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Cardiovascular Disease and Diabetes: Risk Factors,  
Prevention and Management

Introduction
Approximately 350 million people worldwide are 
living with type 2 diabetes mellitus (T2DM). 
Cardiovascular disease (CVD) is the major cause 
of morbidity and mortality in patients with T2DM. 
Patients with diabetes have a 2- to 4-fold higher 
risk of a CVD event than patients without diabe-
tes, in particular, various types of atherosclerotic 
CVD.1 Studies have even suggested that prediabe-
tes was an independent risk factor for cardiovascu-
lar outcomes.2,3 As is well known, long-term 
chronic hyperglycaemia can induce advanced gly-
cation end-product formation, resulting in vascular 

endothelial damage and decreased arterial wall 
elasticity. In addition, chronic hyperglycaemia can 
lead to lipid metabolic disorders, oxidative stress, 
and inflammation, which are the pathological 
basis of atherosclerosis, ending with the occlusion 
of arterial stenosis or obstruction. In recent years, 
interest in the relationship between calcium and 
mineral metabolism with T2DM and cardiovas-
cular health has burgeoned.

Calcium is the most abundant mineral in the 
human body. More than 99% of the calcium in 
the body is used as a structural component of 

Increased serum calcium levels are 
associated with carotid atherosclerotic 
plaque in normocalcaemic individuals  
with type 2 diabetes
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Abstract
Background: Patients with type 2 diabetes mellitus (T2DM) have an elevated risk of 
atherosclerotic cardiovascular disease. Although previous data have suggested that serum 
calcium levels could be involved in T2DM and cardiovascular disease, whether this applies in 
T2DM patients with atherosclerosis remains unclear. This study therefore aimed to investigate 
the relationship between serum calcium levels within the physiological ranges and carotid 
atherosclerotic plaque in T2DM patients.
Methods: A total of 594 normocalcaemic in-patients with T2DM were recruited, of whom 
231 had carotid atherosclerotic plaque. Serum calcium levels were measured and carotid 
ultrasonography was performed.
Results: Patients with plaque had significantly higher serum albumin-corrected calcium 
than those without plaque [9.02 (8.78–9.34) mg/dL versus 8.86 (8.66–9.06) mg/dL, p < 0.001]. 
As serum albumin-corrected calcium levels increased across tertiles, the percentage of 
plaque increased (27.6%, 35.5%, and 55.7%; p < 0.001). Logistic regression showed that serum 
albumin-corrected calcium levels were independently and positively correlated with the 
presence of plaque, but not parathyroid hormone levels. Compared with patients in the lowest 
serum calcium tertiles, the odds ratio for plaque in patients in the upper quartile was 2.47 
(95% confidence interval 1.51–4.03, p < 0.001) after adjustment for potential confounders.
Conclusion: Serum albumin-corrected calcium levels are elevated in patients with T2DM and 
carotid atherosclerotic plaques.

Keywords:  atherosclerosis, calcium, carotid plaques, type 2 diabetes

Received: 30 July 2020; revised manuscript accepted: 22 January 2021.

Correspondence to:	
Yuqing Jia 
Department of Cardiology, 
Heze Municipal Hospital, 
2888 Caozhou Road, Heze, 
Shandong, 274031, China 
hezemiao@163.com

Xingbo Cheng 
Department of 
Endocrinology and 
Metabolism, The First 
Affiliated Hospital of 
Soochow University, 
188 Shizi Road, Suzhou, 
Jiangsu 215006, China 
fancycarp158@163.com

Huijing Zhu 
Department of 
Endocrinology and 
Metabolism, The First 
Affiliated Hospital of 
Soochow University, 
Suzhou, Jiangsu, China

Department of 
Endocrinology & 
Metabolism, Heze 
Municipal Hospital, Heze, 
Shandong, China

Huili Wang 
Lin Cheng 
Department of 
Endocrinology & 
Metabolism, Heze 
Municipal Hospital, Heze, 
Shandong, China

