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Serum ferritin and risk of the metabolic syndrome:
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Ferritin concentrations in circulation reflect iron stores in healthy individuals. However, elevated serum ferritin
(SF) concentrations have recently been implicated in the pathogenesis of the metabolic syndrome (MetS). We aim
to investigate factors associated with elevated SF and to evaluate the association between SF and risk of MetS in
Taiwanese adults. Data was collected from 2654 healthy individuals aged >19 years old, who participated in the
Nutrition and Health Survey in Taiwan (NAHSIT Adults 2005-2008). Mean concentrations of SF were 173+£282
ng/mL (men 2294349 ng/mL and women 1194180 ng/mL). Prevalence proportion of MetS was 34.6% (men
43.1% and women 26.5%). Prevalence proportion of iron overload was 18.6% (men 21.5% and women 15.8%)
and iron deficiency anemia was 5.2% (2.0% for men and 8.3% for women). Individuals with the highest SF tertile
(T3) were more likely to consume higher amount of animal protein (p=0.001), betel nuts (p=0.004), and lower
amounts of carbohydrates (p<0.0001), compared with the lowest SF group (T1). After adjustments, individuals
with the highest SF tertile were associated with risk of MetS compared with those with the lowest (OR=1.724,
95% CI: 1.21-2.45). Serum ferritin concentrations showed a gradient relationship with individual components of
MetS (all p<0.0001). Individuals with the highest SF tertile were significantly associated with fasting serum glu-
cose (OR=2.16, 95% CI: 1.75-2.65) and serum triglyceride (OR=2.58, 95% CI: 1.07-3.22) than those with the
lowest. In conclusions, our results highlight the crucial role of serum ferritin in the pathogenesis of the MetS in

healthy Taiwanese adults.
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INTRODUCTION

The amount of ferritin in circulation normally reflects the
amount of iron stored in the body in healthy individuals.
However, elevated serum ferritin (SF) concentrations
have recently been implicated in the pathogenesis of
many chronic inflammatory diseases including the meta-
bolic syndrome (MetS)."* The first evidence linking iron
to MetS was the observation that patients with hereditary
hemochromatosis were at higher risk of developing type
II diabetes.”” Hemochromatosis is an inherited disorder
commonly associated with European ancestry. Patients
with type 2 diabetes have a high frequency of the C282Y
mutation of the hemochromatosis gene.® The prevalence
of diabetes (23%) and impaired glucose tolerance (IGT)
(30%) increased in hemochromatosis compared with
matched control subjects (0% diabetes and 14% IGT).
Serum ferritin >1000 pg/L at diagnosis is associated with
increased risk for cirrhosis in patients with hemochroma-
tosis C282Y homozygosity in many studies.” Blood let-
ting, resulting in reduced body iron stores (refers to SF
levels), is commonly used in the treatment of hemochro-
matosis. Secondly, increased body iron stores predicted

the development of MetS and diabetes in epidemiologic
studies in healthy individuals of European ancestry'*'
and recently in healthy East Asians.*'? Asians and Pacific
islanders have higher circulating SF compared with Cau-
casians but clinical significances are unclear.'>'* De-
creased SF levels through regular blood donation is asso-
ciated with decreased risk of type 2 diabetes and cardio-
vascular disease.'® Regular blood letting decreased blood
HbAlc levels and improved insulin sensitivity and B-cell
function in type II diabetic patients with high SF levels.
This finding is especially of importance given the fact
that Asians have higher crude and adjusted mean SF than
their Caucasians counterparts.'>'* Thirdly, the link be-
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tween hepatic iron overload and insulin-resistance syn-
drome is commonly observed in patients with nonalco-
holic fatty liver disease.'>"'°

Unlike the role of hepatic ferritin as iron storage pro-
tein, the physiological function of ferritin in circulation is
unclear. The underlying mechanisms lead to the produc-
tion, secretion and uptake of secreted ferritin in the pe-
ripheral remains less understood.'” In conditions of chron-
ic inflammatory diseases, at least three sources may con-
tribute to elevated ferritin in circulation: 1) tissue ferritin
secreted by the Kupffer cells or macrophages;'® 2) tissue
ferritin released from damaged hepatocytes;'” and 3) se-
rum ferritin induced by inflammatory-related mechanisms
such as IL6 and TNF."”° In conditions of chronic hepatic
iron overload, tissue ferritin released from damaged
hepatocytes, kupffer cells or macrophages may contribute
to the elevated ferritin concentrations in the local tissue or
in the peripheral. Circulating ferritin levels may rise inde-
pendently of iron overload in conditions of inflammation,
infection, alcohol abuse, liver diseases, neurodegenerative
diseases, cancer and MetS.

