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Abstract

Background: Type 2 diabetes is an important health concern worldwide. 
The disease etiology may depend on multiple environmental and genetic 
factors that cause insulin resistance, including dysregulation of iron stor-
age. The goal of this study was to examine the relationship of the serum 
ferritin concentration with onset of diabetes over a long period.

Methods: Correlations of serum ferritin and metabolic markers with 
onset of diabetes mellitus were examined over 15 years in 150 males 
participating in a health screening program.

Results: HOMA-β showed a gradual significant decrease in the first 
4 years in subjects with ferritin > 190 ng/mL (group H) compared to 
those with ferritin ≤ 190 ng/mL, but there was no difference in HO-
MA-R between these groups. A significant number of cases with on-
set of diabetes was observed over 15 years (hazard ratio (HR): 3.97), 
and obesity, fasting blood glucose level, hemoglobin A1c (HbA1c), 
HOMA-R, fasting immunoreactive insulin (IRI) and C-peptide im-
munoreactivity (CPR) were all significant in univariate comparison 
between non-diabetes and diabetes-onset groups. In multivariate anal-
ysis, ferritin in group H (HR: 3.25), fatty liver (HR: 3.38), estimated 
glomerular filtration rate (eGFR) < 70 mL/min/1.73 m2 (HR: 3.48) 
and high-density lipoprotein (HDL) < 40 mg/dL (HR: 2.61) were sig-

nificant predictive factors for onset of type 2 diabetes mellitus.

Conclusions: These results suggest that the serum ferritin level is an 
important index for priority intervention in preventive medicine for 
reduction of onset of diabetes.

Keywords: Type 2 diabetes; Ferritin; Long-term follow-up; Males

Introduction

Type 2 diabetes (T2D) has become an important health problem 
worldwide. The disease etiology is multifactorial and not fully 
understood, but risk factors for T2D are related to lifestyle, such 
as an overweight status and lack of physical activity. Environ-
mental and genetic factors may lead to insulin resistance and 
insufficient insulin secretion, which may then lead to onset of 
T2D, and one candidate factor is body iron storage [1-3]. Thus, 
the serum ferritin concentration has been proposed as a marker 
of insulin resistance, and a higher ferritin level was associated 
with higher HOMA-R in a large non-diabetic population in a US 
study, suggesting that ferritin may be an independent marker for 
insulin resistance [4-8]. A positive association between the serum 
ferritin concentration and increased diabetes prevalence has also 
been found in several cross-sectional overseas studies [4, 9-12].

In this study, we examined the relationship of the serum 
ferritin level with onset of diabetes in Japanese subjects. The 
Japanese population has lower rates of obesity and meat con-
sumption compared with those in Western countries, and lower 
insulin secretory capacity compared to Caucasians. Correla-
tions of serum ferritin with onset of diabetes and metabolic 
markers were examined over 15 years in males participating in 
a health screening program.

Materials and Methods

A total of 1,567 people visited the Preventive Medicine Re-
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search Center at Asahi General Hospital from April 2004 to 
August 2005. The selection of subjects from these individuals 
is shown in Figure 1. First, 1,206 people who could not be ob-
served for more than 4 years or did not agree to measurement 
of serum ferritin were excluded. Then, 192 females were ex-
cluded in consideration of changes in serum ferritin levels due to 
physiology, and 19 males who had already been diagnosed with 
diabetes were also excluded. The remaining 150 males who did 
not have diabetes were selected as subjects for the study (Fig. 
1). Fatty liver was diagnosed by abdominal ultrasound ech-
ography using hepatorenal echo contrast. T2D was diagnosed 
based on a fasting plasma glucose (FPG) level ≥ 126 mg/dL and 

hemoglobin A1c (HbA1c) ≥ 6.5% (National Glycohemoglobin 
Standardization Program (NGSP)), a postprandial plasma glu-
cose (PPG) level ≥ 200 mg/dL, self-reported diagnosis by a phy-
sician and/or taking insulin or any oral antidiabetic medications. 
Hypertension was diagnosed based on systolic blood pressure 
(SBP) ≥ 140 mm Hg or diastolic blood pressure (DBP) ≥ 90 mm 
Hg; obesity was defined as a body mass index (BMI) ≥ 25 kg/
m2 according to Japanese standard categories; and dyslipidemia 
was diagnosed based on LDL cholesterol (LDL-C) ≥ 140 mg/
dL, HDL cholesterol < 40 mg/dL, or fasting triglyceride (TG) ≥ 
150 mg/dL. Current and past smokers were defined as smokers 
and those who had never smoked were defined as non-smokers.

