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Abstract: Previously, the attempt to compile German dietary guidelines into a diet score was pre-
dominantly not successful with regards to preventing chronic diseases in the EPIC-Potsdam study.
Current guidelines were supplemented by the latest evidence from systematic reviews and expert
papers published between 2010 and 2020 on the prevention potential of food groups on chronic
diseases such as type 2 diabetes, cardiovascular diseases and cancer. A diet score was developed
by scoring the food groups according to a recommended low, moderate or high intake. The relative
validity and reliability of the diet score, assessed by a food frequency questionnaire, was investigated.
The consideration of current evidence resulted in 10 key food groups being preventive of the chronic
diseases of interest. They served as components in the diet score and were scored from 0 to 1 point,
depending on their recommended intake, resulting in a maximum of 10 points. Both the reliability
(r = 0.53) and relative validity (r = 0.43) were deemed sufficient to consider the diet score as a stable
construct in future investigations. This new diet score can be a promising tool to investigate dietary
intake in etiological research by concentrating on 10 key dietary determinants with evidence-based
prevention potential for chronic diseases.

Keywords: diet score; dietary guidelines; food groups; chronic disease; type 2 diabetes; cardiovascu-
lar disease; cancer; prevention; reliability; validity

1. Introduction

During the last decades, the investigation of dietary patterns (DPs) rather than single
foods or nutrients gained more attention to serve as an alternative approach to account
for the complexity of diet. Thus, interactions between different food components and the
cumulative effects of nutrients in different food sources could be linked to disease risk,
whereas investigations on isolated nutrients often yielded effects of too small magnitude [1].
In contrast to exploratory DPs, per se being dependent on the study population they were
derived from, numerous a priori DPs have been investigated across different study popula-
tions [2]. Within the latter, DPs were either developed to reflect healthy regional dietary
habits, e.g., the Mediterranean diet or the Nordic diet [3,4], or to measure achievements of
improvements in interventions of certain health conditions, e.g., Dietary Approaches to
Stop Hypertension (DASH) [5]. Other well-investigated diet quality scores derived in the
United States were the Healthy Eating Index (HEI) and Alternative Healthy Eating Index
(AHEI). The HEI was developed to quantify adherence to the 1995 Dietary Guidelines for
Americans and was updated in 2005 according to revised nutritional guidelines [6,7]. The
AHEI was developed by investigators of the Health Professionals Follow-up Study and the
Nurses’ Health Study in 2002 and is a modified version of the HEI to specifically include
those foods and nutrients associated with chronic disease risk [8]. Alongside research
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on indices of diet quality, associations between single foods or food groups and chronic
disease outcomes among different study populations are also contributing to the body of
evidence [9–12].

In Germany, there have been attempts in the past to compile the dietary guidelines
of the German Nutrition Society (DGE) into a German Food guide Pyramid Index (GFPI)
and to investigate its association with the risk of cardiovascular diseases (CVD), type 2
diabetes mellitus (T2D), and cancer in the European Prospective Investigation into Cancer
and Nutrition (EPIC)-Potsdam study population [13]. Although a higher adherence to the
GFPI was associated with lower CVD risk in men, no associations in women and for other
disease endpoints were observed. The authors concluded that the lacking differentiation of
foods with opposing health effects, such as red meat versus other meats or refined grains
versus whole grains, in the dietary guidelines could have led to the null association with
disease risk. This clearly showed, that the DGE dietary guidelines were not optimal in
terms of chronic disease prevention, because they are not necessarily concentrating on key
food determinants of disease risk.

We therefore aimed to develop a new diet score considering both current DGE dietary
guidelines and additional updated evidence on food groups demonstrating clear associ-
ations with the risk of either T2D, CVD, stroke, or cancer based on published systematic
reviews to provide an efficient tool being applicable in etiological research settings, as well
as population-based surveys.

