H . http://dx.doi.org/10.3349/ym].2015.56.3.845 . .
| Original Article | pISSN: 0513-5796, elSSN: 19762437 | Yonsei Med J 56(3):845-852, 2015 YM l

CrossMark
&click for updates

Dietary Calcium and Framingham Risk Score in Vitamin D
Deficient Male (KNHANES 2009-2011)

Sung-Jin Choi,' Kyung-Jin Yeum,? Soo-Jung Park,' Beomhee Choi,* and Nam-Seok Joo'

'Department of Family Practice and Community Health, Ajou University School of Medicine, Suwon;
“College of Biomedical and Health Sciences, Konkuk University, Chungju;

Received: February 27,2014

Revised: July 1,2014

Accepted: August 18,2014
Corresponding author: Dr. Nam-Seok Joo,
Department of Family Practice and
Community Health,

Ajou University School of Medicine,
164 World cup-ro, Yeongtong-gu,
Suwon 443-380, Korea.

Tel: 82-31-219-5324, Fax: 82-31-219-5218
E-mail: jchcmc@hanmail.net

- The authors have no financial conflicts of
interest.

© Copyright:
Yonsei University College of Medicine 2015

This is an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

CHA Anti-aging Institute, CHA University, Seoul, Korea.

Purpose: The association between excess calcium intake and cardiovascular mor-
tality has already been reported. In the present study, we investigated the relation
between dietary calcium intake and Framingham Risk Score (FRS) according to
serum 25-hydroxyvitamin D [25(OH)D] status. Materials and Methods: A total
of 7809 subjects (3452 males and 4357 female) aged over 40 years were selected
for this cross-sectional study from data obtained from the Korea National Health
and Nutrition Examination Survey (2008-2011). Daily dietary calcium intake was
categorized into <300, 300—600, 600-900, 900—1200, and >1200 mg/day and se-
rum 25(OH)D concentration classified into <50, 5075, >75 mmol/L. The FRS
was compared by the daily dietary calcium intake categories according to 25(OH)
D concentration after adjustment with relevant variables in both genders. Results:
Higher FRS was observed in males with both <300 mg and >1200 mg of dietary
calcium intake and females with <300 mg of dietary calcium intake without ad-
justment. The significantly higher FRS remained in the <300 mg and >1200 mg of
dietary calcium intake groups in both genders after adjustments for relevant vari-
ables. FRS was significantly higher in the group with >1200 mg of dietary calcium
intake and serum 25(OH)D <50 nmol/L, which was the male only vitamin D defi-
cient group. Conclusion: Very low (<300 mg/day) and excess (>1200 mg/day) di-
etary calcium intake were related with higher FRS in both genders. In particular,
higher FRS was observed in the excess (>1200 mg/day) dietary calcium intake
male group under vitamin D deficiency (<50 nmol/L).

Key Words: 25-hydroxyvitamin D, calcium, coronary disease

INTRODUCTION

A large number of studies have shown a potential relationship between serum cal-
cium concentration and cardiovascular disease.'”’” In 1996, Reunanen, et al.® found
an increased risk of premature death in men (<50 years) with increasing serum
calcium concentration. Calcium supply is usually assessed through evaluation of
dietary calcium or supplementary intake. Dietary calcium intake has been empha-
sized because of its proposed benefit for bone health and calcium supplementation
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has become widely used. A recent study® reported that
more than 50% of older men and almost 70% of older
women in the United States were taking supplemental cal-
cium. However, its non-skeletal effects, including effects
on cardiovascular health, are not established and remain
largely unknown and controversial.'*!!

