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Introduction: We present data from the Korean National Health and Nutritional Examination Survey (KNHANES)
2008-2009 on the association between 25-hydroxyvitamin D[25(OH)D] status and type 2 diabetes in a representa-
tive sample of the adult Korean population. Methods: This study was based on data obtained from the
KNHANES 2008-2009, which was conducted for 3 years (2007-2009) using a rolling sampling design that in-
volved a complex, stratified, multistage, probability-cluster survey of a representative sample of the non-
institutionalized civilian population of South Korea. Results: We showed that serum 25(OH)D concentration is
inversely associated with type 2 diabetes in the Korean general population. In particular, low serum 25(OH)D
concentration was associated with an increased prevalence of type 2 diabetes in young women and old men. The
present study showed that 25(OH)D has a significant negative association with fasting insulin and insulin re-
sistance. Conclusion: The age- and gender-specific association between low 25(OH)D level and type 2 diabetes
may be related to interactions between vitamin D, sex hormone concentrations, and type 2 diabetes. In conclusion,
we showed that low 25(OH)D concentration is associated with type 2 diabetes in the Korean general population

in an age- and gender-specific pattern.
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INTRODUCTION

Socioeconomic development and changes in nutrition in
Korea between the late 1980s and 2005 were accompa-
nied by an increase in the prevalence of type 2 diabetes,
from 3 to 7.3%, and increased concern about type 2 dia-
betes.'

Vitamin D plays an important role in bone and mineral
metabolism, and deficiency of this vitamin is closely as-
sociated with the occurrence of metabolic bone diseases
such as rickets in children and osteomalacia in adults.
Recently, vitamin D has also attracted interest among
medical researchers due to its nonskeletal effects” including
type 2 diabetes,** cardiovascular diseases,””’ cancers,®!!
infection,'*>'* and autoimmune diseases."

Vitamin D from the skin and diet is metabolized in the
liver to 25-hydroxyvitamin D [25(OH)D], which has no
independent clinical activity as an intermediate form.
Further hydroxylation of 25(OH)D in the kidneys yields
the biologically active form of vitamin D, 1,25(OH),D.
The 1,25(0OH),D ligand binds with high affinity to the
vitamin D receptor and triggers an increase in intestinal
absorption of both calcium and phosphorous. Circulating

1,25(0OH),D reduces serum parathyroid hormone levels
directly by decreasing parathyroid gland activity and indi-
rectly by increasing serum calcium. A variety of factors,
including serum phosphorus and parathyroid hormone
regulate the renal production of 1,25(OH),D. Although
the assay for 1,25(OH),D, an active form of vitamin D, is
of value in evaluating the differential diagnosis for a vari-
ety of inborn and acquired disorders of calcium, vitamin
D, and bone metabolism, 1,25(OH),D is not measured to
determine vitamin D status, since patients with vitamin D
deficiency and secondary hyperparathyroidism often have
normal or increased concentrations of 1,25(OH),D. How-
ever, serum level of 25(OH)D which reflects the amount
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of vitamin D entering the circulation is considered to be
the standard clinical measure of vitamin D status, because
25-hydroxylation of vitamin D is not tightly regulated,
and the level of 25(OH)D, which is the major circulating
metabolite of vitamin D and has a half-life of 2 to 3
weeks, correlates with the clinical signs and symptoms of
vitamin D deficiency. Vitamin D deficiency has been
historically defined and recently recommended by the
Institute of Medicine (IOM) as a 25(OH)D of less than 50
nmol/L.>'*%!

Several studies have suggested a link between low vit-
amin D level, as measured in terms of 25(OH)D level,
and the occurrence of type 2 diabetes.”***** Scragg et
al* suggested ethnic variations in the risk of type 2 dia-
betes and vitamin D deficiency, determined by measuring
the 25(OH)D level. Other studies from New Zealand,*
Australia,” and the Netherlands ** have shown an inverse
association between vitamin D status (determined by
measuring the 25(OH)D level) and type 2 diabetes.
Renzaho et al.”’” observed ethnicity-, gender-, and age-
related differences in a systematic review assessing the
association between 25(OH)D and obesity/ type 2 diabe-
tes in ethnic minority population groups. Looker 2* found
that the relationship with percent body fat was stronger
and significant in white women of all ages and significant
in black women younger than 50 years old. Very few
such reports have been published from Asian countries.*”
* Lu et al.® reported a significant association between
low serum 25(OH)D level and a high risk of the metabol-
ic syndrome in Chinese people between 50 and 70 years
of age. However, their study population was not repre-
sentative of the general population. Recently, Choi ef al.*
reported an association between 25(OH)D and type 2
diabetes in an adult Korean population using Korean Na-
tional Health and Nutritional Examination Survey
(KNHANES) 2008 data. However, the authors analyzed
the data using ordinary statistical methods with no con-
sideration of sample weighting, which was recommended
and explained in the KNHANES survey analysis manual.

We hypothesized that serum 25(OH)D level may be
inversely associated with type 2 diabetes in an age- and
gender-specific pattern in the Korean general population.
To test this hypothesis, we conducted a cross-sectional
analysis of the association between 25(OH)D level and
type 2 diabetes using KNHANES 2008-2009 data. The
objective of this study was to evaluate whether serum
25(OH)D level is associated with type 2 diabetes in an
age- and gender-specific pattern after adjusting for co-
variates in a representative sample of the adult Korean
population.

METHODS

Design and data collection

This study was based on KNHANES 2008-2009 data,
representing the second and third years of the KNHANES
IV 2007-2009 survey, which was conducted for 3 years
(2007-2009) using a rolling sampling design that involved
a complex, stratified, multistage, probability-cluster sur-
vey of a representative sample of the noninstitutionalized
civilian population of South Korea. Detailed information
on the design of the survey has been provided previously.
Briefly, the survey consisted of three components: a

health interview survey, a health examination survey, and
a nutrition survey.’'*

The present analysis was restricted to participants >20
years of age who completed the health examination sur-
vey, including measurements of serum 25(OH)D (n =
13,022). We excluded individuals who were pregnant,
had liver cirrhosis or chronic liver diseases, or had chron-
ic renal diseases. Therefore, the final analytical sample
consisted of 12,336 participants. All participants provided
written consent to participate in the study. Institutional
Review Board requirement was waived because
KNHANES was conducted by Korean government in
accordance with the internationally agreed ethical princi-
ples for the conduct of medical research.

Information on age, education, smoking history, alco-
hol intake, and regular exercise or walking was collected
during the health interview. Details on the categorization
of body mass index, age, education level, smoking status,
and alcohol consumption have been provided previous-
ly.*'*? Regular walking was defined as indoor or outdoor
walking for 30 or more minutes at a time at least five
times per week. Regular exercise was defined as perform-
ing moderate exercise (swimming slowly, playing dou-
bles tennis, volleyball, or occupational or recreational
activity involving carrying light objects) for >30 min at a
time at least five times per week, or vigorous exercise
(running, climbing, cycling fast, swimming fast, football,
basketball, jump rope, squash, playing singles tennis, or
occupational or recreational activity involving carrying
heavy objects) for >20 min at a time at least three times
per week. Season was classified into four categories as
spring (March-May), summer (June-August), fall (Sep-
tember-November), and winter (December-February).

