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Abstract

The purpose of this study was to identify food sources for major minerals such as calcium (Ca), phosphorus 
(P), sodium (Na) and potassium (K), and to evaluate the relationship between dietary intake of these minerals 
and serum lipids in healthy Korean adults. A total of 132 healthy men and women completed a physical examina-
tion and dietary record and provided blood samples for lipid profile analysis. Results showed the following daily 
average mineral intakes: 373.4 mg of calcium, 806.0 mg of phosphorous, 3685.8 mg of sodium, and 1938.3 mg 
of potassium. The calcium-to-phosphorus and sodium-to-potassium ratio was about 0.5 and 2.0, respectively. The 
primary sources for each mineral were: vegetables (24.9%) and fishes (19.0%) for calcium, grains (31.4%) for 
phosphorus, seasonings (41.6%) and vegetables (27.0%) for sodium, and vegetables (30.6%) and grains (18.5%) 
for potassium. The correlation analysis, which has been adjusted for age, gender, total food consumption, and energy 
intake, showed significantly positive correlations between Ca/P and serum HDL cholesterol levels, between Na intake 
and the level of serum total cholesterol, and between Na/K and the level of serum cholesterol and LDL cholesterol. 
Our data indicates that the level of mineral consumption partially contributes to serum lipid profiles and that a 
diet consisting of a low Ca/P ratio and a high Na/K ratio may have negative impacts on lipid metabolism.
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INTRODUCTION

A number of epidemiological studies and clinical trials 
have reported that the intake of calcium and sodium and 
their metabolism are closely related to the incidence and 
pathology of cardiovascular diseases, including hyper-
tension, atherosclerosis and dyslipidemia (1-3). Several 
epidemiological studies have demonstrated that calcium 
intake was inversely associated with the probability of 
having high blood pressure. A clinical study with hyper-
tensive patients showed that a calcium supplementation 
of more than 1,000 mg per day lowered the blood pres-
sure in patients who tended to have low dietary calcium 
intake (4-8). Also, the increase of calcium intake in hy-
pertensive and obese subjects resulted in a 4.9 kg reduc-
tion of body fat (9), indicating that the simultaneous role 
of calcium in blood pressure, body fat and weight control 
could result in a marked reduction in the risk of hyper-
tension and other related metabolic diseases. Subsequently, 
a number of animal and mechanistic studies show that 
calcium combines dietary fat with bile acids to prevent 
fat absorption (10,11) and reduce serum cholesterols 
(12), suggesting that calcium intake is effective in re-
ducing blood lipid levels.

Sodium is a well-known element, which is closely and 
positively related to high blood pressure by increasing 
extracellular fluid volume. Sodium is also highly asso-
ciated with kidney and heart failure (13-15). Many stud-
ies recommend a low-sodium diet to prevent and treat 
hypertension and related cardiovascular diseases (14-16). 
However the role of low dietary sodium in lipid metabo-
lism and its relationship to cardiovascular disease is not 
well established and remains controversial. Evidence 
provided in several clinical trials suggest that high salt 
intake can lead to a higher risk of cardiovascular disease, 
independent of its effect on blood pressure, while a low 
sodium diet increases HDL-cholesterol (17,18). However, 
data from several studies indicate that a diet excessively 
low in sodium may even increase total cholesterol, 
LDL-cholesterol, and triglyceride in serum by decreasing 
total blood volume (19-21). Metabolism of calcium and 
sodium, independent of their role in blood lipids, are 
also affected by their counteractive nutrients, phosphorus 
and potassium, respectively (22-25). However, very few 
studies have researched how the interaction of these nu-
trients in a particular dietary pattern is implicated in 
blood lipid metabolism.
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The traditional dietary pattern of Koreans has been 
considered healthy due to the prevalent intake of various 
types of vegetables. However, a higher intake of phytic 
acid and phosphorus from vegetables, and lack of dairy 
products in the Korean diet have raised concerns regard-
ing a lack of calcium utilization (26). Moreover, the 
Korean National Health and Nutrition Examination 
Survey (KNHANES) has pointed out that sodium intake 
in the Korean diet is high due to fermented foods such 
as kimchi, soybean paste, pepper paste, and soy sauce 
(26). Although a high consumption of vegetables and 
fruit may prevent excessive sodium intake, as expected, 
the consumption ratio of sodium to potassium in the tra-
ditional Korean diet is in fact far greater than 1.0. Such 
an unbalanced mineral intake has been associated with 
the high prevalence of hypertension among elderly 
Koreans. However, the consequence of a typical un-
balanced mineral intake in Korean diet has not been de-
scribed in the context of blood lipid levels.

