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Serum ceruloplasmin was reported to be an independent risk factor for cardiovascular disease. We investigated whether
serum ceruloplasmin level is elevated in subjects with metabolic syndrome (MS, insulin resistance syndrome) in a commu-
nity-based population. A total 883 subjects over 40 years of age were studied among a population of the Chongup district, a
rural area of South Korea. Serum ceruloplasmin levels were measured, and oral glucose tolerance tests were performed.
Known cardiovascular risk factors, such as serum lipids, fasting insulin level, and urinary albumin excretion rate (UAER), were
also measured. Serum ceruloplasmin levels in the subjects with MS (n = 167, 325 + 141 mg/L) were significantly higher than
in those without MS (278 + 93 mg/L, P < .001). The mean ceruloplasmin level also increased as the glucose tolerance
worsened (278 = 95 mg/L in normal glucose tolerance [NGT], 303 + 108 mg/L in impaired glucose regulation, and 328 + 148
mg/L in diabetes; P < .001). Serum ceruloplasmin level was positively correlated with age, fasting glucose, postload 2-hour
glucose, total cholesterol, triglyceride, systolic blood pressure, diastolic blood pressure, and UAER and negatively with
high-density lipoprotein (HDL)-cholesterol. In multiple regression analysis, serum ceruloplasmin level was independently
associated with age, fasting glucose, triglyceride, HDL-cholesterol, and UAER. In conclusion, serum ceruloplasmin level is
elevated in the subjects with MS, as well as in subjects with impaired glucose regulation or diabetes mellitus. In addition,
serum ceruloplasmin level is associated with various cardiovascular risk factors. These results suggest that elevated serum
ceruloplasmin level can be a marker for metabolic stresses associated with MS.

Copyright 2002, Elsevier Science (USA). All rights reserved.

ERULOPLASMIN, THE MAIN copper-carrying protein, tration and conventional cardiovascular risk factérs: There

is one of the acute-phase reactants and antioxidant prowas a strong positive association of copper and ceruloplasmin
teins in seruni. Elevated levels of serum copper and cerulo- levels with lipid peroxide, total cholesterol, and triglyceridés.
plasmin were reported to be predictive factors of acute myo-Ceruloplasmin levels were independently associated with intra-
cardial infarctiore-5 and serum level of ceruloplasmin was abdominal fat thickness, in addition to total cholesterol and
positively correlated with severity of coronary atherosclerbsis. triglyceridests Several studies also indicated that the serum
However, the mechanism by which elevated serum ceruloplasceruloplasmin level is increased in patients with typggtand
min is associated with atherosclerosis and coronary arteryype 22*’diabetes mellitus. Therefore, the association between
disease is still largely unknown. ceruloplasmin level and cardiovascular morbidity might be due

Atherosclerosis is considered to be a chronic inflammatoryt® metabolic stresses rather than systemic infections.
process:® As ceruloplasmin is an acute-phase protein, a high It has long been noted that certain common cardiovascular
serum ceruloplasmin level can be a reaction to systemic infiSk factors, such as glucose intolerance, hypertension, and
flammations associated with unidentified infectiéagwhich, ~ dyslipidemia simultaneously occur in certain subje€tsn
in turn, is associated with atherosclerotic events.fact, the 1998, the World Health Organization (WHO) proposed a work-
Rotterdam Studyt showed that excessive risk of myocardial "9 definition of the metabolic syndrome (MS) for this syn-
infarction for the highest quartile of ceruloplasmin was reduceddrome including central obesity and microalbuminuria as ad-
by 33% after adjustment for markers of inflammation, such asdltlonal.component@,? To our knowledge, there has been ho
C-reactive protein and leukocyte count. pop_ulatlon-_based study on the serum Ieyel of ceruloplasmin in
subjects with MS. Therefore, we investigated whether serum

On the other hand, several previous studies have reported &

L - . ceruloplasmin level is elevated in subjects with MS. We also
significant association between serum ceruloplasmin concen-_ " " . . .
studied the association of ceruloplasmin levels with various

conventional cardiovascular risk factors.
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by urine dipstick test. This study was approved by the Institutional Table 1. Clinical and Biochemical Characteristics of the
Review Board, and all subjects gave written informed consent. Study Population
Without MS With MS

