Epidemiology/Health Services/Psychosocial Research
O R I G I N A L

A R T I C L E

A Prospective Study of Red Meat
Consumption and Type 2 Diabetes in
Middle-Aged and Elderly Women
The Women’s Health Study
YIQING SONG, MD1,2
JOANN E. MANSON, MD, DRPH1,2,3

JULIE E. BURING, SCD1,2,4
SIMIN LIU, MD, SCD1,2

RESEARCH DESIGN AND METHODS — Over an average of 8.8 years, we evaluated
37,309 participants in the Women’s Health Study aged ⱖ45 years who were free of cardiovascular disease, cancer, and type 2 diabetes and completed validated semiquantitative food frequency questionnaires in 1993.
RESULTS — During 326,876 person-years of follow-up, we documented 1,558 incident
cases of type 2 diabetes. After adjusting for age, BMI, total energy intake, exercise, alcohol intake,
cigarette smoking, and family history of diabetes, we found positive associations between intakes
of red meat and processed meat and risk of type 2 diabetes. Comparing women in the highest
quintile with those in the lowest quintile, the multivariate-adjusted relative risks (RRs) of type 2
diabetes were 1.28 for red meat (95% CI 1.07–1.53, P ⬍ 0.001 for trend) and 1.23 for processed
meat intake (1.05–1.45, P ⫽ 0.001 for trend). Furthermore, the significantly increased diabetes
risk appeared to be most pronounced for frequent consumption of total processed meat (RR
1.43, 95% CI 1.17–1.75 for ⱖ5/week vs. ⬍1/month, P ⬍ 0.001 for trend) and two major
subtypes, which were bacon (1.21, 1.06 –1.39 for ⱖ2/week vs. ⬍1/week, P ⫽ 0.004 for trend)
and hot dogs (1.28, 1.09 –1.50 for ⱖ2/week vs. ⬍1/week, P ⫽ 0.003 for trend). These results
remained significant after further adjustment for intakes of dietary fiber, magnesium, glycemic
load, and total fat. Intakes of total cholesterol, animal protein, and heme iron were also significantly associated with a higher risk of type 2 diabetes.
CONCLUSIONS — Our data indicate that higher consumption of total red meat, especially
various processed meats, may increase risk of developing type 2 diabetes in women.
Diabetes Care 27:2108 –2115, 2004

T

he adoption of a “western diet” characterized by high intakes of red and
processed meat as well as other
components, including refined grain

products, snacks, sweets, French fries,
and pizza, is believed to contribute to the
epidemic of type 2 diabetes in the world
(1). A diet high in red meat has long been
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RESEARCH DESIGN AND
METHODS — The WHS is a randomized, double-blind, placebo-controlled
trial designed to evaluate the balance of
benefits and risks of low-dose aspirin and
vitamin E in the primary prevention of
cardiovascular disease and cancer (10).
We randomized a total of 39,876 female
health professionals aged ⱖ45 years who
were free of coronary heart disease,
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OBJECTIVE — The aim of this study was to prospectively assess the relation between red
meat intake and incidence of type 2 diabetes.

suspected as an important and independent contributor to risk of type 2 diabetes.
This hypothesis was first generated based
on the evidence from ecologic and migrant studies (2,3) and subsequently supported by several cross-sectional and
prospective studies of dietary patterns
and diabetes (4 – 6).
Since the Seventh Day Adventists
Study first reported a positive association
between total meat intake and risk of type
2 diabetes in a population with a large
proportion of vegetarians (7), few studies
have specifically assessed this relation between meat consumption and incidence
of diabetes. Of note, two recent cohort
studies in U.S. men and women observed
a significant association between frequent
consumption of processed meat and an
increased risk of type 2 diabetes (8,9).
However, because of scarce data, it is unclear whether these observed positive associations are consistent in other cohorts.
Furthermore, it remains uncertain
whether the adverse association of red
meat or processed meat consumption
with diabetes risk is mediated through its
high fat content, protein, or some other
specific components produced from certain cooking or processing practices such
as nitrates and nitrites.
Therefore, we prospectively investigated the associations of red and processed meat and various subtypes of each,
and type of major nutrients, with the incidence of type 2 diabetes in the Women’s
Health Study (WHS), comprised of a large
cohort of U.S. women.
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Assessment of meat intake
For each food, a commonly used unit or
portion size was specified, and each participant was asked how often she had consumed that amount, on average, over the
previous year. Nine possible responses
ranging from “never” to “six or more times
per day” were recorded. Intake of each
meat item was calculated by multiplying
the intake frequency of individual items
in those food categories by their weights,
estimated from the specified portion size.
Nutrient intakes were computed by multiplying the frequency of consumption of
each unit of food from the SFFQ by the
nutrient content of the specified portion
size according to food composition tables
from the Harvard Food Composition Database (11). Each nutrient was adjusted
for total energy using the residual method
(12). Red meat intake was considered to
be the sum of hamburger, beef, or lamb as
a main dish, pork as a main dish, beef,
pork, or lamb as a sandwich or mixed
dish, and all processed meat. Total processed meat was considered to be the sum
of hot dogs, bacon, and other processed
meat. Other processed meat included
sausage, salami, and bologna. This SFFQ
has demonstrated reasonably good validity as a measure of long-term average dietary intakes in women (13). The
correlations between the SFFQ and two
1-week diet records were 0.48 – 0.68 for
total and specific types of fat intakes,
0.35– 0.45 for meat, and 0.33– 0.53 for
processed meat (13,14).
Ascertainment of type 2 diabetes
The status of type 2 diabetes was evaluated at baseline, and women with a history of diagnosed diabetes were excluded.

