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Abstract
Background: There are conflicting results among studies on the association be-
tween serum ferritin (SF) and metabolic syndrome (MetS), and by groups of sex/
menopausal status. To date, there are no studies on British populations. The SF-
MetS association might be U/J-shaped. We evaluated whether SF was indepen-
dently associated with MetS (harmonized definition) in people from Shetland, 
Scotland.
Methods: We analysed cross-sectional data from the Viking Health Study-
Shetland (589 premenopausal women [PreMW], 625 postmenopausal women 
[PostW] and 832 men). Logistic regressions using two approaches, one with the 
lowest sex and menopausal status-specific ferritin quartile (Q) as the reference 
and other using the middle two quartiles combined (2–3) as the reference, were 
conducted to estimate the SF-MetS association. The shape of the association was 
verified via cubic spline analyses. The associations were adjusted for age, inflam-
matory and hepatic injury markers, alcohol intake, smoking and BMI.
Results: Prevalence of MetS was 18.3%. Among PostMW both low and high SF 
were associated with MetS (fully adjusted odds ratios [95% confidence interval] 
compared to the middle two quartiles combined were: 1.99 [1.17–3.38] p =.011 for 
Q1 and 2.10 [1.27–3.49] p =.004 for Q4) This U-shaped pattern was confirmed in 
the cubic spline analysis in PostMW with a ferritin range of 15–200 ug/L. In men, 
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1   |   INTRODUCTION

Increased body iron stores, estimated by serum ferritin 
(SF) levels, are associated with higher risk of type 2 dia-
betes (T2D),1,2 although their relationship with cardiovas-
cular disease (CVD) is unclear.3 Ferritin is an intracellular 
protein with a significant capacity to uptake and store 
iron ions, with each molecule capable of sequestering 
approximately 3000 iron atoms. Its synthesis is regulated 
by the intracellular iron concentration.4 A portion of the 
synthesized ferritin is released into the bloodstream, serv-
ing as a biomarker for tissue iron storage.5 Additionally, 
ferritin functions as an acute-phase reactant, with its 
synthesis upregulated in response to infection and/or in-
flammation.5 This upregulation is presumed to be related 
to an evolutionary adaptation that involves additional 
iron-binding proteins, aimed at sequestering free iron to 
inhibit its utilization by pathogenic microorganisms.4,5 
Although inflammation is widely associated with an in-
creased risk of cardiometabolic diseases,6 the relation-
ship between SF and T2D appears to be independent of 
an inflammatory context. This conclusion is supported 
by many meta-analysed studies which show that adjust-
ments for inflammatory markers, such as C-reactive pro-
tein (CRP) and fibrinogen levels, do not substantially alter 
the effect estimates or the statistical significance of the 
association.1,2

In several studies, metabolic syndrome (MetS), a risk 
factor for T2D and CVD, has been associated with fer-
ritin levels.7–9 In a recent meta-analysis, we conducted 
on SF-MetS associations in adults, we found an overall 
positive significant association between iron stores and 
MetS. However, there are still conflicting results on the 
ferritin-MetS association, in sub-populations defined by 
sex/menopausal status. Additionally, robust adjustments 
for confounders of inflammation and hepatic injury were 
not made in all of the studies.10 Moreover, in the meta-
analysis, Asian populations were overrepresented since 
14 out of 21 studies were conducted in individuals from 
that region, whereas no studies in populations at different 

cardiovascular risk such as British or Latin-American 
populations have been reported to date.10

The pro-oxidant properties of iron which lead to in-
creased oxidative stress and alterations of insulin sensi-
tivity and endothelial/vascular integrity mean that most 
studies have focused on iron excess as a cardiometabolic 
risk factor.11 However, iron deficiency (ID) has been also 
related to higher cardiometabolic risk although biological 
mechanisms are still unclear. For instance, lower ferritin 
levels were associated with a higher risk of CVD in people 
with T2D.12 Similarly, correction of anaemia and ID has 
been shown to improve cardiovascular health in patients 
with heart failure.14 In general population, higher trans-
ferrin saturation (a marker of high iron status) was found 
to be a protective factor against coronary heart disease 
(CHD) and functional ID was associated with incident 
CHD.13,14 The studies on SF and MetS only tested positive 
associations by using a comparison of extreme categories 
of ferritin level distribution. Therefore, U or J-shaped asso-
ciations have not been explored despite the epidemiologi-
cal evidence for a role of ID in cardio-metabolic risk.

