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The Relationship between Serum
25-Hydroxyvitamin D, Parathyroid
Hormone and the Glomerular Filtration
Rate in Korean Adults: The Korea National
Health and Nutrition Examination Survey
between 2009 and 2011

Sung-Woo Han, Sung-Jin Kim, Duck-Joo Lee, Kwang-Min Kim, Nam-Seok Joo*

Department of Family Practice and Community Health, Ajou University School of Medicine, Suwon, Korea

Background: The glomerular filtration rate (GFR) decreases with age, while parathyroid hormone (PTH) increases. There
are a few reports only on the relationship between GFR and PTH under the category of serum 25-hydroxyvitamin D
(25[OH]D) concentration.

Methods: Using the Korea National Health and Nutrition Examination Survey (KNHANES) data, a cross-sectional study was
conducted on the association between serum 25(OH)D concentration, GFR and PTH in Korean adults aged 50 years or
older. Serum PTH concentration was compared to the tertiles of GFR after adjustment for relevant variables. In addition,
the serum PTH concentration was compared with the GFR under the category of serum 25(0OH) D concentration (<20,
20-30, >30 ng/mL).

Results: The mean estimated GFR (eGFR) was 74.8 mL/min in men and 73.1 mL/min in women. The mean PTH and
25(0H) D was 66.8 pg/mL, 20.5 ng/mL in men and 69.0 pg/mL, 18.2 ng/mL in women. The serum PTH concentration
showed a significant negative correlation with the serum 25(0OH) D and eGFR in both genders. The serum PTH
concentration significantly increased at the lower tertile of eGFR in male adults In addition, a decrease of serum PTH
concentration was marked in the vitamin D sufficient male adults (>30 ng/mL).

Conclusion: This present study demonstrated that serum PTH concentration showed negative correlation with eGFR,
however, serum PTH increase may be minimized by maintaining proper serum 25(0H)D concentrations under similar
eGFR status in Korean adults aged 50 and above.
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Vitamin D is a fat-soluble vitamin with various health bene-
fits."> The traditional function of vitamin D is to increase the
intestinal absorption of calcium for proper mineralization of

59)

bone,” to regulate blood pressure by various mechanisms™ and

to stimulate kidney reabsorption of calcium and phosphate, mainly
10)

through its dominant active metabolite 1,25-dihydroxyvitamin D.

Vitamin D deficiency has been recognized as a pandemic with
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a myriad of health consequences."”” Low vitamin D status has
been associated with an increased risk of type 1 diabetes mellitus,
cardiovascular diseases, certain cancers, cognitive declines,
depressions, pregnancy complications, autoimmunity, allergies
and even frailty."*"* Parathyroid hormone (PTH) is an important
hormone for bone health which maintains the normal serum
concentrations of calcium and phosphate. Persistently increased
PTH concentrations will increase bone turnover, causing negative

19 This leads not

bone balance and an increased fracture risk.
only to bone loss but to increased bone remodeling also, which
is recognized as an important contributor to bone strength.'®’
PTH is regulated through levels of vitamin D and calcium and
vitamin D insufficiencies are generally associated with an increase
in PTH."” Although the most-studied and best-known function
of vitamin D together with PTH, is related to bone metabolism,18>
many studies show evidence of the relationship between low
levels of 25-hydroxyvitamin D (25[OH]D) and chronic kidney
disease (CKD)."”* PTH is negatively correlated with glomerular
filtration rate (GFR).**” Elevated PTH levels, considered one
of the earliest markers of abnormal bone mineral metabolism in
CKD, have been frequently reported in clinic-based studies in
patients with renal insufficiency.****

Actually, there is little known about the relationship between
serum 25(OH)D concentration, serum PTH concentration
and estimated GFR (eGFR) in Korean adults. Therefore, the
aim of this study was to examine the relationship between
serum 25(OH)D concentration, serum PTH concentration
and eGFR in a large sample of Korean adults aged over 50 using
the Korea National Health and Nutrition Examination Survey
(KNHANES) which was conducted between 2009 and 2011.

