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Cadmium is a heavy metal that humans can be exposed to the in environment and
occupation, and its relationship with cardiovascular diseases has been reported.
Epidemiological studies have also been associated with various inflammatory markers of
cardiovascular diseases. In this study, we examined the relationship between monocyte
count and monocyte to high density lipoprotein (HDL) ratio (MHR) and blood cadmium,
which are one of the inflammatory markers of cardiovascular diseases. Data from a total of
733 male fire officers who received a health checkup at a hospital for one year in 2016
were analyzed. Populations were classified into 4 groups according to the quartile of blood
cadmium and general characteristics were described. The relationship between monocyte
count, MHR and cadmium in blood was statistically analyzed by linear regression analysis.
In the univariate analysis and multivariate analysis, monocyte count was significantly
higher in the second, third and fourth quartile groups than in the first quartile of
cadmium, and the linear trend was significant. In univariate and multivariate analysis,
MHR was significantly higher in the third and fourth quartile groups than in the first
quartile group, and the linear trend was also significant. This study showed the significant
relationship between blood cadmium and monocyte count and MHR among male fire
officers. This was also statistically significant in the model adjusted for possible confounders

and other cardiovascular risk factors and showed a linear trend.
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INTRODUCTION

Cadmium is a heavy metal that humans can be exposed to in
the environment and occupation. It is a toxic metal that is not
used for metabolism of in the human body. Environmental ex-
posure to cadmium can occur exposed in the course of non-fer-
rous metal mining, phosphate fertilizer production, fossil fuel
combustion, smelting, and electroplating, as well as negative
water, air, soil, grain, vegetables, and smoking. When cadmium
is absorbed into the body, it binds to plasma proteins and accu-
mulates in the liver and kidneys. Cadmium stored in the liver
slowly dissolves and is absorbed back into the kidney (1).

Cadmium is known to be associated with cardiovascular dis-
ease. Several epidemiological studies have shown the associa-
tion of cadmium and cardiovascular disease; such as the preva-
lence of cardiovascular diseases (2), peripheral vascular diseas-
es (3), and hypertension (4). It is known that cadmium causes
inflammation of the body and activates reactive oxygen species
(5), and the association of cadmium with inflammatory mark-
ers of cardiovascular diseases has been reported in epidemio-
logical studies (6,7).
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Monocyte count has been identified in several studies as a
prognostic and predictive factor for cardiovascular disease (8-
10). Monocyte to high density lipoprotein (HDL) ratio (MHR)
has also been reported as a prognostic and predictive factor for
various cardiovascular diseases (11-16). This index is known to
act as a prognostic factor for cardiovascular disease indepen-
dent of other prognostic factors including monocyte count (17).

Cadmium has been reported to be associated with monocyte
elevation (18,19) and HDL reduction (20-22) in a number of
studies. However, no study has reported the association of
blood cadmium with monocyte count and MHR. We per-
formed this study to determine the relationship between
monocyte count, MHR and blood cadmium.

MATERIALS AND METHODS

Population

Seven hundred ninety-one fire officers visited the institute for
routine health checkups in 2016. Blood sample including blood
cadmium level and health survey were done for routine health
checkup. Of the 791 fire officers, 733 subjects who were male
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and not missing any of the questionnaires in our interests (al-
cohol consumption, smoking, previous history of hypertension,
hyperlipidemia, and diabetes), physical measurements, and
the data of health examinations were included in our study, ret-
rospectively.

Blood sample and health survey

Subjects fasted for at least 8 hours before blood sampling. Fast-
ing blood glucose and lipid analyses were performed using AD-
VIA 2400 (Siemens, New York, NY, USA). Low density lipopro-
tein (LDL) was estimated by the Friedewald formula and direct
test for LDL was performed when triglyceride exceeded 400
mg/dL. Total leukocyte count and differential leukocyte count
were analyzed using Sysmex XE 2100 (Sysmex, Kobe, Japan).
Monocyte count was calculated by multiplying white blood cell
percentage by total white blood cell count. MHR was calculated
by dividing monocyte count into HDL.

