
Abstract

Aims/hypothesis. Recently, a clear biological link be-
tween iron metabolism and diabetes has emerged from
epidemiological and experimental studies. We carried
out a prospective study of dietary iron intake and inci-
dence of Type 2 diabetes.
Methods. 35,698 postmenopausal women initially
aged 55 to 69 years were followed for 11 years. Diet
was assessed with a food frequency questionnaire at
baseline.
Results. Intake of heme iron showed a positive associ-
ation with incident Type 2 diabetes; the relative risks
were 1.0, 1.07, 1.12, 1.14, and 1.28 across quintiles of
heme iron (p trend =0.02) after adjustment for non-di-
etary and dietary risk factors. Heme iron showed a
weak positive association among non-drinkers, but the
association appeared to be stronger among subjects
who consumed more alcohol. For example, in a model
restricted to those who drank alcohol at least 15 g/day,

adjusted relative risks across quintiles of heme iron
were 1.0, 2.26, 3.22, 1.92, and 4.42 (p trend =0.05);
and consumers of 30 g/day of more of supplemental
iron had an adjusted relative risk equal to 3.03 (95%
CI, 1.29–7.12)], compared to those who took no iron
supplement. Non-heme iron was inversely associated
with incidence of Type 2 diabetes. Amongst non-
drinkers adjusted relative risks were 1.0, 0.83, 0.87,
0.72, and 0.67 across quintiles (p trend <0.01). This
inverse association was lost among drinkers, in whom
there was no association of diabetes incidence with
non-heme iron.
Conclusions/interpretation. Greater dietary heme-iron
intake and/or supplemental iron were associated with
an increased risk of Type 2 diabetes, especially
amongst those who drink alcohol. [Diabetologia
(2004) 47:185–194]

Keywords Type 2 diabetes · Iron · Alcohol 
consumption · Meat intake

Received: 7 July 2003 / Revised: 21 October 2003
Published online: 8 January 2004
© Springer-Verlag 2004

D. R. Jacobs Jr (✉)
Division of Epidemiology, School of Public Health, 
University of Minnesota, 1300 South 2nd Street, Suite 300,
Minneapolis, MN 55454 USA
E-mail: jacobs@epi.umn.edu

Abbreviations: WHR, waist-to-hip ratio · RR, relative risk ·
Q1–Q5, quintiles 1–5

Diabetologia (2004) 47:185–194
DOI 10.1007/s00125-003-1307-1

Articles

Dietary iron intake and Type 2 diabetes incidence 
in postmenopausal women: the Iowa Women’s Health Study
D.-H. Lee1, 2 · A. R. Folsom1 · D. R. Jacobs1, 3

1 Division of Epidemiology, School of Public Health, University of Minnesota, Minneapolis, USA
2 Department of Preventive Medicine, College of Medicine, Kosin University, Pusan, Korea
3 Institute for Nutrition Research, University of Oslo, Oslo, Norway

risk of Type 2 diabetes [1, 2, 3, 4, 5]. In addition, low
iron status or iron depletion is associated with better
insulin action and metabolic control in healthy indi-
viduals and Type 2 diabetic patients [6, 7, 8]. Hemo-
chromatosis or the hemochromatosis genotype also
has been associated with the risk of Type 2 diabetes
[9], though not consistently [10]. A recent review pa-
per [11] has made a clear biological link between iron
metabolism and diabetes based on both epidemiologic
and experimental studies. Therefore, there is a possi-
bility that dietary iron could influence risk of diabetes.

The human body has several defence mechanisms
to protect against any harmful effect of free iron; for
example, careful regulation of iron absorption and
iron-binding proteins [12, 13]. However, alcohol con-

Epidemiological studies have reported a positive rela-
tionship of serum ferritin with several components of
the insulin resistance syndrome and with an elevated



sumption has been reported to disrupt iron homeosta-
sis through effects on iron binding proteins such as
ferritin and transferrin [14], even in the general popu-
lation [15, 16, 17]. Therefore, if there is an effect of
iron intake on the development of diabetes, the effect
of iron might occur mostly amongst drinkers.

Therefore, we carried out an analysis in the Iowa
Women’s Health Study to examine (i) if there is a rela-
tion between dietary iron intake and incidence of Type
2 diabetes over 11 years of follow-up and (ii) if the as-
sociation between dietary iron intake and Type 2 dia-
betes is different depending on alcohol consumption.

