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Association between serum vitamin D, parathyroid hormone
and metabolic syndrome in middle-aged and older
Korean adults
J Kim1,2

BACKGROUND/OBJECTIVES: This study explored the association between serum 25-hydroxyvitamin D (25(OH)D) or parathyroid
hormone (PTH) concentrations and the risk of metabolic syndrome (MetS) in middle-aged and older Korean adults using the most
recent, nationally representative survey data.
SUBJECTS/METHODS: The study sample consisted of 2624 Korean adults (⩾50 years old) who participated in the fifth Korean
National Health and Nutrition Examination Surveys. Serum 25(OH)D was measured by radioimmunoassay and serum PTH was
measured using chemiluminescence assay. MetS was defined according to the joint interim statement of the International Diabetes
Federation and the American Heart Association/National Heart, Lung, and Blood Institute.
RESULTS: Serum 25(OH)D concentrations were significantly lower in subjects with MetS than in subjects without MetS, and the
prevalence of MetS significantly decreased according to quartiles of serum 25(OH)D concentration. Serum 25(OH)D concentrations
were negatively associated with the risk of elevated blood pressure (P for trend = 0.039), hypertriglyceridemia (P for trend = 0.0474)
and reduced high-density lipoprotein cholesterol (P for trend = 0.0139), whereas serum PTH concentrations were positively
associated with the risk of elevated blood pressure (P for trend = 0.0002) after adjusting for age, gender, residential district,
education level, income, smoking status, body mass index, alcohol intake and physical activity. Furthermore, serum 25(OH)D
concentrations were inversely associated with the risk of MetS after adjusting for confounding factors (P for trend = 0.0163).
However, serum PTH concentrations were not associated with the risk of MetS.
CONCLUSION: Serum 25(OH)D concentration may be an independent risk factor of MetS among middle-aged and older Korean
adults.
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INTRODUCTION
Vitamin D is a fat-soluble vitamin that can be produced in the skin
following sun exposure, or ingested through diet and supple-
mentation. Evidence suggests that 25-hydroxyvitamin D (25(OH)
D), a generally accepted indicator of vitamin D status, is associated
with insulin resistance, obesity and dyslipidemia, along with its
role in calcium homeostasis and bone metabolism.1,2 Some recent
epidemiologic studies have suggested that 25(OH)D status is
inversely associated with metabolic syndrome (MetS) or its
components,3–7 whereas other studies have produced conflicting
results.8,9 MetS is a cluster of metabolic risk factors including
abdominal obesity, hypertension, dyslipidemia and hyperglyce-
mia, all of which are associated with an increased risk of
developing cardiovascular disease.10 Some studies have indicated
that parathyroid hormone (PTH), an important calcium-regulating
hormone, is positively correlated with MetS and its compo-
nents;9,11 other studies reported no association between PTH and
MetS.4,12

Although ethnic differences could affect vitamin D metabolism
and levels,13 evidence of an association between 25(OH)D, PTH
and MetS in Asian populations is very limited. The fourth Korean
National Health Nutrition and Examination Survey (KNHANES IV-2),
conducted in 2008, found that the prevalence of vitamin D

deficiency (o50 nmol/l) was 56% in Korean adults aged 419
years. Furthermore, Koreans, especially adults and the elderly aged
⩾ 50 years, have low dietary intakes of dairy calcium and vitamin D
compared with people from Western countries because Koreans
have a high prevalence of lactose intolerance and traditionally do
not consume dairy.10 The prevalence of MetS is rapidly increasing
in Korean adults14 because of changes in dietary habits15 and a
reduction in physical activity.
According to data from the KNHANES III, 33.1% of Korean

men and 26.1% of Korean women aged ⩾ 30 years had MetS
based on the National Cholesterol Education Program Adult
Treatment Panel III criteria.10 We hypothesized that vitamin D
deficiency and increased PTH level might be associated with
MetS in the Korean adults. Thus, it is critical to identify the
association between 25(OH)D, PTH and MetS in older Korean
populations.
To the best of our knowledge, this is the first population-based

study to explore the association of both serum 25(OH)D and PTH
levels with MetS in a Korean population.
The present study investigated the association between serum

25(OH)D and PTH levels and MetS in middle-aged and older
Korean adults using the most recent nationally representative
survey data.
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MATERIALS AND METHODS
Study population
The study was based on the fifth KNHANES (V-1), a cross-sectional and
nationally representative survey carried out by the Korean Center for
Disease Control and Prevention (CDC) from October to December 2010.
The survey used a stratified multistage probability sampling design. Of the
8958 Koreans who participated in the original health examination study,
3273 adults aged ⩾ 50 years were selected for the present study. However,
649 were then excluded because socioeconomic, anthropometric or
biochemical data were lacking. Ultimately, 2624 Korean adults (1172 men
and 1452 women) were eligible for the analysis and constituted the study
cohort. Informed written consent for participation was obtained from all
study subjects. In addition, the study was approved by the Korea CDC
Institutional Review Board.