The questionnaires were filled out with informed consent
and were checked by a doctor before the start of the health
checkup. The questionnaires were self-filling questionnaires,
and questionnaires on general characteristics were used to
confirm smoking habits, alcohol drinking habits and previously
diagnosed hypertension, diabetes, and hyperlipidemia. Weight
and height were measured using an automated height and
weight measuring device FA600 (Fanics, Busan, Korea) in an
upright position and wearing light apparel without shoes. Body
mass index (BMI) was calculated by dividing body weight by
square of height.

Blood pressure was measured in a seated position using an
automated sphygmomanometer TM2655 (Biospace, Seoul, Ko-
rea) and BP203RV (Colin, Tokyo, Japan) after at least 10 minutes
of rest. Smoking habits were categorized as present smoking
status. Participants who drank alcohol almost never to 2-3
times a months were classified as ‘low, and those who drank
once or more than once a week were classified as ‘high! Partici-
pants with systolic blood pressure > 140 mmHg or diastolic
blood pressure > 90 mmHg or previously diagnosed with hy-
pertension were classified as ‘hypertension. Participants with
fasting blood glucose > 126 mg/dL and previously diagnosed
with diabetes were classified as ‘diabetes’ Participants with LDL
> 160 mg/dL or total cholesterol > 240 mg/dL or previously di-
agnosed with hyperlipidemia were classified as ‘hyperlipid-
emia, according to Adult Treatment Panel (ATP) III guideline
(23).

Blood cadmium analysis

To determine the cadmium concentration in the body, the blood
cadmium concentration was measured. Whole blood was col-
lected from each subject. The collected blood was stored in an
ethylenediaminetetraacetic acid (EDTA) tube and stored at —20°C
for freezing and used as an analytical sample. Analytical sam-
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ples from each subject were first thawed at room temperature
and then homogenized for about 40 minutes with a roller mix
to prevent foaming, followed by sample pretreatment and stan-
dard water addition. Analysis of cadmium in blood was per-
formed using a non-flame atomic absorption spectrophotome-
ter Thermo iCE 3000 Series AA Spectrometer GFS9 (Thermo-
Fisher Scientific, Cambridge, UK). Analytical wavelength was
228.8 nm, injection temperature was 20°C, drying temperature
was 100°C, 150°C, painting temperature was 600°C, and atomi-
zation temperature was 1,000°C. Zeeman calibration was used
for background correction and peak height was used for absor-
bance measurement. A standard cadmium solution (1,000 pg/
mL) (Sigma-Aldrich, St. Louis, MO, USA) was used for the anal-
ysis. The standards were prepared by diluting the standard so-
lution with 2% (w/w) nitric acid solution for 4 concentration
levels (5 ppb, 2.5 ppb, 1.25 ppb, 0.625 ppb). Then 0.5 mL of Tri-
tone X-100 and 0.3 g of NH,H.PO, were dissolved in 0.2% nitric
acid (HNO;) solution. As part of external quality assurance and
control, the institute passed the Quality Assurance Program,
operated by the Korea Occupational Safety and Health Agency.
All blood samples for blood cadmium were above the detection
limits.

Statistical analysis

The population was divided into 4 groups according to the
quartile of the blood cadmium level. General characteristics
and the distribution of blood cadmium level by each variable
were described. Since blood cadmium level was not normally
distributed, P value was calculated by Mann-Whitney test. P
value < 0.050 was considered statistically significant. Then,
univariate analysis was performed using a linear regression
model with blood cadmium level categorized as quartiles as in-
dependent variables, monocyte count and MHR as dependent
variables. For the multivariate analysis, we analyzed the corre-
lations between monocyte count and MHR among the general
characteristics of subjects. Variables with possible association
with monocyte count and MHR were selected (P < 0.200). Age,
smoking, alcohol drinking, and BMI were included in the mod-
el. In model 3, hypertension, diabetes, and hyperlipidemia,
which are well known risk factors for cardiovascular disease,
were additionally adjusted. In each model, we also calculated
the P for trend by treating each blood cadmium quartiles as a
continuous variable in addition to the coefficients of the cad-
mium in the blood. Residual analysis performed by least square
method showed the presence of outliers, so robust linear re-
gression analysis method was performed for multiple regres-
sion analysis. Statistical analysis was done using SPSS ver. 23
(SPSS Inc., Chicago, IL, USA) for univariate analysis and R ver-
sion 3.3.2 (R Foundation, Vienna, Austria), package “MASS,” for
multivariate robust linear regression analysis. For univariate
and multivariate regression analysis, a P value < 0.050 was con-
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sidered statistically significant for the estimated coefficients.
Coefficients for independent variables and 95% confidence in-
tervals (CIs) were reported.

