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The relationship of serum ferritin level with
cardiovascular risk factors in healthy men

OBJECTIVE The role of ferritin as a marker of inflammation in the clinical
assessment of cardiovascular risk remains to be determined. The pur-
pose of this study was to assess correlations between serum ferritin
levels and some of the known cardiovascular risk factors in healthy men.
METHOD Data from an epidemiological survey of 256 men of a Greek
warship, aged 19-38 years, on behavioral and demographic characteris-
tics, family history of premature coronary heart disease (CHD), weight
and height, blood pressure and serum ferritin levels, were analyzed.
RESULTS Serum ferritin concentration correlated significantly with age,
systolic and diastolic blood pressure, body-mass index, alcohol consump-
tion, years of smoking and cigarette pack-years. No significant associa-
tion was found between serum ferritin level and smoking, aerobic exer-
cise or family history of premature CHD. CONCLUSIONS A relationship was
observed between the level of serum ferritin and various cardiovascular
risk factors in early adulthood. Intervention and prevention measures
should be targeted at the smoking behavior, blood pressure and obesity
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ZUOXETION EMINESWV PEPPITIVNG
0poU Kal KapSIayyEIaKWV
napayovtwyv KIVUVOU OE UYIEIG
Avopeg

Tepidnyn oto 1édog tov dpBpov

of naval personnel.

Experimental and clinical studies suggest that inflam-
matory processes play a role in the pathogenesis of
atherosclerosis and the clinical manifestations of athero-
sclerotic disease.’? However, the role of ferritin as a marker
of inflammation in the clinical assessment of cardiovas-
cular risk remains to be determined, as there is conflict-
ing evidence regarding the relationship between iron
stores and cardiovascular disease (CVD).34

Data which have been published on the relationship
between serum ferritin and cardiovascular risk factors in
early adulthood are scared.? The purpose of this study
was to assess the prevalence some of the known cardio-
vascular risk factors and their correlation with serum
ferritin levels in healthy young men.

MATERIAL AND METHOD

This study was carried out on a warship of the Greek armed
forces, between February and July 1998 according to a proto-
col approved by the Hellenic Naval General Staff. The study
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population was the military personnel of the warship (n=285
men), aged between 19 and 38 years. All subjects provided
informed consent before participating in the study.

The participants were interviewed during visits to the sick-
bay, using a structured questionnaire which included items on
the following topics: Demographic characteristics, such as age,
smoking habit [current smokers (smoking at least one ciga-
rette per day) and non-smokers (never-smokers/former smok-
ers)]; years of smoking and number of cigarettes per day; alco-
hol consumption [abstainers and drinkers (drinking at least
one or more alcoholic drink during their day off)]; aerobic
exercise (any type of isotonic exercise, such as jogging, cycling,
swimming, etc.) during leisure time (yes or no), and finally the
presence or absence (yes or no) of any history of premature
coronary heart disease (CHD) among first-degree relatives (<55
years for male relatives and <65 for female relatives).

Anthropometric characteristics and blood pressure were also
recorded. An apparatus (calibrated scale with an accuracy of
+0.1 kg and a fixed stadiometer) was used to measure body
weight (BW) and body height (BH). Subjects were weighed
without shoes and tunic. Standing BH was measured without
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shoes to the nearest 0.5 cm with the shoulders in relaxed
position and arms hanging freely. BW and BH were measured
twice and the mean of two readings calculated. The values
were used to calculate body-mass index (BMI), as BW in kilo-
grams (kg) divided by the square of BH in meters (m?). Blood
pressure measurement was performed according to the rec-
ommendations of the American Society of Hypertension,® us-
ing a random-zero sphygmomanometer (model No 7076,
Hawksley and Sons Limited, Sussex, England) applied on the
right arm. Cuffs were chosen on the basis of the circumference
of each individual’s arm. The first and fifth Korotkoff sounds
were recorded for systolic and diastolic readings respectively.
Two readings separated by five minutes were averaged.

Venous blood was collected in the morning, after a 12 hour
overnight fast, with the participant in a sitting position; a tour-
niquet was used but released before sampling. Blood samples
taken from the participants were transported to the laborato-
ries of the Athens Naval Hospital for blood count and meas-
urement of the level of serum ferritin by microparticle enzyme
immunoassay (MEIA), using Abbott IMX (AxSYM Ferritin).
The laboratory has performed satisfactorily in external quality

assurance programs.

Statistical analysis and presentation of results

Values were expressed as median and range. All P values
were derived from two-tailed analysis, and values <0.05 were
considered significant. Between group results were assessed by
Mann-Whitney tests. Correlation was assessed by Spearman’s

correlation (r,).

RESULTS

From the original number of 285 male personnel,
complete answers to the questionnaire, anthropometric
characteristics, blood pressure and blood samples were
obtained from 256 individuals (participation rate 89.8%).

The characteristics of the participants are shown in
table 1.

Correlations of serum ferritin

The correlations of the serum level of ferritin are
shown in table 2.

Age. There was a significant correlation between age
and serum ferritin level.

