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OBJECTIVE — Diabetes-related metabolic abnormality may aggravate the adverse effects of
iron overload on cardiovascular health. However, little is known about whether iron consump-
tion affects coronary heart disease (CHD) risk in diabetes.

RESEARCH DESIGN AND METHODS — We prospectively assessed the associations
of long-term intakes of dietary iron and red meat with CHD risk among 6,161 women who
reported a diagnosis of type 2 diabetes.

RESULTS — During 54,455 person-years of follow-up from 1980 through 2000, we docu-
mented 550 incident cases of CHD. After adjustment for age and BMI, high intakes of both heme
iron and red meat were associated with a significantly increased risk of fatal CHD (P for trend �
0.003 and 0.018), coronary revascularization (P for trend � 0.02 and 0.06), and total CHD (P
for trend � 0.0009 and 0.007). Women with the highest intake of heme iron had 50% (6–94%)
increased risk of total CHD compared with those with the lowest intake. Further adjustment for
other lifestyle and dietary factors did not appreciably change the associations. The positive
association between heme iron and red meat intakes and CHD was more evident among post-
menopausal women compared with premenopausal women.

CONCLUSIONS — Our data indicate that higher consumption of heme iron and red meat
may increase CHD risk among women with type 2 diabetes.
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E xcess body iron can impose oxida-
tive injury that is associated with sev-
eral cardiovascular risk factors

including dyslipidemia, insulin resis-
tance, and inflammation (1,2) and may
contribute to the development of athero-
sclerosis. Iron overload has been linked in
some studies to increased risks of isch-
emic heart disease, although these associ-
ations remain controversial (3–6).

Iron homeostasis is primarily con-
trolled by intestinal absorption (7). Body
iron stores accumulate by increasing ab-
sorption of dietary iron (heme and non-
heme) and act as a regulator in preventing

excessive absorption (8). Compared with
heme iron, absorption of nonheme iron is
more likely to be influenced by other di-
etary factors such as vitamin C and alco-
hol (9,10). The genetic variability may
also affect iron absorption (10,11). Intake
of dietary iron, especially highly bioavail-
able heme iron, was recently associated
with greater risk of type 2 diabetes
(12,13), coronary heart disease (CHD),
and cardiovascular mortality among non-
diabetic women (14,15). Complications
of atherosclerosis cause most morbidity
and mortality in patients with diabetes
(16). Diabetes is associated with high lev-

els of body iron (17) and a constellation of
metabolic abnormalities (16). Earlier evi-
dence suggested that diabetes status may
exacerbate the proatherosclerotic effects
of iron overload (4,18,19). However, data
on the relation between iron intakes and
coronary risk in diabetic patients are
sparse.

In the present study, we prospectively
examined the long-term consumption of
dietary iron and its major food source, red
meat, in relation to the incidence of CHD
among women with type 2 diabetes from
the Nurses’ Health Study.

RESEARCH DESIGN AND
METHODS — The Nurses’ Health
Study cohort was established in 1976
when 121,700 female registered nurses,
30–55 years old and residing in 11 large
U.S. states completed a mailed question-
naire about their medical history and
lifestyle. Every 2 years, follow-up ques-
tionnaires have been sent to update infor-
mation on potential risk factors and to
identify newly diagnosed cases of CHD
and other illness (20). The present inves-
tigation included 6,161 women who re-
ported a physician diagnosis of type 2
diabetes at 30 years of age, from baseline
through 2000. Women with a history of
CHD (including myocardial infarction,
angina, and/or coronary revasculariza-
tion), stroke, or cancer reported on the
1980 questionnaire (when diet was first
assessed), or before, were excluded at
baseline.

Confirmation of diabetes
A supplementary questionnaire regarding
symptoms, diagnostic tests, and hypogly-
cemic therapy was mailed to women who
indicated on any biennial questionnaire
that they had diabetes. We used National
Diabetes Data Group criteria to define di-
abetes because diabetes in our subjects
was diagnosed before the release of the
American Diabetes Association criteria in
1997 (21). The validity of this method has
been confirmed (22). We used the Amer-
ican Diabetes Association diagnostic cri-
teria for diabetes during the 1998 and
2000 cycles. A woman was considered to
have diabetes if at least one of the follow-
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ing was present: 1) classic symptoms plus
elevated fasting plasma glucose �7.8
mmol/l, and/or random plasma glucose
�11.1 mmol/l, and/or plasma glucose
�11.1 mmol/l after �2 h during an oral
glucose tolerance test; 2) no symptoms
but at least two elevated plasma glucose
concentrations (by the above criteria) on
different occasions; or 3) treatment with
oral hypoglycemic agents or insulin.

