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In recent years, the issue of the health
e ffects caused by iron overload has
gained considerable visibility (1). Signifi-

cant tissue accumulations of iron can lead
to pathology in the liver, heart, endocrine
o rgans, and musculoskeletal system (2).
Excess iron deposition in the pancreas is
known to cause a secondary form of dia-
betes, which has lead to speculation that
higher concentrations of iron may incre a s e
the risk of developing diabetes. Earlier
studies provided mixed evidence in sup-
p o rt of the iron–diabetes hypothesis, and
consequently the hypothesis was larg e l y
dismissed (3).

M o re re c e n t l y, a re p o rt of 1,013 Finnish
men showed a positive association between
f e rritin and diabetes (4). In this study, higher
concentrations of serum insulin, glucose,
and fructosamine were found in men in the
highest quintile of ferritin concentration
than in men in the lowest quintile. Short l y
t h e re a f t e r, the results of a nested case-con-
t rol study of 53 men who developed dia-
betes in this same group of Finnish men
w e re published (5). The authors re p o rted a
s t rong association between the ratio of trans-
f e rrin receptors to ferritin and diabetes inci-
dence. These studies have renewed intere s t
in iron as a risk factor for diabetes.

To further investigate the association
between iron status and diabetes, we
examined data from the Third National
Health and Nutrition Examination Surv e y
(NHANES III), a nationally re p re s e n t a t i v e
s u rvey of noninstitutionalized individuals
in the U.S.

RESEARCH DESIGN AND 
M E T H O D S — NHANES III began in
1988 and ended in 1994. By using a mul-
tistage stratified sampling design, 20,050
individuals aged $17 years were re c ru i t e d
into the surv e y. Details about the surv e y
and its methods have been published pre-
viously (6,7). After an interview in the
home, participants were invited to attend
one of three examination sessions: morn-
ing, afternoon, or evening. For some par-
ticipants who were unable to attend the
examination because of health reasons, a
blood sample was obtained during the
home interv i e w. Individuals attending the
m o rning session were asked to fast for 12 h
b e f o re the session. Subjects attending the
a f t e rnoon or evening sessions were asked to
fast for 6 h. Serum ferritin concentration
was measured by using the Quantimmune
IRMA kit (Bio-Rad, Hercules, CA). Details
about the laboratory pro c e d u res and qual-
ity control have been published (7). Nor-
mal ranges for ferritin concentration are
20–250 µg/l for adult men and 10–120 µg/l
for women. We defined elevated concen-
trations of ferritin as $300 µg/l for men
and $150 µg/l for women.

Four categories of diabetes status were
c o n s t ructed by using the new diagnostic cri-
teria (8): none, impaired fasting glucose,
newly diagnosed diabetes, and pre v i o u s l y
diagnosed diabetes. Serum glucose concen-
tration was measured by using an enzymatic
reaction (Cobas Mira Chemistry System;
Roche Diagnostic Systems, Montclair, NJ)
(7). Participants who indicated that a physi-
cian had previously stated that they had dia-
betes were considered to have pre v i o u s l y
diagnosed diabetes. For the remaining par-
ticipants who had fasted $8 h, subjects with
a plasma glucose concentration ,6 . 1m m o l / l
(,110 mg/dl) were considered to be nor-
mal, subjects with a fasting glucose concen-
tration of 6.1 to ,7.0 mmol/l (110–125
mg/dl) were considered to have impaire d
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Diabetes and Serum Ferr i t i n
Concentration Among U.S. Adults

O R I G I N A L  A R T I C L E

O B J E C T I V E — We examined the association between serum ferritin concentration and the
risk of diabetes.

RESEARCH DESIGN AND METHODS — We examined the cross-sectional associa-
tions among ferritin concentration, glucose tolerance status, and concentrations of insulin, glu-
cose, and glycosylated hemoglobin in 9,486 U.S. adults aged $20 years from the Third National
Health and Nutrition Examination Survey (1988–1994).

