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Background: An association between serum calcium level and risk of metabolic syndrome (MetS) has been suggested in cross-
sectional studies. This study aimed to evaluate the association between baseline serum calcium level and risk of incident MetS in a 
longitudinal study.
Methods: We conducted a retrospective longitudinal study of 12,706 participants without MetS who participated in a health 
screening program, had normal range serum calcium level at baseline (mean age, 51 years), and were followed up for 4.3 years 
(18,925 person-years). The risk of developing MetS was analyzed according to the baseline serum calcium levels.
Results: A total of 3,448 incident cases (27.1%) of MetS developed during the follow-up period. The hazard ratio (HR) for inci-
dent MetS did not increase with increasing tertile of serum calcium level in an age- and sex-matched model (P for trend=0.915). 
The HRs (95% confidence interval [CI]) for incident MetS comparing the second and the third tertiles to the first tertile of base-
line serum calcium level were 0.91 (95% CI, 0.84 to 0.99) and 0.85 (95% CI, 0.78 to 0.92) in a fully adjusted model, respectively (P 
for trend=0.001). A decreased risk of incident MetS in higher tertiles of serum calcium level was observed in subjects with central 
obesity and/or a metabolically unhealthy state at baseline. 
Conclusion: There was no positive correlation between baseline serum calcium levels and incident risk of MetS in this longitudi-
nal study. There was an association between higher serum calcium levels and decreased incident MetS in individuals with central 
obesity or two components of MetS at baseline.
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INTRODUCTION

Metabolic syndrome (MetS) is characterized by a cluster of risk 
factors such as central obesity, dyslipidemia, elevated blood 
pressure, insulin resistance, and glucose intolerance, leading 

MetS to be associated with a poor cardiovascular prognosis 
and increased mortality [1]. Although the prevalence of MetS 
varies according to age, sex, geographic location, and ethnicity 
[2-4], it has increased over the past decades [5,6] to become a 
global pandemic. Abdominal obesity is the most prevalent 
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manifestation of MetS [7], and obese patients with MetS are at 
higher risk of cardiovascular disease than non-obese patients 
with MetS [8]. Estimates from the National Health and Nutri-
tion Examination Survey from 1999 to 2010 demonstrated that 
the prevalence of abdominal obesity has increased [4]. 

Intracellular calcium plays an important role in the regula-
tion of lipid metabolism [9] and insulin sensitivity [10]. Serum 
calcium homeostasis is regulated within a narrow range, and is 
under tight hormonal control. Several epidemiological studies 
have demonstrated that a high level of serum calcium is associ-
ated with increased risk for type 2 diabetes mellitus (T2DM) 
[11], overweight or obesity [12], elevated blood pressure, hy-
percholesterolemia [13], as well as MetS [14]. Serum calcium 
concentrations were also positively correlated with increasing 
numbers of conventional MetS components [15]. Finally, an 
increased serum calcium concentration can predict increased 
all-cause and cardiovascular disease mortality in men [16]. 

A longitudinal study that evaluated the effect of serum calci-
um on the development of T2DM among the non-diabetes 
mellitus general population (n=863) demonstrated that higher 
serum calcium levels are associated with an increased risk of 
developing T2DM [11]. On the other hand, Becerra-Tomas et 
al. [17] reported that an increased risk of T2DM was associated 
with change in serum calcium concentration, but not with 
baseline serum calcium levels among individuals at high car-
diovascular risk (n=707). As shown in previous studies, the 
association between serum calcium and incident metabolic 
diseases, including T2DM and MetS, is affected by several fac-
tors, including study design, patient population, and baseline 
metabolic health status. To our knowledge, there have been no 
longitudinal studies to date investigating the association be-
tween normal range of serum calcium level and risk of incident 
MetS. Therefore, the aim of this study was to investigate the as-
sociation between serum calcium within the normal range and 
risk of incident MetS in a longitudinal study.

METHODS

Subjects
We conducted a retrospective longitudinal study in subjects 
who visited a health care center at the Samsung Medical Cen-
ter for an annual or biannual comprehensive medical check-
up. Of the 24,178 people who underwent at least four medical 
check-ups within 7 years (from January 2006 to December 
2012), 12,706 individuals were included for analysis. Medical 

check-up records from the first visit served as baseline data. 
We excluded 11,472 people based on the following criteria: ini-
tial visit records showed that they had already met the criteria 
for MetS (n=3,474); baseline albumin-corrected serum calci-
um levels were outside the normal range (8.4 to 10.2 mg/dL, 
n=2,487); baseline waist circumference (WC) data were un-
available (n=2,737); total bilirubin or liver enzymes were ele-
vated to greater than twice the upper limit of normal (n= 
2,658); estimated glomerular filtration rate calculated using the 
Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) formula was <60 mL/min/1.73 m2 (n=113); or they were 
under 20 years of age (n=3) (Fig. 1). The Institutional Review 
Board of Samsung Medical Center approved this study, and 
waived the informed consent requirement for this study, as the 
researcher accessed the database solely for analytic purposes, 
and did not access any personal information.