Type 2 diabetes was defined as a fasting glucose level
>7 mmol/L, current use of antidiabetic medications, or
self-reported physician diagnosis of type 2 diabetes. Insu-
lin resistance was determined using the homeostasis mod-
el assessment (HOMA) estimate of insulin resistance
[HOMA-IR = fasting insulin (uIU/mL)xfasting glucose
(mmol/L)/22.5] and fasting insulin levels.

Clinical laboratory tests

For clinical laboratory tests, blood samples were collected
from individual participants during health examination
surveys. Blood samples were centrifuged, aliquoted, and
frozen at —70°C on-site. The frozen plasma and serum
samples were transported on dry ice to the designated
central laboratory of Neodin Medical Institute, a laborato-
ry certified by the Korean Ministry of Health and Welfare
in Seoul, South Korea.

Blood samples were analyzed within 24 h of transpor-
tation. Serum 25(OH)D levels were measured with a ra-
dioimmunoassay kit (DiaSorin, Stillwater, MN) using a
1470 Wizard gamma counter (Perkin-Elmer, Turku, Fin-
land). The interassay coefficients of variation were 7.6
and 7.2% at 36.7 and 131.0 nmol/L, respectively. One
possible limitation of the radioimmunoassay was that it
used antibodies to measure 25(OH)D in unextracted se-
rum. These antibodies may recognize other vitamin D
metabolites, such as 24,25(OH)D. In contrast, liquid
chromatography-mass spectroscopy can separate different
vitamin D metabolites and is the preferred assay for clini-
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cal trials.”’ However, the radioimmunoassay is usually
used in mass surveys such as KNHANES, where the
availability of serum is also limited.

A blood sample was taken in the morning after a fast of
at least 8 hours for measurement of 25(OH)D, fasting
blood glucose, and insulin levels. Serum glucose level
was measured using a Hitachi 7600 autoanalyzer (Hitachi,
Tokyo, Japan). Serum insulin level was measured by ra-
dioimmunoassay (INS-IRMA; Bio-Source, Nivelles, Bel-
gium) using a 1470 Wizard gamma counter.

Statistical analysis

Statistical analyses were performed using SAS (version
9.22; SAS Institute, Cary, NC) and SUDAAN (release
10.0; Research Triangle Institute, Research Triangle Park,
NC), a software package that incorporates sample weights
and adjusts analyses for the complex sample design of the
survey. Survey sample weights were used in all analyses
to produce estimates that were representative of the non-
institutionalized civilian Korean population.

Unadjusted mean (95% confidence interval, CI) serum
25(OH)D levels were calculated by gender, age group,
residence location, region, season, educational level,
smoking status, drinking status, BMI, regular exercise,
regular walking, and diabetes using the Proc Descript
function in SUDAAN. The adjusted means (95% CI)
were also obtained by analysis of covariance, adjusted for
all other variables in the tables using the Proc Regress
function in SUDAAN.

Next, odds ratios (ORs) and 95% CI values for having
type 2 diabetes were calculated for serum 25(OH)D as a
continuous variable while controlling for covariates
[model 1: age, sex, BMI, smoking status, drinking status,
season, residence location, region, educational level, and
regular walking; and model 2: model 1plus age (>50), the
interaction term for age (=50) and serum 25(OH)D using
the Proc Rlogist function to incorporate the sample
weights and adjust the analyses for the complex sample
design of the survey. For model 3, which has an interac-
tion term for age and serum 25(OH)D, adjusted preva-
lence rates were calculated using conditional marginal
probability analysis after covariate adjustment in men and
women for comparison of prevalence rate by age category
(<50 and >50 years) in men and women.

To evaluate the associations of 25(OH)D with fasting
glucose, fasting insulin, and insulin resistance, fasting
glucose was regressed to calculate regression coefficients
and their 95% CIs against 25(OH)D after adjusting for
covariates. After natural log transformation of fasting
insulin and HOMA-IR because their distributions were
skewed, log-transformed fasting insulin and HOMA-IR
were regressed to calculate regression coefficients and
95% ClIs against serum 25(OH)D after adjusting for all
covariates.

RESULTS

The serum 25(OH)D levels of the study participants are

listed according to category, ie, age, residence location,

region, and season according to gender in Table 1.
Unadjusted and adjusted mean serum 25(OH)D levels

are presented in the table along with their 95% Cls. Over-

all, the mean serum 25(OH)D levels in female partici-

pants (n = 6,926), male participants (r = 5,410), and all
participants (n = 12,336) representing adult Koreans aged
>20 years were 42.7 nmol/L (95% CI, 41.8-43.1 nmol/L),
49.3 nmol/L (95% CI, 48.2-49.9 nmol/L), and 46.1
nmol/L (95% CI, 45.2-46.6 nmol/L), respectively. The
serum 25(OH)D level was significantly higher in male
than in female participants, and increased significantly
with age until >60 years old in both genders.

For both genders, mean 25(OH)D levels in participants
living in rural areas were significantly higher than those
in participants living urban areas. Compared to Seoul and
the surrounding area comprising Kangwon Province,
study participants of both genders in all other regions had
higher serum 25(OH)D levels. In the seasons with less
sunshine (ie, spring and winter), participants of both gen-
ders had significantly lower serum 25(OH)D levels than
in seasons with higher levels of sunshine (ie, summer and
fall).

Table 2 lists the serum 25(OH)D levels of study partic-
ipants by categories, ie, educational level, smoking status,
drinking status, BMI, regular exercise, regular walking,
and diabetic status.

In adjusted analysis, men and total participants with
higher educational levels had significantly lower serum
25(0OH)D levels compared to less educated participants.
On the other hand, current smokers had significantly low-
er serum 25(OH)D levels compared to never-smokers in
the adjusted analysis of males and total participants, but
heavy drinkers among male and total participants had
significantly higher 25(OH)D levels compared to non-
drinkers in adjusted analysis. BMI categorization showed
no significant differences in mean serum 25(OH)D levels
after adjustment for covariates.

Regular exercise and walking contributed significantly
to increased mean serum 25(OH)D levels in participants.
While diabetic status did not affect the mean serum
25(0OH)D level in female participants in adjusted analysis.
Significant mean differences in serum 25(OH)D levels
were observed in male and total subjects in both unad-
justed and adjusted analyses.

Next, adjusted ORs (95% Cls) for Korean adults with
type 2 diabetes were calculated by logistic regression in
all subjects, and separately by gender (Table 3).