In light of the above, we analysed the relationship 
between SF and MetS in a Scottish population from the 
Shetland Islands (Viking Health Study—Shetland, part 
of Viking Genes) investigating potential positive and U/J-
shaped associations adjusting for inflammatory, hepatic 
injury and body mass markers among other covariates.

2   |   METHODS

2.1  |  Study population

The Viking Health Study—Shetland (part of Viking 
Genes and hereafter VIKING I) is a genetic epidemiol-
ogy study on a relatively isolated population in the north 
of Scotland.15 For this study, 2122 volunteers with at 
least two Shetlandic grandparents were examined over 
2 years from March 2013 to March 2015. Each partici-
pant attended a measurement clinic and a venepuncture 

a positive association between ferritin quartiles with Q1 as the reference, did not 
remain significant after adjustment for BMI.
Conclusion: Extreme quartiles of iron status were positively associated with 
MetS in PostMW, while no SF-MetS associations were found in men or PreMW. 
The ferritin-MetS association pattern differs between populations and U/J-shaped 
associations may exist.
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clinic to give a fasting blood sample at a dedicated re-
search centre in Lerwick, Shetland Islands. The popu-
lation used in this study consisted of 2047 individuals 
after excluding 75 individuals with missing values for 
ferritin, MetS-related variables, or covariates. Ethical 
approval was issued by the NHS South East Scotland 
Research Ethics Committee and all participants gave 
written informed consent.

2.2  |  Biochemical and clinical variables

Blood was collected via venepuncture after overnight fast-
ing. Glucose, triglycerides, and HDL-C were measured by 
using enzymatic-colorimetric methods. Haemoglobin and 
transaminases levels (GGT, aspartate transaminase [AST] 
and alanine transaminase [ALT]), were measured by 
using standard Beckman-Coulter reagents in a Beckman-
Coulter DxC600i combined chemistry and immunochem-
istry analyser. SF was measured via latex agglutination 
method using Beckman-Coulter reagents in the same au-
toanalyser brand.

Blood pressure was measured using digital sphyg-
momanometers and two readings after at least 10 min 
of supine rest were taken to calculate the average blood 
pressure. Body weight and height were measured using 
standard techniques and instruments.16 Body mass 
index (BMI) was calculated as weight in kg/height in 
meters squared.17 Waist circumference (WC) was mea-
sured from the midpoint between the lateral iliac crest 
and the lowest rib using a flexible steel tape measure.18 
The criterion of smoking included the following catego-
ries: never smoker, ex-regular or ex-occasional smoker 
and current smoker. Alcohol intake had three catego-
ries: nondrinker or rarely, trivial drinker (special occa-
sions or one to three days per month) and drinker (one 
or more days per week). Anaemia was defined as hae-
moglobin levels <12 g/dL in women and <13 g/dL in 
men.19 Overweight and obesity were defined as having a 
BMI ≥25 and BMI ≥30, respectively. Menopausal status 
was defined according to self-report.

2.3  |  MetS and its components

Cut- points from the international consensus defini-
tion for MetS were used as follows20: high triglycerides 
(HTG) at ≥1.7 mmol/L, low HDL-C at <1.0 mmol/L in 
men and <1.3 in women, high fasting glucose (HFG) at 
≥5.6 mmol/L, high blood pressure (HBP) as SBP ≥130 mm/
Hg and/or DBP ≥85 mm/Hg (or antihypertensive drug 
treatment) and increased WC ≥94 cm in men and ≥ 80 cm 
in women. MetS was defined as the presence of three or 

more variables meeting the definitions above. In the case 
of high glucose and triglyceride levels, these MetS com-
ponents did not include additional cases with specific 
pharmacological treatment since this information was not 
available in the dataset used for analysis.

