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INTRODUCTION 
 

Osteoporotic fractures are a global public health 

challenge associated with aging, and commonly occur 

in the spine, hip, forearm and other skeletal sites [1]. 

Vertebral fractures can cause serious morbidity and 

excess mortality, including chronic pain and 

disabilities, dependence increase [2]. Calcium is 

widely recognized as an effective intervention for the 

prevention of osteoporosis, and older people are 

recommended to take at least 1000-1200 mg/day of 

calcium to treat and prevent osteoporosis [3]. 

However, some recent studies and meta-analyses 

indicate that calcium supplements may be ineffective 

to prevent fracture [4–7].  

 

Other studies have raised concerns about the safety of 

calcium supplements, including cardiovascular events, 

urinary tract stones, gastrointestinal symptoms, and 

hospital admissions for acute gastrointestinal problems 

[7–10]. These reports have led to suggestions that 

calcium intake should be increased through food rather 

than by taking supplements, although the effect of 

increasing dietary calcium intake on bone health is 

uncertain [11]. Furthermore, because most studies 

were conducted in Caucasian populations with 

moderate to high dietary calcium intake, little is 

known about the association between dietary calcium 

intake and fractures in populations with low calcium 

intake. The mean dietary calcium intake is low in 

China (300-400 mg/d), in Korea (300–500 mg/d)  
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calcium intake from food among females (OR, 0.94; 95% CI, 0.89-0.99), but results among males were not 
significant. We divided calcium intake into quintiles when modelling its associations with fracture risk, negative 
associations of fracture risk with calcium intake were found among females. In a population with low usual 
calcium intake, higher dietary calcium intake was associated with fewer vertebral fracture in women and that 
no such association was seen in men. 
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and in Japan (400–500 mg/d) [12–14]. These values 

are much lower than those reported in Western 

populations (700–1300 mg/d) [15]. The dose 

interaction between calcium intake and bone health 

may differ according to baseline dietary habits and/or 

ethnicity [6]. Whether calcium intake across the 

typical dietary range influences the preservation of 

bone mass has not been established in Asians.  

 

Most previous studies including meta-analyses evaluated 

actual fracture requiring professional treatments or self-

reported fracture as endpoints, so fracture incidence 

and/or prevalence were around 2-7% within 5 years. In 

this article, we report data for subjects enrolled in the 

China Action on Spine and Hip (CASH) study China 

cohort with low dietary calcium intake at baseline, who 

had spinal quantitative computed tomography (QCT) 

volumetric bone mineral density (vBMD) measurements 

and vertebral fracture assessment at their median of 10 

years visit to examine whether calcium intake in food is 

associated with vertebral fracture. 

 

RESULTS 
 

Of the 3457 CASH participants, 6 were excluded 

because their ID could not be found in the baseline 

database. For the analysis of the associations of calcium 

intake with fracture and BMD, a further 14 were 

removed due to missing BMD results, and 164 excluded 

due to missing data on calcium intake. Finally, 3273 

(94.7%) were used for analysis (Figure 1). 

 

The self-reported vertebrae fracture prevalence of this 

cohort at baseline is 3.56% (Supplementary Figure 1A). 

82.73% of fracture occurred with only one site 

(Supplementary Figure 1B). Interestingly, the prevalence 

of fracture or vertebra fracture at baseline was higher in 

high calcium intake quintile groups in both sexes (Table 

1). Total vertebral fracture prevalence was 16.5% 

(n=551). The most common location was at the 12th 

thoracic vertebra (TV) (6.11%, n=206), next the 1st 

lumbar vertebra (LV) (5.75%, n=188), and the thirdly the 

11th TV (4.73%, n=154) (Supplementary Figure 2A). 

76.0% of thoracic fracture occurred with only one 

vertebrae, while 82.5% of lumber fracture occurred with 

one site (Supplementary Figure 2B). Among the 3273 

participants, 62.7% were females and the mean age of the 

fracture groups was older than those without fracture 

(P<0.01). The prevalence of mild vertebral fracture was 

11.2% and 15.7% among females and males, 

respectively, and 4.6% and 2.9% for moderate or severe 

fracture. Fracture prevalence was much higher among 

older adults than younger adults of age≤60 years. The 

mean daily calcium intake from the FFQ was imputed as 

517.0±266.4 mg. The mean calcium intake of men and 

women were 522.75mg/day and 507.21mg/day, 

respectively. Detailed results of the associations of 

fracture risk with each potential factor among females 

 

 
 

Figure 1. Participant selection for final analyses. 
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Table 1. The characteristics of subjects participating by quintiles of calcium intake from food. 

Characteristics 
Calcium quintiles (mg/day) 

P value 
Q1 (≤296) Q2 (297-395) Q3 (396-519) Q4 (520-706) Q5 (>706) 

Females, N 411 405 390 409 437  

Age at spine examination (years) 60.3±9.0 60.6±9.2 62.1±9.1 62.9±9.0 61.1±8.9 <0.01 

Age>60 years (%) 54.3 52.6 58.7 61.4 56.3 0.09 

College or higher (%) 1.0 5.0 3.6 11.3 14.0 <0.01 

Living in rural areas (%) 78.6 60.2 46.7 26.4 14.2 <0.01 

BMI (kg/m2) 24.1±3.9 24.4±3.4 24.2±3.4 24.7±3.7 24.4±3.6 0.19 

BMI≥25 kg/m2 (%) 34.6 40.4 37.7 41.6 40.3 0.24 

Waist (cm) 77.8±9.5 78.7±9.7 78.7±8.9 79.1±9.8 77.8±9.6 0.30 

Waist>89 cm (%) 11.9 15.6 12.6 15.2 12.4 0.38 

Current or ex-smokers (%) 4.9 4.7 2.4 2.0 1.8 0.01 

Current or ex-drinkers (%) 3.9 5.2 6.4 4.7 7.8 0.11 

Self-reported fracture at baseline (%) 7.3 6.7 9.2 10.5 11.7 <0.01 

Self-reported vertebral fracture at 

baseline (%) 
2.4 2.7 2.8 4.9 4.4 0.03 

Calcium intake (mg/day) 235.9±41.3 344.6±29 452.5±35.5 602.6±51.9 945.5±227 <0.01 

BMD (mg/cm3) 98.4±40.6 99.2±40.7 98.8±43.4 95.7±38.9 104.2±41.3 0.04 

Osteopenia (%) 33.6 36.3 34.1 40.1 39.6 0.24 

Osteoporosis (%) 37.2 35.8 38.0 35.7 27.0 0.01 

Levels of physical activities      <0.01 

<600 minutes/week 19.3 13.3 8.4 7.2 5.2  

600-3000 minutes/week 40.1 40.7 42.4 52.1 44.7  

>3000 minutes/week 40.6 46.0 49.2 40.7 50.1  

Vertebral fracture (%) 19.5 16.3 17.4 14.2 11.9 0.03 

Mild vertebral fracture (%) 13.4 11.1 12.0 10.5 9.2 0.27 

Moderate/sever vertebral fracture 

(%) 
6.1 5.2 5.4 3.7 2.8 0.09 

Males, N 242 248 267 246 218  

Age at spine examination (years) 61.0±9.6 61.5±8.6 62.9±9.3 63.9±9 63.7±9 <0.01 

Age>60 years (%) 56.2 60.1 63.3 67.9 66.5 0.05 

College or higher (%) 3.3 6.1 10.2 13.1 15.6 <0.01 

Living in rural areas (%) 82.6 63.7 55.4 34.6 17.0 <0.01 

BMI (kg/m2) 23.4±4.3 23.8±3.3 24.4±3.8 24.4±3.9 25.0±3.4 <0.01 

BMI≥25 kg/m2 (%) 28.2 33.1 40.8 40.8 50.7 <0.01 

Waist (cm) 79.5±10.0 81.3±10.1 83.4±9.5 83.4±10.2 85.6±10.0 <0.01 

Waist>101 cm (%) 2.9 1.6 3.4 3.3 4.2 0.60 

Current or ex-smokers (%) 52.7 55.6 56.1 45.9 50.5 0.14 

Current or ex-drinkers (%) 46.1 48.0 52.8 49.6 50.5 0.62 

Self-reported fracture at baseline (%) 5.8 7.7 9.0 11.0 9.6 0.05 

Self-reported vertebral fracture at 

baseline (%) 
2.1 2.0 3.4 4.9 4.6 0.03 

Calcium intake (mg/day) 245.2±39.8 345.6±27.8 452.1±35.8 606.6±51.3 937.3±207.7 <0.01 

BMD (mg/cm3) 116.8±36.5 111.2±34.9 112.4±36.7 109.2±33.5 107.9±35.4 0.08 

Osteopenia (%) 40.9 39.5 37.8 39.0 47.2 0.18 

Osteoporosis (%) 14.0 18.2 19.8 20.3 18.8 0.27 

Levels of physical activities      0.02 

<600 minutes/week 22.8 14.5 13.7 13.4 9.6  

600-3000 minutes/week 33.2 39.7 41.4 39.5 41.6  

>3000 minutes/week 44.0 45.7 44.9 47.1 48.8  

Vertebral fracture (%) 19.8 17.3 19.8 19.9 15.6 0.67 

Mild vertebral fracture (%) 17.4 13.3 17.2 16.3 14.2 0.66 

Moderate/sever vertebral fracture (%) 2.5 4.0 2.6 3.7 1.4 0.47 

Note: BMI, body mass index; BMD, bone mineral density. 
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and males are presented in Table 1 by quintiles of 

calcium intake from food. 6% reduction in the odds of 

fracture risk was observed per 100 unit increase of 

calcium intake from food among females (OR, 0.94; 

