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BACKGROUND/OBJECTIVE: Recent studies showed vitamin D deficiency is linked to chronic diseases in addition to skeletal
metabolism which could threaten the elderly. We analyzed health conditions and socio-demographic factors associated with
vitamin D deficiency in community dwelling people aged 65 years and older.

SUBJECTS/METHOD: Data from the Korea National Health and Nutrition Examination Survey (KNHANES) 2010 to 2012 were
obtained. A total of 2,687 subjects aged 65 years and older were participated. The cutoff value of the Vitamin D deficiency
was considered as serum 25-hydroxyvitamin D [25(0OH)D] < 20 ng/mL (50 nmol/L).

RESULTS: The overall prevalence rate of vitamin D deficiency in the elderly was 62.1%. The factors such as female, obesity,
metabolic syndrome, current smoker, and skipping breakfast were positively associated with vitamin D deficiency, but high
intensity of physical activity and more than 9 hours of sleep duration were negatively associated with vitamin D deficiency
(all P<0.05).

CONCLUSIONS: It is important that health professions know that the factors proved in this study are connected to vitamin

D deficiency thus provide information and intervention strategies of vitamin D deficiency to old aged people.
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INTRODUCTION

According to Korean Statistical information Service, people
over 65 years old is 13.8 percent of total population in 2017
and will be 41.6 percent of total population in 2040 in Korea
[1]. With growth of the elderly, it would be a challenge to public
health care to figure nutrition problem in old age because they
hardly meet the nutritional support. Many older adults do not
get enough of calcium, vitamin D, and vitamin B12 [2]. Especially,
vitamin D is mainly synthesized by the skin during exposure
to sunlight, and small groups of food contain vitamin D.
However, aging reduces outdoor activity and interrupts vitamin
D synthesis [3] and old people would have dietary problem,
making the elderly are greater risk at vitamin D deficiency.

Vitamin D has a critical role in calcium homeostasis and bone
metabolism. The consequences of vitamin D deficiency in old
aged people are osteoporosis and osteomalacia, causing falls
and fractures [4]. One-third of people over 65 will fall at least
once a year [5] and fall-related fractures are associated with
excess morbidity and mortality [6].

Moreover, new researches have reported that vitamin D
deficiency associated with chronic diseases such as autoimmune
diseases [7], cardiovascular disease [8,9], infection [10-12],
diabetes [13] and certain cancers such as brain, prostate, breast,
and colon [14-16]. Given that vitamin D deficiency and chronic
diseases are connected in the facing of aging society, it is
important to know vitamin D deficiency is linked to one of
factors of leading causes of death in older people [17].

Vitamin D deficiency, defined as a 25(OH)D level of 20 ng/mL
or less [17,18], is a highly prevalent condition, present in
approximately 30% to 50% of the general population [19]. In
the Korea National Health and Nutrition Examination Survey
(KNHANES) 2008, Vitamin D insufficiency was found in 47.3%
of males and 64.5% of females [20]. However, most of the
studies on vitamin D deficiency were targeted general or
younger population, and there is lack of information on vitamin
D deficiency in the elderly, community dwelling and relatively
healthy in Korea.

Therefore, with poor vitamin D status and its associated
health condition in aging society, it is necessary that searching
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for what risk factors are connected to vitamin D deficiency to
prevent it, thus promote health and function in old aged people
in Korea.

The objective of this study is to exam health conditions and
socio-demographic variables association with vitamin D deficiency
of relatively healthy and community dwelling people aged 65
years and older, analyzing the data from 2010 to 2012 Korea
National Health and Nutrition Examination Survey (KNHANES).

SUBJECTS AND METHODS

Study population

According to ‘Data resource profile: the Korea National Health
and Nutrition Examination Survey (KNHANES)’ KNHANES is an
ongoing surveillance system conducted by the Korea Centers
for Disease Control and Prevention (KCDC). KNHANES is a nation-
wide cross-sectional survey conducted every year, and its target
population comprises nationally representative non-institutionalized
civilians aged 1 year and over in Korea [21].