Figure 1. Flow diagram of selection of the subjects at baseline.
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Statistical analysis

A receiver operating characteristic (ROC) curve was drawn for 
ferritin levels with onset of diabetes as an event, and the fer-
ritin level giving the best sensitivity and specificity was calcu-
lated. Subjects were divided into those in which ferritin was 
high (> 190 ng/mL, group H) and low (≤ 190 ng/mL, group 
L). Univariate analysis was performed using the Kaplan-Meier 
method and a competing risks model. To identify predictors of 
diabetes onset and risk factors for developing diabetes, factors 
found to be significant in univariate analysis were included in 
multivariate analysis using a Fine-Gray model. Statistical sig-
nificance was defined as a P value < 0.05 in all analyses.

Ethical review

The ethics committee of Asahi General Hospital approved the 
study on January 20, 2021 (approval no. 2021011913). All pro-
cedures followed were in accordance with the ethical standards 
of the responsible committee on human experimentation (insti-
tutional and national) and with the Helsinki Declaration of 1964 
and later versions. Informed consent or asubstitute for this con-
sent was obtained from all subjects for inclusion in the study.

Results

The 150 male subjects in the study were attendees at the Pre-

ventive Medicine Research Center for 15 years (Fig. 1). On-
set of diabetes and factors related to onset were followed in 
these subjects. The baseline clinical characteristics are shown 
in Table 1. Obesity, FPG, PPG, HbA1c, HOMA-R, immuno-
reactive insulin (IRI) and C-peptide immunoreactivity (CPR) 
at baseline were higher in subjects with onset of diabetes af-
ter 15 years follow-up. The area of under the curve (AUC) of 
ROC curve about the association of ferritin > 190 ng/mL with 
onset of diabetes was 0.55 (95% confidence interval (CI): 0.42 
- 0.69). The AUC of ferritin was not very high at 0.55, but it 
was higher than Hb (AUC: 0.504; 95% CI: 0.385 - 0.623), and 
we think iron deficiency did not explain the onset of diabe-
tes, but rather oxidative stress. HOMA-β in group H decreased 
gradually in the first 4 years of the study (Fig. 2) and differed 
significantly between groups H and L after 4 years (P < 0.01). 
In contrast, there was no significant difference in HOMA-R 
between the two groups.

Onset of diabetes increased gradually in group H and 
reached a significantly higher level compared with group L 
over 15 years (Fig. 3, hazard ratio (HR): 3.97, 95% CI: 1.87 - 
8.41, P < 0.001) using Fine-Gray analysis. At 15 years, obesity, 
SBP, DBP, TG, HDL-C, estimated glomerular filtration rate 
(eGFR), fatty liver and C-reactive protein (CRP) showed sig-
nificant univariate differences between the non-diabetes and 
diabetes onset groups (Table 2). In multivariate analysis using 
these factors in the Fine-Gray model, ferritin in group H (HR: 
2.77), fatty liver (HR: 3.06), eGFR < 70 mL/min/1.73 m2 (HR: 
2.75) and HDL < 40 mg/dL (HR: 2.40) were significant predic-
tive factors for onset of T2D (Table 2).

