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Background: Inadequate calcium and vitamin D intake is a possible risk factor of osteo-
porosis. Our purposes were to estimate calcium and vitamin D intake in women with os-
teoporotic fractures, to determine associated factors for low calcium and vitamin D in-
take, and to evaluate the effects of calcium and vitamin D intake on bone mineral densi-
ty (BMD). Methods: This is a multicenter, hospital-based, and cross-sectional study in-
volving 277 women with osteoporotic fractures. Dietary calcium and vitamin D intake 
were evaluated using the Korean Calcium Assessment Tool (KCAT) self-reported ques-
tionnaire. BMD was measured by dual energy X-ray absorptiometry (DXA) in the lumbar 
spine and femoral neck. Results: Average daily calcium and vitamin D intake was 503.7 
±274.7 mg and 7.5±12.6 µg, respectively. Patients with low calcium intake had less 
family history of osteoporosis and were older. There was a negative correlation between 
age and calcium intake (r=-0.14; P=0.019). In multivariate analysis, calcium intake showed 
a positive correlation with BMD of femoral neck (β=0.0005, P=0.021). Conclusions: 
About 80% of patients with osteoporotic fracture had calcium and vitamin D intake be-
low the recommended dietary intake. Low calcium intake was associated with no family 
history of osteoporosis and older age. Dietary calcium intake showed positive effect on 
BMD.
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INTRODUCTION

Osteoporosis has become a major public health issue. It is rapidly increasing 
globally, especially in elderly Asians.[1-3] The projected incidence of hip fracture 
in Asia will account for 37% of all hip fractures worldwide by 2025.[4] The preva-
lence of osteoporosis in Korean women older than 50 years has been reported 
35.5% from the Korean National Health and Nutrition Examination Survey (KNH
ANES) [5] and 24.3% from a recent regional cohort study (Ansung cohort).[6] 

Calcium and vitamin D are an essential nutrient in maintaining optimal bone 
health. Appropriate doses of calcium and vitamin D intake were shown to be phar
macologically active, safe, and effective for the prevention and treatment of os-
teoporotic fractures.[7,8] Therefore, several guidelines for osteoporosis have rec-
ommended increased daily calcium and vitamin D intake to prevent and treat os-
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teoporosis.[9-13] The recommended calcium and vitamin 
D intake varies according to age. In Korea, the daily calcium 
and vitamin D intake is recommended as approximately 
700 mg and 10 µg, respectively, for women over 50 years 
of age.[14] However, the calcium intake of Korean women 
is reportedly only 55.2% of the dietary reference intakes 
for Koreans (KDRIs).[14] Vitamin D insufficiency is also very 
common in the general population,[15] but no data on vi-
tamin D intake are available. Moreover, studies on the di-
etary intake of calcium and vitamin D among osteoporotic 
fracture patients are limited.

In this cross-sectional study, we evaluated the prevalence 
of low calcium and vitamin D intake using a self-reporting 
questionnaire, evaluated the associated factors of low in-
take, and determined the effect of calcium and vitamin D 
intake on bone mineral density (BMD) in patients with os-
teoporotic fracture.

METHODS

1. Study participants
From January to July 2015, 277 women were enrolled in 

this multicenter, hospital-based cross-sectional study on 
osteoporotic fracture. Fourteen hospitals participated. In-
clusion criteria were female sex, fall-related osteoporotic 
vertebral, hip, and wrist fractures, age 50 years or older, 
and voluntary willingness to answer the questionnaire. Ex-
clusion criteria were pregnancy, high-energy trauma, patho-
logic fracture secondary to metastasis, dementia and in-
ability to be interviewed. The study was approved by the 
ethics committee in each hospital. Participants signed in-
formed consent to participate in the study. 