Subjects and methods

The Iowa Women’s Health Study cohort. The study was ap-
proved by the Committee on the Use of Human Subjects in Re-
search, University of Minnesota; women signed a consent form
prior to beginning participation in the study. Methods for the
Iowa Women’s Health Study recruitment and data collection
have been published previously [18]. Briefly, this study was
designed to examine associations between several host, dietary,
and lifestyle factors and the incidence of cancer in 41,836
postmenopausal women, aged 55 to 69 years at baseline, who
completed a 16-page self-administered questionnaire in Janu-
ary 1986. Women were excluded from analysis if they reported
implausibly high (>5000 kcal) or low (<600 kcal) energy in-
takes, left more than or equal to 30 items blank on the food-
frequency questionnaire, were premenopausal, or reported dia-
betes at baseline. Women were considered to have diabetes at
baseline if they responded “yes” to one of the following ques-
tions: (i) Have you ever been told by a doctor that you have
sugar diabetes? (ii) Have you ever taken insulin or pills for
sugar diabetes (or to lower blood glucose)? After exclusions,
35,698 women remained eligible for the study.

Data collection. The baseline questionnaire included questions
on known or suspected risk factors for diabetes, such as age,
BMI, waist-to-hip ratio (WHR), physical activity, alcohol con-
sumption, and smoking history. BMI was calculated from
weight and height measurements provided by the participants.
WHR was calculated as the average of two measurements tak-
en by the participant’s spouse or friend using a paper tape mea-
sure that was included with the questionnaire. The women re-
ported their frequency of moderate (e.g., golf and long walks)
and vigorous (e.g., swimming and aerobics) physical activity
and a three level score was created combining frequency and
intensity. Pack-years of smoking were calculated from infor-
mation on the intensity and duration of cigarette smoking. Al-
cohol consumption was assessed with a food frequency ques-
tionnaire that queried the participants’ typical intakes of wine,
beer, and spirits. In addition, the participants provided infor-
mation on their marital status, educational attainment, resi-
dence, and use of hormone replacement therapy.

A 127-item food-frequency questionnaire similar to that
used in the 1984 survey of the Nurses’ Health Study was used
to assess typical food intake over the previous year [19, 20].
Nutrient intake was computed by multiplying the frequency re-
sponse by the nutrient content of the specified portion sizes.
Content of heme iron was calculated by applying a factor of
0.4 to the total iron content of all meat items [21]. Non-heme
iron was computed as total iron in non-meat foods and 0.6 of
the total iron content in meats [21]. We also asked questions

about iron and multivitamin supplements. The iron content of
multivitamin or iron supplements was calculated based on
brand.

Type 2 diabetes incidence was determined by an affirmative
response to the following question, which was on all of the fol-
low-up mailed surveys: “Since baseline (or last follow-up),
were you diagnosed for the first time by a doctor as having
sugar diabetes?”. During 11 years of follow-up, 1921 women
reported incidence of Type 2 diabetes in the four follow-up
surveys administered in 1987 (n=365), 1989 (n=338), 1992
(n=471), and 1997 (n=747). Response rates for the four fol-
low-up surveys were 91, 89, 86, and 79%, respectively.

Data analysis. For women who did not report a diagnosis of
incident Type 2 diabetes, person-time-at-risk was calculated
from baseline to the date of the last completed follow-up sur-
vey. For women who reported an incident diagnosis of Type 2
diabetes, person-time was calculated as the sum of the known
disease-free period plus half of the period during which the di-
agnosis was made. Mortality status was determined annually
through linkage with the State Health Registry of Iowa or, in
the case of non-respondents and emigrants from Iowa, via the
National Death Index.

Total dietary iron, dietary non-heme iron, dietary heme
iron, and supplemental iron were examined as exposures. Par-
ticipants were categorized according to quintiles of dietary iron
intake. Supplemental iron was classified as 0 g/d, 1 to 29 g/d,
and more than or equal to 30 g/d. Results were displayed
among all subjects and also stratified by alcohol consumption
(0 g/d, 1–14 g/d, and ≥15 g/day). In the Iowa Women’s Health
Study, information on alcohol intake was collected twice, in
1986 and 1992. In the present analyses, for women who had an
event or were last followed up before 1992, we used alcohol
consumption based on the 1986 questionnaire and for women
who had an event or were last followed up after 1994, we used
averaged alcohol intake based on both 1986 and 1994.

We used proportional hazards regression to account for po-
tential confounding effects of other risk factors for Type 2 dia-
betes. The independent variable of interest was either as total
dietary, dietary non-heme, dietary heme, or supplemental iron.
Multivariate models were adjusted simultaneously for age
(continuous), total energy intake (continuous), WHR (continu-
ous), BMI (continuous), physical activity score (low, medium,
or high), cigarette smoking (none, 1–19 pack-years, 20–39
pack-years, or ≥40 pack-years), education (no high school di-
ploma, high school diploma, college or vocational school but
no degree, or college degree), marital status (currently married,
never married, separated or divorced, or widowed), residential
area (farm, rural or small town with population up to 2499,
town of population from 2500–10,000, or city or town with
population >10,000), and hormone replacement therapy (cur-
rent, former, or never), plus a continuous variable for alcohol
(g/day). An additional model adjusted for animal fat (continu-
ous), vegetable fat (continuous), cereal fibre (continuous), and
dietary magnesium (continuous) and also included dietary non-
heme, dietary heme, and supplemental iron simultaneously. In
tests for trend, the quintile number of dietary iron intake was
used as a continuous variable. For all relative risks (RR), we
calculated 95% CI. All p values were two-tailed and less than
or equal to 0.05 was considered to be statistically significant.