The covariates for the adjusted OR calculation were
age, sex, BMI, smoking status, and drinking status, and
season, residence location, region, educational level, and
regular walking in model 1; and covariates in model 1
plus age (<50 years) and interaction term for age (<50
years) and serum 25(OH)D in model 2. The ORs were
significant only in model 2, which had an interaction term
for age (>50 years) and serum 25(OH)D. Model 2, with
the interaction term for serum 25(OH)D and age (=50
years), indicated that decreases in the prevalence of type
2 diabetes of 1.7% and 1.5% were associated with an in-
crease of 1 unit in 25(OH)D in women <50 years of age
and in men >50 years old, respectively.

In women <50 years old, the participants with higher
serum 25(OH)D levels (75 nmol/L) showed a significant-
ly lower type 2 diabetes prevalence rate than those with a
lower serum 25(OH)D level (25 nmol/L). However, no
significant differences in prevalence rates were observed
among three different 25(OH)D groups in the older age
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Table 1. Mean and 95% confidence interval (CI) values of blood 25-hydroxyvitamin D (nmol/L) by age group and other classification variables.
Women Men Total
Classification variables N Crude Adjusted T N Crude Adjusted N Crude Adjusted
Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)

All subjects, age 20+ years
Age group

20-29

30-39

40-49

50-59

60+

S Waite chi-square
Residence location

Urban

Rural

t-test
Region

Seoul

Incheon, Kyunggi & Kangwon

DaeJeon & Choongchung

Daegu & Kyungbuk

Pusan & Kyungnam

Kwanju, Honam & Jeju

S Waite chi-square
Season

Spring

Summer

Fall

Winter

S Waite chi-square

6926

895
1458
1440
1153
1980

5171
1755

1164
1999
813
812
1065
1073

1781
1906
1787
1452

42.7 (41.8-43.1)

37.9 (36.6-38.6)
41.7 (40.4-42.4)
41.7 (40.5-42.3)
46.6 (45.3-47.3)
46.3 (44.8-47.0)
p<0.01

41.6 (40.6-42.0)
47.8 (45.7-48.9)
p<0.01

40.2 (38.2-41.3)
40.3 (38.9-41.0)
43.9 (40.6-45.6)
44.2 (41.7-45.5)
46.0 (43.9-47.1)
46.5 (43.9-47.9)
p<0.01

36.2(35.0-36.9)
48.4 (46.7-49.3)
47.0 (45.5-47.7)
38.1(36.9-38.8)
2<0.01

425 (41.7-432)

39.1(37.7-40.5)
43.0 (41.9-44.1)
41.4 (40.4-42.4)
45.7 (44.5-46.9)
44.8 (43.4-46.1)
p<0.01

42.1 (41.3-42.8)
45.6 (43.9-47.3)
p<0.01

41.3 (39.7-42.9)
40.8 (39.8-41.7)
43.0 (41.0-45.0)
43.7 (41.7-45.6)
45.7 (43.6-47.3)
45.2 (43.4-47.0)
p<0.01

36.4(35.3-37.5)
48.3 (46.8-49.8)
46.9 (45.4-48.3)
38.2(37.1-39.3)
2<0.01

5410

735
1122
1129
914
1510

4006
1404

884
1618
637
634
816
821

1476
1449
1365
1120

49.3 (48.2-49.9)

42.6 (40.9-43.5)
46.8 (45.2-47.6)
51.0(49.5-51.8)
54.3 (52.7-55.1)
54.6 (53.0-55.4)
p<0.01

47.7 (46.5-48.4)
56.4(53.7-57.7)
p<0.01

45.7 (43.2-46.9)
47.2 (45.0-48.3)
52.7(48.8-54.7)
51.7 (48.4-53.5)
51.8(49.2-53.1)
53.6 (50.5-55.1)
p<0.01

41.8 (40.3-42.6)
57.6 (55.6-58.6)
55.1(53.4-56.0)
41.9 (40.6-42.6)
2<0.01

49.6 (48.7-50.4)

44.0 (42.6-45.3)
48.1 (46.9-49.3)
51.0(49.9-52.1)
52.7(51.3-54.0)
52.5(51.1-53.9)
p<0.01

48.5 (47.6-49.3)
53.3(51.6-55.0)
p<0.01

47.0 (45.4-48.5)
47.5 (46.1-48.9)
51.0(48.8-53.1)
51.4(49.2-53.7)
51.5(49.1-53.9)
52.6 (50.7-54.4)
p<0.01

42.1 (40.8-43.4)
57.3 (55.5-59.0)
55.1(53.3-56.8)
42.0 (40.9-43.1)
2<0.01

12336

1630
2580
2569
2067
3490

9177
3159

2048
3617
1450
1446
1881
1894

3257
3355
3152
2572

46.1 (45.2-46.6)

40.4 (39.1-41.1)
44.4 (43.1-45.1)
46.5 (45.3-47.1)
50.5 (49.3-51.2)
50.0 (48.6-50.7)
p<0.01

44.7 (43.7-45.2)
52.2(50.0-53.4)
p<0.01

43.0 (40.8-44.1)
43.9 (42.2-44.7)
48.4 (44.9-50.2)
48.0 (45.3-49.4)
48.9 (46.7-50.1)
50.1(47.3-51.4)
p<0.01

39.2(37.9-39.8)
53.1(51.3-53.9)
51.1(49.6-51.8)
40.1 (38.9-40.7)
2<0.01

41.4 (40.3-42.5)
45.6 (44.6-46.5)
46.3 (45.4-47.2)
49.4 (48.4-50.4)
48.7 (47.6-49.8)
p<0.01

45.3 (44.6-46.1)
49.5 (48.0-51.1)
p<0.01

44.2 (42.8-45.6)
44.2 (43.1-45.2)
47.1 (45.1-49.0)
47.6 (45.7-49.5)
48.6 (46.5-50.8)
48.9 (47.2-50.6)
p<0.01

39.3(38.2-40.4)
52.8(51.4-54.3)
51.0(49.6-52.5)
40.2 (39.2-41.1)
2<0.01

T Covariates: gender, age, residence location, region, smoking status, drinking status, body mass index, educational level, season, regular exercise and regular walking. S_Waite chi-square: Satterthwaite's adjusted

chi-square test
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Table 2. Mean and 95% confidence interval (CI) values of 25-hydroxyvitamin D (nmol/L) by classification of study variables. Unit: nmol/L

Women Men Total

Classification variables

Crude
Mean (95 %CI)

Adjusted”
Mean (95 %CI)

Crude
Mean (95 %CI)

Adjusted
Mean (95 %CI)

Crude
Mean (95 %CI)

Adjusted
Mean (95 %CI)

Education level

Less than High School

High School

College and more

S Waite chi-square
Smoking status

Non-Smoker

Past Smoker

Current Smoker

S Waite chi-square
Drinking status

No Drink

Mild Drink

Moderate Drink

Heavy Drink

S Waite chi-square
Body Mass Index

Lean

Normal

Obese

S Waite chi-square
Regular exercise

Yes

No

t-test
Regular walking

Yes

No

t-test
Diabetes

Yes

No

t-test

2961
2031
1934

6075
389
458

2601
2265
1074

986

375
4579
1949

1040
5886

3069
3857

580
6346

46.2 (45.0-46.9)