R E S U LT S — After adjusting for age, sex, ethnicity, education, BMI, alcohol consumption,
alanine aminotransferase concentration, C-reactive protein concentration, and examination
session attended, and after dichotomizing ferritin concentration into ,300 and $300 µg/l for
men and ,150 and $150 µg/l for women, the odds ratios for newly diagnosed diabetes were
4.94 (95% CI 3.05–8.01) for men and 3.61 (2.01–6.48) for women. The increased risk of newly
diagnosed diabetes was concentrated among participants with transferrin saturations ,4 5 % .
All multiple linear re g ression coefficients between ferritin concentration and concentrations of
insulin, glucose, and glycosylated hemoglobin were positive and significant for both men and
w o m e n .

C O N C L U S I O N S — Elevated serum ferritin concentration was associated with an incre a s e d
risk of diabetes. We were unable to eliminate conclusively the possibility that the observed asso-
ciation re flected inflammation rather than excess body iron store s .
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fasting glucose, and subjects with a fasting
glucose concentration of $7.0 mmol/l
($126 mg/dl) were considered to have
newly diagnosed diabetes.

Other variables included in the analyses
w e re age, sex, race or ethnicity (white,
African-American, Mexican American, other),
education (number of years attended), sys-
tolic blood pre s s u re, serum HDL cholestero l
concentration, serum triglyceride concen-
tration, BMI (in kilograms per meters
s q u a red), alcohol consumption (number
of drinks per month), white blood cell
count, serum C-reactive protein concentra-
tion, serum alanine aminotransferase con-
centration, serum insulin concentration,
and glycosylated hemoglobin concentra-
tion. Alcohol consumption was determ i n e d
f rom responses to a food frequency ques-
t i o n n a i re. C-reactive protein concentration
was measured at the University of Wa s h-
ington Department of Laboratory Medicine
by using latex-enhanced nephelometry.
Alanine aminotransferase concentration
was measured on a Hitachi model 737
multichannel automated analyzer (Boeh-
ringer Mannheim Diagnostics, Indianapo-
lis, IN). Insulin concentration was
m e a s u red by using a radioimmunoassay,
and glycosylated hemoglobin concentra-
tion was measured by using ion-exchange
h i g h - p e rf o rmance liquid chro m a t o g r a p h y
with a glycosylated hemoglobin analyzer
system (DIAMAT; Bio-Rad) (7).

We limited the analyses to nonpre g n a n t
p a rticipants aged $20 years who attended

the medical examination and who had
fasted for at least 8 h. Geometric means for
f e rritin concentration were calculated by
diabetes status. Least-squares adjusted
means of log-transformed ferritin concen-
trations were calculated by using analysis of
covariance. To test for diff e rences in means
among categories of diabetes status, we per-
f o rmed an analysis of variance. Sex-specific
quintiles of ferritin concentration were cal-
culated for the 9,486 participants who had
both complete information to establish their
diabetes status and a serum ferritin determ i-
nation. To examine the significance of means
or percentages of covariates by quintiles of
f e rritin concentration, we perf o rmed tests for
linear trend. We calculated rank corre l a t i o n
c o e fficients between ferritin concentration
and concentrations of insulin, glycosylated
hemoglobin, and glucose by calculating
Pearson correlation coefficients for the
ranked data. The relationships between
l o g - t r a n s f o rmed ferritin concentration and
c o ncentrations of insulin, glycosylated
hemoglobin, and fasting glucose were exam-
ined by using linear re g ression analysis.
Results for untransformed and transform e d
f e rritin concentrations were very similar; this
study presents the results for transform e d
data only. By using multiple logistic re g re s-
sion analysis, we calculated adjusted odds
ratios for the association between elevated
f e rritin concentration and newly diagnosed
diabetes or impaired fasting glucose. All
analyses used SUDAAN (Software for the
Statistical Analysis of Correlated Data) to

obtain proper variance estimates because of
the complex sampling design (9).