METHODS

1. Participants

KNHANES, conducted periodically by the Korea Centers
for Disease Control and Prevention since 1998, provide
comprehensive information about the health status, health
behavior, nutritional status and sociodemographic data of 600
national districts in Korea. For the present study data were used
from the fourth (IV-3, 2009), fifth (V-1, 2010) and fifth (V-
2,2011) KNHANES consisting of a health interview survey, a
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nutrition survey and a health examination survey. Data about
demographic characteristics, diet and health related variables
were collected through personal interviews and self-administered
questionnaires. Physical examinations, blood samplings and urine
samplings were carried out at a mobile examination center. Data
samplings containing serum 25(OH)D concentrations, serum
PTH concentrations and serum creatinine (Cr) were used in this
cross-sectional analysis. The eGFR (mL/min) was calculated
from age, sex, body weight, and serum Cr concentration using
the Cockeroft-Gault formula. From an initial total of 37,753 men
and women, 13,682 subjects (5,872 men and 7,810 women) were
evaluated aged 50 years and older with serum 25(OH)D, serum
PTH and eGFR. From this, 4,551 subjects were excluded because
of missing data on serum 25(OH)D (1,684 subjects), serum PTH
(4,532 subjects), serum Cr (1,371 subjects) or a missing body
weight (572 subjects). For 3,608 subjects combined missing data
were noted. Additionally, 598 subjects were also excluded because
of the use of vitamin or mineral supplements. Among them, 20
subjects were excluded because of underlying chronic renal failure
and too-high serum PTH concentrations (>300 pg/mL). Finally
the analysis was conducted with the data of 8,502 subjects (3,777
males and 4,725 females) as shown in Figure 1. All participants

provided written informed consent before the survey.

2. Biochemistry and Dietary Assessment

Blood samples were collected from the antecubital vein of
each participant after fasting overnight. The blood samples were
properly processed, refrigerated at 2°C to 8°C and shipped to
the Central Testing Institute (NeoDin Medical Institute, Seoul,
Korea). Serum 25(OH)D concentration was measured with a
radioimmunoassay kit (DiaSorin Inc,, Stillwater, MN, USA) using
a g-counter (1470Wizard; PerkinElmer, Turku, Finland). Serum
25(OH) D was measured in the same institute. Quality control
was conducted every other week throughout the analysis period
to minimize analytical variation. Serum 25(OH) D was divided
into three groups: a group with vitamin D deficiency (<20 ng/
mL), a group with vitamin D insufficiency (<20-30 ng/mL) and
a group with vitamin D sufficiency (>30 ng/mL) according to
the American Guidelines.””

Intact PTH (iPTH) was measured using the N-tact PTH assay
with LIAISON (Diasorin) by chemiluminescence immunoassay

method. An elevated serum iPTH was defined as >70 pg/mL
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Assessed for eligibility (n = 37,753)
« KNHANES (2009—2011)

Excluded (n = 24,071)
« <50 years old

n = 13,682
«Male (n = 5,872)
«Famale (n = 7,810)

Excluded due to missing

date (n = 4,551)
«25-hydroxyvitamin D: 1,684
*PTH: 4,532

*Creatinine: 1,371

*Body weight: 572

+Combined missing data: 3,608

n=9131
«Male (n = 4,004)
«Famale (n = 5,127)

Excluded (n = 598)
«Supplement intake
n=28533

«Male (n = 3,789)
«Famale (n = 4,744)

Excluded (n = 31)
«Underlying chronic renal failure; 20
*PTH > 300 pg/mL: 11

n = 8,502

«Male (n = 3,777)
s Famale (n = 4,725)

Figure 1. Flow diagram of subject inclusion and exclusion in
this study. KNHANES: Korean National Health and Nutrition
Examination Survey, PTH: parathyroid hormone.

based on the cut-point for the definition of an elevated iPTH
according to the K/DOQI guidelines. The eGFR was estimated
by the equation of [ (140 - age) x (body weight)] / (serum Cr x
72) with a factor of 0.85 applied for women. Analyses of fasting
glucose, total cholesterol, high density lipoprotein and triglycerides
were performed by Hitachi Automatic Analyzer 7600 (Hitachi,
Tokyo, Japan) and by enzymatic methods using commercially
available kits (Daiichi, Tokyo, Japan). Nutrient intake, including
the total intake of calories and calcium, were assessed with a
24-hour dietary recall questionnaire administered by a trained
dietician. The results were calculated using the Food Composition
Table developed by the National Rural Resources Development
Institute (7th revision).” Contents of dietary supplements were
not documented in the KNHANES.
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3. Lifestyle Questionnaires