CHD ascertainment
The end points of CHD consisted of fatal
CHD, nonfatal myocardial infarction, and
coronary revascularization (coronary by-
pass surgery or coronary angioplasty).
Angina pectoris was not included. Nonfa-
tal myocardial infarction was confirmed
by reviewing medical records using the
criteria of the World Health Organization
of symptoms plus either typical electro-
cardiographic changes or elevated cardiac
enzyme levels. Fatal CHD were confirmed
by review of medical records or autopsy
reports with the permission of the next of
kin or if CHD was listed as the cause of
death on the death certificate, if it was the
underlying and most plausible cause, and
if evidence of previous CHD was available
(by questionnaire or per next of kin). Sud-
den deaths (i.e., death within 1 h of symp-
tom onset without known disease that
could explain death) were considered to

be due to cardiovascular causes. The
records were reviewed by physicians
blinded to the self-reported risk factor sta-
tus. Patients with CHD that was diag-
nosed before the diagnosis of diabetes
were excluded.

Assessment of dietary intakes
Detailed dietary information was ob-
tained through the use of semiquantita-
tive food frequency questionnaires
(FFQs). Participants were asked to report
their average frequency of consumption
of selected foods and beverages with a
specified commonly used unit or portion
size during the previous year. The repro-
ducibility and validity of the dietary ques-
tionnaires were assessed by comparing
nutrient intake from the FFQ with two
1-week diet records spaced 6 months
apart (23). The correlation coefficient for
energy-adjusted total dietary iron intake
was 0.60 after adjustment for within-
person variability in daily intake. Dietary
heme iron was found to be a significant
predictor of body iron stores in our cohort
(24).

Statistical analyses
Person-months of follow-up accumulated
starting with the return of the 1980 ques-
tionnaire. Participants who had a diagno-
sis of CHD or died during follow-up were

censored at the date of diagnosis or death.
All other participants were followed
through January 2000 or the return date
of the last questionnaire if no question-
naire was returned in 2000. To better es-
timate long-term effect, we used the
updated cumulative average from all
available dietary questionnaires up to the
start of each 2-year follow-up interval in
which events were reported (1980, 1984,
1986, 1990, 1994, and 1998) for intakes
of iron, red meat (beef, pork, or lamb as a
main dish; beef as a sandwich or mixed
dish; hamburger; hot dog; processed
meat; and bacon), and other nutrients
(25).

We divided women into quintiles of
intakes and calculated incidence rates in
each quintile. The relative risk (RR) was
computed in a specific quintile compared
with the lowest quintile, with adjustment
for age in 5-year categories and BMI. In
multivariate analyses using Cox propor-
tional hazards analysis, cigarette smok-
ing, alcohol use, history of hypertension
and high cholesterol, family history of
CHD, physical activity, aspirin use, dura-
tion of diabetes, menopausal status and
postmenopausal hormone use, dietary
factors (cereal fiber, trans fat, the ratio of
polyunsaturated to saturated fats, glyce-
mic load, and vitamin C) were addition-
ally adjusted. The SAS statistical package

Table 1—Age-standardized baseline characteristics according to quintiles of heme iron and red meat

Heme iron (mg/day)

P value*

Red meat (servings/day)