Thereafter, all of the participants were
asked annually whether and when they
had been diagnosed with diabetes since
completing the previous questionnaire.
Two complementary approaches have
been used to confirm self-reported type 2
diabetes in the WHS. First, we attempted
to contact 473 women with self-reported
diabetes who provided a blood sample as
part of a nested case-control study of diabetes, to verify the self-reported diagnosis
(15). Using the American Diabetes Association (ADA) diagnostic criteria (16), the
self-reported diagnosis of diabetes was
confirmed in 406 (91%) of 446 women
who responded via telephone interview
(15). Second, a random sample of 147
women with self-reported diabetes was
mailed a supplemental diabetes questionnaire, also using the ADA criteria to parallel the telephone interview. Among 136
respondents, 124 (91%) women were
classified as having type 2 diabetes by the
supplemental questionnaire. In addition,
113 of the 124 women gave permission to
contact their primary care physician.
Ninety-seven of the 113 physicians responded, of whom 90 provided adequate
information to apply the ADA criteria. For
these 90 women, 89 (99%) were confirmed to have type 2 diabetes on the basis
of the combined information from the
supplemental questionnaire and physician information. Thus, we believe that
self-reported type 2 diabetes is valid in the
WHS.
Data analysis
We first categorized intakes of red and
processed meats into quintiles of intake.
We also categorized meat consumption
by aggregating nine possible responses
from SFFQ into four categories for red
meat and total processed meat (⬍1/week,
1/week, 2– 4/week, ⱖ5/week). Subtype of
red meat and processed meat were categorized into three categories (⬍1/week,
1/week, ⱖ2/week). We calculated the incidence rates of type 2 diabetes for each
category of baseline meat intake by dividing the number of incident cases by the
person-years of follow-up from 1993 to
2003. After testing the proportional hazard assumption, we used Cox proportional hazards models to estimate the rate
ratios (described as relative risks [RRs])
and 95% CIs of developing type 2 diabetes for each category of meat item compared with the lowest category. The initial
model was adjusted for age and total en-
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ergy intake. In multivariate models, we
adjusted for age (continuous), BMI (continuous), total energy intake (quintiles),
smoking status (current, past, and never),
exercise (rarely/never, ⬍1/week, 1–3/
week, and ⱖ4/week), alcohol intake
(rarely/never, 1–3 drinks/month, 1– 6
drinks/week, ⱖ1 drink/day), and family
history of diabetes (yes/no) and then further adjusted for dietary factors, including intakes of dietary fiber (quintiles),
glycemic load (quintiles), total fat (quintiles), and magnesium (quintiles). Tests of
linear trend across increasing categories
of intake were conducted by assigning the
medians of intakes in quintiles treated as a
continuous variable. A likelihood ratio
test was used to assess the significance of
interaction terms. We also did separate
analyses for intakes of type of fat, protein,
dietary heme iron, and total iron. All statistical analyses were conducted using
SAS (version 8.0; SAS Institute, Cary,
NC).
RESULTS — At baseline in 1993, the
differences comparing the highest intake
to the lowest intake among 37,309
women were ⬃10-fold in total red meat
intake (Table 1). High consumers of red
meat tended to be current smokers and
less likely to exercise, use postmenopausal hormones, or use supplements of
multivitamins than those who rarely consumed red meat. Women with higher intake of red meat also had a higher BMI and
were more likely to have a history of hypertension and a family history of diabetes. Furthermore, total red meat intake
was positively associated with total energy intake, intakes of all fatty acids, cholesterol, and protein but inversely
associated with dietary carbohydrate, fiber, magnesium intakes, and glycemic
load. Similar associations were observed
for total meat and processed meat.
During an average of 8.8 years of follow-up (326,876 person-years), we documented 1,558 incident cases of type 2
diabetes. In the age- and energy-adjusted
models, total red meat and processed
meat were significantly associated with an
increased risk of type 2 diabetes (Table 2).
After adjusting for age, total energy intake, BMI, smoking, alcohol intake, physical activity, and family history of
diabetes, these associations were attenuated but remained statistically significant
for red meat and processed meat (RRs
comparing two extreme quintiles 1.28,
2109
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stroke, and cancer (other than nonmelanoma skin cancer). Of them, 98% provided detailed information about their
diet, completing a 131-item semiquantitative food frequency questionnaire
(SFFQ) in 1993 (10). We excluded individuals with ⬎70 items left blank in their
SFFQ and with energy intake outside the
range of 2,514 kJ (600 kcal) and 14,665
kJ (3,500 kcal), with reported diabetes at
baseline, and with completed data on
meat consumption, which left 37,309
women for the analysis. This study has
been conducted according to the ethical
guidelines of Brigham and Women’s Hospital. Written informed consent was obtained from all participants.

