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CORRELATION BETWEEN SERUM FERRITIN AND PREMATURE CORONARY ARTERY DISEASE
IN MIDDLE-AGED MALE PATIENTS WITH 5 YEARS OF FOLLOW-UP
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ABSTRACT

Purpose: To investigate the correlation between serum ferritin levels and clinical outcomes of premature coronary artery

disease (PCAD) in middle-aged male patients.

Methods: A total of 420 middle-aged male patients with PCAD were recruited with case-control method for this study. The
patients were grouped into two based on the cut off serum ferritin (SF) = 200 ng/m: overload group (SF = 200 ng/ml) and control
group (SF < 200 ng/ml). Differences between the incidence of major adverse cerebral cardiovascular events (MACCE), carotid

atherosclerotic plaques, and survival rate were analyzed.

Results: In one-year follow-up, there were no significant differences (p > 0.05) in the incidence of atherosclerotic plaques,
MACCE and survival rate between the two groups. However, in a 3-year follow-up, there was significant difference (p < 0.05) in
atherosclerotic plaques between the two groups, but the differences in MACCE and survival rate were not significant (p > 0.05).
In a follow-up spanning 5 years, there were significant differences (p < 0.05) between atherosclerotic plaques and MACCE.

Conclusions: High serum ferritin level and iron overload have a positive association with PCAD in middle-aged male

patients.
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Introduction

Coronary artery disease (CAD) is a serious
public health problem worldwide and it is the lead-
ing cause of death in many countries”. The disease
is caused by atherosclerotic plaque formation with-
in the inner walls of the heart arteries, which leads
to myocardial ischemia. Dyslipidemia, smoking,
hypertension, obesity, and family history are some
of the risk factors that predispose to CAD. Some
investigators have speculated that body iron status
is positively associated with CAD®*, while others
are of a contrary opinion, suggesting that body iron
status has negative or no direct correlation with
CAD®9, These disagreements may be due to sever-
al reasons. It might be due to difficulty in adjusting
confounding factors such as race, sex, age, chronic
diseases, and other significant risk factors which

affect morbidity and prognosis of CAD. Secondly,
the use of different sortation and measures of iron
metabolism may be a factor”. In addition, the fol-
low-up period used was brief (majority of the stud-
ies reported less than ten years follow-up).

Premature coronary artery disease (PCAD) is
defined as CAD in males under 55 years, and in
females under 65 years of age®. The aim of this
study was to investigate the correlation between
serum ferritin level and clinical outcomes of mid-
dle-aged male patients with PCAD.

Methods

Patients

A total of 420 middle-aged male patients with
PCAD were recruited with case-control method for
this study. Their ages ranged from 30 to 40 years.
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The diagnostic criteria for CAD followed those of
the World Health Organization (WHO)®. Patients
were subjected to in-person interviews and ques-
tions bothering on their health habits, health status,
smoking history, conditions of chronic diseases,
and hospitalization history were asked. The
patients’ detailed characteristics such as educational
status, CAD family history, dietary iron intake, red
meat consumption, alcohol consumption, tobacco
consumption, physical activity, diabetes history,
obesity, hypertension, hyperuricemia, dyslipidemia,
and anemia were subjected to clinical evaluation
and case-match.

Biochemical indices such as total cholesterol
(TC), triacylglycerol (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cho-
lesterol (LDL-C), uric acid (UA), fibrinogen, hemo-
globin, and serum ferritin concentrations were also
evaluated. Patients with significant risk factors for
CAD were excluded, including those who were on
coronary artery bypass grafting (CABG) or percuta-
neous coronary intervention (PCI), and iron-forti-
fied foods. Obese patients, and those with family
history of CAD, hypertension, dyslipidemia, hyper-
uricemia, atherosclerotic plaque, alcohol and tobac-
co addiction, or any other serious diseases were
also excluded. Written informed consent was
obtained from the patients before the start of the
study.