995369 TAE0010.1177/2042018821995369Therapeutic 
Advances in Endocrinology and MetabolismH Zhu, H Wang
research-article20212021

Original Research

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tae
mailto:hezemiao@163.com
mailto:fancycarp158@163.com


Therapeutic Advances in Endocrinology and Metabolism 12

2	 journals.sagepub.com/home/tae

bones. Although less than 1% of the total body 
calcium is in the blood and is under tight hormo-
nal control, the circulating ionized component is 
essential for normal functioning of the cardio-
vascular system, muscles, and nerves. Multiple 
studies have shown that serum calcium concen-
trations within the normal range were positively 
associated with carotid plaque thickness in par-
ticipants who underwent a general health screen-
ing.4,5 A meta-analysis of eight prospective 
studies found that an increase of one standard 
deviation in the calcium concentration was asso-
ciated with an 8% increased risk of myocardial 
infarction/coronary heart disease (summary risk 
ratio (RR) 1.08, 95% confidence interval (CI) 
1.04–1.13).6 Another prospective study of ath-
erosclerosis risk in the community, involving 
15,732 participants followed for an average of 
12.6 years, showed that baseline serum calcium 
levels were modifiable risk factors for stroke and 
death.7 Similar to the observational data, the 
association between serum calcium levels and 
adverse cardiovascular risk has been confirmed 
in several intervention studies. A randomized 
double-blind placebo-controlled study reported 
that the hypocalcaemia agent EDTA appropri-
ately reduced the risk of adverse cardiovascular 
outcomes.8 Furthermore, calcium plays a key 
role in the regulation of insulin secretion and 
maintenance of blood glucose homeostasis. 
Many epidemiologic and clinical studies have 
suggested that serum calcium levels are increased 
in T2DM patients compared with those without 
the condition.9,10 Serum calcium levels can be 
used to predict the incidence of T2DM.11 
Individuals with calcium levels ⩾9.5 mg/dL had 
an approximately 79% higher risk of T2DM 
development than those with calcium levels 
<9.5 mg/dL.12 Therefore, we hypothesize that 
an alteration in serum calcium may be involved 
in the occurrence and development of athero-
sclerosis in patients with T2DM.

Carotid atherosclerosis detected by ultrasonogra-
phy was reported to be an accepted subclinical 
atherosclerotic marker and a strong predictor of 
future clinical cardiovascular events.13 Based on 
the above these findings, we conducted a cross-
sectional study to explore whether patients with 
T2DM and carotid atherosclerosis have a high-
normal level of serum calcium and examine the 
association between serum calcium levels, obe-
sity, and other related variables.

Materials and methods

Subjects and design
Initial data were obtained from 2014 individuals 
with T2DM who were hospitalized for the first 
time in the Department of Endocrinology and 
Metabolism of Soochow University Affiliated 
First Hospital from January 2017 to September 
2019. Ultimately, 594 patients were included in 
the present study (Figure 1). The diagnosis of 
T2DM was based on the criteria of the American 
Diabetes Association. The exclusion criteria 
were: type 1 diabetes mellitus, secondary diabe-
tes, gestational diabetes, acute complications of 
diabetes such as diabetic ketoacidosis, hypergly-
caemic hyperosmolar status, lactic acidosis and 
hypoglycaemia coma, acute or chronic viral hepa-
titis, severe hepatic dysfunction (alanine ami-
notransferase or aspartate aminotransferase >1.5 
times the normal upper limit), renal dysfunction 
[estimated glomerular filtration rate 
(eGFR) < 60 mL/min per 1.73 m2], thyroid dis-
eases, parathyroid disease, vitamin D-related dis-
orders, symptomatic cardiovascular disease, acute 
infection, malignant tumour, psychiatric disease, 
taken dyslipidaemia medications or medications 
in the past 1 month that may affect calcium 
metabolism (vitamin D, bisphosphonate, oestro-
gen, or diuretics) or serum calcium levels beyond 
the laboratory’s normal range (8.42–10.42 mg/
dL, or 2.10–2.60 mmol/L). The study was con-
ducted in accordance with the Declaration of 
Helsinki and was approved by the Ethics 
Committee of Soochow University Affiliated First 
Hospital (2017-162). Written consent was 
obtained from all participants included in the 
study.