A Swedish population-based investigation of men with
relatively high intakes of dietary calcium showed a reduc-
tion in all-cause mortality when taking more than the rec-
ommended daily amount."? Previous observational and in-
terventional studies suggested a calcium benefit against
cardiovascular diseases.*"'> However, the most recent study
from the National Institute of Health-AARP Diet and
Health Study showed that high intake of supplemental cal-
cium is related to an increased risk of cardiovascular dis-
ease in men but not in women.? In addition, there is no pre-

n=37753, assessed for eligibility
KNHANES (2008-2011)

n=18643 excluded due to age
<40 years old

n=19110
Male, n=8315
Female, n=10795

n=7798 excluded due to missing data
Serum 25 hydroxyvitamin D (2266)
Dietary calcium intake (4008)
Smoking history (10384)
Total cholesterol (993)
High-density lipoprotein (5180)
Systolic blood pressure (3)

n=11312 (>40 years old)
Male, n=4708
Female, n=6604

n=2390 excluded due to diseases
Stroke (184), myocardial infarction (106),
angina pectoris (126), osteoporosis (671),
chronic obstructive pulmonary disease (65),
diabetes mellitus (1185), thyroid disease
(240), current cancers (120)
Combined diseases (177)

n=8922
Male, n=3859
Female, n=5063

n=1113 excluded
Supplements intake

n=7809, included in analysis
Male, n=3452
Female, n=4357

Fig. 1. Flow diagram of subject inclusion and exclusion in the Korea
National Health and Nutrition Examination Surveys. This figure shows the
selection of study subjects in the KNHANES 2008-2011. KNHANES, Korea
National Health and Nutrition Examination Survey.

vious report that accounts for dietary calcium intake
according to serum 25-hydroxyvitamin D [25(OH)D] con-
centration on cardiovascular diseases and various health
condition.

Framingham Risk Score (FRS) is generally considered as
a tool to assess future cardiovascular risk.'® Dietary calcium
intake and serum 25(OH)D concentration in Korean are
low compared to other western countries such as the United
States''® and it is highly possible that FRS can be differ-
ently associated with the dietary calcium intake according
to the serum 25(OH)D concentration. Therefore, the aim of
this study was to evaluate the relation of daily calcium in-
take with FRS according to serum 25(OH)D concentration
in Korean males and females, aged over 40 years of age,
using the Korea National Health and Nutrition Examination
Survey (KNHANES, 2008-2011), which showed a rela-
tively low dietary calcium intake and serum 25(OH)D con-
centration condition compared to the United States.

MATERIALS AND METHODS

Subjects

Conducted periodically by the Korea Centers for Discase
Control and Prevention since 1998, KNHANES provides
comprehensive information on health status, health behavior,
nutritional status, and socio-demographics in national dis-
tricts in Korea. Data from the fourth (IV-2 and IV-3, 2008,
2009) and fifth (V-1 and V-2, 2010, 2011) KNHANES data,
containing dietary calcium intake and calculated FRSs were
used in this cross-sectional analysis. From an initial total of
37753 males and females, 19110 subjects (8315 males and
10795 females) were evaluated. Of 19110 subjects evaluat-
ed, 7798 subjects were excluded for missing data and 2390
subjects were excluded for chronic diseases. An additional
1113 subjects were excluded for any vitamin and mineral
supplement use, in particular calcium supplementation. A to-
tal of 7809 participants (3452 men and 4357 women) were
used in this analysis as shown in Fig. 1. All participants pro-
vided written informed consent before the survey.

Biochemistry, dietary and supplement assessment

Blood samples were collected year-round following an
8-hour fasting period. They were immediately processed, re-
frigerated, and transported in cold storage to the central test-
ing institute (NeoDin Medical Institute, Seoul, Korea) where
they were then analyzed within 24 hours. Serum 25(OH)D
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concentration was measured with a radioimmunoassay kit
(DiaSorin Inc., Stillwater, MN, USA) using a r-counter (1470
Wizard; PerkinElmer, Turku, Finland). The inter-assay coef-
ficients of variation (CV) were 2.8-6.2% for 2008—2009 sam-
ples and 1.9-6.1% for 20102011 samples. To minimize ana-
lytical variation, serum 25(0OH)D was measured in the same
institute every other week throughout the analysis period.