Ethics statement

The present study protocol was reviewed and approved by the
Institutional Review Board (IRB) of Keimyung University Dong-
san Medical Center (IRB No. 2017-02-023). Informed consent
was waived by the IRB.

RESULTS

The total number of subjects was 733. There were 134 (18.3%)
current smokers and 489 high alcohol drinkers (66.7%). The

Table 1. Baseline and demographical characteristics of the study population

Variables No. (%) of subjects
No. (%) of total subjects 733 (100.0)
Smoking

Yes 134 (18.3)

Ex- or no 599 (81.7)
Age, yr 42.30 £ 9.22
Alcohol drinking*

High 489 (66.7)
Low 244 (33.3)
Blood concentration of cadmium, pg/L 0.750 % 0.359
Height, cm 172.60 £+ 5.33
Weight, kg 73.10 £ 8.94
BMI, kg/m? 24.50 £+ 2.56
HDL, mg/dL 4810 £ 11.42

WBC, 10%/pL 6,240.80 £ 1,547.16
Monocyte, % 6.40 + 1.96
Monocyte count, 10%/ul 392.80 + 140.00
MHR 8.70 £ 4.16
Hypertension®

Yes 184 (25.1)

No 549 (74.9)
Diabetes’

Yes 22 (3.0)

No 711 (97.0)
Hyperlipidemia®

Yes 72 (9.8)

No 661 (90.2)
Job category

Fire extinguisher 232 (31.7)

Fire field investigator 16 (2.2)

Driver 130 (17.7)

Rescue team 80 (10.9)

Paramedic 89 (12.1)

Administrative officer 177 (24.1)

Data are shown as mean £ standard deviation or number (%).

BMI = body mass index, HDL = high density lipoprotein, WBC = white blood cell, MHR =
monocyte to high density lipoprotein ratio, LDL = low density lipoprotein.
*Participants who drink alcohol almost never to 2—-3 times a months were classified
as ‘low,” and those who drink once or more than once a week were classified as ‘high’;
*Participants with systolic blood pressure > 140 mmHg or diastolic blood pressure >
90 mmHg or previously diagnosed with hypertension were classified as ‘hypertension’;
*Participants with fasting blood glucose > 126 mg/dL and previously diagnosed with
diabetes were classified as ‘diabetes’; *Participants with LDL > 160 mg/dL or total
cholesterol > 240 mg/dL or previously diagnosed with hyperlipidemia were classified
as ‘hyperlipidemia.’
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mean blood cadmium level was 0.750 + 0.359 pug/L. The BMI
was 24.5 + 2.56 kg/m* Mean HDL was 48.10 + 11.42 mg/dL,
White blood cell count was 6,240.80 + 1,547.17 /um® and mono-
cyte was 392.80 + 140.00 /um®. The MHR was 8.70 + 4.16 mg/
dL. Hypertension was observed in 184 patients (25.1%), diabe-
tes in 22 patients (3.0%), and hyperlipidemia in 72 patients (9.8%)
(Table 1).

The distribution of blood cadmium level by general charac-
teristics of subjects was suggested in Table 2. Blood cadmium

Table 2. The distribution of blood cadmium level by baseline and demographical char-
acteristics of the study population

Variables No. Blood cadmium, pg/L P value*
Total 733 0.70(0.49,0.92)
Age, yr < 0.001
>43 369 0.79 (0.61,1.01)
<43 364 0.59 (0.39, 0.83)
Smoking status < 0.001
Yes 244 0.85(0.85,1.09)
No or ex- 489 0.66 (0.47,0.87)
Alcohol consumption® 0.067
High 134 0.77 (0.50, 0.94)
Low 599 0.67 (0.48, 0.90)
BMI, kg/m? 0.235
>25 462 0.69 (0.48, 0.90)
<25 271 0.72(0.50, 0.97)
Hypertension* < 0.001
Yes 184 0.76 (0.56, 1.00)
No 549 0.67 (0.47, 0.90)
Diabetes® 0.016
Yes 22 1.10 (0.56, 1.28)
No 71 0.70 (0.49, 0.90)
Hyperlipidemia” 0.177
Yes 72 0.70 (0.49, 0.91)
No 661 0.91 (0.56, 1.02)
HDL-cholesterol, mg/dL 0.004
High (> 46.1) 370 0.66 (0.46, 0.89)
Low (< 46.1) 363 0.74(0.53,0.97)
WBC, 10%/pL < 0.001
High (> 6,000) 368 0.71 (0.54, 0.96)
Low (< 6,000) 365 0.66 (0.45, 0.89)
Monocyte, 10%/uL < 0.001
High (> 382) 368 0.76 (0.54, 0.99)
Low (< 382) 365 0.66 (0.45, 0.86)
MHR 0.004
High (> 8.24) 363 0.74 (0.53, 0.97)
Low (< 8.24) 370 0.66 (0.46, 0.89)
Job category** 0.809
Fire fighter 248 0.71(0.50, 0.98)
Non-fire fighter 485 0.70 (0.49, 0.90)