Data from 2010 to 2012 KNHANES were obtained for this
study. We had a total of 13,958 participants. People diagnosed
with cancers (1,386 individuals), liver cirrhosis (53 individuals),
cerebral vascular disease (340 individuals), acute coronary
syndrome (532 individuals), thyroid disease (708 individuals),
and/or renal failure (78 individuals) were excluded. The analysis
in our study included subjects who provide vitamin D measure-
ment (serum [25(0OH)D] levels) and 65years or older. Therefore,
we had 2,687 subjects in our study.

Data collection

This study protocol was reviewed and approved by the
Institutional Review Board of Soonchunhyang University Cheonan
Hospital, and all procedures were performed after receiving
informed consent from patients (IRB No. SCHCA 2017-09-019).

KNHANES collects a number of variables regarding participants’
demographic, social, health and nutritional status from three
component surveys: the health interview, health examination
and nutrition survey [21]. In the health interview, participants
were asked to provide information about medical conditions,
socioeconomic status, activity limitation, quality of life, cigarette
smoking, alcohol use, physical activity, oral health. During the
health examination, body measurement and laboratory test
(blood) were conducted by trained medical personnel, and all
equipment was calibrated periodically. The nutrition survey
collected information on dietary behaviors, food frequency and
food intake.

Variables

Smoking status was classified into two groups: never or past
and current. We defined moderate alcohol consumption up to
4 drinks in male and 2 drinks in female. For alcohol drinking
status, we classified into two groups, none or moderate alcohol
intake and heavy drinkers who drink more than moderate
amount. Physical activity was divided into 3 categories: low,
moderate, and high intensity according to The Global Physical
Activity Questionnaire, developed by WHO for physical activity
surveillance in countries. Metabolic Equivalents (METs) are
commonly used to express the intensity of physical activities.

MET is the ratio of a person's working metabolic rate relative
to the resting metabolic rate. One MET is defined as the energy
cost of sitting quietly, and is equivalent to a caloric consumption
of 1 kcal/kg/hour. Subjects were asked and their weekly
intensity of physical activities was calculated. The high intensity
was set as = 3,000 METs per week, the moderate intensity was
defined as between 3,000 METs and 600 METs, and the low
intensity activity was set as <600 METs. Inadequate sleep
defines sleeping less than 7 hours per night since sleeping 7
to 8 hours per night is recommended to promote optimal
health for adults [22]. Thus, we classified into three groups:
subjects sleeping 6 or less hours per night, sleeping 7 to 8 hours
per night and sleeping 9 hours and more. Chewing difficulty
was checked during the health interview. Chewing efficacy is
important to dietary intakes and nutritional status. All the
subjects were asked to indicate whether they complain difficulty
in chewing on the health questionnaire, and sorted to two
groups: people having chewing difficulty or none. Waist
circumference (WC) was measured at the narrowest point
between the lowest rib and the iliac crest. Obesity defined as
a body mass index (BMI) >25 kg/m’ according to the
classification and criteria of obesity in Korea [23]. People were
divided to two groups: BMI = 25 kg/m’ and BMI <25 kg/m’.
Adequate daily calorie intake defined as at least 2,000 kcal/day
for male and 1,800 kcal/day for female in aged 65 over from
Dietary Reference Intakes for Korean (KDRI). Thus, we sorted
subjects to two groups: people who consumed more than 2,000
kcal/day for men and 1800 kcal/day for female, and who did
not meet the requirement. Adequate daily calcium intake
defined as 700 mg/day for male and 800 mg/day for female
in aged 65 over from KDRI. Thus, we classified into two groups:
subjects who had more than 700 mg/day for male and 800
mg/day for female, and who did not meet the requirement.
Skipping meals were inquired using the health questionnaires
that subjects recall whether they had breakfast, lunch and
dinner one day ago. Three groups were classified: skipping
breakfast, lunch and dinner. The definition of Metabolic Syndrome
(MS) was provided by the modified Third National Cholesterol
Education Program Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (NCEP-ATP IlI)
and the Korean Society for the Study of Obesity was used to
determine MS for specific value of waist circumference [24]. MS
was diagnosed if three or more of the following criteria were
met: (i) abdominal obesity (men =90 cm and women = 85 cm);
(ii) elevated blood pressure (BP): systolic BP = 130 mmHg and/or
diastolic BP = 85 mmHg or currently undergoing treatment for
hypertension; (iii) elevated triglycerides (TGs): TGs = 150 mg/dL;
(iv) reduced high density lipoprotein-cholesterol (HDL-C): men
<40 mg/dL and women < 50 mg/dL; and (v) elevated fasting
blood glucose (FBG): FBG = 100 mg/dL or current treatment
with a hypoglycemic agent or insulin.

