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Abstract
Purpose  The relationship of total, saturated, mono-unsaturated and poly-unsaturated fatty acids (SFA, MUFA, PUFA) with 
coronary heart disease (CHD) is debated. We hypothesized that the association of dairy-derived FA with CHD may be dif-
ferent than the association of meat-derived FA with CHD. We therefore aimed to directly compare association of FA intakes 
from dairy and meat with risk of CHD using substitution models.
Methods  Baseline (1993–1997) FA intake was measured using a validated food frequency questionnaire among 35,767 
participants from the European Prospective Investigation into Cancer and Nutrition-Netherlands cohort (EPIC-NL). Incident 
CHD events (n = 2374) were obtained through linkage with national registries during a mean follow-up of 15 years. Associa-
tion of FA from dairy substituted with FA from meat with CHD risk was estimated through multivariable Cox regression.
Results  Participants consumed 81.9 (SD 28.7) grams of FA per day, of which 17.9 (SD 5.2) was from dairy and 15.3 (SD 
9.5) from meat. Substituting 1 en% of dairy-derived SFA with meat-derived SFA was associated with higher CHD risk (HR 
1.06, 95% CI 1.02–1.10), but substituting dairy-derived MUFA or PUFA did not (HRMUFA 1.03, 95% CI 0.97–1.09; HRPUFA 
1.17, 95% CI 0.90–1.53).
Conclusions  Our modelling suggests that substituting dairy SFA with meat SFA is associated with a higher risk of CHD, but 
substituting dairy MUFA or PUFA with meat FA is not. These results need to be replicated in other cohorts with different 
fat intakes, preferably with larger variation in the intake of MUFA and PUFA from dairy and meat.
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Introduction

Dietary guidelines recommend to keep intake of saturated 
fatty acids (SFA) below 10% of total energy intake, and to 
replace SFA by mono-unsaturated fatty acids (MUFA) or poly-
unsaturated fatty acids (PUFA) [37]. This recommendation 
is supported by a large-scale meta-analysis that shows that 
SFA replacement by cis-MUFA or cis-PUFA leads to a more 
favourable lipid profile [18]. However, SFA replacement by 
MUFA does not clearly reduce CHD risk in observational 
studies [11, 13, 19]. Observational studies and RCTs suggest 
that replacement of SFA by PUFA decreases CHD risk [13, 
20], although some observational cohort studies did not con-
firm this [25, 26]. It remains unclear why the substitution of 
SFA with unsaturated FA does not improve cardiovascular 
health in all populations.

One hypothesis is that the association of FA with CHD 
is different, depending on the food source from which it is 
derived. For instance, dairy intake is associated with CHD 
risk in a protective or neutral manner [2, 31], whereas meat 
intake, particularly red or processed meat, relates to a higher 
risk of CHD [2]. In a Dutch population, SFA from dairy has 
been related with a lower CHD risk, whereas SFA from meat 
or fats was not related to CHD [25].

Direct comparison of FA from dairy and meat, in relation 
to risk of CHD, is needed to gain insight into these differences. 
This can be achieved by modelling substitution of a speci-
fied FA subtype (e.g., SFA) derived from dairy by the same 
FA subtype derived from meat. When including energy from 
carbohydrates, protein and all other FA, plus total energy in 
the regression model, the results from such an analysis can be 
interpreted as the effect of increasing FA intake from meat at 
the expense of FA intake from dairy [39].

According to our knowledge, only the multi-ethic study of 
atherosclerosis (MESA) investigated replacement of dairy-
derived SFA with meat-derived SFA, and found that this sub-
stitution was related to higher CHD risk [5]. This study was 
performed in the USA, where consumption patterns of meat 
and dairy are different from those in Europe [23]. Addition-
ally, replacements of MUFA and PUFA were not addressed 
in MESA.

Therefore, the aim of this study was to investigate the asso-
ciation of substituting FA from dairy products (SFA, MUFA or 
PUFA), with FA from meat with CHD risk in a Dutch popula-
tion that consumes high amounts of dairy and meat products.

Methods

The European Prospective Investigation into Cancer and 
Nutrition (EPIC)-NL cohort (n = 40,011) consists of the 
Prospect-EPIC cohort and the Monitoring Project on Risk 
Factors for Chronic Diseases (MORGEN)-EPIC cohort. 

These cohorts were set up simultaneously between 1993 
and 1997. The Prospect cohort consists of 17,357 women 
aged 49–70, living in Utrecht or its vicinity, who partici-
pated in a Dutch breast cancer screening program. The 
MORGEN cohort consists of 22,654 men and women, aged 
20–59 who were recruited through age stratified random 
samples of three Dutch towns (Amsterdam, Doetinchem 
and Maastricht).

All participants provided written informed consent before 
study inclusion. The study complied with the Declaration of 
Helsinki and was approved by the medical ethics commit-
tee of the Netherlands Organization for Applied Scientific 
Research (TNO) (MORGEN), and the institutional review 
board of the University Medical Centre Utrecht (Prospect). 
Detailed description of the design and rationale of this 
cohort can be found elsewhere [3]. This manuscript has been 
written according to the STROBE-nut guideline [16].

We included participants that gave permission for link-
age with vital status and disease/medical/mortality regis-
tries (n = 38,260). Participants with missing data on dietary 
intake, educational status, BMI, smoking or hypercholes-
terolemia were excluded (n = 516), as were participants 
with prevalent CVD (n = 1,336), participants with poten-
tial under- or over-reported energy intake (energy intake/
basal metabolic rate in lowest or upper 0.5%) (n = 333), and 
non-consumers of meat or dairy (n = 308), leaving a total of 
35,767 participants for analysis in this study.

Assessment of food consumption

The EPIC-NL cohort used a self-administered validated food 
frequency questionnaire (FFQ) to assess the food consump-
tion (in times per day, per week, per month or per year, or 
as never) of 79 main food categories during the year before 
enrolment. The questionnaire also contained colour photo-
graphs with portion sizes of 21 foods. The FFQ gives an 
estimation of the average daily consumption of 178 food 
items [3, 22]. Nutrient intakes were calculated using the 
Dutch food composition table of 1996 [34]. Use of dietary 
supplements was not registered.

We calculated FA intake from dairy, meat and other 
sources, by multiplying the FA content of whole food items 
with the daily average consumption of these whole foods. 
The meat food group included red and processed meat, meat 
products and poultry. The dairy food group included cheese, 
milk, yoghurt, coffee creamers, curd, pudding, porridge, cus-
tard, and whipping cream (Supplemental Table 1).

