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Abstract

Objective: We aimed to assess the prevalence and associated factors of vitamin D
deficiency in healthy adolescents and to determine parent-adolescent association
in vitamin D status.

Design: A cross-sectional study.

Setting: Data from the Korean National Health and Nutrition Examination Survey
(KNHANES) 2008-2009. Serum 25-hydroxyvitamin D (25(OH)D) levels were
measured using '*I-labelled RIA kits. Vitamin D deficiency in adolescents was
defined as 25(OH)D level <27-5nmol/l, and 25(OH)D levels between 27-5 and
<50nmol/l were considered insufficient. For the parents, vitamin D deficiency
was defined as 25(OH)D level <50 nmol/l.

Subjects: The study population consisted of 2062 adolescents (1095 boys,
967 girls; aged 10-18 years) and their parents (1005 fathers, 1341 mothers).
Results: Overall, 13-4 % of adolescents (boys 11-7 %, girls 15-4 %) were 25(OH)D
deficient, 54-7 % were 25(OH)D insufficient. Prevalence of vitamin D deficiency
increased with age (P<<0-0001). Parental vitamin D deficiency was more pre-
valent in vitamin D-deficient adolescents than in non-deficient adolescents
(all P<0-0001). In multivariate logistic regression analyses, predictors for
vitamin D deficiency were senior high school students (OR = 3-45-4-33), winter/
spring season (OR = 3-18-5-11/5-35-7-30) and parental vitamin D deficiency
(OR = 1-78-4-88; all P<0-05).

Conclusions: Vitamin D insufficiency is prevalent among healthy Korean
adolescents and the parent—offspring association warrants vitamin D screening
for family members of deficient individuals.
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Vitamin D is an important regulator for Ca absorption
and bone growth™. Since childhood to adolescence
is a critical period for bone accretion and growth,
low vitamin D status in this period is associated
with numerous negative skeletal consequences, including
rickets, osteomalacia, secondary hyperparathyroidism
and fracture risk®®. In addition to skeletal effects,
vitamin D insufficiency has been implicated as a risk
factor for type 1 diabetes mellitus, multiple sclerosis,
3, Despite
growing concerns over the importance of vitamin D,
there are few studies that have evaluated the prevalence
of 25-hydroxyvitamin D (25(OH)D) deficiency in paedia-
tric populations on the basis of nationwide survey
data®®®. Recent studies reported that 9% of US
children® and 31% of New Zealand children” had

autoimmune conditions, CVD and cancer

*Corresponding authors: Email ranng@yuhs.ac (Ran Namgung), PMJ@paik.ac.kr (Mi Jung Park)

https://doi.org/10.1017/51368980012004703 Published online by Cambridge University Press

25(OH)D levels <37-5nmol/l, and 36% of Indian ado-
lescents had 25(OH)D levels <22-5nmol/I®.

Korean adolescents theoretically are at increased risk
for vitamin D insufficiency because of the high latitude
(34-38°N), increased use of sunscreen, reduced outdoor
activity and lack of vitamin D-fortified foods. However, there
has been no previous large-scale study examining the pre-
valence and risk factors of vitamin D deficiency in Korean
adolescents. Regarding the familial association of vitamin D
status, the parent—adolescent association in vitamin D status
and its significance as an independent predictor for vitamin D
deficiency in adolescents have also not been investigated.

The objective of the present study was to assess the pre-
valence and risk factors of vitamin D deficiency in healthy
adolescents and to explore the relationship between vitamin
D deficiency in adolescents and parental vitamin D status.

© The Authors 2012
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Experimental methods