Definition of MetS
MetS was defined according to the modified criteria proposed 
by the Adult Treatment Program III of the National Cholester-
ol Education Program (NCEP-ATP III) [18]. People with three 

24,178 Reviewed for eligibility

n=15,480

n=12,706

9,258 MetS (–) until 
the end of follow-up

3,448 Incident MetS 
diagnosed during the 

follow-up

2,774 Excluded participants
2,658 Abnormal liver function
113 Abnormal kidney function
3 Age under 20 years

8,698 Excluded participants
3,474 MetS (+) at baseline
�2,�487 Baseline corrected serum 

calcium in outside the normal 
range (<8.4 of >10.2 mg/dL)

�2,�737 Missed data of baseline 
waist circumference 

Fig. 1. Subject inclusion. MetS, metabolic syndrome. 
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or more of the following criteria were classified as having MetS: 
(1) WC ≥90 cm in men or ≥80 cm in women; (2) triglycerides 
(TG) ≥150 mg/dL; (3) high density lipoprotein cholesterol 
(HDL-C) <40 mg/dL in men or <50 mg/dL in women; (4) ele-
vated blood pressure (systolic blood pressure [SBP] ≥130 mm 
Hg and/or diastolic blood pressure [DBP] ≥85 mm Hg) or be-
ing on anti-hypertensive medications; or (5) fasting serum glu-
cose (FPG) ≥100 mg/dL or being treated for diabetes [19]. 

Clinical evaluation
During the clinical visits, we collected lifestyle behavior infor-
mation and medical histories through a standardized self-re-
ported questionnaire. We also assessed cigarette smoking and 
previously or newly diagnosed disease (hypercholesterolemia, 
diabetes, and hypertension). 

Blood pressure was measured in the seated position after 5 
minutes of rest, and was taken by trained nurses using a mer-
cury sphygmomanometer in accordance with the Hyperten-
sion Detection and Follow-up Program protocol [20]. We 
measured patient height and body weight while wearing light 
clothing and no shoes. WC was measured at the narrowest 
point between the costal margin and the iliac crest.

Laboratory methods
We obtained blood samples by venipuncture after an overnight 
fast, and samples were analyzed at the same certified laborato-
ry at the Samsung Medical Center. Serum calcium concentra-
tions (normal range, 8.4 to 10.2 mg/dL) were determined by 
the o-cresolphthalein complexone method (intra-assay coeffi-
cient of variation <2%). Serum albumin levels (normal range, 
3.8 to 5.3 g/dL) were measured by bromocresol green using a 
Roche modular DP analyzer (Roche Diagnostics, Basel, Swit-
zerland). Albumin-corrected serum calcium (mg/dL) was cal-
culated as [serum calcium+0.8×(4–albumin)]. Serum TG and 
HDL-C levels were determined by an enzymatic colorimetric 
method using the Roche modular DP analyzer. Serum glucose 
levels were determined by the hexokinase method using a GLU 
kit (Roche Diagnostics) on the Roche modular DP analyzer. 
Glycosylated hemoglobin (HbA1c) measurements were taken 
by HPLC using the G8 Elution buffer kits (Tosoh, Yokkaichi, 
Japan) on HLC-723G8 (Tosoh). The HbA1c results were stan-
dardized to the reference method suggested by the Diabetes 
Control and Complication Trial, and met the National Glyco-
hemoglobin Standardization Program standards. The homeo-
stasis model assessment 2 of insulin resistance (HOMA2-IR) 

calculation was based on model-derived estimates (rather than 
linear approximations) using the HOMA2 calculator version 
2.2.3 (Diabetes Trials Unit, University of Oxford, Oxford, UK; 
http://www.dtu.ox.ac.uk/homacalculator/download.php) [21]. 