Physical examinations were performed by a trained examiner
following a standardized procedure. Body weight and height were
measured in light indoor clothing without shoes to the nearest
0.1kgand 0.1 cm, respectively. Physical activity was assessed by a
questionnaire and categorized as “yes” or “no” with “yes” meaning
30 minutes of moderate physical activity three or more times in
the last week in which the subject was tired compared to ordinary
levels. Menarche age was determined by a health questionnaire
administered by a trained examiner. Women were classified
into women in menopausal status and women with a hormone

replacement therapy.

4, Statistical Analysis

Complex sample analysis after data weighting was used for
the KNHANES data for the assessment of all values following the
statistics guidance of the Korea Centers for Disease Control and
Prevention. After the assessment, the general characteristics for
both genders were presented including age, waist circumference,
body mass index, total cholesterol, high density lipoprotein,
triglycerides, fasting blood glucose, daily total energy intake, daily
calcium intake, serum parathyroid hormone concentrations,
serum 25(OH)D concentrations and eGFR. To evaluate the
association between serum 25(OH)D concentrations and serum
PTH concentration with eGFR a partial correlation analysis was
performed in female and male subjects after adjustment for age,
body mass index (BMI), job, alcohol intake, smoking status and
moderate physical activity. Serum PTH did not have normal
distribution, however, we did not make a log-transformation,
because log-transformed PTH did not show normal distribution
either and authors decided that using PTH values as they were
had more clinical relevance. We compared the difference in serum
PTH concentrations by eGFR according to the serum 25(OH)
D concentration category (<20, 20-30, and < 30 ng/mL) in both
genders. In addition, we evaluated the interaction of serum PTH
and eGFR according to the serum 25(OH)D concentration
category in both genders. Finally, to determine the association
between eGFR and serum PTH concentration, eGFR was
divided into tertiles in each gender. In these eGRF categories, the
differences in serum PTH concentrations were determined across
the tertiles with the analysis of covariance test after adjustment for

age, BMI, job, alcohol intake, smoking, moderate physical activity,
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daily total energy intake, daily calcium intake, serum 25(OH)
D concentration and additionally for women, menopausal
status, the use of oral contraceptive, or a hormone replacement
therapy. All P-values were P for trend used for assessment of the
significance of all analysis and P < 0.05 was considered significant.
Data were analyzed using PASW SPSS ver. 18.0 (SPSS Inc.,
Chicago, I, USA).

RESULTS

1. General Characteristics of Study Subjects
A total of 8,502 people were enrolled in this trial. The general

characteristics of the study participants are shown in Table 1. The
serum 25(OH)D concentration and the eGFR in male adults
were on average higher than in females (20.5 £ 0.1 ng/mL vs.
182 £ 0.1 ng/mL and 74.8 + 0.3 mL/min vs. 73.1 + 0.3 mL/min,
respectively). The Serum PTH concentration was higher in female
(69.0+ 0.6 pg/mL) than in male adults (66.8 + 0.4 pg/mL).

2. Correlation between 25-Hydroxyvitamin
D, Parathyroid Hormone and Estimated
Glomerular Filtration Rate

To determine the association between serum 25(OH)D

Table 1. General characteristics of study subjects by gender
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concentration and serum PTH concentration with eGFR, a
partial correlation analysis was conducted (Table 2). A significant
relationship was shown in both genders between serum 25(OH)
D and the PTH concentration (r = —0.16, P < 0.001 in male
adults; r = —0.18, P < 0.001 in female adults). Additionally to an
inverse relationship between serum 25(OH)D and serum PTH,
serum PTH showed a significantly inverse correlation with eGFR
in both genders (r = —0.087, P < 0.001 in male; r = —0.054, P <
0.001 in female adults).

Table 2. Correlations between 25(0OH)D, PTH and GFR

Male Female
Variable
25(OH)D PTH 25(OH)D PTH
25(OH)D 1 —0.16** 1 —0.18**
PTH —0.16** 1 —0.18** 1
GFR 0.024 —0.087** —0.036* —0.054**

All values represent Pearson partial correlation coefficient (r) after
adjustment with age, body mass index, Job, alcohol intake, smoking,
and moderate physical activity.

