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Abstract
Purpose We examined associations between substitution of red meat (total, processed and unprocessed, low fat and high 
fat) with poultry or fish and substitution of processed red meat with unprocessed red meat and the risk of type 2 diabetes.
Methods A cohort of 53,163 participants from the Danish Diet, Cancer and Health study were followed for incident type 2 
diabetes (6879 cases; median follow-up time 15.4 years). Diet was assessed by a validated 192-item food frequency question-
naire at baseline. Adjusted Cox proportional hazard models were used to calculate hazard ratios (HR) and 95% confidence 
intervals (CI) for type 2 diabetes associated with specified food substitutions of 150 g/week.
Results Replacing total red meat with fish was associated with a lower risk of type 2 diabetes [HR 0.96 (95% CI 0.94, 0.99)] 
as was replacement of processed red meat with poultry or fish [HR poultry 0.96 (95% CI 0.93, 0.99)]; HR fish 0.94 [(95% 
CI 0.91, 0.97)]. Replacing low fat red meat or high fat red meat with fish was associated with a lower risk of type 2 diabetes 
whereas similar substitutions, with poultry, were not. Replacing processed red meat with unprocessed red meat was also 
associated with a lower risk of type 2 diabetes [HR 0.96 (95% CI 0.93, 0.99)].
Conclusions Replacing processed red meat with poultry, replacing total or processed red meat with fish, and replacing pro-
cessed red meat with unprocessed red meat were all associated with a lower risk of type 2 diabetes.

Keywords Prospective studies · Red meat · Poultry · Fish · Substitution models · Type 2 diabetes mellitus

Introduction

Diet and lifestyle are considered important modifiable risk 
factors in the development of type 2 diabetes [1], and meat 
is a common source of protein in Western diets [2]. Several 
cohort studies have found an association between intake or 
increasing intake of processed and/or unprocessed red meat 
and the risk of type 2 diabetes [3–5]. Especially intake of 
processed red meat was consistently associated with a higher 
risk of developing type 2 diabetes in these studies.

Current dietary guidelines recommend lowering intake 
of red meat and processed red meat [6]. As most adult indi-
viduals maintain a rather constant energy intake over time 
[7], consuming less red meat and processed red meat must 
entail a higher intake of other energy-providing foods. Nev-
ertheless, only few studies have investigated which other 
foods could replace red and processed meats. In three US 
cohorts, it was found that substitution of one daily serving 
of red meat with poultry or fish was associated with a lower 
risk of type 2 diabetes [4]. Implementing dietary changes 
is a recognized problem in management of diabetes risk [8, 
9] and it may be that replacement of low fat or high fat red 
meat with other meat products or processed red meat with 
unprocessed red meat is more feasible.

As part of the European Prospective Investigation into 
Cancer and Nutrition (EPIC) collaboration, associations 
between individual meat products have been reported pre-
viously [10], however, food substitutions were not evaluated. 
Thus, the aim of this study was to investigate whether sub-
stitution of red meat with poultry or fish was associated with 
a lower risk of type 2 diabetes and whether substitutions 
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of red meat with different contents of fat (low and high) 
with poultry or fish were associated with type 2 diabetes in 
a European population. To investigate whether substitution 
between different types of red meat could be associated with 
developing type 2 diabetes, we also aimed to examine sub-
stitutions of processed red meat with unprocessed red meat.

Methods

Study population

The study included participants from the Danish cohort Diet, 
Cancer and Health. The primary aim of the Diet, Cancer 
and Health study was to investigate the association between 
specific dietary components, lifestyle and the risk of cancer 
and other chronic diseases. Between December 1993 and 
May 1997, 160,725 citizens living in the two metropolitan 
areas of Denmark (Aarhus and Copenhagen municipalities) 
were invited to participate in the cohort. To be eligible for 
invitation the participants had to be between 50 and 64 years 
old, born in Denmark and with no entry in the Danish Can-
cer Register at baseline. Of the invited, 57,053 participants 
accepted participation. All participants included in the study 
were invited to a clinic, where they completed a lifestyle 
questionnaire. Trained laboratory technicians obtained 
anthropometric measures. Prior to the visit the participants 
had completed a validated food frequency questionnaire 
(FFQ), which was checked for reading errors and missing 
information at the visit to the clinic. Further details about the 
Diet, Cancer and Health study have been described previ-
ously [11]. Participants with cancer, type 2 diabetes, cardio-
vascular disease or any missing covariates at baseline were 
excluded from the present study.