Measurements
Height and body weight were measured as part of the health examination.
Body mass index (BMI) was calculated from measured height and weight.
Waist circumference was measured to the nearest 0.1 cm at the narrowest
point between the lowest rib and the uppermost lateral border of the right
iliac crest. Blood pressure was measured with a Baumanometer mercury
sphygmomanometer (WA Baum, Copiague, NY, USA) after subjects had
rested for 5 min in a sitting position. Systolic and diastolic blood pressures
(SBP and DBP) were measured at phase I and V Korotkoff sound,16

respectively. Three SBP and DBP readings were recorded, and the average
of the last two readings was used for data analysis. The blood samples
used to measure fasting plasma glucose, triglycerides (TGs), high-density
lipoprotein cholesterol (HDL-C), insulin, 25(OH)D and PTH in serum were
collected after an overnight fast. All biochemical analyses were carried out
within 2 h of blood sampling. Fasting plasma glucose, TGs and HDL-C were
measured enzymatically using a Hitachi automatic analyzer 7600 (Hitachi,
Tokyo, Japan). Insulin was measured using a gamma-Counter (1470
WIZARD gamma-counter, PerkinElmer, Turku, Finland) with immunoradio-
metric assay (INS-IRMA, Biosource, Nivelles, Belgium). Serum 25(OH)D
concentrations were measured using a gamma counter (1470 WIZARD
gamma-counter, PerkinElmer) with a radioimmunoassay (25-Hydroxyvita-
min D 125I RIA kit; DiaSorin, Stillwater, MN, USA).17 All intra- and interassay
coefficients of variation for 25(OH)D were o12.5% and o11%,
respectively. Serum PTH concentrations were measured using LIAISON
(DiaSorin) and a chemiluminescence immunoassay (N-tact PTH assay;
DiaSorin) measured intact PTH.18 All intra- and interassay coefficients of
variation for PTH were o5.3% and o6.3%, respectively.

Definition of metabolic syndrome
MetS was defined according to the joint interim statement issued by the
International Diabetes Federation and the American Heart Association/
National Heart, Lung, and Blood Institute. This statement defines a person
with MetS as an individual who meets three or more of the following
criteria:19 abdominal obesity (waist circumference 490 cm for men or
480 cm for women); elevated blood pressure (SBP/ DBP ⩾ 130/85mmHg)
or daily use of antihypertensive medication; hyperglycemia (fasting plasma
glucose ⩾ 5.5 mmol/l) or current use of insulin or oral hypoglycemia
medication or a physician’s diagnosis of hypertriglyceridemia (TG ⩾ 1.7
mmol/l) or low HDL-C (HDL-C o1.04mmol/l in men or o1.30 mmol/l in
women).

Covariates
Information about lifestyle factors was obtained using a self-administered
questionnaire and verified by personal interview. Subjects were categorized
as living in either an urban or rural residential district. Seoul, its
surrounding metropolitan area (Gyeonggi) and six other metropolitan
cities (Busan, Daegu, Incheon, Gwangju, Daejeon and Ulsan) in South Korea
were considered urban areas. The remaining regions (Gangwon, Chung-
buk, Chungnam, Jeonbuk, Jeonnam, Gyeonbuk, Gyeongnam and Jeju)
were considered rural areas. Education levels were categorized into three
groups: ⩽ 6 years (elementary school level), 6–12 years (high school level)
and ⩾ 12 years (college level). Smoking status was classified as nonsmoker,
former smoker (for at least 1 year) or current smoker. Alcohol intake was
assessed by a questionnaire regarding the frequency of alcohol use during
the previous year; responses were then converted into alcohol intake per
week. Alcohol intake was used to categorize the participants into three
groups: nondrinker, light or moderate drinker (o2 times/week) and heavy

drinker (⩾2 times/week). Physical activity was categorized two groups:
regular physical activity group (hard exercise for ⩾ 20min/session, ⩾ 5
sessions/week; moderate exercise for ⩾ 30min/session ⩾ 5 sessions/week;
or walking for ⩾ 30min/sessions ⩾ 5 sessions/week) or nonregular physical
activity group.