2. Assessment of dietary calcium and vitamin D 
intake

To evaluate dietary calcium and vitamin D intake, the 
Korean Calcium Assessment Tool (KCAT) self-reported ques-
tionnaire was used. KCAT is a simple and convenient ques-
tionnaire developed based on the Calcium CalculatorTM 
created by registered dietitians working for the full term 
for BC Dairy Foundation in the 1980s.[16] The KCAT includes 
7 food groups consisting of 24 categories with 45 food items 
containing calcium and vitamin D, which are consumed 
frequently by Koreans. Using the KCAT, dietary vitamin D 
as well as calcium intake can be assessed with excellent 

validity and reproducibility.[16] Low intake group for calci-
um was defined as <700 mg daily and low intake group 
for vitamin D as <10 µg daily in women ≥50 years of age.
[14]

3. Risk factors for osteoporosis and fracture
Demographics including age, height, weight, body mass 

index (BMI), family history of osteoporosis, family history 
of osteoporotic fracture, status of residency (alone, with 
family, special facility), location of residence (urban and ru-
ral), status of insurance (Medicare and Medicaid), current 
smoking, comorbidity (hypertension, diabetes, hypercho-
lesterolemia, rheumatoid arthritis, use of steroid) were eval-
uated.

BMD of the lumbar spine and femoral neck measured 
using a dual energy X-ray absorptiometry (DXA). Diagnosis 
of osteoporosis was made using the World Health Organi-
zation T-score criteria, with osteoporosis defined as a T-score 
≤-2.5 at either the femoral neck or lumbar spine.

4. Statistical analyses 
Analyses were performed using R software. Chi-square 

test and Student’s t-test were used for comparison between 
low intake and adequate intake groups. To evaluate rela-
tionships and dependencies between calcium and vitamin 
D intake and T-score of femoral neck, Pearson’s correlation 
and multiple regression analysis were used. The impact of 
calcium and vitamin D intake on BMD was evaluated with 
a multiple regression model. The covariates were age, BMI, 
family history of osteoporosis or osteoporotic fracture, use 
of steroids, current smoking, diabetes, and rheumatoid ar-
thritis. The results were considered significant for P<0.05. 

RESULTS

From January to July 2015, 277 women were enrolled. 
Mean age was 73.3 years old (range, 50-97 years). One hun-
dred and forty-three patients (51.6%) were taking an osteo
porosis medication. One hundred and eighteen patients 
(82.5%) were taking bisphosphonate and 14 patients (9.8%) 
were taking a selective estrogen receptor modulator. There 
were vertebral fracture in 32 patients, hip fracture in 195, 
and wrist fracture in 50. One hundred and seven patients 
(38.6%) had osteoporosis indicated by BMD. 

Calcium intake ranged from 36.4 to 2,090.8 mg daily, with 
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a mean of 503.7±274.7 mg. Vitamin D intake ranged from 
2.7 to 180.8 µg daily, with mean of 7.5±12.6 µg. Only 56 
patients with osteoporotic fracture (20.2%) had a daily cal-
cium intake above the recommended level of 700 mg. Two 
hundred and twenty one patients (79.8%) had a daily cal-
cium intake <700 mg/day. Similarly, dietary vitamin D in-
take of 216 patients (78.0%) was <10 µg/daily. Only 19 pa-
tients (6.9 %) were taking calcium and vitamin D supple-

ments. Figure 1 shows the daily calcium and vitamin D in-
take in each age group. Dietary calcium intake showed a 
decreasing tendency according to increasing age. Howev-
er, there was no difference in vitamin D intake according to 
age group.

Patients with low dietary calcium intake were older (P=  
0.022), had less family history of osteoporosis (P=0.039), 
and had lower femoral neck BMD T-score (P=0.022) (Table 

Table 1. Baseline characteristics of women older than 50 years with osteoporotic fracture according to dietary calcium intake

Low intake of calcium
(n=221)