Dietary assessment

The participants reported their average intake of different 
food and beverage items over the past 12 months on a vali-
dated 192-item FFQ [12] with 12 possible intake categories 
ranging from “never” to “8 or more times per day.” The 
FFQ was validated against two 7-day weighted diet records 
taken 2–3 weeks apart with energy-adjusted correlation coef-
ficients ranging from 0.21 to 0.71 for nutrients [11]. Ques-
tions concerning consumption of red meat, poultry and fish 
included both a question about overall intake and questions 
about more specific dishes. The different meat variables in 
this study were defined as unprocessed red meat including 
beef, veal, lamb, pork and offal (liver and heart), processed 
red meat including bacon, sausages, liver paste and cold 
cuts, fish including tuna, cod, flounder, garfish, shrimp, 
shellfish, salmon, mackerel, herring, trout and caviar, and 
poultry including turkey and chicken (meat and skin). Red 

meat with > 10 g fat per 100 g was defined as high fat meat, 
while red meat with ≤ 10 g fat per 100 g was defined as low 
fat meat. The participants’ average food and nutrient intakes 
were calculated using FoodCalc [13], which uses sex-spe-
cific portion sizes and the reported frequency of portions 
consumed to calculate intake in grams/week [12].

Case ascertainment

Incident diabetes cases were determined through linkage 
to the National Danish Diabetes Register [14]. Informa-
tion on death or emigration was obtained from the Danish 
Civil Registration System. The National Danish Diabetes 
Register links nationwide registers that contain information 
about aspects of diabetes diagnosis and care. Participants 
were classified as having diabetes if one of the following cri-
teria was met: diagnosis of diabetes in the National Patient 
Registry; chiropody for diabetic patients; five blood glucose 
measurements within 1 year; two blood glucose measure-
ments per year for 5 consecutive years; second purchase of 
oral glucose-lowering drugs within 6 months; second pur-
chase of prescribed insulin. In a pilot study, the algorithm 
used for identification of diabetes cases was validated with 
a positive predictive value of 89% [13]. The National Dan-
ish Diabetes Register did not differentiate between diabetes 
types 1 and 2. While it is possible that some of the diabetes 
cases in this study were incident or recently deteriorated type 
1 diabetes, the most common form of late onset diabetes is 
type 2 diabetes [15]. As the participants in this study were 
between 50 and 64 years old at baseline, most, if not all, 
incident cases were likely to be type 2 diabetes.

Covariate assessment

Self-administered lifestyle questionnaires were used to col-
lect baseline information about the participants’ socioeco-
nomic status, demographic characteristics, physical activity 
habits and other health related information. At the research 
centre, laboratory technicians measured the participants’ 
anthropometric dimensions, including height, weight and 
waist circumference according to a standardized protocol 
[16]. Height and waist circumference were recorded to the 
nearest 0.5 cm. Height was measured standing without 
shoes and waist circumference was measured at the narrow-
est part between the lower ribs and the iliac crest. Weight 
was recorded to the nearest 100 g using a digital scale [16]. 
Covariates were selected based on prior knowledge regard-
ing risk factors for type 2 diabetes.

Statistical analysis

Baseline characteristics are presented as numbers (n) and 
percentages (%) and medians and percentiles (10–90%). Cox 
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proportional hazards regression models using participant age 
as the underlying timescale were used to calculate hazard 
ratios (HR) and 95% confidence intervals (CI). Follow-up 
time was calculated from age at inclusion of the participants 
into the Diet, Cancer and Health study to age at the registra-
tion of type 2 diabetes, end of study (31 December 2011), 
emigration or death, whichever came first. Intakes of 150 g/
week, reflecting a usual serving size of meat or fish, were 
investigated for each food item, as in previous reports [17]. 
To construct substitution models, a sum-variable includ-
ing the participants’ total intake of processed and unpro-
cessed red meat, poultry and fish was entered into the Cox 
regression model in addition to each of these food groups 
separately, except for the food group to be replaced. For 
example, to investigate substitution of processed red meat 
with poultry, fish or unprocessed red meat, we held the total 
intake of processed and unprocessed red meat, poultry and 
fish constant using the sum-variable and added the specific 
variables for poultry, fish and unprocessed red meat into 
the Cox regression model leaving out the variable for pro-
cessed red meat. The calculated HR for each of the three 
food groups is interpreted as the HR for substitution with the 
omitted variable; in this case the HR for substituting 150 g/
week processed red meat with 150 g/week of poultry, fish 
or unprocessed red meat, respectively, as described previ-
ously [18].