Statistical analyses
Data are expressed as numbers and percentages, or as mean± s.d.
Differences between subjects with MetS and those without MetS were
evaluated using the Wilcoxon rank sum test or the χ2-test, as appropriate.
Differences among the four groups according to quartiles of serum 25(OH)
D level were determined using a generalized linear model (Duncan’s test of
multiple comparisons). Multivariable-adjusted logistic regression analysis
was conducted to determine odds ratios (ORs) and 95% confidence
intervals (CIs) for the risk of MetS or its components across quartiles of
serum 25(OH)D or PTH levels. Statistical analyses were performed with SAS
version 8.2 (SAS Institute, Cary, NC, USA). The P-values of o0.05 were
considered statistically significant.

RESULTS
The characteristics of the study population according to the
presence of MetS are shown in Table 1. Subjects with MetS were
more likely to be older, to be women and less likely to be
educated. Subjects with MetS were also more likely to have higher
BMI, waist circumference, blood pressure, fasting plasma glucose
and TG, and lower levels of HDL-C. Furthermore, subjects with
MetS had lower levels of serum 25(OH)D. However, serum PTH did
not differ between subjects with and without MetS.
Characteristics of subjects according to quartiles of serum 25

(OH)D concentration are provided in Table 2. Subjects with higher
levels of serum 25(OH)D were more likely to be men, to drink
alcohol and to exercise regularly, and were less likely to smoke
and to live in a rural area. Higher serum 25(OH)D concentrations
were significantly associated with lower BMI and SBP. Further-
more, MetS prevalence and serum PTH concentration decreased
significantly according to quartiles of serum 25(OH)D.
ORs and 95% CIs for MetS components according to quartiles of

serum 25(OH)D are summarized in Table 3. Adjusted ORs for
elevated blood pressure (P for trend= 0.039), hypertriglyceridemia
(P for trend = 0.047) and reduced HDL-C (P for trend= 0.014)
decreased with increasing serum 25(OH)D concentrations.
Adjusted OR for elevated blood pressure (P for trend = 0.0002)
increased across the quartiles of serum PTH levels, whereas the
adjusted OR for hypertriglyceridemia (P for trend= 0.0032) tended
to decrease across the quartiles of serum PTH levels.
The ORs and 95% CIs for MetS according to quartiles of serum

25(OH)D or PTH concentrations are summarized in Table 4. The
unadjusted OR for MetS significantly decreased with increasing
serum 25(OH)D (OR= 0.71, 95% CI: 0.57–0.88 for comparisons of
lowest vs highest quartile; P for trend = 0.0003). This association
remained unchanged after adjusting for potential confounders
such as age, gender, residential district, education level, income,
smoking status, BMI, alcohol intake and physical activity (OR=
0.76, 95% CI: 0.59–0.98 for comparisons of lowest vs highest
quartile; P for trend = 0.016). However, serum PTH concentrations
were not significantly associated with MetS risk.

DISCUSSION
This study found a strong association between serum 25(OH)D
concentrations and MetS in middle-aged and older Korean adults
using the most recent nationally representative survey data.
Serum 25(OH)D concentrations were significantly lower in subjects
with MetS than those without MetS, and the prevalence of MetS
decreased significantly according to quartiles of serum 25(OH)D.
Serum 25(OH)D concentrations were negatively associated with
the risk of elevated blood pressure, hypertriglyceridemia and
reduced HDL-C after adjusting for potential risk factors such as
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age, gender, residential district, education level, income, smoking
status, BMI, alcohol intake and physical activity. Furthermore,
serum 25(OH)D concentrations were inversely associated with the
risk of MetS after adjusting for confounders. However, serum PTH
levels were not significantly associated with MetS risk, although
they were significantly associated with the risk of elevated blood
pressure and hypertriglyceridemia. These results suggest that
serum 25(OH)D may be an independent risk factor of MetS among
middle-aged and older Korean adults.
The present finding that serum 25(OH)D was strongly asso-