Values were presented as median (25 percentile, 75 percentile).

BMI = body mass index, HDL = high density lipoprotein, WBC = white blood cell.
*Pvalue was calculated by Mann-Whitney test; fParticipants who drink alcohol almost
never to 2-3 times a months were classified as ‘low,” and those who drink once or
more than once a week were classified as ‘high’; *Participants with systolic blood pres-
sure > 140 mmHg or diastolic blood pressure > 90 mmHg or previously diagnosed
with hypertension were classified as ‘hypertension’; SParticipants with fasting blood
glucose > 126 mg/dL and previously diagnosed with diabetes were classified as ‘dia-
betes’; "Participants with LDL > 160 mg/dL or total cholesterol > 240 mg/dL or pre-
viously diagnosed with hyperlipidemia were classified as ‘hyperlipidemia’; **Fire ex-
tinguisher and fire field investigator are classified as ‘fire fighter.” Driver, rescue team,
paramedic, and officer were classified as ‘non-fire fighter.’

http://jkms.org 1417



Baek K, et al. * Association between Monocyte, Monocyte to HDL Ratio and Cadmium

JKMS

“elwapidipiadAy pue ‘sa1agelp ‘uoisuanadAy ‘NG ‘BunuLp [oyode ‘Buows Uapush ‘afie Aq paisnipe ‘poyls uoissalbal 1Snqol AQ sUop alam SIS
-fjeue uoissaibas ajeLleAlNAL: (NG Pue ‘Buuup joyodfe ‘Buios epual ‘abe Aq paisnipe ‘poya uoissaibas 1snqo. Aq suop aiem sishjeue uoissaiba. ajeLeAlN), spouiaL alenbs ses| Ag auop aiam sisAjeue uoissaifal ajeLeAun,
‘[eAJB]UI 82UBPIIU0D = |9 ‘Xapul ssew Apoq = |G ‘oneJ uigjoidod| Aususp ybiy 0y sjfoouow = YHIN

- 1000 (0£°€ ‘'96°0) 8¢ - - - - - - - - Sejaqelq
- 7120 (@20'2z07) 60 - - - - - - - - uoisuapadAy
= 1690 (69°0'99°0-) 610 - - - - - - - - eIwapidiadAy
- 1000 > (17°0'Ge0) 9¢'0 - 1000 > (¥¥'0'62°0) 6€0 - - - - /By INg
- ¢l/0 (200 ‘c0'0-) 000 - GLE0 (€00 ‘10°07) 200 - - - - 1A “aby
- €000 (€50 '9¢"1-) ¢80~ - 7000 (050— '€’ 1) 60— - - - - Bupjutip |oyoo}y
- /€00 11 '500) 920 - 9200 G1'1'90°0) 9.0 - - - - Bupjows
8000 (05°t ‘g2'0) JAINE G000 (LG 'ae0) 7Ll 2000 (12’2250 /€1 8|iuenb yuno4
2000 Ot ‘620 G0 LL00 (L7 'ee0) 660 €100 (¢6'1 ‘220 101 fuenb pay L
€520 (@80°1e0-) ¢r0 §02'0 (18'0'92'0-) /%0 8820 (1e'1'6£°0-) 90 a|iienb puoosg
90UaJajeY 30UBJA)aY 30UBIa)aY alienb 18114
1000 > 1000 > 1000 > wniwped poolg
puaiy 1o} anfeA 4 19 %G6 JU8Ia1}80] puai o} o aNneA 4 12 %56 JUBI0809 puaiy 1o} 4 anfeA 4 19 %56 JUBI0I809
+€ [9PON 1C [8PO « - [BPO SEEE

|9POLU UOISSa1Ba. Jeaul] BuISn YH|Al PUE [9A8] WNILUPED POO]Q USBMIaq UOIRID0SSY f 81qeL