Model 1a was stratified by sex and tertiles of both date 
of enrolment and of baseline age to allow for differences in 
baseline hazards, and adjusted for total energy intake (kcal/
week). Model 1b was further adjusted for smoking status 
(never, current, former), alcohol intake (continuous, g/day), 
physical activity (≤ or > 3.5 h/week) and level of education 
(≤ 7 years, 8–10 years, > 10 years). We have previously 
observed differences in the underlying food pattern among 
those with the highest intake of red meat compared to those 
with the lowest intake of red meat in the Danish Diet, Cancer 
and Health Cohort [18]. Thus, Model 2 further adjusted for 
intake of whole grains, fruits, vegetables, dairy products, 
potatoes, fatty potatoes and soft drinks (all in g/day). Body 
Mass Index (BMI) (continuous, kg/m2) and waist circumfer-
ence adjusted for BMI (continuous, cm) may be potential 
mediators rather than confounders, hence these were further 
adjusted for in Model 3.

Because the biological mechanisms that link intake of 
red meat with type 2 diabetes, such as its content of nitrites 
and nitrates (in processed red meat) [19], may act independ-
ent of total energy intake, we removed total energy intake 
from Model 2 in a secondary analysis. The proportional haz-
ards assumption was investigated using log–log plots. No 
deviation from proportionality was detected given covari-
ates. Analyses were preformed using STATA 15, StataCorp, 
College Station, Texas. The figure was created in R 3.5.0, R 
Core Team, Vienna, Austria, using the ggepi package.

Results

After exclusion of participants with cancer (n = 569), type 
2 diabetes (n = 1385), cardiovascular disease (n = 1306) 
or missing covariates (n = 630) at entry into the study, we 
included 53,163 persons, of which 6879 developed type 
2 diabetes during a median follow-up time of 15.4 years. 
Table 1 presents the participants’ baseline characteris-
tics. Participants who developed type 2 diabetes had a 
slightly higher intake of red meat (total, processed and 
unprocessed), were more likely to be men, smokers, have 
a higher BMI and waist circumference and less likely to 
have a longer education and be physically active than 
the cohort as a whole. Table 2 shows the distribution of 
baseline characteristics across quintiles of total red meat 
intake. Participants with the highest intake of total red 
meat tended to have a higher intake of processed red meat, 
unprocessed red meat, fish and total energy, were more 
likely to be current smokers, to have more than 10 years 
of education and to be more physically active compared to 
those with lower intakes. Baseline characteristics across 
quintiles of poultry and fish are shown in Supplemental 
Table 1 and Supplemental Table 2, respectively.

In age, sex and energy-adjusted models, substitution of 
150 g red meat/week with 150 g/week poultry or 150 g fish/
week was associated with a lower risk of type 2 diabetes 
(Model 1a; Fig. 1). After adjusting for potential confounders, 
the associations were slightly attenuated, but the association 
between substitution of total red meat with poultry and fish 
were still present (Model 1b; Fig. 1). When total red meat 
was divided into processed and unprocessed red meat, we 
observed a lower risk of type 2 diabetes for substitution of 
processed red meat with poultry or fish and for substitution 
of unprocessed red meat with fish but not poultry. When 
investigating low fat and high fat red meat, replacing both 
high fat and low fat red meat with poultry or fish was associ-
ated with a lower risk. Substitution of processed red meat 
with unprocessed red meat was associated with a lower risk 
of type 2 diabetes. After adjusting for the underlying food 
pattern, replacing total red meat, low fat red meat or high fat 
red meat with fish remained associated with a lower risk of 
type 2 diabetes, whereas similar substitutions with poultry, 
was not associated with type 2 diabetes (Model 2; Fig. 1). 
Replacing processed red meat with poultry, fish or replacing 
processed red meat with unprocessed red meat was associ-
ated with a lower risk of type 2 diabetes (Model 2, Fig. 1). 
These associations were still present after adjusting for BMI 
and waist circumference adjusted for BMI (Model 3, Fig. 1). 
Supplemental Table 3 shows the point estimates and 95% CIs 
for all the substitutions. Finally, the associations observed in 
Model 2 were also present when total energy intake was not 
included in the same model (results not shown).
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Discussion

We found that substituting processed red meat with poultry 
and substituting total red meat, processed red meat, high fat 
or low fat red meat with fish was associated with a lower risk 
of developing type 2 diabetes in a European population. In 
addition, replacing processed red meat with unprocessed red 
meat was also associated with a lower risk of type 2 diabetes.

To investigate the risk of type 2 diabetes associated with 
substitutions between different types of meat products, we 
used a large cohort of middle-aged Danish men and women 
with a long follow-up. Selection bias is unlikely to have 
affected our results, as linkage to the Danish registries for 
participants’ diabetes and vital status reduced loss to fol-
low-up in this study. At baseline, the participants filled in a 
comprehensive validated FFQ that allowed a detailed clas-
sification of red meat subgroups. Nevertheless, FFQs are 
prone to measurement error. With prospectively recorded 
type 2 diabetes diagnoses, misclassification of the dietary 

intake is unlikely to be related to the development of type 2 
diabetes. Thus, this misclassification would tend to lead to 
an underestimation of the true association. Incident type 2 
diabetes cases were identified using complete data registries, 
not self-report, thus misclassification of type 2 diabetes is 
unlikely. Although residual confounding cannot be ruled out, 
we adjusted our analyses extensively for potential confound-
ers and also investigated the potential mediating effects of 
BMI and waist circumference.