The aim of this study was to evaluate whether SF con-
centrations are independently associated with risk of
MetS in healthy adults by the use of Nutrition and Health
Survey in Taiwan. The objectives of this study were as
follows: 1) to identify the possible factors associated with
elevated SF levels; 2) to assess the association between
SF and MetS; and 3) to examine the association between
SF concentrations and individual components of MetS.

MATERIALS AND METHODS

Study design

The Third National Nutrition and Health Survey in Tai-
wan (NAHSIT 2005-2008, Adults) was funded by the
Department of Health to provide continued assessment of
health and nutrition of the people in Taiwan. The survey
was conducted using a multi-staged, stratified and clus-
tered sampling scheme which includes a wide range of
age groups across the whole of Taiwan. The present study
only analyzed data on adults, aged >19 years old. The
survey divided 358 townships and city districts of Taiwan
into five sampling strata based on geographical location
and population density. Theses strata included the first
northern stratum, the second northern stratum, the central
stratum, the southern stratum and the Eastern stratum.
The five strata were selected for inference to the whole of
Taiwan. This study was approved by the Research Ethics
Committee of Taipei Medical University (201203029)
and Academia Sinica (AS-IRB01-07020). Written in-
formed consent was obtained from all participants.

Sample inclusion and exclusion

A total of 2,808 participants, 1365 male and 1443 female,
were recruited to this study. Exclusion criteria were as
followed: 1) individuals with missing data for clinical
biochemistry, anthropometry and 24 hours dietary recall
(n=20); 2) total calorie intake >5,000 kcal/day or <500
kcal/day (n=19); and 3) Individuals with abnormal serum
ferritin levels (>500 ng/mL) (n=115). As such, a total of
2,654 participants, 1,260 men and 1,394 women, were
selected for analysis.

Data collection

Information on social-demographic variables, family
health history and 24 hours dietary recall were obtained
using a standardized questionnaire. Smoking status was
divided into 3 categories: current smoker, past smoker
and non-smoker. Questions about alcohol intake included
the frequency of alcohol consumption on a weekly basis
and the amount of alcohol consumed was categorized into
4 groups: non-drinker, light drinker (1-20 g/day), moder-
ate drinker (>21-40 g/day) and heavy drinker (>41 g/day).
Measurements of body weight and height, waist circum-
ference and blood pressure were described elsewhere.?!
Waist circumference measurements were taken at the
midpoint between the lower edge of the rib cage and the
top of the iliac crest.”! Dietary intake was estimated by
the 24 hour dietary recall which includes measurement of
household recipes, the individual dietary recall and vali-
dation of individual dietary recall by food models. Die-
tary data on total calorie intake, total iron intake, type of
iron (heme iron and non-heme iron) consumed, intakes of
carbohydrates, protein, fats and oils were obtained from
24-hour dietary recall. All nutrient intakes were energy
adjusted by the residual method.” Details of the data col-
lection and data analysis had been described elsewhere.*

Laboratory measurements

Biochemistry data were obtained from 8 hours fasting
blood samples. Heparinized whole blood was collected
for on-site measurement of hemoglobin. Peripheral ve-
nous blood samples were collected in tubes containing
EDTA, centrifuged at 4°C and stored serum at -80°C until
analysis. Clinical biochemistry included: serum choles-
terol (including total cholesterol, LDL-C and HDL-C),
triglycerides, blood glucose, uric acid, C-reactive protein
(CRP), creatinine, homocysteine, liver function tests
(GOT,GPT), amylase, BUN, alkaline phosphatase and
iron parameters (serum iron, ferritin, TIBC).