Therefore, this study has two aims: 1) to evaluate cal-
cium, sodium, phosphorous and potassium intake from 
daily meals in healthy Korean adults and assess cal-
cium-to-phosphorus and sodium-to-potassium intake ra-
tios; 2) to explore the relationship between the afore-
mentioned mineral status and biochemical indices of se-
rum lipids. 

MATERIALS AND METHODS

Subjects
Healthy men and women between the ages of 20～69 

were recruited and informed about the purpose, proce-
dure and duration of this study. Of those who consented 
to the study, subjects who had an illness based on pre-
vious medical history or those currently taking medi-
cations were excluded. As a result, a total of 132 subjects 
(60 males and 72 females) completed all procedures for 
this study. 

Anthropometric measurement and dietary intake 
analysis 

The height and weight of the subjects, wearing light 
underclothes and no shoes, were measured twice using 
an automatic scale (JENIX, Seoul, Korea) and the mean 
values of the measurements were calculated. Subjects 
were interviewed by professionally trained research staff 
and the 3-day dietary intake of the subjects was recorded 
on a 24 hour basis. The type of food, food ingredients 
and portion size during a regular day were analyzed for 
each meal: breakfast, lunch, dinner, and snack. Food 
models and pictures were used to help experimental par-
ticipants accurately recall the food they had eaten. 

Nutrient intake including calcium, phosphorus, sodium, 
and potassium were calculated using CAN-Pro 3.0 pro-
gram, developed by the Korean Nutrition Society. 

Blood sample analysis 
A fasting blood sample of 20 mL was taken from the 

subjects and put into a CBC bottle and test tube. The 
serum was then separated by centrifugation for 15 mi-
nutes at 3,000 rpm. Hemoglobin and hematocrit levels 
were measured by an automatic cell counter (CELL- 
DYN 1600, Abbott, North Chicago, IL, USA). The 
Burette method by kit (Boehringer Mannheim Co., 
Mannheim, Germany) was used for analyzing total pro-
tein levels. For measuring serum albumin levels, we used 
a commercial kit (Boehringer Mannheim Co.) which uti-
lizes the principles that Brocresol-green is formed when 
albumin is at pH 4.2. Colored products were analyzed 
using an automatic biochemical analyzer (HITACHI 747, 
Tokyo, Japan). Blood urea nitrogen (BUN) and alkaline 
phosphatase (ALP) based on the urease-kinetic and enzy-
matic methods were also measured using a commercial 
kit (DAIICHI, Tokyo, Japan) and the same automatic 
biochemical analyzer. Blood glucose level in each sub-
ject was analyzed using the glucose oxidase-peroxidase 
coupled enzyme assay kit (DAIICHI). Triglyceride and 
cholesterol levels were analyzed by an enzymatic meth-
od using a kit (DAIICHI). For the HDL-cholesterol level, 
we separated LDL and VLDL after serum precipitation 
using the dextran sulfate-Mg2+ method and then used an 
enzymatic-based analysis kit (DAIICHI). LDL-cholester-
ol was calculated using the Friedewald formula from the 
measured levels of triglyceride, cholesterol, and HDL- 
cholesterol (27). 