A previous study also based on the Diet, Cancer and 
Health cohort investigated patterns of food consumptions 
and found that intakes of red meat, poultry and fish are 
accompanied by slightly different underlying food patterns 
that might be differentially associated with type 2 diabetes. 
The food patterns showed that women who were in the low-
est quintile of red meat intake consumed more whole-grain 
cereals, fruits, vegetables and dairy products and consumed 
less poultry, potatoes, fatty potatoes and soft drinks than 
women in the highest quintile of red meat intake. A similar 

Table 1  Baseline characteristics 
of the total diet, cancer and 
health cohort and those who 
developed type 2 diabetes

BMI body mass index
a All values are specified in per cent unless otherwise stated
b 28,262 women in the total cohort, 3114 women developed type 2 diabetes; 24,901 men in the total cohort, 
3765 men developed type 2 diabetes

Characteristica Total cohort Individuals who devel-
oped type 2 diabetes

No. of participants (n) 53,163 6879
Total red meat g/day, median (10–90 p) 105.6 (54.2-–90.2) 116.4 (60.9–202.3)
Processed red meat g/day, median (10–90 p) 24.5 (7.9–59.0) 28.5 (9.4–64.9)
Unprocessed red meat g/day, median (10–90 p) 78.0 (40.5–140.3) 84.3 (44.5–149.0)
Poultry g/day, median (10–90 p) 17.9 (5.3–41.9) 17.8 (5.3–42.1)
Fish g/day, median (10–90p) 38.0 (16.1–75.3) 38.3 (15.6–76.7)
Energy intake kJ/day, median (10–90p) 8894.9 (6122.7–12,558.9) 8963.2 (6172.0–12,707.0)
Sex
 Women 53.2 45.3

Age at baseline in years, median (10–90 p) 56 (51–63) 56 (51–63)
BMI in kg/m2, median (10–90 p) 25.5 (21.4–31.0) 28.2 (23.3–34.6)
Waist circumference in cm, median (10–90 p)b

 Women 79 (69–95) 89 (74–108)
 Men 94 (84–106) 101 (89–116)

Smoking status
 Never 35.7 30.9
 Former 28.5 29.8
 Current 35.8 39.3

Alcohol in g/day, median (10–90 p) 13.0 (1.63–47.2) 12.6 (1.3–55.7)
Level of education
 ≤ 7 years 14.6 18.6
 8–10 years 23.1 22.3
 > 10 years 62.3 59.1

Physical activity
 < 3.5 h/week 60.2 66.1
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pattern was found for men [18]. Differences between these 
patterns could be considered confounders or as part of a 
potential package of beneficial dietary factors that would 
be changed when substituting red and processed red meat 
with poultry or fish. After adjusting for this underlying food 
pattern, substitution of processed red meat with poultry, fish 
or unprocessed red meat was still associated with a lower 
risk whereas the association with type 2 diabetes for sub-
stitution of high fat or low fat red meat for poultry or fish 
disappeared. This may indicate that consuming more high 
fat or low fat red meat was related to an unhealthy pattern of 
food consumption. Thus, from a purely etiologic perspective, 
the main results were those of Model 2 (Fig. 1). However, 
when adjusting for other foods, the interpretation of the sub-
stitution models changes as we restrict the difference in the 
underlying dietary patterns that may be due to differences 

in intake of different types of meat products. Hence, from a 
public health perspective, the main results would be those 
of Model 1b (Fig. 1).

Several studies have found a high intake of red meat, 
especially processed red meat, to be associated with a greater 
risk of type 2 diabetes [3–5]. These results are in accordance 
with the results in our study, although they compare different 
levels of intake of red meat or changes in intake of red meat 
irrespective of the dietary components that replace red meat 
intake in iso-caloric models. Most previous cohort studies on 
red meat intake and risk of type 2 diabetes adjusted for total 
energy in the statistical models. This creates an unspeci-
fied substitution model in which the food item of interest 
is replaced by other energy-providing foods [20]. As these 
food items may be harmful, neutral or beneficial in relation 
to type 2 diabetes, the interpretation of the obtained risk 

Table 2  Baseline characteristics across quintiles of total red meat intake in the Diet, Cancer and Health cohort (n = 53,163)

BMI body mass index
a All values are specified in per cent unless otherwise stated
b 28,262 women; 24,901 men