Statistical analysis
Baseline characteristics were presented as the mean±standard 
deviation for continuous variables and the number and per-
centage for categorical variables. One-way analysis of covari-
ance was used for continuous variables, and chi-square tests 
were used for categorical variables in order to assess the base-
line characteristics according to the albumin-corrected serum 
calcium tertile. Pearson correlation coefficients were used to 
examine the strength of the relationship between serum calci-
um and the MetS conditions, as well as the HOMA2-IR. 

We used multivariate Cox proportional regression models to 
evaluate the relative risk of incident MetS according to the al-
bumin-corrected serum calcium tertiles, and as a continuous 
variable per 1 mg/dL increase of albumin-corrected serum cal-
cium at baseline. Collinearity tests for variables used in multi-
variate Cox proportional regression analysis were performed 
using linear modeling of the outcome variables with calcula-
tion of the variance inflation factor (VIF) of the independent 
predictors. A VIF <5 was considered optimal for stability. Two 
different Cox regression models were used to adjust for poten-
tial confounding factors. The first model (model 1) was adjust-
ed for sex and age, and the second model (model 2) was ad-
justed for age, sex, smoking status (current, ex-smoker, non-
smoker), WC, SBP, DBP, TG level, HDL-C, FPG, and treat-
ment for medical conditions, including hypertension, diabetes, 
and hypercholesterolemia. 

The analysis was further stratified by presence of central 
obesity and presence of two components of MetS at baseline. 
Tests of linearity were conducted by identifying the mean value 
of the albumin-corrected serum calcium in each tertile as a 
continuous variable. A separate subgroup analysis for incident 
MetS in the metabolic risk group, such as the presence of cen-
tral obesity or presence of two components of MetS at baseline, 
was also performed. Statistical analyses were performed using 
SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) and P≤0.05 
(two-tailed) were considered statistically significant. Mean-
while, P≤0.025 (two-tailed) were considered statistically sig-
nificant after correcting for multiple comparisons in the sub-
group multivariate Cox regression analysis, according to cen-
tral obesity and presence of two components of MetS.
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RESULTS

Albumin-corrected serum calcium levels and metabolic 
conditions at baseline
Of all subjects (n=12,706), the mean age was 51 years and 
6,873 (54.1%) were men. Baseline characteristics of the anthro-
pometric and biochemical parameters according to the albu-
min-corrected serum calcium at baseline are shown in Table 1. 
With increasing serum calcium tertiles, there was a significant 
increase in age, SBP, DBP, FPG, HbA1c, and TG levels (all 
P<0.001). In our simple linear regression analyses, there were 
also positive correlations between baseline albumin-corrected 

serum calcium levels and age, SBP, DBP, HDL-C, FPG, and 
HbA1c. Meanwhile, HOMA2-IR was inversely correlated with 
albumin-corrected serum calcium levels (r=–0.026, P=0.021) 
(Table 2).

After a mean follow-up period of 4.3 years, a total of 3,448 
incident cases (27.1%) of MetS developed. In crude and age- 
and sex-matched models, the hazard ratio (HR) for incident 
MetS comparing the second and third quartiles to the first 
quartile of change in serum calcium level did not increase sig-
nificantly. However, the HR for incident MetS comparing the 
second and third quartiles to the first quartile of change in se-
rum calcium level significantly decreased in the fully adjusted 

Table 1. Baseline characteristics according to albumin-corrected serum calcium tertile

Characteristic
Corrected serum calcium tertile, mg/dL

Total P valueaTertile 1 
(<8.70)

Tertile 2 
(8.70–8.94)

Tertile 3 
(>8.94)

Number 4,174 4,334 4,198 12,706

Incident case 1,263 (28.0) 1,095 (27.4) 1,090 (26.0) 3,448 (27.1) 0.089

Male sex 2,319 (55.6) 2,395 (55.3) 2,159 (51.4) 6,873 (54.1) <0.001b

Smoker 0.045b

   Never 2,352 (56.3) 2,431 (56.1) 2,474 (58.9) 7,257 (57.1)

   Current 697 (16.7) 734 (16.9) 689 (16.4) 2,120 (16.7)

   Past 1,125 (27.0) 1,169 (27.0) 1,035 (24.7) 3,329 (26.2)

