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values in the regression model. Compared with women 
with albumin-corrected calcium ≤2.27  mmol/L, women 
with albumin-corrected calcium >2.27 mmol/L had a 2.36-
fold increased risk of CAD in the fully adjusted model plus 
PTH and 25OHD (OR =  2.36, 95% CI 1.13–4.92). The 
risk of coronary atherosclerosis as defined by Gensini score 
>0 increased 1.73-fold with every 1-SD increment of serum 
calcium in the fully adjusted model plus PTH and 25OHD 
(OR =  1.73, 95% CI 1.09–2.73). However, albumin-cor-
rected calcium was not associated with coronary athero-
sclerosis either as a categorical variable or as a continuous 
variable in all models. No significant association of PTH, 
25OHD, osteocalcin, CTX and P1NP with CAD or coro-
nary atherosclerosis was found in this study. Higher serum 
calcium levels were independently associated with CAD in 
postmenopausal women.
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Introduction

In recent years, a variety of bone metabolism mark-
ers have been shown to be associated with the develop-
ment of cardiovascular diseases. The components of 
bone, calcium and phosphate play a critical role in bone 
metabolism. Maintenance of normal serum calcium and 
phosphate is also a prerequisite for many important physi-
ologic processes, including intracellular signaling, cardio-
vascular function and metabolic pathways. Through the 
mechanism of vascular calcification [1], serum calcium 
and phosphate have been linked to coronary calcifica-
tion [2–4], coronary artery disease (CAD) [2], myocardial 
infarction [5], heart failure [6] and all-cause mortality of 

Abstract  This study aimed to evaluate the association 
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(PTH), 25-hydroxyvitamin D (25OHD), osteocalcin, N-ter-
minal propeptide of type I procollagen (P1NP) and C-ter-
minal cross-linked telopeptide of type I collagen (CTX) 
were measured. The Gensini score was used to assess 
the severity of coronary atherosclerosis. Compared with 
women with serum calcium ≤2.29  mmol/L, women with 
serum calcium >2.29  mmol/L had a 2.63-fold increased 
risk of CAD after adjusting for multiple cardiovascu-
lar risks, PTH and 25OHD [odds ratio (OR) = 2.91, 95% 
confidence interval (CI) 1.35–6.28]. In the fully adjusted 
model plus PTH and 25OHD, the risk of CAD increased 
1.87-fold with every 1-SD increment of serum calcium 
(OR =  1.87, 95% CI 1.21–2.88). To further analyze the 
potential strong confounding effect of albumin, the absolute 
levels of calcium were replaced by their albumin-corrected 
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CAD [7]. Serum calcium also contributes to the develop-
ment of cardiovascular diseases through its positive asso-
ciation with various cardiovascular risk factors, includ-
ing blood pressure, cholesterol, triglyceride, glucose and 
body mass index [8, 9].

Serum calcium and phosphate levels are tightly regu-
lated within a narrow range by a complex interplay of fac-
tors, including vitamin D and parathyroid hormone (PTH) 
[10]. Beyond its role in mineral and bone metabolism, low 
serum 25-hydroxyvitamin D (25OHD) levels were shown 
to be associated with the presence and severity of CAD 
[11, 12], and gender differences may exist underlying this 
relationship [12]. Similarly, high PTH levels may increase 
the risk of arterial dysfunction [13], hypertension [14], left 
ventricle hypertrophy [15], heart failure [16] and athero-
sclerotic disease [17].

It has been shown that bone turnover markers play a 
role in atherosclerotic diseases. Osteocalcin is the most 
abundant non-collagenous bone matrix protein [18], is 
predominantly expressed by osteoblast and is considered 
a biomarker of bone turnover [19, 20]. Apart from its skel-
etal effects, clinical studies reported that osteocalcin is 
involved in atherosclerosis. Serum osteocalcin concentra-
tion was inversely related to carotid intima-media thick-
ness [21], abdominal aortic calcification [22], and the pres-
ence and severity of CAD [23–25]. In patients with CAD, 
a large fraction of endothelial progenitor cells express 
osteocalcin, which may mediate vascular calcification 
and vascular injury [26, 27]. Type I collagen-derived pep-
tides are also important bone turnover markers. C-termi-
nal cross-linked telopeptide of type I collagen (CTX) was 
reported to be associated with carotid intima-media thick-
ness [28]. Higher N-terminal propeptide of type I procol-
lagen (P1NP) levels predicted increased risk of myocardial 
infarction [29].

Taking into consideration the increased risk of oste-
oporosis and CAD after the menopause and the close 
relationship between bone metabolism and atheroscle-
rosis, the objective of this study was to evaluate the 
association of bone metabolism markers with coronary 
atherosclerosis and CAD in postmenopausal women. As 
a variety of bone markers have been reported to be asso-
ciated with CAD and because of the interrelationship 
between bone markers, we measured a group of bone 
markers, including serum calcium and phosphate and its 
regulators PTH and 25OHD, the non-collagenous bone 
marker osteocalcin, and the collagenous bone markers 
P1NP and CTX. We aimed to find out the independent 
association of bone markers with CAD in postmenopau-
sal women.

