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Vitamin D status in South Korean population
Seven-year trend from the KNHANES
Ju-Hyun Park, PhDa, In Young Hong, MSa, Jae Woo Chung, MD, PhDb, Han Seok Choi, MD, PhDc,∗

Abstract
Vitamin D deficiency has become one of the most prevalent health problems in modern society. However, there has been no study
that has reported the trend of vitamin D status in Asia. We performed an observational study to investigate the trend of vitamin D
status in South Korea based on a representative national database acquired from the Korea National Health and Nutrition
Examination Surveys (KNHANES) conducted from 2008 to 2014. A total of 39,759 patients were included in the final analyses. Serum
25-hydroxyvitamin D (25 (OH)D) levels were measured by radioimmunoassay. The overall mean serum level of 25 (OH)D was 45.7
nmol/L in males and 40.9nmol/L in females in KNHANES 2008 to 2014. There was a significant trend toward lower serum 25 (OH)D
levels from 2008 to 2014 in males by�1.2 (95% confidence interval [CI]�1.5 to�0.9) nmol/L per year and in female by�0.7 (95%CI
�0.9 to �0.4) nmol/L per year. The overall mean serum level of 25 (OH)D in 2008 was 53.0nmol/L in males and 45.7nmol/L in
females. It decreased to 43.2nmol/L in males and 39.2nmol/L in females in 2014. Vitamin D deficiency, defined as the serum 25 (OH)
D level of <50nmol/L, was found in 65.7% of males and 76.7% of females in overall population. A significant increasing trend of
vitamin D deficiency was also observed. The prevalence of vitamin D deficiency in 2008 was 51.8% in males and 68.2% in females,
but rose to 75.2% and 82.5%, respectively, in 2014. The present study demonstrated that vitamin D status in South Koreans is still
deteriorating. More extensive and proactive measures are needed to improve vitamin D status in South Korea.

Abbreviations: 25(OH)D = 25-hydroxyvitamin D, CaMos = Canadian Multicentre Osteoporosis Study, DEQAS = Vitamin D
External Quality Assessment Scheme, KNHANES = Korea National Health and Nutrition Examination Surveys, LC-MS/MS = liquid
chromatography–tandem mass spectrometry, NHANES = National Health and Nutrition Examination Survey, NIST = National
Institute of Standards and Technology, RIA = radioimmunoassay, SDI = standard deviation index, SRM = standard reference
material, US = United States, UVB = ultraviolet B.

Keywords: Asia, KNHANES, prevalence, South Korea, trend, vitamin D

1. Introduction

Most ofnutritiondeficiencydiseases havedisappeared indeveloped
and newly industrialized countries worldwide. Meanwhile,
overnutrition or obesity-related disorders such as type 2 diabetes
mellitus, hypertension, and cardiovascular diseases, have become a
major health concern in modern society. However, society is now
facing a quite different situation, when it comes to vitamin D

