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Objectives. Serum calcium level may be associated with the morbidity and mortality of cerebrovascular
and cardiovascular diseases. However, only a few large-scale population studies have been performed to

investigate the association between serum calcium and carotid plaque.

Methods. A retrospective cross-sectional study was performed on the subjects who underwent general

health screening tests including ultrasonographic evaluation of the carotid artery between 1994 and 2000 at
our institute. Before the statistical analysis, all serum calcium values were adjusted for the serum albumin
concentration.

Results. Of 5,732 subjects enrolled in the present study, 3,785 were male and 1,947 were female, and
were aged 220 88 years] median 57 years[] Carotid plaque was identified in 1,318] 23%[$ubjects. Serum
calcium concentration was slightly greater in the subjects with plaque than in those without] 2.28+ 0.8 vs
2.27+ 0.7mmol/l, pO 0.001; unpaired r-testl] Multivariate logistic regression analysis including con-
founding risk factors revealed that serum calcium is an independent positive predictor for carotid plaque
with an odds ratio of 1.7Q] 95% confidence intervdll CILI: 1.500 1.92[for each increase of 1 mg/dl. Male
and female subjects in the highest quartiles of serum calcium concentrations had a greater risk of carotid
plaque with odds ratios of 1.52195% CI 1.3501.71, pU 0.01Chnd 1.5 95% CI 1.2701.92, pUO 0.050

respectively, compared to the subjects in the lowest quartiles of calcium concentrations.

Conclusions. These findings indicate that serum calcium is an independent risk factor for carotid plaque.
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brovascular diseases'*”. Serum calcium is an inde-
INTRODUCTION pendent, prospective risk factor for myocardial
Several epidemiological studies have shown that infarction in middle-aged men’". The risk of prema-
higher serum calcium concentration is associated ture death in men less than 50 years of age increas-
with increased risk of cardiovascular and cere- es with rising serum calcium concentration, even
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within the normal range, and this increase seems to
be largely due to the increased mortality from car-
diovascular diseases'” As serum calcium is associ-
ated with several conventional risk factors for ath-
erosclerosis, such as blood pressure, total choles-
terol, and triglycerides™, increases in serum calci-
um concentration may be related to a metabolic
syndrome that promotes atherogenesis, and may
subsequently increase cardiovascular morbidity and
mortality.

The correlation between serum calcium concen-
tration and carotid atherosclerosis has been
assessed in patients with hyperparathyroidism and
dialysis patients*". However, little information is
available about the relationship between carotid
plaque and serum levels of calcium corrected for
albumin, or ionized calcium. The present study
investigated whether there is any association
between serum levels of albumin-corrected calcium
and carotid plaque by analyzing data from subjects
who had undergone general health-screening tests
at our institute.

METHODS

Study subjects

Between August 1994 and December 2000,
5,732 subjects underwent general health screening
tests including high resolution B-mode carotid
ultrasonography and serum calcium test at the
Center for Multiphasic Health Testing and Services,
Mitsui Memorial Hospital. Clinical information
was obtained by physical examination and chart
review of each patient’s history, including sex, age,
and smoking habits.

Carotid ultrasound

The ultrasound protocol involved the scanning of
the interndll bulbous and distal segments[hnd com-
mon carotid arteries bilaterally using high-resolu-
tion B-mode carotid ultrasound] Sonolayer
SSA270A, Toshibalkquipped with a 7.5-MHz
transducer] PLF-703ST, Toshiball The intima-
media thickness was measured with computer-
assisted methods by experienced sonographers who
were unaware of the subjects’ clinical and laborato-
ry characteristics. Plaque was defined as a clearly
identified focal thickening of the intima-media
layer with a thickness of § 1.3mm at the common
or internal carotid arteries or the carotid bulb®",