Red meat and type 2 diabetes in women

Table 1—Baseline characteristics among 37,309 women according to intakes of total meat, red meat, and processed meat comparing highest
quintile (Q5) to lowest quintile (Q1) in the WHS
Total meat
Quintile of intake

Processed meat

Q1

Q5

Q1

Q5

Q1

Q5

0.63
54.6 ⫾ 7.5

2.27
53.5 ⫾ 6.7

0.13
54.3 ⫾ 7.2

1.42
53.5 ⫾ 6.8

0
54.0 ⫾ 7.0

0.56
54.0 ⫾ 7.1

11.4
51.3
37.4

15.3
51.5
33.2

7.97
51.5
40.5

18.8
50.3
30.9

7.65
53.6
38.8

20.8
47.2
32.0

36.5
17.2
32.2
14.2

40.7
22.5
29.2
7.65

30.0
15.8
36.0
18.2

47.0
22.2
25.1
5.74

30.7
16.2
36.1
17.0

46.7
22.3
25.1
5.95

49.2
12.8
28.7
9.29

45.9
12.4
31.3
10.4

46.5
13.3
30.9
9.33

48.2
12.2
29.3
10.3

45.2
13.4
31.8
9.67

46.3
12.3
30.2
11.2

46.0
10.7
43.4
24.8 ⫾ 4.3
31.6
22.4
26.4
23.7

49.3
10.8
40.0
27.1 ⫾ 5.5
27.4
29.1
27.3
27.5

46.4
10.3
43.3
24.7 ⫾ 4.3
34.0
22.2
28.1
24.1

50.2
10.9
39.0
27.0 ⫾ 5.5
25.1
28.2
26.0
26.9

46.1
9.60
44.3
24.9 ⫾ 4.4
32.2
22.0
28.0
23.6

49.4
11.5
39.1
26.9 ⫾ 5.5
25.9
29.5
25.6
27.1

1,333
248
52.7
18.0
19.4
10.7
2.12
173
69.6
21.2
355
187

2,236
200
62.7
21.4
23.7
11.5
2.43
267
89.9
17.4
325
150

1,458
248
48.4
16.0
17.4
10.6
1.72
186
78.9
22.7
377
185

2,127
199
66.1
23.0
25.3
11.5
2.74
259
83.2
16.2
305
151

1,569
239
50.7
16.9
18.5
10.5
1.80
199
82.0
21.8
369
178

1,989
206
64.6
22.4
24.6
11.7
2.69
254
79.5
16.6
308
157

Data are means ⫾ SD unless otherwise indicated. All covariate values are according to the quintiles of total red meat consumption. All the means of nutrients are
energy adjusted. *Glycemic load was defined as an indicator of blood glucose induced by an individual’s total carbohydrate intake. Each unit of glycemic load
represents the equivalent of 1 g of carbohydrate from white bread.