R E S U LT S — A total of 16,573 individu-
als aged $20 years attended the medical
examination. Of these participants, 9,964
had fasted for at least 8 h. After excluding
p regnant women, 9,541 participants had
data on diabetes status, and 9,486 part i c i-
pants had complete information to estab-
lish both their diabetes status and a seru m
f e rritin determ i n a t i o n .

B a c k g round data for each of the dia-
betes categories are presented in Table 1.
On average, individuals with diabetes were
older; were less educated; had higher sys-
tolic blood pre s s u re levels, triglyceride
concentrations, BMI, white blood cell
counts, and serum C-reactive protein con-
centrations; and had lower HDL choles-
t e rol concentrations and transferr i n
saturation than individuals with norm a l
glucose concentrations.

Unadjusted ferritin concentration and
the percentage of individuals with elevated
f e rritin concentrations were lowest for indi-
viduals without diabetes, somewhat higher
for individuals with impaired fasting glu-
cose, and highest for individuals with dia-
betes (higher in individuals with newly
diagnosed diabetes than in individuals with
p reviously diagnosed diabetes) (Table 2).
After adjusting for age, sex, race or ethnic-
i t y, education, BMI, alcohol use, examina-
tion session, and C-reactive pro t e i n
concentration, the relationship between

Table 1—Unadjusted means of various demographic characteristics and cardiovascular disease risk factors by diabetes status among part i c i p a n t s
aged $20 years (NHANES III)

Diabetes status

I m p a i re d Newly diagnosed P reviously diagnosed P ( a n a l y s i s
N o n e * fasting glucose* d i a b e t e s * d i a b e t e s * of variance)

n 7 , 8 6 1 7 0 1 3 1 0 6 1 4 —
P revalence (%) 83.2 (0.1) 5.6 (,0 . 1 ) 2.3 (0.2) 8.9 (0.4) —
Age (years) 42.1 (0.4) 56.6 (0.9)† 59.4 (1.0)† 58.9 (0.8)† ,0 . 0 0 1
Sex (% men) 49.1 (0.7) 60.4 (2.3)† 52.7 (4.6) 43.7 (3.1) 0 . 0 0 1 ‡
Education (years) 12.5 (0.1) 11.3 (0.2)† 11.2 (0.3)† 10.9 (0.3)† ,0 . 0 0 1
Systolic blood pre s s u re (mmHg) 117.5 (0.4) 130.8 (1.1)† 132.2 (1.5)† 129.6 (1.8)† ,0 . 0 0 1
HDL cholesterol (mmol/l) 1.32 (0.01) 1.22 (0.02)† 1.08 (0.03)† 1.20 (0.03)† ,0 . 0 0 1
Triglycerides (mmol/l) 1.42 (0.03) 1.93 (0.06)† 2.86 (0.21)† 2.57 (0.35)† ,0 . 0 0 1
BMI (kg/m2) 26.0 (0.1) 29.1 (0.4)† 30.8 (0.4)† 30.3 (0.4)† ,0 . 0 0 1
Alcohol use (drinks/month) 8.7 (0.3) 14.1 (2.8)† 6.4 (1.8) 4.9 (0.8) ,0 . 0 0 1
White blood cell count (1,000/µl) 6.9 (,0 . 1 ) 7.3 (0.1)† 7.5 (0.3)† 7.3 (0.1)† ,0 . 0 0 1
S e rum C-reactive protein (mg/l) 2.8 (0.0) 3.2 (0.1)† 4.6 (0.3)† 3.9 ( 0.3)† ,0 . 0 0 1
(geometric mean)

Tr a n s f e rrin saturation (%) 28.9 (0.3) 26.7 (0.5)† 26.4 (0.8)† 26.4 (0.8)† ,0 . 0 0 1

Data are means ± SEM. *Maximum sample size; †P values ,0.05 compared with participants with normal glucose tolerance; ‡P value from x2 t e s t .
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s e rum ferritin concentration and diabetes
status changed little.