ciated with the risk of MetS is consistent with previous studies.
Among 8421 US subjects aged ⩾ 20 years, adjusted ORs for MetS,
abdominal obesity, hypertriglyceridemia and hyperglycemia sig-
nificantly decreased across increasing quintiles of serum 25(OH)D
concentrations.3 Li et al.20 also reported that in 1390 Chinese
adults aged 20–82 years, a 10 nmol/l increase in serum 25(OH)D
was associated with a 10% lower risk of MetS. This same study
found that serum 25(OH)D was negatively associated with high TG

and reduced risk of HDL-C. In a prospective study of 4330
individuals aged 30–60 years, at 5-year follow-up, serum 25(OH)D
levels were inversely associated with incidence rates of MetS and
hypercholesterolemia.1 In contrast, George et al.21 showed a lack
of association between serum 25(OH)D and MetS for Africans and
Asian Indians. One previous study reported no association
between serum 25(OH)D and MetS in Korean adults aged ⩾ 19
years.8 However, the two studies cannot be compared directly
owing to differences on the age of participants and sample
collection period (over four seasons) that might affect the
relationship between serum 25(OH)D and MetS.
Vitamin D may affect the risk of developing MetS and its

components through several mechanisms. The present findings
show that vitamin D seems to be related to lipid profiles and
blood pressure. Vitamin D might influence serum TG through an
increase of intestinal calcium absorption that may ultimately
reduce hepatic TG formation and/or secretion via an effect on
hepatocellular calcium.17,22 In addition, vitamin D could modulate
lipid levels via suppression of PTH secretion, as elevated PTH
concentrations reportedly reduce lipolysis.23 Jorde et al.24 found a
significant increase in serum HDL-C levels and a significant
decrease in serum TG levels across increasing serum 25(OH)D
quartiles. In a longitudinal analysis, an increase in serum 25(OH)D
over 14 years was associated with a significant decrease in serum
TG.24 Similarly, Skaaby et al.1 reported that a 10 nmol/l increase in
serum 25(OH) D was associated with a 48% decrease in TG and a
37% decrease in very-low-density lipoprotein levels, in a
prospective study of 4330 subjects with a 5-year follow-up.
Interestingly, serum 25(OH)D levels were negatively associated

with the risk of elevated blood pressure in this study. A recent
epidemiologic study of a large normotensive population in the
United States found an inverse association between serum 25(OH)
D levels and blood pressure.25 Moreover, in a clinical trial,
supplementation with vitamin D3 and calcium for 8 weeks
increased serum 25(OH)D by 72% and decreased SBP by 9.3%.
This same study found that the effect of short-term supplementa-
tion was greater than calcium alone in elderly women aged ⩾ 70
years.26 Vitamin D may influence blood pressure by regulating the
renin–angiotensin system, an important regulator of blood
pressure.27–29 The treatment of 1,25(OH)2D3, an active form of
vitamin D, suppressed renin expression in 1-α-hydroxylase knock-
out mice independent of calcium or phosphorus.29 The suppres-
sion of renin likely inhibits formation of angiotensin II that
increases salt retention and blood pressure by stimulating
aldosterone secretion and increasing vasoconstriction. Resnick
et al.28 showed that serum 1,25(OH)2D3 levels were inversely
associated with blood pressure in normotensive and hypertensive
subjects and inversely correlated with plasma renin activity in
patients with essential hypertension.
In contrast, the present study found that serum PTH levels were

positively associated with the risk of elevated blood pressure. This
association is consistent with results from other studies.11,30,31 In
1205 Dutch subjects aged ⩾ 65 years, serum PTH levels were
positively associated with blood pressure.31 Moreover, chronic
intravenous PTH infusion for 12 days resulted in hypercalcemia
and hypertension in healthy subjects.30 The underlying mechan-
ism is not yet clear. It may be because of the prosclerotic effect of
PTH on the vascular smooth muscle cells of blood vessels32that
may contribute to vessel wall thickening and consequently result
in higher blood pressure. In addition, PTH activates renal 1-α-
hydroxylase that increases 1,25(OH)2D3. An increase in serum 1,25
(OH)2D3 stimulates calcium influx in a variety of cells, including
vascular smooth muscle cells that results in contraction and
increased peripheral vascular resistance.33 Although there is a
positive association between serum PTH and elevated blood
pressure, serum PTH levels were not associated with MetS risk in
the present study. These results are inconsistent with findings