Validity of the FFQ was assessed by comparison with 
12 24 h recalls among 121 men and women. In men, Spear-
man’s rank correlation coefficients showed good validity for 
milk and milk products (0.69), moderate validity for cheese 
(0.56), fair validity for meat (0.39) [22] and good to moder-
ate validity for the intake of FA (SFA 0.55, MUFA 0.66, 
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PUFA 0.52) [24]. In women, the validity was good for milk 
and milk products (0.77), fair for cheese (0.32), moderate for 
meat (0.59) [22] and moderate to fair for the intake of FA 
(SFA 0.50, MUFA 0.58, PUFA 0.22) [24].

Assessment of covariates

A general questionnaire was administered at baseline, which 
included questions on demographic characteristics and car-
diovascular risk factors. Educational level was categorized 
into three groups: low (primary till intermediate vocational 
education), moderate (higher general secondary education 
completed or till 3rd year with success), and high (higher 
vocational education and university). Smoking status was 
categorized as never, former, or current smoker. Physical 
activity was assessed using a validated questionnaire [12]. 
The Cambridge Physical Activity Score [36] was then cal-
culated and used to categorize physical activity into inac-
tive, moderately inactive, moderately active and active. 
Participants in the latter two categories were considered 
to be physically active. Because we could not calculate the 
Cambridge physical activity score for 14% of all partici-
pants, we imputed missing scores by means of single linear 
regression modelling (SPSS MVA procedure). Presence of 
hypercholesterolemia was self-reported. Daily alcohol con-
sumption (g/day) was categorized into four groups: light 
drinkers (0–4.9 g/day), moderate drinkers (5–14.9 g/days), 
heavy drinkers (15–29.9 g/day), and excessive drinkers 
(> 30 g/day).

Furthermore, a physical examination was performed. 
Body weight (kg) and height (cm) were measured and 
BMI was calculated by dividing weight (kg) by height (m) 
squared (kg/m2). Waist and hip circumference (cm) were 
measured twice, and waist-to-hip ratio (WHR) was calcu-
lated by dividing the mean waist by mean hip circumference. 
Systolic- and diastolic blood pressure (mmHg) were meas-
ured twice on participants’ left arm, while in the supine posi-
tion, with a Boso Oscillomat (Prospect) or with a random-
zero sphygmomanometer (MORGEN). The mean of these 
two measurements was used. Hypertension was defined 
when one of the following criteria was met: systolic blood 
pressure > 140 mmHg; diastolic blood pressure > 90 mmHg; 
self-reported use of antihypertensive medication, or self-
reported physician-diagnosed hypertension.

Assessment of coronary heart disease

To obtain cases of incident CHD (fatal and non-fatal CHD 
combined), participants were followed over time by linkage 
to mortality and hospital discharge registers. Data on hospi-
tal discharge diagnoses were provided by the National Medi-
cal Registry, using the Dutch Hospital Discharge Diagnosis 
Database. Vital status was obtained through linkage with 

the municipal population registries. Primary and secondary 
causes of death were obtained from Statistics Netherlands.

In the Dutch Hospital Discharge Diagnosis Database, 
CHD was defined through International Classification of 
Diseases (ICD)-9 codes: 410-414, 427.5, 798.1, 798.2, and 
798.9. Causes of death were coded according to ICD-10: 
I-20-I25, I46, and R96.

Data analysis

Participants’ baseline characteristics were explored by ter-
tiles of FA intake from dairy and meat in percentage of total 
energy intake (en%). Results are presented as percentage 
for categorical variables, mean ± standard deviation (SD) 
for continuous variables and median (interquartile range) 
for continuous variables that are not normally distributed. 
We examined intake of total fat, SFA, MUFA, and PUFA 
from dairy sources, and from meat sources separately. We 
examined the relative contributions of individual SFA to 
the total SFA intake from dairy sources and meat sources 
as well. Pearson correlations between intake of total fat, 
SFA, MUFA and PUFA (in en%) from dairy sources, and 
from meat sources were calculated. The percentage of SFA, 
MUFA and PUFA intake from various sources is calculated 
as well.

Person-years of follow-up were calculated from date 
of study inclusion to date of first CHD event, death, loss 
to follow-up, or end of follow-up (December 31th 2010), 
whichever came first. We used Cox proportional regression 
analysis to estimate Hazard Ratios (HRs) and 95% confi-
dence intervals (CIs) for the association between substituting 
FA (total, SFA, MUFA, PUFA) from dairy by FA from meat, 
and risk of CHD.

We created a crude substitution model in which 1% of 
energy intake (1 en%) from meat FA was replaced by 1en% 
from dairy FA, by including total energy intake (exclud-
ing energy from alcohol), and energy from macronutrients 
(protein, carbohydrates, FA including trans fats). The only 
macronutrient not included in the model was the dairy FA 
that was to be replaced by the corresponding meat FA. For 
example, this means that a substitution model of dairy SFA 
with meat SFA includes protein, carbohydrates, all MUFAs, 
all PUFAs and SFA from meat and from other sources than 
meat or dairy. The estimate from this model can be inter-
preted as the association of consuming 1en% SFA from meat 
instead of 1en% SFA from dairy with risk of CHD.

We applied three models of adjustment for potential con-
founding. We considered known risk factors for CHD and 
covariates that were associated with FA intake and CHD risk 
in our population. Model 1 was adjusted for sex and age. 
Model 2 was additionally adjusted for smoking, physical 
activity, educational level, alcohol intake (in categories) and 
energy-adjusted intake of cholesterol and fibre, calculated 
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using the residual method [38]. Our final model, model 3, 
was adjusted for cardiovascular risk factors that might also 
be an intermediate such as BMI, hypercholesterolemia, type 
2 diabetes and hypertension. These can be intermediates 
for the substitution of FA from dairy with FA from meat, 
because a high intake of dairy has been associated with a 
lower BMI [15] and a lower risk of diabetes [10] and hyper-
tension [30, 32]. In contrast, a high intake of meat has been 
associated with higher BMI [29, 35] and a higher risk of 
hypertension [30] and diabetes [1].

We performed aforementioned analyses four times; for 
the substitution of total fat, SFA, MUFA, and PUFA.

A previous study has suggested possible effect modifica-
tion of the relation between dietary fat and CHD by sex and 
age [14], which we have examined by including an interac-
tion term between the determinant and sex or age in the 
final substitution model. Non-linearity was examined by 
including quadratic terms of the FA of interest into the final 
adjusted model. Whether hazards are constant over time was 
examined by adding an interaction term between determi-
nant and time.

For comparison, we also performed Cox regression mod-
els for the increase of FA from dairy or meat, without speci-
fying a substituting macronutrient. We created two basic 
models, one adjusting for energy and protein intake, and the 
other adjusting for energy and carbohydrate intake. We show 
results for models that have been adjusted for covariates 
from models 2 and 3. Estimates from these models can be 
interpreted as the combined effect of increasing energy from 
dairy or meat FA, and lowering intake of another (unspeci-
fied) macronutrient.