With increasing ferritin concentration,
age, cholesterol concentration, triglyceride

concentration, BMI, C-reactive pro t e i n
concentration, glucose concentration, gly-
cosylated hemoglobin concentration,
insulin concentration, and transferrin sat-

uration increased significantly among men
and women (Tables 3 and 4). Serum HDL
c h o l e s t e rol concentrations showed no
s i g n i ficant linear trend as a function of fer-
ritin concentration in either sex. Among
men, systolic blood pre s s u re appeared to
be related to ferritin concentration in a
nonlinear fashion, alcohol use was posi-
tively related to ferritin concentration, and
means of education varied little by quin-
tiles of ferritin concentration. Among
women, education was inversely related to
f e rritin concentration, and systolic blood
p re s s u re was positively related to ferr i t i n
concentration. Although mean intake of
alcohol tended to increase with incre a s i n g
f e rritin concentration, the trend was not
s i g n i fic a n t .

After adjusting for age, race or ethnicity,
education, BMI, alcohol intake, C-re a c t i v e
p rotein concentration, and examination ses-
sion attended, men with newly diagnosed
diabetes had an odds ratio of 4.94 (95% CI
3.05–8.01) and women had an odds ratio
of 3.61 (2.01–6.48) re g a rding having ele-
vated ferritin concentrations as men and
women with normal glucose concentrations
did. The adjusted odds ratios for impaire d
fasting glucose were 1.35 (0.99–1.83) for all
p a rticipants, 1.13 (0.69–1.85) for men, and
1.64 (1.09–2.47) for women.

Table 2—Distributional information of serum ferritin concentration by selected variables among
p a rticipants aged $20 years (NHANES III)

P e rcentage with 
S a m p l e elevated seru m

C h a r a c t e r i s t i c size (n) Geometric mean (µg/l) f e rritin concentration*

To t a l 9 , 4 8 6 82.1 ± 1.4 (2–1,979) 14.2 ± 0.6
S e x

M e n 4 , 5 6 6 136.1 ± 3.1 (3–1,742) 14.1 ± 1.0
Wo m e n 4 , 9 2 0 49.8 ± 1.3 (2–1,979) 14.3 ± 0.5

Diabetes status
N o rm a l

M e n 3 , 7 3 2 131.5 ± 3.2 (3–1,698) 12.0 ± 1.1
Wo m e n 4 , 1 2 9 46.4 ± 1.2 (3–1,494) 11.5 ± 0.6

I m p a i red fasting glucose
M e n 4 1 6 142.3 ± 9.9 (3–1,742) 17.8 ± 2.9
Wo m e n 2 8 5 75.4 ± 7.7 (3–1,143) 29.7 ± 3.0

Newly diagnosed diabetes
M e n 1 6 6 214.7 ± 2.9 (18–1,137) 46.3 ± 5.1
Wo m e n 1 4 4 121.9 ± 11.0 (3–725) 51.1 ± 4.9

P reviously diagnosed diabetes
M e n 2 5 2 207.6 ± 17.3 (3–1,534) 35.9 ± 5.8
Wo m e n 3 6 2 81.4 ±  7.1 (3–1,979) 34.9 ± 4.1

Data are n, means ± SEM (ranges), or means ± SEM. *Elevated serum ferritin concentration is defined as $3 0 0
µg/l for men and $150 µg/l for women.

Table 3—Unadjusted means or percentages of various demographic characteristics and cardiovascular disease risk factors by quintiles of ferr i t i n
concentration among men aged $20 years (NHANES III)

Quintiles of serum ferritin concentration (µg/l) P for 
#7 6 * 7 7 – 1 1 5 * 1 1 6 – 1 7 1 * 1 7 2 – 2 5 5 * 2 5 6 – 1 , 7 4 2 * linear tre n d

n 9 6 2 8 3 1 9 1 8 8 4 0 1 , 0 1 5 —
Age (years) 43.7 ± 0.8 39.9 ± 0.9 41.5 ± 0.8 41.5 ± 0.8 47.6 ± 0.8 ,0 . 0 0 1
Race or ethnicity ( % )

