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Background: It is well known that high serum ferritin, a marker of iron storage, predicts incident type 2 diabetes. Limited informa-
tion is available on the association between transferrin, another marker of iron metabolism, and type 2 diabetes. Thus, we investigat-
ed the association between transferrin and incident type 2 diabetes.
Methods: Total 31,717 participants (mean age, 40.4±7.2 years) in a health screening program in 2005 were assessed via cross-sec-
tional analysis. We included 30,699 subjects who underwent medical check-up in 2005 and 2009 and did not have type 2 diabetes at 
baseline in this retrospective longitudinal analysis. 
Results: The serum transferrin level was higher in the type 2 diabetes group than in the non-type 2 diabetes group (58.32±7.74 
μmol/L vs. 56.17±7.96 μmol/L, P<0.001). Transferrin correlated with fasting serum glucose and glycosylated hemoglobin in the 
correlational analysis (r=0.062, P<0.001 and r=0.077, P<0.001, respectively) after full adjustment for covariates. Transferrin was 
more closely related to homeostasis model assessment of insulin resistance than to homeostasis model assessment of β cell function 
(r=0.042, P<0.001 and r=–0.019, P=0.004, respectively) after full adjustment. Transferrin predicted incident type 2 diabetes in 
non-type 2 diabetic subjects in a multivariate linear regression analysis; the odds ratio (95% confidence interval [CI]) of the 3rd ter-
tile compared to that in the 1st tertile of transferrin for incident diabetes was 1.319 (95% CI, 1.082 to 1.607) after full adjustment 
(P=0.006).
Conclusion: Transferrin is positively associated with incident type 2 diabetes in Koreans.
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INTRODUCTION

Iron is a mineral that is essential for healthy body function. One 
of the major functions of iron is oxygen transport. Iron is also 
essential for hematopoiesis in the bone marrow. Iron balance is 
important in cell signaling and homeostasis. Iron is a strong pro-

oxidant that catalyzes several cellular reactions that result in the 
production of reactive oxygen species (ROS); excess ROS can 
cause oxidative stress [1,2].

Ferritin, a protein that circulates in the blood, is an index of 
stored iron. In previous cross-sectional and longitudinal epide-
miologic studies, a condition of iron overloading, characterized 
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by high ferritin was correlated to many metabolic findings. For 
example, high serum ferritin is associated with insulin resis-
tance, fatty liver, and metabolic syndrome [3,4]. Moreover, high 
ferritin predicts new onset type 2 diabetes (T2D) in patients 
without diabetes [5,6]. In in vivo and in vitro studies, iron also 
induced insulin resistance in the hepatocytes and the adipocytes. 
Iron status affects the insulin sensitivity by modulating the tran-
scription and membrane expression/affinity of insulin receptor 
expression in the hepatocytes [7]. Iron negatively regulated adi-
ponectin transcription via forkhead box protein O1 (FOXO1)-
mediated repression in adipocyte [8]. Iron excess results in oxi-
dant stress to the beta cells and decreased insulin secretory ca-
pacity secondary to β cell apoptosis [9]. 

Transferrin is another marker of iron status. Iron is transport-
ed in the blood by the serum protein transferrin that is produced 
in the liver. Its concentration is approximately 0.25 g/dL in the 
serum and comprises 4% of serum proteins [10]. Transferrin is 
increased in an iron-deficient state. The blood concentrations of 
ferritin and transferrin are inversely correlated. In an iron-defi-
cient state, ferritin is decreased, and transferrin is increased.

Although ferritin and transferrin have an inverse correlation, 
several reports paradoxically suggested that an increase in both 
ferritin and transferrin predicted insulin resistance and new on-
set T2D in non-T2D subjects in a European population [11-14]. 
To our knowledge, no studies have built upon these findings in 
other races; therefore, we investigated whether transferrin is re-
lated to the development of T2D in Korean subjects.