P value*Q1 Q3 Q5 Q1 Q3 Q5

Median intake 1.70 2.23 2.83 0.55 1.22 2.39
Age (years) 48 49 49 0.69 49 49 48 �0.01
BMI (kg/m2) 28.0 29.1 28.5 0.22 27.5 27.5 29.2 �0.01
Current smoking (%) 26.5 23.4 29.7 0.37 23.9 30.5 26.1 0.49
Alcohol consumption (g/day) 3.9 2.5 3.4 0.14 3.3 3.9 3.0 0.11
Physical activity (h/week) 3.3 3.4 3.4 0.97 3.8 3.4 3.0 �0.01
Family history of myocardial infarction (%) 24.7 22.9 25.7 0.53 20.9 23.5 25.4 0.11
History of hypertension (%) 43.9 50.6 55.6 0.08 42.5 47.9 44.5 0.08
History of hypercholesterolemia (%) 16.2 25.2 14.2 0.15 19.5 15.8 15.7 0.31
Current estrogen therapy among postmenopausal

women
17.1 24.1 20.3 0.23 12.1 14.3 17.5 0.06

Current aspirin use (%) 40.0 33.7 37.1 0.39 35.7 37.3 39.8 0.66
Duration of diabetes (years) 8.0 7.1 8.2 0.73 8.3 8.8 8.1 0.32
Diet

Saturated fat (% of energy) 14.9 17.9 19.8 �0.01 12.4 15.5 18.3 �0.01
Polyunsaturated fat (% of energy) 5.3 5.3 5.1 0.56 4.9 5.0 5.5 �0.01
PS ratio 0.37 0.30 0.27 �0.01 0.42 0.33 0.31 �0.01
Trans fat (% of energy) 2.1 2.5 2.4 �0.01 1.7 2.1 2.5 �0.01
Cereal fiber (g/day) 2.7 2.2 1.4 �0.01 3.0 2.6 2.2 �0.01
Dietary glycemic load 89 68 51 �0.01 96 84 71 �0.01
Vitamin C (mg/day) 347 269 275 0.08 481 331 245 �0.01

*Test for trend for continuous variables. PS ratio, ratio of polyunsaturated fat to saturated fat; Q, quintile.
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Table 2—RR for CHD according to the intakes of total iron and heme iron

RR (95% CI) according to intakes

P for trendQ1 Q2 Q3 Q4 Q5

Total iron intake
Person-years 10,922 10,880 10,907 10,835 10,911
Nonfatal myocardial infarction 58 53 41 48 59

Age and BMI adjusted 1.0 0.83 (0.56–1.23) 0.63 (0.41–0.97) 0.75 (0.49–1.14) 0.92 (0.62–1.37) 0.66
Multivariate 1.0 0.80 (0.53–1.21) 0.64 (0.40–1.02) 0.79 (0.50–1.27) 1.09 (0.69–1.72) 0.11

Fatal CHD 20 40 29 28 36
Age and BMI adjusted 1.0 1.54 (0.88–2.69) 1.06 (0.58–1.92) 1.02 (0.56–1.87) 1.30 (0.73–2.31) 0.78
Multivariate 1.0 1.86 (1.04–3.33) 1.57 (0.82–3.01) 1.60 (0.82–3.11) 2.10 (1.11–3.98) 0.10

Coronary revascularization 14 27 33 37 27
Age and BMI adjusted 1.0 1.42 (0.73–2.77) 1.54 (0.80–2.97) 1.76 (0.92–3.36) 1.30 (0.66–2.54) 0.97
Multivariate 1.0 1.31 (0.65–2.62) 1.52 (0.75–3.10) 1.90 (0.92–3.92) 1.47 (0.69–3.13) 0.64

Total CHD 92 120 103 113 122
Age and BMI adjusted 1.0 1.09 (0.82–1.45) 0.89 (0.66–1.20) 0.99 (0.73–1.33) 1.06 (0.80–1.42) 0.64
Multivariate 1.0 1.10 (0.82–1.49) 0.98 (0.71–1.36) 1.15 (0.82–1.59) 1.32 (0.95–1.84) 0.04

Heme iron intake
Person-years 11,186 10,830 10,748 10,539 11,152
Nonfatal myocardial infarction 47 57 42 54 59

Age and BMI adjusted 1.0 1.28 (0.84–1.95) 0.94 (0.60–1.48) 1.20 (0.78–1.85) 1.27 (0.83–1.94) 0.35
Multivariate 1.0 1.21 (0.79–1.86) 0.87 (0.54�1.39) 1.10 (0.69–1.75) 1.22 (0.74–2.00) 0.51

Fatal CHD 20 24 24 44 41
Age and BMI adjusted 1.0 1.00 (0.54–1.85) 1.02 (0.55–1.89) 1.87 (1.07–3.28) 1.78 (1.01–3.15) 0.003
Multivariate 1.0 1.06 (0.56–2.00) 1.00 (0.52–1.89) 1.78 (0.96–3.30) 1.64 (0.85–3.17) 0.04