Materials and methods

Study population

All participants were Chinese postmenopausal women 
who underwent coronary angiography for suspected CAD 
at the Cardiology Department of Zhongshan Hospital in 
Shanghai between October 2015 and January 2016. They 
were randomly recruited in a consecutive manner. These 
patients had chest pain or dyspnea symptoms, and were 
hospitalized for coronary angiography to make a definite 
diagnosis. Based on the findings of coronary angiography, 
we recruited 111 women with CAD and 116 women with-
out CAD. The subjects were excluded who were receiving 
hormone therapy or anti-osteoporotic treatment to reduce 
external influence on bone metabolism, as well as those 
who were taking calcium and vitamin D supplements. We 
also excluded those with metabolic bone diseases, acute 
illness, severe systemic diseases, abnormal liver function, 
chronic kidney disease (estimated glomerular filtration rate 
<60  mL/min/1.73  m2) and malignancy, and those with a 
history of stroke, myocardial infarction and other throm-
botic diseases within the previous 6 months.

This study was approved by the Ethics Committee of 
Zhongshan Hospital. The study complied with the Dec-
laration of Helsinki and informed consent was obtained 
from all participants.

Clinical assessment

Baseline information concerning medical history and 
health-related behaviors was collected. Medication usage 
including hormones, anti-osteoporotic drugs, calcium and 
vitamin D supplements and statins was recorded. Smoking 
habits were also recorded, defined as never smoking, current 
smoking (smoking regularly in the past 6 months), or ever 
smoking (cessation of smoking for more than 6  months). 
Menopause was defined as natural cessation of menstruation 
for longer than 12 months or cessation by hysterectomy.

Weight and height were measured, and body mass 
index (BMI) was calculated as weight divided by height 
squared (kg/m2). Waist circumference was measured mid-
way between the lower rib margin and the iliac crest in a 
standing position. Blood pressure was measured using a 
mercury sphygmomanometer after resting for 10 min in a 
sitting position. Hypertension was defined by the follow-
ing criteria: diagnosis of hypertension made previously 
by a physician, or systolic blood pressure ≥140 mmHg, 
or diastolic blood pressure ≥90  mmHg, or treatment 
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with antihypertensive medications. Diabetes was defined 
by the following criteria: diagnosis of diabetes made 
previously by a physician, or fasting plasma glucose 
≥7 mmol/L, or 2-h postprandial glucose ≥11.1 mmol/L, 
or HbA1c ≥6.5%, or use of insulin or oral hypoglycemic 
agents.

Laboratory assays

Blood samples were obtained after a fasting period of at 
least 10  h in the morning. Glucose, creatinine, uric acid, 
calcium, phosphate, albumin and lipid profiles were tested 
using a Hitachi 7600 biochemistry autoanalyzer (Roche 
Diagnostics, Basel, Switzerland). HbA1c was measured by 
high-performance liquid chromatography using a Bio-Rad 
Variant II analyzer (Bio-Rad Laboratories, Hercules, CA, 
USA). Estimated glomerular filtration rate (eGFR) was cal-
culated by using the modification of diet in renal disease 
study equation as the following: 186 ×  [serum creatinine 
(mg/dL)]−1.154  ×  (age)−0.203  ×  (0.742 if female) [30]. 
Albumin-corrected calcium serum levels were calculated 
using a widely used formula: albumin-corrected calcium 
(mmol/L) = uncorrected calcium (mmol/L) − 0.02 × albu-
min (g/L) + 0.8 [7, 31]. Total osteocalcin, 25OHD, CTX, 
P1NP and intact PTH was measured using electrochemilu-
minescence immunoassay by the Roche Cobas E601 elec-
trochemiluminescence system (Roche Diagnostics). The 
intra- and inter-batch variation coefficients were 1.2–4.7% 
and 1.5–5.7%, respectively. High-sensitivity C-reactive 
protein (hsCRP) concentration was measured by immuno-
nephelometry using a Hitachi 7600 biochemistry autoana-
lyzer (DiaSys Diagnostics, Shanghai, China).

Angiographic analysis

Two cardiologists who were blinded to the study proto-
col carried out the angiographic analysis, and a percent-
age stenosis was given to the major epicardial arteries and 
sub-branches. Based on the findings of the coronary angi-
ography, patients were diagnosed with CAD (≥50% steno-
sis in ≥1 coronary vessel) and without CAD. We used the 
Gensini score [32] to assess the severity of atherosclerosis 
of coronary arteries: it scores as 1 for 1–25% narrowing, 2 
for 26–50%, 4 for 51–75%, 8 for 76–90%, 16 for 91–99% 
and 32 for a complete occlusion. This score is then multi-
plied by a factor depending on the functional significance 
of the coronary artery. The multiplying factor for a left 
main stem lesion is 5; it is 2.5 for proximal left anterior 
descending artery (LAD) and left circumflex artery (LCX) 
lesions, 1.5 for a mid-LAD lesion, and 1 for distal LAD, 
mid/distal LCX and right coronary artery lesions. The mul-
tiplication factor for any other branch is 0.5.

Statistical analyses

Continuous variables are expressed as mean  ±  SD or 
median (interquartile range). Comparisons between groups 
were performed with independent sample t test and χ2 test-
ing for continuous and categorical variables, respectively. 
Spearman correlation analysis was performed to examine 
the correlation between serum calcium and different vari-
ables. We tested the association of bone metabolism mark-
ers with CAD or the presence of coronary atherosclero-
sis as defined by Gensini score >0 using multiple logistic 
regressions. Bone metabolism markers were included in 
the regression model as continuous variables (divided by 
their respective SD) or categorical variables (categorized 
by their respective median). The unadjusted logistic regres-
sion model, model adjusted for age and BMI, and model 
adjusted for all covariates (fully adjusted model) were sep-
arately fitted for each bone metabolism marker. To further 
evaluate the independent effect of calcium and phosphate 
on CAD or coronary atherosclerosis, we added PTH and 
25OHD to the fully adjusted model. Statistical tests were 
two-sided and P values <0.05 were considered significant. 
All statistical analyses were performed using SPSS soft-
ware version 19.0.