Clinical parameter measurements
Professional nurses collected general clinical data 
including sex, age, diabetes duration, height, 
weight. Blood pressure, including systolic blood 
pressure (SBP) and diastolic blood pressure 
(DBP), were measured with a mercury sphyg-
momanometer after the subject had rested for at 
least 10 min. The body mass index (BMI) of each 
patient was calculated as weight in kilograms 
divided by the square of height in metres.

Venous blood samples were taken after overnight 
fasting for at least 10 h. Serum calcium, albumin, 
creatinine, total cholesterol (TC), triglyceride 
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(TG), high-density lipoprotein cholesterol (HDL-
C), and low-density lipoprotein cholesterol 
(LDL-C) were measured on the Hitachi 7600 
automatic analyser (Kyoto, Japan). Fasting 
plasma glucose (FPG) was immediately meas-
ured using the glucose oxidase technique. 
Glycosylated haemoglobin A1c (HbA1c) was 
measured using cation-exchange column chro-
matography on an automatic analyser (Bio-Rad 
Company, Hercules, CA, USA). Fasting insulin 
(FIns) and fasting C-peptide (FCp) were detected 
using ELISA kits (R&D company, USA). 
Electrochemiluminescence immunoassay (Roche 
Diagnostics GmbH, Mannheim, Germany) was 
used to analyse the serum parathyroid hormone 
(PTH) and 25-hydroxyvitamin D (25OHD) con-
centrations. Approximately 40% of non-skeletal 
calcium is bound to proteins, primarily albumin 
and globulin. As such, calcium was corrected for 
serum albumin with the use of the following equa-
tion: measured total calcium (mg/dL) + 0.8 [4.0-
serum albumin (g/dL)].14 Albumin-corrected 
calcium was used for all the analyses. Homeostasis 
model assessment of insulin resistance index 
(HOMA-IR) was used to evaluate the status of 

insulin resistance. The HOMA-IR formula =  
[fasting glucose (mmol/L) × fasting insulin (mIU/L)]/ 
22.5. The eGFR was derived from the Chronic 
Kidney Disease Epidemiology Collaboration creati-
nine-based equation.15

Carotid ultrasound measurement
Carotid ultrasonography was performed using an 
Acuson Sequoia 512 scanner (Siemens Medical 
Solutions, Mountain View, CA, USA) equipped 
with a 5–13 MHz linear array transducer, and 
operated by an experienced vascular physician 
from the ultrasonic department. The patients were 
examined in the supine position with the head 
slightly extended to the opposite direction of the 
carotid artery being examined. Doppler recordings 
of the proximal segments of the common, internal, 
and external carotid arteries were recorded. A 
composite mean intima-media thickness (IMT) 
was calculated from the mean IMTs measured 
from three angles on both sides. The presence of 
carotid atherosclerotic plaque was defined as 
IMT ⩾1.5 mm, or a focal increase of either 0.5 mm 
or 50% compared with the surrounding IMT.16

Figure 1.  Flow diagram of the participant selection in the current analysis.
T2DM, type 2 diabetes mellitus.
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Statistical analysis
SPSS version 21.0 (SPSS Inc., Chicago, IL, USA) 
was used for the data analyses. Continuous varia-
bles were presented as the median (interquartile 
range) and the Mann–Whitney U test was used to 
determine the statistical significance between the 
two groups. Categorical variables were expressed as 
counts and percentages (%), and significant differ-
ences between the two groups were assessed by the 
Chi-square test. Furthermore, the patients were 

divided into three groups based on the tertiles (Ts) 
of serum albumin-corrected calcium levels of the 
overall study population (T1: <8.78 mg/dL; T2: 
8.78–9.06 mg/dL; T3: ⩾9.06 mg/dL). For compar-
ison among multiple groups, Kruskal–Wallis analy-
sis of variance was performed and followed by the 
Dunn–Bonferroni test for post hoc comparisons. 
Multiple linear stepwise regression analysis was 
conducted to identify factors independently corre-
lated with the serum albumin-corrected calcium 

Table 1.  The clinical and laboratory characteristics of the diabetic patients with and without plaques.