42.0 (40.9-42.6)

39.6 (38.6-40.2)
p<0.01

43.0 (42.1-43.4)

42.1 (40.0-43.2)

40.3 (38.1-41.3)
p<0.05

43.4 (42.2-44.0)
43.3 (42.2-43.8)
42.9 (41.6-43.5)
40.1 (38.9-40.7)
p<0.01

40.5 (38.5-41.5)

42.3 (41.4-42.8)

44.2 (43.1-44.8)
p<0.01

45.8 (44.2-46.7)
42.2 (41.3-42.6)
p<0.01

43.8 (42.8-44.3)
41.8 (40.9-42.3)
p<0.01

44.4 (42.5-45.4)
42.6 (41.7-43.0)
p<0.05

43.6 (42.4~44.7)

427 (41.7-43.7)

41.8 (40.8-42.7)
NS

42.8 (42.1-43.4)

43.2 (41.4-45.1)

41.6 (39.7-43.4)
NS

42.0 (41.0-43.0)
42.9 (42.0-43.8)
44.1 (43.0-45.1)
42.4 (41.2-43.5)
p<0.05

41.9 (40.1-43.6)

42.6 (41.9-43.4)

43.1 (42.2-44.0)
NS

44.4 (43.0-45.7)
42.4 (41.8-43.1)
p<0.01

43.6 (42.8-44.3)
42.0 (41.2-42.8)
p<0.01

41.9 (40.3-43.6)
42.8 (42.1-43.4)
NS

1598
1583
2229

1010
1961
2435

905
740
860
2905

195
3319
1868

837
4573

2660
2750

550
4860

55.8 (54.0~56.7)

50.0 (48.6-50.8)

46.1 (44.9-46.3)
p<0.01

48.6 (47.1-49.4)

51.8(50.5-52.5)

47.9 (46.6-48.6)
NS

49.0 (47.3-49.9)

50.0 (48.2-51.0)

49.8 (48.1-50.7)

49.2 (47.9-49.8)
NS

48.0 (44.4-49.8)

49.3 (48.0-50.0)

49.5 (48.3-50.1)
NS

52.3(50.5-53.2)
48.8 (47.7-49.4)
p<0.01

50.1(48.7-50.7)
48.7 (47.4-49.3)
p<0.05

51.1(49.3-52.0)
49.2 (48.0-49.8)
p<0.05

52.0(50.7~53.4)

49.7 (48.7-50.7)

48.0 (47.0-48.9)
p<0.01

50.6 (49.4-51.8)

50.7 (49.6-51.7)

48.0 (47.1-48.9)
p<0.01

46.5 (45.1-47.9)
47.9 (46.3-49.4)
49.1 (47.7-50.5)
50.3 (49.5-51.2)
p<0.01

47.0 (44.2-49.7)

49.4 (48.5-50.3)

49.5 (48.6-50.4)
NS

51.2(49.8-52.7)
49.0 (48.3-49.8)
p<0.01

49.9 (49.0-50.8)
48.8 (47.9-49.7)
p<0.05

47.6 (45.9-49.2)
49.5 (48.7-50.3)
p<0.05

4559
3614
4163

7085
2350
2893

3506
3005
1934
3891

570
7898
3817

1877
10459

5729
6607

1130
11206

49.9 (48.6~50.6)

46.0 (44.9-46.6)

43.6 (42.5-44.1)
p<0.01

44.0 (43.1-44.5)

50.3 (49.0-51.0)

46.9 (45.7-47.6)
p<0.01

45.1 (43.9-45.7)
45.1 (44.0-45.7)
46.2 (45.0-46.9)
47.2 (46.1-47.3)
p<0.01

43.2 (41.2-44.2)

45.7 (44.7-46.3)

47.3 (46.3-47.9)
p<0.01

49.2 (47.7-49.9)
45.6 (44.6-46.1)
p<0.01

47.2 (46.1-47.7)
45.2 (44.2-45.7)
NS

48.0 (46.5-48.3)
45.9 (45.0-46.4)
p<0.05

47.6 (46.5~48.7)

46.3 (45.5-47.1)

44.9 (44.1-45.7)
p<0.01

46.5 (45.7-47.2)

47.4 (46.3-48.4)

44.6 (43.6-45.5)
p<0.01

44.5 (43.5-45.4)
45.6 (44.7-46.5)
46.8 (45.9-47.7)
47.0 (46.3-47.3)
p<0.01

45.0 (43.5-46.6)

46.1 (45.4-46.8)

46.2 (45.5-47.0)
NS

47.8 (46.6-48.9)
45.8 (45.2-46.5)
p<0.01

46.8 (46.1-47.5)
45.5 (44.8-46.2)
NS

44.9 (43.6-46.1)
46.2 (45.5-46.9)
p<0.05

T Covariates: gender, age, residence location, region, smoking status, drinking status, body mass index, educational level, season, regular exercise and regular walking. NS: not significant. S Waite chi-square:

Satterthwaite's adjusted chi-square test



Association of 25-hydroxyvitamin D with diabetes 541

Table 3. Adjusted OR (95% CI) of Korean adults with diabetes mellitus by serum 25-hydroxyvitamin D level

Women (n=6926)

Men (n=5410)

Total (n=12336)

Model 1
Model 2

0.999 (0.992-1.007)
1.017 (1.001-1.003)

0.995 (0.989-1.002)
0.985 (0.972-0.998)

0.997 (0.992-1.002)
0.998 (0.988-1.009)

Model 1: adjusted for age, sex, body mass index, smoking status, drinking status, season, residence location, region, education, and regular

exercise

Model 2: adjusted as in model 1 plus young and interaction term of youngxserum 25-hydroxyvitamin D level

Table 4. Adjusted regression coefficient (SE) of 25-hydroxyvitamin D on fasting glucose, fasting insulin and

HOMA IR, adjusted for covariates¥

Female Male Total
Out iabl N
utcome variables B (SE) P value B (SE) P value B (SE) pal
Fasting glucose -0.0003 (0.0007) 0.702 0.0006 (0.0008) 0.438 0.0003 (0.0006) 0.570
Log-transformed fasting insulin -0.0012 (0.0005) 0.032 -0.0026 (0.0006) <0.001 -0.0020 (0.0004) <0.001
Log-transformed HOMA_ IR -0.0011 (0.0006) 0.068 -0.0023 (0.0006) <0.001 -0.0018 (0.0005) <0.001

+: age, gender, residence location, region, smoking status, drinking status, body mass index, regular exercise, and season

Young age group  ®Old age group
12

10

Prevalence rate (%)
-3
"

25 50 75
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Figure 1. Adjusted prevalence rate (%) of diabetes mellitus by
level of serum 25(OH)D by young and old age group in female
subjects. *p<0.01 compared with 25 nmol/L

group (=50 years) (Figure 1). In contrast, the opposite
was observed in men. The adjusted prevalence rate in
men >50 years old showed a significant decrease accord-
ing to increasing 25(OH)D level, but no differences were
observed in the younger age group (age <50 years) (Fig-
ure 2).