nutrition. Vitamin D is unique in that it is mostly acquired by
cutaneous synthesis in response to the sun’s ultraviolet B (UVB)
radiation, while dietary sources of vitamin D are very limited.
Drastic changes inmodern environments, including indoor lifestyle
and air pollution, have made vitamin D deficiency one of the most
prevalent health problems. Historically, severe deficiency of
vitamin D appeared as rickets in western countries during the
Industrial Revolution. Autopsy studies in the 19th century once
reported that 80% to 90% of children had varying degrees of
rickets.[1] Since vitamin D deficiency was recognized as the main
cause of rickets, many countries have supplied vitaminD in various
forms of fortified foods. Nevertheless, recent epidemiologic studies
still indicate highprevalence of vitaminDdeficiencyor insufficiency
worldwide.[2–12] In theUnitedStates (US), the prevalenceof vitamin
Ddeficiency in2001 to 2006was estimated to be 29%inmales and
34%in females, if serum25-hydroxyvitaminD (25 (OH)D) level of
<50nmol/L was adopted as the cut-off value.[4] Vitamin D
deficiency in Asian countries has recently received more attention.
Although its prevalence has been reported to vary from6%to 70%
in the region, vitaminDdeficiency in someAsian countries seems to
be more serious than in western counterparts.[9] A previous South
Korean study based on the Korea National Health and Nutrition
Examination Survey (KNHANES) conducted in 2008 showed that
the prevalence of vitamin D deficiency was 47.3% in males and
64.5% in females.[6] Another study based on the Nutrition and
Health of Aging Population in China project also showed that
69.2% of participants aged 50 to 70 years have vitamin D
deficiency.[10] The common predictors for vitamin D deficiency in
Asian countrieswereyoungage, female, living inanurbanarea, and
physical inactivity.[9]
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Several studies from western countries have assessed the trends
of vitamin D status over the past decades.[13–19] However, there
was no study that investigated the trend of vitamin D status in
Asian population. In the present study, an assessment of the 7-
year trend of vitamin D status and the prevalence of vitamin D
deficiency in the South Korean population, based on the
KNHANES conducted from 2008 to 2014, was performed.
Based on examination of prior studies, this research is the first
that shows the trend of vitamin D status in Asian country based
on a large representative national database.

2. Materials and methods

2.1. Study participants

The KNHANES is an ongoing surveillance system that has been
conducted by the Division of Health and Nutrition Survey
within the Korea Centers for Disease Control and Prevention to
evaluate the health and nutritional status of the civilian
noninstitutionalized population of South Korea. Since the
KNHANES was initiated in 1998, surveys for the KNHANES I
(1998), KNHANES II (2001), KNHANES III (2005),
KNHANES IV (2007–2009), KNHANES V (2010–2012),
and KNHANES VI (2013–2015) have been executed, and the
survey for KNHANES VII (2016–2018) is still in progress. The
present study is based on the data acquired from the KNHANES
IV to VI, conducted between 2008 and 2014. In 2008 to 2009,
there were 200 randomly selected sampling units with 23
households in each unit (yielding 4600 households) every year.
In 2010 to 2014, there were 192 randomly selected sampling
units with 20 households in each unit (yielding 3840 house-
holds) every year. For each year, the sampling units were newly
selected and did not overlap with previous samples. From 2008
to 2014, a total of 76,660 individuals (12,528 in 2008; 12,722
in 2009; 10,938 in 2010; 10,589 in 2011; 10,069 in 2012;
10,113 in 2013; and 9701 in 2014) were sampled, and a total of
61,378 individuals (9744 in 2008; 10,533 in 2009; 8958 in

2010; 8518 in 2011; 8057 in 2012; 8018 in 2013; and 7550 in
2014) participated in the survey. Among those participants,
serum 25 (OH)D levels were measured from 39,759 individuals
(6925 in 2008; 8303 in 2009; 6815 in 2010; 6704 in 2011; 6308
in 2012; 2355 in 2013; and 2349 in 2014) aged 10 years and
older (Table 1). Blood samples were collected year-round during
the survey. All the participants in this survey signed an informed
consent form.

2.2. Data collection

The overall survey consists of a health interview survey, a
nutrition survey, and a health examination survey. The survey
data collected was via household interviews and by direct
standardized physical examinations conducted in specially
equipped mobile examination centers. Demographic, anthropo-
metric, and behavioral characteristics were measured. Based on
the collected data, several variables were defined to improve the
interpretation of the results of statistical analyses, of which the
details are given in the subsequent section. Age in years was
categorized into 5 levels (10–19, 20–34, 35–49, 50–64, and 65
years or more). Residential region was grouped as urban or rural
areas. Among the 16 administrative districts where this survey
was conducted, Seoul (the capital city of South Korea), the
surrounding metropolitan area (Gyeonggi), and 6 other
metropolitan cities (Busan, Daegu, Incheon, Gwangju, Daejeon,
and Ulsan) of South Korea were grouped as urban areas. The
remainder of the regions (Gangwon, Chungbuk, Chungnam,
Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju) was
grouped as rural areas. Almost all areas of South Korea are
located between 33°N and 38°N of latitude. Serum 25 (OH)D
concentration was categorized into 4 levels (<25, 25 to <50, 50
to <75, and ≥75nmol/L) and the vitamin D deficiency was
defined as the serum 25 (OH)D concentration <50nmol/L. The
seasons of blood samples taken were defined as spring (March to
May), summer (June to August), fall (September to November),
or winter (January, February, and December).