95% CI, 0.89-0.99), but results among males were not 

significant (OR, 0.99; 95% CI, 0.93-1.05). We divided 

calcium intake into quintiles when modelling its 

associations with fracture risk, negative associations 

of fracture risk with calcium intake were found among 

females (Q4 vs. Q1: OR, 0.54; 95% CI, 0.36-0.82; Q5 

vs. Q1: OR, 0.55; 95% CI, 0.37-0.83), but this trend 

was not shown for lower calcium intake quintile 

groups (Q2 vs. Q1: OR, 0.78; 95% CI, 0.53-1.16; Q3 

vs. Q1: OR, 0.74; 95% CI, 0.50-1.09). The same 

regressions were performed for male participants, but 

no significance was found, whatever for unadjusted 

and adjusted models (Table 2). Table 3 shows 6% 

reduction in the odds of fracture risk associated with 

per 100 unit increase of calcium intake from food 

among females in urban region (OR, 0.94; 95% CI, 

0.88-1.00), however, no significant outcomes were 

observed among females in rural areas or among men 

in urban or rural regions. Supplementary Tables 2 and 

3 demonstrate sensitivity analyses based on 

menopausal status at baseline and age groups (≥ 55 

years as a surrogate for post-menopause [16], the 95th 

percentile of the age of menopause in PURE-China).  

 

Figure 2 shows the correlations between BMD and 

calcium intake in females, males, and both sexes 

combined. A positive correlation was observed for 

females (Figure 2B, P=0.01), but there was a non-

significant negative trend for males (Figure 2C, P=0.16) 

and a non-significant positive trend for both sexes 

combined (Figure 2A, P=0.20).  

 

DISCUSSION 
 

In this well-defined Chinese cohort with low usual 

dietary calcium intake, significant reduction of fracture 

risk was observed with increase of calcium intake from 

food among females, but not in males. Furthermore, 

negative associations of fracture risk with calcium 

intake were found among females. The present study 

provides significant evidence to support the hypothesis 

that higher calcium intake may prevent vertebral 

fractures for people with low usual calcium intake. This 

finding is inconsistent with several recent large 

randomized controlled trials of calcium supplements 

that failed to show any statistically significant evidence 

for fracture prevention [4, 17, 18]. Further, recent meta-

analyses have failed to confirm any benefit from the use 

of calcium supplements in fracture prevention. 

However, most studies and meta-analysis including 

western population with high calcium intake, and the 

different calcium intake among the different populations 

may be an important confounding factor in interpreting 

the results of the studies on the effect of calcium on 

bone [19]. 

 

Several large cohort studies of calcium intake have used 

hip or total fracture incidence as the endpoint. Since hip 

fracture is the most serious consequence of osteoporosis 

and is associated with high mortality and morbidity [20], 

most studies of calcium intake have used this as their 

endpoint. However, little is known about the relationship 

for vertebral fractures, despite the fact that they are more 

common than hip fractures. Furthermore, vertebral 

fractures are often asymptomatic, so the incidence of self-

reported vertebral fractures is often inaccurate, and a 

radiological examination is required for confirmation. 

The prevalence of radiographic vertebral fractures in 

China increases from 13% between ages 50 and 59 to 

over 50% after age 80 years [21]. A CT scout view image 

can be obtained with low radiation dose, and can be used 

to detect vertebral fracture [22, 23] with good agreement 

with a conventional X-ray [24].  

 

Our results demonstrated higher dietary calcium intake 

associated with reduction of vertebral fracture in 

Chinese women. 6% reduction in vertebral fracture in 

women showed in the present study would be of great 

value in the large osteopenia/osteoporosis population. 

The recommended dietary calcium intake for elderly 

people is more than 1000 mg/day, yet the mean calcium 

intake in China of less than 400 mg/day [15]. Most 

studies finding no relation between dietary calcium 

intake and fracture incidence are based on populations 

with high calcium intake. Only one trial in frail elderly 

women in residential care with low dietary calcium 

intake and vitamin D concentrations showed a 

significant reduction in fracture risk [6]. While this 

might support the hypothesis that increasing calcium 

intake could be beneficial for those cohorts with low 

calcium intake, it is notable that populations in Asia 

have fewer fractures on calcium intakes of about 400 

mg/day [15], and European and North American 

populations with high intake of dairy food and meat 

suffer from high fracture incidence. Recently in a large 

Korean community-based prospective study, Kong et al. 

did not find any association between calcium intake in 

food and fracture [25]. Conversely our results confirm 

the positive association of dietary calcium intake with 

preventing vertebral fracture in healthy older women. 

The discrepant outcomes might be caused by ages and 

different definitions of fracture (vertebral fracture 

diagnosed by scout view images, compared with any 

self-reported incident fracture in the Korean cohort 

study). The notable implication of our results for other 

societies is that the hypothesis of increasing dietary 

calcium intake being beneficial for individuals with 

dietary “calcium deficiency” should be more marked. 
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Table 2. The unadjusted and adjusted associations of vertebral fracture with calcium intake by gender. 

Calcium intake  

from food 

Fracture risk % (n) 
 Dichotomous odds ratio  

(95% confidence interval)1 

 Ordinal odds ratio  

(95% confidence interval)2 

No Mild  
Moderate or 

severe 

 
Crude Adjusted3 Adjusted4 

 
Crude Adjusted3 Adjusted4 

Females             

Per 100-unit 

increase 

1728 (84.2) 230 (11.2) 94 (4.6)  0.94  

(0.89, 0.98) 

0.92  

(0.87, 0.97) 

0.94  

(0.89, 0.99) 

 0.94  

(0.89, 0.98) 

0.92  

(0.87, 0.96) 

0.93  

(0.88, 0.98) 

P value     0.01 <0.01 0.02  0.01 <0.01 0.01 

Calcium intake quintiles           

Q1 331 (80.5) 55 (13.4) 25 (6.1)  ref. ref. ref.  ref. ref. ref. 

Q2 
339 (83.7) 45 (11.1) 21 (5.2)  0.81  

(0.56, 1.15) 

0.77  

(0.53, 1.12) 

0.78  

(0.53, 1.16) 

 0.81  

(0.56, 1.15) 

0.75  

(0.51, 1.09) 

0.76  

(0.51, 1.11) 

Q3 
322 (82.6) 47 (12.0) 21 (5.4)  0.87  

(0.61, 1.25) 

0.72  

(0.49, 1.05) 

0.74  

(0.50, 1.09) 

 0.87  

(0.61, 1.25) 

0.70  

(0.48, 1.02) 

0.72  

(0.49, 1.06) 

Q4 
351 (85.8) 43 (10.5) 15 (3.7)  0.68  

(0.47, 0.99) 

0.51  

(0.35, 0.76) 

0.54  

(0.36, 0.82) 

 0.68  

(0.47, 0.98) 

0.49  

(0.33, 0.72) 

0.52  

(0.35, 0.77) 

Q5 385 (88.1) 40 (9.2) 
12 (2.8)  0.56  

(0.38, 0.82) 

0.49  

(0.33, 0.73) 

0.55  

(0.37, 0.83) 

 0.55  

(0.38, 0.81) 

0.47  

(0.32, 0.70) 

0.52  

(0.35, 0.79) 

Ptrend     0.03 0.02 0.02  0.02 <0.01 0.01 

Males             

Per 100-unit 

increase 
994 (81.4) 192 (15.7) 

35 (2.9)  0.98  

(0.93, 1.04) 

0.97  

(0.92, 1.03) 

0.99  

(0.93, 1.05) 

 0.98  

(0.92, 1.04) 

0.97  

(0.92, 1.03) 

0.99  

(0.93, 1.05) 

P value     0.51 0.37 0.67  0.48 0.35 0.66 

Calcium intake quintiles           

Q1 194 (80.2) 42 (17.4) 6 (2.5)  ref. ref. ref.  ref. ref. ref. 