Smoking habit. There was no significant difference in
serum ferritin level between current smokers and non-
smokers [60.3 (7.9-156.0) vs 63.4 (8.1-148.2) ng/L,

P>0.05). However, among smokers serum ferritin level
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Table 1. Characteristics of the study population (n=256).

Variables Median value (range)
or No (%)

Age (years) 23 (19-38)

Current smokers 163 (63.7%)

Years of smoking 5 (1-18)

Family history of premature CVD 39 (15.2%)

Drinkers
Aerobic exercise
SBP (mmHg)
DBP (mmHg)
Hypertensives
BMI (kg/m?)
25.0-29.9
>30.0
Ferritin (ug/L)
Hb (g/dL)
WBC (K/pL)
PLT (K/pL)

156 (60.9%)
147 (57.4%)
115 (90-155)

70 (55-95)

3 (1.2%)
24.6 (180-35.9)
73 (26.6%)

13 (4.8%)
62.3 (7.9-156.0)
150 (11.0-17.9)
6.80 (4.07-11.81)
227 (122-394)

CVD: Cardiovascular disease; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; BMI: Body-mass index; Hb: Hemoglobin; WBC: White cell blood count;

PLT: Platelets

Table 2. Correlations of serum ferritin level in 256 participants

(re=Spearman’s correlation).

Variables I

Age 0.227**
Years of smoking 0.283**
Cigarette pack years 0.199*
BMI 0.166™*
Systolic blood pressure 0.149*
Diastolic blood pressure 0.181**
Hb 0.154*
WBC 0.203**
PLT 0.032

BMI: Body-mass index; Hb: Hemoglobin; WBC: White cell blood count; PLT:

Platelets
* P<0.05; ** P<0.01

was significantly correlated with the number of years of
smoking and cigarette pack-years.

Alcohol consumption. Drinkers had a significantly high-
er serum ferritin level than compared with abstainers
[63.0 (11.1-156.0) vs 49.8 (7.9-148.2) ng/L, P<0.05].

Aerobic exercise. There was no significant difference
in serum ferritin level between those who exercised dur-



FERRITIN AND CARDIOVASCULAR RISK FACTORS

ing their leisure time and those who did not [60.3 (7.9-
146.6) vs 62.7 (11.6-156.0) pg/L, P>0.05].

BMI. Serum ferritin levels were correlated significant-
ly with the BML.

Blood pressure. Serum ferritin level was increased
gradually with both systolic and diastolic blood pressure
although only 3 (1.2%) men were actually hypertensive
(systolic blood pressure >140 mmHg and/or diastolic
blood pressure >90 mmHg).

Hemoglobin (Hb), white cell count (WBC) and plate-
lets (PLT). Serum ferritin levels were significantly corre-
lated with Hb and WBC, but not with PLT.

Hb, WBC and PLT in smokers and non-smokers.
Smokers had a significantly higher WBC than non-smok-
ers [7.12 (4.18-11.81) vs 6.57 (4.70-10.80 K/uL,
P<0.05]. There was no significant difference in Hb and
PLT values between smokers and non-smokers [15.0
(12.2-179) vs 15.0 (11.0-17.4) g/dL and 225 (122-
394) vs 230 (140-332) K/uL, respectively].

DISCUSSION

This study showed that several cardiovascular risk
factors are associated with the serum level of ferritin
among young and presumably healthy warship military
personnel. Further research is needed to elucidate the
significance of these findings and the possible mecha-
nisms of iron metabolism in the development of CVD.%”

Of interest is the age-related increase of serum ferri-
tin, as such increases in iron stores have been linked to
the pathogenesis of several common diseases, including
atherosclerosis.® It has been hypothesized that iron cata-
lyzes the formation of reactive oxygen species reactions
and that the free radicals produced cause lipid peroxi-
dation, leading to the modification of low-density lipo-
protein (LDL) at the molecular level and the formation
of atherosclerotic plaque.® Several earlier studies have
also shown a gradual increase of serum ferritin levels

9-11

with aging.

The positive correlation of serum ferritin with BMI, a
reliable index of obesity, has also been reported in other
studies.?#!! Considering that a high BMI implies a high
energy intake, and that nutritional iron intake is propor-
tional to the energy intake, it can be hypothesized that
participants with a high BMI have a high iron intake,
which in turn influences body iron stores and serum

ferritin.#
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Elevated blood pressure is an established cardiovas-
cular risk factor.? This study showed a positive correla-
tion of serum ferritin with both systolic and diastolic
blood pressure. However the literature has revealed con-
flicting results.341?