Results

The characteristics of the participants are presented in 
Table  1. Our study recruited 227 postmenopausal women 
who underwent coronary angiography for suspected CAD, 
comprising 111 patients with CAD and 116 patients with-
out CAD. Women with CAD were older than women 
without CAD. Women with CAD had a higher proportion 
of statin use, a higher HbA1c level and a higher albumin 
level than women without CAD. For the comparison of 
bone metabolism markers, only serum calcium levels and 
albumin corrected calcium levels were significantly higher 
in women with CAD compared with women without CAD. 
All other bone metabolism markers, including serum phos-
phate, PTH, 25OHD, osteocalcin, CTX and P1NP, were not 
significantly different between the CAD group and non-
CAD group. There were 19 patients using diuretics, com-
prising 10 CAD patients (8 patients used thiazide diuretics 
and 2 patients used loop diuretics) and 9 non-CAD patients 
(8 patients used thiazide diuretics and 1 patient used loop 
diuretics). The use of diuretics was not different between 
the CAD group and non-CAD group (P = 0.52).

Based on the significant difference in serum calcium 
concentrations between the CAD group and non-CAD 
group, we did a correlation analysis of calcium with clini-
cal and laboratory parameters to find the factors influenc-
ing serum calcium levels (Table 2). Metabolic parameters 
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such as waist circumference, waist to hip ratio, diastolic 
blood pressure, fasting blood glucose, 2-h postprandial 
blood glucose, triglyceride and uric acid were all posi-
tively correlated with calcium, and the correlation was 
mild to moderate. It should be noted that calcium and 

albumin were highly correlated, with a Spearman correla-
tion coefficient of 0.50. As expected, PTH and 25OHD 
were significantly correlated with calcium. Interestingly, 
calcium and Gensini score were positively correlated 
with each other.

Table 1   Baseline characteristics

Data are expressed as mean ± standard error, median (interquartile range) or n (%)

CAD coronary artery disease, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, FBG fasting blood glucose, 
2hPBG 2-h postprandial blood glucose, HbA1c glycosylated hemoglobin, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipo-
protein cholesterol, ApoA-I apolipoprotein A1, ApoB apolipoprotein B, ApoE apolipoprotein E, CRP C-reactive protein, eGFR estimated glo-
merular filtration rate, PTH parathyroid hormone, 25OHD 25-hydroxyvitamin D, PINP type I procollagen amino-terminal peptide, CTX type I 
collagen cross-linked C-telopeptide

* P value for comparison between women with coronary artery disease and women without coronary artery disease

Total population (n = 227) CAD (n = 111) No CAD (n = 116) P value*

Age (years) 65.97 ± 8.45 67.64 ± 8.88 64.38 ± 7.73 0.003

Age of menopause (years) 50.00 (48.00–51.75) 50.00 (47.00–51.00) 50.00 (48.00–52.00) 0.57

Waist circumference (cm) 85.70 ± 9.06 86.60 ± 8.06 84.81 ± 9.92 0.14

Waist to hip ratio 0.93 ± 0.07 0.93 ± 0.06 0.92 ± 0.07 0.52

BMI (kg/m2) 24.63 ± 3.58 24.50 ± 3.32 24.76 ± 3.82 0.58

Smoking, n (%) 5 (2.20) 3 (2.70) 2 (1.72) 0.19

Hypertension, n (%) 168 (74.01) 89 (80.18) 79 (68.10) 0.05

Diabetes, n (%) 84 (37.00) 47 (42.34) 37 (31.90) 0.13

Statin use, n (%) 117 (51.58) 71 (63.96) 46 (39.66) <0.001

SBP (mmHg) 130.00 (120.00–140.00) 130.00 (120.00–140.00) 126.00 (120.00–140.00) 0.09

DBP (mmHg) 80.00 (70.00–80.00) 79.00 (70.00–80.00) 80.00 (70.00–80.00) 0.67

FBG (mmol/L) 5.30 (4.88–6.00) 5.55 (5.01–6.09) 5.20 (4.85–5.92) 0.16

2hPBG (mmol/L) 7.80 (6.20–10.60) 8.75 (6.48–10.83) 7.30 (5.70–10.48) 0.20

HbA1c (%) 6.00 (5.63–6.55) 6.10 (5.80–6.60) 5.85 (5.50–6.40) 0.004

Total cholesterol (mmol/L) 3.92 (3.20–4.74) 3.89 (3.16–5.00) 4.07 (3.39–4.72) 0.59

