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Summary

Background and aims Several studies aiming to determine the associagtween iron stores and
the coronary heart disease (CHD) have reportedictivé results. None of them has been performed
in a Mediterranean region. Our aim is to assesadheciation between the level of serum ferritid an
the incidence of CHD in a Mediterranean region.

M ethods. We performed a cohort study using a primary hezdtle population database. Primary
outcome was incidence of CHD. Subjects aged bet®Beand 74 years with serum ferritin (SF)
measurements at baseline (January 1, 2006 to Dece8tbh2008) were included. Cox regression
models were used to compute hazard ratios (HRsPa#ClIs for the associtation between SF and
time until CHD outcome.

Results We include 242,084 subjects with SF levels at lnaseParticipants were observed for a
median of 8.4 years. During follow-up, 1106 incitleases of CHD were identified. Persons with
eleveated SF did not have an increased CHD rigilaw-up (adjusted hazard ratio= 0.99; 95%ClI
0.94 — 1.05p = 0.86 in men, and 0.95; 95%CI 0.81 -1.(3; 0.60 in women).

Conclusions: Our study, by far the largest, showed that higlellewf SF do not confer an increased

risk of CHD, and questions its role as a risk fafbo this disease.

Keywords: Ferritin, Coronary Heart Disease; Inciten
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Introduction

Regardless of geographical variations, cardiovasaisease (CVD) is still the leading cause of ldeat
and disability worldwide. In Europe, it is respobieafor over 4 million deaths/year, of which
coronary heart disease (CHD) accounts for alimdéohéhem [1]. The estimated global cost of CVD
is US$ 863 billion, and it is estimated to increbge22%, leading to US$ 1,044 billion in 2030 [2].

In this context, recent research has focused orémification of non-traditional risk factors,cduas
iron biomarkers, which could contribute to furtheduce the rates of CHD in the next decades.
Among the available iron biomarkers, serum ferrigf) has gained importance, since it is the most
common measurement of body iron status and coeselaéll with body iron stores [3]. Prospective
and retrospective studies aiming to determine $8e@ation between SF and CVD [4] or CHD have
reported conflicting results [3—6]. Despite sevdiialogical mechanisms, such as oxidation of lipids
[7] or damage produced by oxygen free radicalselmaen proposed to explain how iron stores could
increase the risk of CHD [8], the exact patholoppathway is still to be elucidated [9]. To our
knowledge, there have been no studies analysis@#siociation in a Mediterranean population.
Improving our capacity to assess individual andupaion risk of these diseases is a constant
challenge for public health policy-makers and priyrfaealthcare systems and therefore being able to
identify additional cardiovascular risk factorsoar population can contribute not only to an early
diagnosis, but could also add prognostic infornmatar patients who already have CHD. Given the
special features of the Mediterranean diet angragective role regarding CHD [10], results of
previous studies analysing the association betwearstatus and CHD may not be applicable to our
population and, therefore, the aim of this studpidetermine the prognosis value of SF in the

incidence of CHD using real-world data.
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Materialsand methods

Study design

Cohort study using a primary health care populatia@mbase.

Source of data

Data are obtained from SIDIAP databas®igtema d’informacio per al desenvolupament de la

Investigacié en Atencié Primariaivww.sidiap.org), CMBD-AH (Conjunt minim basic de dadgs

and the official death registry of the government.

The SIDIAP database gathers anonymized informatromedical records for > 5.8 million patients
(which covers >80% of the population of Catalonid)is database nourished itself from the
electronic medical records software used by princarg profesionals (ECAP), which contains
information on demographic data (date of birth, sestionality), acute and chronic health conditions
(ICD-10 Code), laboratory tests (taken directlynfrthe laboratories), prescriptions dispensed by
pharmacies (through pharmacy invoices) and refetealhe specialists.

Study participants

Subjects aged between 35 and 74 years, for whamimderritin measurements at baseline (January 1,
2006 to December 31, 2008) were available, andowithny known cardiovascular disease at
baseline were included.