2.4  |  Data analysis

Medians and interquartile ranges or proportions were 
used to summarize continuous and categorical study var-
iables, respectively, in the whole sample and by groups 
according to sex and menopausal status. Differences 
were estimated via the Mann–Whitney U test for con-
tinuous variables and by χ2 test for categorical variables. 
For the association analyses, SF was the exposure vari-
able and MetS and its components were the outcome 
variables. Since both ferritin levels and cardiometabolic 
risk factors vary with sex and menopausal status, all the 
analyses of the association between ferritin and MetS 
and its components were conducted by using logistic 
regression modelling in separate groups of men and 
pre-and post-menopausal women. Ferritin levels were 
used as a categorical variable of sex- and menopausal-
specific quartiles and also as a continuous Z score of log-
transformed ferritin. Associations between ferritin and 
MetS or its components were described before and after 
adjusting for potential confounders which were age, fi-
brinogen, transaminases levels (AST, ALT and GGT lev-
els), smoking, alcohol consumption and BMI. The set of 
confounding factors was chosen based on the possible 
influence of acute phase or subclinical inflammation, 
adiposity and liver dysfunction on levels of ferritin and/
or outcome variables.

We conducted two approaches for logistic regressions 
with ferritin quartiles: (1) using the lowest quartile as 
the reference to evaluate the progressive increase in the 
likelihood of the MetS and its components through-
out upper quartiles, and (2) using the middle quartiles 
(2nd and 3rd) combined as the reference to evaluate 
J/U-shaped associations in terms of whether either the 
lowest and highest ferritin serum concentrations re-
lated to MetS and its components. The reason to addi-
tionally conduct the approach # 1 was for comparability 
purposes, by providing information on association pat-
terns in a similar way as it was evaluated in all previous 
studies.

The shape of the SF-MetS association was also graph-
ically examined via cubic spline analyses for each sex/
menopausal status group. First, we log-transformed 
ferritin values and calculated sex/menopausal group-
specific Z scores (standard deviation units) of the nor-
malized variable to obtain a comparable distribution 
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across sex/menopausal groups, since ferritin distribu-
tion between these sub-groups is heterogeneous. For 
the cubic spline analyses, we placed three knots at the 
25th, 50th, and 75th percentiles and used the median 
as the reference. We conducted the above analyses in 
the whole sample and also a sensitivity analysis after 
excluding individuals with ID (ferritin <15 μg/L)21 and 
clinically relevant high SF (ferritin >200 μg/L in women 
and 300 μg/L in men).22 No strategy for data imputation 
was carried out because the excluded individuals with 
missing values represented only the 3.5% of the original 
sample of the project.

All analyses were processed using STATA 8.0 soft-
ware (Statistics/Data Analysis, Stata Corporation, 
4905 Lakeway Drive, College Station, TX 77845, USA, 
800-STATA-PC).

3   |   RESULTS

Table  1 describes the study variables from the VIKING 
I study The prevalence of overweight and obesity was 
70% and 24.%, respectively. The prevalence of MetS was 
18.3% in the whole sample of individuals. In comparison 
with premenopausal women (PreMW) and postmeno-
pausal women (PostMW), men had higher BMI, SF and 
transaminases levels, and higher prevalence of increased 
triglycerides and glucose levels, as well as higher preva-
lence of CVD. PostMW had higher fibrinogen levels and, 
a higher prevalence of increased WC than PreMW and 
men. Meanwhile, PreMW had a higher prevalence of low 
HDL cholesterol and a higher proportion of alcohol drink-
ers than PostMW and men. Along with men, PreMW had 
a higher proportion of current smokers than PostMW. 
Prevalence of MetS and diabetes was more common in 
PostMW and men than in PreMW.