Statistical analysis
We used the SAS program (version 9.1, SAS Institute, 

Cary, NC, USA) to calculate the averages and standard 
deviations for all groups. A statistical t-test was em-
ployed to find differences between men and women and 
Pearson's correlation coefficient was used to determine 
the correlation between variables. All statistical signifi-
cances were verified as p 0.05. 

RESULTS

General characteristics
The average age, height, weight, and body mass index 

(BMI) were 41.9 years, 170.3 cm, 71.7 kg, 24.7 kg/m2 
for men and 39.8 years, 157.0 cm, 56.3 kg, 22.9 kg/m2 
for women, respectively. The average height, weight, and 
BMI of men were significantly higher than those of 
women (Table 1).
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Table 1. Anthropometric measurements of the subjects

Variables Men (n=62) Women (n=70) Total subject (n=132) Significance

Age (yr)
Height (cm)
Weight (kg)
BMI (kg/m2)

 41.9±17.1
170.3±5.7 
 71.7±12.7
 24.7±3.9

 39.8±17.4
157.0±7.1 
 56.3±7.9 
 22.9±3.2

 40.8±17.2
163.0±9.3
 63.3±12.9
 23.7±3.7

  NS
p 0.001 
p 0.001
p 0.01

Data are presented as mean±SD.
NS: not significant. BMI: body mass index.

Table 2. Mean daily energy and nutrient intakes by the subjects

Variables Men (n=62) Women (n=70) Total subject (n=132) Significance

Food (g)
Energy (kcal)
Protein (g)
Animal protein (g)
Plant protein (g)
Fat (g)
Animal fat (g)
Plant fat (g)
Carbohydrate (g)
Dietary fiber (g)
Cholesterol (mg)

1034.7±469.1
1788.7±768.3
  67.0±30.3 
  28.9±19.3
  38.1±20.4 
  45.3±30.3 
  20.4±19.2 
  24.9±24.0 
 275.8±120.7
  17.1±9.4
 279.5±228.1

 867.6±353.4
1425.1±495.7 
  53.9±25.0
  26.4±18.5
  27.4±12.6
  39.2±23.3
  18.4±15.1
  20.7±14.0 
 212.1±77.7
  14.0±8.2 
 224.7±169.7

 942.2±415.6
1587.4±654.6
  59.7±28.1
  27.5±18.8 
  32.2±17.3 
  41.9±26.7
  19.3±17.0 
  22.6±19.2 
 240.6±103.7
  15.4±8.8 
 249.2±198.8 

p 0.05
p 0.01
p 0.05

NS
p 0.01

NS
NS
NS

p 0.01
NS
NS

Data are presented as mean±SD.
NS: not significant.

Table 3. Mean daily mineral intakes by the subjects

Variables Men (n=62) Women (n=70) Total subject (n=132) Significance

Calcium (mg)
Phosphorus (mg)
Ca/P
Sodium (mg)
Potassium (mg)
Na/K

 408.3±222.9
 901.1±436.5
   0.4±0.1
4098.4±2132.7
2016.1±1023.8
   2.1±0.6

 345.2±214.6
 729.3±333.4
   0.5±0.2
3353.2±1995.0
1875.6±1005.3
   1.9±1.0

 373.4±219.6
 806.0±390.6
   0.5±0.1
3685.8±2081.7
1938.3±1011.4
   2.0±0.8

NS
p 0.05

NS
NS
NS
NS

Data are presented as mean±SD.
NS: not significant.

Daily energy and nutrient intakes
The daily intakes of total food and energy for men 

were significantly higher than those for women (1034.7 
g vs. 867.6 g, p 0.05; 1788.7 kcal vs. 1425.1 kcal, p
0.01). Daily intakes of protein and carbohydrates for men 
were also significantly higher than those for women 
(67.0 g vs. 53.9 g, p 0.05; 275.8 g vs. 212.1 g, p 0.01). 
However, lipid intake was not significantly different be-
tween men and women (Table 2). 