Exclusion criteria

All subjects with previous history of cardiovasauliisease including CHD (angina, myocardial
Infarction, coronary revascularization procedursspke (ischemic or hemorrhagic, including
transient ischemic attacks), and peripheral adesgase diagnosed with vascular imaging techniques
were excluded.

Futher exclusion criteria were: history of illeglig use and chronic alcoholism (or total daily
alcohol intake >50g/day). Participants were alsdwaded if they had or were diagnosed with
hemochromatosis, chronic conditions (such as Ineumatic or kidney disease), acute infection or
inflammation, as well as those institutionalizéthde who used iron supplements or reporting high

protein C reactive levels or low levels of hemogho<10 g/dL), VCM (<80) or any other iron
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biomarker (to exclude patients with high leveldefitin secondary to inflammatory disease).
Follow-up:

Participants were observed froMJanuary, 2006 until death, moving out of the caieht area or
end of follow-up (31 December, 2016).

Outcomes:

Incidence of ischemic heart disease or CHD wasddfas acute myocardial infarction (fatal or
nonfatal or angina (ICD-10: 121, 1210-1219, 122221240, 1241, 1248 and 1249).

Clinical and biochemical variables

Sociodemographics data: age at baseline, sexsi€asardiovascular risk factors were defined as
hypertension patients with diagnostic codes (ICD10:— 113) or treatment with antihypertensive
drugs; dyslipemia (diagnostic code E78.x or treatméth cholesterol-lowering drugs), type 2
diabetes (diagnostic codes E11.x or antidiabet@ttnent (oral or insulin); smoking status
(former/current/non-smoker), body mass index (BMl).these diagnoses were recorded at baseline.
Drug prescriptions were also assessed (identifia tispensing records): aspirin, and other
antiplatelets. Risk of alcoholism was measured WItIDIT test, and categorized from O (zero risk) to
3 (high risk). White blood cells couns was used azaure of inflammation when available. SF
levels were measured by immunotrubidimetry (inénad interassay coefficients of variation<8).

Statistical analysis

Descriptive analyses of baseline characteristiegpegsented as mean, standard deviation, 95%
confidence intervals, median, and inter-quartitegea(for continuous variables) or N (%) for
categorical/binary data. Serum ferritin variableswdascribed using z-scores of ferritin values (as
continuous variable), and also categorized intotdes. A set of confounders (age, sex, BMI,
smoking and classical cardiovascular risk factsrdiabetes, hypertension and dyslipemia) were
defineda priori and adjusted for to explore either confoundingatential causal pathways.

Incidence rates (IR) and 95% CI of the main outcomere estimated assuming a normal distribution
for the cumulative incidence and a Poisson distidinufor the incidence density. Cox regression

models were used to compute raw and adjusted sageBMI, smoking, diagnose of hypertension,
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diabetes, dyslipidemia, treatment of hypertengilahetes, dyslipidemia) hazard ratios (HRs) and
95%Cls for the associtation between SF and timi @QHD outcome. Change in risk of CHD per one
increase standard deviations (SD) of serum femitis calculated. In case of quartiles of ferritirg
first quartile was used as reference. The levstatistical significance used for hypothesis tegtin
was 0.05. Further sensitive analyses were cargedtmtifying the results by sex. Analyses were

carried out using the program R versién 3.2.5 famdéws.

Ethical considerations

The study was planned and executed in accordanhetve principles laid down in the Helsinki
declaration (World Medical Association) and thenskards of good practice in clinical research. The

study protocol was approved by the Ethics Commataastitution.

Results

Baseline characteristics:

A total number of 242,084 subjects with ferritindés were analysed. The majority were healthy
middle-aged women with normal levels of serum bbamarkers. When analysing the baseline
characteristics according to the quartiles of fier(iTable 1) and comparing to lower levels, sutgec
with higher levels of ferritin were predominantliger men (mean age of 55 years old and 66% of
men), smokers (21.4%) and at risk of alcoholisth&%o).