Q2 205 (82.7) 33 (13.3) 
10 (4.0)  0.85  

(0.54, 1.34) 

0.85  

(0.54, 1.34) 

0.92  

(0.57, 1.47) 

 0.87  

(0.55, 1.37) 

0.87  

(0.55, 1.37) 

0.95  

(0.60, 1.52) 

Q3 214 (80.2) 46 (17.2) 
7 (2.6)  1.00  

(0.65, 1.55) 

0.96  

(0.62, 1.49) 

1.00  

(0.63, 1.59) 

 1.00  

(0.65, 1.55) 

0.97  

(0.62, 1.50) 

1.01  

(0.64, 1.60) 

Q4 197 (80.1) 40 (16.3) 
9 (3.7)  1.01  

(0.64, 1.57) 

0.95  

(0.61, 1.48) 

1.00  

(0.63, 1.61) 

 1.02  

(0.66, 1.59) 

0.96  

(0.62, 1.51) 

1.02  

(0.64, 1.64) 

Q5 184 (84.4) 31 (14.2) 
3 (1.4)  0.75  

(0.46, 1.21) 

0.71  

(0.43, 1.15) 

0.81  

(0.48, 1.36) 

 0.74  

(0.46, 1.21) 

0.70  

(0.43, 1.14) 

0.81  

(0.49, 1.36) 

Ptrend     0.67 0.64 0.91  0.67 0.63 0.91 

Note: Per 100-unit refers to per 100 mg. 
1Mild, moderate, severe fracture were combined defined as fracture prevalent and no fracture.  
2Three categories were defined as moderate/severe fracture, mild fracture, and no fracture.  
3Adjusted for age.  
4Adjusted for age, education level, BMI, waist circumference, tobacco use, alcohol consumption, and physical activities.  
 

Interestingly, our results show that the prevalence of 

fracture or vertebra fracture at baseline was higher in 

high calcium intake quintile groups in both sexes (Table 

1). This may be due to participants who had fracture 

previously are more likely to increase their calcium 

intake, which means these results may reflect reverse 

causation. 

 

Although the evidence of calcium intake reducing the 

prevalence of vertebral fractures is insufficient, many 

studies have demonstrated a beneficial effect of calcium 

intake on bone mineral density. Interestingly, we 

observed a small but significant positive correlation 

between calcium intake and vertebral vBMD in women. 

In a controlled clinical trial of the effect of calcium 

supplementation on bone density in older 

postmenopausal women, increasing daily calcium intake 

reduced bone loss in women with low calcium intake 

[26]. In another randomized controlled trial in a large 

sample of postmenopausal women, there is evidence 

calcium supplementation reduces bone turnover and it is 

associated with reduction in bone loss [27]. 

 

For Asian populations with low calcium intake, relevant 

data is little and the benefits of calcium on bone loss is 

unclear. A recent Japanese study showed that even a 

low-dose calcium supplementation (500 mg/day) was 

effective in preventing postmenopausal bone loss in the 

lumbar spine [28]. Another study from Hong Kong 

indicated that supplementing the diet of high calcium 

intake retards bone loss [29]. However, the sample sizes 

of the two above studies are small which limits their 

conclusions to be reached with great certainty. In 

another Korean national population study with mean 

daily calcium intake 470 mg/d, BMD in the lumbar 

spine (both sexes) and femoral neck (women) was 

significantly lower only when calcium intake was less 

than 400 mg/d [30]. What’s more, in men, femoral neck
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Table 3. The unadjusted and adjusted associations of vertebral fracture with calcium intake by gender and living 
location. 

Calcium intake  

from food 

Fracture risk % (n)  
Dichotomous odds ratio (95% confidence 

interval)1  
Ordinal odds ratio (95% confidence 

interval)2 

No Mild  
Moderate 

or severe 
 Crude Adjusted3 Adjusted4  Crude Adjusted3 Adjusted4 

Females in rural 

areas 
           

Per 100-unit increase 763 (83.0) 111 (12.1) 45 (4.9)  
0.95  

(0.86, 1.05) 

0.98  

(0.88, 1.09) 

1.00  

(0.90, 1.11) 
 

0.95  

(0.86, 1.04) 

0.97  

(0.87, 1.08) 

0.99  

(0.89, 1.10) 

  P value     0.30 0.68 0.94  0.25 0.57 0.81 

Calcium intake 

quintiles 
           

Q1 260 (80.5) 47 (14.6) 16 (5.0)  ref. ref. ref.  ref. ref. ref. 

Q2 205 (84.0) 27 (11.1) 12 (4.9)  
0.80  

(0.51, 1.23) 

0.82  

(0.52, 1.29) 

0.84  

(0.53, 1.35) 
 

0.79  

(0.51, 1.22) 

0.82  

(0.51, 1.30) 

0.86  

(0.54, 1.39) 

Q3 151 (83.0) 22 (12.1) 9 (5.0)  
0.86  

(0.53, 1.37) 

0.80  

(0.49, 1.31) 

0.85  

(0.51, 1.42) 
 

0.85  

(0.53, 1.36) 

0.79  

(0.48, 1.31) 

0.85  

(0.50, 1.43) 

Q4 91 (84.3) 12 (11.1) 5 (4.6)  
0.78  

(0.44, 1.40) 

0.79  

(0.43, 1.46) 

0.78  

(0.41, 1.49) 
 

0.77  

(0.43, 1.39) 

0.79  

(0.43, 1.47) 

0.77  

(0.40, 1.49) 

Q5 56 (90.3) 3 (4.8) 3 (4.8)  
0.46  

(0.19, 1.10) 

0.62  

(0.25, 1.54) 

0.71  

(0.28, 1.78) 
 

0.44  

(0.18, 1.07) 

0.57  

(0.23, 1.46) 

0.66  

(0.26, 1.69) 

Ptrend     0.45 0.75 0.88  0.41 0.71 0.86 

Females in urban areas           

Per 100-unit increase 965 (85.2) 119 (10.5) 49 (4.3)  
0.93  

(0.88, 0.99) 

0.96  

(0.90, 1.03) 

0.98  

(0.91, 1.05) 
 

0.94  

(0.88, 1.00) 

0.97  

(0.91, 1.04) 

0.98  

(0.92, 1.05) 

P value     0.03 0.28 0.51  0.04 0.40 0.63 

Calcium intake quintiles           

Q1 71 (80.7) 8 (9.1) 9 (10.2)  ref. ref. ref.  ref. ref. ref. 

Q2 134 (83.2) 18 (11.2) 9 (5.6)  
0.80  

(0.41, 1.55) 

0.85  

(0.43, 1.69) 

0.84  

(0.40, 1.77) 
 

0.84  

(0.43, 1.65) 

0.94  

(0.46, 1.90) 

0.91  

(0.42, 1.96) 

Q3 171 (82.2) 25 (12.0) 12 (5.8)  
0.86  

(0.46, 1.61) 

0.86  

(0.45, 1.64) 

0.92  

(0.46, 1.86) 
 

0.90  

(0.48, 1.71) 

0.94  

(0.48, 1.85) 

0.98  

(0.47, 2.03) 

Q4 260 (86.4) 31 (10.3) 10 (3.3)  
0.62  

(0.34, 1.14) 

0.58  

(0.31, 1.10) 

0.66  

(0.33, 1.32) 
 

0.66  

(0.35, 1.23) 

0.66  

(0.34, 1.27) 

0.73  

(0.36, 1.48) 

Q5 329 (87.7) 37 (9.9) 9 (2.4)  
0.55  

(0.30, 1.00) 

0.68  

(0.36, 1.27) 

0.77  

(0.39, 1.51) 
 

0.58  

(0.32, 1.08) 

0.77  

(0.40, 1.47) 

0.85  

(0.42, 1.72) 

Ptrend     0.16 0.36 0.68  0.23 0.54 0.81 

Males in rural areas            

Per 100-unit increase 496 (79.0) 110 (17.5) 22 (3.5)  
0.93  

(0.83, 1.04) 

0.94  

(0.84, 1.05) 

0.92  

(0.81, 1.04) 
 

0.93  

(0.83, 1.04) 

0.94  

(0.84, 1.05) 

0.92  

(0.81, 1.03) 

  P value     0.20 0.24 0.17  0.20 0.24 0.15 

Calcium intake 

quintiles 
           

Q1 155 (77.5) 39 (19.5) 6 (3.0)  ref. ref. ref.  ref. ref. ref. 

Q2 125 (79.1) 24 (15.2) 9 (5.7)  
0.95  

(0.57, 1.56) 

0.97  

(0.59, 1.61) 

1.00  

(0.59, 1.69) 
 

0.91  

(0.55, 1.51) 

0.93  

(0.56, 1.55) 

0.93  

(0.55, 1.58) 

Q3 112 (75.7) 31 (21.0) 5 (3.4)  
1.11  

(0.67, 1.83) 

1.09  

(0.66, 1.79) 

1.07  

(0.63, 1.82) 
 

1.11  

(0.67, 1.83) 

1.08  

(0.65, 1.79) 

1.05  

(0.62, 1.80) 

Q4 71 (83.5) 13 (15.3) 1 (1.2)  
0.68  

(0.35, 1.31) 

0.70  

(0.36, 1.36) 

0.65  

(0.32, 1.34) 
 

0.68  

(0.35, 1.32) 

0.70  

(0.36, 1.36) 

0.65  

(0.32, 1.33) 

Q5 33 (89.2) 3 (8.1) 1 (2.7)  
0.43  

(0.14, 1.26) 

0.44  

(0.15, 1.30) 

0.35  

(0.10, 1.19) 
 

0.42  

(0.14, 1.24) 

0.43  

(0.14, 1.27) 

0.33  

(0.10, 1.15) 

Ptrend     0.36 0.43 0.33  0.35 0.42 0.33 

Males in urban areas            

Per 100-unit increase 498 (84.0) 82 (13.8) 13 (2.2)  
1.06  

(0.98, 1.15) 

1.06  

(0.98, 1.15) 

1.07  

(0.98, 1.16) 
 

1.06  

(0.98, 1.15) 

1.06  

(0.98, 1.15) 

1.07  

(0.98, 1.16) 

 P value     0.16 0.16 0.13  0.15 0.15 0.13 

Calcium intake 

quintiles 
           

Q1 39 (92.9) 3 (7.1) 0 (0.0)  ref. ref. ref.  ref. ref. ref. 

