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Association of Serum Ferritin and the
Development of Metabolic Syndrome
in Middle-Aged Korean Men
A 5-year follow-up study
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RESEARCH DESIGN AND METHODSdA MetS-free cohort of 18,022 healthy Korean
men, who had participated in a medical health checkup program in 2005, was followed until
2010. MetS was deﬁned according to the joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention. Cox proportional hazards models were
performed.
RESULTSdDuring 45,919.3 person-years of follow-up, 2,127 incident cases of MetS developed between 2006 and 2010. After adjusting for multiple covariates, the hazard ratios (95% CI)
for incident MetS comparing the second quintile to the ﬁfth quintile of serum ferritin levels versus
the ﬁrst quintile were 1.19 (0.98–1.45), 1.17 (0.96–1.43), 1.36 (1.12–1.65), and 1.66 (1.38–
2.01), respectively (P for trend ,0.001). These associations were apparent in the clinically
relevant subgroup analyses.
CONCLUSIONSdElevated serum ferritin levels were independently associated with future
development of MetS during the 5-year follow-up period.
Diabetes Care 35:2521–2526, 2012

I

ron is a ubiquitous metal of vital
importance to the normal physiologic
processes of many organisms (1). The
serum ferritin concentration reﬂects iron
stores in the body (2).
There have been several studies that
showed the signiﬁcant association between elevated serum ferritin levels and
metabolic disorders. In a population
study of Finnish men, serum ferritin
levels were correlated with fasting serum
glucose and insulin concentrations (3). In

several other studies, elevated serum ferritin concentrations were reported to be
associated with cardiovascular disease (4–
6), essential hypertension (7), insulin
resistance (8,9), diabetes (10,11), gestational diabetes mellitus (12), and central
adiposity (13). In addition, recent studies
showed that serum ferritin levels are
positively associated with the prevalence
of metabolic syndrome (MetS) in
western countries (14,15). In the Asian
population, some studies reported the
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RESEARCH DESIGN AND
METHODS
Study design
A prospective cohort study was conducted in order to investigate the association between serum ferritin levels
and the development of MetS. Study
participants consisted of middle-aged
Korean men undergoing a medical
health checkup program at the Health
Promotion Center of Kangbuk Samsung
Hospital, Sungkyunkwan University,
Seoul, Korea. The purpose of the medical health checkup program is to promote the health of the employees and to
enhance early detection of existing diseases. All employees participate in either
annual or biennial health checkup as
required by Korea’s Industrial Safety
and Health law. Most of the study population is the employees and family members of various companies from all
around the country. The costs of the
medical examinations are largely paid
by their employers. We took advantage
of this opportunity to conduct a followup study.
Study population
The study participants were a total of
43,584 men, from age 30–59 years, who
had visited the Health Promotion Center
at Kangbuk Samsung Hospital for a medical checkup in 2005. Among the 43,584
participants, 25,562 were excluded for
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OBJECTIVEdElevated serum ferritin has been known to be associated with the prevalence of
metabolic syndrome (MetS). However, there was no research to examine whether serum ferritin
levels have been actually associated with the prospective development of MetS. Accordingly, we
carried out a prospective study to evaluate the longitudinal effects of baseline serum ferritin levels
on the development of MetS.

relationship between serum ferritin concentrations and the prevalence of MetS
(16,17). However, most of the studies
have been conﬁned to the cross-sectional
nature. To the best of our knowledge, no
prospective research has been conducted
to evaluate the longitudinal association
between baseline serum ferritin levels
and the development of MetS. Therefore,
we performed this study to assess the longitudinal effects of baseline serum ferritin
levels on the development of MetS
during a 5-year follow-up period in
middle-aged Korean men.