Cummulativeincicencerate of CHD during the study period:

Participants were observed for a median of 8.4sy8@R from 7.6 to 9.1). During this period, 1106
incident cases of CHD were identified out of 13@,88bjects analysed, which represented a crude
incidence rate of 10 cases per 10,000 persons/aancreasing incidence of coronary heart was

found per each increase of 1SD of ferritin (Fig.1).

Association between serum levels (SF) of ferritin and myocardial infarction (M1) stratified by
Sex:

Kaplan-Meier analysis stratified by sex and ageléurand over 50 years old) are reported in Fig.1. |
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Cox regression models, compared with those initeeduartile of ferritin, only women over 50 years
in the 2° 3% and 4" quartile of SF reported a borderline statisticalynificant lower risk of being
diagnosed with Ml in the crude and adjusted foeptil confounders models (HR of 0.74 95%CI
0.54t0 1.01, HR of 0.57, 95% CI1 0.42 to 0.79 aiRldfi 0.71, 95% CI 0.51 to 1.00, respectively).
This borderline association disappeared when ugingnuous levels of ferritin instead of quartiles

(Table 2).

Discussion

Key findings

In this cohort study based on a large primary pagulation database, a total of 242,084 subjects
with serum ferritin levels available were followkmnt a median of 8.4 years (IQR of 7.6 to 9.1). Afte
stratifying by sex, adjusting for potential confolens, and comparing to those with SF in tfie 1
guartile, women over the age of 50 with SF levélatdeast 30 mg/dL reported a borderline
statisticaly significant decreased risk of 26 t8#6f being diagnosed with MI, however, this
decreased risk lost significance when using cootisderritin instead of quartiles. No further

associations were found for women under 50 yeaagiefor for men.

Comparison with other studies

Since Sullivan suggested the iron hypothesis téa@xgex differences in cardiovascular diseases
[11], many studies have aimed to confirm theseifigsl with uneven results [4]. Several prospective
and retrospective studies have been published stimgpthis association [12—-20], with results
ranging from 1.6 to 6.7 fold-increased risk of sufig a CHD among those with higher levels of
body iron stores [12,14,15,17-19].Conversely, instudy, we did not find an increased risk of CHD
among subjects in the highest quartiles of SF. Saintiee limitations of the aforementioned studies
included the small sample size analyzed [12-hé]skelection of only men [14,17-19] or the cross-
sectional designs [12—14]. Conversely, our study earied out using a population database covering
over 5 million men and women in Catalonia, wittaege number of Ml identified (1106 out of

130,105 subjects) followed up during a long penbtime (>8 years), allowing us to easily
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extrapolate our results.

The iron biomarker used as a representation of odystore is also a source of inconsistency
through the previous studies; few of them used<Stha@iron biomarker analysed [12,14,19,20] and
the association was mostly detected in subjeatadyr at high risk of suffering a CHD [12,14,15].
We used SF given the fact that it correlates wih Wwody iron stores [3] and, to account for the
possible influence of infection or inflammationp#ie with high levels of PCR or anemia were
excluded. Furthermore, the majority of these stdiere carried out in Asian, American or Northern
European countries [12,14-19], with different papioin characteristics and prevalences of CVD [21]
which make hard the comparison with our results.

Our results are partially in accordance with o#tedies [22—-25] that did not find an association
between SF and the incidence of CHD, either climicangiographically diagnosed. Despite finding
a statistically significant borderline protectiviéeet of SF levels over 30 for CHD, this associatio
disappeared once analysing ferritin continuoushis Tigh be due to the fact that quartiles were
divided arbitrarily and therefore the analysis gsiontinuous ferritin levels could be a better
reflection of reality. As in our study, previousigications also included large sample sizes [2P-24
and were followed for similar periods of time [24]2

If the association between body iron stores and @Gtdleed exists, our negative results could be
explained by the overall lower prevalence of CH®im population compared to other European
countries [26] compared to the populations analysedher studies. Furthermore, the different
validity and reliability of the iron biomarkers wubkacross previous studies, including ours, could be
the reason of the conflicting results. Finally, tr@p constrain for the comparison our results with
rest of the publications is the difference in ontes measured (acute myocardial infarction, coronary
artery disease, coronary artery calcium or camtédosclerosis), which could contribute to the

different results found.