This study, as that of Hughes et al,’* did not find
significant difference in serum ferritin levels between
current smokers and non-smokers. In contrast, a signifi-
cant negative association was found among 1044 Dan-

ish men aged 30-60 years.*

Among smokers serum ferritin level was correlated
with the number of years of smoking and the cigarette
pack-years. Salonen et al found no association between
serum ferritin level and lifetime cigarette pack-years in
Finnish men.?? It could be hypothesized that the ob-
served correlation between serum ferritin level and years
of smoking and cigarette pack-years was due to the
known effect of age on ferritin level.”-?! However, the
range of age in the study population was too limited
(91% of them were aged between 19 and 29 years) for
this to apply. The mechanism by which smoking affects
serum ferritin is not defined. It is known that the number
of cigarettes smoked correlates strongly with WBC and
Hb,’# as this study also demonstrated. Moreover, the
degree of elevation of WBC within the normal range is
a marker for increased CVD risk.’* The results of this
study showed that serum ferritin level also had a posi-
tive correlation with WBC. Thus serum ferritin level may
act as an additional marker for elevated CVD risk.

In this study, the serum ferritin level was correlated
with alcohol consumption, as reported elsewhere #1718
Increased iron absorption and/or enhanced intracellular
ferritin synthesis are the mechanisms by which alcohol

may influence the serum ferritin level.?>1¢

Although physical inactivity is an established cardio-
vascular risk factor,’ no association was found between
aerobic exercise and serum ferritin among the naval per-
sonnel. In a study of 2235 Danes aged 30-60 years, no
association was found among men, but a slightly negative
association was found only in 40-year-old women.#

There are methodological limitations to the present
study. Firstly, the results were derived from a cross-sec-
tional study where the small sample size and the sam-
pling methods raise questions about the representative-
ness and generalization of the study findings. In addi-
tion, the study did not evaluate established metabolic
cardiovascular risk factors and other markers of inflamma-
tion (e.g., lipid levels, C-reactive protein, fibrinogen, etc.).
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In conclusion, this study revealed a relationship be-
tween serum ferritin level and several cardiovascular risk
factors from early adulthood. Intervention and preven-
tive measures should be targeted at the smoking behav-
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ior, blood pressure and obesity of naval personnel. These
results may contribute to the ongoing debate surround-
ing the association between iron stores and coronary
heart disease.

MEPIAHYH

----------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------

Zuoxéuon emnédwv @ep1tivng opoV Kal KapSlayyeElak®OV napayovimv Kivevvov oe vyieic avdpeg
H.E. MAZOKOI'TAKHZX, 2 [ A. TIATIAAAKHZ,! MI'. TTATIAAOMANQAAKH,? X.A. AIONHZ ? EX. TANQTAKHZX!
IKA\vikn Tevikng TaBonoyiag, 2KAvikn Koivwvikng kai Oikoyevelakng latpikng, latpiko Tunua

2xonng Emotnuav Yyeiag, INavemornuio Kpning, lodvrexveio Kpntng, Kpntn
Apxeia EAdnvikng latpikng 2007, 24(6):573-577

2KOINOX O podog tng @epitivng, ¢ S8eikin GAEYHOVAG, 0TNV €KTiUNon tov Kapdiayyeiakov Kiv8vvov napa-

pével akabdpiotog. ZKondg tng PeAEING NTav o npoodiopiopds mMOavdy CLOXETICEMY TOV eMNES®V TNG QEPITI-

ung opoV PE oplopévoug Kapdlayyelakolg napdyovieg Kivdvvouv oes vyieic davdpeg. YAIKO-MEOOAOX Ta

KOIVWVIKOSNPOYPA@IKA OTOIXEIA, TO OIKOYEVEIAKS Kal TO atopiko 10Topikd (ovvnibeieg vyeiag), To Bog Kal to

Bdpog, n aptnpiakn nison Kai ta enineda tng @epitivng opot 256 avbpmdv evdg nodepikov naoiov (I'NI1), nAikiag

19-38 etdv, kartaypdenkav rkar avanvdnkav. ATTIOTEAEZMATA Ta enineda g @epitivng opod GLOXETIZOV-

TQV ONPAavTIKA PE TNV NAIKIA, T CLOTOAIKA Kal tTn S1acTOAIKN apTNPIakn migon, to S8eiktn pdzag oodUATog, TNV

KAtavaA®mon OlVOMVEVUATOG, Ta £TN KANVIOPATog Kal Ta MAakEta-€tn kanvioparog. Asv 81amotadOnKe onpavtiki

ovoxétion petafd twv emnédmv TnG QePITIVvNG opoV Kal TNG KAMVICHATIKNG oLVNOe1ag, Tng aspoBIKNG OCOUATIKAG

doknong Kail TOL OIKOYEVEIAKOD 10TopIkoL ote@aviaiag vécov. LYMIMEPAXMATA H napotoa pedétn avdbeife

v Vnapén cvoxeticemv petald 1ov emnédmu @epitivng opol Kal OpIcHEVEOY KApSIayyEIak®dV Napayovim®yv

kKiv8bvov oe vyieig dubpeg evdg IIN. INpoAnntikég napeuBdosig npénel va otoxeDoLy OTNV EKTIUNON Kal TNV

QUTIPET®MOoN KapSlayyelakdv napayoviov Kiveivou (Kanviopatkng cuvnbeiag, aptnplakng vnépraong, maxu-

oapkiag) oto npoowmxkd twv [T

NAé8e1g evpempiov: Kapbiayyeiakoi napdyovieg Kivdvvov, [NoAepiké noio, Pepitivn
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