Ferritin and metabolic syndrome
informed consent was obtained from all
subjects (Fig. 1).
Clinical and laboratory
measurements
Study data included a medical history, a
physical examination, information provided by a questionnaire, anthropometric
measurements, and laboratory measurements. The medical and drug prescription
history were assessed by the examining
physicians. All of the participants were
asked to respond to a health-related
behavior questionnaire, which included
the topics of alcohol consumption, smoking, and exercise. The questions about
alcohol intake included the frequency of
alcohol consumption on a weekly basis
and the typical amount that was consumed on a daily basis ($20 g/day). We
considered persons reporting that they
smoked at the time of the questionnaire
to be current smokers. In addition, the
participants were asked about the frequency per week of physical activities
they engaged in that lasts long enough
to produce perspiration such as jogging,
bicycling, and swimming ($1 time/
week). Diabetes was deﬁned as fasting serum glucose level of at least 126 mg/dL or

Figure 1dSelection of study participants.
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the current use of blood glucose–lowering
agents. Hypertension was deﬁned as either
the current use of antihypertensive medication or as having a measured blood pressure (BP) $140/90 mmHg at initial
examinations.
Blood samples were collected after
.12 h of fasting and drawn from an antecubital vein. Serum levels of aspartate
aminotransferase (AST), ALT, and
g-glutamyltransferase (GGT) were measured using Bayer Reagent Packs (Bayer
HealthCare, Tarrytown, NY) on an automated chemistry analyzer (ADVIA 1650
Autoanalyzer; Bayer Diagnostics, Leverkusen, Germany). High-sensitivity Creactive protein (hsCRP) was analyzed by
performing particle-enhanced immunonephelomety using the BN System
(Dade Behring, Marburg, Germany). Insulin levels were measured with immunoradiometric assays (Biosource, Nivelles,
Belgium). Insulin resistance was calculated using the homeostasis model assessment of insulin resistance (HOMA-IR) as
described by Matthews et al. (18): fasting
serum insulin (mU/ mL) 3 fasting serum
glucose (mg/dL)/22.5. Serum creatinine level
was measured using the alkaline picrate
(Jaffe) method. The fasting serum glucose
was measured using the hexokinase
method. Total cholesterol and triglycerides were measured using enzymatic colorimetric tests, LDL cholesterol was
measured using the homogeneous enzymatic colorimetric test, and HDL cholesterol was measured using the selective
inhibition method (Bayer Diagnostics).
Serum levels of ferritin, iron, and total
iron-binding capacity (TIBC) were measured by electrochemiluminescence immunoassay using Modular E170 analyzer
(Roche Diagnostics, Basel, Switzerland).
The BMI was calculated as the weight
(kg) divided by the square of the height
(m2). The WC was measured in the standing position at the level of umbilicus by a
single examiner.
The presence of MetS was made
according to the joint interim statement
of the International Diabetes Federation
Task Force on Epidemiology and Prevention (19). Elevated BP was deﬁned as a
systolic or diastolic BP of $130/85
mmHg; elevated fasting serum glucose
level was deﬁned as $100 mg/dL; high
serum triglyceride levels were deﬁned as
$150 mg/dL; low HDL cholesterol levels
were deﬁned as ,40 mg/dL in men, and
elevated WC was deﬁned as .90 cm in
men. MetS was deﬁned as the presence of
three or more of the above components.
care.diabetesjournals.org
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various reasons: 2,118 had a positive serologic marker for hepatitis B surface antigen; 40 had a positive serologic marker for
hepatitis C virus antibody; 537 had serum
alanine aminotransferase (ALT) level
.100 units/L; 1,364 had a past history
of blood transfusion; 126 had a past history of a malignancy; 180 had a past history of cardiovascular disease; 2,666 were
receiving medication for lipid-lowering
agents; 12 were suspicious to have a history of hemochromatosis based on abnormal values of serum ferritin .800 ng/mL;
14,891 had a baseline missing data of
waist circumference (WC); and 3,628
were diagnosed as baseline MetS at initial
examinations. The total number of eligible
participants was 18,022. We further
excluded 4,938 participants who did not
attend any follow-up visit between 2006
and 2010. Eventually, 13,084 participants were enrolled in the ﬁnal analysis
and observed for the development of
MetS. The total follow-up period was
45,919.3 person-years, and average follow-up period was 3.51 (SD 1.49) person-years. Ethics approvals for the study
protocol and analysis of the data were obtained from the institutional review board
of Kangbuk Samsung Hospital. Written

Park and Associates
Trained nurses obtained sitting BP levels
using a standard mercury sphygmomanometer. The ﬁrst and ﬁfth Korotkoff
sounds were used in order to estimate
the systolic and diastolic BP. Height and
weight were measured after an overnight
fast with the shoeless participants
wearing a lightweight hospital gown.