Methods (n = 716) (n=167) P

Detailed information on current health status, medical history, drug usesex (M/F) 280/436 53/114 NS
smoking, and alcohol intake was obtained by a questionnare during interage (yr) 60.6 = 9.5 63.1+97 <.01
view. Subjects’ weight and height were measured in light clothing withoutSmoking (%) 30.1 25.5 NS
shoes, and body mass index (BMI, kgjnwas calculated from these Diabetes mellitus (%) 1.9 38.6 <.001
measurements. The waist circumference was measured at the level gfypertension (%) 47.4 79.2 <.001
umbilicus, and hip circumference was measured at the level of greatest hipmi (kg/m?) 234+ 2.9 25.3+32  <.001
girth. The ratio of waist-to-hip circumferences (waist-to-hip ratio [WHR]) WHR 0.87 = 0.05 0.91 = 0.06 <.001
was used as an index of central obesity. Blood pressure (BP) was measuredruloplasmin (mg/L) 278 + 93 325 + 141  <.001
after a 10-minute rest in the sitting position, with a standard 12.5-cm cuffFrBS (mmol/L) 49+ 1.1 7.1+26  <.001
mercury sphygmomanometer. Diastolic BP was recorded at the disappeapP2 (mmol/L) 6.3*1.6 11.2+48  <.001
ance of the Korotkoff sounds (phase V). Systolic BP (mm Hg) 138 + 22 154 + 23 <.001

After an overnight fast, a 75-g oral glucose tolerance test waspiastolic BP (mm Hg) 83+ 11 89 + 12 <.001
performed in subjects not known to have diabetes. The subjects wergriglyceride (mmol/L) 1.76 = 1.05 2.87 =2.01 <.001
classified as normoglycemia, impaired glucose regulation (IGR, im-HDL-cholesterol (mmol/L) 1.19 + 0.28 1.06 + 0.26 <.001
paired glucose tolerance or impaired fasting glycemia), or diabeteSotal cholesterol (mmol/L) 5.09 + 0.91 556 = 0.96 <.001
mellitus according to the WHO clinical stagifyMS was defined as  UAER (ug/min) 8.4 +23.0 245 +49.1 <.01
the coexistence of glucose intolerance (IGR or diabetes) together witlfasting insulin (pmol/L) 59 * 61 79 = 63 <.01

2 or more of the following 4 components: hypertension (arterial pres-
sure = 140/90 mm Hg), dyslipidemia (triglyceride= 1.7 mmol/L
and/or HDL-cholesterok 1.0 mmol/LI for women,< 0.9 mmol/L for
men), central obesity (WHR> 0.90 for men,> 0.85 for women)
and/or BMI > 30 kg/n?, and microalbuminuria (urinary albumin
excretion rate [UAERE 20 ug/min).

Venous blood samples were collected before and 2 hours after thplasmin values< 200 mg/L) was similar between the subjects
glucose load for measurements of plasma glucose and insulin levelsyith and without MS (2.4%v 4.6%, P = .28). In contrast, the
Plasma glucose was determined by glucose oxidase method (Hitachjercentage of subjects with high ceruloplasmin values360
736-40 automatic analyzer; Hitachi, Tokyo, Japan). Plasma insulinmg)| ) was greater in the subjects with MS than without (204%
conc_entrations_were determined by an ir_]sulin—sp(_ecific _immunoradio7.7%'P < .001 ). The mean ceruloplasmin levels also increased
e e i e85 the glucose toleance worsened (275 mglL n nomal

i P o d d gjucose tolerance [NGT], 308 108 mg/L in IGR, and 328& 148

ide and total cholesterol levels were measured using an autoanalyz : X . X ,
with enzymatic techniques. HDL-cholesterol was measured after hepmg/L in diabetes;P < .001). Among the subjects with MS,