Results

Most of total dietary iron (91%) was from non-heme
iron and there was a weak inverse association between
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non-heme iron and heme iron consumption (Table 1).
Compared to women in the lowest quintile of non-heme
iron intake (Q1), women in the highest quintile of non-
heme iron intake (Q5) consumed more energy, less ani-
mal fat, less vegetable fat, more cereal fibre, and more
dietary magnesium. They tended to have healthier be-
haviour; they had lower BMI and WHR, consumed less
alcohol, were less likely to smoke cigarettes, and en-
gaged in more physical activity. Women who consumed
more dietary heme iron (Q5 compared to Q1 of heme
iron) showed opposite trends. They seemed to have a
less healthy diet pattern; they consumed more animal
fat, less cereal fibre, and less dietary magnesium. In ad-
dition, they had higher mean BMI and WHR, were more
likely to smoke cigarettes, and engaged in less physical
activity. Supplemental iron was taken by 7006 women,
of whom 1408 took more than or equal to 30 g/d. 88%
of women who consumed supplemental iron at baseline
were multivitamin users. Women who took iron supple-
ments had somewhat healthier behaviour and dietary
habits than women who did not take supplemental iron.
Intakes of iron from non-heme, heme, and supplemental
sources were mutually uncorrelated. Total iron intake
was largely reflective of non-heme iron intake (r=0.995)
and was not analyzed further.

After adjusting for known Type 2 diabetes risk fac-
tors and total energy intake, the RRs for quintiles of

non-heme dietary iron were 1.0, 0.95, 0.97, 0.86, and
0.73 (p trend <0.01, Table 2). This inverse association
could be attributable to other dietary factors, because
the association was attenuated and became statistically
non-significant after additional adjustment for animal
fat, vegetable fat, cereal fibre, and dietary magnesium.
Additional adjustment for vitamin C or calcium,
which can affect absorption of non-heme, did not
change the results. In contrast, heme iron showed a
positive association with adjusted RRs of 1.0, 1.07,
1.12, 1.14, and 1.28 (p trend =0.02). Supplemental
iron was not associated with incidence of Type 2 dia-
betes.

Within each level of iron intake a reduction in
Type 2 diabetes risk was seen among alcohol drinkers
compared to nondrinkers, with further reductions at
higher levels of alcohol intake (Table 3A, Table 4A,
Table 5A). However, this inverse association with al-
cohol intake was attenuated as iron intake increased,
with the result that a strong inverse gradient with in-
creasing alcohol intake disappeared among those who
consumed the most dietary or supplemental iron. Af-
ter stratification by level of alcohol consumption (Ta-
ble 3B, Table 4B, Table 5B), dietary non-heme iron
was inversely associated with the risk of Type 2 dia-
betes only among non-drinkers; adjusted RRs for
quintile of non-heme iron were 1.0, 0.83, 0.87, 0.72,
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Table 1. Age and total energy intake-adjusteda mean levels of diabetes risk factors according to extreme quintiles (Q1 lowest and
Q5 highest) of dietary iron intake and by supplemental iron at baseline in the Iowa Women’s Health Study, 1986

Total dietary iron Dietary non-heme iron Dietary heme iron Supplemental iron

Q1 Q5 Q1 Q5 Q1 Q5 No Yes

Mean
Age (years) 61.2 62.0 61.2 62.0 62.1 61.1 61.6 61.7
BMI (kg/m2) 26.8 26.7 27.0 26.6 26.0 27.7 26.8 26.4
WHR 0.843 0.829 0.845 0.827 0.831 0.842 0.835 0.829
Alcohol consumption (g/day) 7.8 1.4 7.9 1.6 5.0 3.7 4.7 4.7
Total energy intake (kcal/day) 1166 2376 1170 2337 1325 2376 1804 1791
Animal fat (g/day) 41.2 39.0 43.0 37.0 30.6 54.5 40.4 39.1
Vegetable fat (g/day) 30.2 25.7 29.5 26.4 31.9 22.8 28.2 28.3
Cereal fibre (g/day) 0.6 3.4 0.5 3.5 1.9 1.3 1.6 1.8
Dietary Magnesium (mg/day) 257 323 254 326 302 265 287 297