25(0OH)D: serum 25-hydroxyvitamin D, PTH: parathyroid hormone,
GFR: estimated glomerular filtration rate.

*P <0.05. **P <0.001.

Characteristic

Male (n=3,777) Female (n =4,725)

Age (y)

Waist circumference (cm)

Body mass index (kg/m?)

Total cholesterol (mg/dL)

High density lipoprotein (mg/dL)
Triglyceride (mg/dL)

Fasting blood glucose (mg/dL)
Energy (kcal/d)

Calcium (mg/d)

Parathyroid hormone (pg/mL)
Serum 25-hydroxyvitamin D concentration (ng/mL)

Estimated glomerular filtration rate (mL/min)

61.8+0.2 62.8+0.2
85.2+0.1 82.4+0.1
23.7£0.0 243+0.0
186.1 £ 0.6 201.1+0.5
48.7+0.3 52.0+0.2
157521 136.8 1.2
106.0 £ 0.6 101.2£0.5
2,140.9+20.4 1,571.7+9.0
545.4+6.3 4253 +4.7
66.8 £0.4 69.0 +0.6
20.5+0.1 18.2+0.1
74.8+0.3 73.1+0.3

Values are presented as mean + standard error after data weighting. Energy: daily total energy intake, Calcium: daily dietary calcium intake.
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Men Women

20 ng/mL > 25(OH)D 20 ng/mL > 25(OH)D

PTH (pg/mL)
PTH (pg/mL)

0 50 100 150 200 0 50 100 150 200

GFR GFR
B E
20 ng/mL < 25(0OH)D < 30 ng/mL 20 ng/mL < 25(0OH)D < 30 ng/mL

250 250

225 225 °

200 200 °
~ 1751 —~ 175
- —
% 150 %, 150
2 1251 2 125+
E 100 E 100
0 75 8 75-

50 50
25 25
0 ° 0 °
T T T T T T T T T T
0 50 100 150 200 0 50 100 150 200
GFR GFR
C F
30 ng/mL < 25(0OH)D 30 ng/mL < 25(0OH)D

PTH (pg/mL)
PTH (pg/mL)

0 50 100 150 200 0 50 100 150 200
GFR GFR

Figure 2. Comparison of serum PTH concentration by GFR according to serum 25(0OH)D category in Men (A, B, C), and Women (D, E, F)
adults. A (men) and B (women) show the difference of serum PTH by eGFR according to the serum 25(OH)D category (<20 ng/mL, 20-30
ng/mlL, <30 ng/mL). This scatter-plot curves show that serum PTH concentration increases as the eGFR decreases at the serum 25(0OH)
D <20 ng/mL in both genders. However, as the serum 25(0H)D increases, serum PTH concentration decreases, even though the eGFR
decreases. This figures were made by no relevant variables adjustment, but simple relation between serum PTH and eGFR according to the
serum 25(0OH)D category. The interaction between PTH and eGFR, however, was significant in the serum 25(OH)D <20 (P = 0.003), 20-30
(P=0.129), >30 (P = 0.571) ng/mL in male adults and 25(0OH)D <20 (P < 0.001), 20-30 (P = 0.005), >30 (P = 0.006) ng/mL in female adults,
respectively. 25(OH)D: 25-hydroxyvitamin D, PTH: parathyroid hormone, GFR: glomerular filtration rate, eGFR: estimated GFR.
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3. Serum Parathyroid Hormone Concentration
by Tertiles of Estimated Glomerular Filtration
Rate