Vitamin D measures

7-dehydrocholesterol in skin cells absorbs ultraviolet rays and
is concerted to pre-vitamin D3 and spontaneously isomerizes
to vitamin D3, known as cholecalciferol. The vitamin D obtained
from diet also converted to cholecalciferol. Cholecalciferol in
the body is biologically inactive and needed to be converted
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enzymatically in the liver to 25-hydroxyvitamin D [25(0OH)D],
known as cacifediol, the major circulating form, and then in
the kidney to 1,25-dihydroxyvitamin D [1,25(0OH),D], known as
calcitriol, the active form [17].

The level of 25(0OH)D in the blood is measured, since
1,25(0OH)2D is often normal or elevated in people who have
vitamin D deficiency. The blood samples were collected for
measurement of 25(OH)D during the survey and analyzed
within 24 hours. According to a review article published by
Hossein-nezhad A, Holickin 2013 [4] the definition of Vitamin
D deficiency was considered as 25(0OH)D =20 ng/mL (50
nmol/L) and it is used as the cutoff value in this study.

Statistical analysis

Data analysis was performed using Statistical Package for the
Social Science (SPSS) 14.0 (IBM Co., Armonk, NY, USA). The
chi-square test and ANOVA were used to assess the association
between vitamin D deficiency and variables, which are age, sex,
drinking status (none or moderate alcohol intake and heavy
drinkers), smoking status (never or past and current), obesity
(BMI =25 kg/m’ and BMI <25 kg/m?), physical activity (low,
moderate, and high intensity), individual income, daily sleep

duration (< 6 hours, 7-8 hours, and = 9 hours), skipping meals
(skipping breakfast, lunch and dinner), having chewing difficulty,
daily calorie intake (more than 2,000 kcal/day for men and 1,800
kcal/day for female, and who did not meet the requirement),
daily calcium intake(more than 700 mg/day for male and 800
mg/day for female, and who did not meet the requirement),
and having metabolic syndrome. In order to examine the
relationship between vitamin D deficiency and variables,
multiple logistic regression analyses were used to find out the
relationship between them and adjusted odds ratios and 95%
d were calculated. Also, gender-stratified analysis was performed
to examine male and female differences in relationship between
vitamin D deficiency and variables. Results with a P-value < 0.05
were considered statistically significant.

RESULTS

Socio-demographic and lifestyle characteristics according to
serum 25-hydroxyvitamin D concentration

A total of 2,687 individuals aged 65 years or older were
included in this study. Among this population males were 1,135
and females were 1,552. Table 1 shows the prevalence rate of

Table 1. Comparisons between socio-demographic and lifestyle variables and serum 25-hydroxyvitamin D concentration

Serum 25-hydroxyvitamin D

< 20 ng/mL >20 ng/mL P-value
(n=1,669) (n=1,018)

Male, n (%) 631 (37.8) 504 (49.5) <0.001*
Female, n (%) 1,038 (62.2) 514 (50.5) <0.001
Heavy drinking, n (%) 201 (12.0) 128 (12.6) 0.684
Smoking status, n (%) 0.494

Never/Past 1,432 (85.8) 883 (86.7)

Current 237 (14.2) 135 (13.3)
Physical activity, n (%) <0.001

Low intensity 872 (52.2) 477 (46.9)

Moderate intensity 580 (34.8) 346 (37.4)