Daily mineral intakes
The daily mean intakes of minerals by the subjects 

were 373.4 mg for calcium, 806.0 mg for phosphorus, 
3685.8 mg for sodium, and 1938.3 mg for potassium 
(Table 3). Intake ratios of calcium-to-phosphorus and so-
dium-to-potassium were 0.4 and 2.1 for men and 0.5 and 
1.9 for women, respectively. In addition, phosphorus lev-
els between men and women were significantly different 
(901.1 mg vs. 729.3 mg). 

Mineral intake patterns from each food group
Table 4 shows mineral intake patterns from each food 

group by the subjects. The majority of calcium was ac-
quired from vegetables (24.9%) and fishes and shell-
fishes (19.0%). Phosphorus was mainly acquired from 
grains (31.4%) but also from general food intake. Sodium 
was primarily acquired from seasonings (41.6%) and veg-
etables (27.0%), while potassium was mostly acquired 
from vegetables (30.6%) and grains (18.5%). 

Blood levels of biochemical indices
The mean levels of biochemical indices of the subjects 

were within the normal range. While serum levels of 
albumin, BUN, and triglyceride were significantly higher 
in men, HDL-cholesterol was higher in women. Hemo-
globin and hematocrit levels in men were significantly 
higher compared to women (Table 5). 

Correlation among mineral intakes, general character-
istics, and food/nutrient intakes

When assessing for a relationship between mineral in-
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Table 4. Mineral intakes from each food group by the subjects                                            (n=132) 

Food group    Food (g)   (%)1) Calcium (mg) (%) Phosphorus (mg) (%)   Sodium (mg) (%) Potassium (mg) (%)

Grains
Potatoes and
  starch
Sugars and
  sweetener
Pulses
Nuts and seeds
Vegetables
Mushrooms
Fruits
Meat
Eggs
Fishes and
  shellfishes
Seaweed
Milk
Oils and fats
Beverages
Seasonings 
Total intake

335.5±192.7 (35.6)
 32.4±58.8 (3.4)

  4.9±7.1 (0.5)

 25.1±50.0 (2.7)
  2.1±11.1 (0.2)
221.1±166.3 (23.5)
  0.8±3.0 (0.1)
 32.3±75.4 (3.4)
 62.1±64.6 (6.6)
 26.0±34.1 (2.8)
 52.5±72.1 (5.6)

  3.2±12.7 (0.3)
 47.0±96.7 (5.0)
  6.8±6.4 (0.7)
 65.0±163.2 (6.9)
 25.4±20.3 (2.7)
942.2±415.6 (100)

 66.1±60.5 (17.7)
  5.0±12.5 (1.3)

  0.9±5.3 (0.2)

 28.3±53.7 (7.6)
  1.8±3.7 (0.5)
 93.0±80.9 (24.9)
  0.1±0.2 (0.0)
  3.1±7.8 (0.8)
  5.7±6.7 (1.5)
 12.9±19.8 (3.5)
 71.1±98.6 (19.0)

  7.6±19.3 (2.0)
 59.6±113.5 (16.0)
  0.0±0.1 (0.0)
  1.4±4.0 (0.4)
 16.9±18.5 (4.5)
373.4±219.6 (100)

252.8±154.9 (31.4)
 15.6±24.6 (1.9)

  1.6±7.9 (0.2)

 40.1±71.8 (5.0)
  4.7±33.9 (0.6)
101.8±74.5 (12.6)
  1.1±3.2 (0.1)
  5.4±13.0 (0.7)
104.4±108.2 (13.0)
 44.8±59.3 (5.6)
136.4±171.3 (16.9)

  6.4±11.6 (0.8)
 48.3±92.6 (6.0)
  0.0±0.1 (0.0)
  5.9±22.9 (0.7)
 36.5±37.2 (4.5)
806.0±390.6 (100)