Table 1

Demographic characteristics of participants in KNHANES 2008 to 2014.

KNHANES IV KNHANES V KNHANES VI

Year 2008 2009 2010 2011 2012 2013 2014

No. of participants 6925 8303 6815 6704 6308 2355 2349
Sex
Male 3047 (44.0) 3724 (44.9) 3064 (45.0) 2957 (44.1) 2761 (43.8) 1177 (50.0) 1145 (48.7)
Female 3878 (56.0) 4579 (55.1) 3751 (55.0) 3747 (55.9) 3547 (56.2) 1178 (50.0) 1204 (51.3)

Age, y
10-19 1004 (14.5) 1202 (14.5) 938 (13.8) 849 (12.7) 777 (12.3) 387 (16.4) 372 (15.8)
20-34 1286 (18.6) 1556 (18.7) 1179 (17.3) 1063 (15.9) 1003 (15.9) 557 (23.7) 548 (23.3)
35-49 1901 (27.5) 2234 (26.9) 1837 (27.0) 1700 (25.4) 1514 (24.0) 620 (26.3) 619 (26.4)
50-64 1452 (21.0) 1801 (21.7) 1648 (24.2) 1717 (25.6) 1624 (25.8) 577 (24.5) 598 (25.5)
≥65 1282 (18.5) 1510 (18.2) 1213 (17.8) 1375 (20.5) 1390 (22.0) 214 (9.1) 212 (9.0)

Season
∗

Spring 1815 (26.1) 2102 (25.3) 1648 (24.2) 1644 (24.5) 1547 (24.5) 584 (24.8) 608 (25.9)
Summer 2085 (30.1) 2046 (24.6) 1833 (26.9) 1729 (25.8) 1695 (26.9) 606 (25.7) 627 (26.7)
Fall 1987 (28.7) 1916 (23.1) 1652 (24.2) 1693 (25.3) 1513 (24.0) 570 (24.2) 606 (25.8)
Winter 1038 (15.0) 2239 (27.0) 1682 (24.7) 1638 (24.4) 1553 (24.6) 595 (25.3) 508 (21.6)

Residential region†

Rural area 2517 (36.3) 3006 (36.2) 2173 (31.9) 2156 (32.2) 1999 (31.7) 657 (27.9) 651 (27.7)
Urban area 4408 (63.7) 5297 (63.8) 4642 (68.1) 4548 (67.8) 4309 (68.3) 1698 (72.1) 1698 (72.3)

Values are presented as n (%).
∗
Seasons of blood samples taken were defined as spring (March to May), summer (June to August), fall (September to November), or winter (January, February, and December).

† Residental regions were grouped as rural (Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju) or urban (Seoul, Gyeonggi, Busan, Daegu, Incheon, Gwangju, Daejeon, and
Ulsan) area.
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2.3. Measurement of serum 25 (OH)D

Blood samples were collected after an 8-hour fast. They were
properly processed, immediately refrigerated, and transported in
cold storage to the central testing institute (NeoDin Medical
Institute, Seoul, South Korea). Blood samples were analyzed
within 24hours after transportation. Serum 25 (OH)D levels
were measured using a 1470 Wizard gamma counter (Perkin
Elmer, Turku, Finland) and by radioimmunoassay (RIA)
(DiaSorin, Stillwater, MN). The coefficient of variation of
control material was �7.6% for low level and �5.8% for high
level, respectively. The central testing institute has participated in
the international Vitamin D External Quality Assessment Scheme
(DEQAS). Results of the DEQAS proficiency testing showed less
than ±2.0 standard deviation index (SDI), except the SDI range
from �2.40 to +2.87 due to random error in 2010, without
negative or positive trend. Traceability tests using the standard
reference material (SRM) 972a developed by the National
Institute of Standards and Technology (NIST) showed that,
except in cases of a low concentration (level 2), the measurements
were less than ±10%, which is the desirable analytical bias
goal.[20]