Age, yr 50.5±8.1 51.0±8.3 51.3±8.2 51.0±8.2 <0.001

WC, cm 81.1±8.7 81.4±8.7 80.9±8.6 81.1±8.7 0.029

BMI, kg/m2 23.3±2.6 23.4±2.6 23.3±2.6 23.3±2.6 0.170

SBP, mm Hg 110±14 112±14 113±15 112±14 <0.001

DBP, mm Hg 68±10 69±10 70±10 69±10 <0.001

FPG, mg/dL 88±13 89±13 91±15 89±14 <0.001

HbA1c, % 5.4±0.5 5.4±0.5 5.5±0.6 5.4±0.6 <0.001

Triglyceride, mg/dL 111±58 115±61 117±68 114±62 <0.001

HDL-C, mg/dL 59±14 59±13 60±14 59±14 0.001

Corrected calcium, mg/dL 8.56±0.08 8.82±0.07 9.17±0.18 8.85±0.28 -

Diabetes 170 (4.1) 174 (4.0) 201 (4.8) 545 (4.3) 0.148b

Hypertension 404 (9.7) 495 (11.4) 512 (12.2) 1,411 (11.1) 0.001b

Hypercholesterolemia 78 (1.9) 119 (2.7) 133 (3.2) 330 (2.6) 0.001b

Presence of two components of MetS 938 (22.5) 1,107 (25.5) 1,123 (26.8) 3,168 (24.9) <0.001b

HOMA2-IR (n=7,945) 1.16 (0.49) 1.16 (0.48) 1.13 (0.45) 1.15 (0.47) 0.066

Values are presented as number (%) or mean±standard deviation.
WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; 
HbA1c, glycosylated hemoglobin; HDL-C, high density lipoprotein cholesterol; MetS, metabolic syndrome; HOMA2-IR, homeostasis model 
assessment index 2 for insulin resistance. 
aOne-way analysis of variance for continuous variables, bChi-square test.
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model (P for trend=0.001) (Table 3). 

Albumin-corrected serum calcium and the risk of incident 
MetS stratified by presence of central obesity at baseline
When the analysis was stratified by presence of central obesity, 
incident cases of MetS developed more frequently in those 
with central obesity (48.6% vs. 19.9%, P<0.001). With regard 
to baseline central obesity, the association between the albu-

min-corrected serum calcium and the risk for incident MetS 
showed different trends between the central obesity group and 
the non-central obesity group (Table 4). In the subjects with 
central obesity (n=3,223), the HR of incident MetS comparing 
the second and third quartiles to the first quartile of change in 
serum calcium level significantly decreased in the crude (P for 
trend=0.030), age- and sex-matched (P for trend=0.090), and 
fully adjusted models (P for trend=0.009). However, the de-
crease in HR was not significant in subjects without central 
obesity (Table 4). 

Albumin-corrected serum calcium and the risk of incident 
MetS stratified by presence of two components of MetS
When the analysis was stratified by the presence of two com-
ponents of MetS based on the NCEP-ATP III criteria [19], in-
cident cases of MetS developed more frequently in those with 
two components of MetS at baseline than those with fewer 
than two components (57.7% vs. 17.0%, P<0.001). In the sub-
jects having two components of MetS at baseline (n=3,168), 
the HR for incident MetS comparing the second and the third 
quartiles to the first quartile of change in serum calcium levels 
significantly decreased in the crude (P for trend=0.016), age- 
and sex-matched (P for trend=0.024), and fully adjusted mod-
el (P for trend=0.002). However, the decrease in HR was not 
significant in subjects with fewer than two components of 
MetS at baseline (Table 5). 

 

Table 3. Risk of developing MetS based on corrected serum calcium tertile at baseline

Variable
Corrected serum calcium tertile, mg/dL

P for trenda Continuous variables 
HR (95% CI)Tertile 1 

(<8.70)
Tertile 2 

(8.70–8.94)
Tertile 3 
(>8.94)

Number 4,174 4,334 4,198 0.482b

Incident cases, n (%) 1,164 (27.9) 1,194 (27.5) 1,090 (26.0)

Person-years of follow-up 18,925 18,974 17,320

Incident cases of MetS/1,000 person-year 61.5 62.9 62.9

Adjusted HR (95% CI)a

   Crude model 1 (reference) 1.02 (0.94–1.11) 1.02 (0.94–1.11) 0.849 1.05 (0.93–1.19)

   Model 1 1 (reference) 1.01 (0.93–1.10) 1.02 (0.94–1.11) 0.915 1.06 (0.94–1.20)

   Model 2 1 (reference) 0.91 (0.84–0.99) 0.85 (0.78–0.92) 0.001 0.80 (0.71–0.91)

Model 1: adjusted for age and sex; Model 2: adjusted for model 1+systolic blood pressure, diastolic blood pressure, triglyceride, high density li-
poprotein, fasting plasma glucose, smoking status, and conditions under medical treatment, including hypertension, diabetes, and hypercholes-
terolemia.
MetS, metabolic syndrome; HR, hazard ratio; CI, confidence interval.
aCox proportional hazard model, bChi-square test for linear by linear association.