Table 1. Characteristics of study populationa

Non-MetS
(n= 1538)

MetS
(n= 1086)

P-value

Age (year) 62.7± 8.6 64.5± 8.3 o0.0001

Sex (%)
Men 48.4 39.3 o0.0001
Women 51.6 60.7

Residential district (%)
Urban 64.2 61.8 0.2116
Rural 35.8 38.2

Income (%)
Low 24.2 25.7 0.126
Medium 49.2 51.2
High 26.6 23.1

Education level (%), years o0.0001
⩽ 6 44.3 56.5
6–12 44.3 34.5
⩾ 12 11.4 8.9

Smoking status (%)
Never 55.8 62.0 0.0064
Former 27.2 23.8
Current 17.0 14.3

Alcohol intake (%)
Never 37.2 41.6 0.0415
o2 Times/week 39.3 38.0
⩾ 2 Times/week 23.5 20.4

Physical activity (%)
Regular 52.9 50.9 0.3272

BMI (kg/m2) 22.9± 2.8 25.5± 2.9 o0.0001
WC (cm) 80.0± 8.0 88.5± 8.0 o0.0001
SBP (mmHg) 126.0± 17.5 134.7± 16.2 o0.0001
DBP (mmHg) 77.7± 10.0 80.9± 10.2 o0.0001
FPG (mmol/l) 5.3± 0.9 6.2± 1.6 o0.0001
Fasting insulin (pmol/l) 64.0± 25.1 85.3± 43.0 o0.0001
TG (mmol/l) 1.3± 0.9 2.2± 1.5 o0.0001
HDL-C (mmol/l) 1.4± 0.3 1.2± 0.3 o0.0001
Serum 25(OH)D (nmol/l) 49.5± 18.1 47.5± 18.3 0.0011
Serum PTH (ng/l) 68.2± 31.8 69.9± 30.6 0.2791

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FPG,
fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; MetS,
metabolic syndrome; 25(OH)D, 25-hydroxyvitamin D; PTH, parathyroid
hormone; SBP, systolic blood pressure; TG, triglyceride; WC, waist
circumference. aValues are mean± s.d. or percentages.
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Table 2. Characteristics of subjects according to quartiles of serum 25(OH)D concentrationsa

Quartile 1
(10.3–35.6 pmol/l)

Quartile 2
(35.6–45.9 pmol/l)

Quartile 3
(45.9–59.2 pmol/l)

Quartile 4
(59.2–122.6 pmol/l)

P for trend

N 656 654 657 657
Age (year) 63.5± 8.6bc 63.6± 8.6bc 62.6± 8.4b 64.2± 8.4c 0.01

Gender (%) o0.0001
Men 32.8 40.7 51.5 53.7
Women 67.2 59.3 48.6 46.3

Residential district (%)
Urban 73.3 63.8 60.1 55.6 o0.0001
Rural 26.7 36.2 39.9 44.4

Income (%)
Low 23.2 26.2 24.2 25.7 0.6988
Medium 52.3 50.2 49.5 48.3
High 24.5 23.7 26.3 26.0

Education level (%), years
⩽ 6 52.1 48.2 45.2 52.1 0.0369
6–12 38.3 43.0 43.2 36.5
⩾ 12 9.6 8.9 11.6 11.4

Smoking status (%)
Never 67.5 59.6 53.9 52.4 o0.0001
Former 18.9 22.6 30.4 31.2
Current 13.6 17.7 15.7 16.4

Alcohol intake (%)
Never 45.9 41.7 35.3 33.2 o0.0001
o2 Times/week 38.9 39.3 41.1 35.8
⩾ 2 Times/week 15.2 19.0 23.6 31.1