Characteristica Quintiles of total red meat intake

1 2 3 4 5

Total red meat g/day, median (10–90 p) 54.2 (27.9–66.7) 81.7 (72.1–91.1) 105.6 (95.9–116.4) 135.7 (122.5–151.8) 190.2 (161.8–266.1)
Processed red meat g/day, median (10–90 

p)
9.7 (2.9–20.3) 18.1 (8.8–31.0) 25.1 (12.5–42.4) 34.5 (17.9–57.2) 52.44 (26.4–94.6)

Unprocessed red meat g/day, median 
(10–90 p)

41.5 (20.9–54.8) 62.6 (49.6–75.1) 80.14 (63.0–94.9) 100.9 (77.7–121.3) 140.0 (103.9–198.3)

Poultry g/day, median (10–90 p) 13.6 (3.5–43.3) 15.6 (5.3–37.7) 17.6 (6.3–39.5) 19.3 (6.6–41.1) 22.5 (7.5–47.8)
Fish g/day, median (10–90 p) 31.0 (12.3–65.0) 35.0 (15.9–65.8) 38.0 (17.4–70.6) 41.1 (18.4–77.4) 47.5 (19.5–91.6)
Energy intake MJ/d, median (10–90 p) 0.7 (0.5–1.0) 0.8 (0.6–1.0) 0.9 (0.6–1.1) 1.0 (0.7–1.2) 1.1 (0.8–1.5)
Sex
 Women 86.7 75.9 56.8 33.3 13.1

Age at baseline in years, median (10–90 
p)

56 (51–63) 56 (51–63) 56 (51–63) 55 (51–63) 55 (51–62)

BMI in kg/m2, median (10–90 p) 24.5 (20.7–30.2) 25.1 (21.3–30.7) 25.5 (21.5–31.1) 25.9 (21.9–31.3) 26.3 (22.3–31.5)
Waist circumference in cm, median 

(10–90 p)b

 Women 79 (69–94) 80 (70–96) 81 (70–98) 82 (70–100) 83 (71–103)
 Men 93 (82–105) 94 (84–107) 95 (84–108) 95 (84–108) 96 (84–109)

Smoking status
 Never 43.0 40.7 37.2 31.4 26.4
 Former 27.5 27.9 27.9 29.9 29.1
 Current 29.5 31.4 34.9 38.7 44.5

Alcohol in g/day, median (10-90p) 9.0 (0.9–35.6) 11.3 (1.5–40.0) 13.0 (1.8–45.3) 15.4 (2.3–55.2) 19.0 (2.8–63.1)
Level of education
≤ 7 years 14.5 16.2 14.9 14.0 13.4
8–10 years 29.3 27.7 23.3 18.8 16.7
> 10 years 56.2 56.1 61.8 67.2 69.9
Physical activity
 < 3.5 h/week 55.0 59.2 62.7 62.5 61.5
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estimates is difficult. For instance, while some cohort stud-
ies have found an association between a high intake of red 
meat and risk of type 2 diabetes [21–24], others have only 
found an association for processed red meat [25, 26]. These 
differences may be due to the different methodological 
approaches taken, and to the studies deriving from different 
parts of the world with different background food cultures 
resulting in different substitutions. Results from unspecified 
substitution models for total meat, red meat, processed red 
meat and poultry have been published elsewhere [10]. We 
used substitution models wherein specified food substitu-
tions are statistically modelled with regards to the risk of 
developing type 2 diabetes. Our results indicate that substi-
tuting processed red meat, high fat or low fat red meat, but 
not unprocessed red meat, with poultry or fish is associated 
with a lower risk of type 2 diabetes. This is in accordance 
with two cohort studies that also specified food substitutions, 
which found that replacing processed red meat with poultry 
or fish was associated with a lower risk of type 2 diabe-
tes [4] and the metabolic syndrome [27]. In contrast to our 
results, Pan et al. [4] also found that replacing unprocessed 
red meat with poultry or fish was associated with a lower 
risk of type 2 diabetes. This may be due to differences in the 
underlying food pattern, as this was not adjusted for in their 
substitution analysis or differences in categorization of meat 
products. A recent randomized controlled trial found no dif-
ference in changes in blood glucose or insulin after intake 
of lean unprocessed red meat as part of a Mediterranean 
eating pattern compared to a similar diet but with poultry 
and other protein-rich foods [28]. This, together with our 
findings adjusted for the underlying dietary pattern, indicate 
that unprocessed red meat may not increase risk of type 2 
diabetes, as part of a healthy eating pattern.