Percent
High-school graduate 79.2 82.1 79.2 82.6 80.1 80.6 81.6 84.0
High physical activity 20.2 28.6 19.4 29.1 26.8 21.3 23.9 28.3
Current smoker 22.2 9.6 22.8 9.4 14.5 16.0 15.5 13.9
Current user of postmenopausal hormone 26.6 27.7 26.0 28.1 27.1 26.3 27.3 29.7
Currently married 72.3 78.1 73.8 77.4 67.8 83.5 77.3 75.1
Urban residence (>10,000 population) 36.3 31.9 35.1 32.9 40.8 23.8 34.0 36.3

Correlation coefficient
Total dietary iron 1.0 0.995 0.082 0.005
Dietary non-heme iron 1.0 −0.013 0.008
Dietary heme iron 1.0 −0.024
Supplemental iron 1.0

a Mean levels for age are unadjusted and those for energy intake are age-adjusted



and 0.67 (p trend <0.01) (Table 3B). Non-heme iron
was not associated with Type 2 diabetes among drink-
ers (p<0.01 in Table 3A). In contrast, heme iron
showed a positive association with incident Type 2
diabetes among both non-drinkers and drinkers (Ta-
ble 4). Furthermore, the heme iron association ap-
peared to be stronger in subjects who reported con-
suming more drinks per day (p=0.01, Table 4A). For
example, in a model restricting to drinkers of more
than or equal to15 g/d, adjusted RRs across quintiles
of heme iron were 1.0, 2.26, 3.22, 1.92, and 4.42 
(p trend =0.05, Table 4B). Intake of supplemental
iron greater than or equal to 30 mg/d showed a posi-
tive association only among drinkers and the associa-
tion became stronger among those who drank more
(Table 5A) (p=0.47). Women who took supplemental
iron more than or equal to 30 g/d showed an in-
creased risk of diabetes incidence in a separate re-
gression analysis within drinkers of more than or
equal to 15 g/d [aRR=3.03 (95% CI, 1.29–7.12, Ta-
ble 5B)].

We also examined the association between red
meat intake, the main source of heme-iron, and Type 2
diabetes. Overall, adjusted RRs for quintile of red
meat consumption were 1.0, 1.01, 1.07, 1.12, and 1.20
(p trend =0.02). The association became stronger
among drinkers of higher amounts of alcohol (p=0.02,
Table 6A). Neither animal fat nor total dietary saturat-
ed fat, both commonly eaten in red meat were associ-
ated with incident Type 2 diabetes (data not shown).

Discussion

Iron is a transition metal that can easily become oxi-
dized and thus act as an oxidant in the body [22]. The
general effect of catalytic iron is to convert poorly re-
active free radicals, such as H2O2, into highly reactive
ones, such as the hydroxyl radical [22]. A recent re-
view paper has reported influences of iron metabolism
on Type 2 diabetes based on experimental and epide-
miological studies [11]. The possible mechanisms are
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Table 2. Relative risks of Type 2 diabetes according to intake of dietary non-heme iron, dietary heme iron, supplemental iron in
the Iowa Women’s Health Study, 1986 to 1997

Quintile of dietary non-heme iron (median, mg/d) 95% CIc p trend

Q1(6.5) Q2(8.9) Q3(11.1) Q4(14.1) Q5(20.8)

Cases 367 386 414 391 363
Person-years 60,618 67,959 68,836 68,715 66,724
Incidence density (per 1000) 6.1 5.7 6.0 5.7 5.4
Age and energy intake adjusted RR 1.00 0.83 0.79 0.68 0.59 0.49–0.71 <0.01
Multivariate RRa 1.00 0.95 0.97 0.86 0.73 0.60–0.89 <0.01
Multivariate RRb 1.00 0.96 0.99 0.90 0.80 0.64–1.01 0.08

Quintile of dietary heme iron (median, mg/d) 95% CIc p trend

Q1(0.5) Q2(0.8) Q3(1.2) Q4(1.5) Q5(2.2)

Cases 288 363 372 411 487
Person-years 60,689 68,358 68,157 68,684 66,966
Incidence density (per 1000) 4.7 5.3 5.5 6.0 7.3
Age and energy intake adjusted RR 1.00 1.12 1.15 1.26 1.52 1.28–1.81 <0.01
Multivariate RRa 1.00 1.07 1.12 1.14 1.28 1.07–1.54 <0.01
Multivariate RRb 1.00 1.07 1.12 1.14 1.28 1.04–1.58 0.02

Supplemental iron (mg/d) p trend

0 1–29 ≥30 95% CIc

Cases 1588 254 79
Person-years 267,757 52,303 12,794
Incidence density (per 1000) 5.9 4.9 6.2
Age and energy intake adjusted RR 1.00 0.82 1.03 0.83–1.30 0.08
Multivariate RRa 1.00 0.93 1.14 0.91–1.44 0.90
Multivariate RRb 1.00 0.94 1.16 0.92–1.46 0.79

a Adjusted for age, total energy intake, WHR, BMI, physical
activity, cigarette smoking, alcohol consumption, education,
marital status, residential area, and hormone replacement ther-
apy

b Additional adjustment for animal fat, vegetable fat, cereal fi-
bre, dietary magnesium, dietary non-heme iron, dietary heme
iron, and supplemental iron
c 95% CI for the highest iron category