Coronary revascularization 16 22 31 33 36
Age and BMI adjusted 1.0 1.00 (0.51–1.95) 1.42 (0.76–2.67) 1.48 (0.79–2.78) 1.74 (0.93–3.23) 0.02
Multivariate 1.0 0.95 (0.48–1.87) 1.32 (0.68–2.57) 1.51 (0.76–2.99) 1.79 (0.87–3.70) 0.04

Total CHD 83 103 97 131 136
Age and BMI adjusted 1.0 1.13 (0.83–1.54) 1.07 (0.78–1.46) 1.44 (1.06–1.94) 1.50 (1.06–1.94) 0.0009
Multivariate 1.0 1.09 (0.80–1.50) 1.03 (0.76–1.40) 1.35 (0.97–1.86) 1.43 (1.01–2.01) 0.01

Multivariate values adjusted for age, BMI, smoking, alcohol consumption, physical activity, aspirin use, duration of diabetes, history of hypertension and hyper-
cholesterolemia, postmenopausal hormone use, family history of CHD, cereal fiber, glycemic load, polyunsaturated fat–to–saturated fat ratio, trans fat, multivitamin
use, and vitamin C. Q, quintile.

Table 3—RR for CHD according to the intakes of red meat

RR (95% CI) according to intakes

P for trendQ1 Q2 Q3 Q4 Q5

Person-years 11,046 10,948 10,829 10,785 10,847
Nonfatal myocardial infarction 56 50 48 49 56

Age and BMI adjusted 1.0 0.93 (0.63–1.36) 0.92 (0.62–1.36) 0.98 (0.66–1.44) 1.12 (0.77–1.63) 0.44
Multivariate 1.0 0.82 (0.55–1.22) 0.79 (0.52–1.20) 0.83 (0.53–1.30) 0.91 (0.56–1.47) 0.95

Fatal CHD 26 33 29 27 38
Age and BMI adjusted 1.0 1.35 (0.80–2.25) 1.29 (0.76–2.20) 1.28 (0.74–2.20) 1.91 (1.15–3.16) 0.018
Multivariate 1.0 1.40 (0.82–2.40) 1.35 (0.76–2.40) 1.45 (0.78–2.68) 2.05 (1.08–3.90) 0.039

Coronary revascularization 26 24 27 31 30
Age and BMI adjusted 1.0 0.95 (0.55–1.66) 1.08 (0.63–1.87) 1.38 (0.81–2.32) 1.47 (0.86–2.51) 0.06
Multivariate 1.0 0.93 (0.54–1.75) 1.22 (0.67–2.22) 1.66 (0.89–3.09) 1.91 (0.96–3.83) 0.02

Total CHD 108 107 104 107 124
Age and BMI adjusted 1.0 1.03 (0.79–1.35) 1.05 (0.80–1.37) 1.15 (0.88–1.50) 1.38 (1.06–1.80) 0.007
Multivariate 1.0 0.99 (0.75–1.31) 1.01 (0.76–1.37) 1.15 (0.84–1.57) 1.36 (0.97–1.91) 0.03

Multivariate analysis adjusted for age, BMI, smoking, alcohol consumption, physical activity, aspirin use, duration of diabetes, history of hypertension and
hypercholesterolemia, postmenopausal hormone use, family history of CHD, cereal fiber, glycemic load, polyunsaturated fat–to–saturated fat ratio, trans fat,
multivitamin use, and vitamin C.
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(version 8.2 for UNIX) was used for the
analyses. All P values were two sided. P �
0.05 was considered statistically significant.

RESULTS — During 54,455 person-
years of follow-up from 1980 to 2000, we
ascertained 550 incident cases of CHD
(259 nonfatal myocardial infarctions, 153
CHD deaths, and 138 bypass operations
or angioplasties). At baseline, women in
the highest quintile of heme iron intake
were more likely to have hypertension
compared with those in the lowest quin-
tile (Table 1). High heme iron and red
meat intakes were associated with high

intakes of saturated fat, low intakes of ce-
real fiber and vitamin C, and low dietary
glycemic load.