Variables Non-plaque Plaque p value

n 363 231  

Gender, M/F 212/151 122/109 0.203

Age, years 51 (43–57) 59 (54–66) 0.000

BMI, kg/m2 23.49 (21.62–26.11) 25.45 (23.13–27.25) 0.000

WC, cm 87 (80–93) 89 (83–96) 0.003

Duration of diabetes, years 4 (1–10) 8 (3–12) 0.000

SBP, mmHg 120 (110–134) 130 (120–146) 0.000

DBP, mmHg 80 (70–82) 80 (70–90) 0.014

FPG, mmol/L 7.60 (6.00–9.50) 8.10 (6.60–10.20) 0.021

HbA1c, % 8.10 (6.80–10.00) 8.50 (7.40–9.90) 0.023

FIns, mU/L 10.44 (6.21–14.58) 12.72 (7.45–20.7) 0.000

FCp, ng/mL 1.80 (1.0–2.56) 2.00 (1.2–2.5) 0.245

HOMA-IR 3.54 (2.04–5.59) 4.60 (2.64–7.89) 0.000

TC, mmol/L 4.70 (4.00–5.32) 4.80 (4.20–5.50) 0.128

TG, mmol/L 1.34 (0.91–1.94) 1.45 (1.06–2.13) 0.018

LDL-C, mmol/L 2.92 (2.37–3.63) 3.07 (2.51–3.73) 0.036

HDL-C, mmol/L 1.09 (0.93–1.31) 1.06 (0.91–1.26) 0.249

eGFR, ml/min per 1.73 m2 114.34 (104.77–231) 96.48 (86.76–103.06) 0.000

Corrected Ca, mg/dL 8.86 (8.66–9.06) 9.02 (8.78–9.34) 0.000

PTH, pg/mL 35.59 (26.91–45.39) 32.91 (26.75–43.5) 0.103

25OHD, ng/mL 17.69 (13.02–23.39) 16.79 (12.86–22) 0.262

Continuous variables are expressed as median (25th and 75th percentiles), while categorical variables are expressed as 
percentages.
25OHD, 25-hydroxyvitamin D; BMI, body mass index; Corrected Ca, albumin-corrected calcium; DBP, diastolic blood 
pressure; eGFR, estimated glomerular filtration rate; FCp, fasting C-peptide; FIns, fasting insulin; FPG, fasting plasma 
glucose; HbA1c, glycosylated haemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; M/F, male/female; PTH, parathyroid hormone; SBP, systolic blood pressure; TC, total cholesterol;  
TG, triglyceride; WC, waist circumference.
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levels. Binary logistic regression analysis was per-
formed to determine variables associated with 
carotid atherosclerotic plaque. To control for 
potential confounding factors, the multivariate 
logistic regression model was chosen to assess the 
association between serum albumin-corrected cal-
cium (as a categorical variable) and carotid athero-
sclerotic plaque. The odds ratios (ORs) with 95% 
confidence intervals (CIs) were calculated. Two-
tailed p-values of <0.05 were considered statisti-
cally significant.

Results

Clinical and biochemical characteristics
A total of 594 T2DM participants were enrolled 
in the present study [median age: 54 (47–61) 
years], including 231 subjects with carotid ather-
osclerotic plaque and 363 subjects without carotid 
atherosclerotic plaque. As shown in Table 1, 
compared with those without plaque, the patients 
with plaque were older and had a longer duration 
of diabetes, higher BMI, waist circumference 
(WC), SBP, DBP, FPG, HbA1c, FIns, 
HOMA-IR, TG, LDL-C and serum creatinine 
(all p < 0.05), along with a lower albumin and 
eGFR (p < 0.01). Other variables did not differ 
significantly between the two groups (all p > 0.05).

