng/ml). Such results
are surprisingly different from the 2008 Thai Population
Health Survey Report. This raises the question of what
constitutes the actual figure of vitamin D levels in the Thai
population?

Materials and Method

This study is a descriptive cross section study designed
to determine vitamin D levels of workers in one business
organization. All participants answered the question
sheet and had a blood sample drawn and submitted for
25(0OH)D level checking at Phyathai2 hospital laboratory.
The laboratory electro-chemiluminescence immunoassay
method (Roche, modular analytics 170, cobase 601) was

used to evaluate 25(OH)D level (inter-assay and intraassay
coefficients of variation (CV) of 3.5-13.1% and 1.7-1.8%
respectively). The obtained result then was used to analyze
the relation between 25(OH)D and age, sex, sunlight
exposure and choice of clothing, using Pearson Coefficient
at p value less than 0.05.

Result
Part 1: General information from the samples

Of 211 volunteers, 127 (60.25%) were female, 84 (39.8%)
were male. The youngest volunteer was 23 years old. The
oldest volunteer was 63 years old. The average age of all
volunteers was 35.8 years (Mean = 35.8, SD = 7.5) Most
(51.2%) of the volunteers were between 31-40 years old.
About a fourth of them (23.2%) were less than 30 years
old. About a fifth of them (21.3%) were 41-50 years old.
The rest (4.3%) were more than 50 years old.

Of all 211 volunteers, 169 reported their body mass
index (BMI) value. The lowest BMI value was 15.7; the
highest BMI value was 36.7. The average BMI value was
23.0 (Mean = 23.0, SD = 3.8). Of these 40.2% of them
had normal BMI (18.5-22.9) while 27.2% of them were
overweight by international standards (> 25.0), 21.9% of
them were overweight by Asian standards, and 10.7% of
them were underweight (< 18.5).

Of all 211 volunteers, 168 reported their weekly
exercise routine. One hundred and seven of them (63.7%)
did not do exercise regularly while 61 of them (36.3%) did
exercise regularly. For those who did exercise regularly,
22 (36.1%) exercised once a week while 15 (24.6%) exercised
twice a week, 14 (23.0%) exercised three times a week,
5 (8.2%) exercised four times a week, 2 (3.3%) exercised
five times a week and another 2 (3.3%) exercised seven
times a week. The shortest time spent exercising was
10 minutes. The longest time spent exercising was 360
minutes. The average time spent exercising was 64.4
minutes (Mean = 64.4, SD = 58.2).

Of all 211 volunteers, 161 answered questions on
sunlight exposure levels. Eighty eight respondents (54.7%)
had been exposed to midday sunlight, 29 (18.0%) of
them had been exposed to morning sunlight, 26 (16.1%)
of them had been exposed to evening sunlight and
18 (11.2%) of them had been exposed to both morning
and midday sunlight. The shortest length of time of
sunlight exposure was 3 minutes while the longest was
480 minutes. The average exposure time was 70.7 min
(Mean = 70.7, SD = 81.1). Most (116 or 72.0%) of the
volunteers wear uniform and this exposes less than 50%
of skin to sunlight while 45 (28.0%) of them wear
casual clothes which expose more than 50% of skin to
sunlight. The 25(OH)D level of all volunteers is depicted
in Table 1.
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About a third of all respondents (77 persons, 36.5%)
were vitamin D deficient (< 20 ng/ml). The lowest level
of 25(OH)D was 9.950 ng/ml while the highest level was
64.07 ng/ml. The average level of 25(OH)D was 22.769

(Mean = 22.769, SD = 6.695).

Part 2: Analysis of factors related to vitamin D deficiency

The analysis of co-relation between 25(OH)D and age,

Table 1: Percentage of volunteers by 25(0OH)D level.

25(0H)D level n(%)
Vitamin D deficiency (< 20 ng/ml) 77 (36.5)
Normal vitamin D level (> 20 ng/ml) 134 (63.5)
Total 211 (100.0)

Table 2: Pearson correlation matrix of variables for 25(OH)D level.