2.4. Statistical analyses

Statistical analyses were conducted to evaluate the effects of
participant characteristics (age, season, and residential region) on
serum 25 (OH)D concentrations, and the temporal change in the
mean concentration of serum 25 (OH)D over years 2008 to 2014.
Because the literature consistently showed that the serum 25
(OH)D concentration differs by gender, analyses were done
separately for males and females (6). The difference in mean
concentrations of serum 25 (OH)D by the participant character-
istics was tested with ANOVA or t test, depending on the number
of category levels of the characteristic of interest. A linear trend of
mean serum 25 (OH)D level over the years was analyzed through
a linear regression model, in which the years were treated as a
continuous predictor and other characteristics were adjusted, if
necessary. Analogously, a linear trend of vitamin D deficiency

was analyzed through a logistic regression model. The signifi-
cance of a test was defined as P< .05. Since study patients in the
KNHANES have different sampling probabilities of being
selected, the weights based on these probabilities were accounted
in all the analyses labeled as being weighted, of which the results
were interpreted to the population, but they were not used in the
descriptive analyses for the sample patients. Statistical analyses
were performed in SAS version 9.4 (SAS Institute, Inc, Cary, NC).

3. Results

3.1. Demographic characteristics

Demographic characteristics of participants are presented in
Table 1. The number of patients in years 2013 and 2014 are
about one-third of those in the years 2008 to 2012, because
serum 25 (OH)D was measured for all the participants aged 10
years and more in 2008 to 2012, but only for 2400 randomly
selected participants with age of 10 years or more in 2013 to
2014. A total of 39,759 patients with 17,875 males and 21,884
females were included in the final analyses. Characteristics of the
target population accounting for sampling weights are presented
in Supplemental Table 1, http://links.lww.com/MD/C321.

3.2. Serum 25 (OH)D levels and the prevalence of vitamin
D deficiency in overall population

The serum 25 (OH)D levels averaged over years 2008 to 2014 by
the participant characteristics are presented in Table 2. The
overall mean serum level of 25 (OH)D was 45.7nmol/L in males
and 40.9nmol/L in females. Participants aged 20 to 34 years had
the lowest serum 25 (OH)D level, 41.4nmol/L in males and 37.4
nmol/L in females, whereas those aged 65 years or more had the
highest serum 25 (OH)D levels. Figure 1 illustrates the
proportions of participants with vitamin D group stratified by
age group. In both sexes, the prevalence of vitamin D deficiency,
defined as the serum 25 (OH)D level of <50nmol/L, was highest
at the age of 20 to 34 years with the prevalence of 76.8% inmales
and 84.9% in females. Overall, vitamin D deficiency was found in

Table 2

Serum 25 (OH)D levels by participants’ characteristics in KNHANES 2008 to 2014.

Male (n=20,385,138) Female (n=19,724,635)

Factors Serum 25 (OH)D, nmol/L P-value
∗

Serum 25 (OH)D, nmol/L P-valuea

All participants 45.7 (0.3) 40.9 (0.2)
Age, yr <.0001 <.0001
10-19 43.1 (0.4) 39.2 (0.4)
20-34 41.4 (0.4) 37.4 (0.3)
35-49 46.2 (0.4) 39.5 (0.3)
50-64 49.8 (0.4) 44.8 (0.4)
≥65 50.2 (0.5) 45.8 (0.5)

Season† <.0001 <.0001
Spring 40.6 (0.4) 35.9 (0.3)
Summer 51.4 (0.5) 45.6 (0.4)
Autumn 50.6 (0.6) 45.4 (0.4)
Winter 39.5 (0.4) 36.5 (0.3)

Residential region‡ <.0001 <.0001
Rural area 49.5 (0.5) 43.6 (0.5)
Urban area 44.1 (0.3) 39.8 (0.3)

Values are presented as mean (standard deviation).
∗
P-values are for ANOVA or Student t test.