Serum PTH concentration in men significantly increased
with the reduction of eGFR (P for trend = 0.001). Whereas,
serum PTH concentration in the lowest eGFR group in female
adults increased without statistical significance. Further, the effect
of serum 25(OH)D concentration on the relationship between
eGFR and serum PTH was compared with serum 25(OH)
D (<20, 20-30, >30 ng/mL). Even though eGFR decreased,
serum PTH concentration remained low in both genders, except
in the top category of 25(OH)D in female adults (Figure 24,
B). However, in the evaluation of interaction between PTH
and GFR, it was shown the significant in the serum 25(OH)
D <20 (P = 0.003), 20-30 (P = 0.129), >30 (P = 0.571) ng/
mL in male adults and 25(OH)D <20 (P < 0.001), 20-30 (P =
0.005), >30 (P = 0.006) ng/mL in female adults, respectively
(data not showing). To explore the association between eGFR
and serum PTH concentration, eGFR was divided into tertiles
in both genders. Data were adjusted for age, BMI, job, alcohol
intake, smoking status, moderate physical activity, daily total
energy intake, daily dietary calcium intake, and serum 25(OH)D
concentration. The concentration of serum PTH concentration

in each eGFR tertile is shown in Table 3.

DISCUSSION

This study examined serum concentrations of 25(OH)

D and serum PTH in relation to eGFR in subjects aged over

Sung-Woo Han, et al: Serum 25(0H)D, GFR, and PTH

This cross-sectional study reveals that low levels of serum
25(OH)D are common in the study population. As expected,
an inverse relationship between serum 25(OH)D and serum
PTH was found also. This reflects the fact that PTH secretion
is stimulated by decreased vitamin D levels. The serum PTH
showed a significant but weak negative correlation with eGFR
in both genders additionally. The subjects of the lowest eGFR
group presented significantly higher serum PTH concentration
compared with those of the middle and highest male adult groups.
On the other hand, the serum PTH concentration increased
in the lowest eGFR group more than in the middle and highest
female adult groups without statistical significance. In this study,
the majority of female participants (94.2%) were categorized into
the vitamin D insufficiency or deficiency groups. Therefore, the
results may be affected due to a skewed distribution of vitamin
D levels and a lack of adequate numbers of sufficient vitamin
D levels. Furthermore, eGFR reductions amplified the serum
PTH response for a given 25(OH)D level, especially for the low
of 25(OH)D levels compared to those with middle and highest
serum 25(OH)D levels in both groups.

The elderly population is at particular at risk for clinical
complications related to low 25(OH)D levels. Because of changes
in lifestyle, such as types of clothing worn and less outdoor
activity, sun exposure is usually limited with increasing age. Diet
may also become less varied and with a lower natural vitamin
D content. More importantly, during aging, the production
of vitamin D after exposure to solar UV-B radiation decreases
because of atrophic skin changes with a reduced amount of its
precursor 7-DHC.”*” Also, high latitude (37 degrees north)
and cultural preferences may contribute to low serum 25(OH)D

50 using KNHANES data assessed between 2009 and 2011.  levels.
Table 3. Serum PTH concentration by GFR tertiles
GFR (mL/min)
Men (n=3,777) Women (n =4,725)
T1(17.4-66.1) T2 (66.2-82.6) T3 (82.7-176.8) P-value T1(7.9-64.0) T2 (64.1-80.7) T3 (80.8-180.8) P-value
PTH (pg/mL) 714+1.8 65.9+0.9 63.4+1.1 0.001 71.3+1.2 67.9+0.8 68.1+1.1 0.071

Values are presented as mean + standard error of serum PTH concentration. P-values are P for trend from analysis of covariance test after
adjustment with age, body mass index, job, alcohol intake, smoking status, moderate physical activity, daily total energy intake, daily dietary
calcium intake and serum serum 25-hydroxyvitamin D concentration and menopause, hormone replace therapy, oral contraceptive intake
in case of women.

PTH: parathyroid hormone, GFR: estimated glomerular filtration rate.
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There are emerging data associating high levels of serum
PTH with morbidity and increased mortality. Raised serum PTH