METHODS

Study design and subjects
The study design, anthropometric measures, and laboratory 
measures have been described previously [15]. In brief, this ret-
rospective study included subjects who participated in the 
Kangbuk Samsung Health Study, a medical health check-up 
program at the Health Promotion Center of Kangbuk Samsung 
Hospital, Sungkyunkwan University School of Medicine, 
Seoul, Korea. Most of examinees were employees and family 
members of various industrial companies from across the coun-
try. The purpose of the medical health check-up program was to 
promote employee health through regular health check-ups and 
to enhance the early detection of existing diseases. The cost of 
the medical examinations is largely borne by the employers, and 
several examinees undergo examinations annually or biannual-
ly. In both 2005 and 2009, 32,884 participants underwent a 
health check-up. Among these, 153 subjects were excluded be-

cause they had a malignancy at baseline. Eleven subjects were 
excluded because they had liver cirrhosis at baseline. One thou-
sand and three subjects were excluded owing to missing data for 
iron metabolism indexes (serum iron, ferritin, or transferrin). 
The final cross-sectional analyses in 2005 were performed on 
31,717 subjects.

Among the 31,717 subjects at baseline, 1,018 subjects had 
T2D. For longitudinal analysis for incident T2D, 1,018 subjects 
with underlying T2D at baseline were excluded. The presence 
of T2D was determined using self-reported questionnaires and 
the diagnostic criteria of the American Diabetes Association. Fi-
nally, 30,699 subjects were analyzed in a 4-year retrospective 
longitudinal study.

The participants provided written informed consent for the 
use of their health screening data for research. The design, pro-
tocol, and consent procedure of this study were reviewed and 
approved by the Institutional Review Board of Kangbuk Sam-
sung Hospital (KBS12089) and were conducted as per the Hel-
sinki Declaration of 1975. The Institutional Review Board 
waived the requirement for informed consent at the time the 
study was in its planning phase because researchers only ac-
cessed the database and did not require identification of person-
al information. Thus, no specific informed consent was ob-
tained.

Anthropometric and laboratory measurements
Anthropometric and laboratory measurements have been de-
scribed previously [15]. Height and weight were measured 
twice and then averaged. Body mass index (BMI) was calculat-
ed by dividing the weight (kg) by the square of the height (m). 
Blood pressure measurements were performed using a standard-
ized sphygmomanometer after 5 minutes of rest. The waist cir-
cumference was measured in the standing position at the middle 
point between the anterior iliac crest and lower border of the rib 
by a single examiner. 

All the subjects were examined after an overnight fast. The 
total white blood cell (WBC) count was assessed using an auto-
analyzer (ADVIA 129, Bayer, Leverkusen, Germany). The 
hexokinase method was used to test the fasting serum glucose 
concentrations (Hitachi Modular D2400, Roche, Tokyo, Japan). 
Glycosylated hemoglobin (HbA1c) was measured using an im-
munoturbidimetric assay with a Cobra Integra 800 automatic 
analyzer (Roche Diagnostics, Basel, Switzerland) with refer-
ence values of 4.4% to 6.4%. The methodology was aligned 
with the standards of the Diabetes Control and Complications 
Trial and National Glycohemoglobin Standardization Program. 
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The intra-assay coefficient of variation was 2.3%, and the inter-
assay coefficient of variation was 2.4%, both within the accept-
able limits of the National Glycohemoglobin Standardization 
Program guidelines. Fasting insulin concentrations were deter-
mined with an electrochemiluminescence immunoassay (Hita-
chi Modular E170, Roche). Blood urea nitrogen, creatinine ala-
nine aminotransferase (ALT), aspartate aminotransferase (AST), 
total bilirubin, albumin, gamma glutamyl-transferase (GGT), 
alkaline phosphatase, and uric acid were measured using ultra-
violet without the P5P method (Advia 1650 Autoanalyzer, Bay-
er). Serum uric acid was measured using the Advia 1650 Auto-
analyzer with the Fossati enzymatic reaction that used uricase 
with a Trinder-like endpoint. Serum creatinine was measured 
using the kinetic alkaline picrate (Jaffe) method. An enzymatic 
calorimetric test was used to measure the levels of total choles-
terol and triglycerides (TG). The selective inhibition method 
was used to measure the level of high density lipoprotein cho-
lesterol (HDL-C), and a homogeneous enzymatic calorimetric 
test was used to measure the level of low density lipoprotein 
cholesterol (LDL-C). High-sensitivity C-reactive protein (hs-
CRP) was analyzed with particle-enhanced immune-nephelom-
etry on a BNIITM System (Dade Behring, Marburg, Germany). 
Serum calcium and phosphorous were measured using an auto-
mated clinical chemistry analyzer (Modular P analyzers, 
Roche). Serum-free levothyroxine and thyroid stimulating hor-
mone (TSH) levels were measured using an RIA using a com-
mercial kit (RIA-gnost® free thyroxine and hTSH, Schering-Cis 
Bio International, Gif-sur-Yvette, France). The serum ferritin 
levels were measured using an immunoradiometric assay (IR-
MA-mat Ferritin, DiaSorin, Stillwater, MN, USA). Transferrin 
was indirectly measured by checking the total iron biding ca-
pacity. Correlation between the total iron binding capacity and 
transferrin was very high (r=0.94) [16]. Serum iron and trans-
ferrin were measured using a colorimetric method (Advia 1800, 
Siemens, Berlin, Germany). Inter-assay coefficients of variation 
were 8.0% for ferritin, 1.4% for iron, and 3.1% for transferrin. 
The reference range was 15 to 332 μg/L for ferritin, 11.64 to 
31.34 μmol/L for iron, and 44.78 to 80.60 μmol/L for transfer-
rin. The Laboratory Medicine Department at the Kangbuk Sam-
sung Hospital in Seoul, Korea has been accredited by the Kore-
an Society of Laboratory Medicine (KSLM) and the Korean 
Association of Quality Assurance for Clinical Laboratories 
(KAQACL). The laboratory participates in the Collage of 
American Pathologists (CAP) Survey Proficiency Testing.