W h i t e 76.9 ± 2.9 79.3 ± 2.5 76.5 ± 2.4 76.4 ± 2.8 74.4 ± 1.9 ,0 . 0 0 1 †
A f r i c a n - A m e r i c a n 7.5 ± 0.8 7.9 ± 0.8 10.2 ± 0.8 10.3 ± 1.1 13.2 ± 1.1 —
Mexican American 7.1 ± 1.0 6.1 ± 0.7 5.8 ± 0.6 5.5 ± 0.7 4.7 ± 0.6 —
O t h e r 8.5 ± 2.5 6.7 ± 2.1 7.6 ± 2.1 7.9 ± 2.2 7.7 ± 1.5 —

Education (years) 12.4 ± 0.2 12.5 ± 0.2 12.6 ± 0.1 12.5 ± 0.2 12.4 ± 0.1 0 . 9 7 3
Systolic blood pre s s u re (mmHg) 122.5 ± 1.0 120.4 ± 1.0 120.3 ± 0.7 121.7 ± 0.8 123.9 ± 0.8 0 . 0 9 4
Total cholesterol (mmol/l) 5.06 ± 0.06 5.13 ± 0.05 5.18 ± 0.05 5.37 ± 0.06 5.39 ± 0.06 ,0 . 0 0 1
HDL cholesterol (mmol/l) 1.18 ± 0.02 1.21 ± 0.02 1.20 ± 0.02 1.20 ± 0.03 1.14 ± 0.02 0 . 1 6 1
Triglycerides (mmol/l) 1.45 ± 0.07 1.43 ± 0.04 1.45 ± 0.05 1.80 ± 0.07 2.06 ± 0.11 ,0 . 0 0 1
BMI (kg/m2) 25.7 ± 0.2 26.0 ± 0.3 26.5 ± 0.2 26.9 ± 0.3 28.1 ± 0.3 ,0 . 0 0 1
Alcohol use (drinks/month) 8.5 ± 0.6 12.7 ± 2.1 10.5 ± 0.8 15.5 ± 1.5 15.0 ± 1.2 ,0 . 0 0 1
S e rum C-reactive protein (mg/dl) 0.26 ± 0.01 0.25 ± 0.01 0.27 ± 0.01 0.27 ± 0.01 0.29 ± 0.01 0 . 0 0 7
(geometric mean)

Glucose (mmol/l) 5.46 ± 0.05 5.36 ± 0.04 5.48 ± 0.03 5.51 ± 0.05 6.04 ± 0.09 ,0 . 0 0 1
Glycosylated hemoglobin (%) 5.4 ± ,0 . 1 5.3 ± ,0 . 1 5.3 ± ,0 . 1 5.3 ± ,0 . 1 5.6 ± 0.1 0 . 0 0 7
Insulin (pmol/l) 57.9 ± 2.1 54.7 ± 1.2 57.4 ± 1.9 62.4 ± 3.6 79.3 ± 4.1 ,0 . 0 0 1
Tr a n s f e rrin saturation (%) 28.6 ± 0.7 30.8 ± 0.5 31.8 ± 0.6 31.5 ± 0.5 33.2 ± 0.7 ,0 . 0 0 1

Data are means ± SEM. *Maximum sample size (because of missing data, sample sizes vary); †trends for white versus nonwhite.
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For newly diagnosed diabetes, the
interaction term for sex and ferritin con-
centration was not significant (P = 0.309).
The interaction term for ethnicity and fer-
ritin was significant (P = 0.005) but was
limited to women (P = 0.008) and not men
(P = 0.514). The odds ratios were 4.29
(2.86–9.81) for Euro p e a n - A m e r i c a n
women, 2.73 (1.00–7.47) for African-

American women, and 4.11 (1.87–9.03)
for Mexican-American women.