High intensity 217 (13.0) 195 (19.2)
Income (quartile/person), n (%) 0.804

Q1iomest 428 (25.6) 266 (26.1)

Q2widdle-Lowest 432 (25.9) 250 (24.6)

Q3 widde-tighest 419 (25.1) 251 (24.7)

Q4tighest 390 (23.4) 251 (24.7)
Daily sleep duration, n (%) <0.001

< 6 hours 890 (53.3) 469 (46.1)

7 to 8 hours 649 (38.9) 422 (41.5)

> 9 hours 130 (7.9 127 (12.5)
Skipping breakfast, n (%) 80 (4.8) 20 (2.0) <0.001
Skipping lunch, n (%) 100 (6.0) 64 (6.3) 0.756
Skipping dinner, n (%) 80 (4.8) 43 (4.2) 0.493
Chewing difficulty, n (%) 718 (43.0) 424 (41.7) 0.486
Daily calorie intake, n (%)

<KDRI" 1,022 (61.2) 576 (56.6) 0.017
Daily calcium intake, n (%)

<KDRI? 1,481 (88.7) 868 (85.3) 0.008

YKDRI: F; 1,600 Kcal/day, M; 2,000 Kcal/day for aged 65 over from Korea dietary reference intakes (KDRI)
2 KDRI: Male; 700 mg/day, Female; 800 mg/day for aged 65 over from Korea dietary reference intakes (KDRI)
Data were presented as numbers (%), Avalues are calculated from chi-square test,
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Table 2. Comparisons between health-related variables and serum 25-hydroxyvitamin D concentration

Serum 25-hydroxyvitamin D

< 20 ng/mL >20 ng/mL P-value
(n=1,669) (n=1,018)
Age (yrs) 723+5.0 722+5.1 0.529
Serum 25-hydroxyvitamin D (ng/mL) 150%35 26.0+5.0 <0.001
BMI (kg/mz) 241+33 234+31 <0.001
Obesity, BMI > 25 kg/m? n (%) 617 (37.0) 304 (29.9) <0.001
WC (cm) 84.2+9.1 83.0+9.1 0.001
SBP (mmHg) 1308+ 17.2 1304+175 0.631
DBP (mmHg) 747 £99 75.1+£10.0 0334
FBS (mg/dL) 103.5+24.8 102.0+£21.4 0.101
TG (mg/dL) 144.1 £109.6 131.2+£76.9 <0.001
HDL-C (mg/dL) 467 £11.1 47.7+11.2 0.036
Metabolic syndrome, n (%) 805 (48.2) 397 (39.0) <0.001

WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TG, triglyceride; HDL-C, high

density lipoprotein-cholesterol

Data were presented as mean =+ standard deviation (SD) or numbers (%), P-values are calculated from analysis of variance (ANOVA) or chi-square test,