Study participants

Data for the present cross-sectional analysis were
obtained from the Korean National Health and Nutrition
Examination Survey (KNHANES) conducted from February
2008 to December 2009. This survey is a community-
based cross-sectional survey that has been conducted by
the Division of Chronic Disease Surveillance, Korea Centers
for Disease Control and Prevention to assess the health
and nutrition of a large representative sample of non-
institutionalized civilians in South Korea. A stratified multi-
stage probability sampling design was used for the selection
of household units. In the KNHANES 2008-2009, there were
2064 186 primary sampling units, each of which contained
sixty households. Two hundred sampling frames from
primary sampling units were randomly sampled and
twenty-three households from each sampling frame were
sampled using a systemic sampling method in 2008 and
2009, respectively. Finally, 12528 individuals in 2008 and
12722 in 2009 were sampled, and 9308 individuals in
2008 and 10533 in 2009 participated in the survey. There
were 2121 adolescents aged 10-18 years and 2469 parents
among those who participated in the survey between
February 2008 and December 2009. We excluded indivi-
duals who did not have adequate blood samples for
measurement of 25(OH)D level (n# 111) and those with
a history of seizure disorder (2 4), diabetes (n 15),
chronic liver disease (7 42) or kidney disease (7 10). The
final sample for the cross-sectional analysis comprised a
total of 2062 adolescents aged 10-18 years (1095 boys,
967 girls) and their parents (12 2346; 1005 fathers, 1341
mothers). The study was conducted according to the guide-
lines laid down in the Declaration of Helsinki and all pro-
cedures involving human subjects were ethically approved
by the Institutional Review Board at Inje University College of
Medicine. All participants in this survey signed an informed
consent form.

Data collection and study variables

The KNHANES consists of four parts: (i) a health inter-
view survey; (ii) a health behaviour survey; (iii) a health
examination survey; and (iv) a nutrition survey. Data
were collected via household interviews, followed by
standardized physical examinations performed by trained
medical staff and collection of blood samples at a mobile
examination centre.

Demographic variables include age, gender and region.
Age was categorized as elementary school (age 10-12 years),
junior high school (age 13-15 years) and senior high school
(age 16-18 years). Among the sixteen districts of South
Korea, eight major cities (Seoul, Gyeonggi, Busan, Daegu,
Incheon, Gwangju, Daejeoun and Ulsan) were grouped as
urban areas, and the other provinces (Gangwon, Chungbuk,
Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam
and Jeju) were grouped as rural areas.
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Overweight and obesity were categorized according to
the age- and sex-specific percentiles for BMI of national
reference standards. Overweight was defined as BMI =
85th percentile and <95th percentile, and obesity was
defined as BMI = 95th percentile.

Assessment of participants’ daily dietary Ca intake was
done through a 24 h recall interview. The amount of daily
Ca intake was calculated as a percentage of the Recom-
mended Nutrient Intake (RNI) for Koreans"'”. Ca intake
was categorized as sufficient when daily Ca intake of the
participant was equal to or greater than the RNI. The RNI
for Ca is 800mg/d, 1000 mg/d and 900 mg/d for boys
aged 10-11 years, 12-14 years and 15-18 years, respec-
tively; the corresponding values for girls are 800 mg/d,
900 mg/d and 800 mg/d"'®.

Physical activity was measured by self-report using the
International Physical Activity Questionnaire”. Moderate
physical activity was categorized as ‘yes’ when participants
engaged in moderate-intensity physical activity for more
than 20 min at a time and more than 3 times/week. Mod-
erate-intensity physical activity was defined as the physical
activity that causes a slight increase in breathing or heart
rate for at least 10 min, such as when carrying light loads,
bicycling at a regular pace or playing doubles tennis.

Serum 25-bydroxyvitamin D measurement

Serum 25(OH)D levels were measured in overnight fast-
ing blood samples by '*I-labelled RIA kits (Diasorin,
Stillwater, MN, USA) using a gamma-counter (1470
Wizard; PerkinElmer, Turku, Finland). The interassay CV
were 11-7, 10-5, 8:6 and 12-5% at 21-5, 56-7, 82-4 and
122-3 nmol/l, respectively. We assessed the prevalence of
participants with serum 25(OH)D levels of <27-5nmol/l,
=275 to <50 nmol/l, =50 to <75 nmol/l and =75 nmol/l.
Vitamin D deficiency in adolescents was defined as serum
25(0H)D <27-5nmol/I"*'® which is the widely used
cut-off value for diagnosing a deficiency in adolescents.
Serum 25(OH)D between 27-5 and <50 nmol/l was con-
sidered insufficient®'?. For the parents, vitamin D defi-
ciency was defined as serum 25(OH)D <50 nmol/1%!>
which is the most recently established value for diag-
nosing a deficiency in adults.