Table 3. Adjusteda relative risks of Type 2 diabetes according to intake of dietary non-heme iron stratified by alcohol consumption
in the Iowa Women’s Health Study, 1986 to 1997

Quintile of non-heme iron(median, mg/d)

Q1(6.5) Q2(8.9) Q3(11.1) Q4(14.1) Q5(20.8)

A. Joint model across all drinking categories (p for interaction ≤0.01)

Non-drinkers
Cases 258 227 245 223 215
Person-years 29,962 31,438 31,760 32,321 33,001
Incidence density (per 1000) 8.6 7.2 7.7 6.9 6.5
Multivariate RR (95% CI) Reference 0.86 (0.71–1.04) 0.90 (0.74–1.09) 0.74 (0.59–0.92) 0.68 (0.53–0.88)

1–14 g/d alcohol
Cases 94 139 155 149 138
Person-years 25,359 31,049 32,310 32,291 30,668
Incidence density (per 1000) 3.7 4.5 4.8 4.6 4.5
Multivariate RR (95% CI) 0.49 (0.38–0.62) 0.60 (0.48–0.75) 0.65 (0.52–0.81) 0.63 (0.49–0.80) 0.57 (0.43–0.75)

≥15 g/d alcohol
Cases 15 20 14 19 10
Person-years 5299 5473 4767 4104 3056
Incidence density (per 1000) 2.8 3.7 2.9 4.6 3.3
Multivariate RR (95% CI) 0.38 (0.22–0.64) 0.48 (0.30–0.77) 0.33 (0.19–0.59) 0.65 (0.40–1.07) 0.37 (0.19–0.72)

B. Separate models within drinking categories

Non-drinkers
Multivariate RR (95% CI) 1.0 0.83 (0.69–1.01) 0.87 (0.71–1.08) 0.72 (0.57–0.92) 0.67 (0.50–0.89) p trend 

≤0.01
1–14 g/d alcohol
Multivariate RR (95% CI) 1.0 1.25 (0.94–1.65) 1.32 (0.98–1.77) 1.30 (0.93–1.82) 1.19 (0.80–1.78) p trend 

=0.41
≥15 g/d alcohol
Multivariate RR (95% CI) 1.0 1.13 (0.54–2.37) 0.64 (0.27–1.53) 1.08 (0.42–2.79) 0.49 (0.14–1.73) p trend 

=0.37
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a Adjusted for age, total energy intake, WHR, BMI, physical
activity, cigarette smoking, alcohol consumption, education,
marital status, residential area, hormone replacement therapy,

animal fat, vegetable fat, cereal fibre, dietary magnesium, die-
tary heme iron and supplemental iron

as follows: firstly, increased accumulation of iron af-
fects insulin synthesis and secretion in the pancreas
and interferes with the insulin-extracting capacity of
the liver; secondly, iron deposition in muscle decreas-
es glucose uptake because of muscle damage; and
thirdly, conversely, insulin stimulates cellular iron up-
take through increased transferrin receptor external-
ization [11]. Thus, insulin and iron might act synergis-
tically, contributing, in a vicious cycle, to insulin re-
sistance and diabetes [11].

Although obesity is the most important risk factor
for Type 2 diabetes, in this large prospective cohort
study of women, we found evidence for an indepen-
dent positive association between dietary heme iron
and risk of diabetes, initially diagnosed after meno-
pause and therefore most likely of the Type 2 form. In
addition, the association was stronger in those who
consumed higher amounts of alcohol. Non-heme iron,
which comprises 91% of total dietary iron, similar to

another US study [23], showed a different relation.
Non-heme iron was inversely associated with Type 2
diabetes among non-drinkers, but this apparent advan-
tage disappeared among drinkers.

Even though most dietary iron comes from non-
heme sources, heme iron absorption is about five to
ten times greater than non-heme iron absorption. The
absorption of heme iron is less sensitive to body iron
stores and not influenced by other dietary factors [24].
Some population studies showed a positive associa-
tion between meat intake or heme iron and serum fer-
ritin, a marker of stored body iron, but the association
of non-heme iron intake with serum ferritin was negli-
gible [16, 25], although the findings have not been to-
tally consistent [26, 27, 28].