One plausible biological mechanism, whereby processed 
red meat could cause type 2 diabetes is through its con-
tent of nitrites and nitrates. Nitrites and nitrates are used 
in the processing of red meat. These convert into nitrosa-
mines in the intestinal tract and are toxic to pancreatic beta 
cells, thereby increasing risk of developing type 2 diabetes 
[19]. Nitrates and their derivatives have been reported to 
cause metabolic disturbances in the main organs and tis-
sues, resulting in amongst other cardiometabolic diseases 
a higher risk of developing type 2 diabetes [29]. As total 
energy intake is a function of body size, physical activity 
and metabolic efficiency [20], a higher intake of nitrites and 
nitrates, may be harmful, independent of differences in total 
energy intake. Thus, we also investigated the association 
not adjusted for total energy intake to explore the absolute 
exposure to nitrites and nitrates. These analyses showed the 
same pattern of association as the main analysis.

In conclusion, replacing processed red meat with poultry 
or replacing total red meat, processed red meat, low fat or 
high fat red meat with fish was associated with a lower risk 

of type 2 diabetes. Similarly, replacing processed red meat 
with unprocessed red meat was associated with a lower risk 
of type 2 diabetes. Adopting a diet that replaces red meat, 
particularly processed red meat, with poultry or fish may 
prevent development of type 2 diabetes.

Acknowledgements The authors thank the Danish Cancer Society 
and the staff at the Diet, Cancer and Health study for the collection 
and administration of data. Additionally, we would like to thank Luke 
Johnston for help with the figure using the ggepi package (http://ggepi 
.lukew johns ton.com/). The authors’ contributions are as follows: DBI, 
CKW, CCD and AMLW contributed to the study design; KO collected 
the data; DBI, CKW performed the statistical analyses under guidance 
of CCD and AMLW; DBI, CKW, CCD, AMLW and KO were involved 
in the interpretation of the data and critical revision of the manuscript; 
DBI wrote the manuscript. DBI had the primary responsibility for the 
final content. All authors read and approved the final manuscript.

Funding This work is part of the project ‘Diet and prevention of 
ischemic heart disease: a translational approach’ (DIPI, http://www.
dipi.dk), which is supported by the Danish Council for Strategic 
Research (Contract 0603-00488B). The primary data collection was 
funded by the Danish Cancer Society.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical standards Relevant scientific and ethical committees and the 
Danish Data Protection Agency gave approval to the study.

Informed consent All study participants provided informed consent 
and approval to obtain relevant information from medical registers.

References

 1. Hemmingsen B, Gimenez-Perez G, Mauricio D, Roqué i Figuls M, 
Metzendorf MI, Richter B (2017) Diet, physical activity or both 
for prevention or delay of type 2 diabetes mellitus and its associ-
ated complications in people at increased risk of developing type 
2 diabetes mellitus. Cochrane Database Syst Rev 12:CD003054. 
https ://doi.org/10.1002/14651 858.CD003 054.pub4

 2. Mari-Sanchis A, Gea A, Basterra-Gortari FJ, Martinez-Gonzalez 
MA, Beunza JJ, Bes-Rastrollo M (2016) Meat consumption and 
risk of developing type 2 diabetes in the sun project: a highly edu-
cated middle-class population. PLoS One 11(7):e0157990. https 
://doi.org/10.1371/journ al.pone.01579 90

 3. Aune D, Ursin G, Veierød MB (2009) Meat consumption and the 
risk of type 2 diabetes: a systematic review and meta-analysis 
of cohort studies. Diabetologia 52(11):2277–2287. https ://doi.
org/10.1007/s0012 5-009-1481-x

 4. Pan A, Sun Q, Bernstein A, Schulze MB, Manson JE, Willett WC, 
Hu FB (2011) Red meat consumption and risk of type 2 diabetes: 
3 cohorts of US adults and an updated meta-analysis. Am J Clin 
Nutr 94(4):1088–1096. https ://doi.org/10.3945/ajcn.111.01897 8

 5. Pan A, Sun Q, Bernstein AM, Manson JE, Willett WC, Hu FB 
(2013) Changes in red meat consumption and subsequent risk of 
type 2 diabetes mellitus. JAMA Intern Med 173(14):1328–1335. 
https ://doi.org/10.1001/jamai ntern med.2013.6633

http://ggepi.lukewjohnston.com/
http://ggepi.lukewjohnston.com/
http://www.dipi.dk
http://www.dipi.dk
https://doi.org/10.1002/14651858.CD003054.pub4
https://doi.org/10.1371/journal.pone.0157990
https://doi.org/10.1371/journal.pone.0157990
https://doi.org/10.1007/s00125-009-1481-x
https://doi.org/10.1007/s00125-009-1481-x
https://doi.org/10.3945/ajcn.111.018978
https://doi.org/10.1001/jamainternmed.2013.6633


2712 European Journal of Nutrition (2019) 58:2705–2712

1 3

 6. Montagnese C, Santarpia L, Buonifacio M, Nardelli A, Caldara 
AR, Silbestri E, Contaldo F, Pasanisi F (2015) European food-
based dietary guidelines: a comparison and update. Nutrition 
31(7–8):908–915. https ://doi.org/10.1016/j.nut.2015.01.002