Comparison of serum albumin-corrected 
calcium levels
Among the entire study population, the median 
(interquartile range) serum albumin-corrected 
calcium levels were 8.90 (8.70–9.14) mg/dL. No 
significant gender difference in the serum albu-
min-corrected calcium levels were detected 
(Figure 2). The patients with carotid atheroscle-
rotic plaque had significantly higher serum albu-
min-corrected calcium levels compared with those 
without plaque (Table 1). The study population 
was divided into three groups based on BMI. As 
recommended by the World Health Organization, 
the BMI cut-offs for Chinese patients were used, 
with normal weight as BMI 18.5–25 kg/m2, over-
weight as BMI 25.0–27.5 kg/m2 and general obe-
sity as BMI ⩾27.5 kg/m2.17 No patients with a 
BMI lower than 18.5 kg/m2 were included in the 
study. The serum albumin-corrected calcium lev-
els in the overweight and obesity groups were sig-
nificantly higher than in the normal-weight group 
(Figure 3). All patients were stratified into trisec-
tion according to albumin-corrected calcium tertiles 
of the overall study population (T1: <8.78 mg/dL; T2: 

8.78–9.06 mg/dL; T3: ⩾9.06 mg/dL). The patients 
with upper serum albumin-corrected calcium lev-
els had a higher carotid atherosclerotic plaque 
formation rate than those with lower albumin-
corrected calcium levels (Figure 4).

Multiple linear stepwise regression analysis  
for serum albumin-corrected calcium levels
The serum albumin-corrected calcium level was 
used as the dependent variable, and age, BMI, 
WC, SBP, DBP, FPG, HbA1c, HOMA-IR, FCp, 
TC, TG, HDL-C, LDL-C, eGFR, PTH, and 
25OHD were used as independent variables. The 
multiple linear stepwise regression analysis dem-
onstrated that BMI, HbA1c, and SBP were inde-
pendently and positively correlated with the 
serum albumin-corrected calcium levels, while 
PTH and eGFR were independently and nega-
tively associated with the serum albumin-cor-
rected calcium levels (Table 2). No obvious 
collinearity among these predictors was detected.

Variables related to carotid  
atherosclerotic plaque
To determine the variables associated with carotid 
atherosclerotic plaque, binary logistic regression 
analysis was developed to include albumin- 
corrected calcium, age, gender, BMI, WC, SBP, 
DBP, FPG, HbA1c, HOMA-IR, FCp, TC, TG, 
HDL-C, LDL-C, eGFR, PTH, and 25OHD on 
the first step. The analysis identified serum albu-
min-corrected calcium levels as an independent 
and positive factor for carotid atherosclerotic 
plaque (OR 3.42, 95% CI 1.77–6.81, p < 0.001), 
along with age, SBP, BMI, HbA1c, HOMA-IR, 
and diabetes duration (Table 3).

Serum albumin-corrected calcium levels  
and carotid atherosclerotic plaque
When albumin-corrected calcium was a categorical 
variable (tertiles), multinomial logistic regression 
analyses showed that subjects in the upper tertile 
of albumin-corrected calcium had a significantly 
greater risk for carotid atherosclerotic plaque 
compared with the lowest tertile (OR 3.31, 95% 
CI 2.18–5.03, p < 0.001) (Table 4). Adjustment 
for age, sex, obesity (categorical variable), SBP, 
DBP, HbA1c, HOMA-IR, and diabetes duration 
did not change the association; however, sub-
group analysis showed a stronger association 
between albumin-corrected calcium and risk of 
carotid atherosclerotic plaque among the female 
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participants after adjusting for potential confound-
ing factors (OR 4.71, 95% CI 2.15–10.30, 
p < 0.001), but this correlation was not present 
among the males (OR 1.54, 95% CI 0.80–2.96, 
NS) (Table 4).