The homeostasis model assessment of insulin resistance 
(HOMA-IR) and β cell function (HOMA-β) was calculated 

with the following formula [17]: HOMA-IR=[fasting serum 
glucose (mmol/L)×fasting serum insulin (mIU/L)]/22.5. 
HOMA-β=[20×fasting serum insulin (mIU/L)]/glucose 
(mmol/L)–3.5].

Statistical analyses
Continuous variables are reported as mean±standard deviation 
values. Categorical variables are expressed as percentages. To 
compare the differences between the subjects with and without 
T2D in 2005, the chi-square test or Fisher’s exact test was used 
for nominal variables, and two-sample t test or Mann-Whitney 
test was used for continuous variables. To assess the association 
between transferrin and glucose parameters (fasting serum glu-
cose, HbA1c, HOMA-IR, and HOMA-β), we performed partial 
correlation analyses. An analysis of the relationship between 
variables, with incident T2D as an independent risk factor, was 
performed using the backward stepwise regression method of 
logistic regression analysis stratified as per tertiles. The odds ra-
tios (ORs) and 95% confidence intervals (CIs) were calculated. 
Statistical significance was considered when the two-tailed P 
value was <0.05. Statistical analysis was performed using 
PASW Statistics version 21 (SPSS Inc., Chicago, IL, USA).

RESULTS

The transferrin concentration was higher in the T2D group than 
in the non-T2D group (58.32±7.74 μmol/L vs. 56.17±7.96 
μmol/L, P<0.001) in the cross-sectional analysis for the study 
participants in 2005 (Table 1). Although transferrin was nega-
tively correlated with ferritin (r=–0.272, P<0.001), ferritin was 
higher in the T2D group than in the non-T2D group (146.09±

116.63 μg/L vs. 89.59±72.96 μg/L, P<0.001) (Table 1).
Serum transferrin was correlated with fasting serum glucose 

and HbA1c (r=0.062, P<0.001 and r=0.077, P<0.001, respec-
tively) after adjustments for age, sex, WBC, total bilirubin, TG, 
HDL-C, hs-CRP, TSH, calcium, phosphorous, albumin, ALT, 
creatinine, uric acid, GGT, serum iron, and serum ferritin (Table 
2). This relationship was comparable to that with ferritin that 
exhibited correlation values of r=0.093 (P<0.001) for fasting 
serum glucose and r=0.059 (P<0.001) for HbA1c. Transferrin 
was correlated with both HOMA-IR and HOMA-β (r=0.042, 
P<0.001 vs. r=–0.019, P=0.004) after adjustments for age, 
sex, WBC, total bilirubin, TG, HDL-C, hs-CRP, TSH, calcium, 
phosphorous, albumin, ALT, creatinine, uric acid, GGT, serum 
iron, and serum ferritin. The correlation was stronger with 
HOMA-IR than with HOMA-β, implying that transferrin is as-
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Table 1. Comparison between Subjects with and without Diabetes at Baseline