 7. Hall KD, Guo J (2017) Obesity energetics: body weight regu-
lation and the effects of diet composition. Gastroenterology 
152(7):1718–1727. https ://doi.org/10.1053/j.gastr o.2017.01.052

 8. Laranjo L, Neves AL, Costa A, Ribeiro RT, Couto L, Sá AB 
(2015) Facilitators, barriers and expectations in the self-man-
agement of type 2 diabetes—a qualitative study from Portugal. 
Eur J Gen Pract 21(2):103–110. https ://doi.org/10.3109/13814 
788.2014.10008 55

 9. Booth AO, Lowis C, Dean M, Hunter SJ, McKinley MC (2013) 
Diet and physical activity in the self-management of type 2 dia-
betes: barriers and facilitators identified by patients and health 
professionals. Prim Health Care Res Dev 14(3):293–306. https ://
doi.org/10.1017/S1463 42361 20004 12

 10. Bendinelli B, Palli D, Masala G et al (2013) Association between 
dietary meat consumption and incident type 2 diabetes: the EPIC-
InterAct study. Diabetologia 56(1):47–59. https ://doi.org/10.1007/
s0012 5-012-2718-7

 11. Tjønneland A, Olsen A, Boll K, Stripp C, Christensen J, Eng-
holm G, Overvad K (2007) Study design, exposure variables, 
and socioeconomic determinants of participation in Diet, Can-
cer and Health: a population-based prospective cohort study 
of 57,053 men and women in Denmark. Scand J Public Health 
35(4):432–441

 12. Tjønneland A, Overvad K, Haraldsdóttir J et al (1991) Validation 
of a semiquantative food frequency questionnaire developed in 
Denmark. Int J Epidemiol 20(4):906–912

 13. Lauritsen A (2018) FoodCalc. http://www.ibt.ku.dk/jespe r/foodc 
alc. Accessed 16 July 2018

 14. Carstensen B, Kristensen JK, Marcussen MM, Borch-Johnsen K 
(2011) The national diabetes register. Scand J Public Health 39(7 
Suppl):58–61. https ://doi.org/10.1177/14034 94811 40427 8

 15. Danaei G, Finucane MM, Lu Y, Singh GM, Cowan MJ, Paciorek 
CJ, Lin JK, Farzadfar F, Khang YH, Stevens GA, Rao M, Ali MK, 
Riley LM, Robinson CA, Ezzati M, Global Burden of Metabolic 
Risk Factors of Chronic Disease Collaboration Group (Blood 
Glucose) (2011) National, regional, and global trends in fasting 
plasma glucose and diabetes prevalence since 1980: systematic 
analysis of health examination surveys and epidemiological stud-
ies with 370 country-years and 2.7 million participants. Lancet 
378(9785):31–40. https ://doi.org/10.1016/S0140 -6736(11)60679 
-X

 16. Bigaard J, Spanggaard I, Thomsen BL, Overvad K, Tjønne-
land A (2005) Self-reported and technician-measured waist 
circumferences differ in middle-aged men and women. J Nutr 
135(9):2263–2270

 17. Würtz AML, Hansen MD, Tjønneland A, Rimm EB, Schmidt 
EB, Overvad K, Jakobsen MU (2016) Substitution of meat and 
fish with vegetables or potatoes and risk of myocardial infarction. 
Br J Nutr 116(9):1602–1610. https ://doi.org/10.1017/S0007 11451 
60035 00

 18. Würtz AML, Hansen MD, Tjønneland A, Rimm EB, Schmidt 
EB, Overvad K, Jakobsen MU (2016) Substitutions of red meat, 
poultry and fish and risk of myocardial infarction. Br J Nutr 
115(9):1571–1578. https ://doi.org/10.1017/S0007 11451 60005 07

 19. Tong M, Neusner A, Longato L, Lawton M, Wands JR, de la 
Monte SM (2009) Nitrosamine exposure causes insulin resist-
ance diseases: relevance to type 2 diabetes mellitus, non-alco-
holic steatohepatities, and Alzheimer’s disease. J Alzheimers Dis 
17(4):827–844. https ://doi.org/10.3233/JAD-2009-1155

 20. Willett WC, Howe GR, Kushi L (1997) Adjustment for total 
energy intake in epidemiologic studies. Am J Clin Nutr 65(4 
Suppl):1220S–1228S. https ://doi.org/10.1093/ajcn/65.4.1220S 

 21. Fung TT, Schulze M, Manson JE, Willett WC, Hu FB (2004) 
Dietary patterns, meat intake, and the risk of type 2 diabetes 
in women. Arch Intern Med 164(20):2235–2240. https ://doi.
org/10.1001/archi nte.164.20.2235