We repeated the analyses by adjusting for WHR, instead 
of BMI. Possible reverse causation was examined by repeat-
ing analyses after excluding the first two years of follow-up. 
All analyses were performed using Statistical Package for 
the Social Sciences (SPSS) version 23.

Results

At baseline, the average fat intake in the EPIC-NL cohort 
was 81.9 ± 28.7 g/day, which is 35.6 ± 5.2 en%/day. Of this 
total fat intake, 17.9 ± 9.5 g/day (7.7 ± 3.5 en%/day) was 
derived from dairy, and 15.3 ± 9.5 g/day (6.5 ± 3.5 en%/
day) from meat. Average SFA intake was 34.4 ± 12.4 g/
day (14.6 ± 2.5 en%/day) in total, 11.5 ± 6.0  g/day 
(4.9 ± 2.2  en%/day) from dairy, and 6.0 ± 3.7  g/day 
(2.6 ± 1.4 en%/day) from meat. The main sources of 
SFA and MUFA were meat (21% and 29%), cheese (19% 
and 11%), and milk products (19% and 9%). PUFA was 
mainly derived from bread/cereals (26%), meat (14%), 
and savoury sauces (9%). Approximately 6% of PUFA was 

derived from cheese and milk products combined (Sup-
plementary Fig. 1).

Participants with a high intake of dairy-derived total 
fat were more often women at an older age, highly edu-
cated, physically active, light drinkers and non-smokers 
when compared to participants with a low intake. They 
were more likely to have hypertension or type 2 diabe-
tes, but less likely to smoke or have hypercholester-
olemia. Participants with a high dairy-derived fat intake 
also reported lower intake of meat and soft drinks, and a 
higher intake of fruit and vegetables (Table 1). Participants 
with a high intake of meat-derived fat were generally less 
healthy (Table 2). Baseline characteristics by tertiles of 
SFA, MUFA and PUFA from dairy and meat are simi-
lar to characteristics by tertiles of total fat (Supplemental 
Tables 2–7).

In EPIC-NL, most fat derived from dairy was SFA 
(65.2%), followed by MUFA (30.6%) and PUFA (4.2%). 
Most fat derived from meat was MUFA (47.9%), followed 
by SFA (40.3%) and PUFA (11.8%). Stearic acid (C18:0) 
and palmitic acid (C16:0) were the most common individ-
ual SFAs consumed and consumption of other individual 
SFAs from dairy and meat was low (< 2.5%) (Table 3). 
Intakes of total fat, SFA, MUFA and PUFA from meat 
sources were highly correlated (Pearson’s rho > 0.80). The 
same was found for fats from dairy sources (Table 4).

A total of 2458 participants developed CHD among 
the 35,767 participants during a median follow-up time 
of 15 years. Substituting 1en% of total FA and SFA from 
dairy with 1en% corresponding FA from meat was associ-
ated with a higher risk of CHD in model 2 (corrected for 
demographic and cardiovascular risk factors), but substi-
tution of MUFA or PUFA was not (total fat 3%, 95% CI 
2 to 5%; SFA 8%, 95% CI 4 to 13%; MUFA 4%, 95% CI 
− 1 to 10%, PUFA 20%, 95%CI − 7 to 57%). After further 
adjustment for cardiovascular risk factors that are pos-
sible intermediates (BMI, hypertension, type 2 diabetes, 
hypercholesterolemia), results were attenuated (total fat 
2%, 95% CI 0–4% ; SFA 6%, 95% CI 2–10%; MUFA 3%, 
95% CI − 7 to 9%, PUFA 17%, 95%CI − 10 to 53%), but 
remained significant for the substitution of SFA (Table 5).

After excluding the first 2 years of follow-up, results 
did not change materially. Adjusting for WHR instead of 
BMI did not change results. We did not find evidence for 
a non-linear association between any FA substitution and 
risk of CHD, nor did we find evidence for an interaction 
with sex or age. Hazards were constant over time.

In the protein or carbohydrates intake adjusted mod-
els where we did not specify a substituting macronutrient 
(Table 6), FA from meat were consistently associated with 
a higher CHD risk in the final adjusted model, whereas FA 
from dairy were not. 



2643European Journal of Nutrition (2019) 58:2639–2647	

1 3

Table 1   Baseline characteristics of 35,767 EPIC-NL cohort partici-
pants per tertile of dairy-derived total fat intake (in % of total energy 
intake minus energy from alcohol)

Data is presented as mean ± SD or as percentage
WHR waist-to-hip ratio, En% percentage of total energy intake, 
MUFA mono-unsaturated fatty acid, PUFA poly-unsaturated fatty 
acid, SFA saturated fatty acid
a Higher vocational education and university
b < 4.9 g of alcohol per day
c Energy adjusted

En% of dairy-derived total fat

T1 (< 6.0) T2 (6.1–8.9) T3 (8.9–37.1)

Participants (n) 11,922 11,923 11,923
Women (%) 64.2 76.7 83.6
Age (years) 45.8 ± 12.4 49.8  ± 11.6 51.9 ± 10.7
BMI (kg/m2) 25.6 ± 4.0 25.7 ± 3.9 25.6 ± 4.0
WHR 0.83 ± 0.09 0.82 ± 0.09 0.81 ± 0.08
High education levela (%) 18.0 20.1 22.9
Light alcohol consumptionb 

(%)
49.1 49.9 50.4

Physically active (%) 40.9 41.9 43.1
Smoking
 Former smoker (%) 28.9 32.2 35.6
 Current smoker (%) 34.8 28.3 28.1

Hypertension (%) 34.5 38.0 37.9
Hypercholesterolemia (%) 9.6 8.0 5.9
Type 2 diabetes (%) 1.1 1.2 1.7
Energy intake (kcal/day) 2118 ± 655 2056 ± 584 1988 ± 568
Dairy products (g/day) 286 ± 211 452 ± 245 566 ± 310
Dairy fat (en%/day)
 Total fat 4.2 ± 1.4 7.4 ± 0.8 11.6 ± 2.5
 SFA 2.7 ± 0.9 4.8 ± 0.5 7.4 ± 1.6
 MUFA 1.2 ± 0.4 2.2 ± 0.3 3.5 ± 0.8
 PUFA 0.2 ± 0.1 0.3 ± 0.1 0.5 ± 0.2
 Meat products (g/day) 127 ± 61 107 ± 51 90 ± 50