Definitions of iron deficiency anemia (IDA) and iron
overload

Iron status was evaluated by serum iron, transferring satu-
ration and serum ferritin concentrations.”* Serum ferritin
was measured using a commercially available electro-
chemiluminescence immunoassay and was quantitated by
the Roche Modular P800. Hemoglobin was measured by
the cyanomethemoglobin method (Merckotest, Merck)
using a portable filter photometer calibrated with hemo-
globin cyanide standard solution (Merck). Serum iron and
TIBC were measured by ferrozine-based colorimetric
method. Percentage transferrin saturation (TS) was calcu-
lated by serum iron/TIBC x 100%. Iron deficiency was
considered if >2 abnormal values of 3 indicators of iron
status: SF <12 ng/mL, TS <15% and hemoglobin <13
mg/dL in men and <12 mg/dL in women. Hemoglobin
cut-off point (men <13 mg/dL and women <12 mg/dL)
was used to define anemia. Iron overload was defined as
serum ferritin >300 ng/mL for men and >200 ng/mL for
women.’

Definition of obesity and the metabolic syndromes
Obesity and overweight were defined based on definitions
used by the Department of Health in Taiwan.”*?® This
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definition is in accordance with the World Health Organi-
zation (WHO)-Asian’s criteria which define overweight
as BMI >24 kg/m” and obese as BMI >27 kg/m”. >’ Cen-
tral obesity was defined as a waist circumference of >90
cm in men and >80 cm in women. Waist circumference
measurements were taken at the midpoint between the
lower edge of the rib cage and the top of the iliac crest.”’
Diabetes was defined as a fasting blood sugar of >126
mg/dL or the use of blood sugar lowering medications.
Hypercholesterolemia was defined as a cholesterol level
>240 mg/dL and hypertriglyceridemia was defined as a
triglyceride level >200 mg/dL. Hypertension diagnosis
was defined according to JNC VII criteria: the blood
pressure (BP) recommendation has been set at >140/90
mmHg or current use of antihypertensive drugs.”®

The Metabolic syndrome as a dependent variable

The metabolic syndrome was defined based on the modi-
fied National Cholesterol Education Program Adult
Treatment Panel III criteria for Asia Pacific.”>*’ Individu-
als with the presence of >3 criteria listed below were
classified with MetS:*® 1) overweight as BMI >24 kg/m’
and obese as BMI >27 kg/m’; 2) waist circumference of
>90 c¢cm in men and >80 cm in women; 3) TG >150
mg/dL; 4) HDL <40 mg/dL for men and <50 mg/dL for
women; 5) systolic BP >130 mmHg or diastolic BP >85
mmHg or current use of antihypertensive drugs; and (6)
fasting blood glucose >100 mg/dL or current use of anti-
hyperglycemic drugs.

Statistical analyses

Statistical analyses were performed using the Statistical
Analysis Systems software (SAS version 9.22; SAS Insti-
tute, Inc). Categorical data presented as number (percent-
age) and continuous data presented as mean (SD). Loga-
rithmic transformation of the data (transferring saturation
and CRP) was used to achieve a normal distribution and
to allow the use of parametric tests. Serum ferritin con-
centrations were divided into tertiles according to sex.
Sex-specific SF cutoffs for tertiles were: 122.5 ng/mL and
230.2 ng/mL for men and 46.7 ng/ml and 122.6 ng/mL
for women. The one-way analysis of variance and chi-
square test were used to compare the differences among
tertile groups of serum ferritin. Multivariable logistic re-
gression models were used to estimate the odds ratio (OR)
and 95% confidence interval (CI) for MetS and it’s indi-
vidual components. P<0.05 was considered statistically
significant.

RESULTS

Baseline characteristics

The mean age of study participants was 54.3+£17.8 yrs old.
Mean BMI was 24.5+4.0 kg/m”. The prevalence propor-
tion of obesity was 40.3 % (men 41.2 % and women
39.3%) and MetS was 34.6% (men 43.1% and women
26.5%). The prevalence proportion of iron overload was
18.6% (men 21.5% and women 15.8%), and IDA was
5.2% (2.0% for men and 8.3% for women). Mean concen-
trations of SF and TS were 1734282 ng/mL (men
2294349 ng/mL and women 119+180 ng/mL) and
34+14.1% (men 37.7+14.3% and women 30.5+12.9%),
respectively. Dietary iron consumption was 14.9£15.6

mg/day (men 16.1+18.6 mg/day and women 13.6£11.7
mg/day). Men consumed higher amount of heme iron
than females (men 4.9+15.6 mg/day and women 3.1+3.9
mg/day).