“elwapidiiadAy pue ‘sa1agelp ‘uoisuanadAy ‘NG ‘BunuLp [oyode ‘Bumows Uapush ‘abie Aq palsnipe ‘poyls uoissalbal 1Snqol AQ sUOp 81am SIS
-Ajeue uoissaibas ayeLRAINAL: (NG PUB ‘BuuLp joyodfe ‘Bupows Uepuab ‘abe Aq paisnipe ‘poyau uoissaibas 1snqo. Aq suop aiem sishjeue uoissaibal ajeLeANN|, {pouiaL aJenbs 1ses| Ag auop aiam sisAjeue uoissaifal ajeLeAun,
‘[BAISUI BOUBPHUOD = [ ‘Xepul Ssew Apog = |Ng

= 6000 (01soL ‘621 1'GOL = = - - - - - - sejaqeI]
- 8220 (2992 '68'8-) 2992 - - - - - - - - uoIsuspadAH
= 1200 (984G ‘€9 984G - - - - - - - - eiwapidiadiy
- 1000 (Lz8'er) 128 - 10070 > (896 ‘s6°€) 191 - - - - 2W/Bx iNg
- 690°0 (ty'0-"'0e2) 170~ - vre0 (900~ ‘58" 1) 690~ - - - - I 8By
- eve0 rr1—r'oeze-)  viL- - 9/2°0 (€e'0-'69'16-) ve L - - - - BupuLp [yooyy
- 2000 (89'35 ‘08'v}) 89'GS = 2000 (€225 '66'G}) 9/°¢y = = = = Bupows
2000 (¥829 'v6'91) €19y 1000 (1969 've'61) 186 000> (¥6'18'GL'Ge) GG'es aliuenb yuno4
1000 > (€89 6172 828 1000 > (6899 '1522) 1E1G 1000> (9228 '2G'Ge) 16'€S uenb pay |
7500 (09' 1 '€50-) 18'92 £v0°0 (Ge'er '¥8°0) ev'8e 8100 (8229 '76°G) ee've 8lienb puodsg
90U.9JaY 90U8.9JaY 90U8.19J0Y a|ienb 18114
1000 > 1000 > 1000 > wnjwped poojg
pusl} 10} 4 anlen o 10 %56 1U8lo80Y pusJ} 10} 4 anfen d 1D %56 1U8loB0Y pusl} 10} 4 anfen 4 10 %56 UETITE)
1€ [OPO 1C 9POj « - 18PO SR

|apow UoISsalBal Jeaul] BUISN JUN0D 8)A20UOL PUE [9A8] LUNIWPEI POO|] UBBMISC LOIRIO0SSY *E 8|qeL

1415

https://doi.org/10.3346/jkms.2017.32.9

//jkms.org

http

1418



Baek K, et al. * Association between Monocyte, Monocyte to HDL Ratio and Cadmium

JKMS

200 [

f—i 150 [

= 100 |

=

3 50

(&)

[«5}

Z 0

2 1 2 3 4

S 50 | ; i

= Blood cadmium level (quartile)
-100 L

Fig. 1. Adjusted coefficient (95% Cls) for monocyte count (10%/ul) associated with
quartiles of blood cadmium level. The regression coefficient was adjusted by age, smok-
ing, alcohol drinking, BMI, hypertension, diabetes, and hyperlipidemia.

Cl = confidence interval.

level was not normally distributed, so it is represented as quar-
tiles. The first, second, and third quartile of blood cadmium was
0.49 pg/L, 0.70 pug/L, and 0.92 pg/L. Age, smoking status, hyper-
tension, diabetes, HDL cholesterol, white blood cell count,
monocyte count, and MHR were associated with blood cadmi-
um level, while alcohol consumption, BMI, hyperlipidemia,
and job category were not.