Finally, to evaluate the associations between serum
25(0OH)D and fasting glucose, log-transformed fasting
insulin, and log-transformed HOMA-IR in multiple re-
gression analysis after controlling for covariates, the beta
coefficient and its 95% CI were calculated in all partici-
pants as well as separately in female and male partici-
pants (Table 4). While 25(OH)D showed no significant
association with fasting glucose, significant negative as-
sociations were observed with log-transformed fasting
insulin and log-transformed HOMA-IR.

DISCUSSION

Several cross-sectional studies have suggested an associa-
tion between low serum 25(OH)D level and the occur-
rence of type 2 diabetes.***?® Several cohort studies also
noted an association between low 25(OH)D level and
type 2 diabetes.>** In a Finish cohort study by Mattila

et al.’ the relative risk (RR) between the highest and low-
est serum 25(OH)D quartile was 0.60 (95% CI 0.36-0.98;
p-trend; 0.01) (4097 participants). However, this associa-
tion was attenuated after further adjustments for BMI,
leisure-time exercise, smoking, and education (RR 0.70
[95% CI 0.42-1.16]; p trend; 0.07). The association is not
very strong. The incident type 2 diabetes cases were iden-
tified from a nationwide registry of patients receiving
diabetes medication reimbursement. The register does not
include diabetic patients undergoing dietary therapy only.
Thus, the identified diabetic patients had more severe
disease than diabetic patients on average.

The nested case-control study by Knekt et al.,** which
pooled data from two cohorts in Finland (total of 7503
available participants) included 412 cases who developed
type 2 diabetes during the follow-up period and 986
matched controls. After multivariate adjustment men in
the highest quartile (mean 25(OH)D; 75 nmol/L) had a
72% lower risk of developing type 2 diabetes compared
with men in the lowest quartile (mean 25(OH)D; 25
nmol/L); there was no significant association among
women. The incident type 2 diabetes cases were identi-
fied from a nationwide registry of patients receiving dia-
betes medication reimbursement as in the study by
Mattila et al.

The second nested case-control study’* was conducted
using data from 608 women with newly diagnosed type 2
diabetes and 559 controls who were enrolled in the Nurs-
es’ Health Study. After multivariate adjustment, higher
levels of plasma 25(OH)D were associated with a lower
risk for type 2 diabetes. The OR for incident type 2 diabe-
tes in the top (median 25(OH)D; 83.4 nmol/L) versus the
bottom (median 25(OH)D; 35.9 nmol/L) quartile was
0.52 (95% CI; 0.33-0.83). Incident cases of type 2 diabe-
tes were identified by validated self-report.

The other nested case-control study by Deleskog et
al *® very recently, showed that low serum 25(OH)D level
predicts progression to type 2 diabetes in individuals with
pre-diabetes at follow-up 8-10 years in a Swedish cohort .
They defined pre-diabetes as impaired fasting glucose
(fasting plasma glucose >5.6 mmol/L) or impaired glu-
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Figure 2. Adjusted prevalence rate (%) of diabetes mellitus by
level of serum 25(OH)D by young and old age group in male
subjects. *p<0.01 compared with 25 nmol/L

cose tolerance test (7.8 mmol/L < 2-h plasma glucose <
11 mmol/L). Type 2 diabetes was defined as fasting
plasma glucose >7.0 mmol/L or 2-h plasma glucose >11
mmol/L.

Scragg et al.* suggested ethnic variation in an associa-
tion of type 2 diabetes with vitamin D deficiency (as de-
termined by measuring 25(OH)D levels) in the Third Na-
tional Health and Nutrition Examination Survey (6228
participants). They showed a strong inverse trend be-
tween the odds of developing type 2 diabetes and serum
25(OH)D among white and Mexican Americans, after
adjusting for age, sex, BMI, physical activity, and season.
However, no such association was observed among Afri-
can Americans, which is suggestive of ethnic variation in
the association of type 2 diabetes with low serum
25(0OH)D levels, possibly due to decreased sensitivity to
vitamin D. Type 2 diabetes was defined as fasting glucose
>7.0 mmol/L or 2-h glucose >11.1 mmol/L.** American,
European, and Australian studies have demonstrated that
migrants and members of ethnic minorities with dark skin
exhibit low serum 25(OH)D concentrations.*** Several
studies performed in the United States included partici-
pants from non-Hispanic black, Hispanic, and non-
Hispanic white, or equivalent ethnic groups.?*”’4*+%
Less commonly included ethnicities were Asian Ameri-
cans. In addition, few studies reported such an association
in the Asian population.”*° Recently, Choi et al.*® report-
ed an association between serum 25(OH)D level and type
2 diabetes in the Korean adult population using
KNHANES 2008 data, which indicated that a low serum
25(0OH)D concentration was associated with a high risk of
type 2 diabetes in Korean adults. However, the authors
analyzed the data using ordinary statistical methods with
no consideration of sample weighting, which was rec-
ommended and explained in the survey analysis manual
from KNHANES. Without the application of appropriate
statistical methods, reaching definitive conclusions is
difficult. The weighted analysis of Choi et al.*® showed
no significant association between serum 25(OH)D level
and type 2 diabetes, unlike the results of unweighted
analysis. Due to the nature of survey data, weighted anal-
yses tend to produce larger Cls than ordinary statistical
analyses typically used for data collected through simple
random sampling.*’

In the present study, we analyzed data for 2 years from
KNHANES 2007-2009 to validate the possible associa-
tion between 25(OH)D level and type 2 diabetes. We also
showed that serum 25(OH)D concentration is inversely
associated with type 2 diabetes in the Korean general
population. In particular, the association showed an age-
and gender-specific pattern: low serum 25(OH)D level
was associated with type 2 diabetes in women <50 years
old and in men >50 years old. To our knowledge, this is
the first report of an age- and gender-specific association
between serum 25(OH)D level and type 2 diabetes. This
association may be related to the interaction between vit-
amin D and circulating sex hormone concentrations. It is
possible that the observed effects of vitamin D are related
to testosterone, which circulates at lower levels in young
females and older men than in older females and younger
men, respectively. Alternatively, it may be related to es-
trogen/testosterone ratios. Younger women have a higher
estrogen/testosterone ratio than their older counterparts,
whereas older men have a higher estrogen/testosterone
ratio than their younger counterparts (as a result of the
decrease in testosterone levels resulting from increased
aromatization with increased body fat levels and normal
decrease in testosterone levels).***® Our data suggest that
this may be the case. However, no significant effect mod-
ification was observed with age or gender in other stud-
ies.** There is currently little or no research to support a
link between vitamin D status, sex hormones, and diabe-
tes. Levels of sex hormones were not available in the pre-
sent study, and further studies are therefore required.