Limitationsto our study
Despite the strengths of our study, which inclutiesanalysis of a large population database, some

limitations need to be considered. First, therdiargations inherent to observational studies ieakr
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out with databases such as retrospective infomatiairegistration bias. Second, given that SF is
known to increase under certain circumstances asichflammation, adjusting for blood leucocytes
or CRP has been used in studies to circumventahimending effect of inflammation. In our study,
despite excluding those subjects with very higlelewf CRP (>20 mg/dl), we had a large number of
missing measurements (approximately 60%) and we wetr able to analyse blood leucocytes since it
is not routinely asked for in primary care, whiduld have influenced our results. Therefore, we
cannot fully rule out the possibility that the hilgivels of SF reflect the inflammatory state of the
subjects rather than an increased risk of CHD.dTtarritin levels were only accounted for at
baseline. Not taking variations into account caekllt in an over or underestimation of the
association. At last, we could not account forahgsociaton between other iron parameters and CHD
and therefore are results are limited to SF levalsther studies analysing the influence of theioth

iron biomarkers on CHD are needed.

Generazability of the study

The present epidemiological study was based inge lpopulation database (SIDIAP) which is
nourished by routinely based medical informatio®fmillion subjects in Catalonia. The
characteristics of the data included (its repregemness [27] and its routinely based medical
information) enables us to extrapolate our regaoltbe rest of the Mediterrenean population.
The studies included in the meta-analysis have beeducted in Nordic countries, France,

Netherlands, USA or Australia, which allows a gatization of the results.

Conclusion
Overall, contrary to the iron hypothesis, the ressaf our study suggest that high levels of serum

ferritin are not associated with increase risk bfdCin both genders.
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Table 1. Basdline char acteristics of participants accordingto ferritin quartiles

Serum ferritin (mg/dl)

[0,30.7] (30.7,64] (64,132 (132,3.96e+03]
n = 60,600 n = 60,674 n= 60,496 n = 60,314

Age

Mean (SD) 47.06 (9.86) 51.11 (11.25) 54.75 (11.2055.27 (11.16)
Sex

Females 57,173 (94.34%) 53,066 (87.4644)993 (69.41%)20,238 (33.55%)
Body Mass I ndex
Mean (SD) 26.92 (5.47) 27.35 (5.39) 28.17 (5.21) .8284.87)
Missing 10,350 (17.08%) 8,665 (14.28%) 7,462 (1283 7,547 (12.51%)
Smoking status

No smoker 17,916 (29.56%) 20,546 (33.8624)941 (36.27%)18,997 (31.50%)

Current 10,945 (18.06%) 11,035 (18.19%),688 (17.67%)12,941 (21.46%)

Former 3,579 (5.91%) 3,692 (6.08%) 4,225 (6.98%6)455 (10.70%)

Missing 28,160 (46.47%) 25,401 (41.86%3,642 (39.08%)21,921 (36.34%)

Risk of alcoholism
0

1

2

3

Missing
Ferritin
Mean (SD)
Iron
Mean (SD)
Missing
Trasferrin
Mean (SD)
Missing
Hemoglobin
Mean (SD)
Missing
Hematocrit
Mean (SD)
HCM
Mean (SD)
VCM

Mean (SD)
PCR
Mean (SD)
Missing
Dydipemia
Diabetes
Hypertension

Cumulativeincidence

of CHD

37,276 (61.51%)
10,207 (16.84%)
508 (0.84%)

5 (0.01%)
12,604 (20.80%)

17.87 (7.47)

70.30 (37.42)
11,924 (19.68%)