To explore whether the associations
between ferritin concentration and newly
diagnosed diabetes were similar across lev-
els of transferrin saturation, we created a
new four- c a t e g o ry variable by dichotomiz-
ing transferrin saturation as ,45% and
$45%: 1) transferrin saturation ,4 5 % ,

f e rritin concentration ,300 µg/l for men
and ,150 µg/l for women (re f e rence cat-
e g o ry); 2) transferrin saturation ,4 5 % ,
f e rritin concentration $300 µg/l for men
and $150 µg/l for women; 3) transferr i n
saturation $45%, ferritin concentration
,300 µg/l for men and ,150 µg/l for
women; and 4) transferrin saturation
$45%, ferritin concentration $300 µg/l

Table 4—Unadjusted means or percentages of various demographic characteristics and cardiovascular disease risk factors by quintiles of ferr i t i n
concentration among women aged $20 years (NHANES III)

Quintiles of serum ferritin concentration (µg/l) P for 
#2 1 * 2 2 – 3 9 * 4 0 – 6 5 * 6 6 – 1 1 5 * 1 1 6 – 1 , 9 7 9 * linear tre n d

n 1 , 0 0 4 9 0 6 9 2 2 9 5 4 1 , 1 3 4 —
Age (years) 38.4 ± 0.5 39.1 ± 0.9 42.7 ± 0.8 48.4 ± 0.9 57.9 ± 0.8 ,0 . 0 0 1
Race or ethnicity (%)

W h i t e 67.6 ± 2.9 75.7 ± 2.0 79.8 ± 1.6 79.7 ± 1.6 74.3 ± 1.9 ,0 . 0 0 1 †
A f r i c a n - A m e r i c a n 13.6 ± 1.4 10.0 ± 0.9 9.8 ± 0.9 9.9 ± 1.1 15.4 ± 1.3 —
Mexican American 7.8 ± 0.9 5.4 ± 0.6 4.3 ± 0.5 4.1 ± 0.5 2.9 ± 0.3 —
O t h e r 10.9 ± 2.2 8.9 ± 1.5 6.2 ± 1.3 6.3 ± 1.3 7.5 ± 1.4 —

Education (years) 12.4 ± 0.1 12.6 ± 0.1 12.2 ± 0.2 12.3 ± 0.1 11.4 ± 0.1 ,0 . 0 0 1
Systolic blood pre s s u re (mmHg) 112.2 ± 0.8 112.4 ± 1.0 113.7 ± 0.7 118.0 ± 1.0 126.1 ± 1.1 ,0 . 0 0 1
Total cholesterol (mmol/l) 4.90 ± 0.05 5.01 ± 0.06 5.24 ± 0.04 5.44 ± 0.04 5.80 ± 0.06 ,0 . 0 0 1
HDL cholesterol (mmol/l) 1.42 ± 0.02 1.43 ± 0.02 1.44 ± 0.02 1.43 ± 0.03 1.38 ± 0.02 0 . 2 7 0
Triglycerides (mmol/l) 1.17 ± 0.05 1.29 ± 0.10 1.36 ± 0.04 1.44 ± 0.04 1.90 ± 0.07 ,0 . 0 0 1
BMI (kg/m2) 25.3 ± 0.3 25.7 ± 0.3 26.1 ± 0.2 26.6 ± 0.3 28.0 ± 0.3 ,0 . 0 0 1
Alcohol use (drinks/month) 4.4 ± 0.4 5.8 ± 0.6 5.1 ± 0.4 5.2 ± 0.6 6.0 ± 0.8 0 . 2 2 4
S e rum C-reactive protein (mg/dl) 0.27 ± 0.01 0.29 ± 0.01 0.31 ± 0.01 0.33 ± 0.01 0.37 ± 0.01 ,0 . 0 0 1
(geometric mean)

Glucose (mmol/l) 5.09 ± 0.04 5.11 ± 0.04 5.18 ± 0.04 5.38 ± 0.05 6.04 ± 0.10 ,0 . 0 0 1
Glycosylated hemoglobin (%) 5.1 ± ,0 . 1 5.1 ± ,0 . 1 5.2 ± ,0 . 1 5.3 ± ,0 . 1 5.7 ± 0.1 ,0 . 0 0 1
Insulin (pmol/l) 55.2 ± 2.0 54.9 ± 1.9 57.0 ± 1.9 60.0 ± 2.4 75.9 ± 2.5 ,0 . 0 0 1
Tr a n s f e rrin saturation (%) 19.7 ± 0.5 25.7 ± 0.6 27.6 ± 0.6 28.4 ± 0.6 29.0 ± 0.5 ,0 . 0 0 1

Data are means ± SEM. *Maximum sample size (because of missing data, sample sizes vary); †trends for white versus nonwhite.