Association between SF concentrations and potential
confounding variables

The clinical characteristics of the study subjects in rela-
tion to tertile groups of SF are shown in Table 1. The pos-
sible variables which may, directly or indirectly, modu-
late the distribution of SF levels were included in our
analysis. These include: 1) dietary variables; 2) life style
factors; 3) self-reported family health history; 4) inflam-
matory markers; 5) iron parameters; and 6) components
of MetS.

Subjects with the highest SF tertile were older with
higher prevalence of self-reported family health history of
chronic diseases than the lowest (all p<0.001, except cir-
rhosis and hepatitis). With respect to iron parameters,
individuals with the highest SF tertile had higher values
of serum TIBC, % TS, hemoglobin and the lowest preva-
lence rate of IDA (all p<0.001). Regarding life-style fac-
tors, individuals with highest SF tertile were more likely
to consume higher amount of animal protein (p=0.001),
betel nuts (p=0.004), and lower amounts of carbohydrates
(»<0.0001). With respect to metabolic parameters, indi-
viduals with the highest SF tertile had higher values of
BMI, waist circumferences, waist to hip ratio, BP (systol-
ic and diastolic), fasting glucose, total cholesterol, LDL,
triglyceride, BUN, UA, ALK, GOT, GPT, CRP and de-
creased level of HDL (all p<0.001) (Table 1).

Association between serum ferritin concentrations and
MetS

After adjusting for the age, sex, BMI, inflammation (GOT,
GTP, ALK, amylase, BUN, UA, creatinine, homocyste-
ine), lifestyle factors (past smoker, drinking habits and
betel nut consumption), iron status (hemoglobin, IDA)
and self-reported family health history of chronic diseases
(hyperlipidemia, fatty liver disease, hypertension, diabe-
tes mellitus); the adjusted OR and 95% confidence inter-
val (CI) for MetS for individuals with the highest SF ter-
tile compared with those with the lowest was 1.72 (1.21-
2.45) (Table 2). The multivariable model showed a signif-
icantly graded relationship between SF concentrations
and individual components of MetS (Table 3). Individuals
with the intermediate SF tertile (T2) had increased risk
for abnormal fasting glucose levels (OR=1.3, 95% CI:
1.06-1.58) and serum triglyceride (OR=1.57, 95% CI:
1.25-1.97) than those with the lowest SF tertile. The risk
for individual components of MetS increased with in-
creasing tertile groups of SF (p for trend <0.0001). Com-
ponents such as fasting glucose concentrations (OR=2.16,
95% CI: 1.57-2.66), serum triglyceride (OR=2.58, 95%
CI: 2.07-3.22), serum HDL-cholesterol (OR=1.68, 95%
CI: 1.35-2.08) and waist circumference (OR=1.68, 95%
CI: 1.34-2.12) were most affected by a sharp rise in SF
levels (Table 3).

DISCUSSION
To our knowledge, this cross-sectional, population-based
study is the first to clarify the association between body
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Table 1. Baseline characteristics of participants aged >19 years presented by tertile groups of serum ferritin level (n=2654)