sex, sunlight exposure time and choice of clothes, using Variant \4! V2 V3 V4 V5
Pearson Coefﬁmen.t at p value less than 0.05 showed that V1 25(0H)D 1,000
there was no relation between 25(OH)D levels and age,
. . . V2 Female sex! -0.098  1.000
sex, sunlight exposure time and choice of clothes. V3 Age 0020 -0.132 1.000
V4 Sunlight 0031 -0.133  -0.112  1.000
exposure time
V5 Choice of clothes? 0.004 -0366%*  0.061 0.030 1.000
Group reference: 'Male sex  2Casual clothes
Table 3: 25(0OH)D level by variable factors (n = 77).
25(0H)D level
Variable Factors Vitamin D deficiency (< 20 ng/ml) Normal vitamin D level (> 20 ng/ml)
n Mean £+ SD Range n Mean £ SD Range
Sex
Male 22 16.92 +2.938 9.95-24.03 62 2593+3.742  20.42-33.71
Female 55 16.58 +£2.554  10.13-19.92 72 26.56+7.028  20.06 - 64.07
Total 77 16.68 + 2.654 9.95-24.03 134 26.27 £5.735  20.06 - 64.07
t-test = 2.018 p=0157
Age (years)
<30 16 18.31£2.326  12.30-24.03 33 26.45+7.862  20.20-64.07
31-40 35 16.31£2.738 9.95-19.92 73 2514 £3.755  20.22-36.44
41-50 24 16.28 + 2.464 10.13 - 19.86 21 29.08+6.729  20.06 - 47.01
> 51 2 14.68 £0.467  14.35-15.01 7 28.80+5.341  20.42-33.71
Total 77 16.68 + 2.654 9.95-24.03 134 26.27+5.735  20.06 - 64.07
F-test = 1.231 p=0.299
Body mass index (BMI)
Underweight(< 18.5) 7 16.08+2.829  12.30-19.85 1" 26.61+12647  20.93-64.07
Normal (18.5-22.9) 26 17.07 £2.993 9.95-24.03 42 25.77+£3.606  20.20 - 33.11
Asian overweight (23.0-24.9) 1" 17.50 £ 2.120 13.23-19.92 26 26.62+6.036  20.22-38.58
International overweight (25.0) 19 16.66 +£2.029  12.26-19.29 27 26.30+£4.297  21.21-35.83
Total 63 16.91 £ 2.545 9.95-24.03 106 26.20+5.805  20.20 - 64.07
F-test = 0.493 p=0688
Sunlight exposure time (min)
<30 33 16.86 +£2.530  10.13-19.86 49 2552 +4.044  20.43-35.82
31-60 13 16.65+2.599  12.45-19.92 30 2710 +8.678  20.30-64.07
61-180 9 16.75+1.972  13.22-18.87 16 25.69+4.270  20.20-32.95
> 180 4 1548 +3.176  12.30-18.58 7 24.45+3.077  20.42-28.61
Total 59 16.70 £ 2.471 10.13 - 19.92 102 25945772  20.20 - 64.07
F-test = 0.969 p=0.409
Time of sunlight exposure
Morning 14 1723 +2.276  13.23-19.86 15 24.05+3.854 20.20-31.35
Midday 30 16.81+2.446  10.13-19.46 58 2572 +4.263  20.30-36.13
Evening 10 16.24 +2.776  10.49-19.85 16 2812 £10407  20.43-64.07
Both morning and midday 5 16.53£2.770  12.30-19.92 13 26.40£5492  20.42-38.58
Total 59 16.70 £ 2.471 10.13 - 19.92 102 25945772  20.20 - 64.07
F-test = 1.029 p=0.382
Choice of clothing
Uniform (< 50% skin exposure) 43 16.94+2.370  10.49-19.86 73 25.89+6.112  20.22-64.07
Casual (> 50% skin exposure) 16 16.08 + 2.706 10.13 - 19.92 29 26.05+4.910 20.20-35.82
Total 59 16.70 £ 2.471 10.13 - 19.92 102 25945772  20.20 - 64.07

t-test = 0.003

p=0.955
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Discussion

There are three studies of vitamin D levels in Thai

population worth mentioning:

1. This study, done with 211 working Thai adults
which showed that 36.5% of the subjects were
vitamin D deficient.

2. The study of vitamin D levels of 217 working nurses
of The Royal Irrigation Hospital which showed that
49.8% of working nurses were vitamin D deficient.

3. The 2008 Thai Population Health Study for vitamin
D levels. This study, which surveyed 2,641 Thais of
both sex from 15 years old up, reported that 5.7% of
the subjects were vitamin D deficient while 45.2%
of them had inadequate vitamin D (20-30 ng/ml).

From all the above three studies, a significant per-
centage of the Thai population (> 36.5%) had inadequate
vitamin D levels (20-30 ng/ml) while at least 5.7% of
them were vitamin D deficient (< 20 ng/ml.) This figure
raises concern about the adoption of health promotion and
disease prevention strategies for those diseases which
are related to vitamin D deficiency. Such strategies may
include screening vitamin D level for all those who
have risk factors of vitamin D related diseases, including
osteoporosis and a supplement of vitamin D if indicated.

Conclusion

Two hundred and eleven adults from the working Thai
population included into this study had average vitamin D
levels (25(0OH)D) as 22.769 ng/ml (Mean = 22.769,
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