Q2 80 (88.9) 9 (10.0) 1 (1.1)  
1.64  

(0.42, 6.30) 

1.59  

(0.41, 6.17) 

2.36  

(0.49, 11.45) 
 

1.63  

(0.42, 6.24) 

1.58  

(0.41, 6.10) 

2.35  

(0.49, 11.38) 

Q3 102 (85.7) 15 (12.6) 2 (1.7)  
2.18  

(0.60, 7.89) 

2.10  

(0.58, 7.65) 

3.22  

(0.70, 14.85) 
 

2.17  

(0.60, 7.80) 

2.08  

(0.58, 7.55) 

3.19  

(0.70, 14.68) 

Q4 126 (78.3) 27 (16.8) 8 (5.0)  3.73  3.41  4.81   3.61  3.28  4.66  
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(1.09, 12.85) (0.98, 11.81) (1.09, 21.32) (1.05, 12.38) (0.95, 11.33) (1.05, 20.59) 

Q5 151 (83.4) 28 (15.5) 2 (1.1)  
2.57  

(0.74, 8.91) 

2.46  

(0.71, 8.57) 

3.72  

(0.83, 16.63) 
 

2.58  

(0.75, 8.90) 

2.47  

(0.71, 8.55) 

3.74  

(0.84, 16.66) 

Ptrend     0.07 0.13 0.14  0.09 0.16 0.16 

1Mild, moderate, severe fracture were combined defined as fracture prevalent and no fracture (ref.).  
2Three categories were defined as moderate/severe fracture, mild fracture, and no fracture (ref.).  
3Adjusted for age.  
4Adjusted for age, education level, BMI, waist circumference, tobacco use, alcohol consumption, and physical activities. 

 

 
 

Figure 2. Fitting plot for spinal bone mineral density and daily calcium intake from food among females (A), males (B), and both (C). 
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and total hip BMD was positively related to calcium 

intake up to 1200 mg/d [30]. Overall, our results 

suggest that higher calcium intake may provide 

substantial beneficial effects for BMD and 

supplementation in this population might have potential 

beneficial effects on prevention of fractures.  

 

The potential causes for gender differences observed in 

this study are unclear. However, given the gender 

differences in fracture risk and calcium intake, it is 

plausible that different associations exist between 

women and men. Another important note is that our 

study with a sample size of 1221 male subjects may not 

be powered to assess the association of calcium intake 

with fracture risk and bone loss.  

 

Our study strengths include the population based 

prospective design in both sexes in a setting with delegate 

imaging protocols. The vertebral fracture was assessed 

with lateral images of spine, and BMD was measured 

with the QCT, the most sensitive BMD measurement at 

present. Using repeat measurements of dietary intake in 

the sub-PURE China Cohort increased the accuracy and 

precision of measurements on dietary calcium intake. We 

performed a long follow-up time during which potential 

benefits of calcium intake could be shown despite of so 

low fracture incidence. We adjusted for several important 

covariates, although residual confounding may not be 

excluded. This study has some potential limitations. First, 

dietary calcium intake was measured only at baseline; 

therefore individual variations in calcium intake and diet 

during the follow-up period cannot be considered. 

Second, our calcium was imputed only from FFQ. 

Calcium supplements were not collected, though calcium 

supplements may be low in Chinese population [31]. 

Third, no data were available regarding serum 

biochemical indices such as bone turnover markers, and 

serum calcium and vitamin D that might explain the 

potential mechanisms of the effect of calcium on fracture. 

Finally, there are no CT scout views and no data on 

incident fractures at baseline.  

 

In summary, in a population with low usual calcium 

intake, more calcium in the diet was associated with 

fewer vertebral fracture in women and that no such 

association was seen in men.  

 

MATERIALS AND METHODS 
 

Study design and participants 

 

China Action on Spine and Hip Status (CASH) study 

(NCT 01758770) is a multi-center, community-based 

cohort study conducted by a research team from Beijing 

Jishuitan Hospital of Peking University, China [32]. The 

participants of CASH study were recruited from an 

ongoing community-based cohort study which were 

detailed in previous publications [33, 34], and spine 

and/or hip QCT and/or Dual-energy X-ray absorptiometry 

(DXA) were used to investigate the prevalence of 

osteoporosis and osteoarthritis in middle-age and older 

Chinese population. These participants aged 35-70 years 

old were recruited during 2005-2009, with mean age of 

51.4±9.6 years [34]. Before bone examination, we 

required to confirm the availability of a CT scanner with 

CT centers located near the participant living areas and 

their willingness to provide a free CT scan for 

collaboration. Finally, 12 centers joined our sub-study 

during 2013-2017 (3 from Sichuan, 3 from Jiangsu, 2 

from Beijing, 1 from Shanxi, 1 from Shaanxi, 1 from 

Liaoning, 1 from Jiangxi), and participants living close to 

any one CT center were invited. At the completion of this 

study, 3,457 participants from 12 centers underwent 

lumbar spine QCT scans with thoracic and lumbar spine 

CT scout views. The protocol and informed consent for 

the CASH study were reviewed and approved by the 

institutional review board of Beijing Jishuitan Hospital 

(approval number No. 201210-01; No. 201512-02). 

 

Data collection 

 

The baseline data were collected with a median of 10 

years before the spine CT screening of CASH study. 

Socio-demographic, tobacco use, alcohol consumption, 

and physical activities were collected via a structured 

questionnaire, and physical examination was conducted to 

collect weight, height, and waist circumference for each 

participant by trained physicians. In addition, detailed 

information on physical activity was collected using the 

International Physical Activity Questionnaire (IPAQ) 

[35]. A semi-quantitative Chinese Food Frequency 

Questionnaire (FFQ) with 149 items in 17 food categories 

was used to estimate average eating frequency and 

quantity in the past one year, which has been applied in 

several other studies including the Chinese National 

Nutrition and Health Survey in 2002 with satisfactory 

outcomes of reproducibility and validity [36]. Calcium 

from various foods were computed using the Chinese 

Food Composition Table database, and a 1.5% difference 

was reported in the intake of calcium between two FFQ 

[36, 37]. Chinese Dietary Reference Intakes (CDRI) 

recommended that Chinese adults should consume 800 

mg calcium per day. All data mentioned above were 

derived from a baseline database to assess the association 

of calcium intake and vertebral fracture and spinal vBMD. 

 

QCT Volumetric BMD (vBMD) and vertebral 

fracture assessment protocol 

 

All CT scans were performed at around 6-to-12-year 

follow-ups between March 2013 and August 2017. 

Details of the CT scanners at each center and the 
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scanning parameters are given in Supplementary  

Table 1. For QCT, Mindways (Austin, TX, USA) QCT 

phantom and software were used at all centers. A CT 

scout view covering T4-S1 was obtained during the CT 

exam. For the upper abdomen, a regular CT scan was 

obtained with the predefined scan parameters and table 

height. A single European spine phantom (ESP, 

No.145) was circulated to each CT center for cross-

calibration. All CT raw data and QCT data were 

transferred to the Radiology Department at the Beijing 

Jishuitan Hospital, which served as the quality control 

and data managing center for further analysis.  

 

The volumetric bone mineral density (vBMD, mg/cm3) 

of the L1 and L2 vertebral bodies was measured using 

Mindways QCT pro v5.0 software according to the 

manufacturer’s recommendations. The average vBMD 

of L1-2 was taken as the average lumbar spine vBMD 

of each subject. The classification of osteoporosis 

using QCT vBMD was based on the International 

Society for Clinical Densitometry (ISCD) 2007 criteria 

[38], i.e., spine BMD 1) <80mg/cm3, osteoporosis, 2) 

80-119 mg/cm3, osteopenia, and 3) ≥120 mg/cm3, 

normal.  

 

The lateral CT scout view image was used to assess for 

vertebral fracture according to Genant’s semiquantitative 

(SQ) method [2, 39]. The SQ diagnostic approach as 

described by Genant et al for spine radiographs was used 

to detect vertebral body fractures on the scout view 

image of CT scan [39]. Each vertebral body was 

classified as normal (grade 0), mild (grade 1), moderate 

(grade 2) or severe (grade 3) fracture [39]. The digital 

images were displayed and viewed with a professional 

DICOM view work station and the reading was done by 

an expert MSK radiologist (CXG) with many years’ 

experience of vertebral fracture assessment. The subject 

was considered to have a vertebral osteoporotic fracture 

if any one of the T4-L4 vertebral bodies had a VFA score 

≥grade 1. The highest VFA score in each individual was 

considered the fracture severity for that subject. 

 

Outcomes 

 

The primary outcome was defined as vertebral 

fracture based on CT images and the main measures 

included volumetric bone mineral density at 

participants’ median of 10 years visit and dietary 

calcium intake at baseline. 