Serum Ferritin, Tertile Serum Ferritin, Tertile
T1 (n=881) T2 (n=885) T3 (n=888) p for trend T1 (n=881) T2 (n=885) T3 (n=888) p for trend
Waist, cm 81.0+11.1 83.0+11.3 86.0+9.9 <0.001 CREA, mg/dL 0.86+0.42 0.85+0.36 0.87+0.47 0.764
W/H ratio 0.87+0.09 0.88+0.08 0.91+0.08 <0.001 Homocysteine, pmol/L 13.2+8.1 12.4+6.0 12.9+6.5 0.33
Iron status assessment ALK, mg/dL 67.4+£21.2 71.9£22.4 77.2+£26.9 <0.001
TIBC, pg/dL 344 £53.9 310+£39.4 304+43.4 <0.001 GOT, IU/L 21.8+13.9 22.449.4 29.7£26.7 <0.001
Ferritin, ng/mL 46.2+34.7 126 £51.9 347+431.3 <0.001 GPT, IU/L 18.3£14.2 21.0£16.2 29.4+29.7 <0.001
Log Transferrin saturation, 28.7+14.0 34.8+12.1 38.2+£14.3 <0.001 Nutritional Intake (24 hours dietary recall)
Hemoglobin, ug/dL 13.2+1.8 13.7£1.4 13.9+1.6 <0.001 Vit B-1, mg/day 1.22+0.02 1.18+0.02 1.19+0.02 0.462
Iron deficiency (n, %) 47(5.37) 6(0.68) 5(0.56) Vit B-2, mg/day 1.36+0.03 1.37+0.03 1.33+0.03 0.549
Iron deficiency anemia (n, %) 81(9.26) 0 0 <0.001 Vit B-6, mg/day 1.80+0.03 1.82+0.03 1.82+0.03 0.652
Family health history Vit B-12, mg/day 5.9+0.5 6.9+0.5 6.6+0.5 0.34
Hypertension (n, %) 244(27.7) 266(30.1) 354(39.9) <0.001 Vit C, mg/day 17345 17045 17545 0.793
Hyperlipidemia (n, %) 38(4.8) 70(8.91) 118(14.84) <0.001 Vit D, ug/day 7.3£0.4 8.3£0.4 8.0£0.4 0.208
Diabetes mellitus (n, %) 214(24.3) 269(30.40) 375(42.23) <0.001 Total iron, mg/day 14.940.5 15.4+0.5 14.6+0.5 0.604
Hepatitis (n, %) 52(6.21) 56(6.67) 75(8.77) 0.021 Plant iron mg/day , 11.1+0.3 10.4+0.3 10.3+0.3 0.077
Fatty liver (n, %) 31(3.91) 49(6.19) 81(10.14) <0.001 Animal iron mg/day 3.5£0.4 4.6+0.4 4.0+0.4 0.389
Cirrhosis (n, %) 5(0.63) 1(0.13) 4(0.51) 0.353 Plant/animal iron 10.5+1.6 9.5+1.7 14.0+1.6 0.131
Biochemistry serum value Total protein, g/day 75+0.9 77£0.9 78+0.9 0.055
Sytolic BP, mmHg 115£19.6 117+18.4 123+18.1 <0.001 Plant protein g/day 35+0.6 35+0.6 32+0.6 0.445
Diastolic BP, mmHg 70.3£11.8 71.0£11.2 73.1£11.6 <0.001 Animal protein g/day 37+£1.0 38+£1.0 41£1.0 0.001
Total cholesterol, mg/dL 186 +37.3 193 +35.0 201+42.0 <0.001 Protein/calorie, g/Kcal 0.041+0.000 0.042:+0.000 0.042:+0.000 0.017
LDL cholesterol, mg/dL 117 +£33.6 123 +33.4 127+439.8 <0.0001 Fat, mg/day 64+0.9 63+0.9 63+0.9 0.558
Triglyceride, mg/dL 109 +75.8 125 +81.0 157+116 <0.001 Fiber, g/day 17+0.4 17+0.4 16+0.4 0.052
HDL cholesterol, mg/dL 55.6+15.6 53.8+15.1 51.0+14.5 <0.001 Carbohydrate, g/day 244+2 24042 23142 <0.001
Fasting glucose, mg/dL 106 +32.7 108+31.4 120+43.5 <0.001 Life style factors
Amylase, mg/dL 68.0+24.8 68.6+25.5 69.1+37.5 0.427 Betel nuts use (n, %) 69 (8.4) 69 (8.2) 102 (12.3) 0.004
BUN, mg/dL 14.5+5.6 15.2+6.7 16.1+5.8 <0.001 Alcohol use (n, %) 307(37.2) 298 (35.6) 319 (38.3) 0.323
UA, mg/dL 5.8+1.7 6.0+1.7 6.4+1.8 <0.001 Past smoker (n, %) 119 (14.4) 99 (11.8) 98 (11.8)
Log CRP, ng/mL -0.90+0.35 -0.86+0.37 -0.784+0.39 <0.001 Current smoker (n, %) 148 (6.0) 148 (17.7) 170 (20.4) 0.06

TCategorical data presented as number (%); continuous data presented as mean + SD; transferring saturation and CRP were log transformed due to the skewed nature of data
The p for trend by analysis of variance test for continuous variables and chi-square for categorical variables.
'Serum ferritin tertile by gender: men:: 121.5 ng/mL and 230.2 ng/mL; women: 46.7 ng/mL and 122.6 ng/mL
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Table 2. Odds ratio and 95% confidence intervals for MetS according to tertile groups of serum ferritin level