Study variables

Educational level was calculated by the num-
ber of years spent in acquiring education. Smoking
was defined as using five cigarettes daily for about
5 years, while drinking history was defined as con-
suming at least 100 g alcohol for 1 year. Obesity
was defined as body mass index (BMI) = 31 kg/m2
(for males)“"?, while family history of CAD was
defined as having immediate relatives (male under
55 years, and female under 65 years) who had suf-
fered from CAD or myocardial infarction.
Hypertension was defined as systolic blood pres-
sure = 140 mmHg and/or diastolic pressure = 90
mmHg obtained twice. Diabetes referred to fasting
venous blood glucose level = 7.0 mmol/L and/or =
11.1 mmol/L 2 h after meal, while hyperuricemia
was defined as uric acid concentration = 380
pumol/L.",

Dyslipidemia was defined as TC level = 5.18
mmol/L, according to the Chinese guidelines on
prevention and treatment of dyslipidemia in adults,
or LDL-C concentration > 3.37 mmol/L, or TG

concentration = 1.7 mmol/L, or HDL-C level < 1.04
mmol/L. The concentrations of HDL-C, LDL-C,
TC, and TG were determined in fasting venous
blood specimens. Immune turbidimetric method
was used for the determination of serum SF level,
and SF = 200 ng/ml was considered iron overload"*
9 Based on a cut off value of SF = 200 ng/ml, the
patients were classified into overload group (iron
overload, SF = 200 ng/ml) and control group (nor-
mal iron load, SF < 200 ng/ml). Dietary iron intake
was estimated using the calculated food composi-
tion table according to Chinese Nutrition Society,
which is based on the mean intakes for at least six
months.

High-resolution ultrasonography was carried
out using Philips ultrasonic system with a 7.5 MHz
transducer. The atherosclerotic feature was investi-
gated at the right and left common carotid and
internal carotid arteries. Atherosclerotic feature was
defined as a distinct zone with a focal atherosclerot-
ic plaque, calcified deposits, thickening or protru-
sion into the lumen of the vessel, while focal thick-
ening was defined as a mass with thickness >1.5
mm, or maximum intima-media thickness (IMT)
>1.2 mm from any angle"*".

Follow-up

The study plan incorporated a 5-year follow-
up during which data were recorded and analyzed.
The incidence of MACCE and carotid atheroscle-
rotic plaques were collected and subjected to com-
parative analysis. The MACCE included death,
non-fatal myocardial infarction, non-fatal stroke,
re-vascularization, and re-hospitalization. The fol-
low-up started immediately after discharge from
hospital, while death dates were obtained from
proxy, and other sources. The incidence of athero-
sclerotic plaques, MACCE and survival between
the iron overload group and the control were com-
pared at 1, 3, and 5 years, respectively.

Statistical analysis

Continuous variables are expressed as mean =+
SD, while enumeration data are expressed as per-
centages (%). The data were analyzed using SPSS
(Version 19.0), while differences between the two
groups were compared using paired t-test and chi-
square tests. Survival was calculated using Kaplan-
Meier method and log-rank test. Values of p < 0.05
were considered statistically significant.
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Results

Evaluation of study variables

There were no significant differences (p >
0.05) in the baseline data between the two groups,
except for triacylglycerol and LDL-C concentra-
tions, as shown in Table 1.

group, 20 cases suffered from MACCE, while 6
died of CAD in the overload group. A total of 30
cases were re-hospitalized for MACCE, including
10 cases who died of CAD. As for atherosclerotic
plaques of common carotid and internal carotid
arteries, 24 cases were recorded in control group,
while 29 cases were seen in the iron overload

Table 1: Comparison of baseline data between the two
groups.

Clinical outcome with 1 year follow-up

In one-year follow-up, 5 cases (2.38%)
dropped out in iron overload group, while 4
(1.90%) dropped out in the control. In the control

e Overload group | Control group group. There were no significant differences (p >
aracteristics (n=210) (n=210) x2ort V4 . . . .