arin and manganese chloride precipitation. Albumin concentration ofdiabetic patients (= 71) had slightly higher, but not statistically
the timed overnight urine sample was determined by a commerciaSigniﬁcant, ceruloplasmin levels Compared with nondiabetic sub-
double-antibody immunoradiometric assay kit (Diagnostic Productsjects (341+ 161v 313 = 123 mg/L,P > .05).
Los Angeles, CA). Serum ceruloplasmin concentration was measured Serum ceruloplasmin level was positively correlated with
by nephelometry (Beckman Coulter, Fullerton, CA). age, fasting glucose, postload 2-hour glucose, total cholesterol,
triglyceride, systolic and diastolic blood pressure, and UAER
and negatively correlated with HDL-cholesterol levels (Table
Results are expressed as mearSD. Statistical analysis was per- 2). The serum triglyceride level especially showed the strongest
formed using SPSS computer software (SPSS, Chicago, IL). Student'association with the ceruloplasmin level (Fig 1A). The corre-
ttest and 1-way analysis of variance (ANOVA) were used in compar-|ation was stronger in the diabetic subjects (Fig 1B). An inde-
ison of continuous variables, and test or stratified Mantel-Haenszel pendent relationship with serum ceruloplasmin level was main-
analysis was used for evaluating prevalence. Variables that Showefjained in age, fasting glucose, triglyceride, HDL-cholesterol
skewed distribution, such as insulin, triglyceride, ceruloplasmin, and e . ! . '
and UAER in multiple regression analysis (Table 3).

UAER, were log-transformed before analyses and then back-trans- Si . d that th ool in level i
formed to their natural units for presentation. A 2-tailed partial corre- ince It was reported that the serum ceruloplasmin level is

lation analysis was used to assess the association of various atherosclpcreased in subjects with diabetes mellitis}16-+ve separately
rotic risk factors with ceruloplasmin. To find the independent factors @nalyzed the data after excluding the subjects with diabetes. In

associated with ceruloplasmin, multiple linear regression analysis wagiondiabetic subjects, the serum ceruloplasmin level was also pos-

also performed. AP value less than .05 (2-tailed) was considered itively correlated with age, systolic and diastolic blood pressure,

statistically significant. and triglyceride levels and negatively correlated with HDL-cho-

lesterol (Table 2). In multiple regression analysis, the serum cer-
RESULTS uloplasmin level was independently related to age, BMI, triglyc-
Among the 883 subjects, 167 (18.9%) had MS. The clinicaleride, HDL-cholesterol, and UAER (Table 3).

characteristics of these subjects are shown in Table 1. Serum

ceruloplasmin level in the subjects with MS (325141 mg/L) DISCUSSION

was significantly higher than in the subjects without MS (278 The working definition of MS by the WHO includes not only

93 mg/L,P < .001). The percentage of subjects with low cerulo- the subjects with glucose intolerance, but also the subjects with

Abbreviations: BMI, body mass index; WHR, waist-to-hip circum-
ference ratio; FBS, fasting plasma glucose; PP2, postload 2-hour glu-
cose; BP, blood pressure; HDL-cholesterol, high-density lipoprotein-
cholesterol; UAER, urinary albumin excretion rate; NS, not significant.

Statistical Analysis
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Table 2. Correlations Between Serum Ceruloplasmin Concentration

and Clinical, Biochemical Parameters

Coefficient (R) P
All subjects (N = 883)
Age .072 <.05
BMI —.051 NS
WHR .059 NS
FBS 139 <.001
PP2 144 <.001
Systolic BP .081 <.05
Diastolic BP .067 <.05
Triglyceride 426 <.001
HDL-cholesterol .245 <.001
Total cholesterol .096 <.01
Fasting insulin .012 NS
UAER .074 <.05
Nondiabetic subjects (n = 796)

Age 115 <.01
BMI —.086 <.05
WHR .034 NS
FBS .072 <.05
PP2 .109 <.01
Systolic BP .096 <.01
Diastolic BP .096 <.01
Triglyceride .364 <.001
HDL-cholesterol —.224 <.001
Total cholesterol .053 NS
Fasting insulin .010 NS
UAER .061 <.05

Abbreviations: BMI, body mass index; WHR, waist-to-hip circum-
ference ratio; FBS, fasting plasma glucose; PP2, postload 2-hour glu-
cose; BP, blood pressure; HDL-cholesterol, high-density lipoprotein-
cholesterol; UAER, urinary albumin excretion rate; NS, not significant.
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various cardiovascular risk factors, such as serum triglyceride,
HDL-cholesterol, glucose levels, and UAER.