 

Statistical analyses 

 

The subjects’ characteristics recorded at baseline were 

used to evaluate their associations with vertebral 

fractures. Continuous variables were shown as the 

mean ± standard deviation (SD), and categorical 

variables as numbers (n) and percentages (%). 

Kruskal-Wallis tests or chi-square tests were used for 

continuous variables or categorical variables among 

various fracture groups. 

 

Gender-specific results were presented and analyzed by 

calcium intake quintiles of overall study population. 

Odds ratio (OR) and 95% confidence interval (CI) were 

obtained for the associations of dietary calcium with 

vertebral fracture from ordinal logistic regression 

models (if outcome defined as three categories, mild, 

moderate or severe) or dichotomous logistic regression 

models (when mild, moderate, or severe fracture were 

combined and defined as prevalent fracture and no 

fracture as reference group). Potential covariates 

including age, education level, BMI, waist 

circumference, tobacco use, alcohol consumption, and 

physical activities for multivariate regression models 

were selected based on previous literatures and 

univariate model analyses. The interaction between 

vertebral fracture and calcium intake was also 

evaluated. Simple linear regressions and fitting plots 

were used to estimate the correlations between vBMD 

and calcium intake. Analyses were stratified by sex 

owing to potential different pathological mechanisms 

for osteoporosis in women and men [40]. Data with 

missing BMD or calcium intake were excluded from the 

data analyses. 

 

The Statistical Analysis System (SAS 9.4 for Windows; 

SAS Institute Inc., Cary, NC, USA) software was used 

for all statistical analyses in this study. 

 

Abbreviations 
 

vBMD: Volumetric bone mineral density; CASH: China 

Action on Spine and Hip Status; OR: Odds ratio; CI: 

Confidence interval; CDRI: Chinese Dietary Reference 

Intakes; QCT: Quantitative computed tomography; 

DXA: Dual-energy X-ray absorptiometry; IPAQ: 

International Physical Activity Questionnaire; FFQ: 

Food Frequency Questionnaire; ESP: European spine 

phantom; ISCD: International Society for Clinical 

Densitometry; SQ: Genant’s semiquantitative. 

 

AUTHOR CONTRIBUTIONS 
 

WT, WL, XGC designed the experiments and revised 

the manuscript. LW, LY, KL and XGC analyzed data 

and wrote the manuscript. The PURE China CASH 

study team conducted CT scans and YBW, XYL, GJD, 

and YW checked the data of subjects, reviewed the 

manuscript. YZ YYDM conducted the cross-calibration 

CT scans and revised the manuscript. NV edited the 

manuscript. All authors approved the final version to be 

published. 



 

www.aging-us.com 5509 AGING 

ACKNOWLEDGMENTS 
 

The PURE China CASH study team also 

includes:Shaoqi Xu; Linfen Zhao: Department of 

Radiology, Nanjing University of Chinese Medicine 

Affiliated Wujin Hospital of Traditional Chinese 

Medicine, Changzhou 213161, China; Jun Zhou; 

Fengzhe Wang: Department of Radiology, The 4th 

People’s Hospital of Shenyang, Shenyang 110031, 

China; Yu Liu: Shenyang No. 242 Hospital, Shenyang 

110034, China; Lei Zhu; Yizhong Chen: Department of 

Radiology, The People’s Hospital of Dayi County, 

Chengdu 611330, China; Xiaolin Zhang: Dayi County 

Public Health Hospital, Chengdu 611330, China; Hao 

Xiaoguang; Zhiwei Shi:Department of Radiology, 

Taiyuan Central Hospital, Taiyuan 030009, China; 

Junying Wang: Balingqiao Community Health Service 

Center, Taiyuan 030013, China; Jiman Shao; Zhijian 

Chen: The Affiliated Hospital of Jiangxi University of 

Traditional Chinese Medicine, Nanchang 330006, 

China; Rensheng Lei: Nanchang County Center for 

Disease Control & Prevention, Nanchang 330200, 

China Gang Ning: Department of Radiology, West 

China Second University Hospital of Sichuan 

University, Chengdu 610041, China; Qian Zhao: 

General Practice Department, West China Hospital of 

Sichuan University, Chengdu 610041, China; 

Yonghong Jiang: Department of Radiology, Xi'an 

HongHui Hospital, Xi’an 710054, China; Yahong Zhi: 

Hospital of Xidian University, Xi’an 710071, China; 

Baoqing Li: Department of Radiology, Beijing 

Shijingshan Hospital, Beijing 100043, China; Xiao 

Chen: Department of Radiology, Affiliated Hospital of 

Nanjing University of Chinese Medicine, Nanjing 

210029, China; Quanyong Xiang: Jiangsu Province 

Centers for Disease Control & Prevention, Nanjing, 

210019, China. 

 

The authors would like to thank Prof. Richard Prince 

(Sir Charles Gairdner Hospital, Australia), Prof. Cliff 

Rosen (Maine Medical Center Research Institute, USA), 

and Prof. Glen Blake (King's College London, UK) for 

their most helpful comments on drafts of this paper.  

 

CONFLICTS OF INTEREST 
 

The authors declare no conflicts of interest. 

 

FUNDING 
 

The foundation from the capital health research and 

development of special (No. 2014-2-1122), Beijing 

Bureau of Health 215 Program (No. 2009-2-03), the 

Ministry of Science and Technology of the China (Grants 

2012BAI10B02). This work was also sponsored by the 

China government grants from CAMS Innovation Fund 

for Medical Sciences (CIFMS, 2016-I2M-2-004) and 

Construction of Basic Information Technology Support 

System and Platform for National Prevention and 

Treatment of Cardiovascular Diseases. 

 

REFERENCES 
 
1. Cummings SR, Melton LJ. Epidemiology and outcomes 

of osteoporotic fractures. Lancet. 2002; 359:1761–67. 
 https://doi.org/10.1016/S0140-6736(02)08657-9 
 PMID:12049882 

2. Wáng YX, Santiago FR, Deng M, Nogueira-Barbosa MH. 
Identifying osteoporotic vertebral endplate and cortex 
fractures. Quant Imaging Med Surg. 2017; 7:555–91. 

 https://doi.org/10.21037/qims.2017.10.05 
 PMID:29184768 

3. Preventive Services Task Force US. 2018. 
 https://www.uspreventiveservicestaskforce.org/uspstf

/recommendation/vitamin-d-calcium-or-combined-
supplementation-for-the-primary-prevention-of-
fractures-in-adults-preventive-
medication#fullrecommendationstart 

4. Prince RL, Devine A, Dhaliwal SS, Dick IM. Effects of 
calcium supplementation on clinical fracture and bone 
structure: results of a 5-year, double-blind, placebo-
controlled trial in elderly women. Arch Intern Med. 
2006; 166:869–75. 

 https://doi.org/10.1001/archinte.166.8.869 
 PMID:16636212 

5. Zhao JG, Zeng XT, Wang J, Liu L. Association Between 
Calcium or Vitamin D Supplementation and Fracture 
Incidence in Community-Dwelling Older Adults: A 
Systematic Review and Meta-analysis. JAMA. 2017; 
318:2466–82. 

 https://doi.org/10.1001/jama.2017.19344 
 PMID:29279934 

6. Bolland MJ, Leung W, Tai V, Bastin S, Gamble GD, Grey 
A, Reid IR. Calcium intake and risk of fracture: 
systematic review. BMJ. 2015; 351:h4580. 

 https://doi.org/10.1136/bmj.h4580 PMID:26420387 

7. Jackson RD, LaCroix AZ, Gass M, Wallace RB, Robbins J, 
Lewis CE, Bassford T, Beresford SA, Black HR, 
Blanchette P, Bonds DE, Brunner RL, Brzyski RG, et al, 
and Women’s Health Initiative Investigators. Calcium 
plus vitamin D supplementation and the risk of 
fractures. N Engl J Med. 2006; 354:669–83. 

 https://doi.org/10.1056/NEJMoa055218 
 PMID:16481635 

8. Khan B, Nowson CA, Daly RM, English DR, Hodge AM, 
Giles GG, Ebeling PR. Higher Dietary Calcium Intakes 
Are Associated With Reduced Risks of Fractures, 
Cardiovascular Events, and Mortality: A Prospective 
Cohort Study of Older Men and Women. J Bone Miner 

https://doi.org/10.1016/S0140-6736%2802%2908657-9
https://www.ncbi.nlm.nih.gov/pubmed/12049882
https://doi.org/10.21037/qims.2017.10.05
https://www.ncbi.nlm.nih.gov/pubmed/29184768
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/vitamin-d-calcium-or-combined-supplementation-for-the-primary-prevention-of-fractures-in-adults-preventive-medication#fullrecommendationstart
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/vitamin-d-calcium-or-combined-supplementation-for-the-primary-prevention-of-fractures-in-adults-preventive-medication#fullrecommendationstart
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/vitamin-d-calcium-or-combined-supplementation-for-the-primary-prevention-of-fractures-in-adults-preventive-medication#fullrecommendationstart
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/vitamin-d-calcium-or-combined-supplementation-for-the-primary-prevention-of-fractures-in-adults-preventive-medication#fullrecommendationstart
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/vitamin-d-calcium-or-combined-supplementation-for-the-primary-prevention-of-fractures-in-adults-preventive-medication#fullrecommendationstart
https://doi.org/10.1001/archinte.166.8.869
https://www.ncbi.nlm.nih.gov/pubmed/16636212
https://doi.org/10.1001/jama.2017.19344
https://www.ncbi.nlm.nih.gov/pubmed/29279934
https://doi.org/10.1136/bmj.h4580
https://www.ncbi.nlm.nih.gov/pubmed/26420387
https://doi.org/10.1056/NEJMoa055218
https://www.ncbi.nlm.nih.gov/pubmed/16481635