Discussion
In this cross-sectional study of patients with 
T2DM, we found a positive relationship between 
serum albumin-corrected calcium levels, within 
the normal range, and carotid atherosclerotic 
plaque. Based on the overall study population, the 
patients with upper serum calcium levels (T3 ter-
tile: ⩾9.06 mg/dL) showed a greater prevalence of 
carotid atherosclerotic plaque than those with 
lower serum calcium levels (T1 tertile: <8.78 mg/
dL). The association between albumin-corrected 
calcium and carotid atherosclerotic plaque per-
sisted after adjustment for age, sex, obesity, SBP, 
DBP, HbA1c, HOMA-IR, and diabetes duration.

Diabetic macrovascular complications are the 
major causes of mortality and disability among 
patients with T2DM, of which the pathological 
basis is atherosclerosis. Recently, the potential 
role of serum calcium in the pathogenesis of met-
abolic-related cardiovascular complications has 
gained interest. Our study is the first to evaluate 
the association between serum albumin-corrected 
calcium levels within the normal range and 
carotid atherosclerosis in T2DM patients. Three 
mechanisms predominantly regulate calcium 
homeostasis in humans, including intestinal cal-
cium absorption (dietary or supplemental), bone 
conversion, and glomerular calcium filtration/
tubular calcium reabsorption. Due to the influ-
ence of renal function on calcium homeostasis, 
we included only patients with normal renal func-
tion (eGFR ⩾ 60 mL/min per 1.73 m2) in this 
study. The results indicated that T2DM patients 
with carotid atherosclerotic plaque had signifi-
cantly higher levels of serum albumin-corrected 
calcium than those without plaque. Additionally, 
patients in the top third of calcium concentration 
had a significantly greater percentage of carotid 
atherosclerotic plaque than those in the bottom 
third.

Ageing, obesity, insulin resistance, and chronic 
hypertension are known to be classic risk factors 
for atherosclerosis. Consistent with previous stud-
ies, in the present study, binary logistic regression 
analyses showed a significant association between 

Figure 2.  Serum albumin-corrected calcium levels [median (IQR) marked] 
in female and male with and without plaque.
*p < 0.05 versus non-plaque group.

Figure 3.  Serum albumin-corrected calcium levels based on body mass 
index.
*p < 0.05 versus normal weight group.
There were no patients with a BMI lower than 18.5 kg/m2.

Figure 4.  Prevalence of carotid atherosclerotic plaque according to 
albumin-corrected calcium tertiles.
*p < 0.05 versus T1 group, #p < 0.05 versus T2 group.
T, tertile.
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age, SBP, BMI, HOMA-IR, diabetes duration, 
and carotid atherosclerotic plaque. Adjusting for 
these factors, the correlation between calcium and 
carotid atherosclerosis remained robust.

Until now, the underlying mechanism via which 
serum calcium may contribute to carotid athero-
sclerosis in patients with T2DM remained 

unclear. Calcium-sensing receptors (CaSRs), the 
major sensor and regulator of extracellular cal-
cium, is expressed on parathyroid cells and also 
commonly expressed in various tissues and cells. 
The serum calcium concentration influences 
CaSR activity.18 Qi et  al.19 reported that CaSR 
expression was increased in vascular endothelial 
cells of STZ-diabetic rats. Increased expression 

Table 2.  Multiple linear stepwise regression analysis of independent influence factors associated with 
albumin-corrected calcium.

Independent 
factors

Unstandardized 
coefficient

Standardized 
coefficients
Beta

t p value Collinearity statistics 

β Std. error Tolerance VIF

BMI 0.02 0.004 0.194 4.987 0.000 0.953 1.049

HbA1c 0.035 0.006 0.238 6.083 0.000 0.946 1.057

eGFR –0.005 0.001 –0.212 –5.38 0.000 0.933 1.072

SBP 0.002 0.001 0.104 2.653 0.008 0.933 1.072

PTH –0.002 0.001 –0.077 –2.024 0.043 0.993 1.007

Constant 8.463 0.164 – 51.705 0.000 – –

Independent variables originally included: age, BMI, waist circumference, SBP, diastolic blood pressure, fasting plasma 
glucose, HbA1c, homeostasis model assessment of insulin resistance index, fasting C-peptide, total cholesterol, 
triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, eGFR, PTH, 25-hydroxyvitamin D, 
diabetes duration.
BMI, body mass index; eGFR, estimated glomerular filtration rate; HbA1c, glycosylated haemoglobin; PTH, parathyroid 
hormone; SBP, systolic blood pressure; VIF, variance inflation factor.