Statistical analysis

Statistical analyses were conducted with the SAS statistical
software package version 9-1. Data were analysed using
Student’s f test, ANOVA for continuous variables and the
X° test for discrete variables. Pearson’s correlation analysis
was performed to demonstrate the relationship between
adolescents’ vitamin D level and parental vitamin D status.
Univariate logistic regression analyses were used to evaluate
the association between possible predicting factors and
vitamin D deficiency. Multivariate logistic regression ana-
lyses were also used to find the independent predictors
for vitamin D deficiency. All values are expressed as mean
and standard deviation or as percentages. For all analyses,
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P values were two-tailed and <0-05 was considered statis-
tically significant.

Results

General characteristics and serum
25-bydroxyvitamin D concentrations

of study population

General characteristics and serum 25(OH)D levels of the
participants are shown in Table 1. Mean serum 25(OH)D
value was 44-2 (s 15-2) nmol/l, which was higher in boys

SH Kim et al.

than in girls through all four seasons (P<0-01). The
range of 25(OH)D levels was from 13-0 to 122-6 nmol/;
the 10th, 25th, 50th, 75th and 90th percentile values were
26-0, 324, 41+9, 53-7 and 72-4nmol/l, respectively (data
not shown). Overall, 13-4 % of adolescents were vitamin D
deficient, and the prevalence of vitamin D deficiency was
higher in girls than in boys (154% v. 11-7%, P=0-015).
The prevalence of vitamin D insufficiency was 52:5% in
boys and 57-2% in girls. Only 4:8% of boys and 2:5%
of girls had serum 25(OH)D level =75nmol/l. Daily
Ca intake as %RNI (P=0-002) and the proportion of

Table 1 General characteristics and serum 25(OH)D levels of participants and their parents: adolescents aged 10—18 years, Korean
National Health and Nutrition Examination Survey (KNHANES) 2008—-2009

Total (n 2062) Boys (n 1095) Girls (n 967)
Mean or % SD Mean or % SD Mean or % sSD P value
Age* (%) 0-9613
Elementary school 356 354 35-9
Junior high school 36-5 36-5 36-5
Senior high school 27-9 28-1 276
Seasont (%) 0-4425
Winter 252 24-8 25-8
Spring 22-5 22-8 220
Summer 27-3 267 28-5
Autumn 25-0 26-7 237
Obesity levelt (%) 0-9924
Normal weight 85-5 85-5 85-6
Overweight 9-8 9-9 9-7
Obese 4.7 4-6 4.7
Region§ (%) 0-3260
Urban 66-6 67-6 65-5
Rural 334 324 34-5
Sufficient Ca intakell (%) 0-1700
No 90-8 89-9 91-8
Yes 9-2 10-1 8-2
Daily Ca intakeq (%RNI) 53-8 34-7 56-8 366 50-8 337 0-0002
Moderate physical activity™ (%) <0-0001
No 49-9 42-5 58-2
Yes 50-1 57-5 41-8
Mean serum 25(OH)D (nmol/l) 44-2 15-2 45-9 157 42-4 14-7 <0-0001
Winter (nmol/l) 37-2 12-2 38-4 12-2 35-7 11-7 0-0051
Spring (nmol/l) 37-9 130 39-7 137 35-9 117 0-0010
Summer (nmol/l) 521 15-5 53-9 16-5 50-4 14-5 0-0068
Autumn (nmol/l) 48-4 14-2 49-9 14-5 46-4 137 0-0078
Serum 25(OH)D (%) 0-0015
<27-5nmol/l 13-4 11-7 154
=27-5 to <50 nmol/l 54.7 52-5 57-2
=50 to <75nmol/l 281 315 24-9
=75nmol/l 3-8 4-8 25
Paternal 25(OH)D (%)
<50 nmol/l 53-3 54-5 52-1 0-4525
=50 nmol/l 46.7 45-5 47-9
Maternal 25(0OH)D (%)
<50 nmol/l 76-3 78-3 74-5 0-1071
=50 nmol/l 237 217 25-5

25(0OH)D, 25-hydroxyvitamin D.