Nutrient intakes, including total calorie and calcium in-
takes, were assessed with a 24-hour dietary recall question-
naire administered by a trained dietician. The results were
calculated using the Food Composition Table developed by
the National Rural Resources Development Institute (7th re-
vision)."” Physical examinations were performed by a trained
examiner following a standardized procedure. Body weight
and height were measured to the nearest 0.1 kg and 0.1 cm,
respectively, in light indoor clothing without shoes. Age of
menarche was determined using a health questionnaire ad-
ministered by a trained examiner.

Lifestyle questionnaires
Physical activity was assessed by a questionnaire and cate-

99, <

gorized as “yes” or “no”; “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. Current smokers were defined as those who were
currently smoking and had smoked more than five packs of
cigarettes during their life-time. Ex-smokers were persons
who had smoked in the past but had quit and nonsmokers
had no history of smoking. Regular alcohol drinkers were
those who drank alcohol more than once a month and non-
drinkers were all others. Occupations were classified into
two groups; indoor and outdoor workers. Indoor workers
included managers, professionals and related workers, cler-
ical office workers, service workers, and sales workers. Un-
employed subjects were classified as indoor workers con-
sidering their limited outdoor activities. Outdoor workers
included skilled agricultural, forestry, and fishery workers.

Statistical analysis

A complex sample analysis was used for weighting all
KNHANES data values following the guidance of statistics
from the Korea Centers for Disease Control and Preven-
tion. Initially, we calculated the FRSs by gender. The males
and females were stratified into five groups by calcium in-
take; <300, 300-600, 600-900, 900—-1200, >1200 mg/day.
Serum 25(OH)D concentration was further used to classify
subjects in each gender group into three categories; <50,

50-75, and >75 nmol/L. Framingham risk equations® were
used to predict the risk of developing total coronary disease
events (angina, myocardial infarction, or coronary heart
disease death) over the next 10 years. General characteris-
tics such as age, body mass index (BMI), total calorie in-
take, serum 25(OH)D concentration, systolic blood pres-
sure, diastolic blood pressure, serum glucose concentration
and serum lipid profiles (total cholesterol, high density lipo-
protein, and triglyceride) were presented by dietary calcium
intake groups using ANOVA test in males and females after
data weighting. FRS was compared by ANCOVA test after
adjustments for age, BMI, jobs, education, smoking status,
alcohol intake, moderate physical activity, serum 25(OH)D
and total calorie intake in men. Menopause, oral contracep-
tives, and hormone replacement therapy were also adjusted
for with women. Finally, we compared FRS according to
daily dietary calcium intake and serum 25(OH)D category
by ANCOVA test after adjustments for age, BMI, jobs, edu-
cation, smoking status, alcohol intake, moderate physical
activity, serum 25(OH)D and total calories intake and sea-
son in men. For wemen, menopause, oral contraceptives
and hormone replacement therapy were also adjusted. All
p-values were P for trend to assess the significance of all
analysis and p<0.05 was considered significant. Data were
analyzed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Mean dietary calcium intake in adult males and females
was 552.4 mg/day and 440.8 mg/day, respectively. Mean
FRS in males and females was 11.3 points and 11.4 points.
General characteristics of males and females by calcium in-
take are presented in Table 1. Mean age, BMI, energy in-
take, and FRS showed significant difference by calcium in-
take groups in both genders. In addition, FRS was higher in
both low (<300 mg/day) and excess (>1200 mg/day) di-
etary calcium intake groups than other groups in both gen-
ders, showing a J-shaped pattern.

After adjustments for relevant variables [for both genders:
age, BMI, jobs, education, smoking status, alcohol intake,
moderate physical activity, serum 25(OH)D, total calorie in-
take; for women only: menopause, oral contraceptives and
hormone replacement therapy], FRS values were significant-
ly different in the five dietary calcium intake groups in both
genders. A J-shaped pattern was also observed (Table 2).