 

www.aging-us.com 5510 AGING 

Res. 2015; 30:1758–66. 
 https://doi.org/10.1002/jbmr.2515 
 PMID:25828852 

9. Lima GA, Lima PD, Barros MG, Vardiero LP, Melo EF, 
Paranhos-Neto FP, Madeira M, Farias ML. Calcium 
intake: good for the bones but bad for the heart? An 
analysis of clinical studies. Arch Endocrinol Metab. 
2016; 60:252–63. 

 https://doi.org/10.1590/2359-3997000000173 
 PMID:27355855 

10. Reid IR, Bristow SM, Bolland MJ. Calcium supplements: 
benefits and risks. J Intern Med. 2015; 278:354–68. 

 https://doi.org/10.1111/joim.12394 
 PMID:26174589 

11. Tai V, Leung W, Grey A, Reid IR, Bolland MJ. Calcium 
intake and bone mineral density: systematic review 
and meta-analysis. BMJ. 2015; 351:h4183. 

 https://doi.org/10.1136/bmj.h4183 
 PMID:26420598 

12. Huang F, Wang Z, Zhang J, Du W, Su C, Jiang H, Jia X, 
Ouyang Y, Wang Y, Li L, Zhang B, Wang H. Dietary 
calcium intake and food sources among Chinese adults 
in CNTCS. PLoS One. 2018; 13:e0205045. 

 https://doi.org/10.1371/journal.pone.0205045 
 PMID:30273413 

13. Seo MH, Kim MK, Park SE, Rhee EJ, Park CY, Lee WY, 
Baek KH, Song KH, Kang MI, Oh KW. The association 
between daily calcium intake and sarcopenia in older, 
non-obese Korean adults: the fourth Korea National 
Health and Nutrition Examination Survey (KNHANES IV) 
2009. Endocr J. 2013; 60:679–86. 

 https://doi.org/10.1507/endocrj.EJ12-0395 
 PMID:23357977 

14. Fujita T, Fukase M. Comparison of osteoporosis and 
calcium intake between Japan and the United States. 
Proc Soc Exp Biol Med. 1992; 200:149–52. 

 https://doi.org/10.3181/00379727-200-43407 
 PMID:1579574 

15. Balk EM, Adam GP, Langberg VN, Earley A, Clark P, 
Ebeling PR, Mithal A, Rizzoli R, Zerbini CAF, Pierroz DD, 
Dawson-Hughes B; International Osteoporosis 
Foundation Calcium Steering Committee. Global 
dietary calcium intake among adults: a systematic 
review. Osteoporos Int. 2017; 28:3315–24. 

 https://doi.org/10.1007/s00198-017-4230-x 
 PMID:29026938 

16. Wang L, Wang W, Xu L, Cheng X, Ma Y, Liu D, Guo Z, Su 
Y, Wang Q. Relation of visceral and subcutaneous 
adipose tissue to bone mineral density in chinese 
women. Int J Endocrinol. 2013; 2013:378632. 

 https://doi.org/10.1155/2013/378632 PMID:23861681 

17. Radford LT, Bolland MJ, Mason B, Horne A, Gamble 

GD, Grey A, Reid IR. The Auckland calcium study: 5-
year post-trial follow-up. Osteoporos Int. 2014; 
25:297–304. 

 https://doi.org/10.1007/s00198-013-2526-z 
 PMID:24114400 

18. Reid IR, Bolland MJ. Calcium risk-benefit updated—
new WHI analyses. Maturitas. 2014; 77:1–3. 

 https://doi.org/10.1016/j.maturitas.2013.10.003 
 PMID:24210633 

19. Chiodini I, Bolland MJ. Calcium supplementation in 
osteoporosis: useful or harmful? Eur J Endocrinol. 
2018; 178:D13–25. 

 https://doi.org/10.1530/EJE-18-0113 
 PMID:29440373 

20. Xia WB, He SL, Xu L, Liu AM, Jiang Y, Li M, Wang O, Xing 
XP, Sun Y, Cummings SR. Rapidly increasing rates of hip 
fracture in Beijing, China. J Bone Miner Res. 2012; 
27:125–29. 

 https://doi.org/10.1002/jbmr.519 
 PMID:21956596 

21. Cui L, Chen L, Xia W, Jiang Y, Cui L, Huang W, Wang W, 
Wang X, Pei Y, Zheng X, Wang Q, Ning Z, Li M, et al. 
Vertebral fracture in postmenopausal Chinese women: 
a population-based study. Osteoporos Int. 2017; 
28:2583–90. 

 https://doi.org/10.1007/s00198-017-4085-1 
 PMID:28560474 

22. Kim YM, Demissie S, Genant HK, Cheng X, Yu W, 
Samelson EJ, Kiel DP, Bouxsein ML. Identification of 
prevalent vertebral fractures using CT lateral scout 
views: a comparison of semi-automated quantitative 
vertebral morphometry and radiologist semi-
quantitative grading. Osteoporos Int. 2012; 23:1007–
16. 

 https://doi.org/10.1007/s00198-011-1774-z 
 PMID:21927924 

23. Samelson EJ, Christiansen BA, Demissie S, Broe KE, 
Zhou Y, Meng CA, Yu W, Cheng X, O'Donnell CJ, 
Hoffmann U, Genant HK, Kiel DP, Bouxsein ML. 
Reliability of vertebral fracture assessment using 
multidetector CT lateral scout views: the Framingham 
Osteoporosis Study. Osteoporos Int. 2011; 22:1123–
31. 

 https://doi.org/10.1007/s00198-010-1290-6 
 PMID:20495902 

24. Bazzocchi A, Fuzzi F, Garzillo G, Diano D, Rimondi E, 
Merlino B, Moio A, Albisinni U, Battista G, Guglielmi G. 
Reliability and accuracy of scout CT in the detection of 
vertebral fractures. Br J Radiol. 2013; 86:20130373. 

 https://doi.org/10.1259/bjr.20130373 
 PMID:24100019 

25. Kong SH, Kim JH, Hong AR, Cho NH, Shin CS. Dietary 

https://doi.org/10.1002/jbmr.2515
https://www.ncbi.nlm.nih.gov/pubmed/25828852
https://doi.org/10.1590/2359-3997000000173
https://www.ncbi.nlm.nih.gov/pubmed/27355855
https://doi.org/10.1111/joim.12394
https://www.ncbi.nlm.nih.gov/pubmed/26174589
https://doi.org/10.1136/bmj.h4183
https://www.ncbi.nlm.nih.gov/pubmed/26420598
https://doi.org/10.1371/journal.pone.0205045
https://www.ncbi.nlm.nih.gov/pubmed/30273413
https://doi.org/10.1507/endocrj.EJ12-0395
https://www.ncbi.nlm.nih.gov/pubmed/23357977
https://doi.org/10.3181/00379727-200-43407
https://www.ncbi.nlm.nih.gov/pubmed/1579574
https://doi.org/10.1007/s00198-017-4230-x
https://www.ncbi.nlm.nih.gov/pubmed/29026938
https://doi.org/10.1155/2013/378632
https://www.ncbi.nlm.nih.gov/pubmed/23861681
https://doi.org/10.1007/s00198-013-2526-z
https://www.ncbi.nlm.nih.gov/pubmed/24114400
https://doi.org/10.1016/j.maturitas.2013.10.003
https://www.ncbi.nlm.nih.gov/pubmed/24210633
https://doi.org/10.1530/EJE-18-0113
https://www.ncbi.nlm.nih.gov/pubmed/29440373
https://doi.org/10.1002/jbmr.519
https://www.ncbi.nlm.nih.gov/pubmed/21956596
https://doi.org/10.1007/s00198-017-4085-1
https://www.ncbi.nlm.nih.gov/pubmed/28560474
https://doi.org/10.1007/s00198-011-1774-z
https://www.ncbi.nlm.nih.gov/pubmed/21927924
https://doi.org/10.1007/s00198-010-1290-6
https://www.ncbi.nlm.nih.gov/pubmed/20495902
https://doi.org/10.1259/bjr.20130373
https://www.ncbi.nlm.nih.gov/pubmed/24100019


 

www.aging-us.com 5511 AGING 

calcium intake and risk of cardiovascular disease, 
stroke, and fracture in a population with low calcium 
intake. Am J Clin Nutr. 2017; 106:27–34. 

 https://doi.org/10.3945/ajcn.116.148171 
 PMID:28615253 

26. Dawson-Hughes B, Dallal GE, Krall EA, Sadowski L, 
Sahyoun N, Tannenbaum S. A controlled trial of the 
effect of calcium supplementation on bone density in 
postmenopausal women. N Engl J Med. 1990; 
323:878–83. 