Triglyceride (mmol/L) 1.25 (0.95–1.88) 1.56 (0.99–2.01) 1.16 (0.93–1.66) 0.11

HDL-C (mmol/L) 1.22 (1.06–1.45) 1.22 (1.07–1.48) 1.25 (1.07–1.52) 0.12

LDL-C (mmol/L) 1.85 (1.40–2.54) 1.80 (1.37–2.43) 2.05 (1.64–2.72) 0.88

ApoA-I (g/L) 1.42 (1.27–1.61) 1.45 (1.31–1.64) 1.40 (1.22–1.54) 0.06

ApoB (g/L) 0.73 (0.59–0.92) 0.74 (0.62–0.94) 0.70 (0.59–0.88) 0.09

ApoE (mg/L) 37.10 (30.00–47.00) 38.45 (30.23–49.03) 37 (29.00–43.35) 0.11

Lipoprotein (a) (mg/L) 166.50 (77.18–379.10) 162.10 (70.73–401.88) 129.10 (79.35–263.25) 0.29

High-sensitivity CRP (mg/L) 1.39 (0.60–3.04) 1.40 (0.60–3.25) 1.39 (0.62–2.51) 0.65

Creatinine (μmol/L) 65.06 ± 12.99 65.70 ± 12.87 64.44 ± 13.13 0.47

Uric acid (μmol/L) 293.96 ± 79.41 299.19 ± 83.38 288.68 ± 75.20 0.33

eGFR (mL/min/1.73 m2) 86.61 (74.04–101.46) 84.09 (72.48–98.04) 90.30 (77.03–103.89) 0.22

Albumin (g/L) 41.00 (39.20–43.00) 41.95 (39.53–43.18) 40.85 (39.00–43.10) 0.04

Calcium (mmol/L) 2.29 ± 0.11 2.33 ± 0.13 2.26 ± 0.09 <0.001

Albumin corrected calcium (mmol/L) 2.26 ± 0.10 2.28 ± 0.13 2.25 ± 0.08 0.03

Phosphate (mmol/L) 1.17 ± 0.19 1.17 ± 0.21 1.17 ± 0.17 0.89

PTH (pg/mL) 32.20 (24.68–39.10) 31.35 (25.95–40.07) 34.85 (27.43–43.06) 0.30

25OHD (nmol/L) 45.95 (31.28–60.69) 44.89 (32.23–57.83) 44.65 (30.90–61.83) 0.90

Osteocalcin (ng/mL) 17.60 (14.15–22.38) 17.61 (14.25–22.95) 18.30 (14.43–22.45) 0.62

PINP (ng/mL) 53.20 (37.93–63.50) 53.47 (37.10–65.73) 53.30 (40.20–63.35) 0.48

CTX (ng/mL) 0.51 (0.37–0.65) 0.47 (0.33–0.63) 0.51 (0.39–0.66) 0.34

Gensini score 8.00 (0.00–27.00) 26.00 (13.75–57.50) 0.00 (0.00–4.00) <0.001
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Next, we tested the association of bone metabolism 
markers with CAD using multiple logistic regression 
(Table 3). We found that serum calcium was independently 
associated with CAD. We categorized the participants into 
two groups by the median of serum calcium (2.29 mmol/L). 
Compared with women with serum calcium ≤2.29 mmol/L, 
women with serum calcium >2.29 mmol/L had a 2.63-fold 
increased risk of CAD in the unadjusted model [odds ratio 
(OR) = 2.63, 95% confidence interval (CI) 1.45–4.77]. In 

the model adjusted for age and BMI, this association was 
still significant (OR =  3.07, 95% CI 1.64–5.75). Taking 
into consideration the close relationship between serum 
calcium and a variety of clinical and biochemical param-
eters, we adjusted for smoking, hypertension, diabetes, 
low-density lipoprotein cholesterol, high-density lipopro-
tein cholesterol, triglyceride, estimated glomerular filtra-
tion rate, statin use and high-sensitivity C-reactive protein 
further, and higher serum calcium (>2.29  mmol/L) was 
still significantly associated with CAD (OR =  2.60, 95% 
CI 1.25–5.43). Finally, the effect of further adding PTH 
and 25OHD to the fully adjusted model was evaluated. We 
found that the result was robust after further adjustment for 
PTH and 25OHD, and the magnitude of the effect was not 
diminished (OR = 2.91, 95% CI 1.35–6.28). We also tested 
serum calcium as a continuous variable by dividing by its 
SD. Similarly, serum calcium was significantly associated 
with CAD in the unadjusted model, in the model adjusted 
for age and BMI, in the fully adjusted model, and also in 
the fully adjusted model plus PTH and 25OHD. In the fully 
adjusted model plus PTH and 25OHD, the risk of CAD 
increased 1.87-fold with every 1-SD increment of serum 
calcium (OR = 1.87, 95% CI 1.21–2.88). The above results 
were similar if we further adjusted for the use of diuret-
ics. Other bone metabolism markers, including phosphate, 
PTH, 25OHD, CTX and P1NP, were not associated with 
CAD either in the unadjusted model or in the fully adjusted 
model (Table 3).

To further analyze the potential strong confounding 
effect of albumin, we replaced the absolute levels of cal-
cium by their albumin-corrected values in the regression 
model. The results were similar to those of the model using 
uncorrected calcium levels. Compared with women with 
albumin-corrected calcium ≤2.27  mmol/L, women with 
albumin-corrected calcium >2.27 mmol/L had a 2.36-fold 
increased risk of CAD in the fully adjusted model plus PTH 
and 25OHD (OR =  2.36, 95% CI 1.13–4.92) (Table  3). 
When testing albumin-corrected calcium as a continuous 
variable by dividing by its SD, the association of calcium 
with CAD was significant in the unadjusted model and the 
model adjusted for age and BMI, but it became non-signif-
icant in the fully adjusted model or fully adjusted model 
plus PTH and 25OHD (Table  3). The above results were 
similar if we further adjusted for the use of diuretics.