Clinical characteristics and laboratory tests
Body mass index was calculated as] weight] kg[lJ
0 height] m(T}. Blood samples of the subjects were
obtained after an overnight fast. Total cholesterol
U TCO high-density lipoprotein cholesterdll HDL-
CO and triglyceride levels were determined enzy-
matically, and hemoglobin A, was determined by
latex agglutination immunoassay. The serum calci-
um concentrations used for the statistical assess-
ment in the present study were all adjusted for the
serum albumin concentration. Based on the same
study population, the following formula was empir-
ically obtained using a linear regression model with
ordinary least square estimation by the remodeling
of the correction formula of Payne et al.’”
: Calciund] adjusted[111J calciunl] analyzed[T]
O albuminx 0.5387[0 2.2684 0 1.91900] where
0.5387 was the determination coefficient of the
regression, 2.2684 was the mean analyzed calcium
concentration in the population, and 1.9190 was the
y intercept. Pearson’s correlation coefficients for
the relationships between serum calcium and serum
albumin before and after the correction were 0.418
and 0.00, respectively.

Statistical analysis

Statistical analysis was performed using comput-
er software, Statistica ver. 500 StatSoft Inc.[0 Sex
and smoking status were included as categorical
variables. Other variables were included as continu-
ous variables.

RESULTS

Baseline characteristics of the study population

Baseline clinical characteristics and laboratory
data for the study population are illustrated in
Table 1. In 5,732 subjects enrolled in the present
study, 3,788] 66%vere male subjects, 1,947 were
female subjects, and the age range was 22[] 88
yearls] median 57 years[] Serum calcium concentra-
tions were 1.9502.72 mmolA] 7.810 10.90 mg/d/UJ
with a median of 2.26 mmol/J 9.06 mg/d/[] Serum
calcium concentration was slightly greater in the
subjects with carotid plaqué]l mean+ SE: 2.28+
0.08 mmol//[than those without] 2.27+ 0.07
mmol/I[] and the difference was statistically signif-
icant by unpaired z-tedtl p [1 0.0010]

Relationship between serum calcium and risk

factors for atherosclerosis
At first, we investigated whether there was a sig-
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Table 10 Clinical characteristics and laboratory data of the study population

All subjects No plaque Plaque

Variable 0 n0 57320 0 n0 44190 0n0 13130
Agel yr[d 57+ 10 55+ 10 64+ 9f
Malél %0 66 63 77
Height] mOJ 1.63+ 0.09 1.63+ 0.09 1.63% 0.08
Weight] kg 62.1+ 11.2 6191 11.5 63.1£ 10.3"
Body mass indek] kg/m?[] 23+ 3 23+ 3 24+ 31
Blood pressure] mmHg[

Systolic 128.2+ 20.6 126.2+ 19.9 135+ 21.6"

Diastolic 78.9+ 12.5 782+ 12.3 81.2+ 13.0"
Smoking status

Current smokef] %] 31 30 33

Ex-smokeft] %[] 18 17 22
Carotid plaquél %[ 23 ] a
Corrected calciurh] mmol//0J 2.27+ 0.07 2.27+ 0.07 2.28+ 0.08"
Phosphoru&] mmol//[] 1.06x 0.15 1.06£ 0.15 1.04£ 0.15"
TC mmol/i0] 5.38+ 0.87 5.36x 0.86 5.44% 0.90
Triglyceride&] mmol//[J 1.46x 1.09 1.44% 1.09 1.52+ 1.10"
HDL-C mmol/I0] 1.52+ 0.45 1.54% 0.45 1.46+ 0.42°
Glucosé] mmol/I(] 5.32+ 1.10 5.28+ 1.08 5.46+ 1.18"
Hemoglobin A& %0 5.30% 0.71 5.26x 0.69 5.46x 0.78"

Continuous values are mean SD. “p0 0.05," p00 0.001 vs no plaque group.
TCO total cholesterol ; HDL-CLI high-density lipoprotein cholesterol.

nificant association between serum calcium concen-
tration and other variables. Pearson’s correlation
coefficients for the relationships between serum
calcium and the variables were as follows: age,
0.045; body mass index, 0.01; systolic blood pres-
sure, 0.072; diastolic blood pressure, 0.058 ; serum
phosphorus, 0.149; TC, 0.18; triglycerides, 0.033;
HDL-C, 0.109 ; hemoglobin A,c, 0.082; serum
glucose, 0.007. p values for all these correlations
were [J 0.001 except body mass indek! NS serum
glucosé] NSThnd triglyceride] p 0 0.05; Fig. 10
Although there was a significant association
between serum calcium and several conventional
risk factors, correlation coefficients were less than
0.2 and therefore the relationship did not seem to
be strong] Fig. 1L] Serum calcium level in the non-
smokers was 2.27+ 0.07mmol//, which was not
significantly different from that in the current
smokerk] 2.27+ 0.07 mmol/I[] but was significant-
ly greater than that in the ex-smokerk] 2.26 +