*All participants were grouped as elementary school (aged 10-12 years), junior high school (aged 13—15 years) and senior high school (aged 16—18 years)

according to their age.

tSeasons are noted as spring (March to May), summer (June to August), autumn (September to November) and winter (December to February).
tObesity level was determined according to the age- and sex-specific BMI percentile(g): normal weight (BMI <85th percentile), overweight (BMI =85th

percentile and < 95th percentile) and obese (BMI = 95th percentile).

§Regions were grouped as rural areas (Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam and Jeju) and urban areas

(Seoul, Gyeonggi, Busan, Daegu, Incheon, Gwangju, Daejeon and Ulsan).

lISufficient Ca intake was indicated as ‘yes’ when daily Ca intake of the participant was equal to or greater than the Recommended Daily Allowance'?.
Daily Ca intake was presented as a percentage of the Recommended Nutrient Intake (%RNI) for Koreans'?,
**Moderate physical activity was indicated as ‘yes’ when the participant engaged in moderate-intensity physical activity for more than 20 min at a time and more

than 3 times/week.
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participants doing moderate physical activity (P<0-0001)
were higher in boys than in girls.

Prevalence of vitamin D deficiency/insufficiency
by age

Figure 1 demonstrates the prevalence of vitamin D defi-
ciency (<27-5nmol/D) and insufficiency (=27-5 to
<50 nmol/D), and also shows the prevalence of participants
with serum 25(OH)D level of =50 to <75nmol/l and
=75 nmol/l. Prevalence of vitamin D deficiency increased
gradually from elementary school to senior high school
age. For boys, prevalence of vitamin D deficiency was
4-4% in elementary school, 12:8% in junior high school
and 19:6% in senior high school (P<0-0001); for girls,
7-:8% in elementary school, 15-6% in junior high school
and 25-4% in senior high school (£P<0-000D).

Risk factors for vitamin D deficiency
Table 2 compares the characteristics of adolescents who
were vitamin D-deficient (serum 25(OH)D <27-5nmol/D
and non-deficient (serum 25(OH)D =27-5nmol/D.
Higher proportions of senior high school students and
winter/spring season were noted in vitamin D-deficient
adolescents compared with non-deficient adolescents (all
P<0-000D). In vitamin D-deficient boys, the proportion
living in rural areas (P= 0-0067) and the daily Ca intake as
%RNI (P= 0-0180) were lower than in non-deficient boys.
Parental serum 25(OH)D levels were lower and parental
vitamin D deficiency was also more prevalent in vitamin D-
deficient adolescents than in non-deficient adolescents
(all P<0-0001). A strong correlation of the adolescent’s
25(OH)D level with that of the father (r= 0-45, P<<0-0001)
and mother (»= 0-44, P<0-0001) was observed (Fig. 2).
In univariate logistic regression analyses (Table 3), risk
factors associated with vitamin D deficiency were senior
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high school students, season and parental vitamin D defi-
ciency in both genders (all P<<0-0001). Insufficient
Ca intake (P=0-0381) and residence in urban areas
(P=0-0073) were also risk factors for boys. In multivariate
logistic regression analyses, independent predictors for
vitamin D deficiency were senior high school students,
spring season and paternal vitamin D deficiency for boys
(all P<0-05); senior high school students, spring/winter
season and maternal vitamin D deficiency for girls (all
P<0-05; Fig. 3).

Discussion

In the present study, we demonstrated that low vitamin D
status is highly prevalent among healthy Korean adoles-
cents and that adolescents’ vitamin D status is highly
related to parental vitamin D status.

The optimal level of 25(OH)D in adults has been sug-
gested to be =75nmol/l, a level associated with maximal
suppression of parathyroid hormone and reduced fracture
risk 11>, Vitamin D deficiency in adults is commonly
defined as serum 25(OH)D <50 nmol/l, where parathyroid
hormone levels begin to reduce in vitamin D-deficient
adults who receive vitamin D, supplementation*!>
In children, there is a lack of consensus on the ideal
25(OH)D level to prevent health complications; how-
ever, limited data have suggested that serum 25(OH)D
=50 nmol/I"® or =75nmol/1"” is needed to decrease
serum parathyroid hormone level to a low plateau in
children. The 2011 report of the Institute of Medicine
concluded that a serum 25(OH)D level of 50 nmol/l meets
the needs of 97-5% of the population and levels =75 nmol/
I are not consistently associated with increased benefit'®.
The 75th and 90th percentile values of serum 25(OH)D
were 537 and 72-4nmol/l in our study participants.