The subjects were classified into 4 groups according to the
quartiles of blood cadmium level. Monocyte count and MHR
were analyzed by univariate and multivariate models. Com-
pared with the first quartile of cadmium, the second, third, and
fourth quartile groups were significantly higher in monocyte
count (P =0.018, P < 0.001, P < 0.001), and trend was also sig-
nificantly increased (P for trend < 0.001). This is also significant
for models 2 (P = 0.043, P < 0.001, P = 0.001). In model 3, the
monocyte counts of the third and fourth quartile groups were
significantly increased compared to the first quartile (P = 0.001,
P =0.002; Pfor trend < 0.001) (Table 3) (Fig. 1).

MHR was significantly higher in the third, fourth quartile groups
than in the first quartile group (P = 0.013, P = 0.002) in model 1,
and the trend was also significant (P for trend < 0.001). This is
also significant for models 2 and 3, which are corrected for oth-
er confounders. In Model 2, the MHR of the third and fourth
quartiles increased significantly compared to the first quartile
(P=0.011, P = 0.005; P for trend = 0.013), and the monocyte
count of the third and fourth quartiles increased significantly in
Model 3 compared to the first quartile (P = 0.007, P = 0.008; P
for trend < 0.001) (Table 4) (Fig. 2).

DISCUSSION

In this study, blood cadmium level and monocyte count, MHR
were statistically significant and dose-dependent relationships
were also found. To the best of our knowledge, this is the first
epidemiological study of the relationship between cadmium
and monocyte count and MHR, which are cardiovascular prog-
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Fig. 2. Adjusted coefficient (35% Cls) for MHR associated with quartiles of blood cad-
mium level. The regression coefficient was adjusted by age, smoking, alcohol drink-
ing, BMI, hypertension, diabetes, and hyperlipidemia.

Cl = confidence interval, MHR = monocyte to high density lipoprotein ratio, HDL =
high density lipoprotein.

nostic and predictive factors, in the human population.

Blood cadmium level was used as a biological index of cad-
mium in the body. It is known that blood cadmium level reflects
both acute exposure and accumulated cadmium in the body,
while urinary cadmium level mainly reflects body burden, es-
pecially in the kidneys. The initial half-life of blood cadmium is
2-3 months after acute exposure and is influenced by accumu-
lated cadmium in the body after the cessation of exposure (24).
In this study, cadmium was used as a biomarker of cadmium in
the body, considering that many animal studies reports the sig-
nificant effects of cadmium exposure on cholesterol or mono-
cyte in several months, and blood cadmium level better reflects
the short term exposure of cadmium. The mean of blood cad-
mium level among Korean adult population was reported to be
1.07 + 0.01 pg/L (25). The blood cadmium levels of the partici-
pants in this study were lower than the average of Korean adults.
This seems to be due to the age of the population in this study
relatively low, which is between 23 and 60 years old, and the
blood cadmium tends to rise in proportion to age (24).

Cadmium has a variety of effects on the immune system and
can affect hematopoiesis. The differentiation and function of
immune cells depend on the intracellular signal transduction
pathway. Studies have shown that cadmium promotes mono-
cyte differentiation under specific conditions in vitro (26). In
one animal study, myeloid and monocytic cells were increased
in bone marrow after intraperitoneal injection of cadmium into
mice (27). Another animal study showed an increase in mono-
cytes in rats exposed to cadmium solution for 8 weeks (19). The
association of cadmium with monocyte elevation is also found
in an epidemiologic study in which cadmium concentrations
were higher in workers exposed to occupational exposure to
cadmium than in unexposed ones (18). Also, cadmium has
been has to cause a reduction in HDL in several animal studies
(20-22). Although the mechanism by which cadmium causes
HDL reduction is not known clearly, it has been reported that
the reduction of HDL by cadmium decreases the lipoprotein
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secretion in the liver due to oxidative stress and disturbance of
cell function (28).

Monocyte is a cell that plays a central role in atherosclerosis.
Atherosclerosis activates the adhesion molecule of endotheli-
um cells and binds to mononuclear cells. When monocytes are
bound to the arterial endothelium, they enter the endothelial
lining and enter the intima to form foam cells (29). CD11b+
monocyte is known to play an important role in atherogenesis
in this process (30). In addition, circulating monocyte levels are
known to affect lesional macrophage accumulation and plaque
macrophage content (31). Clinically, monocyte count has been
implicated in the development of cardiovascular disease in sev-
eral epidemiological studies (8-10). HDL has also been associ-
ated with cardiovascular disease in several epidemiological
studies (32,33). HDL suppresses hematopoietic stem cells and
multipotent progenitor cell proliferation in the hematopoietic
system (34). HDL inhibits monocyte CD11b, leading to mecha-
nisms that act as monocyte activation, spreading, and inhibit
activated monocytes (35). HDL also promotes vasorelaxation
by increasing the expression of endothelial nitric oxide syn-
thase (eNOS) (36).