Vitamin D may directly enhance insulin action by
stimulating the expression of the insulin receptor, thereby
enhancing insulin responsiveness for glucose transport.™
The present study showed that 25(OH)D was significantly
negatively associated with fasting insulin and HOMA-IR.
Associations between low 25(OH)D level and decreased
insulin sensitivity have been reported in previous cross-
sectional studies.*>2*7-!-%4

The mechanisms underlying the potential association
between type 2 diabetes and 25(OH)D are unclear. The
25(0OH)D level may have an impact on many factors, in-
cluding pancreatic beta cell function, insulin action, and
systemic inflammation.”® Accumulating evidence indi-
cates that vitamin D may be useful in the prevention and
treatment of type 2 diabetes. Vitamin D supplementation
in participants with vitamin D deficiency has been shown
to result in improved glucose tolerance, whereas that in
participants with sufficient vitamin D yielded conflicting
results. ™

The present study showed that, in both genders, the
mean 25(OH)D levels in subjects living in rural areas
were significantly higher than those in urban areas. This
study also showed that serum 25(OH)D levels were sig-
nificantly lower in seasons with less sunshine (ie, spring
and winter) than in those with higher levels of sunshine
(ie, summer and fall) in both genders. Regular exercise
and walking were significantly associated with increased
mean serum 25(OH)D levels in participants in the present
study. A role of 25(OH)D in type 2 diabetes was suggest-
ed by the seasonal variations in glycemic control reported
in patients who have type 2 diabetes, with control being
worse in winter,”’ ™ which may be due at least in part to
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prevalent hypovitaminosis D in winter. As increasing
numbers of people live in cities and spend the majority of
their time indoors, this will lead to insufficient sunlight
exposure for adequate cutaneous production of vitamin D.
Thus, vitamin D insufficiency has become a major health
concern in modern society. In a recent study performed in
7,441 postmenopausal osteoporotic women from 29 coun-
tries participating in a clinical trial on bazedoxifene, the
prevalence rates of 25(OH)D levels of <50 nmol/L were
as high as 35.3% in winter and 25.2% in summer, while
the prevalence rates of 25(OH)D levels in excess of 75
nmol/L were 21.2% in winter and 27.5% in summer.®
Higher educational status in men may mean that they
work in offices and are exposed to less sunlight, which
may result in vitamin D insufficiency.

Whereas current smokers had significantly lower se-
rum 25(OH)D levels compared with never-smokers in the
adjusted analysis of males and total participants, heavy
drinkers among male and total participants had signifi-
cantly higher 25(OH)D levels compared with nondrinkers
in the adjusted analysis. The opposite directions of these
associations may be related to lifestyle. For example,
males with more stress tend to smoke and may not per-
form outdoor activities. Additionally, heavy drinking is
easily observed among agricultural or manual workers,
who are exposed to more sunlight compared with office
workers. However, no clear explanation is available.

The present study had several important strengths. First,
we used serum 25(OH)D concentration as an indicator of
vitamin D status, reflecting vitamin D obtained from the
diet, supplements, and cutaneous synthesis. Second, age-
and gender-specific analyses were performed. Adjusted
prevalence rates were calculated using conditional mar-
ginal probability analysis, with the addition of an interac-
tion term for age and serum 25(OH)D, in men and women
for comparison of prevalence rates by age category (<50
and >50 years) and gender. Third, the study was carried
out on a representative sample of the general Korean
population. Finally, rigorous quality control of study pro-
cedures was ensured in the KNHANES.

However, the present study also had some limitations.
First, our associations were obtained by cross-sectional
analysis. We cannot completely exclude the possibility of
reverse causality. An unknown third factor might be the
common link which produces the association. Therefore,
a causal relationship between serum 25(OH)D level and
type 2 diabetes cannot be inferred from our correlational
data. However, several cohort studies support our
results,***?>%! although further randomized controlled
clinical trials or prospective studies are needed to clarify
causality. Second, although serum level of 25(OH)D is
used to be the standard clinical measure of vitamin D
status, the clinical implication of the 25(OH)D level as an
intermediate form of vitamin D is not determined, com-
pared to 1,25(OH),D, a biologically active form of vita-
min D.

Third, data on sun exposure and dietary vitamin D in-
take were not available. Instead, we obtained data about
the participants’ exercise and walking habits, which were
presumed to provide an estimate of each subject’s sun-
light exposure.® We also adjusted for season. Fourth, we
did not obtain data regarding behavioral factors that could

affect cutaneous synthesis of vitamin D, such as sun-
screen use or clothing. Fifth, we did not obtain data re-
garding each individual’s vitamin D intake through diet
and supplements, which may have affected serum
25(OH)D levels to some extent.

In conclusion, we showed an age- and gender-specific
association between low 25(OH)D concentration and type
2 diabetes in the Korean general population.

AUTHOR DISCLOSURES
The authors declare that there are no conflicts of interest.

REFERENCES

1. Korean Ministry of Health and Welfare. The Fourth Korean
National Health and Nutrition Examination Survey. Seoul:
Korean Ministry of Health and Welfare; 2007.

2. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357:
266-81.

3. Mattila C, Knekt P, Mannisto S, Rissanen H, Laaksonen
MA, Montonen J, Reunanen A. Serum 25-hydroxyvitamin
D concentration and subsequent risk of type 2 diabetes.
Diabetes Care. 2007;30:2569-70.

4. Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The role of
vitamin D and calcium in type 2 diabetes. A systematic
review and meta-analysis. J Clin Endocrinol Metab. 2007;92:
2017-29.

5. Poole KE, Loveridge N, Barker PJ, Halsall DJ, Rose C,
Reeve J, Warburton EA. Reduced vitamin D in acute stroke.
Stroke. 2006;37:243-5.

6. Forman JP, Giovannucci E, Holmes MD, Bischoff-Ferrari
HA, Tworoger SS, Willett WC, Curhan GC. Plasma 25-
hydroxyvitamin D levels and risk of incident hypertension.
Hypertension. 2007;49:1063-9.

7. Giovannucci E, Liu Y, Hollis BW, Rimm EB. 25-
Hydroxyvitamin D and risk of myocardial infarction in men:
a prospective study. Arch Intern Med. 2008;168:1174-80.

8. Ahonen MH, Tenkanen L, Teppo L, Hakama M, Tuohimaa
P. Prostate cancer risk and prediagnostic serum 25-
hydroxyvitamin D levels (Finland). Cancer Causes Control.
2000;11:847-52.

9. Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS,
Stampfer MJ, Willett WC. Prospective study of predictors
of vitamin D status and cancer incidence and mortality in
men. J Natl Cancer Inst. 2006;98:451-9.