Bearing in mind on the relationship between serum 
calcium and CAD, we further examined whether bone 
metabolism markers were associated with the presence 
of coronary atherosclerosis as defined by Gensini score 
>0 (Table 4). Compared with women with serum calcium 
≤2.29 mmol/L, women with serum calcium >2.29 mmol/L 
had a 2.13-fold increased risk of coronary atherosclerosis 
in the unadjusted model (OR = 2.13, 95% CI 1.10–4.12). 
In the model adjusted for age and BMI, this association 

Table 2   Correlation of calcium with clinical and laboratory param-
eters

BMI body mass index, SBP systolic blood pressure, DBP diastolic 
blood pressure, FBG fasting blood glucose, 2hPBG 2-h postprandial 
blood glucose, HbA1c glycosylated hemoglobin, HDL-C high density 
lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, 
ApoA-I apolipoprotein A1, ApoB apolipoprotein B, ApoE apolipo-
protein E, CRP C-reactive protein, eGFR estimated glomerular filtra-
tion rate, PTH parathyroid hormone, 25OHD 25-hydroxyvitamin D, 
PINP type I procollagen amino-terminal peptide, CTX type I collagen 
cross-linked C-telopeptide

Spearman correlation coefficients P value

Age −0.12 0.11

Age of menopause 0.08 0.31

Waist circumference 0.15 0.046

Waist to hip ratio 0.18 0.02

BMI −0.003 0.97

SBP 0.08 0.27

DBP 0.15 0.047

FBG 0.19 0.02

2hPBG 0.23 0.006

HbA1c 0.13 0.08

Total cholesterol 0.08 0.26

Triglyceride 0.21 0.005

HDL-C −0.04 0.56

LDL-C 0.07 0.33

ApoA 0.20 0.007

ApoB 0.23 0.002

ApoE 0.25 0.001

Lipoprotein (a) −0.12 0.11

High-sensitivity CRP 0.02 0.85

Creatinine 0.01 0.85

Uric acid 0.20 0.006

eGFR 0.007 0.92

Albumin 0.50 <0.001

Phosphate 0.04 0.60

PTH −0.22 0.003

25OHD 0.23 0.002

Osteocalcin 0.02 0.77

PINP −0.03 0.66

CTX −0.04 0.56

Gensini score 0.22 0.003
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Table 3   Association of calcium, phosphate, bone markers with coronary artery disease

Categories OR (95% CI)

Concentration No. per stratum No. of CAD Unadjusted Minimally 
adjusteda

Fully adjustedb Fully adjusted plus 
25(OH)D and PTH

Calcium 
(mmol/L)

Dichotomy

≤2.29 123 46 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>2.29 104 65 2.63 (1.45–4.77) 3.07 (1.64–5.75) 2.60 (1.25–5.43) 2.91 (1.35–6.28)

Continuous

Per 0.11 mmol/L 
(SD)

227 111 1.88 (1.32–2.68) 2.02 (1.40–2.92) 1.79 (1.18–2.71) 1.87 (1.21–2.88)

Albumin-cor-
rected calcium 
(mmol/L)

Dichotomy

≤2.27 115 43 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>2.27 112 68 2.56 (1.41–4.66) 2.79 (1.51–5.17) 2.27 (1.11–4.66) 2.36 (1.13–4.92)

Continuous

Per 0.10 mmol/L 
(SD)

227 111 1.42 (1.03–1.96) 1.44 (1.04–1.99) 1.22 (0.86–1.73) 1.22 (0.86–1.74)

Phosphate 
(mmol/L)

Dichotomy

≤1.16 118 54 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>1.16 109 57 1.35 (0.75–2.41) 1.42 (0.79–2.57) 1.41 (0.70–2.84) 1.32 (0.64–2.71)

Continuous

Per 0.19 mmol/L 
(SD)

227 111 0.98 (0.73–1.31) 0.98 (0.73–1.32) 0.97 (0.69–1.37) 0.93 (0.66–1.33)

PTH (pg/mL) Dichotomy

≤33.2 113 61 1 (ref) 1 (ref) 1 (ref)

>33.2 114 50 0.68 (0.40–1.14) 0.65 (0.38–1.12) 0.61 (0.31–1.20)

Continuous

Per 
12.60 mmol/L 
(SD)

227 111 0.91 (0.70–1.19) 0.87 (0.67–1.14) 0.94 (0.68–1.30)

25OHD 
(nmol/L)

Dichotomy

≤42.65 115 57 1 (ref) 1 (ref) 1 (ref)

>42.65 112 54 0.88 (0.52–1.49) 0.95 (0.56–1.63) 0.83 (0.43–1.61)

Continuous

Per 
19.65 mmol/L 
(SD)

227 111 0.95 (0.73–1.24) 1.00 (0.77–1.31) 0.98 (0.70–1.38)

Osteocalcin (ng/
mL)

Dichotomy

≤17.72 114 60 1 (ref) 1 (ref) 1 (ref)

>17.72 113 51 0.73 (0.43–1.23) 0.72 (0.42–1.22) 0.73 (0.38–1.44)

Continuous

Per 8.36 mmol/L 
(SD)

227 111 1.01 (0.78–1.31) 0.95 (0.73–1.25) 0.88 (0.63–1.23)

PINP (ng/mL) Dichotomy

≤52.60 114 55 1 (ref) 1 (ref) 1 (ref)