95% CI 1.07–1.53, P for trend ⬍ 0.001
for red meat and 1.23, 1.05–1.45, P for
trend ⫽ 0.001 for processed meat). Additional adjustment for dietary fiber, glycemic load, magnesium intake, and total fat
intake did not change these significant results. As compared with the lowest quintile of intake, the multivariate-adjusted
RRs of type 2 diabetes across increasing
quintiles were 1.00, 0.90, 1.07, 1.08, and
1.24 for red meat intake (P ⫽ 0.005 for
2110

trend) and 1.00, 0.96, 0.95, 1.08, and
1.19 for total processed meat intake (P for
trend ⫽ 0.007).
The multivariate-adjusted RRs when
frequency of red meat and processed meat
consumption were modeled as four categories (⬍1/week, 1/week, 2– 4/week, and
ⱖ5/week) were 1.00, 1.15, 1.08, and
1.29, respectively (P ⫽ 0.01 for trend),
for red meat and 1.00, 1.05, 1.20, and
1.43 for total processed meat (P ⬍ 0.001

for trend). After further adjustment for
nutrient factors, only total processed meat
intake remained significantly associated
with diabetic risk. As major items of processed meat, bacon and hot dogs also
showed consistently positive associations
with risk of type 2 diabetes (Table 3).
Comparing women who consumed ⱖ2/
week to those who consumed ⬍1/week,
the multivariate-adjusted RRs of type 2
diabetes after controlling for dietary nu-
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Median intake (servings/day)
Age (years)
Smoking (%)
Current
Never
Past
Exercise (%)
Rarely/never
⬍1/week
1–3/week
ⱖ4/week
Alcohol consumption (%)
Rarely never
1–3 drinks/month
1–6 drinks/week
ⱖ1 drink/day
Postmenopausal hormone use (%)
Never
Past
Current
Mean BMI (kg/m2)
Multivitamin use (%)
History of hypertension (%)
History of high cholesterol (%)
Family history of diabetes (%)
Diet (adjusted for total energy)
Total calorie (kcal/day)
Carbohydrate (g/day)
Total fat (g/day)
Saturated fat (g/day)
Monounsaturated fat (g/day)
Polyunsaturated fat (g/day)
Trans fatty acid (g/day)
Cholesterol (mg/day)
Proteins (g/day)
Fiber (g/day)
Magnesium (mg/day)
Glycemic load*

Red meat

Song and Associates

P for
trend
1 (lowest)
2
3
4
5 (highest)
P for trend

Quintiles of intake

ⱖ5 times/week

CONCLUSIONS — In this large prospective study, we found that a higher
consumption of red meat, especially total
processed meat, was associated with an
increased risk of developing type 2 diabetes in middle-aged and older U.S. women,
independent of known diabetes risk
factors.
The prospective design and high follow-up rates in our study minimized the
possibility of selection bias or recall bias.
As any measurement errors from baseline
SFFQ were unlikely to be related to subsequent diabetes end points, misclassification of dietary assessment would most
likely be nondifferential and would have
attenuated the true associations. Thus,
our observed associations may not be explained by such errors and were, on the
contrary, somewhat conservative. Our results were also less likely to be influenced
by misclassification of type 2 diabetes because of a high accuracy of self-reported
diabetes as assessed by our validation
study. Moreover, because we adjusted for
age, BMI, and other important risk factors
for type 2 diabetes, the residual confounding due to these known factors was
probably modest.
Our findings are consistent with recent evidence from both the Health Professionals Follow-Up Study of male health
professionals and the Nurses’ Health
Study II of younger and middle-aged U.S.
women (8,9). Processed meat appeared
entirely responsible for the elevated diabetes risk associated with total red meat in
these two large cohort studies (8,9).
Red meat, especially processed meat,
contains certain types of preservatives,
additives, or other chemicals arising from
2111
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2–4 times/week

—

Frequency of consumption

1 time/week

1.42

—

0.86

0.56

0.57

0.21

0.40

0.13

0.13

0.07

—

0

1.06

—

877/145,092
—
225/64,742
229/63,204
299/69,244
322/64,146
483/65,541
—
2.03 (1.58–2.60) ⬍0.0001
1.00
1.06 (0.88–1.28) 1.29 (1.08–1.54) 1.53 (1.28–1.83) 2.24 (1.88–2.66) ⬍0.0001
1.29 (0.99–1.67) 0.01
1.00
0.89 (0.74–1.08) 1.07 (0.90–1.28) 1.09 (0.91–1.31) 1.28 (1.07–1.53) ⬍0.001
1.25 (0.94–1.67) 0.07
1.00
0.90 (0.74–1.10) 1.07 (0.88–1.30) 1.08 (0.89–1.33) 1.24 (1.00–1.54)
0.005

0.92

136/14,119
—
309/86,704
246/64,187
172/41,203
384/72,400
432/59,202
—
2.49 (2.05–3.03) ⬍0.0001
1.00
1.07 (0.91–1.27) 1.17 (0.97–1.41) 1.48 (1.27–1.72) 1.98 (1.70–2.30) ⬍0.0001
1.43 (1.17–1.75) ⬍0.001
1.00
0.96 (0.81–1.14) 0.96 (0.79–1.16) 1.11 (0.95–1.29) 1.23 (1.05–1.45)
0.001
1.38 (1.11–1.71) 0.003
1.00
0.96 (0.81–1.14) 0.95 (0.78–1.15) 1.08 (0.91–1.27) 1.19 (1.00–1.42)
0.007