Variable Without diabetes (n=30,699) With diabetes (n=1,018) P value 

Age, yr 39.3±6.7 45.1±8.4 <0.001

Sex, male:female 68.6:31.1 81.1:18.9 <0.001

BMI, kg/m2 23.5±3.1 25.4±3.1 <0.001

SBP, mm Hg 112.5±14.1 119.1±16.7 <0.001

DBP, mm Hg 74.6±9.7 79.4±10.4 <0.001

WBC 5,981.5±1.5 6,705.6±1.6 <0.001

Fasting serum glucose, mmol/L 5.17±0.45 8.09±2.38 <0.001

HbA1c, % 5.36 ±0.32 7.20±1.43 <0.001

HbA1c, mmol/mol 35.1±0.50 55.2±15.6 <0.001

BUN, mmol/L 4.85±1.20 5.36±1.35 <0.001

Creatinine, mmol/L 0.09±0.01 0.10±0.01 <0.001

AST, IU/L 23.98±11.57 30.86±19.12 <0.001

ALT, IU/L 26.63±20.65 41.23±34.15 <0.001

Total bilirubin, μmol/L 17.23±16.98 16.98±6.23 <0.001

Albumin, μmol/L 694±34 702±38 <0.001

GGT, IU/L 31.65±35.65 58.31±61.98 <0.001

Alkaline phosphatase, IU/L 61.98±16.32 70.03±20.63 <0.001

Uric acid, mmol/L 0.329±0.086 0.331±0.083 0.711

Total cholesterol, mmol/L 4.92±0.85 5.26±0.96 <0.001

Triglyceride, mmol/L 1.46±0.95 2.18±1.36 <0.001

HDL-C, mmol/L 1.36±0.30 1.25±0.26 <0.001

LDL-C, mmol/L 2.85±0.71 3.02±0.81 <0.001

hs-CRP, mg/L 0.20±4.39 1.17±3.49 <0.001

Fasting insulin, pmol/L 61.50±24.29 69.68±33.05 <0.001

HOMA-IR 2.07±0.89 3.63±2.07 <0.001

HOMA-β 108.1±51.0 51.9±38.0 <0.001

Calcium, mmol/L 2.33±0.09 2.35±0.92 <0.001

Phosphorous, mmol/L 1.13±0.14 1.12±0.15 0.259

TSH, mIU/L 2.08±1.68 1.89±1.15 0.002

fT4, pmol/L 16.73±2.98 17.04±5.54 0.132

Ferritin, μg/L 89.59±72.96 146.09±116.63 <0.001

Transferrin, μmol/L 56.17±7.96 58.32±7.74 <0.001

Iron, μmol/L 21.38±8.68 20.16±7.89 0.672

Values are expressed as mean±standard deviation.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell; HbA1c, glycosylated hemoglobin; BUN, 
blood urea nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma glutamyl-transferase; HDL-C, high density lipopro-
tein cholesterol; LDL-C, low density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; HOMA-IR, homeostasis model assessment of 
insulin resistance; HOMA-β, homeostasis model assessment of β cell function; TSH, thyroid stimulating hormone; fT4, free thyroxine.

sociated with insulin resistance independently of iron metabo-
lism and inflammation. At the 4-year follow-up, 1,108 (3.5%) 
participants exhibited incident T2D. In these individuals, base-
line transferrin was higher than in those who maintained a non-

diabetic status (57.53±7.77 μmol/L vs. 56.14±7.98 μmol/L, 
P<0.001). In the multivariate binary logistic regression analy-
sis, the OR of participants in the 3rd tertile of transferrin com-
pared to that in the 1st tertile was 1.636 (1.379 to 1.941; P< 
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0.001) in unadjusted model and 1.319 (1.082 to 1.849; P=0.006) 
in the fully adjusted model (Table 3). Fully adjusted model in-
cluded variables, such as age, sex, BMI, HbA1c, ferritin, serum 
iron, total bilirubin, total cholesterol, HDL-C, GGT, ALT, hs-
CRP, TSH, and uric acid.

DISCUSSION

In this large Korean (East Asian) cohort study, transferrin was 
correlated with fasting serum glucose, HbA1c, and insulin resis-
tance. These associations were comparable to those with ferri-

Table 2. Correlational Analysis between Transferrin and Glycemic Parameters

Variable
Fasting serum glucose HbA1c HOMA-IR HOMA-β

r P value r P value r P value r P value

Unadjusted

   Transferrin 0.083 <0.001 0.114 <0.001 0.124 <0.001 0.042 <0.001

   Ferritin 0.207 <0.001 0.058 <0.001 0.197 <0.001 –0.007 0.198

After fully adjusted

   Transferrin 0.062 <0.001 0.077 <0.001 0.042 <0.001 –0.019 0.004

   Ferritin 0.093 <0.001 0.059 <0.001 0.046 <0.001 –0.025 0.000

Adjusted by age, sex, body mass index, white blood cell, total bilirubin, triglycerides, high density lipoprotein cholesterol, high-sensitivity C-reactive  
protein, thyroid stimulating hormone, Ca2+, phosphorous, albumin, alanine aminotransferase, creatinine, uric acid, gamma glutamyl-transferase, serum 
iron, and serum ferritin.
HbA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-β, homeostasis model assessment of β cell 
function.