>52.60 113 56 1.04 (0.62–1.75) 0.97 (0.57–1.66) 1.01 (0.52–1.99)

Continuous
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remained significant (OR  =  2.61, 95% CI 1.30–5.26). 
However, in the fully adjusted model and the fully adjusted 
model plus PTH and 25OHD, the association became non-
significant (OR =  2.21, 95% CI 0.96–5.04; OR =  2.23, 
95% CI 0.94–5.29). When testing calcium as a continuous 
variable by dividing by its SD, serum calcium was con-
sistently associated with coronary atherosclerosis in the 
unadjusted model, the model adjusted for age and BMI, 
the fully adjusted model and the fully adjusted model 
plus PTH and 25OHD (OR  =  1.60, 95% CI 1.12–2.29; 
OR = 1.76, 95% CI 1.21–2.56; OR = 1.69, 95% CI 1.09–
2.63; OR  =  1.73, 95% CI 1.09–2.73, respectively). The 
above results were similar if we further adjusted for the 
use of diuretics. Other bone metabolism markers, including 
phosphate, PTH, 25OHD, CTX and P1NP, were not associ-
ated with coronary atherosclerosis either in the unadjusted 
model or in the fully adjusted model (Table 4). Considering 
the potential confounding effect of albumin, we replaced 
the absolute levels of calcium by their albumin-corrected 
values in the regression model. We found that albumin-
corrected calcium was no longer associated with coronary 
atherosclerosis either as a categorical variable or as a con-
tinuous variable in all models (Table 4). The association of 
albumin-corrected calcium with coronary atherosclerosis 
remained non-significant if we further adjusted for the use 
of diuretics.

Discussion

Our study examined the potential role of bone metabolism 
markers in CAD and coronary atherosclerosis in post-
menopausal women. We found that serum calcium was 

independently associated with the presence of CAD and 
coronary atherosclerosis in postmenopausal women. A 
higher serum calcium level carried a higher risk of CAD 
and coronary atherosclerosis. No significant effect of other 
bone markers such as serum phosphate, PTH, 25OHD, 
osteocalcin, CTX and P1NP on CAD or coronary athero-
sclerosis was found in our study. As serum albumin levels 
have a profound influence on serum calcium concentra-
tion, the relationship between calcium and CAD may be 
confounded by albumin. We calculated albumin-corrected 
calcium in order to have a surrogate for ionized calcium. 
We found that the association of albumin-corrected cal-
cium with CAD remained significant. However, albumin-
corrected calcium was no longer associated with coronary 
atherosclerosis.

Our findings were in line with the previous studies. In 
the study by Shin et  al., higher calcium was significantly 
associated with coronary artery calcification score >100 
and CAD in participants who underwent cardiac computed 
tomography angiography for a general health evaluation or 
for evaluating symptoms and signs of cardiac disease [2]. 
In another study by Kwak et al., they also found that serum 
calcium was significantly associated with coronary artery 
calcification score in a population undergoing cardiac 
computed tomography angiography for a general health 
checkup [3]. In other studies, higher calcium levels were 
related to increased risk of myocardial infarction in a pop-
ulation-based cohort [5] and all-cause mortality in patients 
with CAD [7]. Although the mechanism by which serum 
calcium is related to CAD remains unclear, vascular calci-
fication resembling bone metabolism, which is now recog-
nized as a marker of atherosclerotic plaque burden, may be 
an important explanation [1]. Calcium might have a direct 

CAD coronary artery disease, PTH parathyroid hormone, 25OHD 25-hydroxyvitamin D, PINP type I procollagen amino-terminal peptide, CTX 
type I collagen cross-linked C-telopeptide
a  Adjusted for age and body mass index
b  Adjusted for age, body mass index, smoking, hypertension, diabetes, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, 
triglyceride, estimated glomerular filtration rate, statin use and high-sensitivity C-reactive protein

Table 3   continued

Categories OR (95% CI)

Concentration No. per stratum No. of CAD Unadjusted Minimally 
adjusteda

Fully adjustedb Fully adjusted plus 
25(OH)D and PTH

Per 
24.14 mmol/L 
(SD)

227 111 0.92 (0.71–1.20) 0.86 (0.65–1.13) 0.80 (0.57–1.11)

CTX (ng/mL) Dichotomy

≤0.45 115 57 1 (ref) 1 (ref) 1 (ref)

>0.45 112 54 0.93 (0.55–1.57) 0.87 (0.51–1.49) 0.89 (0.44–1.80)

Continuous

Per 0.26 mmol/L 
(SD)

227 111 0.88 (0.67–1.15) 0.84 (0.64–1.10) 0.75 (0.52–1.08)
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Table 4   Association of calcium, phosphate, bone markers with coronary atherosclerosis

Categories OR (95% CI)

Concentration No. per stratum No. of Gensini 
score >0

Unadjusted Minimally 
adjusteda

Fully adjustedb Fully adjusted 
plus 25(OH)D 
and PTH

Calcium 
(mmol/L)

Dichotomy

≤2.29 123 77 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>2.29 104 81 2.13 (1.10–
4.12)

2.61 (1.30–
5.26)

2.21 (0.96–
5.04)

2.23 (0.94–5.29)

Continuous

Per 
0.11 mmol/L 
(SD)

227 158 1.60 (1.12–
2.29)

1.76 (1.21–
2.56)