Table 3. Independent factors of vitamin D deficiency

Table 3. continued

Odds ratio (95% Cl) P-value Odds ratio (95% Cl) P-value
Sex Physical activity
Male (n=1,135) 1 Low physical intensity (n=1,349) 1
Female (n=1,552) 1.53 (1.18-1.98) < 0.001 Moderate intensity (n=926) 0.97 (0.81-1.16) 0.756
Obesity (BMI > 25 kg/m?) High intensity (n=412) 0.68 (0.54-0.86) 0.001
No (n=1,766) 1 Daily sleep duration
Yes (n=921) 1.23 (1.03-1.48) 0.026 7 to 8 hours (n=1,071) 1
Metabolic syndrome < 6 hours (n=1,359) 1.19 (1.00-1.41) 0.050
No (n=1,485) 1 > 9 hours (n=257) 0.65 (0.49-0.86) 0.002
Yes (n=1,202) 1.27 (1.07-1.51) 0.006 Income (quartile/person)
Alcohol drinking Qliowest (N =694) 1
None or moderate (n=2,358) 1 Q2widdie-Lowest (N = 682) 1.12 (0.90-1.40) 0.325
Heavy drinking (n = 329) 1.06 (0.82-1.36) 0.672 Q3widdie-tighest (N = 670) 1.08 (0.86-1.35) 0.499
Smoking status Q4tighest (N =641) 1.02 (0.81-1.28) 0.885
Never/Past (n=2315) 1 " Adequate daily calorie intake: F; 1,600 Kcal/day, M; 2,000 Kcal/day for aged 65
Current (n=372) 1.45 (1.13-1.86) 0.003 over from Korea dietary reference intakes (KDRI)
Chewing difficulty 2 g\gequate daily caloium. intake: Male; 7QO mg/day, Female; 800 mg/day for aged
over from Korea dietary reference intakes (KDRI)
No (n=1,545) 1
ves (n=1142) 101 (086-1.19) 0923 vitamin D deficiency according to socio-demographic variables.
Skipping  breakfast The prevalence rate of vitamin D deficiency is significant in
No (n=2587) ! females, physical activity, having less than 7 hours of daily sleep
Yes (n=100) 214 (1.29-3.55) 0.003 duration, skipping breakfast and inadequate daily calorie and
Skipping lunch calcium intake (all P<0.05).
No (n=2,523) 1
Yes (n=164) 0.82 (0.59-1.15) 0.255 Comparisons between health-related variables and serum
Skipping dinner 25-hydroxyvitamin D concentration
No (n =2,564) ] When examining health related factors (Table 2) vitamin D
Yes (n=123) 093 (0.63-1.38) 0715 deficiency is significant in subjects who are obese (BMI = 25
Adequate daily calorie intake” kg/m?) and have metabolic syndrome (all P < 0.05). Subjects
Yes (n=1,089) 1 with vitamin D deficiency significantly have larger waist
No (n=1,59) 114 (096-135) 0139 ci_rcumfe:rence (WQ), higher.Body N.lass_ Index (BMI), higher
Adequate daily calcium intake? triglyceride (TG) and lower high d.en'5|ty I|poprote'|n-cholesterol
(HDL-C). The mean + standard deviation (SD) of vitamin D level
Yes (n=339) ! is 15.0 + 3.5 ng/mL in vitamin D deficiency population and the
No (n = 2,349) 1.15 (0.99-1.47) 0.276

prevalence rate of vitamin D deficiency is 62.1%.
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Table 4. Independent factors of vitamin D deficiency by gender

Male Female
(n=1,135) (n=1,552)
Odds ratio (95% Cl) P-value QOdds ratio (95% Cl) P-value

Obesity (BMI > 25 kg/m?)

No 1 1

Yes 1.02 (0.76-1.36) 0.905 1.40 (1.10-1.79) 0.006
Metabolic syndrome

No 1 1

Yes 1.33 (1.01-1.74) 0.040 1.26(1.00-1.59) 0.047
Alcohol drinking

None or moderate 1 1

Heavy drinking 1.33 (0.97-1.80) 0.073 0.70 (0.46-1.08) 0.110
Smoking status

Never/Past 1 1

Current 1.36 (1.03-1.80) 0.030 2.00 (1.07-3.74) 0.030
Chewing difficulty

No 1 1

Yes 1.02 (0.80-1.32) 0.842 1.00 (0.81-1.25) 0.969
Skipping breakfast

No 1 1

Yes 2.10 (0.88-5.01) 0.096 2.16 (1.15-4.04) 0.016
Skipping lunch

No 1 1

Yes 1.64 (0.86-3.12) 0.133 0.64 (0.43-0.95) 0.028
Skipping dinner

No 1 1

Yes 1.03 (0.63-1.38) 0.929 0.94 (0.57-1.53) 0.794
Adequate daily calorie intake”

Yes 1 1

No 1.63 (1.26-2.10) <0.00 0.87 (0.69-1.09) 0.225
Adequate daily calcium intake”

Yes 1 1

No 1.05 (0.76-1.45) 0.760 1.30 (0.87-1.94) 0.197
Physical activity

Low physical intensity 1 1

Moderate intensity 0.87 (0.67-1.15) 0.327 1.08 (0.85-1.38) 0.541

High intensity 0.70 (0.50-0.97) 0.031 0.61 (0.44-0.85) 0.004
Daily sleep duration