Adequate intake of calcium
(n=56) P-value

Mean calcium intake (mg/day) 402.2±152.0 906.6±281.4

Age (yr) 74.0±9.8 70.6±9.1 0.022

BMI (kg/m2) 23.1±4.1 23.8±3.5 0.246

Family history of osteoporosis (%) 7.2 16.1 0.039

Family history of osteoporotic fracture (%) 10.4 7.1 0.461

Residence type (%) Alone
Family
Facility 

19.9 
74.2 

5.4 

19.6 
80.4 

0.0 

0.194

Residence area (%) Urban
Rural

94.6 
5.4 

98.2 
1.8 

0.249

Insurance type (%) Medicare
Medicaid

97.7 
2.3 

96.4 
3.6 

0.577

Diabetes (%) 27.1 19.6 0.25

Hypertension (%) 59.7 55.4 0.552

Rheumatoid arthritis (%) 14.0 17.9 0.81

Use of steroid (%) 4.5 3.6 0.754

Current smoking (%) 0.9 0.0 0.475

T-score of femoral neck -2.7±1.0 -2.3±0.8 0.022

BMI, body mass index.

Fig. 1. Dietary calcium and vitamin D intake according to age.
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1). Diabetes was more prevalent in patients with low dietary 
vitamin D intake (P=0.011) (Table 2). There was no differ-
ence in femoral neck T-score in subjects with low and ade-
quate intake of vitamin D.

We studied the various possible predictors of low calci-
um and vitamin D intake including age, BMI, family history 
of osteoporosis or osteoporotic fracture, residence type 
and area, smoking, diabetes, hypertension, rheumatoid ar-
thritis, and use of glucocorticoid. Significant correlation 
was evident between age and calcium intake (r=-0.14; 
P=0.019; Fig. 2). However, no correlating factors associat-
ed with vitamin D intake were evident; the correlation be-
tween vitamin D intake and age was statistically non-sig-
nificant (r=-0.025; P=0.675).

BMD was determined in 31 patients with spine fracture 
and 182 patients with hip fracture. Among patients with 
hip fracture, 71 (37.0%) patients had hip T-scores in the os-
teopenic range and 111 (57.8%) patients had hip T-scores 
in the osteoporotic range. Among spine fracture patients, 
16 (51.6%) patients had spine T-scores in the osteopenic 
ranges. When we applied spine or hip T-scores, 9 (22.6%) 
patents with spine fracture and 14 (7.7%) patients with hip 
fracture could be re-categorized from osteopenia to osteo-
porosis. In the multivariable model, age, BMI and calcium 
intake were significantly associated with T-score of femoral 

neck (Table 3). Vitamin D intake was not associated with T-
score of femoral neck. 

DISCUSSION

This study demonstrated high prevalence (about 80%) 
of low calcium and vitamin D intake in elderly Korean wom-
en with osteoporotic fracture. Older age and no family his-

Table 2. Baseline characteristics of women older than 50 years with osteoporotic fracture according to dietary vitamin D intake

Low intake of vitamin D
(n=216)

Adequate intake of vitamin D
(n=61) P-value

Mean Vitamin D intake (μg/day) 4.2±2.5 19.2±23.0 

Age (yr) 73.8±9.6 71.4±10.0 0.091

BMI (kg/m2) 23.2±4.1 23.4±3.4 0.651

Family history of osteoporosis (%)     7.9 13.1 0.207

Family history of osteoporotic fracture (%) 9.3 11.5 0.606

Residence type (%) Alone
Family
Facility 

20.8 
73.1 

5.6 

16.4 
83.6 

0.0 

0.143

Residence area (%) Urban
Rural

94.9 
5.1 

96.7 
3.3 

0.554

Insurance type (%) Medicare
Medicaid

97.7 
2.3 

96.7 
3.3 

0.672

Diabetes (%)            29.2 13.1 0.011

Hypertension (%)                     60.6 52.5 0.251

Rheumatoid arthritis (%)  1.4 1.6 0.885

Use of steroid (%)       5.1 1.6 0.242

Current smoking (%)              0.9 0.0 0.451

T-score of femoral neck -2.6±1.0 -2.4±1.0 0.143

BMI, body mass index.