Table 3. OR (95% CI) of Incident Type 2 Diabetes by Tertiles of Transferrin at Baseline

Unadjusted Model Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Transferrin 0.000 0.000 0.001 0.013

   1st tertile 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

   2nd tertile 1.304 (1.095–1.552) 0.003 1.237 (1.037–1.476) 0.018 1.195 (0.990–1.442) 0.063 1.161 (0.961–1.403) 0.121

   3rd tertile 1.636 (1.379–1.941) <0.001 1.500 (1.259–1.787) <0.001 1.424 (1.505–2.127) <0.001 1.319 (1.082–1.607) 0.006

Age 1.055 (1.046–1.064) <0.001 1.025 (1.015–1.035) <0.001 1.026 (1.015–1.036) <0.001

Sex 1.228 (1.026–1.471) 0.025 0.975 (0.760–1.250) 0.840 0.215 (0.660–1.098) 0.234

BMI 1.211 (1.184–1.238) <0.001 1.117 (1.089–1.145) <0.001 1.094 (1.065–1.123) <0.001

HbA1c 27.412 (21.496–34.956) <0.001 26.439 (20.700-33.770) <0.001

Ferritin 2.420 (1.838–3.186) <0.001 1.782 (1.407–2.259) <0.001

Serum iron 1.002 (1.000–1.004) 0.019 1.001 (0.999–1.003) 0.459

Total bilirubin 1.444 (1.190–1.752) <0.001

Total cholesterol 1.003 (1.000–1.005) 0.021

HDL-C 0.984 (0.976–0.992) <0.001

GGT 1.003 (1.002–1.005) <0.001

ALT 1.002 (0.998–1.005) 0.324

hs-CRP 0.841 (1.638–1.109) 0.190

TSH 0.985 (0.933–1.040) 0.594

Uric acid 1.026 (0.961–1.096) 0.443

OR, odds ratio; CI, confidence interval; BMI, body mass index; HbA1c, glycosylated hemoglobin; HDL-C, high density lipoprotein cholesterol; GGT, 
gamma glutamyl-transferase; ALT, alanine aminotransferase; hs-CRP, high-sensitivity C-reactive protein; TSH, thyroid stimulating hormone.
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tin. In addition, transferrin was an independent predictor for in-
cident T2D. Although transferrin was inversely related to ferri-
tin; both high transferrin and ferritin was an independent risk 
factor for incident T2D. Thus, transferrin was related to incident 
T2D independently from iron metabolism.

Four previous longitudinal studies demonstrated that transfer-
rin predicts incident T2D. All these studies were conducted in 
European cohorts. Subjects in the first study (Data from an Epi-
demiological Study on the Insulin Resistance Syndrome [DE-
SIR] study, n=1,277) were French [11], those in the second 
study (Cohort of Diabetes and Atherosclerosis Maastricht Study 
[CODAM] study, n=509) were Dutch [12], those in the third 
study (Cooperative Health Research in the Region of Augsburg 
[KORA-F4], n=2,893) were German [13], and those in the 
fourth study (European Prospective Investigation into Cancer 
and Nutrition [EPIC]-InterACT, n=15,182) were European [14]. 
Our cohort comprised 30,084 Koreans. Thus, transferrin pre-
dicts incident T2D in Koreans as well as in Europeans.