Table 2—RR of type 2 diabetes according to consumption of red meat and total processed meat in the WHS

⬍1 time/week

Red meat
Median intake,
0.03
0.20
0.42
servings/day
Cases/person-years
69/22,694
110/30,284
502/128,806
Age, energy adjusted
1.00
1.20 (0.89–1.62) 1.30 (1.01–1.68)
Multivariate model 1*
1.00
1.15 (0.85–1.57) 1.08 (0.83–1.40)
Multivariate Model 2†
1.00
1.16 (0.85–1.58) 1.09 (0.83–1.43)
Total processed meat
Median intake,
0
0.14
0.43
servings/day
Cases/person-years
555/150,891
457/97,859
395/60,827
Age, energy adjusted
1.00
1.27 (1.12–1.44) 1.74 (1.52–1.98)
Multivariate model 1*
1.00
1.05 (0.92–1.19) 1.20 (1.05–1.38)
Multivariate model 2†
1.00
1.03 (0.91–1.18) 1.17 (1.01–1.36)

Data are RR (95% CI). *Multivariate model 1: adjusted for age (continuous), BMI (continuous), total energy intake (quintiles), smoking (current, past, and never), exercise (rarely/never, ⬍1 time/week, 1–3
times/week, and ⱖ4 times/week), alcohol use (rarely/never, 1–3 drinks/month, 1– 6 drinks/week, and ⱖ1 drink/day), and family history of diabetes (yes/no). †Multivariate model 2: model 1 with additional
adjustment for dietary intakes of fiber intake (quintiles), glycemic load (quintiles), magnesium (quintiles), and total fat (quintiles).
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trients were 1.17 (95% CI 1.02–1.35, P ⫽
0.02 for trend) for bacon and 1.24 (1.05–
1.45, P ⫽ 0.02 for trend) for hot dogs.
Subtypes of red meat appeared to increase
diabetes risk in the multivariate models,
but 95% CIs were wider and included the
null.
Finally, we found significantly positive associations for dietary intakes of
cholesterol, animal protein, and heme
iron, which are the primary constituents
of red meat (Table 4). The multivariateadjusted RRs comparing two extreme
quintiles were 1.35 for cholesterol (95%
CI 1.11–1.64, P ⫽ 0.003 for trend), 1.44
for animal protein (1.16 –1.78, P ⫽ 0.001
for trend), and 1.46 for heme iron (1.20 –
1.78, P ⬍ 0.0001 for trend).

Red meat and type 2 diabetes in women

Table 3—RR of type 2 diabetes according to subtypes of red meat and processed meat in the WHS
Frequency of consumption
1 time/week

ⱖ2 times/week

P for trend

199/52,840
1.00
1.00
1.00

482/106,678
1.19 (1.01–1.41)
1.07 (0.91–1.27)
1.07 (0.90–1.27)

858/163,127
1.35 (1.15–1.58)
1.15 (0.98–1.35)
1.12 (0.94–1.33)

⬍0.0001
0.07
0.22

391/91,050
1.00
1.00
1.00

620/135,719
1.05 (0.93–1.20)
0.98 (0.86–1.12)
0.97 (0.85–1.11)

544/99,043
1.23 (1.07–1.41)
1.10 (0.95–1.26)
1.06 (0.92–1.23)

0.002
0.16
0.36

163/44,245
1.00
1.00
1.00

411/95,201
1.17 (0.98–1.41)
1.07 (0.89–1.29)
1.06 (0.88–1.28)

971/184,184
1.40 (1.18–1.66)
1.15 (0.96–1.37)
1.12 (0.93–1.34)

⬍0.0001
0.09
0.21

174/53,936
1.00
1.00
1.00

511/123,780
1.29 (1.09–1.53)
1.10 (0.92–1.31)
1.09 (0.91–1.30)

867/147,174
1.81 (1.54–2.14)
1.18 (1.00–1.41)
1.15 (0.95–1.38)

⬍0.0001
0.04
0.14

690/173,840
1.00
1.00
1.00

497/96,981
1.27 (1.14–1.43)
1.12 (0.99–1.26)
1.10 (0.97–1.24)

364/54,876
1.59 (1.40–1.81)
1.21 (1.06–1.39)
1.17 (1.02–1.35)