ID and anaemia, as expected, were more common 
in PreMW (22.6% and 3.1%) than in PostMW (5.9% and 
1.8%) and men (1.6% and 3.4%). Ferritin levels were sig-
nificantly higher in men than in PostMW and PreMW, 
and PostMW had higher SF than PreMW (Table 1). SF 
was higher in individuals with MetS than in those with-
out MetS (median and interquartile range: 78 [39–124] 
vs. 53 [28–90] μg/L, p <.001). Ferritin levels (median 
and interquartile range) were also statistically signifi-
cantly higher in subjects with MetS in each sex and 
menopausal status category (PreMW: MetS [prevalence 
8.6%] 31 [16–64] μg/L vs. No MetS 2515–40 μg/L, p =.047; 
PostMW: MetS [prevalence 22%] 68 [32–95] μg/L v. No 
MetS 57 [37–78] μg/L, p =.016; Men: MetS [prevalence 
22.2%] 111 [63–163] μg/L v. No MetS 87 [57–129] μg/L, 
p =.001).

SF significantly increased throughout age groups [me-
dian and interquartile range: <40 years: 41 (22–74) μg/L; 
40–59 years: 53 (27–98) μg/L; ≥60 years: 71 (44–114) μg/L. 
p <.001].

3.1  |  Associations with MetS and its 
components (lowest quartile of ferritin 
as the reference)

In unadjusted and partially-adjusted analyses adjusting 
for age, alcohol consumption/smoking and inflamma-
tory and liver injury markers, the highest ferritin levels 
were positively associated with MetS in men (Table  2). 
However, after further adjustment for BMI, this associa-
tion did not remain statistically significant. Similar pat-
terns were observed in associations with individual MetS 
components such as Low HDL-C, increased WC and 
high fasting glucose and triglycerides in men (Table S1). 
In the case of PreMW and PostMW, when levels of fer-
ritin in the highest quartile were compared to levels in 
the lowest quartile there were no significant associations 
with MetS either unadjusted, partially, or fully adjusted. 
Nevertheless, in PostMW, there was a consistent signifi-
cant persistent association of lower prevalence of MetS 
among people with ferritin in the second lowest quartile 
than those in the lowest quartile. A similar pattern was ob-
served for low HDL-C and HBP in PostMW in unadjusted 
and fully-adjusted models (Table S1). Proportions with ab-
dominal obesity progressively increased with increasing 
ferritin quartiles in PostMW women (Table S1).

3.2  |  Associations with MetS and its 
components (middle quartiles 2 and 3 of 
ferritin as the reference)

Both extremes of ferritin levels remained statistically signifi-
cantly associated with MetS in all models in PostMW when 
compared with the combined middle quartiles (Table 3). A 
nonstatistically significant similar pattern was also observed 
in PreMW after adjustment for BMI. The lowest quartile 
compared to. quartiles 2–3 was consistently and positively 
associated with MetS prevalence although without reaching 
statistical significance (Table 3). The association in PostMW 
was U-shaped between ferritin levels and low HDL-C, a par-
tially significant U-shaped association was observed with 
HTG level (Q4 vs. Q2-Q3 of ferritin fully adjusted OR [95% 
CI] 1.91 [1.04–3.2] p =.037; Q1 vs. Q2-Q3 fully adjusted OR 
[95% CI] 1.18 [0.59–2.34] p =.624) and a trend for association 
between lowest SF (vs. middle levels) and HBP (OR [95% CI] 
1.52 [0.92–2.51] p =.095) (Table S2).
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We conducted additional adjustments for prevalent 
CVD and diabetes but this did not substantially modify 
the effect estimates for the associations.

3.3  |  The shape of ferritin-MetS 
association

The cubic spline analyses confirmed the patterns previ-
ously described by comparing SF quartiles. In the whole 
sample of PostMW, a U-shaped pattern was observed 
(Figure  1C) and this was accentuated when cases with 
ID and clinically increased SF were removed (Figure 1D). 
The association of lower ferritin with MetS seems to begin 
from −0.5 SD units of log-ferritin (36 ug/L) and the as-
sociation between higher SF and MetS become evident 
from approximately +0.8 SD units of log-ferritin (89 ug/L) 
(Figure  1D). A similar pattern occurred in PreMW, in 
which a trend of association between lower ferritin and 
MetS was identified in the sample with SF within the nor-
mal range (Figure  1A,B). The enhanced associations in 
PreMW and PostMW women after excluding women with 
ID and clinically increased SF may be due to the small 
number of cases with extremely low or high SF distorted 
the SF-MetS association. In men, no association between 
SF as a continuous variable and MetS was observed in ei-
ther the whole sample or after the sensitivity analysis ex-
cluding individuals with extremely low and increased SF 
(Figure 1E,F).