† Seasons of blood samples taken were defined as spring (March to May), summer (June to August), fall (September to November), or winter (January, February, and December).
‡ Residential regions were grouped as rural (Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju) or urban (Seoul, Gyeonggi, Busan, Daegu, Incheon, Gwangju, Daejeon, and
Ulsan) area.
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65.7% of males and 76.7% of females. Only 5.3% of males and
3.3% of females had a serum 25 (OH)D level of >75nmol/L.

3.3. Trend of serum 25 (OH)D levels and the prevalence of
vitamin D deficiency from 2008 to 2014

The trend of mean serum 25 (OH)D levels between 2008 and
2014 is depicted in Figure 2. The overall mean serum level of 25
(OH)D in 2008 was 53.0nmol/L in males and 45.7nmol/L in
females. It decreased to 43.2nmol/L in males and 39.2nmol/L in
females in 2014. Such large decrements can be explained by a
significant trend toward lower serum 25 (OH)D levels from 2008
to 2014 in males by �1.2 (95% confidence interval [CI] �1.5 to

�0.9) nmol/L per year and in females by �0.7 (95% CI �0.9 to
�0.4) nmol/L per year. The changes in the prevalence of vitamin
D deficiency during the same period are presented in Figure 3.
The prevalence of vitamin D deficiency in 2008 was 51.8% in
males and 68.2% in females. It rose to 75.2% and 82.5%,
respectively, in 2014. There was a significant increasing trend of
vitamin D deficiency from 2008 to 2014 in both males (P< .001)
and females (P< .001).
The temporal changes of gender-specific mean serum 25 (OH)

D levels from 2008 to 2014 were further investigated by
stratifying them, by either seasons and age groups, as shown in
Figure 4. Both the mean serum 25 (OH)D levels in 2008 and
2014, and the temporal trends were very similar in summer and
fall. For spring andwinter, similar patterns were observed, except
for the mean serum 25 (OH)D level in males in 2014, as shown in
Figure 4A. In both males and females, there was a significant
trend toward lower serum 25 (OH)D levels in summer, fall, and
winter, but with only little change in spring (P< .001). With
respect to age groups, the mean serum 25 (OH)D levels decreased
in all age groups in both men and women, except for female
patients aged 65 years or more (Fig. 4B). The absolute decrease in
the serum 25 (OH)D levels between 2008 and 2014 was highest
in those aged 35 to 49 years in males (�12.8nmol/L) and in those
aged 20 to 34 years in females (�7.7nmol/L).

4. Discussion

The present study showed that vitamin D deficiency is a very
common health problem in South Korea. It was also noted that
vitamin D deficiency is most prevalent in young adults and least
prevalent in the elderly, which is in accordance with findings from
a previous study based on the KNHANES 2008.[6] The higher
prevalence of vitamin D deficiency in young adults was also
reported in recent studies performed in other countries such as
China, Thailand, and United Kingdom.[7,11,12] Considering that
the cutaneous production of vitamin D declines with aging,
environmental factors such as sun exposure are getting more

Figure 1. The percentage of participants with serum 25-hydroxyvitamin D (25 (OH)D) levels of<25, 25 to<50, 50 to<75, and 75nmol/L or greater by age groups.