1.69 (1.09–
2.63)

1.73 (1.09–2.73)

Albumin-cor-
rected calcium 
(mmol/L)

Dichotomy

≤2.27 115 75 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>2.27 112 83 1.57 (0.82–
3.00)

1.73 (0.89–
3.37)

1.13 (0.51–
2.50)

1.09 (0.48–2.48)

Continuous

Per 
0.10 mmol/L 
(SD)

227 158 1.24 (0.90–
1.70)

1.24 (0.90–
1.72)

1.06 (0.73–
1.54)

1.05 (0.72–1.54)

Phosphate 
(mmol/L)

Dichotomy

≤1.16 118 77 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>1.16 109 81 1.67 (0.88–
3.19)

1.83 (0.94–
3.57)

1.83 (0.82–
4.10)

1.87 (0.83–4.24)

Continuous

Per 
0.19 mmol/L 
(SD)

227 158 1.05 (0.77–
1.45)

1.06 (0.77–
1.46)

0.98 (0.66–
1.46)

0.98 (0.66–1.46)

PTH (pg/mL) Dichotomy

≤33.2 113 81 1 (ref) 1 (ref) 1 (ref)

>33.2 114 77 0.81 (0.46–
1.43)

0.79 (0.44–
1.42)

0.74 (0.36–1.54)

Continuous

Per 
12.60 mmol/L 
(SD)

227 158 0.92 (0.70–
1.22)

0.87 (0.65–
1.16)

0.95 (0.66–
1.35)

25OHD 
(nmol/L)

Dichotomy

≤42.65 115 81 1 (ref) 1 (ref) 1 (ref)

>42.65 112 77 0.95 (0.54–
1.67)

1.04 (0.58–
1.86)

0.80 (0.39–
1.64)

Continuous

Per 
19.65 mmol/L 
(SD)

227 158 1.15 (0.85–
1.54)

1.24 (0.91–
1.70)

1.28 (0.90–
1.83)

Osteocalcin (ng/
mL)

Dichotomy

≤17.72 114 82 1 (ref) 1 (ref) 1 (ref)

>17.72 113 76 0.75 (0.42–
1.32)

0.72 (0.40–
1.30)

0.76 (0.36–
1.59)
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effect on vascular calcification. High calcium can induce 
vascular smooth muscle cells in the vessel wall to change 
into an osteoblast-like phenotype and cause the mineraliza-
tion of collagen and non-collagenous proteins in arteries [1, 
33].

Besides its influence on vascular calcification, serum 
calcium may contribute to the development of CAD 
through its positive association with cardiovascular risk 
factors such as dyslipidemia, hypertension, elevated glu-
cose level and increased BMI [8, 34]. Consistent with 
previous findings, we also found that serum calcium level 
was positively associated with waist circumference, waist 
to hip ratio, diastolic blood pressure, fasting glucose, 2-h 
postprandial glucose, triglyceride, apolipoprotein B, apoli-
poprotein E and uric acid in postmenopausal women. As a 
result, the association of serum calcium with CAD in our 
study may contribute to the relationship between higher 
calcium levels and unfavorable cardiovascular risk profile. 
However, the association of calcium with CAD remained 
significant after adjusting for multiple cardiovascular risks 
in the regression model, and the magnitude of effect did not 
change much compared with those of the unadjusted and 

minimally adjusted models. Our results were consistent 
with previous findings [2, 3], suggesting the independent 
role of serum calcium in the development of cardiovascular 
diseases.

The strong correlation of serum calcium with albumin 
may account for a major confounding effect in the associa-
tion analysis of calcium with CAD. To avoid collinearity 
problems and to analyze the potential confounding effect of 
albumin, we replaced the absolute calcium levels by their 
albumin-corrected values (a surrogate for ionized calcium) 
in the regression models. The association of albumin-cor-
rected calcium with CAD remained significant after adjust-
ing for multiple cardiovascular risks and the magnitude of 
effect diminished only slightly, suggesting the robust rela-
tionship between calcium and CAD.

After examining the relationship between serum cal-
cium and CAD, we also analyzed the association of cal-
cium with coronary atherosclerosis as defined by Gensini 
score >0. The association of calcium with coronary ath-
erosclerosis seemed weaker compared to the association 
with CAD. Although the association remained signifi-
cant in all models when testing calcium as a continuous 

PTH parathyroid hormone, 25OHD 25-hydroxyvitamin D, PINP type I procollagen amino-terminal peptide, CTX type I collagen cross-linked 
C-telopeptide
a  Adjusted for age and body mass index
b  Adjusted for age, body mass index, smoking, hypertension, diabetes, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, 
triglyceride, estimated glomerular filtration rate, statin use and high-sensitivity C-reactive protein

Table 4   continued

Categories OR (95% CI)

Concentration No. per stratum No. of Gensini 
score >0

Unadjusted Minimally 
adjusteda

Fully adjustedb Fully adjusted 
plus 25(OH)D 
and PTH

Continuous

Per 
8.36 mmol/L 
(SD)

227 158 0.92 (0.70–
1.22)

0.84 (0.63–
1.13)

0.70 (0.48–
1.01)

PINP (ng/mL) Dichotomy

≤52.60 114 81 1 (ref) 1 (ref) 1 (ref)

>52.60 113 77 0.81 (0.46–
1.43)

0.73 (0.41–
1.32)

0.72 (0.34–
1.50)

Continuous

Per 
24.14 mmol/L 
(SD)