4   |   DISCUSSION

In this study, we found that the association between fer-
ritin and MetS differed by sex/menopausal status. In 
PostMW, SF had a U-shaped association pattern with MetS 
and several of its components, while in men there were 
positive associations markedly influenced by BMI. These 
findings suggest that the ferritin-cardiometabolic risk re-
lationship differ within as well as between (as described in 
the introduction) populations and that nonlinear associa-
tions should be explored for sex and menopausal status 
sub-groups. Further research reporting the association in 
populations not examined so far is warranted.

In the PostMW in our study, either high or low SF lev-
els were associated with higher odds of MetS. In terms of 
high ferritin levels and MetS, our findings replicate previ-
ous similar association patterns reported in several stud-
ies.10 However, whereas those studies compared extremely 
high and low ferritin levels, in our study higher ferritin 
levels only reached a significant association with MetS 
when these were compared with middle concentrations of 
ferritin. On the other hand, it was not feasible to directly n
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contrast our finding of additional low ferritin-MetS associ-
ation in PostM-W because J or U-shaped associations were 
not tested in previous studies. Nevertheless, higher odds 
of MetS and/or specific MetS components in the lowest 
quantile of ferritin (vs. intermediate quantiles) have been 
identified in some studies particularly among PreMW or 
PostMW. Cho et al. and Lee et al. reported trends of lower 
odds for MetS in quartile 2 vs. 1 of ferritin concentration 
in pre and PostMW, respectively (OR: 0.65 confidence in-
terval [CI] 0.39–1.09).7,9 In addition, Yoon et al. described 
a higher incidence of MetS in the lowest tertile of ferritin 
levels (16.2%) vs. tertile 2 (12.2%) in PostMW.23 Similarly, 
in U.S. PreMW and Korean women, the likelihood of in-
creased triglycerides and increased blood pressure was 
lower in ferritin quartile 2 vs. quartile 1.8,9 In other studies 
there was no evidence for an inverse association between 
ferritin and cardiometabolic risk variables.24,25

The graphical analyses to evaluate the shape of the SF-
MetS association supported the results found via compar-
isons of extreme vs. middle categories of SF concentration 
in PostMW. This was also partially supported by the pat-
tern in PreMW, which showed a trend for a relationship 
between lower SF and MetS. The above patterns were 
particularly evident after the exclusion of the small num-
ber of cases with extremely low (ID) and high (clinically 
increased) SF that presumably distorted the association 
observed within the intermediate range. This observation 
suggests that low and high levels of SF within the normal 
range are linked to cardiometabolic risk. However, ID 
might be potentially present in individuals with SF above 
15 ug/L (WHO cut-off for ID),21 since a higher cut point of 
<30 ug/L has been proposed for moderate ID.26 PostMW 
with lower iron status regardless of ID thresholds might 
be more likely to have higher cardiometabolic risk.

The pattern of low and high ferritin concentration re-
lated to MetS identified in PostMW could be explained in 
terms of SF ranges. PostMW have intermediate iron sta-
tus, not as low as in PreMW and not as high as in men. 
In this way, disturbances in both directions to the SF dis-
tribution would be more likely to show associations with 
health outcomes. This could be additionally related to 
the metabolic transition that includes marked iron status 
changes. While some PostMW still carry effects of previ-
ous low iron or iron-deficient status, other women with 
previous adequate iron stores might experience iron ex-
cess and its prooxidant collateral effects in the postmeno-
pausal stage. However, this hypothesis should be properly 
tested in large and representative samples of women with 
trajectories of changes in iron status throughout premeno-
pausal, perimenopausal and postmenopausal stages.