294.72 (51.66)
49,800 (82.18%)

13.06 (1.24)
32 (0.05%)

39.27 (3.52)
29.03 (2.62)
87.38 (6.56)

6.22 (18.72)
37,209 (61.40%)
5,339 (8.81%)
2,529 (4.17%)
9,698 (16.00%)

213 (0.35%)

37,711 (62.15%5,018 (59.54%)28,850 (47.83%)

11,535 (19.01%%,232 (23.53%)19,626 (32.54%)
664 (1.09%) 1,044 (1.73%)  2,53Z1%)
8 (0.01%) 17 (0.03%) 30 (0.05%)

10,756 (17.739%8)185 (15.18%) 9,271 (15.37%)
46.02 (9.63)  93.04 (19.30)79.23 (212.40)

82.06 (34.68)  85.01 (34.12)94.41 (40.00)
13,555 (22.34%%,189 (23.45%)14,499 (24.04%)

267.09 (44.58) 256.30AAL. 247.06 (43.12)
51,617 (85.07%),734 (85.52%)49,438 (81.97%)

13.66 (1.12)  14.08 (1.25) .7241.40)
33 (0.05%) 49 (0.08%) 76 (0.13%)
40.81(3.35)  41.97 (3.74) .5834.20)
29.89 (2.10)  30.01(2.20) .48@2.57)
89.38 (5.54)  89.58 (5.93) 0.29 (6.92)
6.99 (20.54)  7.89(21.86) .33(28.00)

36,177 (59.63%%,690 (59.00%)36,706 (60.86%)
8,702 (14.34%) 11,965 (19.7828)488 (22.36%)
3,165 (5.22%) 4,288 (7.09%) 6,29744%)

13,779 (22.7194)8,167 (30.03%)19,922 (33.03%)

280 (0.46%) 441 (0.73%) 754 (1.25%)
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Table 2. Multivariate adjusted hazardsratio of association per one standard deviation increase of serum ferritin with coronary heart disease.

Men

Women
(all ages)

Women
Age>50vyears

Hazard Ratio (95%Cl; p value)

Hazard Ratio (95%Cl; p value)

Hazard Ratio (95%Cl; p value)

Ferritin (z score of ferritin)
Age (years)

Body Mass Index
Tab*smoker

Baseline hypertension
Baseline diabetes

Baseline dyslipemia

0.99 (0.94 — 1.q5= 0.86)
1.48 (1.34 — 1.64< 0.001)
0.99 (0.97 — 1.q1= 0.28)
1.74 (1.47 — 2.05:<0.001)
1.58 (1.34 — 1,86:0.001)
1.22 (1.00 — 1.47% 0.05)

1.39 (1.06 — 1.835 0.02)

0.95 (0.81 -1.13; = 0.60)
2.28 (1.93 — 2.7p;< 0.001)
1.02 (0.99 — 1.0%;=0.08)
2.96 (2.34 — 3.7$;<0.001)
1.55 (1.23 — 1.95 <0.001)
2.25 (1.76 — 2.87;,<0.001)

1.13 (0.76 — 1.6@;= 0.53)

0.99 (0.83 - 1.1p; = 0.88)

2.47 (1.36 — 4.5p;= 0.003)
1.001 (0.99 — 1.08;= 0.41)
2.74 (2.10 — 3.58;< 0.001)
1.51 (1.18 — 1.94;= 0.001)
2.07 (1.60 — 2.6@;< 0.001)

1.16 (0.75 — 1.7§;= 0.50)




Figure 1. Coronary heart incidence per 100 participants in relation to ferritin quantiles
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Figure 2. Kaplan-Meier analysis stratified by sex and age (under and over 50 years)
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Highlights

High levels of serum ferritin do not confer an increased risk of CHD in a Mediterranean
population.

Protective effect of levels of serum ferritin over 30 for CHD disappeared once analyzing ferritin
continuously

The analysis using continuous ferritin levels are a better reflection of redlity