Although several prospective studies have indicated that
serum ceruloplasmin level could be an independent risk factor
for cardiovascular diseasé,the mechanism by which cerulo-
plasmin is linked to cardiovascular disease is not established.
Ceruloplasmin can function as a pro-oxid&rand can oxida
tively modify LDL in vitro.21.22 Ceruloplasmin also can act
synergistically with other cardiovascular risk factors in vivo.
Moreover, serum copper, which the level changes in parallel
with that of ceruloplasmin, is the major independent determi-
nant of serum lipid peroxide level, suggesting that serum cop-
per bound to ceruloplasmin contributes to lipid peroxidatibn.

On the other hand, ceruloplasmin is generally considered to be
one of the major physiologic inhibitors of lipid peroxidatibin
vitro studies showed that ceruloplasmin has ferroxidase activity,
which inhibits the ferrous ion-dependent formation of hydroxyl
radicals and lipid peroxidatio#¥:24 In addition, it has also been
proposed that ceruloplasmin might decompose the lipid per&xide
or act as a scavenger of superoxide radiggiecently, it has been
suggested that an increase in intracellular oxidative stress plays an
important role in the development of atherosclerdsislt is
suggested that various risk factors for atherosclerosis, including
hypertension, hyperlipidemia, diabetes, and hemodynamic shear
stresses generate oxidative stress in the vascular cells, and this
increase in oxidative stress causes endothelial dysfunction and
atherosclerosi&Previous studies reported that plasma markers of
oxidative stress are increased in subjects with impaired glucose
tolerance?®-2°|n line with this, we reported that plasma malondi-
aldehyde (MDA) levels, a marker of oxidative stress, were higher
in the subjects with MS than in the contrésTherefore, elevated
ceruloplasmin levels in vivo could be a defense mechanism
against increased oxidative stress.

insulin resistance determined by glucose uptake under hyper- As stated earlier, ceruloplasmin is one of the acute phase pro-

insulinemic, euglycemic conditiori8. Since we did not per-

teins, and a high serum ceruloplasmin level may reflect systemic

form the glucose clamp study in this population-based studyjnfection, which, in turn, is associated with atherosclerotic
the prevalence of MS must have been underestimated. With thisvents-10 However, the present study shows that ceruloplasmin
limitation in mind, we report that serum ceruloplasmin level is levels are elevated in subjects with MS in an otherwise healthy,
elevated in subjects with MS, as well as in subjects with diabetesommunity-based population. Because of the cross-sectional na-
mellitus. In addition, serum ceruloplasmin level is associated withture of the study, we cannot make a firm conclusion whether there
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Table 3. Multiple Regression Analysis of the Relationship Between Serum Ceruloplasmin Concentration and Clinical Parameters

Parameter Beta* 95% CI P

All subjects (N = 883)

Triglyceride 0.369 0.304~0.447 <.001
Age 0.142 0.090~0.225 <.001
HDL-cholesterol —0.102 —0.232~-0.045 <.01
FBS 0.075 0.043~0.130 <.05
UAER 0.068 0.012~0.379 <.05
Nondiabetic subjects (n = 796)
Triglyceride 0.296 0.227~0.386 <.001
Age 0.160 0.092~0.277 <.001
HDL-cholesterol -0.135 —0.248~-0.073 <.001
UAER 0.093 0.036~0.238 <.01

Abbreviations: HDL-cholesterol, high-density lipoprotein-cholesterol; FBS, fasting plasma glucose; UAER, urinary albumin excretion rate.
*Beta is standardized coefficients, and the 95% Cl is 95% confidence interval for the standardized coefficients.