Table 1.  Baseline Characteristics of Subjects With and Without New-Onset T2D in 15 Years

Parameter Total
Incident T2D

P value
No Yes

N 150 122 28
Age (years) 53.6 ± 8.3 53.4 ± 8.4 54.6 ± 8.1 0.492
Obesity, n (%) 54 (36%) 35 (29%) 19 (68%) < 0.001
Hypertension, n (%) 19 (13%) 14 (11%) 5 (18%) 0.354
Dyslipidemia, n (%) 78 (52%) 59 (48%) 19 (68%) 0.092
Smoking habit, n (%) 62 (41%) 49 (40%) 13 (46%) 0.671
FPG (mg/dL) 97.3 ± 8.6 95.4 ± 7.3 105.6 ± 9.2 < 0.001
PPG (mg/dL) 143.7 ± 28.2 140.5 ± 27.9 157.9 ± 25.1 0.003
HbA1c (%) 5.71 ± 0.35 5.64 ± 0.34 6.01 ± 0.21 < 0.001
HOMA-R 1.28 ± 0.81 1.13 ± 0.73 1.92 ± 0.82 < 0.001
HOMA-β 54.0 ± 24.8 52.2 ± 24.5 62.1 ± 25.1 0.057
IRI (µU/mL) 5.19 ± 2.93 4.71 ± 2.72 7.29 ± 2.95 < 0.001
CPR (ng/mL) 1.88 ± 1.55 1.50 ± 0.61 3.40 ± 2.84 < 0.001
eGFR (mL/min/1.73 m2) 76.6 ± 12.3 77.8 ± 12.1 71.0 ± 11.8 0.008
Fatty liver 47 (31%) 30 (25%) 17 (61%) < 0.001
Hemoglobin (g/dL) 14.9 ± 1.1 15.0 ± 1.1 14.8 ± 1.3 0.650

Values are means ± SD. T2D: type 2 diabetes; SD: standard deviation; FPG: fasting plasma glucose; PPG: postprandial glucose; HbA1c: hemoglobin 
A1c; IRI: immunoreactive insulin; CPR: C-peptide immunoreactivity; eGFR: estimated glomerular filtration rate. HOMA-R = FPG × IRI/405; HOMA-β 
= IRI × 360/(FPG - 63).
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Discussion

Serum ferritin is a marker of iron metabolism and a well-
known marker of oxidative stress and inflammation [13]. Se-
rum iron levels are associated with hereditary diseases such 
as hemochromatosis and aceruloplasminemia [14-16], and in 
hemochromatosis, the prevalence of diabetes is reported to be 
23% and that of impaired glucose tolerance (IGT) is 30%, with 
patients with both hemochromatosis and IGT having a 68% 
decrease in acute insulin response to glucose compared with 
those with normal glucose tolerance [16]. These findings sug-
gest that decreased insulin secretion occurs in the early stage 
of impaired glucose metabolism in subjects with hyperferri-
tinemia. In the current study, HOMA-β decreased with insulin 
secretion capacity from baseline to 4 years in subjects with 
high serum ferritin compared to those with normal ferritin, 
suggesting that a gradual decrease of insulin secretion over 15 
years was the final cause of onset of T2D on the primary basis 
of insulin resistance.

In hemochromatosis, iron excess results in β-cell oxidant 
stress and decreased insulin secretory capacity due to β-cell 

apoptosis and desensitization of glucose-induced insulin se-
cretion [17]. Dietary iron restriction or iron chelation is pro-
tective against diabetes and loss of β-cell function in obese 
mice [18], and recent studies of iron metabolism in hemochro-
matosis have focused on the roles of hepcidin, ferroportin and 
HFE [14, 19-21]. Patients with hemochromatosis and diabetes 
have a severely reduction in immunoreactive β cells in the 
pancreas [22], and serum and muscle ferritin levels may be 
correlated with muscle inflammation and insulin resistance in 
obese people [2, 23, 24]. Hyperinsulinemia caused by hepatic 
insulin resistance due to hyperferritinemia may stimulate cel-
lular iron uptake, leading to a vicious circle in glucose ho-
meostasis [25]. Clinically, hyperferritinemia may finally lead 
to development of arteriosclerosis via M1 macrophages in 
arterial vessels [26], with serious consequences in terms of 
cardiovascular diseases.