10. Lin J, Manson JE, Lee IM, Cook NR, Buring JE, Zhang SM.
Intakes of calcium and vitamin D and breast cancer risk in
women. Arch Intern Med. 2007;167:1050-9.

11. Jenab M, Bueno-de-Mesquita HB, Ferrari P, van
Duijnhoven FJ, Norat T, Pischon T, et al. Association
between pre-diagnostic circulating vitamin D concentration
and risk of colorectal cancer in European populations: a
nested case—control study. BMJ. 2010;340: b5500.

12. Wilkinson RJ, Llewelyn M, Toossi Z, Patel P, Pasvol G,
Lalvani A, Wright D, Latif M, Davidson RN. Influence of
vitamin D deficiency and vitamin D  receptor
polymorphisms on tuberculosis among Gujarati Asians in
west London: a case-control study. Lancet. 2000;355:618-21.

13. Laaksi I, Ruohola JP, Tuohimaa P, Auvinen A, Haataja R,
Pihlajamaki H, Ylikomi T. An association of serum vitamin
D concentrations 40 nmol/L with acute respiratory tract
infection in young Finnish men. Am J Clin Nutr. 2007;86:
714-7.

14. Ginde AA, Mansbach JM, Camargo CA, Jr. Association
between serum 25-hydroxyvitamin D level and upper
respiratory tract infection in the Third National Health and
Nutrition Examination Survey. Arch Intern Med. 2009;169:
384-90.



544

BK Lee, S Park and Y Kim

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

. Kamen D, Aranow C. Vitamin D in systemic lupus

erythematosus. Curr Opin Rheumatol. 2008;20:532-7.

. Holick MF. Resurrection of vitamin D deficiency and

rickets. J Clin Invest. 2006;116:2062-72.

. Holick MF. High prevalence of vitamin D inadequacy and

implications for health. Mayo Clin Proc. 2006;81:353-73.

. DeLuca HF. Overview of general physiologic features and

functions of vitamin D. Am J Clin Nutr. 2004;80(6 Suppl):
1689S-96S.

. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM,

Hanley DA, Heaney RP, Murad MH, Weaver CM;
Endocrine Society. Evaluation, treatment, and prevention of
vitamin D deficiency: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab. 2011;96:1911-30.
Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich
T, Dawson-Hughes B. Estimation of optimal serum
concentrations of 25-hydroxyvitamin D for multiple health
outcomes. Am J Clin Nutr. 2006;84:18-28.

Kleerekoper M, Schleicher RL, Eisman J, Bouillon R, Singh
RJ, Holick MF. Clinical applications for vitamin D assays:
what is known and what is wished for. Clin Chem. 2011;57:
1227-32.

Scragg R, Sowers MF, Bell C. Serum 25-hydroxyvitamin D,
diabetes and ethnicity in the Third National Health and
Nutrition Examination Survey. Diabetes Care. 2004;27:
2813-8.

Hyppénen E, Boucher BJ, Berry DJ, Power C. 25-
hydroxyvitamin D, IGF-1, and metabolic syndrome at 45
years of age: a cross-sectional study in the 1958 British
Birth Cohort. Diabetes. 2008;57:298-305.

Scragg R, Holdaway I, Singh V, Metcalf P, Baker J, Dryson
E. Serum 25-hydroxy vitamin D levels decreased in IGT and
diabetes. Diabetes Res Clin Pract. 1995;27:181-8.

Need AG, O’Loughlin PD, Horowitz M, Nordin BE.
Relationship between fasting serum glucose, age, body mass
index and serum 25-hydroxyvitamin D in postmenopausal
women. Clin Endocrinol (Oxf). 2005;62:738-41.

Baynes KC, Boucher BJ, Feskens EJ, Kromhout D. Vitamin
D glucose tolerance and insulinaemia in elderly men.
Diabetologia. 1997;40:344-7.

Renzaho AM, Halliday JA, Nowson C. Vitamin D, obesity,
and obesity-related chronic disease among ethnic minorities:
a systematic review. Nutrition. 2011;27:868-79.

Looker AC. Body fat and vitamin D status in black versus
white women. J Clin Endocrinol Metab. 2005;90:635-40.
LuL, YuZ, Pan A, Hu FB, Franco OH, Li H, Li X, Yang X,
Chen Y, Lin X. Plasma 25-hydroxyvitamin D concentration
and metabolic syndrome among middle-aged and elderly
Chinese individuals. Diabetes Care. 2009;32:1278-83.

Choi HS, Kim KA, Lim CY, Rhee SY, Hwang YC, Kim
KM, Kim KJ, Rhee Y, Lim SK. Low serum vitamin D is
associated with high risk of diabetes in Korean adults. J
Nutr. 2011;141:1524-8.

Kim Y, Lee B-K. Iron deficiency increases blood
manganese level in the Korean general population according
to KNHANES 2008. Neurotoxicology. 2011;32:247-54.

Lee BK, Kim Y. Iron deficiency is associated with increased
levels of blood cadmium in the Korean general population:
analysis of 2008-2009 Korean National Health and Nutrition
Examination Survey data. Environ Res. 2012; 112:155-63.
Knekt P, Laaksonen M, Mattila C, Harkanen T, Marniemi J,
Heliovaara M, Rissanen H, Montonen J, Reunanen A.
Serum vitamin D and subsequent occurrence of type 2
diabetes. Epidemiology. 2008;19:666-71.

Pittas AG, Sun Q, Manson JE, Dawson-Hughes B, Hu FB.
Plasma 25-hydroxyvitamin D concentration and risk of

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

incident type 2 diabetes in women. Diabetes Care. 2010;33:
2021-3.

Deleskog A, Hilding A, Brismar K, Hamsten A, Efendic S,
Ostenson CG. Low serum 25-hydroxyvitamin D level
predicts progression to type 2 diabetes in individuals with
prediabetes but not with normal glucose tolerance.
Diabetologia. 2012;55:1668-78.

Skull S, Ngeow J, Biggs B, Street A, Ebeling P. Vitamin D
deficiency is common and unrecognized among recently
arrived adult immigrants from The Horn of Africa. Intern
Med J. 2003;33:47-51.

Chiu KC, Chu A, Go VLW, Saad MF. Hypovitaminosis D
is associated with insulin resistance and beta cell
dysfunction. Am J Clin Nutr. 2004;79:820-5.

Whiting SJ, Calvo MS. Dietary recommendations for
vitamin D: a critical need for functional end points to
establish an estimated average requirement. J Nutr. 2005;
135:304-9.

McGillivray G, Skull S, Davie G, Kofoed SE, Frydenberg A,
Rice J, Cooke R, Carapetis JR. High prevalence of
asymptomatic vitamin D and iron deficiency in East African
immigrant children and adolescents living in a temperate
climate. Arch Dis Child. 2007;92:1088-93.