Risk factors for T2D include non-alcoholic fatty liver disease, 
TSH, uric acid, bilirubin, ALT, GGT, TG, HDL-C, glucose, 
HbA1c, ferritin, and calcium [18-24]. Thus, we adjusted for 
these potentially confounding factors in this multivariate analy-
sis. In the multivariate binary logistic regression analysis of the 
DESIR study, the dependent variable was not incident T2D, but 
the onset of impaired fasting serum glucose. They adjusted for 
age, sex, BMI, waist-hip ratio, CRP, fasting serum glucose, fer-
ritin, and iron. Thus, the DESIR study did not fully adjust for 
risk factors for incident T2D. In the CODAM study, the esti-
mated glomerular filtration rate was the only laboratory variable 
that was adjusted for incident T2D. In the KORA-F4 study, they 
adjusted for TG, total cholesterol/HDL-C, creatinine, GGT, 
urine albumin/creatinine ratio, CRP, and interleukin-18. How-
ever, this multivariate analysis model did not include TSH, bili-
rubin, ALT, calcium, and importantly, fasting serum glucose. In 
the EPIC-InterAct study, they only adjusted for hs-CRP, ALT, 
and GGT as the laboratory variable. They did not adjust for fast-
ing serum glucose in the multivariate analysis model; this could 
have given inaccurate results. Our study offers the advantage, 
over previous studies, of having fully adjusted for confounding 
variables.

Subjects of group that developed diabetes had higher baseline 
age, WBC, glucose, HbA1c, total cholesterol, TG, HDL-C, 
LDL-C, HOMA-IR, albumin, alkaline phosphatase, AST, ALT, 
uric acid, GGT, ferritin, transferrin, SBP, DBP and lower 
HOMA-β than subjects of group that did not. Although our 
study fully adjusted for confounding variables statistically, it 

could not exclude possibility that baseline differences in meta-
bolic parameters caused differences in transferrin levels as a 
secondary outcome. 

Our present findings can be partially explained by several 
mechanisms. Vargas et al. [25] reported that transferrin has an 
antagonistic effect for insulin in vivo. Moreover, recent studies 
have shown that transferrin induces insulin resistance in the adi-
pocytes [26,27]. These actions may result in increased free fatty 
acids and may contribute to systemic insulin resistance. In addi-
tion, an in vitro study showed that transferrin decreased the 
binding of insulin to insulin receptors in a human colon carcino-
ma cell line [28]. Transferrin may directly influence insulin re-
sistance. In an in vitro study, insulin increased the transferrin 
production in the hepatocytes [29]. Increased transferrin levels 
may cause insulin resistance. Transferrin may be a marker of in-
sulin resistance. In an epidemiologic, prospective cohort study, 
transferrin predicted new-onset insulin resistance [30].

Transferrin expression in the hepatocytes is under the control 
of CCAAT/enhancer-binding protein-α (C/EBPα) and hepato-
cyte nuclear factor 4α (HNF-4). C/EBPα and HNF-4 act as tran-
scription factors by interacting with transferrin gene promoter 
regions called proximal region (RPI) I and PRII [31]. Both C/
EBPα and HNF-4 are related to T2D [32-34]. C/EBPα and HNF 
may be other links between transferrin and T2D. Transferrin 
may be regarded as an indirect marker of C/EBPα and HNF-4 
activity. In our study, transferrin was inversely moderately cor-
related with ferritin (r=0.272). Thus, these findings imply that 
iron deficiency is not a main factor in the regulation of transfer-
rin expression.

There are certain limitations of the present study. This was an 
observational study; therefore, our data cannot suggest a mecha-
nism that underlies our observations. Second, we did not per-
form an oral glucose tolerance test; therefore, we do not have a 
120-minute oral glucose tolerance test value. However, we were 
able to define T2D as an HbA1c level >6.5% and a medical his-
tory of T2D. In fact, HbA1c correlates with post-load glucose, 
and these measures had enough power to exclude subjects with 
T2D [34]. Thus, the lack of the oral tolerance test may not limit 
our findings. Third, we did not have information on the partici-
pants’ medication history or family history of T2D. Fourth, 
most participants were residents of an urban community, raising 
the possibility of selection bias. Therefore, the present results 
need to be interpreted cautiously. Fifth, follow-up period for 4 
years is relatively short to observe incident T2D.

The present study is meaningful because to our knowledge, 
this is the first study to report a relationship between transferrin 
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and incident T2D in an East-Asian population. In conclusion, 
the transferrin was slightly higher in subjects with T2D than in 
those without T2D. Transferrin was weakly correlated with ele-
vated fasting serum glucose and insulin resistance. Although 
transferrin is inversely related to ferritin, a risk factor for T2D, a 
high transferrin level predicts new onset T2D in Korean sub-
jects without T2D, independent of other iron indexes. Further 
research is needed to elucidate the exact mechanism of the asso-
ciation of transferrin with T2D.
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