0.07mmol/, pO0 0.0011

Serum calcium and carotid plaque
We examined whether higher serum calcium
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concentration is an independent risk for carotid
plaque. Multivariate logistic regression analysis
including other confounding risk factors for athero-
sclerosis demonstrated that serum calcium concen-
tration is an independent risk factor for carotid
plaque with an odds ratio of 8.32] 95% confidence
intervall CI[5.060 13.56[per 1 mmol/l increase, or
1.70 95% CI 1.500 1.92[per 1 mg/d/ increase
U Table 20 Serum phosphorus was also positively
associated with carotid plaque after the adjustment
of risk factors for atherosclerosis and serum calci-
um concentration. The odds ratio of serum phos-
phorus for carotid plaque was 1.591 95% CI 1.210
2.09[per 1 mmol/! increask! Table 2[] or 1.16] 95%
CI 1.060 1.270per 1 mg/d! increase.

Odds ratios were then calculated against the low-
edt] i.e., the firstluartile after adjustment for con-
founding risk factors and serum phosphorus con-
centration. Mean calcium concentrations in the
first, second, third, and fourth quartiles are 2.18,
2.24, 2.29, and 2.36 mmol//, respectively. Subjects
in the highest and the second highest quartiles of
serum calcium concentrations had a significantly
greater risk for carotid plaque with the odds ratios
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Fig. 1 Relationships between serum calcium and conventional risk factors for atherosclerosis
Relationship between serum calcium and systolic blood pressurel AL] total cholesterdl] B[] high-density
lipoprotein cholesterdl] CJ triglyceride] DO serum glucosel EL] and hemoglobin Al FO Correlation co-
efficient is given in each graph. All these correlations were statistically significant except for that between

serum calcium and serum glucose.

BP [ blood pressure; Call calcium; TGO triglyceride. Other abbreviations as in Table 1.

of 1.5095% CI 1.3701.67, p0 0.01Chnd 1.19
095% CI 1.080 1.32, p[J 0.050 respectively. The
male and the female subjects in the highest quar-
tiles of serum calcium levels were at a significantly
greater risk for carotid plaque with odds ratios of
1.52195% CI 1.3501.71, p0 0.010 1.57 95% CI
1.2701.92, pO 0.050 respectively] Fig. 2[1

DISCUSSION

The present study showed that serum calcium
was a predictor of carotid plaque, which was inde-
pendent of other confounding risk factors. Male
and female subjects in the highest quartile of serum
calcium had a greater risk of carotid plaque, with
odds ratios of 1.52 and 1.57, respectively, than
those in the lowest quartiles of serum calcium.

An association between serum calcium and some
of the cardiovascular risk factors has been demon-
strated in several previous studies*®”. Although
serum calcium had not been corrected for serum
albumin concentration, an association was found
between serum calcium and blood pressure,
TC/HDL-C, and, in men only, triglycerides®". This
finding is consistent with the idea that serum calci-

Table 2[] Multivariate logistic regression analysis

Variable Odds ratial 95% CI10
Agél per yrJ .10 1.110 1.120
Male 2.121.9302.3300

1.120 1.100 1.1407
1.391 1.290 1.5007
1.10 1.0000 1.20CF

Blood pressuré] per 10 mmHg[
Current smoker

Ex-smoker

Calcium

8.301 5.0600 13.691
1.700 1.500 1.9200

Per 1 mmol/!

Per 1 mg/d!/
Phosphorus

Per 1 mmol/!