Table 2. Simple correlation coefficient for corrected serum cal-
cium and metabolic syndrome condition at baseline (n= 
12,704)

Variable B P value

Age, yr 0.041 <0.001

BMI, kg/m2 0.282 <0.001

SBP, mm Hg 0.081 <0.001

DBP, mm Hg 0.091 <0.001

TG, mg/dL 0.042 <0.001

HDL-C, mg/dL 0.033 <0.001

FPG, mg/dL 0.095 <0.001

HbA1c, % 0.100 <0.001

HOMA2-IR (n=7,945) –0.026 0.021

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; TG, triglyceride; HDL-C, high density lipoprotein; 
FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; 
HOMA2-IR, homeostasis model assessment index 2 for insulin resis-
tance. 
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Table 4. Risk of developing metabolic syndrome by baseline albumin-corrected serum calcium tertile, stratified by the presence 
of central obesity

Variable
Corrected calcium tertile, mg/dL

P for trenda Continuous variables 
HR (95% CI)Tertile 1 

(<8.70)
Tertile 2 

(8.70–8.94)
Tertile 3 
(>8.94)

Subjects with central obesity (n=3,223) 1,032 1,121 1,070
   No. of subjects incident cases, n (%) 547 (53.0) 545 (48.6) 473 (44.2) <0.001b

   Adjusted HR (95% CI)a

      Crude model 1 (reference) 0.92 (0.81–1.03) 0.85 (0.75–0.96)   0.030 0.84 (0.70–1.00)
      Model 1 1 (reference) 0.92 (0.82–1.04) 0.87 (0.77–0.99)   0.090 0.88 (0.73–1.05)
      Model 2 1 (reference) 0.87 (0.77–0.98) 0.83 (0.74–0.94)   0.009 0.82 (0.68–0.98)
Subjects without central obesity (n=9,483) 3,142 3,213 3,128
   No. of subjects incident cases, n (%) 617 (19.6) 649 (20.2) 617 (19.7)     0.833b

   Adjusted HR (95% CI)a

      Crude model 1 (reference) 1.08 (0.97–1.20) 1.13 (1.01–1.27)   0.087 1.19 (1.01–1.40)
      Model 1 1 (reference) 1.07 (0.95–1.19) 1.13 (1.01–1.26)   0.117 1.20 (1.02–1.41)
      Model 2 1 (reference) 0.99 (0.88–1.10) 0.91 (0.81–1.02)   0.183 0.83 (0.70–0.98)

Model 1: adjusted for age and sex; Model 2: adjusted for model 1+systolic blood pressure, diastolic blood pressure, triglyceride, high density li-
poprotein, fasting plasma glucose, smoking status, and conditions under medical treatment, including hypertension, diabetes, and hypercholes-
terolemia.
HR, hazard ratio; CI, confidence interval; 
aCox proportional hazard model (P<0.025 considered statistically significant after correction for multiple comparisons), bChi-square test for 
linear by linear association.

Table 5. Risk of developing MetS by baseline albumin-corrected serum calcium tertile, stratified by the presence of two compo-
nents of MetS

Variable
Corrected calcium tertile, mg/dL

P for trenda Continuous variables 
HR (95% CI)Tertile 1 

(<8.70)
Tertile 2 

(8.70–8.94)
Tertile 3 
(>8.94)

Subjects with two components of MetS (n=3,168) 1,027 1,101 1,040
   No. of subjects incident cases, n (%) 643 (62.6) 630 (57.2) 554 (53.3) <0.001b

   Adjusted HR (95% CI)a

      Crude model 1 (reference) 0.89 (0.80–1.00) 0.85 (0.76–0.95) 0.016 0.76 (0.64–0.89)
      Model 1 1 (reference) 0.89 (0.80–1.00) 0.86 (0.77–0.96) 0.024 0.77 (0.65–0.90)
      Model 2 1 (reference) 0.87 (0.78–0.97) 0.82 (0.73–0.92) 0.002 0.71 (0.60–0.84)
Subjects with fewer than two components of MetS 
   (n=9,538)