2. Materials and Methods
2.1. Evidence-Based Selection of Food Groups

The German dietary guidelines published by the DGE [14,15] provided the basis for
the selection of food groups to be included in the diet score. The DGE nutrition circle
includes six food groups and one group of beverages. Because dietary guidelines were
designed to reflect usual dietary habits of the respective population and provide general
and easy-to-understand recommendations [16], they could fail providing enough detail to
be used for the prevention of chronic diseases [13]. Furthermore, if recommendations are
too general, the translation into a feasible scoring system for a diet score is complicated.
Hence, an additional screening of the current literature was conducted to identify latest
evidence on the association of specific food groups with the risk of chronic diseases. In
PubMed, we searched for systematic literature reviews (SLRs) and meta-analyses published
between 2010 and 2020. We collected evidence from systematic reviews of prospective
cohort studies and dietary interventions on the association of common food groups with
the risk of either T2D, CVD, stroke, or cancer. Furthermore, expert papers and references
were screened for additional important publications. Dose-response analyses, if provided
in the SLRs, were also considered for evaluation of the recommended intake range. If it
was not possible to obtain information about the optimal intake ranges, they were adopted
from the current DGE dietary guidelines. Those food groups showing a clear association
(e.g., statistically significant) with at least one of the respective outcomes were considered
for inclusion in the diet score.

2.2. Construction of Diet Score

The diet score included those food groups for which recommendations were given
categorized by low, moderate, or high consumption depending on the DGE guidelines or
the derived evidence. It was constructed by assigning a minimum of 0 and a maximum of
1 point for each included food group, similar to previous scoring systems [17,18]. For those
food groups where high consumption is recommended, the score was accordingly assigned
on a continuous scale from 0 to 1. When moderate consumption is recommended, a score
point of 1 was given for the interval between two cut points representing the recommended
intake range, whereas 0 points were given for no consumption, 0.5 points for overconsump-
tion (double the mid-point of the interval of recommended intake), while consumption
between the recommended levels was scored proportionally. For a recommended low con-
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sumption, all levels below a cut point representing the maximum recommended amount
were assigned a score point of 1, whereas double the recommended level was assigned with
0 points and all levels in between were scored proportionally. In case of a separate scoring
of subgroups to an overall food group (e.g., meat was divided into red meat and processed
meat), 0.5 points were assigned as a maximum to each subgroup to avoid overweighting.
The points from each food group were summed up to the overall diet score.

To highlight the difference to established diet scores, a comparison of the components
was undertaken.

2.3. Relative Validity and Reliability of the Diet Score

Diet scores derived from a population at one point in time are hardly generalisable
without an investigation of their performance and robustness. To ensure a stable construct
in future investigations, we therefore analysed how valid and reliable the diet score is, using
a common dietary assessment instrument, e.g., a food frequency questionnaire (FFQ) in
the EPIC-Potsdam study. In our analysis we used data from a validation sub-study, which
was embedded in the recruitment phase of the cohort study. A total of 160 participants
were asked to participate in 12 24-h dietary recalls (24HDR) and fill in a 149-item FFQ
twice. A final sample of 134 participants were eligible for inclusion. Characteristics of
the participants, details of the dietary assessments, and similar methods to investigate
the performance of the FFQ to measure the diet score of interest have been published
before [19]. The reliability of the developed diet score was assessed by comparing the
score based on the baseline FFQ (FFQb) with the score derived from the repeatedly applied
FFQ one year later (FFQ1). The time period covered by each FFQ is 12 months prior to
the date of completion. The relative validity was investigated by the comparison of FFQ1
with 12 24HDR applied within the same time frame as reference instrument. Mean values
and standard deviations of the diet score were compared between the FFQb and FFQ1 and
between the FFQ1 with the mean of all applied 24HDR (mHDR). Mean difference and its
standard deviation were calculated, as well as Spearman rank correlation coefficients. To
correct for the intra-individual variation between the applications of 24HDR, deattenuated
correlation coefficients were calculated by using a Statistical Analysis System (SAS) macro
provided by Lu et al. [20]. Additionally, median and interquartile range of the estimated
intake of the component food groups of the diet score were compared and correlations
between FFQb and FFQ1 and between FFQ1 and mHDR were calculated. As a measure
of accordance, agreement to the quintiles of the diet score and Cohen’s weighted kappa
were also provided. All statistical analyses were performed with the software packages
SAS Enterprise Guide 7.1 with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Evidence-Based Selection of Food Groups for Healthy Eating

The screening of the current literature and DGE dietary guidelines resulted in a total
of 10 food groups that were eligible to be included as components of the newly developed
diet score. An overview of the selected food groups, their recommended intake by the DGE
(if provided), and their evidence basis is shown in Table 1.