Table 5—Linear re g ressions of fasting concentrations of plasma insulin, glycosylated hemoglobin, and plasma glucose on log-transformed seru m
f e rritin concentration among participants aged $20 years (NHANES III)

Rank corre l a t i o n U n a d j u s t e d A d j u s t e d
Independent variables c o e ff i c i e n t l n ( f e rr i t i n ) R2 P l n ( f e rr i t i n ) * R2 P

M e n †
Insulin (pmol/l) 0 . 1 3 0.0025 ± 0.0004 0 . 0 2 2 ,0 . 0 0 1 0.0016 ± 0.0005 0 . 0 5 2 0 . 0 0 1
Glycosylated hemoglobin (%) 0 . 0 1 0.0790 ± 0.0202 0 . 0 0 7 ,0 . 0 0 1 0.0483 ± 0.0234 0 . 0 4 8 0 . 0 4 4
Glucose (mmol/l) 0 . 1 1 0.0796 ± 0.0113 0 . 0 2 0 ,0 . 0 0 1 0.0683 ± 0.0137 0 . 0 5 9 ,0 . 0 0 1

Wo m e n ‡
Insulin (pmol/l) 0 . 1 9 0.0039 ± 0.0005 0 . 0 2 6 ,0 . 0 0 1 0.0028 ± 0.0005 0 . 1 7 6 ,0 . 0 0 1
Glycosylated hemoglobin (%) 0 . 2 5 0.2373 ± 0.0248 0 . 0 4 1 ,0 . 0 0 1 0.0791 ± 0.0298 0 . 1 7 3 0 . 0 1 1
Glucose (mmol/l) 0 . 3 0 0.1524 ± 0.0164 0 . 0 4 6 ,0 . 0 0 1 0.0767 ± 0.0155 0 . 1 7 7 ,0 . 0 0 1

Data are means ± SEM. *Adjusted for age, race, education, BMI, alcohol intake, C-reactive protein concentration, and examination session attended; †sample sizes for
s e rum insulin concentration were 4,531 and 4,424 for univariate and multivariate analyses, respectively; sample sizes for serum glycosylated hemoglobin concentration
w e re 4,550 and 4,441 for univariate and multivariate analyses, respectively; sample sizes for serum glucose concentration were 4,566 and 4,457 for univariate and mul-
tivariate analyses, respectively; ‡sample sizes for serum insulin concentration were 4,898 and 4,796 for univariate and multivariate analyses, respectively; sample sizes
for serum glycosylated hemoglobin concentration were 4,901 and 4,799 for univariate and multivariate analyses, respectively; sample sizes for serum glucose concen-
tration were 4,920 and 4,817 for univariate and multivariate analyses, re s p e c t i v e l y. ln(ferritin), log transformation of ferritin concentration.
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for men and $150 µg/l for women. Of 309
p a rticipants with newly diagnosed dia-
betes, 16 (14 men and 2 women) had a
t r a n s f e rrin saturation $45%. A total of 57
p a rticipants with newly diagnosed diabetes
had a transferrin saturation ,45% with a
f e rritin concentration $300 µg/l. The odds
ratios for the four categories were 1.00,
4.22 (2.97–5.99), 0.30 (0.09–1.02), and
1.79 (0.60–5.33), re s p e c t i v e l y.

F e rritin concentration was positively
and significantly related to concentrations
of insulin, glycosylated hemoglobin, and
glucose among all participants (Table 5).
For men, the largest correlation coeff i c i e n t
was for insulin. For women, the larg e s t
c o rrelation coefficient was for glucose con-
centration. The magnitudes of all corre l a-
tion and re g ression coefficients were larg e r
for women than for men.