has been associated with weight gain and adiposity”"*

"and with
poor muscle function.* A high serum PTH was also associated
with increased mortality* and time to first fall’® in a frail elderly
population. Although the evidence was far less than for vitamin
D, a community-based prospective study predicted an elevated
PTH level for cardiovascular mortality. By which mechanism the
serum PTH may influence these variables is unknown. A graded
association between lower eGFR and a higher prevalence of
serum PTH > 65 pg/mL was reported among a moderate-size
population of patients (n = 1,814) recruited from clinical offices
in the United States and Canada and enrolled in the Study for the
Early Evaluation of Kidney Disease.” The current study extends
previous findings to a large, nationally representative sample of
the Korean population. In this study, the average serum PTH
concentration was more than >70 pg/mL (714 + 1.8 pg/mL in
man and 71.3 £ 1.2 pg/mL in woman) in the lowest eGFR group
(17.4-66.1 mL/min). Lowest eGFR group included stage 3
chronic kidney disease (éGFR >30-59 mL/min/1.73 m®), stage
4 chronic kidney disease (eGFR >15-29 mL/min/1.73 m®)
and stage S chronic kidney disease (eGFR <15 mL/min/1.73
m”) according to the Kidney Disease Outcome Quality Initiative
(K/DOQI) staging,36) patients did not necessarily have chronic
kidney diseases although. These results demonstrate a strong
association between moderate to severe CKD and a higher
prevalence of elevated serum PTH levels in Korean adults aged
50 and above. With the findings of the present study a mild
elevation of PTH levels could not be interpreted as a risk factor
for deterioration in renal function.

A deficiency of 25(OH)D in the low eGRF group may
aggravate elevations in the serum PTH and the prevention of
vitamin D deficiency may reduce the frequency and severity of
secondary hyperparathyroidism. The majority of the adults with
a reduced eGFR had 25(OH)D levels <30 ng/mL in this study.
Even moderate reductions in renal function have been associated
with significant increases in the risk of hip fractures.”*¥ An
assessment of the serum 25(OH)D status and a correction of
25(OH)D insufficiency are reccommended among patients
with elevated PTH above the target range. A serum 25(OH)
D level with at least 20 ng/mL is required to normalize PTH

levels, to minimize the risk of osteomalacia and for optimal bone

104 | Vol. 35, No. 2 Mar 2014

and muscle function. Many experts consider 30 ng/mL as the
threshold for optimal bone health.”’ There is potentially a great
upside (in terms of overall health improvement and well-being)
to increasing the serum 25(OH)D levels above 30 ng/mL."” The
majority of the current study population is likely to benefit from
a higher vitamin D intake considering that a vitamin D dosage
of 800 IU/d resulted in increases of serum 25(OH)D levels to
greater than 30 ng/mL in 97.5% of postmenopausal women as
shown in a recent study." The current adequate intake (AI) for
vitamin D in Korea is 400 IU/d (50 years old) * An increase of
vitamin D intake to levels above the current Korean Al is needed
for the normalization of PTH levels, optimal bone mass and an
improvement of overall health and well-being.

This study has several limitations. Subjects were limited to
adults over 50 years. Therefore, the result of the study may be
not applicable to younger adults. Most study subjects were in a
state of vitamin D deficiency or insufficiency with their vitamin
concentration levels in serum and the narrow range of vitamin
D concentrations might affect the result. The season of vitamin
D measurement was not adjusted to the study. The prevalence
of vitamin D deficiency and insufficiency is affected by seasonal
variations and latitudes. It increases in the late winter as well as
in the spring and decreases in the summer."” However, these
factors may not be the confounders of the association because
all participants in KNHANES were randomly selected through
all seasons. Data for 1,25(OH)2D were also not collected to
further explore the influence of this important metabolite on
PTH levels. It is true that serum 25(OH)D is inactive and it may
not represent the actual total body store of the main regulatory
hormone 25(OH)D or I,ZS(OH)ZD.‘M) However, 25(OH)D is
the substrate for 1,25(OH)2D, presenting in circulation with a
about 1,000 times higher concentration than 1 ,25(OH)2D* and
1,25(OH)D. It is not routinely measured in clinical practice and it
will not necessarily limit our observations about the relationship
between 25(OH)D and PTH. Finally, we were not sure why
serum PTH decrease was significant according to the category of
serum 25(OH)D concentration and eGFR only in male adults.
The difference of body composition, calcium intake, and other
metabolic parameters might be some of the causes of gender
difference in serum PTH concentration.

In conclusion, this study demonstrated that serum PTH

concentration showed negative correlation with eGFR; however,
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serum PTH increase may be minimized by maintaining proper
serum 25(OH)D concentration under similar eGFR status in
Korean adults aged 50 and above. Therefore, maintaining serum
25(OH)D concentration to avoid a vitamin D deficiency is very

important to keep serum PTH at lower concentrations.
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