 601.1±697.0 (16.3)
   3.9±15.6 (0.1)

   0.9±4.2 (0.0)

   7.1±40.1 (0.2)
   1.1±7.3 (0.0)
 995.3±1022.4 (27.0)
   0.1±0.3 (0.0)
   1.3±3.7 (0.0)
  85.3±163.8 (2.3)
  36.6±62.1 (1.0)
 344.1±580.6 (9.3)

  37.5±108.4 (1.0)
  32.8±65.8 (0.9)
   0.7±4.3 (0.0)
   4.7±20.9 (0.1)
1533.2±1085.9 (41.6)
3685.8±2081.7 (100)

 359.3±186.3 (18.5)
 117.0±197.6 (6.0)

   5.0±23.9 (0.3)

  87.5±163.2 (4.5)
   6.0±30.3 (0.3)
 592.6±437.7 (30.6)
   7.2±21.7 (0.4)
  57.8±138.2 (3.0)
 144.8±149.9 (7.5)
  31.5±41.4 (1.6)
 189.5±248.3 (9.8)

  80.4±230.9 (4.2)
  62.8±137.9 (3.2)
   0.1±0.6 (0.0)
  18.2±45.0 (0.9)
 178.7±297.0 (9.2)
1938.3±1011.4 (100)

Data are presented as mean±SD.
1)Contribution percent of total intake.

Table 5. Biochemical indices in blood of the subjects

Variables Men (n=62) Women (n=70) Total subject (n=132) Range Normal range Significance

Hemoglobin (g/dL)
Hematocrit (%)
Serum
  Total protein (g/dL)
  Albumin (g/dL)
  BUN (mg/dL)
  ALP (IU/L)
  Glucose (mg/dL)
  Triglyceride (mg/dL)
  Total cholesterol (mg/dL)
  HDL-cholesterol (mg/dL)
  LDL-cholesterol (mg/dL)

 15.5±1.1
 46.2±3.2

  7.3±0.4
  4.7±0.2
 12.7±2.9
144.1±75.6
 96.3±23.6
137.0±86.6
193.0±29.5
 53.2±13.8
113.9±25.2

 13.1±1.1
 39.8±2.9

  7.2±0.5
  4.6±0.3
 11.5±2.9
123.2±55.7
 91.3±12.9
 86.8±48.8
186.7±34.0
 60.1±10.2
107.6±29.3

 14.2±1.6
 42.7±4.4

  7.2±0.4
  4.7±0.3
 12.0±3.0
132.7±65.9
 93.6±18.6
109.3±72.5
189.6±32.1
 57.0±12.4
110.4±27.6

9.5～17.4
 33～53.6

  6～8.2
3.5～5.2
  5～20.5
 42～342
 69～211
 33～405
118～264
 30～110
 55～174

 12～17
 36～52

  6～8.2
3.4～5.6

  5～24
103～335
 70～120

150
200

 40～60
  130

p 0.001
p 0.001

NS
p 0.01
p 0.05

NS
NS

p 0.001
NS

p 0.01
NS

Data are presented as mean±SD.
NS: not significant. BUN: blood urea nitrogen. ALP: alkaline phosphatase.

Table 6. Correlations between mineral intakes, general characteristics, and food/nutrient intakes of the subjects          (n=132)

Variables Calcium Phosphorus Ca/P Sodium Potassium Na/K

Age
Height
Weight
BMI
Intakes of Food

Energy
Protein
Fat
Carbohydrate

0.2272*

0.0341
0.1724
0.2143*

0.7744***

0.7094***

0.7587***

0.5014***

0.6450***

0.1477
0.1484
0.1966
0.1648
0.8536***

0.8905***

0.9560***

0.7010***

0.7518***

0.1527
-0.1581
-0.0071
0.1043
0.1094

-0.0377
-0.0715
-0.1287
0.0477

0.3829***

-0.0298
0.1484
0.2364*

0.7134***

0.7017***

0.7627***

0.4274***

0.6839***

0.2406**

-0.0527
0.0579
0.1278
0.7546***

0.7404***

0.7946***

0.4824***

0.7032***

0.2314*

-0.0971
-0.0048
0.0648
0.0005

-0.0650
-0.0475
-0.1176
-0.0101

Data are presented as Pearson's correlation coefficient.
BMI: body mass index.
*p 0.05, **p 0.01, ***p 0.001.