C O N C L U S I O N S — In the largest study
to examine the association between ferr i t i n
concentration and diabetes to date, w e
found that serum ferritin concentration was
s t rongly associated with newly diagnosed
diabetes. The association was similar for
men and women. Because these results are
based on cross-sectional data, any causal
i n f e rence is speculative. These results sup-
p o rt similar findings from other re c e n t
studies (4,5,10). In some studies, high fer-
ritin concentrations were found in 6–33%
of patients with type 2 diabetes, which sug-
gests that ferritin concentration may be
a b n o rmally high among individuals with
diabetes (11–13). Several studies have pro-
duced mixed findings about diff e rences in
f e rritin concentration between diabetic
patients and control subjects (14–17). One
study suggested that treating diabetic
patients with desferoxamine lowered fer-
ritin concentrations and improved the
management of diabetes (18), but these
findings were not confirmed in subsequent
studies (12,13).

At least three possible explanations
may account for the elevated ferritin con-
centrations in participants with diabetes.
First, elevated ferritin concentrations may
re p resent elevated iron body stores. Sec-
ond, ferritin is also an acute-phase re a c t a n t ,
and elevated ferritin concentrations may
re flect inflammation. Third, delayed clear-
ance of glycosylated ferritin in part i c i p a n t s
with diabetes may have led to elevated fer-
ritin concentrations (19). The finding that
the increased risk of diabetes was concen-
trated among participants with the lowest
t r a n s f e rrin saturation concentrations indi-

cates that the iron overload hypothesis does
not likely explain this association and
instead may implicate inflammation as a
m o re plausible mechanism. Although we
tried to correct for possible infla m m a t i o n
by including C-reactive protein (another
acute-phase reactant) in the model, we may
not have adjusted fully for infla m m a t i o n .

The mechanisms through which iro n
may promote the development of diabetes
a re unknown. Although the evidence sup-
p o rting a role for oxidation in the patho-
genesis of diabetes is not well developed,
some data suggest that free radical form a-
tion may play a role by disrupting insulin
action and total body glucose disposal
(20,21). The facts that iron is a powerf u l
p ro-oxidant (22) and that oxidative stre s s
is increased in glucose-intolerant states
(23–30) suggest possible mechanisms for
i ro n ’s action.

This study has several limitations.
First, this was a cross-sectional study, and
t h e re f o re the directionality of associations
cannot be clearly established. Second,
although ferritin is considered a good
m e a s u re of body iron stores, it is not a
“gold standard.” Ferritin is also an acute-
phase reactant and may re flect infla m m a-
t o ry activity.

Mean serum ferritin concentration was
highest in individuals with newly diag-
nosed diabetes, although it was not signifi-
cantly diff e rent from concentrations in
individuals with previously diagnosed dia-
betes. Because ferritin concentration
re flects the sum of body iron stores and the
p roduction of acute-phase re a c t a n t s ,
changes in either can alter ferritin concen-
tration. Thus, the lower mean ferritin con-
centration in individuals with pre v i o u s l y
diagnosed diabetes may be due to changes
in body iron stores or may be due to
changes in factors that affect the pro d u c t i o n
of acute-phase reactants. Our data suggest
that smoking cessation and weight are asso-
ciated with lower ferritin concentrations.
Thus, changes in these lifestyle factors
o c c u rring after the disease is diagnosed
may result in decreases in ferritin concen-
tration. If some of the hyperf e rr i t i n e m i a
among newly diagnosed individuals with
diabetes is in part transient, this could have
implications for the optimal timing of
h e m o c h romatosis screening in individuals
with diabetes. Additional study of these
possibilities is clearly necessary.

In conclusion, serum ferritin concen-
tration was significantly associated with
newly diagnosed diabetes in NHANES III,

and the association was stronger in men
than in women. The interpretation of
these findings is complicated by the fin d-
ing that all of the increased risk was con-
centrated in participants with the lowest
t r a n s f e rrin saturations, which thus casts
doubt on excess iron as an explanation for
this association.
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