0.05) in the incidence of atherosclerotic plaques,

Age (years) 35514436 | 3479521 | 1536 | 0.168 MACCE and survival rate between the two groups.

Smoking history These results are shown in Table 2.

P k 71 (33.81 % 58 (27.62 % 1.891 0.169 . i
astsmoker ¢ ) 6 ) Group Number of Atherosclerosis | MACCE Survival
cases rate
Never smoked 139 (66.19 %) [152(72.38 %)
Control group
Drinking history (<200 /L) 210 24 (11.43%) | 20 (9.52%) | 97.14%
: 0 0 Overload group
Past drinker 97 (46.19 %) | 89 (42.38 %) 0.618 0.432 0 0 )
(5200 pg/L) 210 29 (13.81%) |30 (14.15%) | 95.24%
k 11 81 %) |121 .62 %
Never dran 3 (53.81 %) (57.62 %) )(2 0.54 297 1.04

Physical activity » 0.463 0.132 0308

< 30min/day 142 (67.62 %) | 134 (63.81 %)| 0.676 0.411 . . . .
Table 2: Comparison of clinical outcome with one-year
> 30min/day 68 (32.38 %) | 76 (36.19 %) f0110w—up between the two groups.
Education Clinical outcome with 3 years follow-up
Less than high school 110 (52.38 %) |101 (48.10%)| 0.771 0.380 In three years, a total of 9 cases (4.29%) were
dropped out in iron overload group and 10 (4.76%)
High school and ab 100 (47.62 %) |109 (51.90 % .

e sehotandabore (@7.62%) |109(5190%) in the control. In the control group, 37 cases suf-
BMI (kg/m2) 26354268 | 25.87+2.16 | 2.021 0.083 fered from MACCE, including 18 cases who died
SBP (mmg) sses16s7| BEOE | e | oams of CAD, while in the iron overload group, 54 cases

were rehospitalized for MACCE, including 25

DBP (mmHg) 86.48 £15.39 |84.88 £15.24 1.071 0.285 B .
cases who died of CAD. A total of 56 cases with
Total cholesterol (mmol/L) 5.01 +0.89 4.88£0.76 1.61 0.152 Carotid atherOSClerOtiC plaques were recorded in the
Triacylglycerol (mmol/L) 136+0.42 | 1.28+0.41 1.975 0.049 control group and 7_6 in iron overload gr.oup. T_her.e
was a significant difference (p < 0.05) in the inci-

HDL-C (mmolL) 13030 ] 1352026 ) 146 | 0188 dence of atherosclerotic plaques between the two

LDL-C (mmol/L) 2704031 | 276£030 | 2016 | 0044 groups, while there was no significant difference (p
Fibrinogen (g/L) 3.08+0.54 | 2.96£066 | 2.039 0.081 > 0.05) between MACCE and survival rate. The

Hemoglobin (g/L) 133.61 + 12.15 ]3]23'(12; 127 0.205 results are shown in Table 3.

Uric acid (UA) (umol/L) | 223.77 + 43.58 222_(13* 1.395 0.164 Group N“::S’:: of | Atherosclerosis MACCE | Survival rate

Iron intake (mg/day) 18224412 | 17.66+341 | 1505 0.176 ((72‘%((’)1 f;‘/’]':‘f 210 56 (26.67%) 37(17.62%) | 91.43%

Clinical presentation O(Vfrzlggiggp 210 76 (36.19%) 54(25.71%) | 88.10%

Stable angina 93 (44.29 %) | 106 (50.48 %) 2.059 0.357 x2 4.419 4.054 1.27
Unstable angina 66 (31.43 %) | 54 (25.71 %) V4 0.036 0.044 0.26
Acute myocardial infarction | 51(24.33 %) | 50 (23.81 %) Table 3: Comparison of clinical outcome with 3 years

follow-up between the two groups.