take and general characteristics of all subjects shown in 
Table 6, the intake of calcium, sodium, and potassium 
significantly correlated with age. Moreover, the intakes 

of calcium and sodium also displayed a significantly 
positive correlation to BMI. Regarding the relationship 
between mineral (Ca, P, Na and K) intake and total food 



Intakes of Ca/P and Na/K Are Associated with Serum Lipids 97

Table 7. Correlations between mineral intakes and blood parameters adjusted by sex, age, food intake, and energy intake of 
the subjects                                                                                         (n=132)

Variables Calcium Phosphorus Ca/P Sodium Potassium Na/K

Hemoglobin 
Hematocrit 
Serum
  Total protein 
  Albumin 
  BUN 
  ALP 
  Glucose 
  Triglyceride 
  Total cholesterol 
  HDL-cholesterol 
  LDL-cholesterol

-0.0585
-0.0889

-0.0741
-0.0544
0.0865

-0.0927
0.1013

-0.0436
0.1827
0.1628
0.1213

-0.0514
-0.1048

0.1270
0.0030
0.0220

-0.1189
0.2270*

0.0107
0.1086

-0.0037
0.1078

-0.0466
-0.0583

-0.1047
-0.0561
0.0946

-0.0323
0.0105

-0.0830
0.1735
0.2240*

0.1038

-0.0420
-0.1403

0.0660
0.0780
0.0066

-0.2388*

0.1443
0.0237
0.2738**

0.0784
0.2523*

-0.1067
-0.1360

0.0315
-0.0946
0.0366

-0.1219
0.1319
0.0892
0.0133

-0.0886
0.0155

0.0495
-0.0283

0.0104
0.2329*

-0.0374
-0.1370
-0.0932
-0.0430
0.2881**

0.1848
0.2540*

Data are presented as Pearson’s correlation coefficient.
BUN: blood urea nitrogen, ALP: alkaline phosphatase.
*p 0.05, **p 0.01.

consumption and major nutrient intake of all subjects, 
significantly positive correlations were noted between all 
variables. However, no significant correlation between 
calcium-to-phosphorus or sodium-to-potassium ratios to 
other variables was noted except for the positive correla-
tion between sodium-to-potassium with age.  

Correlation between mineral intake and blood 
parameters

Regarding the relationship between mineral intake and 
blood parameters of all subjects shown in Table 7, phos-
phorus intake displayed a significant and positive corre-
lation to serum glucose, while sodium intake had a sig-
nificantly positive correlation to serum cholesterol. 
Calcium-to-phosphorus ratio had a significant and pos-
itive correlation to HDL-cholesterol. Sodium-to-potas-
sium correlated significantly with serum levels of albu-
min, total cholesterol, and LDL-cholesterol in a positive 
manner. 

DISCUSSION

This study investigated the average intake of several 
major minerals (calcium, sodium, phosphorus and potas-
sium) present in the normal diet of healthy Korean 
adults. By correlation analysis, the implication of these 
consumed minerals in lipid metabolism was also inves-
tigated. Additional findings were also reported regarding 
the differences between men and women’s anthropome-
tric measurement, food and energy consumption. Analysis 
of dietary patterns among subjects revealed that carbohy-
drate and protein intake was higher in men than women. 
High consumption of plant proteins, which is abundant 
in rice or crop plants in a typical Korean diet, appeared 
to be related to higher total food intake in men, leading 
to greater energy intake, body weight and BMI compared 

to women. Interestingly, no significant differences in the 
consumption of fat and cholesterol attributable to animal 
proteins were noted between men and women. Although 
serum fat and lipid metabolism are known to be primar-
ily affected by major nutrients (carbohydrates, lipids and 
proteins), which provide energy, lipid metabolism is also 
affected by many of ionic compounds (Ca+, K+, HPO4

-, 
Na+), which changes cellular function, signaling and ab-
sorption of macronutrients. By showing the relationship 
and correlations between intake levels of major minerals 
and serum lipid parameters, this study suggests that 
changes in lipid metabolism can be partially affected by 
the intake of major minerals.  