care.diabetesjournals.org

RESULTSdDuring 45,919.3 personyears of follow-up, 2,127 (16.3%) incident cases of MetS developed between
2006 and 2010. Compared with analytic
cohort (n = 13,084), 4,938 participants
not included in analytic cohort were
aged .0.2 years (43.7 vs. 43.5) and
had a less favorable metabolic proﬁles at
baseline (data not shown).
The baseline characteristics of the
study participants according to the number of baseline MetS-free components are
presented in Supplementary Table 1. The
baseline characteristics of the study participants in relation to quintile groups of
serum ferritin are presented in Table 1. At
baseline, the mean (SD) age and serum
ferritin levels of study participants
were 43.5 (6.3) years and 112.5 (64.1)
mg/dL, respectively. There were clear
dose-response relationships between all
of the listed variables and quintile groups
of serum ferritin levels, with the exception
of systolic and diastolic BP, serum creatinine, current smoking status, and hypertension. BMI, WC, total cholesterol,
triglycerides, LDL cholesterol, fasting serum glucose, HOMA-IR, insulin, hsCRP,
WBC, GGT, AST, ALT, hemoglobin, iron,
transferrin saturation, alcohol intake, diabetes, and development of MetS were
positively associated with quintile groups
of serum ferritin levels, whereas average
person-year, age, HDL cholesterol, TIBC,
and regular exercise were inversely associated with quintile groups of serum ferritin levels.
In contrast to participants without
incident MetS, those with incident MetS
were slightly older (aged 44.3 vs. 43.4
years) and more likely to have the hypertension and diabetes. As expected, all
clinical variables showed statistically signiﬁcant differences between the two
groups (data not shown).
Table 2 shows the HRs and 95% CI
for MetS according to the quintile groups
of serum ferritin levels. In the unadjusted
model, the HRs and 95% CI for MetS
comparing the second quintile to the ﬁfth
quintile versus the ﬁrst quintile of serum

ferritin were 1.14 (0.98–1.33), 1.17
(1.01–1.36), 1.39 (1.20–1.61), and 1.80
(1.57–2.07), respectively (P for trend
,0.001). These associations were also
signiﬁcant even after further adjustments
for covariates in model 1, 2, and 3. In Cox
proportional hazards models adjusting
for age, WBC, GGT, log(hsCRP), HOMAIR, serum creatinine, TIBC, current
smoking status, regular exercise, alcohol
intake, hypertension, and diabetes (model
3), the adjusted HRs and 95% CI for MetS
across baseline quintile groups of serum
ferritin levels were 1.19 (0.98–1.45),
1.17 (0.96–1.43), 1.36 (1.12–1.65), and
1.66 (1.38–2.01), respectively (P for trend
,0.001).
These associations were apparent in
the clinically relevant subgroup analyses
of study participants, according to BP
,130/85 mmHg, fasting serum glucose
,100 mg/dL, triglyceride ,150 mg/dL,
HDL cholesterol .40 mg/dL, WC ,90
cm, AST ,75th percentile, HOMA-IR
,75th percentile, and GGT ,75th percentile (Supplementary Table 2).
CONCLUSIONSdOur recent crosssectional study showed that high serum
ferritin level was independently associated with the prevalence of MetS and its
components among healthy Korean men
(20). However, whether elevated serum
ferritin level is a primary cause or a secondary response of MetS could not be determined from the cross-sectional nature.
Therefore, we performed the prospective
cohort study described in this study with
Cox proportional hazards models. We
observed that baseline elevation of serum
ferritin level was positively and signiﬁcantly associated with the development
of MetS during 5-year follow-up in initially MetS-free middle-aged Korean
men. This association was independent
of age, WBC, GGT, log(hsCRP), HOMAIR, serum creatinine, TIBC, recent
smoking status, alcohol intake, regular
exercise, hypertension, and diabetes.
Furthermore, this association was signiﬁcant even in the clinically relevant subgroup analyses and in participants with
no MetS features at baseline. These results
provide novel evidence for a signiﬁcantly
independent association between serum
ferritin and future development of MetS.
This suggests that high serum ferritin levels may play a causal role in the development of MetS.
Although the pathogenesis between
serum ferritin and the development of
MetS is not clearly understood, oxidative
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Statistical analyses
Data were expressed as means (SD) or
medians (interquartile range) for continuous variables and percentages of the
number for categorical variables.
One-way ANOVA and x2 tests were
used to analyze the statistical differences
among the characteristics of the study
participants at the time of enrollment in
relation to the quintile groups of serum
ferritin levels. Categories of serum ferritin
comprised the following quintiles:
,61.5, 61.5–85.9, 85.9–113.7, 113.7–
155.8, and $155.8. The distributions of
continuous variables were evaluated, and
log transformations were used in the analysis as required.
For incident MetS cases, the time of
MetS occurrence was assumed to be the
midpoint between the visit at which MetS
was ﬁrst diagnosed and the baseline visit
(2005). The person-years were calculated
as the sum of follow-up times from the
baseline until an assumed time of MetS
development or until the ﬁnal examination of each individual. We used Cox
proportional hazards models to estimate
adjusted hazard ratios (HRs) and 95% CI
for incident MetS comparing the highest
four quintiles of baseline serum ferritin
versus the lowest quintile. The data were
adjusted, ﬁrst for age alone and then for
the multiple covariates. In the multivariate models, we included variables that
might confound the relationship between
the serum ferritin and MetS, which include age, white blood cell (WBC), GGT,
log(hsCRP), HOMA-IR, serum creatinine,
TIBC, recent smoking status, alcohol intake, regular exercise, hypertension, and
diabetes.
For the linear trends of risk, the
number of quintiles was used as a continuous variable and tested on each
model. To use the Cox proportional
hazards models, we checked the validity
of the proportional hazards assumption.
Two approaches were used to assess the
validity of the proportional hazards
assumption. First, the assumption was
assessed by log-minus-log-survival
function and found to graphically hold.
Second, to conﬁrm the validity of the