Table 3.  Independent factors for carotid atherosclerotic plaque identified by binary logistic regression 
analyses.

Variable β SE OR 95% CI p value

Corrected Ca 1.231 0.336 3.424 1.774–6.81 0.000

Age 0.086 0.016 1.090 1.056–1.125 0.000

SBP 0.027 0.008 1.027 1.012–1.043 0.000

BMI 0.092 0.045 1.096 1.002–1.198 0.044

HbA1c 0.117 0.058 1.124 1.004–1.259 0.043

HOMA-IR 0.037 0.019 1.038 1.000–1.077 0.048

Duration of diabetes 0.046 0.019 1.047 1.009–1.087 0.016

Variables entered on first step: age, gender, BMI, waist circumference, SBP, diastolic blood pressure, HbA1c, fasting 
plasma glucose, homeostasis model assessment of insulin resistance index, fasting C-peptide, total cholesterol, 
triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, estimated glomerular filtration rate, 
parathyroid hormone, 25-hydroxyvitamin D, diabetes duration.
BMI, body mass index; CI, confidence interval; HbA1c, glycosylated haemoglobin; HOMA-IR, homeostasis model 
assessment; OR, odds ratio; SBP, systolic blood pressure.
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could induce endothelial cell apoptosis in dia-
betic atherosclerosis injury through increasing 
calcium influx, mitochondrial activation, and 
mitogen-activated protein kinase pathway stimu-
lation. Both the mRNA and protein expression of 
CaSR were also demonstrated in vascular smooth 
muscle cells (VSMCs). Ex vivo experiments con-
firmed that elevated extracellular calcium levels 
promote VSMC proliferation, which had been 
considered an important process in diabetic ath-
erosclerosis.20 Additionally, calcium-dependent 
protein kinase C (PKC) activation responds 
within seconds to a calcium concentration eleva-
tion.21 Among them, PKC-β activation promoted 
the production of inflammatory cytokines and 
cellular adhesion molecules that contribute to 
atherosclerotic plaque formation in diabetes.22 
Calcium is an essential cofactor in the coagula-
tion pathway and regulates platelet function via 
the CaSR. Serum calcium may affect vascular 
risk via effects on blood coagulation. Furthermore, 
a complex system of mineralization inhibitors 
(such as pyrophosphate, fetuin-A, matrix GLA 
protein, etc.) exists in human soft tissues to pre-
vent calcium deposition. When errors occur in 
the metabolism of circulating calcium and miner-
alization inhibitors, severe vascular calcification 
may happen.23,24

Similar to the investigations by Sabanayagam 
and Shankar,25 Wu et al.,26 and Chou et al.,27 the 
stepwise multiple linear regression demonstrated 

that the serum albumin-corrected calcium levels 
were independently and positively associated 
with SBP in the current study. Serum calcium 
may participate in the regulation of blood pres-
sure by regulating peripheral vascular resistance 
and controlling the contractility of VSMCs,28 
which may be another mechanism by which cal-
cium and atherosclerosis are linked: however, 
Ahlström et al.29 and Cho et al.30 showed no sig-
nificant correlation between serum calcium levels 
and blood pressure. Some studies reported that 
hypertensive subjects had significantly lower 
serum calcium.31,32 The discrepancies among the 
studies might be attributed to ethnic differences 
of the study population and the influence of anti-
hypertensive medications. Future research 
should verify and discuss the conflicting results.