According to the KNHANES, most intake of nutrients 
are close to the intake recommendations, but the in-
dividual calcium intake is lower than the recommended 
intake for all age groups except for toddlers (aged 1～2) 
(26). In addition, sodium intake is much higher than the 
recommended intake (26). The problematic incidence of 
low calcium intake among Koreans stems from the large 
reliance on crops and vegetables in the traditional 
Korean diet (26). This study provides consistent findings 
that the average daily calcium intake by the subjects was 
373.4 mg, much lower than the recommended intake of 
700～750 mg (28). The greatest source of daily calcium 
intake was in vegetables (24.9%), followed by fish (19.0 
%), grains (17.7%), and milk/dairy products (16.0%). 
This calcium intake pattern is somewhat different com-
pared to KNHANES, which reports that milk and dairy 
products are primary food sources for calcium supple-
mentation. However the average consumption of milk in 
Korean adults is 74.0 g per day, corresponding to only 
one-third of a cup of milk. Our data indicates poor cal-
cium availability within main food sources and high-
lights the low consumption of milk and dairy products 
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in a typical Korean diet. The amount of phosphorus in-
take coincides with calcium absorption (29,30) and 
should be balanced by calcium levels. Koreans' phos-
phorous intake has been rising due to higher consumption 
of processed food and an increased frequency of din-
ing-out (26). The 2009 KNHANES showed that daily 
phosphorous intake in Koreans has increased while their 
calcium intake has decreased, lowering the calcium-to- 
phosphorous ratio to 1:2.4 (26). This study also demon-
strated that the phosphorous intake of the subjects was 
806.0 mg, higher than the recommended intake of 700 
mg, resulting in a very low calcium-to-phosphorous ratio 
(0.5).

Many animal experiments, epidemiological studies, 
and clinical trials have confirmed that excessive sodium 
intake is related to hypertension, a major risk factor for 
cardiovascular diseases (15,31,32). Nevertheless, the 2009 
KNHANES shows that the average sodium intake of 
Koreans over 19 years of age was 5040.4 mg, which was 
357.6% of the adequate intake amount (26). The sodium 
intake of the subjects in this study was 3685.8 mg, 
245.7% of the adequate intake for Koreans. The major 
sources of dietary sodium were from seasoning (41.6%) 
and vegetables (27.0%), which was consistent with the 
national nutrition survey (26). According to previous re-
ports, the daily potassium intake necessary for prevent-
ing hypertension, stroke, and myocardial infarction is 2.7 
～3.1 g, which corresponds to the proper sodium-to-po-
tassium ratio of 1.0 (33). However, the subjects in this 
study failed to meet the 3.5 g of adequate potassium 
intake (1938.3 mg). Moreover, the high sodium intake 
increased the sodium-to-potassium ratio to 2.0. In this 
study, the main source of potassium came from vegeta-
bles (30.6%) and grains (18.5%). Interestingly, vegeta-
bles were the major sources for both sodium and potas-
sium. For instance, a fermented vegetable such as Kimchi 
is made with fresh vegetables that are abundant in potas-
sium but also high in sodium. Therefore, reducing the 
sodium-to-potassium intake ratio can be achieved by eat-
ing fresh fruits and vegetables and whole grains in coor-
dination with low intake of high-salt seasonings and fer-
mented vegetables.