7 to 8 hours 1 1

< 6 hours 1.17 (0.91-1.51) 0.228 1.23 (0.97-1.55) 0.085

> 9 hours 0.63 (0.42-0.95) 0.027 0.64 (0.44-0.96) 0.028
Income (quartile/person)

Qliowest 1 1

Q2idde-Lowest 1.23 (0.88-1.74) 0.220 1.07 (0.79-1.44) 0.687

Q3 widdle-Highest 1.17 (0.83-1.65) 0.366 1.05 (0.77-1.42) 0.773

Q4riighest 1.37 (0.97-1.95) 0.075 0.79 (0.59-1.08) 0.135

Y Adequate daily calorie intake: F; 1,600 Kcal/day, M; 2,000 Kcal/day for aged 65 over from Korea dietary reference intakes (KDRI)
2 Adequate daily calcium intake: Male; 700 mg/day, Female; 800 mg/day for aged 65 over from Korea dietary reference intakes (KDRI)

Relationship between independent factors and vitamin D deficiency However, high intensity of physical activity and more than 9

Table 3 shows the results form multivariate analyses. The hours of sleep duration are negatively associated with vitamin
multiple regression analyses revealed that factors female, obesity, D deficiency. Among the factors female is the strongest risk
metabolic syndrome, current smoker, and skipping breakfast are indicator for vitamin D deficiency.

all significant independent factors of vitamin D deficiency.
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Comparison of independent factors of vitamin D deficiency
between male and female

The stratified analysis by gender was conducted and its results
were shown in Table 4. Variables positively associated with
vitamin D deficiency are metabolic syndrome and current
smoker in both genders. In contrast, high intensity of physical
activity and more than 9 hours of sleep duration are negatively
associated with vitamin D deficiency in both male and female.

Skipping breakfast has significant positive association with
vitamin D deficiency but skipping lunch has significant negative
association with vitamin D deficiency in female. Also, obesity
is significant factor of vitamin D deficiency in female but not
in male.

Compared to female, male with vitamin D deficiency is
significantly more likely to have inadequate daily calorie defined
as lower calorie intake of KDRI.

DISCUSSION

This study shows factors are associated with vitamin D status
in community dwelling people aged 65 years and more in Korea.
In the elderly, significant independent factors of vitamin D
deficiency are female, obesity, metabolic syndrome, current
smoking, and skipping breakfast. In contrast high intensity of
physical activity and more than 9 hours of sleep duration are
negatively associated with vitamin D deficiency.

Using the definition of serum 25(0OH)D concentration < 20
ng/mL, we found that 62.1% of people aged 65 over would
be categorized as vitamin D deficiency. In this group female
showed higher rate of vitamin D deficiency than males (62.2%
and 37.8% respectively) and female had 1.53 times increased
risk for vitamin D deficiency. Compare with males, females were
more prone to develop vitamin D deficiency, which supported
the results from other researches [3,25-27]. However reasons
of such gender difference are unclear. It is suggested that skin
synthesis of vitamin D [28] and sun exposure between genders
[29] are different in some studies. In our study we do not have
record of subjects’ sun exposure time but possible explanation
is women tend to have more activities indoors and use
sunscreen outside. Further study is required for the difference
between male and female.

Several studies proved that cardiovascular disease risk factors,
including obesity were found to be associated with vitamin D
deficiency [30,31]. Our finding confirmed being obese has the
risk of vitamin D deficiency 1.23 times more than non-obese.
Similar results that obesity is related to vitamin D deficiency
were reported. Research on 453 participants aged 65 years and
older in The Netherlands found that higher body mass index,
waist circumference, and sum of skin folds were statistically
significantly associated with lower 25(OH)D [32]. A study in
Spain with 73 consecutive morbidly obese patients (BMI = 40
kg/m) reported that Vitamin D deficiency was diagnosed in
63% of morbidly obese patients [33]. However, there is limited
evidence to support the link between obesity and vitamin D
deficiency, for example, it is not clear that obesity cause low
vitamin D status or the other way around. There is possible
hypothesis that adipose tissue accumulation could absorb and
sequestrate of vitamin D, which is fat-soluble, hence circulating