Studies in Europe and the USA have shown that a high se-
rum ferritin level is a component of metabolic syndrome and a 
possible cause of T2D [23, 27]. In our study, onset of diabetes 
gradually increased in the high ferritin group over 5, 10 and 15 
years, and onset of other events may slowly progress in paral-
lel with this course. However, the ferritin level considered to 

Figure 2. Changes in HOMA-R and HOMA-β. HOMA-β decreased from the baseline level in group H, but HOMA-R did not differ 
between the two groups. Error bars show standard deviation of means. Statistical significance is performed by paired Student’s 
t-test.
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be a risk for developing diabetes was lower in the current study 
compared to that in other countries [9, 28, 29]. In Japan, obe-
sity is less common and diabetes may develop due to environ-
mental factors that decrease insulin secretory capacity, even in 
the absence of obesity [30-33]. In our study, the incidence of 
diabetes was tripled in males with ferritin ≥ 190 ng/mL after 15 
years. Ferritin levels of 228 - 939 ng/mL have been proposed 
to cause about a 1.5 times increase in development of diabetes 
in 16.8 years in other countries. This suggests that Japanese 
patients with high ferritin may be highly susceptible to onset 
of diabetes, even if these levels are not as high as those found 
in Europe and the USA [1, 10].

In addition to the serum ferritin level, a decrease in HDL-
C, a decrease in eGFR, and the presence of fatty liver were 
identified in multivariate analysis as factors influencing onset 
of diabetes in the current study. Fatty liver including circu-
lating glycerolipids has recently been associated with an in-
creased incidence of T2D in the Chinese population in a 6-year 
resurvey [34]. Fatty liver is now referred to as metabolic-as-
sociated fatty liver disease (MAFLD), as a condition with cy-
tokine abnormalities and inflammation, changes in intestinal 

bacteria, abnormal amino acid metabolism due to glucagon 
and insulin resistance, and ultimately a high rate of diabetes 
[15, 35]. Non-alcoholic steatohepatitis (NASH) is believed to 
progress to liver cirrhosis and liver cancer, and may lead to 
diabetes and to systemic arteriosclerosis and development of 
cancer, which may become more problematic with increasing 
obesity. However, our data indicated that the fibrosis-4 (FIB-4) 
index was not a significant predictor for onset of diabetes after 
15 years, and liver fibrosis was not found to be related to onset 
of diabetes. It is unclear whether these findings are temporal 
or dependent on race. A decrease of eGFR was an independent 
risk factor for diabetes onset after 15 years follow-up in our 
study, and eGFR ≤ 70 mL/min/1.73 m2 has also previously 
been shown to be significant in development of diabetes [36], 
although the mechanism is unclear.

A recent report showed an increased onset of diabetes after 
5 years in non-obese people with a high serum ferritin level 
in Japan [37]. This is of particular interest in the context of 
Japanese patients, and is consistent with our observations over 
a much longer span of 15 years. We also examined insulin se-
cretion for the first 4 years, and we concluded that the main 

Figure 3. Kaplan-Meier analysis showed a significant increase in the rate of T2D onset in the group with serum ferritin levels > 
190 ng/mL (group H). Significant onset of diabetes in group H was observed at 5, 10 and 15 years, with odds ratios of 6.9 (2.2 - 
21.9) (P < 0.01), 4.2 (1.6 - 11.5) (P < 0.01) and 4.3 (1.8 - 10.7) (P < 0.01), respectively. T2D: type 2 diabetes.
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cause of the increased incidence of diabetes may be a decrease 
in insulin secretion.

The limitations of the study include its performance at 
the Preventive Medicine Research Center, which prevented 
assessment of the status of use of drugs other than those for 
diabetes. It was also not possible to examine exercise and diet 
in daily life, to determine the insulin secretory capacity each 
year, or to record the family history of diabetes. In addition, 
we focused on people who visited the center frequently for 
follow-up over several years, especially those who continued 
to visit for the first 4 years to check insulin secretion and re-
sistance indicators, and those who understood the purpose of 
ferritin measurement. This decreased the number of cases, but 
the initial case selection was performed randomly.

The increasing number of patients with diabetes in Japan 
requires early identification of risk factors and performance of 
priority intervention to decrease the rate of onset of diabetes. 
Given the fewer people with obesity in Japan compared to Eu-
rope and the USA, the serum ferritin level provides a simple 
measurement using a single blood sample that can be used as 
an index for the risk of developing fatty liver, rather than re-
quiring evidence for the presence of fatty liver. Thus, the se-
rum ferritin level may be an important index of the need for 
priority intervention as preventive medicine for reduction of 
onset of diabetes.
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