Previous studies have identified individual roles for 
calcium and sodium in lipid metabolism related to hyper-
tension or bone metabolism (34-36). Initially, Wang et 
al. demonstrated that dietary intake of calcium was asso-
ciated with lowering the risk of hypertension (36). 
According to Reid et al., postmenopausal women under 
fracture treatment who took 1 g of calcium per day for 
a year, showed a significant increase in serum HDL-cho-
lesterol levels and HDL/LDL-cholesterol ratios com-

pared to the control group (34). A study by Choi et al. 
addressed the consumption ratio of these minerals in the 
Korean diet and its association to serum cholesterol lev-
els, finding that the calcium-to-phosphorus ratio was re-
lated to serum total cholesterol levels in a positive fash-
ion in 354 Korean adults (35). The lipid lowering effects 
of calcium are further supported by animal and cell cul-
ture studies showing the blockage of intestinal fat ab-
sorption (37,38), inhibition of fatty acid release in adipo-
cytes (39,40), expansion of triglyceride stores and the 
inhibition of 1,25-(OH2)-D levels (9). Consistent with 
these findings, our study also demonstrated the positive 
correlation between calcium intake and BMI in study 
subjects. Since the increase of BMI could be derived 
from the increase in bone density, which is also affected 
by calcium consumption (41), additional analysis regard-
ing bone parameters should be performed. Also, we 
could find the correlation between phosphorus intake and 
serum glucose because our findings demonstrated that 
phosphorus supplementation reduces glucose utilization 
(42) and that many phosphate compounds are necessary 
in energy metabolism and regulation of blood glucose 
(43). 

Sodium has been studied as a major cause of hyper-
tension, although few reports have shown that a low so-
dium diet significantly lowers total LDL-cholesterol lev-
els (44), while improving glucose tolerance possibly by 
its counteraction to potassium (45). In this study, sodium 
intake positively correlated with LDL-cholesterol, con-
sistent with a previous study (44), but also negatively 
correlated with serum alkaline phosphates, which are 
prominent bone biomarkers as well as indicators of liver 
function. This finding may due to the fact that sodium 
intake causes calcinuria and excretion of core minerals 
important in bone formation (41). 

Our current study showed that rather than observing 
calcium or sodium effects as single nutrients, inter-
actions of these minerals with phosphorus and potassium 
held a close relationship with changes in blood lipid 
levels. Since lipid levels are also affected by several oth-
er nutrients, such as carbohydrates, fats, and proteins, 
people with an ideal diet containing balanced nutrient 
levels will have a greater probability of having the ideal 
ratio of these minerals, leading to an improved lipid 
profile. Nevertheless, accruing data on mineral intake 
and blood lipid levels at multiple time points through 
a systematic longitudinal study is necessary to accurately 
explain the correlation between mineral intake and lipid 
levels. 

The current study reported the average intake of cal-
cium, sodium, phosphorus and potassium, and the con-
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sumption ratios of these minerals from typical Korean 
diets. Positive correlations between the calcium-to-phos-
phorus ratio and serum HDL-cholesterol, between so-
dium intake levels and serum total cholesterol levels, and 
between sodium-to-potassium ratio and LDL-cholesterol 
levels were found. The current pattern of low calcium 
and high sodium intake in the typical Korean diet acts 
as negative factors for blood lipids. These results pro-
pose strong modifications in food choices to achieve bal-
anced mineral intakes by increasing the calcium-to-phos-
phorous ratio and decreasing the sodium-to-potassium 
ratio. Also, rather than a single particular mineral, low 
calcium-to-phosphorous ratios and high sodium-to-po-
tassium ratios should be taken into account when assess-
ing for nutrients that affect lipid metabolism. Further re-
search is needed to identify the role of macronutrients 
(carbohydrates, lipids and proteins) and several phy-
tochemicals in the Korean diet with regards to mineral 
bioavailability, and how their interactions affect serum 
lipid metabolism.
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