227 158 0.91 (0.69–
1.20)

0.83 (0.62–
1.11)

0.72 (0.51–
1.02)

CTX (ng/mL) Dichotomy

≤0.45 115 82 1 (ref) 1 (ref) 1 (ref)

>0.45 112 76 0.79 (0.45–
1.40)

0.70 (0.39–
1.27)

0.58 (0.27–
1.28)

Continuous

Per 
0.26 mmol/L 
(SD)

227 158 0.97 (0.73–
1.29)

0.92 (0.68–
1.23)

0.69 (0.47–
1.02)
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variable, this association became non-significant in the 
fully adjusted model and fully adjusted model plus PTH 
and 25OHD when testing calcium as a dichotomous vari-
able. More importantly, albumin-corrected calcium ana-
lyzed either as a continuous variable or as a dichotomous 
variable was not associated with coronary atherosclerosis 
in all models. We postulate that albumin-corrected cal-
cium increases very slightly in patients with mild coro-
nary atherosclerosis, which may reduce the difference in 
albumin-corrected calcium between patients with coro-
nary atherosclerosis and patients without coronary ath-
erosclerosis. The difference may become obvious and 
statistically significant on increasing the sample size, 
which deserves to be investigated in the future. Another 
possibility for this negative finding is that we did not 
use ionized serum calcium in our study, as it is not rou-
tinely measured in our hospital. The ionized serum cal-
cium is biologically active and physiologically important 
for cellular function, so measurement of ionized serum 
calcium is considered superior to serum total calcium. 
Usually, albumin-corrected calcium is calculated when 
ionized calcium is not available, which is based on the 
assumption that the concentration of ionized serum cal-
cium changed linearly with the concentration of albumin. 
However, albumin-corrected calcium may not correlate 
well with ionized calcium, which is also affected by fac-
tors besides serum albumin, for example blood pH.

Our study also evaluated the association of several 
other bone markers, including PTH, 25OHD, osteocalcin, 
CTX and P1NP, with CAD and coronary atherosclero-
sis. However, no significant association was found in our 
study. In fact, the relationships between these bone mark-
ers and atherosclerosis were inconsistent in previous stud-
ies. Some important issues should be considered when 
assessing the relationship between these bone markers 
and atherosclerosis. As PTH and 25OHD are regulators 
of serum calcium, serum calcium may be a confounding 
factor in the association of PTH and 25OHD with ath-
erosclerosis. Whether the significant association of PTH 
and 25OHD with cardiovascular diseases in previous 
studies was independent of calcium is not clear [11–15]. 
Other factors may explain the discrepancy between our 
study and previous studies. Firstly, the inconsistent find-
ings among studies may be associated with the different 
genetic background of various ethnicities. Secondly, our 
study only included postmenopausal women, while previ-
ous studies included both men and women. It is known 
that serum 25OHD level is different between men and 
women. In addition, bone turnover and bone loss is accel-
erated in postmenopausal women, which is different from 
men and premenopausal women. Thirdly, the sample size 
of our study was relatively small, which may be a limita-
tion of the study. Studies with large sample sizes in the 

Chinese population are needed to further examine the 
effects of bone metabolic markers on CAD.

Although CTX, P1NP and osteocalcin are bone metab-
olism markers, they may also be released from athero-
sclerotic plaques. Type I collagen is a major component 
of extracellular matrix in atherosclerotic plaques [35, 36]. 
Cathepsin K degrades type I collagen into CTX, which is 
used as a marker of matrix degradation [37]. Co-localiza-
tion of cathepsin-K and CTX was demonstrated in areas 
of intimal hyperplasia and in advanced plaques [37]. 
Studies also have shown osteocalcin deposits in calcified 
atherosclerotic plaques [38]. Besides, a large fraction of 
endothelial progenitor cells express osteocalcin in athero-
sclerotic diseases [26, 27]. Therefore, different sources of 
these bone markers may obscure the relationship between 
bone markers and atherosclerosis. As CAD and osteopo-
rosis may coexist in postmenopausal women, adjustment 
of bone mineral density seems to be reasonable when 
examining the relationship between bone markers and 
CAD.

There are some advantages to our study. In our study, 
CAD and the severity of coronary atherosclerosis were 
evaluated based on coronary angiography. A group of 
bone markers, including serum calcium and phosphate 
and its regulators PTH and 25OHD, the non-collagen-
ous bone marker osteocalcin, and the collagenous bone 
markers P1NP and CTX, were examined for their role 
in CAD. We focused on a population of postmenopausal 
women with multiple cardiovascular risks. Our study pro-
vided evidence for the independent role of serum calcium 
in CAD in postmenopausal women. Although calcium 
supplementation is commonly used in postmenopausal 
women for the prevention and treatment of osteoporosis, 
its benefits and risks should be balanced.

Meanwhile, several limitations of our study should 
be addressed. A causal role for serum calcium cannot be 
established in our study, and a follow-up study should 
be conducted. Serum calcium may contribute to CAD 
through the mechanism of vascular calcification, but cor-
onary calcification was not assessed in our study. Bone 
mineral density was not adjusted in the analysis, which 
may confound the association of bone markers with 
CAD.

In conclusion, our study found that higher serum cal-
cium levels were independently associated with CAD in 
postmenopausal women. No significant association of 
PTH, 25OHD, osteocalcin, CTX and P1NP with CAD was 
found in this study.
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