Per 1 mg/d!/
Td per 1 mmol/I]
Triglyceride&] per 1 mmol//lJ
HDL-CI per 1 mmol//[]
Hemoglobin A,&] per 1%0

1.591 1.2102.09CF
1.1 1.060 1.27CF
1.170 1.120 1.220
1.0Q1 0.9701.030
0.781 0.6500.8007
1.12 1.070 1.18F

All listed variables were considered as co-variables in the
multivariate logistic regression analysis.

9pd0.05, T p00.001.

CIO confidence interval.
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Whole population

Male subjects
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Female subjects

Odds ratio Odds ratio Odds ratio
0 05 1 15 2 0 05 15 2 0 05 1 15 2
First : : First : : First :
(Lowest) : 10 * (Lowest) : 108 ° (Lowest) :
Second (95% CI 1.00-1.22) Second (95% C1 097-1.22) Second : (95% CI 0.96-1.51)
: 1.19%2 : 1.20%: :
Third 0 »@= (95% CI 1.08-1.32) Third _ »@=s (95% CI 1.07-1.35) Third : (95% CI 0.96-1.49)
- . = *
Fourth : .lflf Fourth : _1‘5_2:F Fourth : 1.57
(Highest) (95% CI 1.37-1.67) (Highest) : (95% CI 1.35-1.71) (Highest) (95% CI 1.27-1.92)

Fig. 2 Odds ratios for carotid plaque according to the serum calcium concentrations
Subjects were divided into four subgroups according to their serum calcium concentrations.
Pp00.05 and ' p0 0.01 compared with the subjects in the firdf i.e., lowest[fuartile of serum calcium

concentration.
Abbreviation as in Table 2.

um is related to a metabolic syndrome that may be
involved in atherogenesis. It is possible that
changes in membrane Ca®"” binding and
transport’'°that are observed in patients with
hypertension may be involved in abnormal calcium
handling in some metabolic disorders. Indeed, the
present study also found significant and positive
correlations between serum calcium and several
conventional risk factors for atherosclerosis,
including age, blood pressure, TC, triglycerides,
HDL-C, and hemoglobin A .. However, correlation
coefficients between serum calcium and these risk
factors were rather smalll [J 0.2[0n our study popu-
lation.

Multivariate logistic regression analysis indicat-
ed that serum calcium is independently associated
with carotid plaque. The reason for this association
was not evident in the present study, though there
are some possible mechanisms. Parathyroid hor-
mone may be important in cardiovascular compli-
cations''”, and progression of aortosclerosis is
reduced in parathyroidectomized patients'*”. In
addition, animal studies have suggested that
parathyroid hormone is involved in the hypertrophy
of the vascular wall"*". Therefore, parathyroid hor-
mone, which will modify the calcium homeostasis,
may have a role in the development of vascular
lesions. This possibility should be investigated by
measuring parathyroid hormone levels in future
studies.

Multivariate analysis of our data suggested a
possible link between serum phosphorus and
carotid plaque. Only a little information about the
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association between serum phosphorus and the ath-
erosclerotic diseases is available. A retrospective
study analyzing patients who had undergone rou-
tine coronary angiography showed that serum phos-
phorus concentration was associated with the
angiographic severity of coronary artery disease
and was independent of other coronary risk fac-
tors'*". Serum phosphorus levels are associated
with the intima-media thickness of the carotid
artery in patients with uremia after adjustment for
confounding risk factors'". As serum phosphorus
level is regulated by mechanisms that may also
affect serum calcium level, we have to be careful in
interpreting the data.

The present study showed a significant relation-
ship between serum calcium and carotid plaque.
However, it should be kept in mind that only ion-
ized calcium is physiologically active and under
homeostatic control. Reported correction formulae
may not agree well with the ionized calcium level
in some cases'®”. However, measurement of ionized
calcium is relatively difficult and is not available in
standard laboratories, such as ours. To demonstrate
an independent correlation between serum calcium
and carotid plaque more definitively, ionized calci-
um should be measured in future studies.

CONCLUSIONS

Serum calcium, which has been adjusted for
serum albumin level, is associated with formation
of carotid plaque, which is independent of con-
founding risk factors for atherosclerosis. The patho-
physiologic mechanisms involved in this relation-
ship should be assessed in future studies.
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