In this cohort, 91% of total dietary iron was from
non-heme sources. Therefore, even considering the
low absorption rate of non-heme iron, the absolute
amount of available non-heme iron might be similar to



that of available heme iron. Currently, there is no evi-
dence that the two types of iron play a different role
after absorption in the human body. Other nutrients
and unknown components of the main food sources of
non-heme iron, such as grains, fruits, and vegetables
might explain any beneficial effect of non-heme iron
among non-drinkers. Such a prudent diet, character-
ized by higher consumption of vegetables, fruit, fish,
poultry, and whole grains, is associated with a lower
risk of Type 2 diabetes [29]. The inverse association
between non-heme iron and Type 2 diabetes remained
even after adjusting for vegetable fat and cereal fibre,
which are known beneficial nutrients contained in the
main food sources of non-heme iron [30, 31]. Howev-
er, these specific dietary factors probably explain only
part of the effect of diet on glucose metabolism; a di-
rect effect of dietary non-heme iron is consistent with
a disappearance of the inverse association of non-
heme iron with Type 2 diabetes among drinkers. The

beneficial effect of other dietary components might be
countered by a harmful effect of non-heme iron,
which was expected to mostly exert its effect, if any,
among drinkers.

Supplemental iron showed a positive trend with
Type 2 diabetes incidence among women who took
more than or equal to 30 mg/d and the association be-
came stronger among heavier drinkers, in agreement
with our hypothesis. We used 30 mg/d as a cut-off
point because, in elderly participants in the Framing-
ham Heart Study cohort [32], the risk of having high
iron stores was higher in subjects who took more than
or equal to 30 mg/d supplemental iron than in nonus-
ers. We note that the use of supplemental iron might
not increase risk in the presence of iron-deficiency
anaemia; however, the baseline iron status of these Io-
wa women is not known.

It is generally believed that light or moderate alco-
hol consumption can be helpful for preventing Type 2
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Table 4. Adjusteda relative risks of Type 2 diabetes according to intake of dietary heme iron stratified by alcohol consumption in
the Iowa Women’s Health Study, 1986 to 1997

Quintile of heme iron(median, mg/d)

Q1(0.5) Q2(0.8) Q3(1.2) Q4(1.5) Q5(2.2)

A. Joint model across all drinking categories (p for interaction =0.01)

Non-drinkers
Cases 198 234 216 232 288
Person-years 32,121 32,197 30,920 31,386 31,856
Incidence density (per 1000) 6.2 7.3 7.0 7.4 9.0
Multivariate RR (95% CI) Reference 1.10 (0.91–1.35) 1.11 (0.90–1.36) 1.11 (0.90–1.37) 1.23 (0.97–1.55)

1–14 g/d alcohol
Cases 85 116 135 165 174
Person-years 24,798 31,643 32,304 32,146 30,785
Incidence density (per 1000) 3.4 3.7 4.2 5.1 5.7
Multivariate RR (95% CI) 0.68 (0.52–0.89) 0.68 (0.53–0.86) 0.77 (0.61–0.98) 0.86 (0.68–1.08) 0.94 (0.73–1.21)

≥15 g/d alcohol
Cases 5 13 21 14 25
Person-years 3772 4518 4932 5152 4325
Incidence density (per 1000) 1.3 2.9 4.3 2.7 5.8
Multivariate RR (95% CI) 0.25 (0.10–0.62) 0.54 (0.30–0.95) 0.74 (0.46–1.18) 0.43 (0.25–0.76) 0.87 (0.55–1.36)

B. Separate models within drinking categories

Non-drinkers
Multivariate RR (95% CI) 1.0 1.10 (0.90–1.35) 1.10 (0.89–1.36) 1.11 (0.90–1.39) 1.22 (0.94–1.58) p trend

=0.21
1–14 g/d alcohol
Multivariate RR (95% CI) 1.0 0.95 (0.71–1.28) 1.08 (0.80–1.45) 1.20 (0.89–1.63) 1.20 (0.84–1.73) p trend

=0.12
≥15 g/d alcohol
Multivariate RR (95% CI) 1.0 2.26 (0.79–6.44) 3.22 (1.16–8.94) 1.92 (0.63–5.87) 4.42 (1.37–14.25) p trend

=0.05

a Adjusted for age, total energy intake, WHR, BMI, physical
activity, cigarette smoking, alcohol consumption, education,
marital status, residential area, hormone replacement therapy,

animal fat, vegetable fat, cereal fibre, dietary magnesium, die-
tary non-heme iron and supplemental iron



diabetes [33, 34]. In this study, alcohol (mean con-
sumption: 4.5 g/d) also showed an inverse association
with Type 2 diabetes. However, we hypothesized that
alcohol consumption could interact with iron because
the regular consumption of alcohol can disrupt normal
iron metabolism in humans, resulting in the excess de-
position of iron in the liver [14]. This could happen ir-
respective of mechanisms relating the beneficial effect
of light or moderate alcohol consumption to the devel-
opment of Type 2 diabetes. A possible harmful effect
of alcohol related with iron metabolism might be only
a small part of alcohol’s various effects. Thus, a net
effect of low or moderate alcohol consumption seems
to be beneficial in the risk of diabetes. However, in
this study, alcohol consumption was chosen as one of
possible situations that can disturb iron metabolism.
We speculate that there might be other conditions re-
lated with iron metabolism, even though at present
they are unknown. Therefore, our results should be in-
terpreted as showing that high iron intake might in-
crease the risk of diabetes under certain situations that

can disturb iron metabolism. Our result should not be
interpreted to stop drinking alcohol.