3,236 3,227 3,075

   No. of subjects incident cases, n (%) 566 (17.5) 565 (17.5) 490 (15.9) 0.103b

   Adjusted HR (95% CI)a

      Crude model 1 (reference) 1.05 (0.93–1.18) 1.03 (0.91–1.16) 0.724 1.08 (0.90–1.29)
      Model 1 1 (reference) 1.05 (0.93–1.17) 1.03 (0.91–1.17) 0.751 1.10 (0.92–1.32)
      Model 2 1 (reference) 0.94 (0.83–1.05) 0.89 (0.79–1.01) 0.173 0.89 (0.74–1.08)

Model 1: adjusted for age, sex; Model 2: adjusted for model 1+waist circumference, systolic blood pressure, diastolic blood pressure, triglyceride, 
high density lipoprotein, fasting plasma glucose, smoking status, and conditions under medical treatment, including hypertension, diabetes, 
and hypercholesterolemia.
MetS, metabolic syndrome; HR, hazard ratio; CI, confidence interval.
aCox proportional hazard model (P<0.025 considered statistically significant after correction for multiple comparisons), bChi-square test for 
linear by linear association.
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DISCUSSION

In this retrospective longitudinal cohort study, the positive 
correlation between serum calcium and MetS observed in pre-
vious cross-sectional studies was not found. Unexpectedly, risk 
of MetS was inversely associated with serum calcium level in 
individuals with central obesity or two components of MetS. 

The association between serum calcium level and risk fac-
tors for MetS has been well documented in the cross-sectional 
study design [14,15,22-24]. Previous studies demonstrated that 
serum calcium concentrations were associated with MetS 
components [14] and with increased MetS risk scores [23], as 
well as non-conventional cardio-metabolic risk factors (mark-
ers of oxidative stress, including uric acid, homocysteine, and 
γ-glutamyltransferase) [15]. We confirmed positive correlations 
between serum calcium and MetS components at baseline, in-
cluding blood pressure, BMI, TGs, HDL-C, FPG, and HbA1c. 
Impaired insulin secretion [22] and insulin sensitivity [25], or 
increased insulin resistance [26], may explain the association 
between increased baseline serum calcium levels and the risk 
of T2DM or MetS. Furthermore, increased serum calcium lev-
els have been shown to cause calcium influx into arterial 
smooth muscle, which induces muscle contraction, resulting 
in blood pressure elevation and increased peripheral vascular 
resistance [27].

To the best of our knowledge, the present study is the first to 
evaluate the association between baseline serum calcium and 
the development of MetS in a longitudinal study. In the present 
study, the positive correlation between serum calcium and 
MetS observed in previous cross-sectional studies [14,15,22-
24] was not found. Moreover, the fully adjusted model showed 
an unexpectedly decreased risk of incident MetS during the 
follow-up period, in contrast with the results in the crude and 
age- and sex-matched models. For this reason, we stratified the 
analysis by presence of central obesity and two components of 
MetS at baseline. The results of the stratified analysis consis-
tently showed decreased risk of MetS associated with increas-
ing serum calcium level in subjects with central obesity and/or 
two components of MetS at baseline. Although it is difficult to 
explain the mechanisms, these findings suggest that it is im-
portant to accurately adjust for metabolic risk factors and to 
optimize subject selection to those bearing similar metabolic 
risk factors in assessing the modulating effect of calcium on 
the risk of incident MetS, because serum calcium level is close-
ly associated with each component of MetS. Alternatively, an 

increase in serum calcium level might possibly be a defense 
mechanism for increased insulin resistance. If a cause-and-ef-
fect relationship of the findings in this study is confirmed, fur-
ther studies are warranted to understand the mechanisms in-
volved between alterations in serum calcium levels and insulin 
resistance.

There are several limitations to our study. First, we did not 
collect serum levels of parathyroid hormone (PTH) or 25-hy-
droxy vitamin D, and did not gather information on dietary 
and supplemental calcium or vitamin D intake, although se-
rum PTH is associated with several factors involved in MetS 
[28,29]. The strength of our study lies in its longitudinal design 
with a large sample size, which allowed us to evaluate the asso-
ciation between basal serum calcium and the incidence of 
MetS after adjusting for multiple metabolic risk factors and/or 
stratification.

In contrast to the results of the cross-sectional analysis in the 
previous studies, there was no positive correlation between se-
rum calcium levels and incident risk of MetS in this retrospec-
tive longitudinal cohort study. The unexpected association be-
tween higher serum calcium levels and decreased incident 
MetS, which was shown in individuals with central obesity or 
two components of MetS, is hypothesis-generating. Further 
prospective studies designed to specifically address the hy-
pothesis could explain the discrepancy.
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