⬍0.0001
0.004
0.02

811/202,195
1.00
1.00
1.00

522/95,147
1.35 (1.21–1.51)
1.08 (0.96–1.21)
1.06 (0.94–1.19)

215/27,736
1.84 (1.58–2.15)
1.28 (1.09–1.50)
1.24 (1.05–1.45)

⬍0.0001
0.003
0.02

580/144,224
1.00
1.00
1.00

494/108,859
1.13 (1.00–1.27)
0.91 (0.80–1.03)
0.89 (0.78–1.01)

480/72,486
1.60 (1.41–1.81)
1.12 (0.99–1.28)
1.07 (0.93–1.23)

⬍0.0001
0.13
0.43

Data are RR (95% CI); *Multivariate model 1: adjusted for age (continuous), BMI (continuous), total energy intake (quintiles), smoking (current, past, and never),
exercise (rarely/never, ⬍1 time/week, 1–3 times/week, and ⱖ4 times/week), alcohol use (rarely/never, 1–3 drinks/month, 1– 6 drinks/week, and ⱖ1 drink/day), and
family history of diabetes (yes/no). †Multivariate model 2: model 1 with additional adjustment for dietary intakes of fiber intake (quintiles), glycemic load (quintiles),
magnesium (quintiles), and total fat (quintiles). ‡Other processed meats include sausage, salami, and bologna.

meat preparation, including preservation,
packaging, and cooking. These compounds include nitrates and nitrites
added in meat processing as well as a variety of heterocyclic amines and polycyclic aromatic hydrocarbons formed in red
meat, especially when cooked well done
(17). These compounds can be converted
to N-nitrosamines (17), which were
found to be toxic to pancreatic ␤-cell
(18). Consumption of foods with a high
content of nitrites and nitrosamines has
2112

been associated with type 1 diabetes (19 –
21). Also, advanced glycation and lipoxidation end products produced during the
cooking or processing of meat have been
associated with insulin resistance and diabetes-related complications in animal
models (22) and human subjects (23,24).
Therefore, such specific compounds
mainly present in processed meat might
largely explain the observed significant
association between processed meat intake and type 2 diabetes.

Nevertheless, red meat is also a major
source for saturated fat, cholesterol, animal protein, and heme iron. It has been
shown that certain types of fat from red
meat may play a major role in the development of type 2 diabetes (9,25). As
noted in a recent review, epidemiological
evidence for the relevance of dietary fats
and risk of type 2 diabetes seem to be
inconsistent (25). The present study did
not show any positive associations between intakes of saturated fat or trans fatty
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Red meat
Beef or lamb as a main dish
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
Pork as a main dish
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
Beef, pork, or lamb as a sandwich or mixed dish
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
Hamburgers
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
Processed meat
Bacon
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
Hot dogs
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
Other processed meats‡
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†

⬍1 time/week

Song and Associates

Table 4—RR of type 2 diabetes according to quintiles of nutrient intake in the WHS
Quintile of intake
2

3

4

5 (highest)

P for trend

13.8
231/65,587
1.00
1.00
1.00

17.1
268/65,503
1.17 (0.98–1.39)
0.96 (0.80–1.14)
0.95 (0.76–1.18)

19.4
301/65,758
1.31 (1.10–1.55)
1.04 (0.87–1.24)
0.94 (0.73–1.21)

21.8
337/65,285
1.48 (1.26–1.76)
1.01 (0.85–1.20)
0.85 (0.64–1.13)

25.8
421/64,743
1.90 (1.62–2.23)
1.10 (0.93–1.31)
0.89 (0.66–1.21)

⬍0.0001
0.14
0.49

15.1
242/65,355
1.00
1.00
1.00

18.9
242/65,631
0.99 (0.83–1.18)
0.91 (0.76–1.09)
1.01 (0.77–1.32)

21.4
305/65,635
1.25 (1.06–1.48)
1.06 (0.89–1.26)
1.11 (0.80–1.55)

24.0
343/65,275
1.41 (1.20–1.67)
1.10 (0.93–1.30)
1.17 (0.81–1.70)

27.9
426/64,980
1.79 (1.52–2.09)
1.14 (0.97–1.35)
1.27 (0.85–1.91)

⬍0.0001
0.02
0.20

0.95
283/66,108
1.00
1.00
1.00

1.17
299/63,856
1.08 (0.92–1.27)
1.08 (0.92–1.28)
1.09 (0.92–1.29)

1.34
301/66,863
1.03 (0.88–1.21)
1.04 (0.88–1.23)
1.06 (0.89–1.25)

1.54
322/63,488
1.16 (0.99–1.36)
1.11 (0.95–1.31)
1.13 (0.96–1.34)