Serum Ferritin, Tertile

T ) T3 p for trend
Model I Ref 1.35(1.08-1.68) 2.36(1.91-2.93) <0.0001
Model IT Ref 1.34(1.03-1.75) 1.92 (1.47-2.49) <0.0001
Model IIT Ref 1.28 (0.98-1.68) 1.89 (1.44-2.47) <0.0001
Model IV Ref 1.27(0.94-1.72) 2.01(1.47-2.75) <0.0001
Model V Ref 1.20 (0.85-1.68) 1.72 (1.21-2.45) 0.0049

Serum ferritin tertile by gender: Male: 121.5ng/m1/230.2 ng/ml; Female: 46.7 ng/ml & 122.6 ng/ml

*Model I: adjusted for age and sex

*Model II: adjusted for Model I and family history of chronic disease (4 covariates: hyperlipidemia, fatty liver disease, hypertension, diabetes

mellitus)

*Model III: adjusted for Model II and lifestyle factors (3 covariates: past smoker, drinking habits, betel nut consumption)
*Model IV: adjusted for Model III and iron status (2 covariates: hemoglobin, iron deficiency anemia)
°Model V: adjusted for Model IV and inflammation (9 covariates: GOT, GPT, ALK, Amylase, BUN, UA, Creatinine, CRP, homocysteine)

Table 3. Adjusted odds ratio and 95% confidence intervals for the individual components of MetS by serum ferritin level

Serum Ferritin, Tertile

Components of the metabolic syndrome 1 T T3 p for trend
Blood pressure >135/85 mmHg Ref 0.94 (0.75-1.18) 1.33 (1.06-1.66) 0.003
Fasting serum glucose >110 mg/dL Ref 1.30 (1.06-1.58) 2.16 (1.75-2.66) <0.001
Triglyceride >150 mg/dL Ref 1.57 (1.25-1.97) 2.58(2.07-3.22) <0.001
HDL, men: <40 mg/dL, women: <50 mg/dL Ref 1.19 (0.96-1.49) 1.68 (1.35-2.08) <0.001
Waist circumference, men: > 90 cm, women: >80 cm Ref 1.18 (0.94-1.49) 1.68 (1.34-2.12) <0.001

T Adjusting for age and sex

iron store and risk of MetS in healthy Taiwanese adults.
Our results confirm that high SF concentrations are
strongly associated with MetS. This association was in-
dependent of age, sex, BMI, inflammation, lifestyle fac-
tors, iron status and family history of chronic diseases.
Our data also indicate a strong relationship between SF
and fasting glucose concentrations. We found individuals
with intermediate SF tertile (T2) had 1.3 times (95% CI:
1.06-1.58) higher risk for developing high blood glucose
and this risk increased to 2.16 times (95% CI: 1.57-2.66)
for individuals with SF at T3. Our studies are in agree-
ment with studies of individuals of European ancestry,'*"!
middle-aged and elderly Chinese’ and South Koreans.
Ryoo and colleagues™'? also found a significantly graded
relationship between fasting glucose and quartile groups
of SF in healthy middle-aged Korean men. Sun et al re-
ported 3.26 times (95% CI: 2.36-4.51) higher risk for
developing type 2 diabetes and 2.8 (95% CI: 2.24-3.49)
times higher risk for developing MetS for individuals
with the highest SF quartile compared with those with the
lowest.’

Currently, molecular mechanisms underlying elevated
SF to type 2 diabetes are unclear. It has been suggested
that formation of hydroxyl radicals catalyzed by iron may
be involved in the etiology of diabetes because iron-
mediated free radical can attack cell membrane and in-
creased lipid peroxidation, contributing to DNA fragmen-
tation and tissue damage.® Recently, the role of SF on
adipose tissue has attracted a lot of attention. A study in
the Chinese population showed that SF predicts trunk fat
mass.”’ Another study found that SF inversely correlated
with adiponectin.®> Adiponectin is insulin-sensitizing
adipokine which is decreased in people with obesity.*
Mice fed with iron rich diet had altered body composition
and decreased adiponectin synthesis by adipocyte.’* Tak-

3,12

en together, iron is essential for all living organisms;
however, no physiologic mechanism of iron excretion in
human exists. Therefore, excessive iron deposits through-
out the body may have complex and multiple effects on
organs or cells.