proportional hazards assumption, timedependent covariate analysis was used.
The time-dependent covariate was not
statistically signiﬁcant, suggesting that
the proportional hazards assumption is
not violated (P = 0.182). P values ,0.05
were considered to be statistically signiﬁcant. Statistical analyses were performed
PASW Statistics 18 (SPSS Inc., Chicago,
IL).
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45,919.3
3.51 (1.49)
43.5 (6.3)
23.9 (2.5)
82.6 (6.9)
111.3 (13.1)
76.9 (9.0)
193.4 (30.9)
115 (85–154)
51.7 (10.2)
114.0 (26.3)
96.2 (13.9)
1.9 (1.4–2.4)
8.5 (3.1)
1.13 (0.10)
0.05 (0.03–0.10)
6.3 (1.5)
28 (19–44)
23 (20–27)
24 (18–32)
305.7 (36.8)
15.6 (0.9)
129.6 (47.5)
42.9 (16.3)
40.5
12.8
18.2
2.5
13.3
16.3

8,921.8
3.60 (1.45)
44.0 (6.2)
23.5 (2.5)
81.2 (7.1)
111.4 (13.3)
76.8 (9.2)
190.6 (31.0)
107 (79–142)
52.3 (10.6)
112.0 (26.2)
95.2 (11.2)
1.8 (1.4–2.3)
8.0 (2.9)
1.13 (0.10)
0.04 (0.02–0.09)
6.2 (1.5)
23 (16–35)
22 (19–26)
21 (16–27)
319.4 (41.2)
15.3 (1.0)
125.3 (51.6)
39.9 (17.1)
39.0
10.3
20.1
1.6
12.2
12.8

Q1 (,61.5)
8,688.5
3.51 (1.48)
43.5 (6.2)
23.7 (2.4)
82.1 (6.7)
110.9 (12.8)
76.6 (8.8)
191.3 (30.0)
112 (82–149)
51.7 (10.1)
112.4 (25.6)
95.8 (11.9)
1.8 (1.4–2.3)
8.3 (2.9)
1.13 (0.11)
0.05 (0.02–0.10)
6.2 (1.5)
26 (18–39)
23 (19–26)
22 (17–30)
306.1 (34.2)
15.5 (0.9)
127.7 (47.0)
42.1 (15.9)
39.3
11.7
17.8
2.1
12.5
14.2