Increased iron status in PostMW is mainly inferred 
from the cessation of iron loss due to menstrual bleeding, 
which occurs during the female reproductive stage. It is T
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F I G U R E  1    Legend on next page
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not clear whether changes in oestrogen levels during the 
transition from premenopausal to postmenopausal stages 
affect iron status. For instance, an in vitro study showed 
inhibition of hepcidin synthesis when human liver cells 
were exposed to 17β-estradiol, and hepcidin is a peptide 
hormone that downregulates intestinal iron absorption.27 
This effect might be a compensatory mechanism in the 
premenopausal stage to increase intestinal iron uptake 
and counterbalance iron losses during the menstrual 
cycle.27 In contrast, a study reported lower iron status in 
post-reproductive age women undergoing hormone re-
placement therapy (HRT) compared to those without this 
therapy.28 This finding could imply a differential pattern 
in the oestrogen-iron status link according to reproductive 
and post-reproductive age. Our study lacked information 
on HRT, and future studies should evaluate this covariate 
in the relationship between SF and other iron biomarkers 
with cardiometabolic risk in PostMW.

Both ID and excess have been linked to glucose and 
fat metabolic disturbances in animal and in vitro models. 
Molecular mechanisms of iron excess appear to be clearer 
than those of iron-deficiency. In vitro and animal models, 
iron excess seems to increase oxidative damage in insulin 
signalling, and interferes with GLUT transporters trans-
location in the cell membrane, predisposing to insulin re-
sistance and hyperglycemia.11 These molecular alterations 
are consistent with the broad body of literature linking 
increased SF and higher risk of diabetes in many popula-
tions and cohorts.1,2

Although experimental in  vitro evidence points out 
the negative effects of iron overload on vascular function 
and the development of atherosclerotic plaque via oxida-
tive stress,29,30 previously reviewed prospective evidence 
does not support a specific independent epidemiological 
association between iron excess and the onset of CVD 
in the general population.13 Moreover, individuals with 
hereditary hemochromatosis, a disease characterized 
by extreme iron overload, do not show any increased 
incidence of atherosclerosis.31 Similarly, to date, there 
is no clear equivalence between SF and the amount of 
free circulating iron in blood in relation to atherogen-
esis. In the absence of infection and/or inflammation, 
SF reflects tissue iron stores and much higher stores 
might indicate a higher cellular synthesis of ferritin in 
response to constant exposure to free iron.4,5 This intra-
cellular free iron is primarily in the pro-oxidant ferrous 

form and ferritin has an enzymatic domain that cataly-
ses the conversion of ferrous iron into the ferric ion to 
store it in this nondamaging form.4 Therefore, if a direct 
link between high SF and disrupted vascular function 
exists, it might be supported more by insulin resistance-
derived effects than by direct atherogenic effects of iron. 
In this way, the role of iron in atherogenesis could be 
more contributory than etiological, but this understand-
ing remains debatable until deeper studies can probe 
which iron sources (systemic, tissue or macrophage 
iron) worsen atherosclerotic plaque.31

On the other hand, hyperinsulinemic, hyperglycemic 
and dyslipidemic effects of an iron-deficient diet have 
been reported in rats.32 These effects were linked to a 
concurrent increase in lipogenic gene expression and a 
decrease in gene expression related to β-oxidation in both 
the liver and skeletal muscle. In a recent study conducted 
on mice, dietary ID was associated with decreased SF lev-
els, increased weight gain and insulin resistance (159%, 
p <.01), partly attributed to reduced activation of AMP-
activated protein kinase.33

In 170 adults, significant disparities (p <.001) were 
observed between control subjects and those with ID in 
their average insulin levels (68.7 ± 0.5 vs. 100.0 ± 2.0 pmol/
dL) and insulin-to-glucagon ratio (IGR, 4.0 ± 0.1 vs. 
19.5 ± 2.1).34 Similarly, a very recent mendelian rando-
misation analysis of the UK Biobank showed that higher 
levels of iron biomarkers had moderate protective effect 
for coronary artery disease.35 These same biomarkers lev-
els showed an adverse effect for T2D, implying a dual be-
haviour of iron metabolism with regard cardiometabolic 
risk.