Dietary iron intake and disease risk

In our study, the amount of dietary iron consumed (total
iron or heme iron) did not associate with SF tertile. How-
ever, a positive correlation between dietary iron intake
(total iron or heme iron) and individual components of
MetS was found (data not shown). Iron absorption must
be closely regulated to maintain iron balance because
humans cannot excrete surplus iron other than by hemor-
rhaging.”® Because dietary intake of iron is an important
determinant of body iron stores, higher intake of iron may
be associated with an elevated risk of MetS. Heme iron
intake, but not total iron or non-heme iron, was associated
with risk of type 2 diabetes in healthy women in a 20
years follow-up study.”® Women who consumed iron
>2.25 mg/day had 1.5 fold increased risks for type 2 dia-
betes than those who consumed <0.75 mg/day (RR=1.52,
95% CI: 1.22-1.88). Human obtained dietary iron in two
forms: non-heme and heme iron. It is now well under-
stood that the absorption of heme iron is relatively unaf-
fected by other dietary factors compared with the absorp-
tion of non-heme iron. Dietary components such as heme
iron, supplementary iron, dietary vitamin C, animal pro-
tein, copper and alcohol were positively associated with
iron stores,’’ whereas coffee, phytic acid, oxalic acid, zinc,
calcium had negative association.”® Negative association
is mainly due to the inhibition of non-heme iron absorp-
tion.

SF concentrations and inflammation
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A sharp rise in SF levels in middle-aged adults and elder-
ly could be due to the high prevalence of inflammatory
diseases. SF concentration normally reflects body iron
stores in healthy individuals. However, SF is also an
acute-phase protein and abnormal SF levels are common-
ly associated with chronic inflammation. As a result, ab-
normal SF might reflect systemic inflammation rather
than body iron stores. Because SF levels are frequently
cluster with well-established risk factors for MetS, we
included most of the potential confounding factors that
are known to associate with elevated SF in our study.
Our result indicates that association between SF levels
and MetS in Taiwanese adults is independent of obesity
(BMI), inflammation, life style factors and family health
history. However, we cannot rule out residual confound-
ing effects due to failure to adjust other inflammatory
conditions.

Limitation of the study

Our study is limited by the small sample size and con-
fined by the nature of cross-sectional study. In order to
understand the casual relationship between SF concentra-
tions and MetS, longitudinal studies are necessary in or-
der to understand if changes in iron store over time pre-
dict disease susceptibility in a healthy population. Due to
the restricted sample size, we decided not to exclude in-
dividuals with self-reported healthy histories for fatty
liver, cirrhosis, hepatitis, hypertension, hyperlipidemia
and diabetes mellitus, all of which are known to cause
hyperferritinemia. Instead, we used SF >500 ng/ml as cut-
off point to exclude individuals with abnormal SF and
adjust health history as potential confounding factor in
the model. In addition, the use of the 24-hours dietary
record may not be of sufficient length to obtain reliable
data on iron intakes. A 12-days dietary record is consid-
ered the shortest time in which iron intake can be as-
sessed to within 10% of the actual iron intake compared
with food weights measurements.” Due to a wide varia-
tion in geographical location and limitation in workforce,
our NAHSIT were unable to conduct longer dietary sur-
vey other than 24 hours. Finally, although not measured,
the adiposity-related factors (e.g., leptin, adipokines),
erythropoiesis (e.g., growth hormones and erythropoietin)
and the iron regulatory element may play a role in iron
metabolism through the action of hepcidin. Hepcidin is
the master iron regulator which controls the iron uptake in
the duodenum, iron release from macrophage and liver,
and erythropoiesis process. Accumulation of iron in the
liver may cause oxidative tissue damage by catalyzing the
formation of free radicals. Oxidative stress and inflamma-
tion are known to activate ferritin at mRNA and protein
levels,?® and therefore, contribute to hyperferritinemia and
disease risk.

In conclusion, our study confirms that SF is associated
with an increased risk of MetS in healthy Taiwanese
adults independent of obesity, inflammation and life-style
factors.
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