Alemzadeh R, Kichler J, Babar G, Calhoun M.
Hypovitaminosis D in obese children and adolescents:
relationship with adiposity, insulin sensitivity, ethnicity, and
season. Metabolism. 2008;57:183-91.

Clifton-Bligh RJ, MCcElduff P, McElduff A. Maternal
vitamin D deficiency, ethnicity and gestational diabetes.
Diabet Med. 2008;25:678-84.

van der Meer IM, Middelkoop BJC, Boeke AJP, Lips P.
Prevalence of vitamin D deficiency among Turkish,
Moroccan, Indian and sub-Sahara African populations in
Europe and their countries of origin: an overview.
Osteoporos Int. 2011;22:1009-21.

Melamed ML, Michos ED, Post W, Astor B. 25-
hydroxyvitamin D levels and the risk of mortality in the
general population. Arch Intern Med. 2008; 168: 1629-37.
Reis JP, von Muehlen D, Miller ER III, Michos ED, Appel
LJ. Vitamin D status and cardiometabolic risk factors in the
United States adolescent population. Pediatrics. 2009;124:
371-9.

CDC. Specifying weighting parameters. [cited 2012/2/19]
Available from: http://www.cdc.gov/nchc/tutorials/ nhanes/
surveydesign/weighting/intro.htm

Feldman HA, Longcope C, Derby CA, Johannes CB, Araujo
AB, Coviello AD, Bremner WJ, McKinlay JB. Age trends
in the level of serum testosterone and other hormones in
middle-aged men: longitudinal results from the
Massachusetts male aging study. J Clin Endocrinol Metab.
2002;87:589-98.

Weissberger AJ, Ho KK. Activation of the somatotropic
axis by testosterone in adult males: Evidence for the role of
aromatization. J Clin Endocrinol Metab. 1993;76:1407-12.
Seeman E. Unresolved issues in osteoporosis in men. Rev
Endocr Metab Disord. 2001;2:45-64.

Hurskainen AR, Virtanen JK, Tuomainen TP, Nurmi T,
Voutilainen S. Association of serum 25-hydroxyvitamin D
with type 2 diabetes and markers of insulin resistance in a
general older population in Finland. Diabetes Metab Res
Rev. 2012;28:418-23.

Maestro B, Campion J, Davila N, Calle C. Stimulation by
1,25-dihydroxyvitamin D3 of insulin receptor expression
and insulin responsiveness for glucose transport in U-937
human promonocytic cells. Endocr J. 2000;47:383-91.



Association of 25-hydroxyvitamin D with diabetes

545

51.

52.

53.

54.

55.

Gedik O, Akalin S. Effects of vitamin D deficiency and
repletion on insulin and glucagon secretion in man.
Diabetologia. 1986;29:142-5.

Lind L, Pollare T, Hvarfner A, Lithell H, Sorensen OH,
Ljunghall S. Long-term treatment with active vitamin D
(alphacalcidol) in middle-aged men with impaired glucose
tolerance. Effects on insulin secretion and sensitivity,
glucose tolerance and blood pressure. Diabetes Res. 1989;
11:141-7.

Orwoll E, Riddle M, Prince M. Effects of vitamin D on
insulin and glucagon secretion in non-insulin-dependent
type 2 diabetes . Am J Clin Nutr. 1994;59:1083-7.
Borissova AM, Tankova T, Kirilov G, Dakovska L,
Kovacheva R. The effect of vitamin D3 on insulin secretion
and peripheral insulin sensitivity in type 2 diabetic patients.
Int J Clin Pract. 2003;57:258-61.

Pittas AG, Dawson-Hughes B. Vitamin D and diabetes. J
Steroid Biochem Mol Biol. 2010;21:425-9.

56.

57.

58.

59.

60.

61.

Mathieu C, Gysemans C, Giulietti A, Bouillon R. Vitamin D
and diabetes. Diabetologia. 2005;48:1247-57.

Campbell IT, Jarrett RJ, Keen H. Diurnal and seasonal
variation in oral glucose tolerance: studies in the Antarctic.
Diabetologia. 1975;11:139-45.

Behall KM, Scholfield DJ, Hallfrisch JG, Kelsay JL, Reiser
S. Seasonal variation in plasma glucose and hormone levels
in adult men and women. Am J Clin Nutr. 1984;40:1352-6.
Ishii H, Suzuki H, Baba T, Nakamura K, Watanabe T.
Seasonal variation of glycemic control in type 2 diabetic
patients. Diabetes Care. 2001;24:1503.

Kuchuk NO, van Schoor NM, Pluijm SM, Chines A, Lips P.
Vitamin D status, parathyroid function, bone turnover, and
BMD in postmenopausal women with osteoporosis: global
perspective. ] Bone Miner Res. 2009;24:693-701.

Mitri J, Muraru MD, Pittas AG. Vitamin D and type 2
diabetes: a systematic review. Eur J Clin Nutr. 2011;65:
1005-15.



546 BK Lee, S Park and Y Kim

Original Article

Age- and gender-specific associations between low
serum 25-hydroxyvitamin D level and type 2 diabetes in
the Korean general population: analysis of 2008-2009
Korean National Health and Nutrition Examination
Survey data

Byung-Kook Lee MD', Sunmin Park phD*, Yangho Kim MD’

! Institute of Environmental and Occupational Medicine, Soonchunhyang University, South Korea

’Dept. of Food and Nutrition, Hoseo University, South Korea

’Department of Occupational and Environmental Medicine, Ulsan University Hospital, University of Ulsan
College of Medicine, Ulsan, South Korea

FBERA AL M5 255482 2 DEARIS 23R4
Bifeh e E 802 2 Ap i 0 2008-2009 3t B R % i
BEEBETHZALH

T AP EROFTHR KA 2008-2009 FEREAZEE Y ED L A HERS
EFAP - FHENLBHRA S FH 25w lad 2 D(25(OH)D);]¢ vmra’: 2 A F
}57 AR o B E ir\mn“—uw; 2008-2009 #x MBE X B ¥ %0 4 hF
FLo A 2 FA 2007 32009 2 3 E epERF o I R x;cg,ﬁ»wi : ;, i
3’535’3‘4\%"’“5'% %‘imv’?’ﬁ’”%*i kAR - B dE & N A PR 2B A
B2 %% 1 d AFTHEET R F 25(0H)D}a)§1bt’ 5 274
WARRE AR £ H bt ok 7 B F 25(OH)D & 5 2 414
%%%iﬁﬁﬁﬂpw%°%P“”@T’%@mDﬁﬁaﬁgékEkﬁg
FIEG RFELAM o B 0 M 250D kA& % 2 AW fjm 7 b E 8~
W ApM o T at F Dy EFEEFRRES 2 J+%@@\Wm¢ 5 {E
PRz s fRA 2K 25(OH)D ERES 2 AR AT Fi
B~ B# R LA - Rl

Y - ?’a‘.j‘_;% D-» %)5}'\}?‘3 S EE PERTI I 25-'1'3“_%512‘_;% D