(b) 100 - 11

35 26

153

Prevalence (%)

Elementary Junior high  Senior high
school school school

Fig. 1 Prevalence of serum 25-hydroxyvitamin D (25(OH)D) <27-5nmol/l (), =27-5 to <50 nmol/l (ll), =50 to <70nmol/l (J)
and =70 nmol/l ((J) by age group (elementary school, age 10-12 years; junior high school, age 13—15 years; senior high school,
age 16-18 years) and sex (a, boys; b, girls): adolescents (n2062; 1095 boys, 967 girls) aged 10—18 years, Korean National Health
and Nutrition Examination Survey (KNHANES) 2008-2009. Prevalence of vitamin D deficiency (25(0OH)D <27-5nmol/l) increased

with age in both genders (P < 0-0001)
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Table 2 Comparison of participants’ characteristics by sex and vitamin D status: adolescents (n 2062; 1095 boys, 967 girls) aged 10—18
years, Korean National Health and Nutrition Examination Survey (KNHANES) 2008—-2009

Boys

Girls

Serum 25(0H)D (nmol/l)

Serum 25(0H)D (nmoll)

<275 = 275 <275 = 275
Meanor% spb Meanor% sb Pvalue Meanor% sb Meanor% sb P value
Age* (%) <0-0001 <0-0001
Elementary school 13-3 38-4 18-1 39-1
Junior high school 39-8 36-0 36-9 36-4
Senior high school 46-9 25-6 45-0 24-5
Seasont (%) <0-0001 <0-0001
Winter 40-6 226 42-9 226
Spring 43-0 20-2 40-3 187
Summer 7-0 28-8 7-4 324
Autumn 9-4 284 9-4 26-3
Obesity levelt (%) 0-9835 0-1137
Normal weight 84-9 85-5 88-6 85-1
Overweight 10-3 9-8 5-4 10-5
Obese 4-8 4.7 6-0 4-4
Region§ (%) 0-0067 0-1620
Urban 781 66-2 70-5 64-6
Rural 21-9 33-8 295 35-4
Sufficient Ca intakell (%) 0-0314 0-2438
No 96-9 911 90-6 93-3
Yes 4-4 89 9-4 6-7
Daily Ca intaket| (%RNI) 46-8 31-0 584 36-3 0-0180 50-7 324 50-0 38-1 0-8264
Moderate physical activity** (%) 0-3799 0-0528
No 46-2 41-9 65-7 56-6
Yes 53-8 581 34-3 43-3
Paternal 25(OH)D (nmol/l) 38-7 11-2 52-4 16-5 <0-0001 43-9 145 55-4 18-2 <0-0001
Maternal 25(OH)D (nmol/l) 31-4 1.7 414 14-2  <0-0001 317 11-2 44-2 152 <0-0001
Paternal 25(OH)D (%)
<50 nmol/l 86-1 48-9 <0-0001 747 46-8 <0-0001
=50 nmol/l 13-9 511 25-3 53-2
Maternal 25(0OH)D (%)
<50 nmol/l 96-2 751 <0-0001 93-7 70-4 <0-0001
=50 nmol/l 3-8 24-9 6-4 296

25(0OH)D, 25-hydroxyvitamin D.

*All participants were grouped as elementary school (age 10—12 years), junior high school (age 13—-15 years) and senior high school (age 16-18 years)

according to their age.

tSeasons are noted as spring (March to May), summer (June to August), autumn (September to November) and winter (December to February).
+Obesity level was determined according to the age- and sex-specific BMI percentile®: normal weight (BMI <85th percentile), overweight (BMI =85th

percentile and <95th percentile) and obese (BMI =95th percentile).

§Regions were grouped as rural areas (Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam and Jeju) and urban areas (Seoul,

Gyeonggi, Busan, Daegu, Incheon, Gwangju, Daejeon and Ulsan).

ISufficient Ca intake was indicated as ‘yes’ when daily Ca intake of the participants was equal to or greater than the Recommended Daily Allowance('®).
¢Daily Ca intake was presented as a percentage of the Recommended Nutrient Intake (%RNI) for Koreans('?),
**Moderate physical activity was indicated as ‘yes’ when the participant engaged in moderate-intensity physical activity for more than 20 min at a time and more

than 3 times/week.