Meat fat (en%/day)
 Total fat 7.5 ± 3.8 6.5 ± 3.3 5.5 ± 3.2
 SFA 2.9 ± 1.5 2.6 ± 1.3 2.2 ± 1.3
 MUFA 3.5 ± 1.8 3.0 ± 1.5 2.6 ± 1.5
 PUFA 0.9 ± 0.5 0.7 ± 0.4 0.6 ± 0.4

Protein (en%/day) 15.0 ± 2.4 16.1 ± 2.2 17.1 ± 2.2
Carbohydrates (en%/day) 48.4 ± 5.9 47.1 ± 5.3 45.0 ± 5.4
Fat (en%/day) 36.6 ± 5.6 36.8 ± 5.1 37.8 ± 5.1
Trans fat (en%/day) 1.5 ± 0.6 1.4 ± 0.5 1.4 ± 0.4
Soft drinks (ml/day) 131 ± 164 95 ± 125 75 ± 107
Fruit and vegetables (g/

day)
382 ± 194 409 ± 182 404 ± 175

Fish (g/day) 10 ± 11 10 ± 11 10 ± 10
Nuts and seeds (g/day) 8 ± 13 7 ± 11 6 ± 9
Coffee and tea (ml/day) 809 ± 380 858 ± 335 884 ± 348
Cholesterolc (mg/day) 208 ± 61 216 ± 56 230 ± 56
Fibrec (g/day) 23 ± 5 24 ± 5 23 ± 5

Table 2   Baseline characteristics of 35,767 EPIC-NL cohort partici-
pants per tertile of meat-derived total fat intake (in % of total energy 
intake minus energy from alcohol)

Data is presented as mean ± SD or as percentage
WHR waist-to-hip ratio, En% percentage of total energy intake, 
MUFA mono-unsaturated fatty acid, PUFA poly-unsaturated fatty 
acid, SFA saturated fatty acid
a Higher vocational education and university
b < 4.9 g of alcohol per day
c Energy adjusted

En% of meat-derived total fat

T1 (< 4.7) T2 (4.7–7.6) T3 (7.6–51.2)

Participants (n) 11,922 11,923 11,922
Women (%) 82.0 73.1 69.4
Age (years) 50 ±  12 49  ±  12 49  ±  11
BMI (kg/m2) 24.8 ±  3.7 25.7 ±  3.9 26.5 ±  4.1
WHR 0.80 ±  0.08 0.82 ±  0.09 0.84 ±  0.09
High education levela (%) 27.3 19.9 13.8
Light alcohol consumption 

b (%)
54.6 48.7 46.0

Physically active (%) 43.1 42.9 40.0
Smoking
 Former smoker (%) 31.9 31.2 30.6
 Current smoker (%) 21.6 29.5 35.5

Hypertension (%) 34.4 36.5 39.4
Hypercholesterolemia (%) 7.2 7.5 8.8
Type 2 diabetes (%) 1.1 1.2 1.7
Energy intake (kcal/day) 1991 ±  601 2111 ±  611 2059 ±  600
Dairy products (g/day) 496 ±  309 447 ±  273 361 ±  246
Dairy fat (en%/day)
 Total fat 8.8 ±  3.8 7.6 ±  3.2 6.8 ±  3.2
 SFA 5.7 ±  2.4 4.9 ±  2.0 4.4 ±  2.0
 MUFA 2.7 ±  1.2 2.3 ±  1.0 2.0 ±  1.0
 PUFA 0.4 ±  0.2 0.3 ±  0.2 0.3 ±  0.2

Meat products (g/day) 58 ±  33 112 ±  36 153 ±  50
Meat fat (en%/day)
 Total fat 2.9 ±  1.2 6.1 ±  0.8 10.4 ±  2.6
 SFA 1.2 ±  0.5 2.4 ±  0.3 4.1 ±  1.0
 MUFA 1.4 ±  0.6 2.9 ±  0.4 4.9 ±  1.2
 PUFA 0.3 ±  0.1 0.7 ±  0.2 1.2 ±  0.4

Protein (en%/day) 15.4 ±  2.4 16.1 ±  2.3 16.8 ±  2.4
Carbohydrates (en%/day) 49.8 ±  5.4 47.1 ±  4.8 43.7 ±  5.1
Fat (en%/day) 34.8 ±  5.3 36.8 ±  4.7 39.5 ±  4.8
Trans fat (en%/day) 1.4 ±  0.5 1.5 ±  0.5 1.5 ±  0.5
Soft drinks (ml/day) 88 ±  128 105 ±  135 108 ±  145
Fruit and vegetables (g/

day)
440 ±  198 398 ±  176 356 ±  168

Fish (g/day) 11 ±  13 10 ±  10 9 ±  9
Nuts and seeds (g/day) 8 ±  13 7 ±  11 5 ±  9
Coffee and tea (ml/day) 848 ±  362 848 ±  345 855 ±  361
Cholesterolc (mg/day) 195 ±  57 218 ±  53 241 ±  56
Fibrec (g/day) 24 ±  5 23 ±  5 22 ±  5
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Discussion

In this prospective cohort study among 35,767 men and 
women, we observed that substituting 1en% SFA from dairy 
with SFA from meat was associated with a 6% higher risk 
of coronary heart disease. Although effect estimates suggest 

a similar association for MUFA and PUFA, the association 
for substitution of MUFA or PUFA from dairy with the cor-
responding FA from meat was not statistically significant. In 
the models where substitution was not specified, consuming 
more FA from meat was associated with a higher risk of 
CHD, whereas a higher FA intake from dairy was generally 
not associated with incident CHD risk.

We modelled the substitution of SFA from dairy with 
SFA from meat per 1 en%. For women, based on the recom-
mended energy intake of 2000 kcal/day, this would require 
substituting 222 g/day of semi-skimmed milk with 147 g/day 
of prepared lean beef [34]. Results from this study cannot be 
interpreted on the level of individual whole foods, because 
they are based on the SFA contribution from a group of 
dairy and meat products. However, the dietary replacement 
in terms of whole foods does exemplify that implementing 
the substitution of 1en% SFA from dairy with SFA from 
meat would require a substantial change in dietary habits.

The effect direction of our results is in line with findings 
from previous studies. Substituting 2 en% of dairy-derived 
SFA with 2 en% of meat-derived SFA has been associated 
with a 25% higher risk of CHD in the MESA study [5]. 