ID has been also related to hemodynamic alterations 
related to raised blood pressure. Intracellular ID in pul-
monary arterial smooth muscle cells from genetically 
modified rats triggered overexpression of vasoconstrictor-
endothelin and consequently pulmonary arterial hyper-
tension.36 In addition, maternal ID has been shown to 
program hypertension in rats' offspring via reduction ef-
fects in renal cortex angiotensin II receptor type 2 and an 
increase in renal cortex angiotensin II receptor type 1 and 
angiotensin-converting enzyme abundance.37 Ferritin is 
also involved in the suppression of a strong inhibitor of 
angiogenesis, HKa and thus low ferritin concentrations 
might be harmful to the integrity of vascular tissue con-
centration. Similarly, low-birth infants supplemented with 

F I G U R E  1   Cubic spline analysis for the shape of the association between serum ferritin (standard deviation (SD) units of log-
transformed values) and metabolic syndrome by groups of sex and menopausal status. A, C, and E are analyses in the whole groups of sex 
and menopausal status. B, D, and E are analyses excluding individuals with either iron deficiency (Ferritin <15 ug/L) and excess (Ferritin 
>200 ug/L in women, >300 ug/L in men). *Values in parenthesis are the equivalent ferritin concentrations of the SD units. Blue line is the 
value of the odds ratio, red line is the null value1 of the association, and dot lines are the upper lower limits of the confidence interval for the 
odds ratios.
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iron during the first six life months exhibited significantly 
lower blood pressure values at the age of 7 in comparison 
with nonsupplemented low-birth infants.38

Applying a conventional approach of progressive 
comparison throughout SF quartiles, did not identify a 
significant association between higher ferritin levels and 
MetS in any of the sex/menopausal status subgroups. 
Although in general, we identified a pooled positive sig-
nificant association between ferritin and MetS in a pre-
vious meta-analysis,10 our negative finding in the Viking 
I study is similar to those of several studies. Zelberg et al. 
did not find a significant association in the Israeli pop-
ulation,39 and Kilani et  al., in men or women.40 Other 
studies have failed to find significant associations in men 
particularly, those who have much higher iron stores than 
women.8,9,41,42 Similarly, some studies have reported as-
sociations in women but not in men and others have re-
ported the opposite pattern.10

A nonsignificant progressive increased likelihood of 
MetS across categories of ferritin concentration in this 
Scottish study could be explained if there is a threshold ef-
fect in the association between ferritin and MetS. A study 
in Spanish men found that the relationship between fer-
ritin and MetS and its components was nonlinear.43 The 
lower ferritin levels in Scottish than Spanish populations 
may mean that it is not possible to identify a threshold ef-
fect since the studies that found associations between ferri-
tin and most or all of the MetS components often reported 
much higher ferritin levels. For example, the 60th and 
80th percentile of ferritin in the Spanish study (181 and 
261 μg/L, respectively)43 were higher than those for men 
in the present study (108 and 151 μg/L). Higher median 
(interquartile range) of 318 (221–459) and 152 (107–212) 
μg/L were reported in Chinese and Korean men, respec-
tively,44,45 compared to that in men from the VIKING I 
study (90 [58–138] μg/L). Removing cases with anaemia 
or ID in our study population did not explain these differ-
ences in ferritin concentrations. In addition, the observed 
nonassociations in our study were not affected by adjust-
ing for anaemia (data not shown). SF levels might have 
been too low to trigger a significant independent associa-
tion with MetS or several of its components.

Another reason for the general lack of independent 
associations between higher SF and MetS in this Scottish 
population could be, at least partially, related to the high 
prevalence of confounding factors. BMI values affected 
the associations found in men and PostMW. BMI is 
widely associated with T2D and CVD,46 and also posi-
tively influences ferritin levels47 through mechanisms 
of excess adiposity-related inflammation48 or insulin 
resistance.49 Similarly, although to a lower extent, obe-
sity also can lead to ID and anaemia due to chronic in-
flammation, even in this condition ferritin levels might 