The underlying mechanism of the association be-
tween alcohol consumption and abnormal iron metab-
olism is largely unknown; however, it is likely that the
two major proteins of iron metabolism, ferritin and
transferrin, are intimately involved in the process [14].
The relation between alcohol consumption and distur-
bance of iron metabolism has mostly been observed
among alcoholics [14]; however, recent studies have
reported that, even in general populations, there is a
positive dose-response relationship between the
amount of alcohol consumed and serum ferritin level
[15, 16, 17]. For example, those who consumed 10 g/d
of alcohol had higher ferritin levels than non-drinkers
[15]. Therefore, the effect of alcohol on iron metabo-
lism seems to start at a lower level than what was be-
lieved. Based on these observations, we hypothesized
that, if there were an effect of iron intake on the risk
of Type 2 diabetes, it would be a stronger association
among drinkers.
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Table 5. Adjusteda relative risks of Type 2 diabetes according to intake of supplemental iron stratified by alcohol consumption in
the Iowa Women’s Health Study, 1986 to 1997

Supplemental iron

0 mg/d 1–29 mg/d ≥30 mg/d

A. Joint model across all drinking categories (p for interaction =0.47)

Non-drinkers
Cases 973 150 45
Person-years 128,044 24,119 6318
Incidence density (per 1000) 7.6 6.2 7.1
Multivariate RR (95% CI) Reference 0.95 (0.74–1.22) 1.14 (0.61–2.13)

1–14 g/d alcohol
Cases 553 94 28
Person-years 121,281 24,655 5739
Incidence density (per 1000) 4.6 3.8 4.9
Multivariate RR (95% CI) 0.70 (0.63–0.79) 0.71 (0.54–0.93) 0.97 (0.50–1.89)

≥15 g/d alcohol
Cases 62 10 6
Person-years 18,431 3529 737
Incidence density (per 1000) 3.4 2.8 8.1
Multivariate RR (95% CI) 0.50 (0.24–0.87) 0.46 (0.24–0.87) 1.67 (0.64–4.39)

B. Separate models within drinking categories

Non-drinkers
Multivariate RR (95% CI) 1.0 0.91 (0.76–1.09) 1.01 (0.74–1.38) p trend =0.53

1–14 g/d alcohol
Multivariate RR (95% CI) 1.0 0.98 (0.79–1.23) 1.21 (0.82–1.78) p trend =0.57

≥15 g/d alcohol
Multivariate RR (95% CI) 1.0 0.86 (0.44–1.69) 3.03 (1.29–7.12) p trend =0.16

a Adjusted for age, total energy intake, WHR, BMI, physical
activity, cigarette smoking, alcohol consumption, education,
marital status, residential area, hormone replacement therapy,

animal fat, vegetable fat, cereal fibre, dietary magnesium, die-
tary non-heme iron and heme iron



The main food source of heme-iron is red meat
[21]; other meat constituents besides iron might ex-
plain our findings. Indeed, the association between red
meat and Type 2 diabetes was positive and very simi-
lar to that for heme iron: as alcohol consumption in-
creased, the positive association became stronger.
Some studies have reported a positive association be-
tween meat or processed meat intake and Type 2 dia-
betes [31, 35]. Saturated fat intake or nitrites were the
main interests in these papers, but saturated fat intake
was not associated with Type 2 diabetes in most large
prospective studies [31, 35, 36], and the relevance of
nitrites or nitrite-derived nitrosamines for Type 2 dia-
betes is unclear [36].