Table 3   Contribution of individual fatty acids to total saturated fatty 
acid intake from dairy and meat among 35,767 EPIC-NL participants

Data are expressed as percentage of total SFA intake from food 
source

Saturated fat type Dairy Meat

C14:0 myristic acid 2.3% < 0.5%
C15:0 pentadecyclic acid 1.1% < 0.5%
C16:0 palmitic acid 5.7% 5.4%
C17:0 margaric acid 1.1% 0.6%
C18:0 stearic acid 89.7% 91.6%
C20:0 arachidic acid < 0.5% 2.1%
C22:0 behenic acid – < 0.5%
C24:0 lignoceric acid < 0.5% –

Table 4   Correlation between fatty acids within meat products and between fatty acids within dairy products in 35,767 participants from the 
EPIC-NL cohort, adjusted for sex and age at recruitment

Data are Pearson’s rho correlation coefficients (Ῥ) for correlation of FA expressed as % of total energy intake within whole food, adjusted for sex 
and age at recruitment. All P values are < 0.001
EPIC-NL European Prospective Investigation into Cancer and Nutrition-Netherlands, SFA saturated fatty acids, MUFA mono-unsaturated fatty 
acids, PUFA poly-unsaturated fatty acids

Dairy Total fat SFA MUFA PUFA

Total fat 1
SFA 1.00 1
MUFA 0.99 0.98 1
PUFA 0.83 0.79 0.85 1

Meat Total fat SFA MUFA PUFA

Total fat 1
SFA 1.00 1
MUFA 1.00 1.00 1
PUFA 0.96 0.94 0.95 1

Table 5   Hazard of CHD when 
substituting dairy-derived FA 
intake by meat-derived FA 
intake at baseline among 35,767 
EPIC-NL participants

The substitution model was corrected for total caloric intake except from alcohol, intake of protein, carbo-
hydrates and all FA, except for dairy-derived FA from the substitution of interest (SFA, MUFA or PUFA). 
Substitution model 1 was adjusted for sex and age. Model 2 was additionally adjusted for smoking, physi-
cal activity, education, alcohol intake (categorical) and energy-adjusted intake of cholesterol and fibre. 
Model 3 was additionally adjusted for BMI, hypertension, type 2 diabetes and hypercholesterolemia

Substitution model 1 Substitution model 2 Substitution model 3

Total fat 1.04 (1.03–1.06) 1.03 (1.02–1.05) 1.02 (1.00–1.04)
SFA 1.14 (1.09–1.18) 1.08 (1.04–1.13) 1.06 (1.02–1.10)
MUFA 1.07 (1.02–1.14) 1.04 (0.99–1.10) 1.03 (0.97–1.09)
PUFA 1.10 (0.86–1.40) 1.20 (0.93–1.57) 1.17 (0.90–1.53)
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Consistently, substituting 5 en% of dairy FA with non-dairy 
animal FA has been associated with a 6% higher risk of 
CHD in three cohorts of US adults [4]. Substituting MUFA 
or PUFA from dairy with MUFA or PUFA from meat has 
not been investigated to date.

Results from the models where substitution was not spec-
ified suggest that MUFA and PUFA from meat increases 
CHD risk, whereas MUFA and PUFA from dairy does not. 
These differences seem substantial, as the confidence inter-
vals for the association of MUFA intake and CHD risk from 
meat versus dairy do not overlap. However, our substitu-
tion analysis suggests that replacing MUFA from dairy with 
MUFA from meat is not related to CHD risk. Modelling 
substitution in populations with a larger spread in overlap-
ping MUFA and PUFA intake from meat and dairy is neces-
sary to exclude the possibility of insufficient power of the 
substitution analysis as a cause for the inconsistent results.

There are several possible explanations for higher CHD 
risk when substituting total fat or SFA from dairy with the 
corresponding FA from meat. First, the intake of individual 
FA within the group of SFA differs between meat and dairy, 
and individual SFA seems to differ from one another with 
regards to biological function [28], oxidation rate [6] and 
association with lipid profile [18]. We observed a slightly 
higher contribution of C14:0, C15:0 and C17:0 to total SFA 
from dairy in comparison to SFA from meat, whereas the 
contribution of C18:0 and C22:0 was slightly lower. Within 
the even-chain FA, C12:0, C14:0 and C16:0 are considered 
to be detrimental to cardiovascular health through an effect 
on the LDL-receptor [9]. These even-chain FAs have also 
shown to have a detrimental effect on lipid profile [18]. On 
the other hand, dairy lipids including C15:0 and C17:0 may 
have anti-inflammatory properties [17], hypothetically lead-
ing to an improvement of the lipid profile.

A second hypothesis is that correlated components 
from meat and dairy sources might drive associations. For 
instance, meat contains heme iron which has been associ-
ated with higher CVD risk [8], whereas dairy components 
such as vitamin D, calcium, magnesium and potassium have 
been associated to a more beneficial cardiometabolic risk 
profile [27].

Finally, the dairy food matrix might have specific ben-
eficial effects on cardiovascular health that are not com-
pletely explained by single components within the food. For 
instance, interactions between nutrients in the dairy matrix 
can be enhanced by dairy structures and processing methods. 
This may modify the metabolic effects of dairy consump-
tion [33].

Strengths of this study include the large study population 
from a prospective cohort with a long follow-up time, and the 
direct comparison between FA from dairy and FA from meat 
through a substitution model. We have adjusted our results 
for a comprehensive set of confounders. Also, we performed 
sensitivity analyses to examine the robustness of our findings.

There are also limitations to address. First, we used an 
FFQ to measure our exposure which could have led to mis-
classification, although we expect this misclassification to 
be non-differential. Second, we used one dietary measure-
ment at baseline to asses dietary intake. This influences the 
interpretation of our substitution model, as we did not inves-
tigate CHD risk for people that changed their diet over time. 
However, it is unlikely that a second dietary measurement 
would allow for examination of substitution of foods within 
the same person, as dietary habits have shown to be quite 
stable over time [21].

Another limitation is the potential for residual confound-
ing in the substitution of dairy FA with meat FA, through 
a generally unhealthier lifestyle of participants with a high 

Table 6   Hazard of CHD per 
1en% increase of meat or dairy 
FA, without specifying the 
replacing macronutrient among 
35,767 EPIC-NL participants

Model 2 was adjusted for sex, age, smoking, physical activity, education, alcohol intake (categorical), 
energy-adjusted intake of cholesterol and fibre, intake of trans fats (en%) and total energy intake (excluding 
energy from alcohol). Model 3 was additionally adjusted for BMI, hypertension, type 2 diabetes and hyper-
cholesterolemia
a For protein models, intake of protein (en%) was added to model 2 and 3, whereas carbohydrates models 
included intake of carbohydrates (en%)

Protein modela 2 Protein model 3 Carbohydrates model 2 Carbohydrates model 3

Meat
 Total fat 1.02 (1.01–1.04) 1.02 (1.01–1.03) 1.03 (1.01–1.04) 1.02 (1.01–1.03)
 SFA 1.06 (1.03–1.10) 1.04 (1.01–1.08) 1.07 (1.04–1.11) 1.05 (1.01–1.08)
 MUFA 1.05 (1.03–1.08) 1.04 (1.01–1.06) 1.06 (1.03–1.09) 1.04 (1.01–1.07)
 PUFA 1.17 (1.07–1.28) 1.11 (1.01–1.21) 1.18 (1.07–1.30) 1.11 (1.01–1.23)