be increased because active sequestering of iron in tis-
sues.48 More than half of the individuals in the VIKING 
study were overweight (70%) or obese (24%). Moreover, 
Scotland has the second highest prevalence of obesity 
among the members of the Organization for Economic 
Co-operation and Development after the United States 
of America, reaching figures of 22% and 24% of Scottish 
men and women, respectively, in 2003.50 Levels of trans-
aminases were an additional attenuating factor of the 
associations. This might be expected since liver injury 
has been associated with cardiovascular risk51 and also 
triggers releasing of intra-hepatic ferritin into the blood-
stream, increasing circulating ferritin levels.52 The link 
between transaminase levels and SF appears to have a 
specific pattern when body mass index and sex/meno-
pausal status is considered. In premenopausal women 
affected by obesity who undertook a hypocaloric diet 
to lose weight, transaminase levels were positively re-
lated to SF both before the intervention and after weight 
changes. This relationship remained unaffected after ad-
justing for the respective weight changes.53 Meanwhile, 
in men in the same study, weight loss led to concomitant 
reductions in SF and transaminase levels.53 However, 
further mechanistic studies are needed to elucidate ad-
ditional pathways explaining the relationship between 
liver function and iron metabolism markers.

The association between ferritin levels and car-
diometabolic risk markers could differ between popu-
lations of different countries owing to genetic and/or 
ethnic differences influencing the amount of body iron 
and interaction with other dietary and nondietary fac-
tors and differences in the distribution of confounding 
factors.

4.1  |  Strengths and limitations

Some limitations of this study have to be mentioned. 
Cause-effect relationships cannot be inferred due to the 
cross-sectional design of the study. MetS components of 
high glucose and triglyceride levels did not include ad-
ditional cases who might have met the criteria if they 
had not been prescribed pharmacological treatment. In 
addition, only SF was available as iron biomarker in the 
VIKING study, and other measurements such as serum 
transferrin or soluble transferrin receptor levels might 
have enriched our analysis and conclusions. Chance find-
ings due to the multi-test nature of the analysis cannot 
be discarded. However, the association patterns found 
were coherent and consistent. We avoided to generate 
artificial p values via Bonferroni correction, and instead 
discussed the plausibility of the findings. Similarly, the 
findings of this study might not be generalisable for other 
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populations until further validation in studies with simi-
lar analysis approach. Particularly, our study population 
showed an unexpectedly significantly higher prevalence 
of cardiovascular disease in men than in postmenopau-
sal women (PostMW). However, markers of cardiometa-
bolic risk had more consistent patterns. For instance, the 
prevalence of metabolic syndrome (MetS) was compara-
ble between men and PostMW, and the insulin resistance 
index (HOMA-IR) was significantly higher in PostMW 
than in men. According to a preliminary brief report of 
the Scottish Burden of Disease in 2019 for the Shetland 
region, the Shetland Islands population appears to exhibit 
a marked difference of -30.6% in the grouped rate of is-
chemic heart disease and early death from this cause com-
pared to the general rate in Scotland.54 The lower cases in 
Shetlanders might influence differences by sex and meno-
pausal status.

To the best of our knowledge, this study appears to be 
the first to describe the association between ferritin and 
MetS in a British population, and examining the shape of 
this association in each subgroup of sex/menopausal sta-
tus. This study would also be the first to report a U-shaped 
association in post-MW.

In conclusion, both low or increased ferritin levels 
were independently associated with MetS in post-MW. 
Increased ferritin, when compared to the lowest levels, 
was not associated with MetS after adjustment for a va-
riety of factors in this Scottish population. BMI markedly 
influenced the ferritin-MetS association. Lower ferritin 
levels in comparison with other populations, may con-
tribute to the lack of independent association between in-
creased ferritin and MetS or its components in most of the 
population if threshold effects of ferritin concentration 
existed in the association. The kind of association between 
SF and MetS could differ between populations of different 
countries owing to genetic and/or ethnic differences influ-
encing the amount of body iron and interaction with other 
dietary and nondietary factors, and differences in the dis-
tribution of confounding variables.

The assessment of cardiometabolic risk might be rel-
evant in individuals with both low and elevated iron 
status, but further research is needed to improve our un-
derstanding of this association. Interventions and treat-
ments should aim to achieve and maintain a normal, 
middle-range iron status to avoid marginal iron excess or 
deficiency. However, this approach might require individ-
ualized strategies due to the wide clinical range of nor-
mal ferritin values. Evaluating historical records of SF and 
other iron markers might help achieve this goal.
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