Figure 2. The changes of mean serum 25-hydroxyvitamin D (25 (OH)D) levels
from 2008 to 2014.
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important for individual’s vitamin D status in modern society.
Vitamin D deficiency in young generation raises a concern that it
may negatively affect young people’s bone health in the critical
period of achieving peak bone mass. As with other studies, our
findings also showed that females have lower 25 (OH)D levels than
males. Gender difference in vitamin D status is probably due to
environmental factors such as indoor lifestyle and sun avoidance
behaviors. The most interesting finding of the present study is the
decreasing trend of serum 25 (OH)D levels from 2008 to 2014
regardless of gender, age, or season.The increase in serum25 (OH)
D levels that was observed in 2013 might be a transient
phenomenon, of which we cannot provide a clear explanation.
One possible cause is sunshine duration,whichwasmuch longer in
2013 (2408.8hours per year) than the average annual hours of
sunshine in South Korea (2128.6hours per year).[21]

Several studies have reported the trends of vitamin D status, all
of which were performed in western countries.[13–19] A previous
study based on the National Health and Nutrition Examination
Survey (NHANES) in the US compared serum 25 (OH)D levels
measured by RIA from NHANES III, collected during 1988
through 1994, withNHANES 2000 to 2004, collected from 2000
through 2004.[13] This study showed a decline in serum 25 (OH)
D status from 1988 to 1994, to 2000 to 2004, although much of
the observed difference between the 2 periods was attributed to
assay bias. More recent studies from western countries have
showed opposite findings.[14–19] Another NHANES-based study,
which assessed the changes of vitamin D status from 1988 to
2010, showed modest increases in serum 25 (OH)D levels by 5 to
6nmol/L during 2007 to 2010.[14] In this study, serum 25 (OH)D
levels were measured by liquid chromatography-tandem mass
spectrometry (LC-MS/MS) in NHANES 2007 to 2010, and the
LC-MS/MS-equivalent levels predicted from RIA data were used
for NHANES 1988 to 2006. It is because NHANES changed the
assay method for 25 (OH)D from RIA to LC-MS/MS in 2007.

Other studies from the US show that vitamin D status has lately
improved in regional populations.[15,16] The Canadian Multi-
centre Osteoporosis Study (CaMos), a population-based cohort
study, examined longitudinal change of serum 25 (OH)D levels
measured by chemiluminescent immunoassays over 10 years.[17]

Serum 25 (OH)D levels were estimated to increase by 9.3nmol/L
in females and by 3.5nmol/L in males, between 1995 to 1997 and
2005 to 2007. The percentage of participants with 25 (OH)D
levels<50nmol/L fell from amean of 29.7% to 19.8%during the
same period. A study based on a nationally representative sample
of Finnish adults also showed that mean serum 25 (OH)D level
measured by LC-MS/MS increased from 48 to 65nmol/L
between 2000 and 2011.[18]

Recent upward trends of vitamin D status in western countries
reflect increased vitamin D supplementation with raised health
awareness.[14–17] Supplemental vitamin D use was generally
associated with increases in total vitamin D intakes of ∼2 to 3mg/
d in the US.[22,23] In the aforementioned study based on
NHANES 1988 to 2010, the increase in serum 25 (OH)D levels
during 2007 to 2010, corresponded in time with an increase in
the use of supplements containing higher amounts of vitamin
D.[14] The CaMos also reported that users of vitamin D
supplements and mean amount of intake increased over 10
years in its cohort.[17] In addition, vitamin D fortification has
made a substantial contribution to the vitamin D status. In
western countries, mandatory or voluntary vitamin D fortifica-
tion programs in line with the national policy have been
implemented.[16,24] A variety of fortified food products such as
milk, cheeses, margarine, and ready-to-eat cereals, which are
usually consumed by westerners, are now available. In the US, it
was estimated that mean intake of vitamin D from foods was
4.9mg/d with 2.0mg/d from natural sources, and 2.9mg/d from
fortified foods, whichmeans that about 60%of dietary vitamin D
intake comes from fortified foods.[22]