MHR is a novel inflammatory marker identified by Kanbay et
al. (14) as an independent predictor of cardiovascular disease
prediction in patients with chronic kidney disease. The associa-
tion of MHR with the presence of slow coronary flow and the
systemic inflammation marker high sensitivity C-reactive pro-
tein (CRP) was reported (12). There was also a relationship be-
tween elevation of the Synergy Between Percutaneous Coro-
nary Intervention With Taxus and Cardiac Surgery (SYNTAX)
score, which is associated with coronary artery anatomy (11),
thrombus burden after percutaneous coronary intervention
(PCI) (13), and cryoballoon-based catheter ablation in patients
with arterial fibrillation. Moreover, the relation between stent
restenosis (15) and other cardiovascular outcomes were report-
ed (16). Several studies have consistently demonstrated that
MHR is a reliable factor for inflammation and anti-oxidation
and is associated with prognosis and disease progression in
several cardiovascular diseases. However, there is a lack of re-
search on the significance of MHR as a cardiovascular disease
predictor and risk factor in the general population not yet hav-
ing cardiovascular disease.

Cadmium has been associated with various cardiovascular
diseases (2), peripheral vascular disease (3), and cerebrovascu-
lar disease (37). It has also been reported that cardiovascular
risk factors such as hypertension (4), diabetes (38), and dyslip-
idemia (39) are also associated with cadmium exposure. More-
over, the inflammatory markers associated with cardiovascular
diseases, such as soluble CRP, fibrinogen (6) and urokinase
plasminogen activator receptor (7), have been reported to be
associated with MHR. As is known, among the subjects of this
study, blood cadmium level was associated with hypertension,
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diabetes and HDL cholesterol level. However, there is no study
that investigated the relationship between cadmium and
monocyte count and MHR. This study showed that cadmium
could have a subclinical effect on the human body even at low
concentrations by confirming a dose-dependent association
with the monocyte count and MHR, which are the cardiovascu-
lar risk and prognostic indicators.

The limitations of this study include that a cross-sectional
study cannot clearly identify cause-effect relationships. Also,
there is a limit to the fact that we have carried out the study on a
special group of Korean fire officers. However, although work-
ers in the firefighting department may be exposed to a variety
of chemicals, our data did not show a significant relationship
between cadmium exposure, monocyte elevation and working
as a firefighter (fire extinguisher and field investigator) (P > 0.200).
Although exposure to the fire site may increase the blood level
of cadmium for a short period of time, data on recent fire field
exposure could not be obtained. However, this study is a study
of association parameters rather than population level parame-
ters. It is difficult to say that race and occupation used in this
study have effect measure modification in the relationship be-
tween cadmium and monocyte. Another limitation is that, the
metabolism and health effect of cadmium have been reported
to be different in male and female populations (40), therefore,
analysis should be done with stratification of sex. However, our
study population consisted of 43 female and 733 male subjects
without missing value. Therefore, the analysis was done for only
the male population in consideration of model instability in re-
gression analysis. In further research, the analysis should include
a sufficient number of female subjects.

Monocyte count and MHR are known to be prognostic and
predictors of cardiovascular disease, but MHR has not been suf-
ficiently studied in relation to the change of its index in the gen-
eral population without cardiovascular disease and the clinical
state and the onset of cardiovascular disease. In order to con-
firm a clinical meaning, additional research on the meaning of
the monocyte count and MHR in the general population will be
needed.

The strong point of this study is that the effect of cadmium
exposure can be shown to have a very low threshold. This will
be the reference material for evaluating the effects of exposure
to low-concentration cadmium at a later time and setting thresh-
olds for biological exposure index and exposure.

This study showed the relationship between blood cadmium
level and monocyte count and MHR. This was also statistically
significant in the model adjusted for disturbance and other car-
diovascular risk factors and showed a linear trend.
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