Clinical outcome with 5 years follow-up

In five years, 14 cases (6.67%) dropped out in
iron overload group, while 16 (7.62%) cases
dropped out in the control group. In the control
group, 57 cases suffered from MACCE, including



1994

Xiaoxiao Chang

26 cases who died of CAD, while in the iron over-
load group, 85 cases were re-hospitalized for
MACCE, including 41 cases who died of CAD. A
total of 76 cases with carotid atherosclerotic
plaques were recorded in the control group, while
96 cases were seen in iron overload group. There
were significant differences (p < 0.05) between ath-
erosclerotic plaques, MACCE and survival rate.
These results are shown in Table 4.

Group Number of Atherosclerosis MACCE Survival rate
cases
Control group o o o
(<200 ug/L) 210 76 (36.19 %) | 57 (27.14 %) 87.62%
Overload group o o o
(200 pg/L) 210 96 (45.71 %) | 85 (40.48 %) 80.48%
x2 3.938 8.341 3.996
P 0.047 0.004 0.046

Table 4: Comparison of clinical outcome with 5 years
follow-up in the two groups.

Discussion

In the present study, there were significant dif-
ferences in carotid atherosclerotic plaques from 3 to
5 years between the two groups, while there were
no significant differences in one-year follow-up. In
addition, there were significant differences in the
incidence of MACCE and survival rate in 5 years
follow-up between the two groups, while there
were no significant differences in one-year and 3
years follow-up, respectively. The results appear to
suggest that serum ferritin level and iron status
were correlated to PCAD, and that there was a posi-
tive correlation between iron overload and PCAD.

“Iron hypothesis” which was postulated more
than twenty years ago, does not support a strongly
positive or negative correlation between body iron
status and CAD"“ ' Thus, the results obtained in
this are not in agreement with iron hypothesis. The
deviation may be due to characteristics such as
race, age, sex, health status, physical activity and
various risk factors. It is difficult to speculate that
the rigorous exposure model led to CAD, because it
can confound the association between body iron
status and CAD"*".

In order to minimize and control these con-
founding factors, this study had several unique
strengths which included the exclusion of patients
with obesity, CAD family history, hypertension,
hyperuricemia, dyslipidemia, current tobacco and
alcohol addiction. In addition, dietary iron intake
and body iron status were taken into consideration
in follow-up, since body iron stores and functional

iron are correlated to sex and age. Due to the regu-
lar menstrual iron depletion in women®”, partici-
pants only consisted of male patients. Since body
iron stores tend to increase with advancing age®'"*,
only middle-aged men within the range of 30 to 40
years were used.

Several studies have attempted to explain the
mechanism of “iron hypothesis”. In those studies
serum ferritin was considered to be the high-sensi-
tive indicator for assessing body iron overload.
Serum ferritin is correlated with catalytic iron and
oxidative damage, which can lead to damage to
endothelial cells and human atherosclerotic
plaques®***¥_ Iron overload increases lipid peroxi-
dation and blood viscosity, thereby increasing sus-
ceptibility to myocardial ischemia®®*"?.

In contrast, low levels of iron may reduce
oxidative stress®.

Study limitations

In this study, some of the limitations included
the use of serum ferritin as the sole indicator for
body iron status. Total iron-binding capacity
(TIBC), storage iron, saturation of transferrin and
serum transferrin were not measured. Since bone-
marrow biopsies for the determination of body iron
status were hard to conduct in follow-up, serum fer-
ritin level was used as the indicator for body iron
status in this study®”*". Angiography and intravas-
cular ultrasound are considered as “golden stan-
dard” for detection of atherosclerotic plaques® *.
However, these could not be used for all the
patients. The use of carotid ultrasound for detection
of atherosclerotic plaques would affect the accuracy
of results. Only a single race was used for this
study. Therefore, further studies should be devel-
oped in other populations.

Conclusion
High serum ferritin level and iron overload

have are positively associated with PCAD in mid-
dle-aged male patients.
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