Dairy
 Total fat 0.98 (0.97–1.00) 0.99 (0.98–1.00) 0.99 (0.98–1.00) 0.99 (0.98–1.00)
 SFA 0.97 (0.95–0.99) 0.98 (0.96–1.00) 0.98 (0.96–1.00) 0.99 (0.97–1.01)
 MUFA 0.94 (0.91–0.99) 0.97 (0.93–1.01) 0.96 (0.92–1.00) 0.97 (0.93–1.01)
 PUFA 0.85 (0.66–1.08) 0.91 (0.71–1.16) 0.92 (0.72–1.16) 0.92 (0.72–1.16)
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intake of meat, and a generally healthier lifestyle of partici-
pants with high intake of dairy.

Also, intake of total fat, SFA, MUFA and PUFA was 
highly correlated within the food group from which it was 
derived (dairy or meat), making it difficult to disentangle the 
effect of an individual FA from the effect of the other FAs 
in whole foods.

Finally, the results from this study should be interpreted 
with caution since we modelled substitution in an observa-
tional study. Actual substitution within individuals was thus 
not observed but statistically modelled. Also, causal infer-
ences are inherently difficult to establish based on observa-
tional data.

In conclusion, our modelling suggests that substituting 
dairy SFA with meat SFA is associated with a higher risk 
of CHD, whereas substituting dairy MUFA or PUFA with 
meat is not. Since average SFA intake continues to exceed 
the 10en%/day that has been recommended for decades [7], 
identifying comparatively healthy fats depending on food 
source may help in improving nutritional advice. However, 
results of our substitution modelling need to be replicated in 
other cohorts with different background fat intakes, prefer-
ably with larger variation in the intake of MUFA and PUFA 
from dairy and meat. Also, results from substitution mod-
elling should be confirmed in experimental studies before.

Acknowledgements  The EPIC-NL study was funded by “European 
Commission: Public Health and Consumer Protection Directorate 
1993–2004; Research Directory-General 2005”; Dutch Ministry of 
Public Health, Welfare and Sports (WVS), Netherlands Cancer Registry 
(NKR), LK Research Funds, Dutch Prevention Funds, Dutch ZON (Zorg 
Onderzoek Nederland), and World Cancer Research Fund (WCRF) (The 
Netherlands). I Sluijs was supported by a personal Dr. Dekker postdoc-
toral Grant No. (2015T019) from the Netherlands Heart Foundation.

Author contributions  LV and IS designed research (project conception, 
development of overall research plan, and study oversight); JB, WV 
and YS provided essential materials; LV and JR performed statistical 
analysis; LV, JR, JB, WV, YS and IS wrote the paper; LV had primary 
responsibility for final content.

Compliance with ethical standards 

Conflict of interest  Authors have no conflicts of interest to declare.

Ethical approval  The study complied with the Declaration of Helsinki 
and was approved by the medical ethics committee of the Netherlands 
Organization for Applied Scientific Research (TNO) (MORGEN), and 
the institutional review board of the University Medical Centre Utrecht 
(Prospect).

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

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

	 2.	 Bechthold A, Boeing H, Schwedhelm C, Hoffmann G, Knuppel S, 
Iqbal K, Henauw S, Michels N, Devleesschauwer B, Schlesinger 
S, Schwingshackl L (2017) Food groups and risk of coronary 
heart disease, stroke and heart failure: a systematic review and 
dose-response meta-analysis of prospective studies. Crit Rev Food 
Sci Nutr. https​://doi.org/10.1080/10408​398.2017.13922​88

	 3.	 Beulens JW, Monninkhof EM, Verschuren WM, van der Schouw 
YT, Smit J, Ocke MC, Jansen EH, van Dieren S, Grobbee DE, 
Peeters PH, Bueno-de-Mesquita HB (2010) Cohort profile: the 
EPIC-NL study. Int J Epidemiol 39:1170–1178. https​://doi.
org/10.1093/ije/dyp21​7

	 4.	 Chen M, Li Y, Sun Q, Pan A, Manson JE, Rexrode KM, Willett 
WC, Rimm EB, Hu FB (2016) Dairy fat and risk of cardiovascular 
disease in 3 cohorts of US adults. Am J Clin Nutr 104:1209–1217. 
https​://doi.org/10.3945/ajcn.116.13446​0

	 5.	 de Oliveira Otto MC, Mozaffarian D, Kromhout D, Bertoni AG, 
Sibley CT, Jacobs DR Jr, Nettleton JA (2012) Dietary intake of 
saturated fat by food source and incident cardiovascular disease: 
the multi-ethnic study of atherosclerosis. Am J Clin Nutr 96:397–
404. https​://doi.org/10.3945/ajcn.112.03777​0

	 6.	 DeLany JP, Windhauser MM, Champagne CM, Bray GA (2000) 
Differential oxidation of individual dietary fatty acids in humans. 
Am J Clin Nutr 72:905–911

	 7.	 Eilander A, Harika RK, Zock PL (2015) Intake and sources of 
dietary fatty acids in Europe: are current population intakes of fats 
aligned with dietary recommendations? Eur J Lipid Sci Technol 
EJLST 117:1370–1377. https​://doi.org/10.1002/ejlt.20140​0513

	 8.	 Fang X, An P, Wang H, Wang X, Shen X, Li X, Min J, Liu S, 
Wang F (2015) Dietary intake of heme iron and risk of cardiovas-
cular disease: a dose-response meta-analysis of prospective cohort 
studies. Nutrition, metabolism, and cardiovascular diseases. 
NMCD 25:24–35. https​://doi.org/10.1016/j.numec​d.2014.09.002

	 9.	 Fernandez ML, West KL (2005) Mechanisms by which dietary 
fatty acids modulate plasma lipids. J Nutr 135:2075–2078. https​
://doi.org/10.1093/jn/135.9.2075

	10.	 Gijsbers L, Ding EL, Malik VS, de Goede J, Geleijnse JM, 
Soedamah-Muthu SS (2016) Consumption of dairy foods and dia-
betes incidence: a dose-response meta-analysis of observational 
studies. Am J Clin Nutr 103:1111–1124. https​://doi.org/10.3945/
ajcn.115.12321​6