1.88
353/66,562
1.21 (1.04–1.42)
1.09 (0.93–1.28)
1.10 (0.93–1.30)

0.009
0.28
0.30

7.35
260/64,953
1.00
1.00
1.00

9.12
302/65,430
1.14 (0.97–1.35)
1.06 (0.90–1.26)
1.06 (0.89–1.26)

10.5
315/65,293
1.19 (1.01–1.40)
1.12 (0.95–1.32)
1.09 (0.91–1.31)

12.0
331/65,409
1.24 (1.06–1.46)
1.09 (0.92–1.28)
1.04 (0.86–1.25)

14.5
350/65,791
1.31 (1.12–1.54)
1.03 (0.87–1.21)
0.95 (0.78–1.16)

0.001
0.90
0.39

1.12
226/65,788
1.00
1.00
1.00

1.64
294/64,637
1.34 (1.13–1.59)
1.21 (1.01–1.44)
1.21 (1.00–1.46)

2.09
306/65,305
1.38 (1.16–1.63)
1.13 (0.95–1.35)
1.09 (0.89–1.33)

2.65
347/66,054
1.54 (1.31–1.83)
1.15 (0.96–1.37)
1.07 (0.87–1.32)

3.66
385/65,093
1.76 (1.49–2.08)
1.14 (0.96–1.35)
1.03 (0.83–1.28)

⬍0.001
0.47
0.44

147
219/65,594
1.00
1.00
1.00

188
258/65,688
1.19 (0.99–1.42)
1.06 (0.89–1.28)
1.09 (0.90–1.31)

219
303/65,546
1.39 (1.17–1.66)
1.18 (0.99–1.41)
1.21 (1.00–1.47)

253
333/65,315
1.54 (1.30–1.83)
1.13 (0.95–1.34)
1.15 (0.95–1.40)

309
445/64,733
2.13 (1.81–2.51)
1.33 (1.12–1.57)
1.35 (1.11–1.64)

⬍0.0001
0.001
0.003

19.7
238/65,645
1.00
1.00
1.00

26.0
237/65,740
1.00 (0.84–1.20)
0.93 (0.77–1.11)
0.94 (0.78–1.15)

30.4
304/65,547
1.30 (1.10–1.54)
1.03 (0.87–1.23)
1.05 (0.86–1.29)

35.2
346/65,228
1.49 (1.27–1.76)
1.08 (0.91–1.28)
1.08 (0.87–1.34)

43.1
433/64,715
1.90 (1.62–2.23)
1.17 (0.99–1.38)
1.13 (0.90–1.43)

⬍0.0001
0.01
0.16

16.9
286/64,927
1.00
1.00
1.00

22.0
294/65,311
1.01 (0.86–1.19)
0.97 (0.83–1.15)
0.98 (0.82–1.16)

25.9
326/65,460
1.12 (0.95–1.31)
1.10 (0.94–1.30)
1.08 (0.90–1.28)

30.2
317/65,535
1.08 (0.92–1.27)
1.04 (0.89–1.23)
0.98 (0.81–1.18)

37.3
335/65,644
1.14 (0.98–1.34)
0.94 (0.80–1.11)
0.85 (0.70–1.03)

0.07
0.59
0.08

39.8
233/65,541
1.00
1.00
1.00

50.5
290/65,512
1.25 (1.05–1.48)
1.19 (1.00–1.42)
1.24 (1.03–1.48)

57.8
306/65,415
1.33 (1.12–1.58)
1.24 (1.04–1.48)
1.33 (1.10–1.60)

65.3
352/65,274
1.55 (1.31–1.83)
1.34 (1.13–1.59)
1.48 (1.21–1.79)

77.3
377/65,133
1.70 (1.44–2.00)
1.27 (1.08–1.51)
1.44 (1.16–1.78)

⬍0.0001
0.004
0.001
Continued
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Saturated fat
Median intake (g/day)
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
Monounsaturated fat
Median intake (g/day)
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
n-3 polyunsaturated fat§
Median intake (g/day)
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
n-6 polyunsaturated fat‡
Median intake (g/day)
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
trans fatty acid
Median intake (g/day)
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
Cholesterol
Median intake (mg/day)
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
Animal fat
Median intake (g/day)
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
Vegetable fat
Median intake (g/day)
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†
Animal protein
Median intake (g/day)
Cases/person-years
Age, energy adjusted
Multivariate model 1*
Multivariate model 2†

1 (lowest)

Red meat and type 2 diabetes in women

Table 4—Continued
Quintile of intake
2

3

4

5 (highest)