In addition, our study observed a strong positive 
correlation between albumin-corrected calcium 
and BMI. The serum albumin-corrected calcium 
levels in the overweight and obesity groups were 
significantly higher than in the normal-weight 
group. Therefore, the degree of obesity should be 
taken into consideration when exploring abnor-
mal serum calcium levels. Obesity induces the 
production of inflammatory cytokines which 
stimulate bone absorption by osteoclasts that 
might subsequently lead to a higher serum cal-
cium level.33 In the context of obesity, calcium 
influx and elevated intracellular calcium levels 

Table 4.  OR (95% CI) of carotid atherosclerotic plaque according to albumin-corrected calcium.

Tertiles of corrected Ca, mg/dL

T1 (<8.78) T2 (8.78–9.06) T3 (>9.06)

Overall Non-adjusted 1.00 (ref) 1.448 (0.953–2.20), NS 3.308 (2.177–5.026), 0.000

Adjusteda 1.00 (ref) 1.512 (0.937–2.44), NS 2.470 (1.514–4.029), 0.000

Male Non-adjusted 1.00 (ref) 1.491 (0.862–2.578), NS 2.023 (1.164–3.514), 0.012

Adjustedb 1.00 (ref) 1.685 (0.891–3.188), NS 1.540 (0.800–2.964), NS

Female Non-adjusted 1.00 (ref) 1.41 (0.736–2.702), NS 6.291 (3.240–12.216), 0.000

Adjustedb 1.00 (ref) 1.336 (0.634–2.812), NS 4.706 (2.151–10.297), 0.000

Values are OR (95% CI) and p value.
aAdjusted for age, sex, obesity (categorical variable), systolic blood pressure, diastolic blood pressure, glycosylated 
haemoglobin, homeostasis model assessment of insulin resistance index, diabetes duration.
bAdjusted for age, obesity (categorical variable), systolic blood pressure, diastolic blood pressure, glycosylated 
haemoglobin, homeostasis model assessment of insulin resistance index, diabetes duration.
CI, confidence interval; OR, odds ratio; T, tertile.
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can in turn trigger lipogenesis, suppress lipolysis,34 
and promote endoplasmic reticulum -mitochon-
drial dysfunction, oxidative stress, and an inflam-
matory response, which are important underlying 
factors in the pathogenesis of atherosclerosis.35 
Therefore, in how to best target calcium signal-
ling and homeostasis for the treatment of obesity, 
T2DM and atherosclerosis may be important 
areas of future research.

Furthermore, because most of the female patients 
included in our study were postmenopausal women 
with an average age of 57 years, and given the influ-
ence of oestrogen on bone and mineral metabo-
lism, we compared the gender differences in serum 
calcium levels. No significant difference was 
observed between female and male participants: 
however, after stratification by gender, we found a 
stronger association between serum calcium levels 
and the risk of carotid atherosclerotic plaque among 
the female participants in the fully adjusted model, 
but this correlation was lost among the males. We 
speculate that this may be attributed to the loss of 
the protective effects of oestrogen against cardio-
vascular events among postmenopausal female 
patients.36

Several limitations of the present study should be 
noted. First, because our research is a cross-sec-
tional study and many patients were excluded due 
to missing values, the samples were relatively lim-
ited and the participants were Chinese, which 
should be evidenced in other ethnicities through 
prospective cohort studies with larger samples. 
Second, we did not specifically distinguish the types 
of carotid atherosclerotic plaques and the degree of 
their extension. Third, the results are based on sin-
gle serum calcium measurements, using the subjec-
tive criteria of our laboratory; therefore, changes in 
calcium levels over time are available. Finally, cal-
cium intake was not considered.

Conclusion
Our study supports the reported correlation 
between calcium and glycometabolism, and 
extends on previous findings of the association 
between serum calcium and cardiovascular dis-
ease, especially in T2DM patients with carotid 
atherosclerotic plaque. Increased serum albumin-
corrected calcium levels, within the physiological 
ranges, are independently associated with preva-
lence of carotid atherosclerotic plaque in patients 
with T2DM.
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