 22. Barnard N, Levin S, Trapp C (2014) Meat consumption as a risk 
factor for type 2 diabetes. Nutrients 6(2):897–910. https ://doi.
org/10.3390/nu602 0897

 23. Steinbrecher A, Erber E, Grandinetti A, Kolonel LN, Maskarinec 
G (2011) Meat consumption and risk of type 2 diabetes: the mul-
tiethnic cohort. Public Health Nutr 14(4):568–574. https ://doi.
org/10.1017/S1368 98001 00020 04

 24. Villegas R, Shu XO, Gao YT et al (2006) The association of meat 
intake and the risk of type 2 diabetes may be modified by body 
weight. Int J Med Sci 3(4):152–159

 25. Schulze MB, Manson JE, Willett WC, Hu FB (2003) Processed 
meat intake and incidence of type 2 diabetes in younger and mid-
dle-aged women. Diabetologia 46(11):1465–1473. https ://doi.
org/10.1007/s0012 5-003-1220-7

 26. van Dam RM, Willett WC, Rimm EB, Stampfer MJ, Hu FB (2002) 
Dietary fat and meat intake in relation to risk of type 2 diabetes in 
men. Diabetes Care 25(3):417–424. https ://doi.org/10.2337/diaca 
re.25.3.417

 27. Becerra-Tomás N, Babio N, Martínez-González M, Corella D, 
Estruch R, Ros E, Fitó M, Serra-Majem L, Salaverria I, Lamuela-
Raventós RM, Lapetra J, Gómez-Gracia E, Fiol M, Toledo E, 
Sorlí JV, Pedret-Llaberia MR, Sala-Salvadó J (2016) Replacing 
red meat and processed red meat for white meat, fish, legumes 
or eggs is associated with lower risk of incidence of metabolic 
syndrome. Clin Nutr 35(6):1442–1449. https ://doi.org/10.1016/j.
clnu.2016.03.017

 28. O’Connor LE, Paddon-Jones D, Wright AJ, Campbell WW (2018) 
A Mediterranean-style eating pattern with lean, unprocessed red 
meat has cardiometabolic benefits for adults who are overweight 
or obese in a randomized, crossover, controlled feeding trial. Am 
J Clin Nutr 108(1):33–40. https ://doi.org/10.1093/ajcn/nqy07 5

 29. Abete I, Romaguera D, Vieira AR, Lopez de Munain A, Norat T 
(2014) Association between total, processed, red and white meat 
consumption and all-cause, CVD and IHD mortality: a meta-
analysis of cohort studies. Br J Nutr 112(5):762–775. https ://doi.
org/10.1017/S0007 11451 40012 4X

https://doi.org/10.1016/j.nut.2015.01.002
https://doi.org/10.1053/j.gastro.2017.01.052
https://doi.org/10.3109/13814788.2014.1000855
https://doi.org/10.3109/13814788.2014.1000855
https://doi.org/10.1017/S1463423612000412
https://doi.org/10.1017/S1463423612000412
https://doi.org/10.1007/s00125-012-2718-7
https://doi.org/10.1007/s00125-012-2718-7
http://www.ibt.ku.dk/jesper/foodcalc
http://www.ibt.ku.dk/jesper/foodcalc
https://doi.org/10.1177/1403494811404278
https://doi.org/10.1016/S0140-6736(11)60679-X
https://doi.org/10.1016/S0140-6736(11)60679-X
https://doi.org/10.1017/S0007114516003500
https://doi.org/10.1017/S0007114516003500
https://doi.org/10.1017/S0007114516000507
https://doi.org/10.3233/JAD-2009-1155
https://doi.org/10.1093/ajcn/65.4.1220S
https://doi.org/10.1001/archinte.164.20.2235
https://doi.org/10.1001/archinte.164.20.2235
https://doi.org/10.3390/nu6020897
https://doi.org/10.3390/nu6020897
https://doi.org/10.1017/S1368980010002004
https://doi.org/10.1017/S1368980010002004
https://doi.org/10.1007/s00125-003-1220-7
https://doi.org/10.1007/s00125-003-1220-7
https://doi.org/10.2337/diacare.25.3.417
https://doi.org/10.2337/diacare.25.3.417
https://doi.org/10.1016/j.clnu.2016.03.017
https://doi.org/10.1016/j.clnu.2016.03.017
https://doi.org/10.1093/ajcn/nqy075
https://doi.org/10.1017/S000711451400124X
https://doi.org/10.1017/S000711451400124X

	Substitution of red meat with poultry or fish and risk of type 2 diabetes: a Danish cohort study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	Dietary assessment
	Case ascertainment
	Covariate assessment
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References