 https://doi.org/10.1056/NEJM199009273231305 
 PMID:2203964 

27. Reid IR, Mason B, Horne A, Ames R, Reid HE, Bava U, 
Bolland MJ, Gamble GD. Randomized controlled trial of 
calcium in healthy older women. Am J Med. 2006; 
119:777–85. 

 https://doi.org/10.1016/j.amjmed.2006.02.038 
 PMID:16945613 

28. Nakamura K, Saito T, Kobayashi R, Oshiki R, Kitamura K, 
Oyama M, Narisawa S, Nashimoto M, Takahashi S, 
Takachi R. Effect of low-dose calcium supplements on 
bone loss in perimenopausal and postmenopausal 
Asian women: a randomized controlled trial. J Bone 
Miner Res. 2012; 27:2264–70. 

 https://doi.org/10.1002/jbmr.1676 
 PMID:22653713 

29. Lau EM, Woo J, Lam V, Hong A. Milk supplementation 
of the diet of postmenopausal Chinese women on a 
low calcium intake retards bone loss. J Bone Miner Res. 
2001; 16:1704–09. 

 https://doi.org/10.1359/jbmr.2001.16.9.1704 
 PMID:11547841 

30. Kim KM, Choi SH, Lim S, Moon JH, Kim JH, Kim SW, 
Jang HC, Shin CS. Interactions between dietary calcium 
intake and bone mineral density or bone geometry in a 
low calcium intake population (KNHANES IV 2008-
2010). J Clin Endocrinol Metab. 2014; 99:2409–17. 

 https://doi.org/10.1210/jc.2014-1006 
 PMID:24684465 

31. Xu X, Yin F, Zhao DB. A survey on awareness of 
osteoporosis and the prevention and treatment of 
osteoporosis in high-risk population in Shanghai. 
Chinese Journal of Osteoporosis. 2012; 18:750–53. 

32. Li K, Zhang Y, Wang L, Duanmu YY, Tian W, Chen H, Yin 
L, Bo J, Wang Y, Li W, He L, Zhao WH, Xu SQ, et al. The 
protocol for the Prospective Urban Rural Epidemiology 
China Action on Spine and Hip status study. Quant 
Imaging Med Surg. 2018; 8:667–72. 

 https://doi.org/10.21037/qims.2018.08.07 
 PMID:30211034 

33. Teo K, Chow CK, Vaz M, Rangarajan S, Yusuf S; PURE 

Investigators-Writing Group. The Prospective Urban 
Rural Epidemiology (PURE) study: examining the 
impact of societal influences on chronic 
noncommunicable diseases in low-, middle-, and high-
income countries. Am Heart J. 2009; 158:1–7.e1. 

 https://doi.org/10.1016/j.ahj.2009.04.019 
 PMID:19540385 

34. Liu CC, Tong JM, Li PS, Li KK. Epidemiology and clinical 
outcome of intraocular foreign bodies in Hong Kong: a 
13-year review. Int Ophthalmol. 2017; 37:55–61. 

 https://doi.org/10.1007/s10792-016-0225-4 
 PMID:27043444 

35. Ainsworth BE, Bassett DR Jr, Strath SJ, Swartz AM, 
O’Brien WL, Thompson RW, Jones DA, Macera CA, 
Kimsey CD. Comparison of three methods for 
measuring the time spent in physical activity. Med Sci 
Sports Exerc. 2000 (9 Suppl); 32:S457–64. 

 https://doi.org/10.1097/00005768-200009001-00004 
 PMID:10993415 

36. Zhao WH, Huang ZP, Zhang X, Li HE, Willett W, Wang 
JL, Hasegawa K, Chen JS. Reproducibility and Validity of 
a Chinese Food Frequency Questionnaire. Biomed 
Environ Sci. 2010; 23:1–38. 

 https://doi.org/10.1016/S0895-3988(11)60014-7 

37. Institute of Nutrition and Food Hygiene and Chinese 
Academy of Preventive Medicine. (1991). Food 
Composition Table. In: People’s Health Publishing 
House, ed. (Beijing, China). 

38. Engelke K, Adams JE, Armbrecht G, Augat P, Bogado 
CE, Bouxsein ML, Felsenberg D, Ito M, Prevrhal S, Hans 
DB, Lewiecki EM. Clinical use of quantitative computed 
tomography and peripheral quantitative computed 
tomography in the management of osteoporosis in 
adults: the 2007 ISCD Official Positions. J Clin 
Densitom. 2008; 11:123–62. 

 https://doi.org/10.1016/j.jocd.2007.12.010 
 PMID:18442757 

39. Wu C, van Kuijk C, Li J, Jiang Y, Chan M, Countryman 
P, Genant HK. Comparison of digitized images with 
original radiography for semiquantitative assessment 
of osteoporotic fractures. Osteoporos Int. 2000; 
11:25–30. 

 https://doi.org/10.1007/s001980050002 
 PMID:10663355 

40. Hannan MT, Anderson JJ, Zhang Y, Levy D, Felson DT. 
Bone mineral density and knee osteoarthritis in elderly 
men and women. The Framingham Study. Arthritis 
Rheum. 1993; 36:1671–80. 

 https://doi.org/10.1002/art.1780361205 
 PMID:8250986 

  

https://doi.org/10.3945/ajcn.116.148171
https://www.ncbi.nlm.nih.gov/pubmed/28615253
https://doi.org/10.1056/NEJM199009273231305
https://www.ncbi.nlm.nih.gov/pubmed/2203964
https://doi.org/10.1016/j.amjmed.2006.02.038
https://www.ncbi.nlm.nih.gov/pubmed/16945613
https://doi.org/10.1002/jbmr.1676
https://www.ncbi.nlm.nih.gov/pubmed/22653713
https://doi.org/10.1359/jbmr.2001.16.9.1704
https://www.ncbi.nlm.nih.gov/pubmed/11547841
https://doi.org/10.1210/jc.2014-1006
https://www.ncbi.nlm.nih.gov/pubmed/24684465
https://doi.org/10.21037/qims.2018.08.07
https://www.ncbi.nlm.nih.gov/pubmed/30211034
https://doi.org/10.1016/j.ahj.2009.04.019
https://www.ncbi.nlm.nih.gov/pubmed/19540385
https://doi.org/10.1007/s10792-016-0225-4
https://www.ncbi.nlm.nih.gov/pubmed/27043444
https://doi.org/10.1097/00005768-200009001-00004
https://www.ncbi.nlm.nih.gov/pubmed/10993415
https://doi.org/10.1016/S0895-3988(11)60014-7
https://doi.org/10.1016/j.jocd.2007.12.010
https://www.ncbi.nlm.nih.gov/pubmed/18442757
https://doi.org/10.1007/s001980050002
https://www.ncbi.nlm.nih.gov/pubmed/10663355
https://doi.org/10.1002/art.1780361205
https://www.ncbi.nlm.nih.gov/pubmed/8250986


 

www.aging-us.com 5512 AGING 

SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 

 
 

 
 

Supplementary Figure 1. (A and B) Self-reported fracture prevalence and location among Chinese adults aged between 35 and 70 years at 

baseline. 
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Supplementary Figure 2. (A and B) Fracture incidence and location at thoracic vertebra (TV) and lumbar vertebra (LV) during cohort 

follow-up. 

 
  



 

www.aging-us.com 5514 AGING 

Supplementary Tables 
 

Supplementary Table 1. The CT scanner, scan parameters and recruitment in various centers. 

Geographical 

regions 
Center CT scanner 

Scan 

kVp 

Scan 

mAs 

SFOV 

(mm) 

Slice 

Thickness 

(mm) 

Beijing 
Beijing Jishuitan Hospital Toshiba Aquilion PRIME 80 120 187 500 1 

Beijing Shijingshan Hospital GE LightSpeed VCT 64 120 150 500 1.25 

Liaoning Province Shenyang 4th Hospital GE LightSpeed 16 120 150 500 1.25 

Sichuan Province 

Dayi Hospital GE Optima CT660 64 120 150 500 1.25 

Huaxi 2nd Hospital Philips Brilliance 6 120 150 500 2 

Chengdu 2nd People’s Hospital Philips Brilliance 64 120 150 500 1 

Jiangsu Province 

Changzhou Wujing Hospital 
SIEMENS SOMATOM 

Definition AS+  
120 150 500 1 

No1 TCM Hospital GE Optima CT660 64 120 150 500 1.25 

No2 TCM Hospital Philips iCT 256 120 238 500 1 

Shanxi Province Taiyuan Central Hospital Toshiba Aquilion 64 120 75 500 1 

Shaanxi Province Red Cross Hospital of Shaanxi Philips Ingenuity CT 64 120 150 500 1 

Jiangxi Province 
Jiangxi Traditional Medicine 

Hospital 

GE Medical Systems 

Discovery CT750hd 64 
120 150 500 1.25 

Note: TCM, traditional Chinese medicine; SFOV, standard field of view. 
 

Supplementary Table 2. Sensitivity analyses for vertebral fracture with calcium intake among women by menopausal 
status1. 