We defined vitamin D insufficiency as serum 25(OH)D
<50nmol/l rather than <75nmol/l, which could define
the majority (96-2%) of Korean adolescents as insufficient.
The 25(OH)D cut-off value for defining deficiency in
children and adolescents varies between studies, with the
majority consensus setting the level at 25-30 nmol/l, based
on 25(OH)D levels found in children with reduced bone
mineral density or rickets©1%1719 "~ Also, the Institute of
Medicine report suggests that persons are at risk of vitamin
D deficiency at serum 25(OH)D levels <30nmol/I*”.
We defined vitamin D deficiency as serum 25(OH)D
<27-5nmol/l, which corresponds to the Institute of Medi-
cine recommendations and the 10th percentile value of our
participants’ 25(OH)D levels.
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We found that the mean serum 25(OH)D level of
Korean adolescents (44-2nmol/) was lower than the
reported values of 63-9 nmol/l among US adolescents*"
and 50 nmol/l among New Zealand children”. The pre-
valence of vitamin D deficiency among senior high school
students (19-6-25-4%) in Korea (34-38°N) was higher
than the reported 18 % among UK (50-58°N) adolescents?
and 10-13% among Canadian (45-48°N) adolescents*?.
It has been well documented that vitamin D deficiency
in adolescence is highly prevalent in Indian® (36%),
Tranian®® (86%), Mexican'® (7-20%) and non-Hispanic
black® (43-59%) populations, because skin pigmenta-
tion of these ethnic groups reduces the skin’s production
of vitamin Dj. Besides dark-skinned ethnic groups,
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Fig. 2 Relationship between (a) offspring’s 25-hydroxyvitamin D (25(OH)D) level and paternal 25(OH)D level (r=0-45,
P <0-0001) and (b) offspring’s 25(OH)D level and maternal 25(OH)D level (r=0-44, P<0-0001), by sex (®, boys; O, girls):
adolescents (n 2062; 1095 boys, 967 girls) aged 10-18 years, Korean National Health and Nutrition Examination Survey
(KNHANES) 2008—-2009

Table 3 Univariate logistic regression models for probability of vitamin D deficiency in participants: adolescents (n 2062; 1095 boys, 967
girls) aged 10—18 years, Korean National Health and Nutrition Examination Survey (KNHANES) 20082009

Boys Girls
OR 95% Cl P value OR 95% ClI P value

Age”

Elementary school - - - -

Junior high school 3-20 1-81, 5-64 0-1110 219 1-34, 3-56 0-6257

Senior high school 5-28 3-01, 9-26 <0-0001 3-97 2:46, 6-41 <0-0001
Seasont

Winter 7-33 3-54, 15-21 <0-0001 8-33 4-28, 16-23 <0-0001

Spring 8-71 4-20, 18-04 <0-0001 9-45 4-82, 18-52 <0-0001

Summer - - - - - -

Autumn 1-35 0-56, 3-:25 0-0008 1-57 0-70, 3-53 0-0009
Obesity levelt

Normal weight - - - -

Obese 1-03 0-43, 2:42 0-9975 1-32 0-62, 2-80 0-1314
Region§

Rural - - - -

Urban 1-82 1-18, 2-83 0-0073 1-31 0-90, 1-92 0-1630
Sufficient Ca intakell

Yes - - - -

No 2:65 1-06, 6-68 0-0381 0-77 0-40, 1-49 0-4371
Moderate physical activityq

Yes - - - -

No 1-19 0-81, 1-76 0-3803 1-47 0-994, 217 0-0537
Paternal 25(OH)D (nmol/l)

<50 6-11 3:23, 11-53 <0-0001 3-37 2-01, 5-62 <0-0001

=50 - - - -
Maternal 25(OH)D (nmol/l)

<50 8-44 3-06, 23-30 <0-0001 6-322 2-90, 13-90 <0-0001

=50 - - - -

25(0OH)D, 25-hydroxyvitamin D.

*All participants were grouped as elementary school (age 10-12 years), junior high school (age 13—-15 years) and senior high school (age 16-18 years)
according to their age.

tSeasons are noted as spring (March to May), summer (June to August), autumn (September to November) and winter (December to February).