25(0OH)D level decreased [34]. Another supports that obesity
could be the consequence of a low vitamin D status. Lower
serum 25(0OH)D concentration promote lower calcium absorption,
and lower serum calcium level lead increase in parathyroid
hormone secretion which causing calcium influx into the
adipocytes. In these cells intracellular calcium enhances lipoge-
nesis, the process your body uses to convert carbohydrates into
fatty acids, which are the building blocks of fats [32].

Also, from gender-stratified analysis, obesity is significantly
associated with vitamin D deficiency in female but not in male.
This fact may be cause of differences in adiposity between men
and women with the same BMI [35]. One study shows that less
vitamin D is stored in fat tissue in men [36] due to the fact
that men have 10-15% less fat content than women with the
same BMI [35].

Prevalence of metabolic syndrome increases with aging years.
According to Korean Statistical information Service, prevalence
rate of metabolic syndrome in Korean population of over aged
65 years old is 43.6% (male: 37.8%, female: 48.8%) which is
highly prevalent [37]. Metabolic syndrome is serious health
condition for old aged people because it is one of important
risk factors of marked increased cardiovascular disease and
diabetes [38]. It is revealed that vitamin D is associated with
metabolic syndrome in previous research findings [39,40]. In this
study subjects with metabolic syndrome have 1.27 times higher
risk of vitamin D deficiency than those who were not diagnosed
metabolic syndrome in our study. One study concordance with
our study shows higher 25(0H)D concentrations in the elderly
are associated with lower prevalence of metabolic syndrome
[41]. Some mechanisms support that relationship between
vitamin D and metabolic syndrome: 1) vitamin D influence
formation of apolipoprotein A-1, main component of HDL
cholesterol [33], 2) vitamin D helps stimulation of insulin secretion
and effects on insulin sensitivity [42].

There is no gender difference in vitamin D deficiency with
metabolic syndrome from stratified analysis, but on our best
of knowledge there were not any studies to compare our
finding. Further study is required to support gender difference
in association between metabolic syndrome and vitamin D status.

Current smoking status is one of the factors that associated
with vitamin D deficiency. Our analyses demonstrate that
current smoker has higher risk of vitamin D deficiency than
those who never smoked. Other studies showed that current
smokers were at increased risk of developing vitamin D
insufficiency [43] and the percentage of current smoker was
significantly higher in the vitamin D deficiency group [31].
Recent studies have in fact shown that metabolic derivatives
of nathphalane, a metabolite in cigarette smoke, such as
tetralones can inhibit CYP27A1 [44], which converts vitamin D
into 25(0OH)D, known as cacifediol, the major circulating form
[45]. Thus, substances from smoking interrupt vitamin D
metabolism and so make vitamin D concentration lower.

In our study, subjects who skipped breakfast has twice higher
incidence of vitamin D deficiency. To the best of knowledge,
there has been no data to association between meal skipping
and vitamin D deficiency in the elderly. In previous Korean study
shows young adults, aged 18-29 years in Seoul who ate
breakfast daily had significantly higher serum 25(0OH)D levels
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than who ate breakfast less than 4 day/week [46]. Also, another
study revealed that participants aged over 20 years skipped
breakfast had higher risk of vitamin D deficiency than those
who consumed breakfast [47]. Thus, eating breakfast regularly
had an effect on serum 25(OH)D level. A study from Peter et
al .[48] in Brazil shows a group of teenagers eating breakfast
has higher vitamin D level than a group who did not have
breakfast. It is assumed that dietary intake affect vitamin D level
thus people having breakfast tend to have higher vitamin D
level. However, KNHNE 2010-2012 data has insufficient information
on intake of vitamin D through food and supplement. In future
study, it is required to reveal; 1) vitamin D from food source
for breakfast affects serum 25(0OH)D level. 2) Skipping breakfast
cause shortage of energy required for a day thus is associated
with vitamin D deficiency. 3) Vitamin D deficiency is associated
eating breakfast influencing following meals such as lunch,
dinner and snacks between meals, nutritional supplement,
outdoor activity and obesity.