To evaluate the difference in FRS within the dietary calci-
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um intake groups according to serum 25(OH)D concentra-
tions, we compared FRS after adjustment of season in addi-
tion to the relevant variables listed above. FRS was significan-
tly higher in the group with >1200 mg/day of dietary calcium
intake as well as in the male serum 25(OH)D <50 nmol/L
(p=0.010) group. A similar pattern was observed in females,
however, there was no statistical significance (Fig. 2).

or excess (>1200 mg) daily calcium intake was associated
with higher FRS. In particular, FRS can be elevated in a vi-
tamin D deficient Korean adult male with excess (>1200
mg) dietary calcium intake.

In the Framingham Study,*! calcium intake was not asso-
ciated with increased coronary artery calcification and the
authors suggested that their result did not support the hy-

pothesis that high calcium intake could increase coronary ar-
tery calcification, which is an important measure of the pro-

DISCUSSION

This cross-sectional study showed that both low (<300 mg)

gression of atherosclerosis. Van der Vijver, et al.? showed
that dietary calcium was not related to CVD deaths in Dutch
civil servants and other studies™?** also found no association

Table 2. Difference of Framingham Risk Score by Calcium Intake Groups

Calcium intake (mg/day)
<300 300-600 600-900 900-1200 >1200 P for trend
Male 11.1 (0.2)/714 10.5(0.1)/1574 10.4 (0.2)/751 10.2 (0.3)/255 11.1 (0.3)/158 <0.001
Female 10.3 (0.1)/1618 9.4 (0.1)/1807 9.2(0.2)/617 9.4 (0.3)/204 10.7 (0.5)/110 <0.001

BMI, body mass index; 25(0H)D, 25-hydroxyvitamin D.

All values represent Framingham Risk Score (SE)/subject numbers. P for trend was obtained by ANCOVA test after adjustments for age, BMI, jobs, educa-
tion, smoking status, alcohol intake, moderate physical activity, serum 25(OH)D and total calories intakes for both genders. Menopause, oral contracep-
tives and hormone replacement therapy were also adjusted for with women.

1257 Men (n=3452) Daily dietary
© calcium intake
5 1207 p=0010 p=0316 p=0,640 (mg/day)
) 1 . <300
¥ 115+ - [ 300-600
B I 600-900
& 10 T - [ 900-1200
2 1 o1 1200
£ 105 n=105 | n=66
[N

100

95-

<50 50-75 >75
A Serum 25(0H)D, nmol/L
1154  Women (n=4357) Daily_dietz_iry
- = =0.423 =0.423 calcium intake

% 1.0 p=0.621 p= p= (mg/day)
% . <300
2 1057 =1 300-600
= T [ 600-900
£ 100+ 1 9001200
2 n=69 1 >1200
E 957
[

9.0

85!

<50 50-75 >75
B Serum 25(0H)D, nmol/L

Fig. 2. Framingham Risk Score according to the dietary calcium intake and serum 25(0OH)D. p-values were obtained by ANCOVA test after adjustments for
age, BMI, jobs, education, smoking status, alcohol intake, moderate physical activity, serum 25(0H)D, total calories intakes and season for both genders (A:
men, B: women). Menopause, oral contraceptives and hormone replacement therapy were also adjusted for with women. BMI, body mass index; 25(0H)D,
25-hydroxyvitamin D.
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of calcium intake and CVD death. On the other hand, how-
ever, high intake of calcium was found to relate to all-cause
and cardiovascular mortality,” and Xiao, et al.” showed that
high intake of supplemental calcium is associated with the
risk of CVD death in men but not in women.

Non-skeletal effects of calcium remain uncertain and es-
pecially cardiovascular effects are controversial. Dietary
calcium regulates blood pressure and modulates peripheral
vascular resistance via calcitrophic hormones? and intracel-
lular calcium can not only accelerate vascular calcification
but also increase mortality in patients with renal failure.”’
Slinin, et al.® showed that high plasma calcium was associ-
ated with cardiovascular events after adjusting for plasma
25(OH)D, parathyroid hormone and phosphorus. The possi-
ble mechanisms, however, are not clear.