Q2 ($61.5, ,85.9)
8,786.4
3.55 (1.46)
43.3 (6.3)
23.8 (2.4)
82.4 (6.8)
111.1 (13.0)
76.6 (8.8)
193.7 (30.7)
113 (85–151)
51.7 (10.0)
114.4 (25.9)
95.6 (12.1)
1.8 (1.4–2.4)
8.4 (3.1)
1.13 (0.10)
0.05 (0.03–0.10)
6.2 (1.5)
27 (19–41)
23 (19–27)
23 (18–31)
303.7 (34.5)
15.5 (0.9)
129.3 (46.7)
42.9 (15.8)
41.7
12.1
18.0
2.0
13.2
14.8

Q3 ($85.9, ,113.7)
8,667.5
3.50 (1.48)
43.4 (6.2)
24.0 (2.5)
82.8 (6.8)
110.8 (13.2)
76.6 (9.0)
194.6 (30.7)
119 (88–157)
51.6 (10.1)
114.5 (26.6)
96.4 (13.5)
1.9 (1.5–2.4)
8.5 (3.2)
1.13 (0.11)
0.06 (0.03–0.11)
6.3 (1.5)
30 (20–46)
23 (20–28)
24 (19–33)
300.7 (34.7)
15.6 (0.9)
131.7 (46.0)
44.2 (15.9)
41.8
14.1
17.6
2.6
12.3
17.2

Q4 ($113.7, ,155.8)

Data are means (SD), medians (interquartile range), or percentages. Q, quartile. *P value by ANOVA for continuous variables and x2 test for categorical variables.

Total person-years
Average person-years
Age (years)
BMI (kg/m2)
WC (cm)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Fasting serum glucose (mg/dL)
HOMA-IR
Insulin (mU/dL)
Serum creatinine (mg/dL)
hsCRP (mg/L)
WBC (3109/L)
GGT (U/L)
AST (U/L)
ALT (U/L)
TIBC (mg/dL)
Hemoglobin (g/dL)
Iron (mg/dL)
Transferrin saturation (%)
Current smoker (%)
Alcohol intake (%)
Regular exercise (%)
Diabetes (%)
Hypertension (%)
Development of MetS (%)

Overall
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Ferritin (mg/dL)

Table 1dBaseline characteristics of participants according to quintile groups of serum ferritin level (N = 13,084)

8,374.4
3.38 (1.51)
43.3 (6.3)
24.5 (2.6)
84.1 (6.9)
111.4 (13.1)
77.3 (9.0)
196.6 (31.3)
127 (94–172)
51.0 (10.3)
115.6 (26.6)
98.1 (18.8)
2.0 (1.5–2.6)
9.1 (3.4)
1.13 (0.10)
0.06 (0.03–0.12)
6.3 (1.5)
35 (23–58)
25 (21–30)
28 (21–40)
297.7 (35.4)
15.8 (0.9)
133.1 (45.0)
45.2 (16.1)
40.4
14.8
17.7
4.2
13.3
21.5

Q5 ($155.8)

,0.001
,0.001
,0.001
,0.001
0.806
0.107
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.445
,0.001
0.003
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.091
,0.001
0.052
,0.001
0.361
,0.001

P value for trend*

Ferritin and metabolic syndrome

Park and Associates
Table 2dHRs and 95% CI for the incidence of the MetS according to quintile groups of serum ferritin level
HRs (95% CI)
Characteristics

Age-adjusted

Model 1

Model 2

Model 3

1.00 (reference)
1.14 (0.98–1.33)
1.17 (1.01–1.36)
1.39 (1.20–1.61)
1.80 (1.57–2.07)
,0.001

1.00 (reference)
1.15 (0.99–1.34)
1.19 (1.02–1.38)
1.41 (1.22–1.63)
1.83 (1.59–2.10)
,0.001
1.02 (1.02–1.03)

1.00 (reference)
1.26 (1.04–1.54)
1.20 (0.99–1.46)
1.41 (1.17–1.71)
1.70 (1.41–2.04)
,0.001
1.02 (1.01–1.03)
1.10 (1.07–1.14)
1.00 (1.00–1.00)
1.16 (1.09–1.23)
1.26 (1.22–1.29)
3.43 (2.15–5.48)
1.01 (1.00–1.01)