Fig. 2. Correlation between age and calcium intake.
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tory of osteoporosis were associated with low calcium in-
take. In multivariate analysis, calcium intake showed a sta-
tistically significant association with femoral neck T-score.

Calcium plays an essential role in bone health across all 
ages, so calcium intake is emphasized because an insuffi-
cient intake negatively affects bone metabolism.[17]

Asian populations tend to have low calcium intake.[18,19] 
A recent cross-sectional study from Korea reported that 
the mean daily calcium intake was 485 mg in the general 
population ≥50 years of age.[20] According to national 
health statistics, more than 50% of general population at 
any age has a lower calcium intake than the KDRI recom-
mendation. In this study, dietary calcium insufficiency was 
observed in 80% of patients with osteoporotic fractures. 
The prevalence of low calcium and low vitamin D intake in 
this study were higher than reported from other countries.
[21-24] The average daily calcium intake in the diet is <500 
mg, meaning that older people would need to take calci-
um supplements to meet the recommendations. In some 
Western countries, more than 30% to 50% of older women 
take calcium supplements.[25-28] In this study, only 7% of 
enrolled women were taking calcium or vitamin D supple-
ments, which was lower than other previous studies. Given 
that participant in this study were at high risk of subsequent 
osteoporotic fracture, a systemic approach should be made 
to increase the dietary calcium intake after fracture. 

In this study, factors affecting the calcium intake were 
age and family history of osteoporosis. Patients with family 
history of osteoporosis took more calcium. Awareness and 
concerns about osteoporosis could affect dietary habits in 
patients with family history of osteoporosis. As it has been 
confirmed in previous studies,[21,24] older women have 
lower calcium intake. Moreover, lower calcium intake show

ed a statistically significant association with lower femoral 
neck T-score, even after adjusting age. Recently, Kim et al. 
[29] also reported that low calcium intake was significantly 
related with low BMD and increased risk of osteoporosis in 
general population in Korea. Therefore, public education 
about the importance of adequate calcium and vitamin D 
intake is very important to prevent osteoporosis, especially 
in older women.

As vitamin D has been recognized as a critical factor in 
calcium metabolism, the effect of vitamin D on bone den-
sity has been reported.[21,30] However, we did not find 
any relation between vitamin D intake and BMD. Sun ex-
posure is important as a non-dietary source of vitamin D. 
In this study, we did not measure serum 25-hydroxy-vita-
min D (25-[OH]D), a well-known biomarker of vitamin D 
status, and did not investigate the time of outdoor activi-
ties. This suggests that dietary vitamin D intake alone may 
not accurately reflect the state of vitamin D in the body. 

Our study has some limitation. First, this was a cross-sec-
tional study. Prospective studies on the relationship be-
tween dietary calcium intake and bone are needed to de-
termine whether these associations are causal. Second, 
data on the intake of each nutrient were provided as self-
reporting questionnaire. Therefore, there is a possibility 
that the answer was incorrect considering the age of pa-
tient. 

In conclusion, the results of this study show that the ma-
jority of patients with osteoporotic fracture had lower than 
recommended daily calcium and vitamin D intake. There-
fore, all osteoporotic fracture patients would benefit from 
dietary education and calcium supplements to prevent bone 
loss and subsequent fracture. 

 

Table 3. The estimated regression model for femur neck T-score

Variable β SE Standardized β t P-value

Age -0.052 0.005 -0.511 -9.963 0.000

BMI 0.042 0.013 0.171 3.342 0.001

Family history of osteoporosis -0.054 0.097 -0.035 -0.559 0.577

Family history of osteoporotic fracture 0.026 0.105 0.016 0.252 0.802

Current smoking 0.077 0.254 0.016 0.302 0.763

Diabetes 0.400 0.230 0.090 1.738 0.083

Rheumatoid arthritis -0.079 0.117 -0.036 -0.679 0.498

Use of steroid 0.851 0.502 0.092 1.698 0.091

Dietary calcium intake 0.000 0.000 0.107 2.109 0.036

SE, standard error; BMI, body mass index.
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