After adjustment for age and BMI,
high intake of heme iron was significantly
associated with higher risk of fatal CHD,
coronary revascularization, and total
CHD (Table 2). Women with the highest
intake of heme iron had 50% (6–94%)
increased risk of total CHD compared
with those with the lowest intake. Further
adjustment for other covariates did not
significantly change the associations.
Consumption of total iron was associated
with a marginally increasing trend of total

CHD risk only in the multivariate analy-
ses. Intake of red meat was also associated
with significantly increased risk of fatal
CHD, coronary revascularization, and to-
tal CHD, independent of age, BMI, and
other covariates (Table 3).

In the subgroup analyses, the associ-
ations of heme iron intake and total CHD
appeared to be stronger among the post-
menopausal women than among the pre-
menopausal women (Fig. 1). In addition,
the associations of heme iron with CHD
were stronger among nonobese women or
those who did not have a family history of
CHD, although tests for interactions were
not significant. An earlier study suggested
that alcohol consumption may strengthen
the association between heme iron intake
and CVD mortality (15). Our stratified
analyses by alcohol consumption (cutoff
5 g/day) did not confirm this interaction.
The associations between red meat in-
takes and CHD showed similar patterns in
the subgroup analyses.

CONCLUSIONS — Patients wi th
type 2 diabetes are at high risk for subse-
quent CHD (16). In this prospective co-
hort study of diabetic women, we found
that intakes of dietary iron, especially
heme iron and red meat, were signifi-
cantly associated with a greater risk of fa-
tal CHD, coronary revascularization, and
total CHD. The observed associations
were independent of conventional risk
factors for CHD.

Little is known about the effects of
dietary iron on cardiovascular risk in dia-
betes. Our findings that high intake of
heme iron was associated with greater
CHD risk among diabetic women are con-
sistent with recent observations in nondi-
abetic women, in whom a relatively high
heme iron intake was associated with sig-
nificantly increased risk of CHD (14). In
the Iowa Women’s Health Study, Lee et al.
(15) found that dietary heme iron intake
was associated with greater cardiovascu-
lar mortality in women with high alcohol
consumption. The associations between
heme iron intake and increased cardio-
vascular events were also observed in
other studies (26,27). Diabetes-related
metabolic abnormalities such as dyslipi-
demia may strengthen the detrimental ef-
fects of iron overload (18,19). Our data
indicate that high consumption of iron,
especially heme iron, may increase CHD
risk in diabetes.

Intestinal absorption of dietary iron
plays a determinant role in body iron ho-
meostasis. Iron consumed in the diet is

Figure 1—The adjusted associations of heme iron intake (in quintiles) with CHD in diabetic
women by menopausal status (A), obese status (cutoff 30 kg/m2) (B), and parental history of CHD
(C). The RR and 95% CI are presented. Analyses were adjusted for age, BMI, smoking, alcohol
consumption, physical activity, aspirin use, duration of diabetes, history of hypertension and
hypercholesterolemia, postmenopausal hormone use, family history of CHD, cereal fiber, glycemic
load, polyunsaturated fat–to–saturated fat ratio, trans fat, multivitamin use, and vitamin C.
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either heme iron or nonheme iron. Heme
iron is found mainly in red meats, poul-
try, and seafood. Nonheme iron is found
in both plant and animal foods. Heme
iron is highly bioavailable because of its
ability to circumvent the downregulation
mechanism of nonheme iron absorption
in iron overload and contributes substan-
tially to the total iron from the typical U.S.
diet (28,29). Compared with total iron
(heme and nonheme) intake, heme iron
has been more consistently associated
with increased risk of CHD and cardio-
vascular mortality (14,15,26,27,30,31).
The associations between heme iron and
CHD risk appear to be more marked in
postmenopausal women. Premenopausal
women may lose a significant amount of
iron during menstruation, which may di-
lute the relationship between iron intake
and CHD risk. In this study, we also
found that red meat, the major food
source of heme iron, was associated with
an increasing trend of CHD risk. These
finding are consistent with our earlier ob-
servation in nondiabetic women (32). Be-
cause other components in red meat such
as saturated fat may also affect coronary
health, it is difficult to tease out the inde-
pendent effects of each component.