Calcium intake  

from food 

Fracture risk % (n) 
 Dichotomous odds ratio  

(95% confidence interval)2 

 Ordinal odds ratio  

(95% confidence interval)3 

No Mild  
Moderate 

or severe 

 
Crude Adjusted4 Adjusted5 

 
Crude Adjusted4 Adjusted5 

Premenopausal             

Per 100-unit 

increase 

717 (93.2) 42 (5.5) 10 (1.3)  0.92  

(0.82, 1.03) 

0.92  

(0.81, 1.04) 

0.92  

(0.81, 1.05) 

 0.92  

(0.82, 1.03) 

0.92  

(0.81, 1.04) 

0.93  

(0.81, 1.05) 

P value     0.16 0.17 0.22  0.16 0.18 0.24 

Q1 137 (90.1) 11 (7.2) 4 (2.6)  ref. ref. ref.  ref. ref. ref. 

Q2 160 (93.6) 9 (5.3) 2 (1.2)  0.62  

(0.28, 1.40) 

0.49  

(0.21, 1.14) 

0.43  

(0.18, 1.02) 

 0.63  

(0.28, 1.41) 

0.51  

(0.22, 1.19) 

0.45  

(0.19, 1.07) 

Q3 132 (91.7) 11 (7.6) 1 (0.7)  0.82  

(0.37, 1.81) 

0.58  

(0.25, 1.35) 

0.51  

(0.21, 1.24) 

 0.83  

(0.38, 1.84) 

0.63  

(0.27, 1.47) 

0.58  

(0.24, 1.39) 

Q4 125 (95.4) 5 (3.8) 1 (0.7)  0.44  

(0.16, 1.15) 

0.33  

(0.12, 0.89) 

0.31  

(0.11, 0.85) 

 0.44  

(0.17, 1.17) 

0.34  

(0.12, 0.93) 

0.32  

(0.11, 0.89) 

Q5 163 (95.3) 6 (3.5) 2 (1.2)  0.45  

(0.18, 1.08) 

0.39  

(0.16, 0.95) 

0.38  

(0.15, 0.98) 

 0.45  

(0.19, 1.09) 

0.40  

(0.16, 0.99) 

0.40  

(0.15, 1.03) 

Ptrend     0.29 0.13 0.11  0.30 0.17 0.15 

Postmenopausal            

Per 100-unit 

increase 

986 (78.6) 184 (14.7) 84 (6.7)  0.93  

(0.89, 0.99) 

0.92  

(0.87, 0.97) 

0.94  

(0.89, 1.00) 

 0.94  

(0.89, 0.99) 

0.93  

(0.87, 0.98) 

0.94  

(0.89, 1.00) 

P value     0.01 <0.01 0.03  0.02 0.01 0.06 

Calcium intake quintiles           

Q1 190 (74.8) 43 (16.9) 21 (8.3)  ref. ref. ref.  ref. ref. ref. 
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Q2 168 (76.0) 34 (15.4) 19 (8.6)  0.95  

(0.63, 1.43) 

0.83  

(0.54, 1.26) 

0.88  

(0.57, 1.37) 

 0.94  

(0.62, 1.42) 

0.85  

(0.55, 1.30) 

0.91  

(0.58, 1.42) 

Q3 187 (77.3) 35 (14.5) 20 (8.3)  0.88  

(0.59, 1.33) 

0.74  

(0.49, 1.12) 

0.80  

(0.52, 1.23) 

 0.87  

(0.58, 1.32) 

0.75  

(0.49, 1.14) 

0.81  

(0.52, 1.26) 

Q4 220 (80.9) 38 (14.0) 14 (5.2)  0.69  

(0.46, 1.05) 

0.54  

(0.36, 0.83) 

0.60  

(0.39, 0.95) 

 0.70  

(0.46, 1.06) 

0.57  

(0.37, 0.88) 

0.64  

(0.41, 1.00) 

Q5 221 (83.4) 34 (12.8) 10 (3.8)  0.58  

(0.38, 0.89) 

0.50  

(0.32, 0.78) 

0.59  

(0.37, 0.93) 

 0.59  

(0.39, 0.91) 

0.53  

(0.34, 0.83) 

0.62  

(0.39, 0.99) 

Ptrend     0.08 0.01 0.09  0.10 0.03 0.17 

1Data of menopausal status were obtained via self-reporting at PURE baseline, not at QCT measurement. 
2Mild, moderate, severe fracture were combined defined as facture prevalent and no fracture.  
3Three categories were defined as moderate/severe fracture, mild fracture, and no fracture.  
4Adjusted for age.  
5Adjusted for age, education level, BMI, waist circumference, tobacco use, alcohol consumption, and physical activities.  
 

Supplementary Table 3. Sensitivity analyses for vertebral fracture with calcium intake among women by age groups. 

Calcium intake  

from food 

Fracture risk % (n) 
 Dichotomous odds ratio  

(95% confidence interval)1 

 Ordinal odds ratio  

(95% confidence interval)2 

No Mild  
Moderate 

or severe 

 
Crude Adjusted3 Adjusted4 

 
Crude Adjusted3 Adjusted4 

<55 years            

Per 100-unit 

increase 

505 (95.6) 21 (4.0) 2 (0.4)  0.83  

(0.68, 1.02) 

0.84  

(0.68, 1.03) 

0.90  

(0.73, 1.10) 

 0.83  

(0.68, 1.02) 

0.84  

(0.68, 1.03) 

0.90  

(0.73, 1.10) 

P value     0.08 0.09 0.30  0.08 0.08 0.29 

Q1 104 (91.2) 9 (7.9) 1 (1.2)  ref. ref. ref.  ref. ref. ref. 

Q2 
119 (96.0) 5 (4.0) 0 (0.0)  0.44  

(0.14, 1.32) 

0.44  

(0.15, 1.34) 

0.52  

(0.17, 1.64) 

 0.44  

(0.15, 1.32) 

0.45  

(0.15, 1.35) 

0.52  

(0.17, 1.64) 

Q3 
92 (93.9) 6 (6.1) 0 (0.0)  0.67  

(0.24, 1.93) 

0.67  

(0.23, 1.94) 

0.79  

(0.25, 2.54) 

 0.68  

(0.24, 1.94) 

0.68  

(0.24, 1.96) 

0.79  

(0.25, 2.55) 

Q4 
81 (98.8) 1 (1.2) 0 (0.0)  0.13  

(0.02, 1.02) 

0.13  

(0.02, 1.06) 

0.17  

(0.02, 1.36) 

 0.13  

(0.02, 1.02) 

0.13  

(0.02, 1.06) 

0.17  

(0.02, 1.36) 

Q5 109 (99.1) 0 (0.0) 
1 (1.2)  0.10  

(0.01, 0.76) 

0.10  

(0.01, 0.77) 

0.16  

(0.02, 1.28) 

 0.10  

(0.01, 0.76) 

0.10  

(0.01, 0.77) 

0.16  

(0.02, 1.28) 

Ptrend     0.07 0.08 0.23  0.07 0.08 0.22 

≥55 years            

Per 100-unit 

increase 
1222 (80.2) 209 (13.7) 

92 (6.0)  0.93  

(0.89, 0.98) 

0.92  

(0.87, 0.97) 

0.94  

(0.89, 0.99) 

 0.94  

(0.89, 0.99) 

0.93  

(0.88, 0.98) 

0.94  

(0.89, 1.00) 

P value     0.01 <0.01 0.02  0.01 0.01 0.04 

Calcium intake quintiles           

Q1 227 (76.4) 46 (15.5) 24 (8.1)  ref. ref. ref.  ref. ref. ref. 

Q2 220 (78.3) 40 (14.2) 
21 (7.5)  0.90  

(0.61, 1.32) 

0.81  

(0.54, 1.20) 

0.82  

(0.54, 1.24) 

 0.90  

(0.61, 1.33) 

0.83  

(0.56, 1.25) 

0.85  

(0.56, 1.30) 

Q3 230 (78.8) 41 (14.0) 
21 (7.2)  0.87  

(0.60, 1.28) 

0.72  

(0.48, 1.07) 

0.75  

(0.50, 1.14) 

 0.87  

(0.59, 1.29) 

0.74  

(0.50, 1.11) 

0.77  

(0.51, 1.18) 

Q4 269 (82.5) 42 (12.9) 
15 (4.6)  0.68  

(0.46, 1.00) 

0.53  

(0.36, 0.80) 

0.57  

(0.38, 0.88) 

 0.69  

(0.46, 1.02) 

0.57  

(0.38, 0.85) 

0.60  

(0.39, 0.93) 

Q5 276 (84.4) 40 (12.2) 
11 (3.4)  0.59  

(0.39, 0.87) 

0.53  

(0.35, 0.80) 

0.59  

(0.39, 0.91) 

 0.60  

(0.40, 0.90) 

0.56  

(0.37, 0.84) 

0.63  

(0.41, 0.97) 

Ptrend     0.05 0.01 0.06  0.08 0.02 0.12 

1Mild, moderate, severe fracture were combined defined as facture prevalent and no fracture.  
2Three categories were defined as moderate/severe fracture, mild fracture, and no fracture.  
3Adjusted for age.  
4Adjusted for age, education level, BMI, waist circumference, tobacco use, alcohol consumption, and physical activities. 