Serum 25(OH)D is associated with calcium metabolism
and cardiovascular diseases as well as bone metabolism via
osteocalcin in the osteoblast and bone-forming cell. Several
hypotheses which could explain association between cardio-
vascular diseases and 25(OH)D have been proposed. One
hypothesis is that vitamin D receptors affect the expression
of matrix metalloproteinase and tissue inhibitors of metallo-
proteinases.”? Vitamin D also suppresses foam cell forma-
tion by reducing acetylated or oxidized LDL.** Low serum
25(0OH)D levels are associated with cardiovascular diseases
and all-cause mortality.’'*2 Thus, we assessed the relation of
calcium intake and FRS according to serum 25(OH)D con-
centration.

FRS has been a tool to assess future CVD risk. However,
we did not assess 10 year-risk by percentage because 1
point of FRS in the high risk group is more weighted than
in the low risk group. In addition, dietary calcium intake
and serum 25(OH)D concentration may be influenced or
different by some components of FRS (by gender, age,
smoking, and blood pressure). Therefore, evaluation of the
difference of FRS according to the calcium intake and se-
rum 25(OH)D is reasonable.

In our study, excess dietary calcium intake (>1200 mg/
day) was associated with higher FRS. Specifically, in the
adult male serum 25(OH)D deficiency group, significant
difference in FRS was observed even after adjustment for
season. We are not certain why this J-shaped pattern for the
FRS is associated with dietary calcium intake. In the pres-
ent study, however, we found that moderate dietary calcium
intake was associated with relatively low FRS after relevant
variables were adjusted for, including total calories intake,
and that, men who had high dietary calcium intake with vi-

tamin D deficient status had high FRS. Therefore, it is high-
ly likely that high dietary calcium intake under low vitamin
D status can be associated with harmful effects on the car-
diovascular system. This can partially explain why excess
dietary calcium intake can influence the calcium homeosta-
sis with respect to cardiovascular health.

Dietary calcium is essential for bones,** however, if se-
rum vitamin D concentration is too low, absorbed dietary
calcium can adversely affect cardiovascular risk. Vitamin D
plays a role in absorbing dietary or supplemental calcium
and maintaining optimal bone health.** In cases of vitamin
D deficiency, calcium cannot be absorbed well and the ab-
sorbed calcium does not accumulate in bone. Vitamin D also
plays a role in producing osteocalcin in the osteoblast,” the
bone-forming cell, and reduced osteocalcin results in failed
calcium deposition in bone. Consequently, calcium remains
in the blood and can move around blood vessels to adverse-
ly affect the cardiovascular system. Meanwhile, the test
group with sufficient vitamin D levels did not show a fa-
vorable result on FRS in our study. In addition, there was
no statistical significance in FRS for adult females. This re-
sult may be due to the fact that dietary calcium intake (552.4
mg/day vs. 440.8 mg/day) and serum 25(OH)D concentra-
tion (53.1 nmol/L vs. 44.2 nmol/L) were higher in men than
those in women.

There are some unavoidable limitations in our study. First,
this is a cross-sectional design, not a prospective one. Sec-
ond, FRS is a simple tool to assess future cardiovascular risk,
therefore, it has limitations when correlating cross-sectional
results with future FRS. Third, it is different to explain why
excess dietary calcium intake shows significance only in
adult males, but not in adult females. Fourth, KNHANES
does not contain individual medication history including
thiazide diuretics or the presence of hyperparathyroidism to
influence serum calcium homeostasis. However, our investi-
gation differs from previous study, because of using FRSs to
assess cardiovascular disease risk according to dietary calci-
um intake and serum 25(OH)D concentration. To our best
knowledge, this is the first study to assess the cardiovascu-
lar risk using dietary calcium intake combined with serum
25(OH)D concentration.

In conclusion, this study suggests that excess (>1200 mg/
day) as well as very low (<300 mg/day) dietary calcium in-
take are related to higher FRS in both genders. In particular,
higher FRS was observed in the vitamin D deficient (<50
nmol/L) Korean adult male group with excess (>1200 mg/
day) dietary calcium intake. Further study is needed to eval-
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uate the mechanism involved and effects of dietary calcium

intake on cardiovascular risk with various vitamin D levels.
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