$Obesity level was determined according to the age-and sex-specific BMI percentile’®: normal weight (BMI <85 percentile) and obese (BMI =95 percentile).
§Regions were grouped as rural areas (Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam and Jeju) and urban areas (Seoul,
Gyeonggi, Busan, Daegu, Incheon, Gwangju, Daejeon and Ulsan).

[[Sufficient Ca intake was indicated as ‘yes’ when daily Ca intake of the participants was equal to or greater than the Recommended Daily Allowance'?.
fModerate physical activity was indicated as ‘yes’ when the participant engaged in moderate-intensity physical activity for more than 20 min at a time and more
than 3 times/week.

East Asian populations including Korean, Chinese and girls living in Beijing (45%)“> and Japanese young
Japanese also seem to be predisposed to low vitamin D women (429)?®. The prevalence of adolescents with
status. As with Korean adolescents, high prevalence of serum 25(OH)D =75 nmol/l was only 3:8 % in our Korean
vitamin D deficiency was reported in Chinese adolescent adolescents, which was about one-eighth that reported
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Fig. 3 Odds ratios and 95 % confidence intervals for vitamin D deficiency from multivariate regression analyses by sex (a, boys;
b, girls): adolescents (n 2062; 1095 boys, 967 girls) aged 10-18 years, Korean National Health and Nutrition Examination
Survey (KNHANES) 2008-2009. References for each predictor: age = elementary school (10-12 years); season = summer;
region = rural; paternal 25-hydroxyvitamin D (25(OH)D) level =50 nmol/l; maternal 25(OH)D level =50 nmol/l; obesity = normal

weight (age- and sex-specific BMI <85th percentile). *P < 0-05

(30%) among US children®. Several factors can explain
low vitamin D status in East Asian adolescents. Inade-
quate sunlight exposure was prevalent among Chinese
adolescents and their skin exposure to UV light mainly
determined vitamin D status®”. The vitamin D and Ca
intakes from food sources were often much lower than
the RNI for Chinese adolescents, and their low Ca intake
was significantly associated with vitamin D deficiency*.
The situation is similar in Korean adolescents, which will
be discussed in detail later.

Consistent with other studies mean serum
25(OH)D value was the highest in summer and the lowest
in spring and winter in the present study. Winter/spring
season was the most potent predictor of 25(OH)D defi-
ciency in Korean adolescents.

Our study demonstrated that girls had a higher pre-
valence of vitamin D deficiency than boys, and this pattern
was consistent through all age groups. Some studies have
supported a higher prevalence of 25(OH)D deficiency in
girls than in boys(é’l()) , while other studies have not found
any gender differences®”. We found that girls had less
physical activity and lower Ca intake as %RNI compared
with boys. Also, the consumption of vitamin D from food
sources (such as milk, eggs and oily fish) was lower in girls
than in boys (data not shown), which was consistent with
US studies™®. We speculate that all of these factors could be
possible explanations for a higher prevalence of vitamin D
deficiency in girls than in boys.

There seems to be a high probability of familial cor-
relation in vitamin D status. Poor maternal vitamin D
status has been implicated in vitamin D deficiency of
breast-feeding infants'®?” and a few studies with
small sample size have shown higher familial history of

(7,22)
’
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vitamin D deficiency in rachitic children than in non-
rachitic children®*Y, However, the association between
adolescent vitamin D deficiency and parental vitamin D
status has not been previously reported in a population
study. We found a strong association of parent—
adolescent vitamin D status. Also, parental vitamin D
deficiency was an independent predictor for adolescent
vitamin D deficiency independently from season, age,
region and obesity. Possible explanations for the parent—
adolescent association could be the cultural and dietary
habits shared by family members, or genetic factors
involved in vitamin D-endocrine metabolism such as dermal
production®?
support the suggestion that a strong familial tendency of
vitamin D deficiency in Korea warrants vitamin D screening
for family members of deficient individuals.