	11.	 Guasch-Ferre M, Babio N, Martinez-Gonzalez MA, Corella D, 
Ros E, Martin-Pelaez S, Estruch R, Aros F, Gomez-Gracia E, 
Fiol M, Santos-Lozano JM, Serra-Majem L, Bullo M, Toledo E, 
Barragan R, Fito M, Gea A, Salas-Salvado J (2015) Dietary fat 
intake and risk of cardiovascular disease and all-cause mortality 
in a population at high risk of cardiovascular disease. Am J Clin 
Nutr 102:1563–1573. https​://doi.org/10.3945/ajcn.115.11604​6

	12.	 Haftenberger M, Schuit AJ, Tormo MJ, Boeing H, Wareham N, 
Bueno-de-Mesquita HB, Kumle M, Hjartaker A, Chirlaque MD, 
Ardanaz E, Andren C, Lindahl B, Peeters PH, Allen NE, Overvad 
K, Tjonneland A, Clavel-Chapelon F, Linseisen J, Bergmann MM, 
Trichopoulou A, Lagiou P, Salvini S, Panico S, Riboli E, Ferrari 
P, Slimani N (2002) Physical activity of subjects aged 50–64 years 
involved in the European Prospective Investigation into Cancer 
and Nutrition (EPIC). Public Health Nutr 5:1163–1176. https​://
doi.org/10.1079/phn20​02397​

	13.	 Jakobsen MU, O’Reilly EJ, Heitmann BL, Pereira MA, Balter K, 
Fraser GE, Goldbourt U, Hallmans G, Knekt P, Liu S, Pietinen 
P, Spiegelman D, Stevens J, Virtamo J, Willett WC, Ascherio 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00125-009-1481-x
https://doi.org/10.1007/s00125-009-1481-x
https://doi.org/10.1080/10408398.2017.1392288
https://doi.org/10.1093/ije/dyp217
https://doi.org/10.1093/ije/dyp217
https://doi.org/10.3945/ajcn.116.134460
https://doi.org/10.3945/ajcn.112.037770
https://doi.org/10.1002/ejlt.201400513
https://doi.org/10.1016/j.numecd.2014.09.002
https://doi.org/10.1093/jn/135.9.2075
https://doi.org/10.1093/jn/135.9.2075
https://doi.org/10.3945/ajcn.115.123216
https://doi.org/10.3945/ajcn.115.123216
https://doi.org/10.3945/ajcn.115.116046
https://doi.org/10.1079/phn2002397
https://doi.org/10.1079/phn2002397


2647European Journal of Nutrition (2019) 58:2639–2647	

1 3

A (2009) Major types of dietary fat and risk of coronary heart 
disease: a pooled analysis of 11 cohort studies. Am J Clin Nutr 
89:1425–1432. https​://doi.org/10.3945/ajcn.2008.27124​

	14.	 Jakobsen MU, Overvad K, Dyerberg J, Schroll M, Heitmann BL 
(2004) Dietary fat and risk of coronary heart disease: possible 
effect modification by gender and age. Am J Epidemiol 160:141–
149. https​://doi.org/10.1093/aje/kwh19​3

	15.	 Kratz M, Baars T, Guyenet S (2013) The relationship between 
high-fat dairy consumption and obesity, cardiovascular, and meta-
bolic disease. Eur J Nutr 52:1–24. https​://doi.org/10.1007/s0039​
4-012-0418-1

	16.	 Lachat C, Hawwash D, Ocke MC, Berg C, Forsum E, Hornell 
A, Larsson CL, Sonestedt E, Wirfalt E, Akesson A, Kolsteren P, 
Byrnes G, De Keyzer W, Van Camp J, Cade JE, Slimani N, Ceval-
los M, Egger M, Huybrechts I (2016) Strengthening the reporting 
of observational studies in epidemiology—nutritional epidemiol-
ogy (STROBE-nut): an extension of the STROBE statement. Nutr 
Bull 41:240–251. https​://doi.org/10.1111/nbu.12217​

	17.	 Lordan R, Zabetakis I (2017) Invited review: The anti-inflamma-
tory properties of dairy lipids. J Dairy Sci 100:4197–4212. https​
://doi.org/10.3168/jds.2016-12224​

	18.	 Mensink RP, World Health Organization (2016) Effects of satu-
rated fatty acids on serum lipids and lipoproteins: a systematic 
review and regression analysis. In: World Health Organization. 
http://www.who.int/iris/handl​e/10665​/24610​4

	19.	 Molenberg FJ, de Goede J, Wanders AJ, Zock PL, Kromhout D, 
Geleijnse JM (2017) Dietary fatty acid intake after myocardial 
infarction: a theoretical substitution analysis of the Alpha Omega 
Cohort. Am J Clin Nutr. https​://doi.org/10.3945/ajcn.117.15782​6

	20.	 Mozaffarian D, Micha R, Wallace S (2010) Effects on coronary 
heart disease of increasing polyunsaturated fat in place of satu-
rated fat: a systematic review and meta-analysis of randomized 
controlled trials. PLoS Med 7:e1000252. https​://doi.org/10.1371/
journ​al.pmed.10002​52

	21.	 Nagel G, Zoller D, Ruf T, Rohrmann S, Linseisen J (2007) Long-
term reproducibility of a food-frequency questionnaire and dietary 
changes in the European Prospective Investigation into Cancer and 
Nutrition (EPIC)-Heidelberg cohort. Br J Nutr 98:194–200. https​
://doi.org/10.1017/s0007​11450​76916​36

	22.	 Ocke MC, Bueno-de-Mesquita HB, Goddijn HE, Jansen A, Pols 
MA, van Staveren WA, Kromhout D (1997) The Dutch EPIC food 
frequency questionnaire. I. Description of the questionnaire, and 
relative validity and reproducibility for food groups. Int J Epide-
miol 26(Suppl 1):S37–S48

	23.	 OECD/FAO (2017) OECD-FAO agricultural outlook 2017–2026. 
In, Paris. http://www.oecd.org/publi​catio​ns/oecd-fao-agric​ultur​al-
outlo​ok-19991​142.htm

	24.	 Praagman J, Adolphs AP, van Rossum CT, Sluijs I, van der 
Schouw YT, Beulens JW (2016) Reproducibility and relative 
validity of a FFQ to estimate the intake of fatty acids. Br J Nutr 
115:2154–2161. https​://doi.org/10.1017/s0007​11451​60013​2x

	25.	 Praagman J, Beulens JW, Alssema M, Zock PL, Wanders AJ, 
Sluijs I, van der Schouw YT (2016) The association between 
dietary saturated fatty acids and ischemic heart disease depends 
on the type and source of fatty acid in the European Prospective 
Investigation into Cancer and Nutrition-Netherlands cohort. Am J 
Clin Nutr 103:356–365. https​://doi.org/10.3945/ajcn.115.12267​1