1.00 (reference)
1.20 (0.98–1.47)
1.19 (0.98–1.45)
1.38 (1.13–1.67)
1.69 (1.40–2.04)
,0.001
1.02 (1.02–1.03)
1.10 (1.06–1.14)
1.00 (1.00–1.00)
1.16 (1.09–1.23)
1.26 (1.23–1.30)
3.28 (2.03–5.29)
1.01 (1.00–1.01)
1.13 (1.00–1.28)
0.76 (0.66–0.89)
1.03 (0.87–1.22)

1.00 (reference)
1.19 (0.98–1.45)
1.17 (0.96–1.43)
1.36 (1.12–1.65)
1.66 (1.38–2.01)
,0.001
1.01 (1.00–1.02)
1.09 (1.06–1.13)
1.00 (1.00–1.00)
1.15 (1.09–1.22)
1.25 (1.21–1.30)
3.49 (2.16–5.64)
1.01 (1.00–1.01)
1.18 (1.05–1.33)
0.79 (0.68–0.92)
1.00 (0.85–1.18)
1.96 (1.70–2.26)
1.33 (0.99–1.77)

Model 1 was adjusted for age, WBC, GGT, log(hsCRP), HOMA-IR, serum creatinine, and TIBC; model 2 was adjusted for model 1 plus current smoking status, regular
exercise, and alcohol intake; and model 3 was adjusted for model 2 plus hypertension and diabetes.

stress and chronic inﬂammation with insulin resistance are considered as playing
an important role in the development and
progression of MetS (21,22). Under oxidative stress, elevated serum ferritin may contribute to cellular or tissue damage leading
to insulin dysfunction, such as insulin resistance and abnormal pancreatic b-cell
function, through iron toxicity (23,24).
Iron is a transition metal capable of
causing oxidative tissue damage by catalyzing the formation of free radicals (25).
Through the activation of the stresssensitive signaling pathway, oxidative
stress has been known to increase the activity of NADPH oxidase and simultaneously decrease the antioxidant activity
(26–28). Another possible explanation is
that chronic oxidative stress has been associated with b-oxidation dysfunction of
long chain fatty acids in mitochondria and
b-cell dysfunction in the pancreas (29,30).
Therefore, insulin resistance mainly resulting from oxidative stress and chronic inﬂammation plays an important role in the
development and progression of MetS.
Several cross-sectional studies have
previously shown an association between
serum ferritin and MetS and its components (14–17,20). Our results are in line
with the previous cross-sectional studies
and extend these observations to examine
the prospective association between
baseline serum ferritin levels and the
care.diabetesjournals.org

development of MetS. To the best of our
knowledge, no longitudinal research has
been done to evaluate the prospective association between baseline serum ferritin
levels and the development of MetS.
Therefore, we were unable to compare
our results with those of other prospective
studies. However, there were some other
prospective studies comparing the serum
ferritin levels and the incident type 2
diabetes (31–33).
When interpreting our results, some
limitations should be considered. First, a
lot of participants were excluded due
to the baseline missing data of WC
(n = 14,891). To recover these participants
with baseline missing data of WC, we replaced WC with BMI, which is an acceptable surrogate, although not included in
the most recent formal MetS deﬁnition
(19). The results did not change, but they
were even strengthened (data not shown).
Second, participants were self-selected,
so this study may show participant selection bias. Third, we examined only men.
Serum ferritin concentrations differ signiﬁcantly according to sex. Mean serum
ferritin levels were preeminently lower
in women than in men. This is likely attributable to menstrual iron loss in
women (34). Reduced serum ferritin levels may cause lower incidence of MetS in
women compared with men. Therefore,
in this study, only men were the eligible

study participants. These results may not
be extrapolated to women, and further
studies are needed.
However, the current study is meaningful as a ﬁrst study to clarify the longitudinal relationship between serum
ferritin and the development of MetS.
In conclusion, our ﬁndings, which
were obtained from large number of
cohorts, indicated that serum ferritin
may be a predictor for the development
of MetS in a 5-year follow-up period, and
this association was signiﬁcant after adjustment for baseline multiple covariates.
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