From gender-stratified analysis women skipping breakfast has
higher vitamin D deficiency but skipping breakfast is not a
factor for male with vitamin D deficiency. Also skipping lunch
tends to have lower risk of vitamin D deficiency in women.
Skipping meals especially are related to poverty, isolation,
changing in sight and hearing, physical and mental illness,
immobility, loss of appetite and inability to cook in the elderly
[49]. There are not any previous studies on skipping meals and
vitamin D deficiency in gender difference or in difference
among skipping of breakfast, lunch and dinner for the elderly,
thus it is hard to make comparison of our finding with others.
Therefore, the association between vitamin D deficiency and
skipping meals in the elderly is required to be considered in
future study.

Our study shows that high intensity of physical activity is
linked to lower risk of vitamin D deficiency. Also, in our finding
high intensity physical activity has significantly lower risk of
vitamin D deficiency in both genders from gender-stratified
analysis. We have reviewed some researches and one study
shows the intensity of physical activity was associated with
vitamin D. In this study, subjects engaged in daily vigorous
activity have higher vitamin D level compared to with inactive
people. Also, with regard to leisure-time physical activity, the
adjusted mean serum 25(0OH)D concentrations were lowest in
participants who had no leisure-time physical activity during
the previous month, compared with those who were physically
active, and increased in a stepwise fashion with increasing
frequency of activity [50]. In addition, study conducted in Korea
showed that compared to the active group, moderate and high
intensity of physical activity performed in 150 minutes per week,
the inactive group is 4 times higher risk of vitamin D deficiency
in aged 65 and older adults [51].

Sleep duration affects vitamin D level in old age our study.
We found that subjects slept more than 9 hours have lower
risk of vitamin D deficiency. One Korean research supported
our results that sleep duration was positively associated with
serum vitamin D level in the elderly and suggested inadequate
sleep duration may be associated with lower serum vitamin D
levels in older adults, aged 60 to 80 [52]. Another study reported
sleep improvement after vitamin D supplementation with

approximately 45 minutes longer sleep duration [53]. Our finding
and both studies above support that vitamin D and sleep duration
are associated, but last one conducted in all the ages, not age
specific. Thus further study is necessary to exam difference in
the ages for the association vitamin D and sleep duration.

It is meaningful that all subjects were 65 years and older in
our study, on the contrary, other researches about vitamin D
were based on teenagers or young adults. Strength of our study
is that serum vitamin D concentration, 25(OH)D was directly
measured, which indicates vitamin D status in the body best.

Several limitations are found in this study. First it is based
on a cross sectional study, which does not permit distinction
between cause and effect. Therefore, further prospective
research is necessary to evaluate correlation between vitamin
D deficiency and risk factors. Second, vitamin D seasonal
variation was disregarded since the data we used were from
the KNHANES and each subject was not inquired for the amount
of sunshine. Third, we did not have information about vitamin
D intake from vitamin D containing supplement or food, which
affect individual’s vitamin D level from KNHANES.

In conclusion we found that vitamin D deficiency in old age
is the issue to concern today because it is connected to chronic
diseases and all-cause mortality [19]. Thus, the factors associated
with vitamin D are necessarily to be found. In our study, risk
factors such as female, obesity, metabolic syndrome, current
smoking status, skipping breakfast are linked to vitamin D
deficiency, and high intensity of physical activity and more than
9 hours of sleep duration are negatively associated with vitamin
D deficiency in community dwelling people aged 65 years and
older in Korea. These factors, except sex, could be corrected
by life style modification to prevent vitamin D deficiency. Future
prospective study is needed to be aware of risk factors
associated with vitamin D deficiency and to promote public
health strategies to preventing and controlling chronic diseases
in the elderly.
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