This study was limited by the lack of biological
samples. In addition, measurement of diet and diabe-
tes was imperfect. The reproducibility and validation
of the food-frequency questionnaire used in Iowa
Women’s Health Study was evaluated in 44 study par-
ticipants [37]. The reproducibility of total dietary iron

was similar to that of macronutrients (r=0.47–0.81),
whereas the validity compared with five 24-h dietary
recalls was very low (r=0.07 unadjusted for total ener-
gy; −0.09 adjusted for total energy). The absolute
amount of dietary iron intake measured by the food
frequency questionnaire was only half of that of the
five 24-h dietary recalls. Most dietary iron is in the
form of non-heme iron and an important source of
non-heme iron is iron-fortified commercial foods such
as breakfast cereal. Thus, a choice of a specific brand
or type during the period of dietary recall survey
might greatly influence the absolute amount of dietary
iron intake, and therefore result in a very low validity
because the food frequency questionnaire had limited
information on breakfast cereal. Non-heme and heme
iron were not reported separately, but the two types of
dietary iron might show a different reproducibility and
validity because their main food sources, and their va-
lidities, are different. Main food sources of heme iron
are very limited compared with non-heme iron. There-
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Table 6. Adjusteda relative risks of Type 2 diabetes according to intake of red meat stratified by alcohol consumption in the Iowa
Women’s Health Study, 1986 to 1997

Quintile of red meat consumption

Q1 Q2 Q3 Q4 Q5

A. Joint model across all drinking categories (p for interaction =0.02)

Non-drinkers
Cases 181 264 229 223 271
Person-years 28,293 39,433 30,510 30,693 29,537
Incidence density (per 1000) 6.4 6.7 7.5 7.3 9.2
Multivariate RR (95% CI) Reference 0.97 (0.79–1.18) 1.14 (0.93–1.40) 1.05 (0.85–1.30) 1.10 (0.88–1.39)

1–14 g/d alcohol
Cases 85 145 121 150 174
Person-years 24,670 39,181 29,255 30,267 28,300
Incidence density (per 1000) 3.4 3.7 4.1 5.0 6.1
Multivariate RR (95% CI) 0.65 (0.52–0.89) 0.68 (0.54–0.85) 0.66 (0.52–0.85) 0.84 (0.67–1.07) 0.89 (0.69–1.13)

≥15 g/d alcohol
Cases 5 23 12 13 25
Person-years 3806 6552 4450 4225 3668
Incidence density (per 1000) 1.3 3.5 2.7 3.1 6.8
Multivariate RR (95% CI) 0.27 (0.11–0.66) 0.64 (0.41–1.00) 0.40 (0.22–0.71) 0.43 (0.24–0.79) 0.90 (0.58–1.41)

B. Separate models within drinking categories

Non-drinkers
Multivariate RR (95% CI) 1.0 0.98 (0.80–1.20) 1.15 (0.93–1.42) 1.06 (0.85–1.32) 1.11 (0.86–1.42) p trend

=0.28
1–14 g/d alcohol
Multivariate RR (95% CI) 1.0 1.01 (0.76–1.34) 0.98 (0.73–1.33) 1.19 (0.89–1.61) 1.19 (0.84–1.67) p trend

=0.15
≥15 g/d alcohol
Multivariate RR (95% CI) 1.0 2.56 (0.96–6.84) 1.73 (1.57–5.21) 1.89 (0.62–5.77) 4.62 (1.50–14.21) p trend

=0.04

a Adjusted for age, total energy intake, WHR, BMI, physical activity, cigarette smoking, alcohol consumption, education, marital
status, residential area, hormone replacement therapy, animal fat, vegetable fat, cereal fibre, and dietary magnesium
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fore, validity of heme iron might be much higher than
those of non-heme iron. For example, the validity of
heme iron might be similar to that of saturated fat,
which has similar food sources with heme iron. Dif-
ferential validity of measurement between non-heme
and heme iron might explain the observed difference
in association with incident Type 2 diabetes.

Incident cases of Type 2 diabetes were ascertained
by self-report. A validation study of self-reported dia-
betes was conducted on 85 cohort participants in 1988
after the first follow-up survey. Subjects tend to over-
report having diabetes; of 44 women who reported
having diabetes at baseline, 28 (64%) were confirmed
as having diabetes by their physician [38]. All 41
women who reported not having diabetes at baseline
were confirmed as not having diabetes. Non-validated
positive reports could nonetheless reflect some level
of diabetes. One study [39] found that several people
with non-validated positive reports of diabetes had
some history of glycosuria. Furthermore, the fasting
glucose criterion for diabetes was more than or equal
to 140 mg/dl in 1988, but has subsequently been low-
ered to less than or equal to 126 mg/dl. Thus, some
women who falsely reported a diagnosis of diabetes
might still have some level of underlying disease,
such as impaired glucose tolerance. The ascertainment
of diabetes in the present study was sensitive enough
to confirm associations with other known risk factors
for Type 2 diabetes. Assuming that the error in diabe-
tes ascertainment was independent and nondifferen-
tial, the present findings would only be strengthened
by more accurate ascertainment of disease.

In summary, although obesity is the most important
risk factor for Type 2 diabetes, our results suggest that
a high dietary heme iron intake and/or supplemental
iron is associated with an increased risk of Type 2 dia-
betes, especially among drinkers. Further studies with
biochemical indicators of body iron stores would be
desirable to further evaluate this possible interaction
among Type 2 diabetes, dietary iron and alcohol in-
take.
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