Few studies have shown that older children were more
likely to be 25(OH)D deficient®*?. The prevalence of vita-
min D deficiency in adolescents increased with age, reaching
the highest in senior high school students (19:5% in boys,
25:1% in girls), and age was one of the most potent
predictors of vitamin D deficiency in the present study. The
main factor that explains the association between age and

or degradation of vitamin D®®. Our findings

vitamin D status seems to be sunlight exposure. The students
in higher grades tend to spend much of the daytime indoors
for study, and the proportion of physical education in the
curriculum is reduced. Moreover, most physical training
programmes for high school students are carried out in a
gymnasium, which limits UVB exposure. Media promotion
announcing the high prevalence of vitamin D deficiency in
Korean high school students and long-term public health
plans are needed to improve sunlight exposure in Korean
adolescents by schools and government.
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Vitamin D, parent—adolescent association

Physical inactivity, previously reported as an important
factor for vitamin D deficiency">** | was not an inde-
pendent factor for vitamin D deficiency in the present
study. However, the questionnaire conducted by
KNHANES did not query where individuals do physical
activity, if it is indoor or outdoor activity; therefore it has
some limitation in reflecting sunlight exposure. Also, half
of the participants had low physical activity of less than
1h/week. Therefore it might not have an effect as a
predictor for vitamin D deficiency in our study.

Obesity has been cited as a risk factor for vitamin D
deficiency because the body fat sequesters the fat-soluble
vitamin D, resulting in decreased bioavailability from cuta-
neous and dietary sources®”, and obese people may have a
more sedentary, indoor lifestyle('%). Previous studies in
adults®”*® and children”*” have shown an inverse corre-
lation between BMI and serum 25(OH)D levels. However,
we could not find a correlation between obesity status and
25(OH)D concentration. The prevalence of obesity was
low, at 4-7% of participants in our study, which limits the
ability to demonstrate the effect of obesity in vitamin D
deficiency.

Dietary Ca intake may play a role in vitamin D
metabolism. Insufficient intake of Ca can induce mild
hyperparathyroidism and consequent elevation of 1,25-
dihydroxyvitamin D production, which enhances the
catabolism of 25(OH)D and lowers circulating vitamin
D" A study from China found that adolescent girls who
had Ca intake below 280 mg/d showed a 50 % higher risk
of vitamin D deficiency®®. We found that the mean value
for Ca intake as %RNI was as low as 53-8% (Table 1) and
insufficient Ca intake was a significant factor for vitamin D
deficiency in boys (Table 3). As milk is a main source of
both Ca and vitamin D, low Ca intake might be a reflec-
tion of limited intake of vitamin D in Korean adolescents.

The Dietary Reference Intakes of vitamin D from the
Institute of Medicine (2010) and the American Academy
of Pediatrics state that the Estimated Average Requirement
(EAR) of vitamin D is 10 pg/d for all ages and the Ade-
quate Intake (AD is 15wg/d for children and adoles-
cents"”'"® However, in the Dietary Reference Intakes of
vitamin D for Koreans published in 2010, the AI of vita-
min D is 5 pg/d for children and adolescents"'”. Several
experts suggest that, without adequate sunlight exposure,
children and adolescents require 25 pg/d to achieve
adequate levels?®. As we previously reported, only
14:2% of Korean children and adolescents use multi-
vitamin supplements(40)
multivitamin or vitamin D supplements in Korea provide
2-5 pg of vitamin D, or D daily*", which is too low to
meet the suggested vitamin D intakes. Further research is
needed to establish the Al of vitamin D to maintain suf-
ficient vitamin D levels for the Korean population.

There were some limitations in our study. First, the
study was cross-sectional and therefore causality cannot
be inferred. Second, we did not use validated tools to

and most of the over-the-counter
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measure sunlight exposure. Last, dietary vitamin D intake
was not analysed in the KNHANES, so we could not
assess the effect of vitamin D intake. Nevertheless, to our
knowledge, the present study is the first one that has
demonstrated the association between parental vitamin D
deficiency and the risk of adolescent vitamin D deficiency
using the most recent nationwide data.

Conclusions

Vitamin D insufficiency was highly prevalent in healthy
Korean adolescents. Winter/spring season, senior high
school students and parental vitamin D deficiency were
associated with higher risk of vitamin D deficiency. We
suggest that adequate outdoor activity and vitamin D intake
should be emphasized in Korean adolescents, and family
screening of vitamin D for deficient individuals seems to be
important.
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