P for trend

17.1
393/64,754
1.00
1.00
1.00

20.2
284/65,550
0.70 (0.60–0.82)
0.80 (0.68–0.93)
0.84 (0.71–0.99)

22.5
320/65,746
0.79 (0.68–0.92)
0.95 (0.82–1.11)
1.03 (0.86–1.23)

24.9
314/65,403
0.77 (0.66–0.89)
0.92 (0.79–1.07)
1.01 (0.83–1.23)

29.2
247/65,423
0.61 (0.52–0.71)
0.82 (0.69–0.97)
0.91 (0.73–1.14)

⬍0.0001
0.10
0.83

0.59
216/65,859
1.00
1.00
1.00

0.84
265/63,533
1.29 (1.07–1.54)
1.18 (0.98–1.42)
1.20 (1.00–1.45)

1.02
290/67,652
1.33 (1.12–1.59)
1.13 (0.95–1.36)
1.17 (0.97–1.41)

1.22
349/65,284
1.67 (1.41–1.98)
1.30 (1.09–1.55)
1.35 (1.12–1.63)

1.55
438/64,548
2.17 (1.84–2.55)
1.41 (1.19–1.67)
1.46 (1.20–1.78)

⬍0.0001
⬍0.0001
⬍0.0001

10.0
304/65,405
1.00
1.00
1.00

11.8
365/65,431
1.17 (1.00–1.36)
1.18 (1.01–1.38)
1.24 (1.05–1.45)

13.7
353/65,076
1.11 (0.95–1.30)
1.14 (0.97–1.34)
1.23 (1.04–1.46)

18.0
267/65,450
0.83 (0.70–0.98)
0.99 (0.83–1.17)
1.09 (0.90–1.31)

33.8
269/65,514
0.86 (0.73–1.02)
1.03 (0.87–1.22)
1.13 (0.93–1.37)

0.001
0.37
0.94

Data are RR (95% CI). *Multivariate model 1: adjusted for age (continuous), BMI (continuous), total energy intake (quintiles), smoking (current, past, and never),
exercise (rarely/never, ⬍1 time/week, 1–3 times/week, and ⱖ4 times/week), alcohol use (rarely/never, 1–3 drinks/month, 1– 6 drinks/week, and ⱖ1 drink/day), and
family history of diabetes (yes/no). †Multivariate model 2: model 1 with additional adjustment for dietary intakes of fiber intake (quintiles), glycemic load (quintiles),
magnesium (quintiles), and total fat (quintiles). ‡n-3 polyunsaturated fat included 18:3, 20:5, 22:5, and 22:6 while n-6 fat included 18:2 and 20:4 fatty acids.

acid and risk of type 2 diabetes. Likewise,
we found no evidence of decreased risk of
diabetes with increased intake of monounsaturated or polyunsaturated fatty acids or vegetable fat. However, cholesterol
intake tended to be positively related to an
elevated risk of diabetes. Cholesterol intake
from red meat may thus explain, at least in
part, the observed association between red
meat intake and type 2 diabetes.
Recently, body iron overload has
been postulated to promote insulin resistance and increase type 2 diabetes risk
(26 –30). However, the positive association between heme iron intake and type 2
diabetes should be interpreted with caution because the high correlation between
red meat intake and heme iron intake
substantially limited our statistical capability to separate the independent effect of
heme iron from other components of red
meat. The lack of association between total iron intake and risk of type 2 diabetes
might reflect the fact that body iron status
is not well regulated by intakes of total
dietary iron or heme iron.
Our study has several limitations.
First, we cannot completely exclude the
possibilities of residual confounding from
unmeasured or incompletely measured
underlying lifestyle factors even though
we have adjusted for many major risk fac2114

tors for type 2 diabetes. Second, participants might change their diets after
developing some diseases. However,
these associations persisted when we carried out secondary analyses after excluding participants who had a history of
hypertension or high cholesterol levels,
which allows for elimination of dietary
change related to these diagnoses. Third,
because of a high degree of statistical collinearity, our ability to reliably distinguish
the effect of red meat from intakes of its
major components such as animal fat, animal protein, and heme iron was limited.
Fourth, limited variation of intakes for
each subtype of total red meat or other
processed meat in our cohort could lead
to insufficient statistical power to detect
significant association. Finally, we were
also unable to assess levels of specific
chemicals added or produced in different
food preparation methods and thus could
not address the relationship between
these specific chemicals and diabetic risk.
In conclusion, our study indicates that
higher consumption of total red meat, especially various processed meats, may increase risk of developing type 2 diabetes in
women. However, the underlying mechanisms by which consumption of red meat or
processed meat influence type 2 diabetes

risk are still not well understood and require
further investigation.
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