Several limitations of the present
study warrant consideration. We could
not completely exclude the possibilities of
residual confounding because of imper-
fect measures of diet and lifestyle factors.
For example, heme iron is correlated with
saturated fat. Both heme iron and satu-
rated fat are measured with errors in the
dietary questionnaire; residual confound-
ing by saturated fat is unavoidable even
after careful adjustment. Because diabetes
is self-reported and confirmed by a sup-
plemental questionnaire, there is a poten-
tial for misclassification of disease status
and self-reported duration of diabetes.
However, the supplementary question-
naire used for diabetes diagnosis has been
shown to be valid on the basis of medical
record review (22). As an advantage, the
dietary variables were assessed repeat-
edly, and iron intake assessed by the FFQ
was validated against diet records (23).
Such data not only represent long-term
intake but also minimize the measure-
ment error.

In summary, we found significant as-
sociations between intakes of heme iron
and red meat and CHD risk among dia-
betic women. Whether the increased iron
intake is causally related to increased risk
in CHD remains to be proven. These find-
ings suggest that patients with type 2 di-

abetes may consider reducing their
consumption of heme iron and red meat
for the prevention of CHD.

Acknowledgments— This study was sup-
ported by grants CA87969, HL60712,
HL34594, and DK58845 from the National
Institutes of Health. F.B.H. is partially sup-
ported by an American Heart Association Es-
tablished Investigator Award.

References
1. Yuan XM, Anders WL, Olsson AG, Brunk

UT: Iron in human atheroma and LDL oxi-
dation by macrophages following eryth-
rophagocytosis. Atherosclerosis 124:61–73,
1996

2. Williams MJ, Poulton R, Williams S: Re-
lationship of serum ferritin with cardio-
vascular risk factors and inflammation in
young men and women. Atherosclerosis
165:179–184, 2002

3. Danesh J, Appleby P: Coronary heart dis-
ease and iron status: meta-analyses of pro-
spective studies. Circulation 99:852–854,
1999

4. Haidari M, Javadi E, Sanati A, Hajilooi M,
Ghanbili J: Association of increased fer-
ritin with premature coronary stenosis in
men. Clin Chem 47:1666–1672, 2001

5. Bozzini C, Girelli D, Tinazzi E, Olivieri O,
Stranieri C, Bassi A, Trabetti E, Faccini G,
Pignatti PF, Corrocher R: Biochemical
and genetic markers of iron status and the
risk of coronary artery disease: an angiog-
raphy-based study. Clin Chem 48:622–
628, 2002

6. You SA, Wang Q: Ferritin in atheroscle-
rosis. Clin Chim Acta 357:1–16, 2005

7. Widdowson EM, McCance RA: The ab-
sorption and excretion of iron before,
during and after a period of very high in-
take. Biochem J 31:2029–2034, 1937

8. Finch C: Regulators of iron balance in hu-
mans. Blood 84:1697–1702, 1994

9. Hallberg L: Advantages and disadvantages
of an iron-rich diet. Eur J Clin Nutr 56
(Suppl. 1):S12–S18, 2002

10. Cade JE, Moreton JA, O’Hara B, Green-
wood DC, Moor J, Burley VJ, Kukalizch K,
Bishop DT, Worwood M: Diet and genetic
factors associated with iron status in mid-
dle-aged women. Am J Clin Nutr 82:813–
820, 2005

11. Qi L, Meigs J, Manson JE, Ma J, Hunter D,
Rifai N, Hu FB: HFE genetic variability,
body iron stores, and the risk of type 2
diabetes in U.S. women. Diabetes
54:3567–3572, 2005

12. Jiang R, Ma J, Ascherio A, Stampfer MJ, Wil-
lett WC, Hu FB: Dietary iron intake and
blood donations in relation to risk of type 2
diabetes in men: a prospective cohort study.
Am J Clin Nutr 79:70–75, 2004

13. Rajpathak S, Ma J, Manson J, Willett WC,
Hu FB: Iron intake and the risk of type 2

diabetes in women: a prospective cohort
study. Diabetes Care 29:1370–1376,
2006

14. van der AD, Peeters PH, Grobbee DE,
Marx JJ, van der Schouw YT: Dietary
haem iron and coronary heart disease in
women. Eur Heart J 26:257–262, 2005