	26.	 Praagman J, de Jonge EA, Kiefte-de Jong JC, Beulens JW, Sluijs I, 
Schoufour JD, Hofman A, van der Schouw YT, Franco OH (2016) 

Dietary Saturated fatty acids and coronary heart disease risk in a 
Dutch middle-aged and elderly population. Arterioscler Thromb 
Vasc Biol. https​://doi.org/10.1161/atvba​ha.116.30757​8

	27.	 Rice BH, Cifelli CJ, Pikosky MA, Miller GD (2011) Dairy com-
ponents and risk factors for cardiometabolic syndrome: recent evi-
dence and opportunities for future research. Adv Nutr (Bethesda 
Md) 2:396–407. https​://doi.org/10.3945/an.111.00064​6

	28.	 Rioux V, Legrand P (2007) Saturated fatty acids: simple molecular 
structures with complex cellular functions. Curr Opin Clin Nutr 
Metab Care 10:752–758. https​://doi.org/10.1097/MCO.0b013​
e3282​f01a7​5

	29.	 Rouhani MH, Salehi-Abargouei A, Surkan PJ, Azadbakht L (2014) 
Is there a relationship between red or processed meat intake and 
obesity? A systematic review and meta-analysis of observational 
studies. Obes Rev 15:740–748. https​://doi.org/10.1111/obr.12172​

	30.	 Schwingshackl L, Schwedhelm C, Hoffmann G, Knuppel S, Iqbal 
K, Andriolo V, Bechthold A, Schlesinger S, Boeing H (2017) 
Food groups and risk of hypertension: a systematic review and 
dose-response meta-analysis of prospective studies. Adv Nutr 
(Bethesda Md) 8:793–803. https​://doi.org/10.3945/an.117.01717​8

	31.	 Soedamah-Muthu SS, Ding EL, Al-Delaimy WK, Hu FB, Eng-
berink MF, Willett WC, Geleijnse JM (2011) Milk and dairy con-
sumption and incidence of cardiovascular diseases and all-cause 
mortality: dose-response meta-analysis of prospective cohort 
studies. Am J Clin Nutr 93:158–171. https​://doi.org/10.3945/
ajcn.2010.29866​

	32.	 Soedamah-Muthu SS, Verberne LD, Ding EL, Engberink MF, 
Geleijnse JM (2012) Dairy consumption and incidence of hyper-
tension: a dose-response meta-analysis of prospective cohort stud-
ies. Hypertension 60:1131–1137. https​://doi.org/10.1161/hyper​
tensi​onaha​.112.19520​6

	33.	 Thorning TK, Bertram HC, Bonjour JP, de Groot L, Dupont D, 
Feeney E, Ipsen R, Lecerf JM, Mackie A, McKinley MC, Michal-
ski MC, Remond D, Riserus U, Soedamah-Muthu SS, Tholstrup 
T, Weaver C, Astrup A, Givens I (2017) Whole dairy matrix or 
single nutrients in assessment of health effects: current evidence 
and knowledge gaps. Am J Clin Nutr 105:1033–1045. https​://doi.
org/10.3945/ajcn.116.15154​8

	34.	 Voedingsstoffenbestand SN (1996) NEVO-tabel 1996. (Dutch 
food composition table). https​://www.rivm.nl/en/Topic​s/D/Dutch​
_Food_Compo​sitio​n_Datab​ase/Publi​catio​ns

	35.	 Wang Y, Beydoun MA (2009) Meat consumption is associated 
with obesity and central obesity among US adults. Int J Obes 
(2005) 33:621–628. https​://doi.org/10.1038/ijo.2009.45

	36.	 Wareham NJ, Jakes RW, Rennie KL, Schuit J, Mitchell J, Hen-
nings S, Day NE (2003) Validity and repeatability of a simple 
index derived from the short physical activity questionnaire used 
in the European Prospective Investigation into Cancer and Nutri-
tion (EPIC) study. Public Health Nutr 6:407–413. https​://doi.
org/10.1079/phn20​02439​

	37.	 WHO (2003) Diet, nutrition and the prevention of chronic 
diseases. World Health Org Tech Rep Ser 916:i–viii, 1–149 
(backcover)

	38.	 Willet W (2013) Implications of total energy intake for epidemio-
logical analyses. In: Press OU (ed) Nutritional epidemiology, pp 
260–286

	39.	 Willett WC, Howe GR, Kushi LH (1997) Adjustment for 
total energy intake in epidemiologic studies. Am J Clin Nutr 
65:1220S–1228S (discussion 1229S–1231S)

https://doi.org/10.3945/ajcn.2008.27124
https://doi.org/10.1093/aje/kwh193
https://doi.org/10.1007/s00394-012-0418-1
https://doi.org/10.1007/s00394-012-0418-1
https://doi.org/10.1111/nbu.12217
https://doi.org/10.3168/jds.2016-12224
https://doi.org/10.3168/jds.2016-12224
http://www.who.int/iris/handle/10665/246104
https://doi.org/10.3945/ajcn.117.157826
https://doi.org/10.1371/journal.pmed.1000252
https://doi.org/10.1371/journal.pmed.1000252
https://doi.org/10.1017/s0007114507691636
https://doi.org/10.1017/s0007114507691636
http://www.oecd.org/publications/oecd-fao-agricultural-outlook-19991142.htm
http://www.oecd.org/publications/oecd-fao-agricultural-outlook-19991142.htm
https://doi.org/10.1017/s000711451600132x
https://doi.org/10.3945/ajcn.115.122671
https://doi.org/10.1161/atvbaha.116.307578
https://doi.org/10.3945/an.111.000646
https://doi.org/10.1097/MCO.0b013e3282f01a75
https://doi.org/10.1097/MCO.0b013e3282f01a75
https://doi.org/10.1111/obr.12172
https://doi.org/10.3945/an.117.017178
https://doi.org/10.3945/ajcn.2010.29866
https://doi.org/10.3945/ajcn.2010.29866
https://doi.org/10.1161/hypertensionaha.112.195206
https://doi.org/10.1161/hypertensionaha.112.195206
https://doi.org/10.3945/ajcn.116.151548
https://doi.org/10.3945/ajcn.116.151548
https://www.rivm.nl/en/Topics/D/Dutch_Food_Composition_Database/Publications
https://www.rivm.nl/en/Topics/D/Dutch_Food_Composition_Database/Publications
https://doi.org/10.1038/ijo.2009.45
https://doi.org/10.1079/phn2002439
https://doi.org/10.1079/phn2002439

	Fatty acids from dairy and meat and their association with risk of coronary heart disease
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Assessment of food consumption
	Assessment of covariates
	Assessment of coronary heart disease
	Data analysis

	Results
	Discussion
	Acknowledgements 
	References