Physical activity (%)
Regular 46.5 52.8 50.2 58.8 0.0001

BMI (kg/m2) 24.1± 3.3b 24.2± 3.2b 24.0± 2.9b 23.6± 3.0c 0.0027
WC (cm) 83.0± 9.4 84.0± 8.9 83.8± 8.4 83.5± 9.4 0.2339
SBP (mmHg) 130.5± 18.4b 130.6± 17.6b 128.8± 16.5bc 128.4± 17.6c 0.0469
DBP (mmHg) 79.2± 10.2 79.0± 10.2 79.3± 10.6 78.7± 9.8 0.6668
FPG (mmol/l) 5.7± 1.3 5.7± 1.4 5.6± 1.3 5.7± 1.3 0.4488
TG (mmol/l) 1.8± 1.4 1.6± 0.9 1.6± 1.7 1.6±± 1.1 0.0865
Fasting insulin (pmol/l) 76.4± 40.0b 73.9± 31.8b 73.4± 39.4b 67.6± 27.9c o0.0001
HDL-C (mmol/l) 1.3± 0.3 1.3± 0.3 1.3± 0.3 1.3± 0.3 0.0989
Metabolic syndrome (%) 45.7 44.3 38.2 37.3 0.002
Serum 25(OH)D (nmol/l) 28.2± 5.5b 40.8± 2.9c 52.0± 3.8d 73.7± 12.5e o0.0001
Serum PTH (ng/l) 80.4± 41.2b 70.0± 29.6c 65.6± 26.0d 59.7± 20.9e o0.0001

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; 25(OH)D,
25-hydroxyvitamin D; PTH, parathyroid hormone; SBP, systolic blood pressure; TG, triglyceride; WC, waist circumference. aValues are mean± s.d.
or percentages. b,c,d,eDifference of variables among quartile groups were examined by a generalized linear model (Duncan’s test of multiple comparisons).

Table 3. Adjusted odds ratios and 95% confidence intervals for MetS components according to quartiles of serum 25(OH)D or PTH concentrations

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend

Serum 25(OH)D
Abdominal obesitya 1.0 1.27 (1.01–1.60) 1.02 (0.81–1.29) 1.01 (0.80–1.28) 0.629
Elevated blood pressureb 1.0 0.91 (0.71–1.16) 0.92 (0.72–1.18) 0.76 (0.59–0.97) 0.039
High fasting glucoseb 1.0 0.93 (0.74–1.16) 0.74 (0.584–0.929) 0.87 (0.69–1.10) 0.0902
High triglyceridesb 1.0 0.86 (0.68–1.08) 0.81 (0.64–1.02) 0.79 (0.62–1.00) 0.0474
Low HDL-Cb 1.0 0.76 (0.60–0.96) 0.72 (0.57–0.92) 0.74 (0.58–0.94) 0.0139

Serum PTH
Abdominal obesitya 1.0 0.79 (0.58–1.09) 0.53 (0.38–0.73) 0.75 (0.54–1.04) 0.013
Elevated blood pressureb 1.0 0.96 (0.75–2.20) 1.26 (0.99–1.59) 1.49 (1.17–1.91) 0.0002
High fasting glucoseb 1.0 0.93 (0.74–1.17) 0.81 (0.64–1.01) 0.87 (0.69–1.09) 0.1214
High triglyceridesb 1.0 0.74 (0.59–0.94) 0.70 (0.55–0.88) 0.71 (0.56–0.89) 0.0032
Low HDL-Cb 1.0 0.94 (0.74–1.19) 0.77 (0.61–0.98) 0.96 (0.75–1.21) 0.4016

Abbreviations: HDL-C, high density lipoprotein cholesterol; MetS, metabolic syndrome; 25(OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone. aAdjusted
for age, gender, residential district, education level, income, smoking status, alcohol intake and physical activity. bAdjusted for age, gender, residential district,
education level, income, smoking status, body mass index (BMI), alcohol intake and physical activity.
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from previous studies.4,7,9 Given the present inconsistencies in the
literature, further study in this area is warranted.
This study has several limitations. First, it was not possible to

prove a causal relationship because the study was designed cross-
sectionally. Second, sunlight exposure and vitamin D intake were
not measured, and both of these may affect serum 25(OH)D levels.
Third, this study did not consider seasonal variations, although this
is unlikely to affect the results because blood samples were all
collected within a 3-month period. Despite these limitations, to
the best of our knowledge, this is the first study to investigate the
association of both serum 25(OH)D and PTH levels with MetS in a
Korean population from representative survey data.
In conclusion, serum 25(OH)D concentrations were inversely

associated with the risk of elevated blood pressure, hypertrigly-
ceridemia, reduced HDL-C and MetS after adjusting for potential
risk factors in middle-aged and older Korean adults. Serum PTH
levels were associated with reduced abdominal obesity, elevated
blood pressure and low TGs, but were not associated with MetS in
Korean adults. Further prospective studies should be conducted to
explore potential causal relationships between serum 25(OH)D,
PTH and risk of MetS.
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