15. Lee DH, Folsom AR, Jacobs DR Jr: Iron,
zinc, and alcohol consumption and mor-
tality from cardiovascular diseases: the
Iowa Women’s Health Study. Am J Clin
Nutr 81:787–791, 2005

16. Beckman JA, Creager MA, Libby P: Diabe-
tes and atherosclerosis: epidemiology,
pathophysiology, and management. JAMA
287:2570–2581, 2002

17. Jiang R, Manson JE, Meigs JB, Ma J, Rifai N,
Hu FB: Body iron stores in relation to risk of
type 2 diabetes in apparently healthy
women. JAMA 291:711–717, 2004

18. Kiechl S, Willeit J, Egger G, Poewe W,
Oberhollenzer F: Body iron stores and the
risk of carotid atherosclerosis: prospec-
tive results from the Bruneck study. Cir-
culation 96:3300–3307, 1997

19. Salonen JT, Nyyssonen K, Korpela H,
Tuomilehto J, Seppanen R, Salonen R:
High stored iron levels are associated with
excess risk of myocardial infarction in
Eastern Finnish men. Circulation 86:803–
811, 1992

20. Hu FB, Manson JE, Stampfer MJ, Colditz
G, Liu S, Solomon CG, Willett WC: Diet,
lifestyle, and the risk of type 2 diabetes
mellitus in women. N Engl J Med 345:
790–797, 2001

21. Report of the Expert Committee on the
Diagnosis and Classification of Diabetes
Mellitus. Diabetes Care 20:1183–1197,
1997

22. Manson JE, Colditz GA, Stampfer MJ,
Willett WC, Krolewski AS, Rosner B,
Arky RA, Speizer FE, Hennekens CH: A
prospective study of maturity-onset dia-
betes mellitus and risk of coronary heart
disease and stroke in women. Arch Intern
Med 151:1141–1147, 1991

23. Willett W: Nutritional Epidemiology. New
York, Oxford University Press, 1998

24. Liu JM, Hankinson SE, Stampfer MJ, Rifai
N, Willett WC, Ma J: Body iron stores and
their determinants in healthy postmeno-
pausal US women. Am J Clin Nutr 78:
1160–1167, 2003

25. Hu FB, Stampfer MJ, Rimm E, Ascherio A,
Rosner BA, Spiegelman D, Willett WC:
Dietary fat and coronary heart disease: a
comparison of approaches for adjusting
for total energy intake and modeling re-
peated dietary measurements. Am J Epide-
miol 149:531–540, 1999

26. Ascherio A, Willett WC, Rimm EB, Gio-
vannucci EL, Stampfer MJ: Dietary iron
intake and risk of coronary disease among
men. Circulation 89:969–974, 1994

27. Klipstein-Grobusch K, Grobbee DE,
den Breeijen JH, Boeing H, Hofman A,

Qi and Associates

DIABETES CARE, VOLUME 30, NUMBER 1, JANUARY 2007 105



Witteman JC: Dietary iron and risk of
myocardial infarction in the Rotterdam
Study. Am J Epidemiol 149:421– 428,
1999

28. Cook JD: Adaptation in iron metabolism.
Am J Clin Nutr 51:301–308, 1990

29. Bothwell T: Iron Metabolism in Man, Ox-
ford, U.K., Blackwell, 1979

30. Tzonou A, Lagiou P, Trichopoulou A,
Tsoutsos V, Trichopoulos D: Dietary iron
and coronary heart disease risk: a study
from Greece. Am J Epidemiol 147:161–
166, 1998

31. Malaviarachchi D, Veugelers PJ, Yip AM,
MacLean DR: Dietary iron as a risk factor
for myocardial infarction: public health

considerations for Nova Scotia. Can J Pub-
lic Health 93:267–270, 2002

32. Hu FB, Stampfer MJ, Manson JE, Ascherio
A, Colditz GA, Speizer FE, Hennekens
CH, Willett WC: Dietary saturated fats
and their food sources in relation to the
risk of coronary heart disease in women.
Am J Clin Nutr 70:1001–1008, 1999

Heme iron, red meat, CHD, and type 2 diabetes

106 DIABETES CARE, VOLUME 30, NUMBER 1, JANUARY 2007