is a causal relationship between serum ceruloplasmin levels andsk factors and suggested that the association between cerulo-
MS. However, our data at least suggest that an increase in thelasmin level and cardiovascular morbidity was not mediated
serum ceruloplasmin level is associated with metabolic factorshrough conventional risk factors. In contrast, Craig ét al
rather than with systemic infectious processes. reported that there was a strong positive association of copper
One of the limitations of our study is that we measuredand ceruloplasmin levels with lipid peroxide, total cholesterol,
ceruloplasmin concentration by nephelometry. This methodand triglyceride. In the study of Cignarelli et ®&lceruloplas-
measures ceruloplasmin protein regardless of copper contemiin levels were independently associated with intra-abdominal
and does not measure the ceruloplasmin activity, which bettefat thickness, in addition to total cholesterol and triglyceride.
reflects copper nutritional stat@s.Therefore, we could not Our data confirmed that serum lipids, especially triglycerides,
discriminate whether abnormal copper nutritional status or in-are strongly associated with ceruloplasmin levels. However, it
creased serum ceruloplasmin protein per se is associated withould be noted that the magnitude of the coefficients of
MS. In fact, the effect of abnormal copper nutritional status ondetermination %) is only modest & 17% for triglycerides).
cardiovascular disease in humans is uncefa#i.In contrast One possible explanation for the strong association between
to the epidemiologic studies showing increased ceruloplasmirserum triglyceride and ceruloplasmin would be that triglyceride
is associated with increased cardiovascular risk factors, animahcreases oxidative stress in the G8lExcluding phagocytes,
studies have shown that copper deficiency decreases serutine majority of reactive oxygen species (ROS) are generated by
ceruloplasmin, but increases blood presdtiead serum cho- the mitochondrial electron transfer chain (ETR)Cytosolic
lesterol level$5-36 and results in overt cardiovascular diseaseslong-chain acyl-CoA (LCAC), the metabolically active form of
(eg, cardiac enlargement and rupture, coronary artery thromfatty acids, has been shown to inhibit mitochondrial adenine
bosis, and myocardial infarctioA}.The reason for such appar- nucleotide translocator, the rate-limiting enzyme for exchange
ent discrepancy is not clear at present. However, consideringgetween mitochondrial adenosine triphosphate (ATP) and cy-
the antioxidant action of ceruloplasmin, it can be suggested thatisolic adenine diphosphate (AD®)When the mitochondrial
increased ceruloplasmin in MS be a compensatory mechanisiADP concentration drops, the proton gradient becomes higher.
to overcome oxidative stress induced by other metabolicThis impairs the flow of electrons through the ETC and in-
stresses. On the other hand, ceruloplasmin deficiency in coppereases the likelihood of accidental transfer of a single electron
deficiency may not adequately overcome oxidative stress in th&rom the ETC to oxygen! By this way, increased cytosolic
body. In this regard, it should also be noted that in the state o CAC as a consequence of an increase in serum triglycerides
copper deficiency, activities of many copper-dependent encan increase ROS generation in the c#l&nhanced produc-
zymes important in redox regulation (eg, superoxide dismutasejon of ROS in vascular endothelial or smooth muscle cells will
glutathion peroxidase, glutathion transferase, etc) are also alncrease the induction of vascular inflammatory (atherogenic)
tered. However, the exact relationship between copper nutrigene8 and the subendothelial oxidation of LBRB*3resulting
tional status, serum ceruloplasmin level, and risk of cardiovasin accelerated atherosclerosis. In this regard, it is quite possible
cular disease in humans remains to be established. that an increased serum level of ceruloplasmin in MS is a
In this study, the independent factors associated with seruncompensatory mechanism for increased oxidative stress in as-
ceruloplasmin levels were age, serum triglyceride, HDL-cho-sociation with high serum triglyceride, but future studies are
lesterol, fasting glucose levels, and UAER in the whole sub-needed to prove this hypothesis.
jects and BMI instead of fasting glucose in nondiabetic sub- In summary, serum ceruloplasmin level is elevated in sub-
jects. There have been only a few studies that have reported jacts with MS, as well as in subjects with diabetes mellitus in
significant association between serum ceruloplasmin concera Korean community-based population. In addition, serum cer-
tration and conventional cardiovascular risk factéfs*15Reu-  uloplasmin level is associated with various cardiovascular risk
nanen et &l reported that there was no significant correlation factors, suggesting that elevated serum ceruloplasmin level can
between serum ceruloplasmin and conventional cardiovasculdse a marker for metabolic stresses associated with MS.
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