Figure 3. The changes in the prevalence of vitamin D deficiency from 2008 to 2014. Vitamin D deficiency was defined as the serum 25-hydroxyvitamin D
concentration <50nmol/L.
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Vitamin D deficiency is now well recognized as a common
health problem in Asian countries.[5–8] It is also noteworthy that
low vitamin D status is most serious in the Middle East,
particularly, in girls and women with the prevalence of vitamin D
deficiency around 70% or higher reported in some countries
.[5,25–27] A variety of cultural, environmental, and genetic factors
have been suggested as the causes influencing on low vitamin D
status in Asia. From a genetic point of view, Asians’ darker skin
cannot produce vitamin D as much as Caucasians’ skin does with
the same condition.[28] Differences in dietary culture and vitamin
D fortification programs are important factors differentiating
Asian from western countries. While vitamin D fortification
programs have been implemented in western countries to combat
rickets since the early 20th century, vitamin D fortification has
been unpopular in Asian countries.[29,30] To make matters worse,
Asians’ consumption of vitamin D fortified foods such as milk
and its products is very low.[29,31]

Contrary to recent findings from western countries, the present
study indicated that vitamin D status in South Koreans is still
deteriorating. Although the exact reasons for this study’s findings
are unclear, it is speculated that continuing changes in lifestyle and

environment, which are associatedwith sunlight exposure, are the
principal factors. According to the statistics from the Ministry of
Land, Infrastructure andTransport ofKorea, the number of urban
population in SouthKorea have continued to grow from90.5%to
91.7% between 2008 and 2014.[32] In contrast, the number of
people who are engaged in outdoor occupations such as
agriculture and fishery is diminishing.[33] In a previous report,
outdoor occupations were associated with increased vitamin D
status, while living in urban regionwas an independent risk factor
for vitamin D deficiency in South Korea.[6] Air pollution might be
another reason for aggravating vitamin D status. Tropospheric
ozone can reduce the cutaneous production of vitamin D by
absorbing solar UVB photons reaching ground level.[34] Accord-
ing to the statistics from theMinistry of Environment ofKorea, the
concentration of tropospheric ozone has increased in the major
cities of SouthKorea since 2005.[35] These changes in environment
are associated with rapid industrialization that most Asian
countries have experienced in the past decades. Additional studies
are needed on the trend of vitamin D status from other Asian
countries to check whether growing of vitamin D deficiency is a
common finding of the region.

Figure 4. The changes of gender-specific mean serum 25-hydroxyvitamin D (25 (OH)D) levels by seasons (A) or age groups (B) from 2008 to 2014.
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It is disappointing that vitamin D deficiency is still growing in
South Korea, despite the previous reports warning the seriousness
of vitamin D deficiency in its population.[6,36] Additional
exploration should be performed using more extensive and
proactive measures to tackle this problem. A population-based
approach, such as fortification of foods widely consumed by
Asians, would be a simple and effective strategy.[30,37] Consider-
ing the diversity of dietary culture, it is necessary to develop a
vitamin D fortification program that suits each population. The
government’s support for successful implementation of the
program is also needed. In addition, other interventions, such
as vitamin D supplementation and behavior changes to increase
sunlight exposure, should be considered for those at risk for
vitamin D deficiency.
The major strength of the present study was that it was

performed based on a large representative national database of
South Korea collected over 7 years. During that period,
participants’ serum 25 (OH)D levels were measured in the same
central testing institute that has participated in DEQAS. A
concern is that serum 25 (OH)D levels were measured by
DiaSorin RIA, which was replaced by LC-MS/MS due to method
bias and imprecision in NHANES.[14] Nevertheless, the data of
internal and external quality control were found to be generally
satisfactory as shown in the results of DEQAS proficiency testing
and traceability tests using NIST SRM 972a, which were
described in Section 2.
In conclusion, the present study suggests that mean serum 25

(OH)D level is decreasing and the prevalence of vitamin D
deficiency is growing in South Korea. Therefore, it is a critical
public health issue to improve vitamin D status. A comprehensive
campaign and education to raise public awareness of health
benefits of vitamin D is necessary. There is also a need to develop
a vitamin D fortification program that suits South Korean
population. Vitamin D supplementation or lifestyle modification
to increase outdoor activities can be recommended as a useful
strategy, for those at risk for vitamin D deficiency.
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