The DGE recommendations for the first food group Bread and Cereals range from 200
to 300 g bread, or 150 to 250 g bread and 50 to 60 g cereals per day [14]. However, this
food group represents a diverse group, considering different levels of processed cereals
and resulting products. Current evidence does not provide a conclusive answer on the
recommended daily amount of overall bread and cereal intake. Particularly the quality
of carbohydrate intake reflected by the grade of processing showed a noticeable potential
for prevention of chronic disease risk [21]. Meta-analyses, which summarised results in
dose-response analyses, concluded that for each additional 30 g whole grain intake it
decreased risk by 13% for T2D, 5% for coronary heart disease, and 4% for heart failure
(HF) [9,11,22].



Nutrients 2022, 14, 2359 4 of 16

For the second food group Fermented Dairy Products, the DGE recommends to con-
sume 200 to 250 g of dairy products and 50 to 60 g cheese per day [14]. However, results
on the intake of total dairy with health outcomes remain inconclusive [23]. In contrast, for
fermented dairy products such as yogurt or cheese, recent meta-analyses suggest a consis-
tent inverse association with all chronic diseases considered in this investigation [24–26].
Hence, the recommendations from the DGE were adapted, but restricted to fermented dairy
products. Another alteration to the current DGE recommendations was the omission of a
recommendation on the fat content of the respective dairy products in the new diet score
because recent meta-analyses concluded no adverse associations of high-fat dairy prod-
ucts on the risk of T2D [27] and on cardiometabolic risk factors in randomized controlled
trials [28].

The DGE recommends consumption of at least three portions (400 g) of raw and
cooked vegetables. Although a former critical review suggested probable evidence for no
association with T2D risk [29], a recent SLR concluded a non-linear risk reduction by 9% for
an intake up to 300 g per day, but no further benefit with increasing intake [9]. In addition,
meta-analyses suggested inverse associations with the risk of coronary heart disease (CHD)
or stroke [30], and with specific cancer sites such as colorectal cancer [12]. Hence, the
DGE recommendation [14] was adopted for the maximum points of this component in the
diet score.

With regard to the food group Fruits, meta-analyses suggested non-linear risk reduc-
tions for cardiovascular outcomes, T2D, and colorectal cancer for an intake up to 200 g per
day, without any further risk reduction with a higher intake [9,12,30]. This was in line with
the recommendation from the DGE with an intake of at least two portions (250 g) of fruits
per day [14]. Hence, this recommendation was adopted for the scoring of the diet score.

Against the DGE recommendation, which suggested an intake of nuts as an alternative
of one portion of fruits [14], it was considered as an independent component in the diet
score. For Unsalted Nuts, SLRs concluded no risk reductions for total cardiovascular
outcomes (but an inverse trend), T2D, or colorectal cancer, but a risk reduction by 33% for
CHD for each additional 28 g intake [10–12].

Regarding the food group Legumes, meta-analyses on observational studies suggested
a risk reduction for ischaemic heart disease by 14% per four 100 g portions weekly [31],
and a 9% reduction in CHD risk comparing extreme intakes in the included studies [11].
No risk reductions were observed for stroke, cancer, or T2D [10–12]. Dietary patterns such
as the Mediterranean diet, AHEI, and DASH frequently encouraged legume consumption
and have been observed to reduce the risk of cardiometabolic outcomes [2]. Since there is
no recommendation from the DGE on legume intake, the recommended consumption of
at least two portions per week from the Mediterranean pyramid was adopted [17]. This
decision was also supported by the inverse association of the Mediterranean pyramid index
with the risk for T2D in a German study population [18].

The DGE guidelines recommend an intake of 80 to 150 g of marine Fish and an addi-
tional 70 g of Fatty Marine Fish per week [14]. The results from recent meta-analyses were
inconsistent with regard to the associations of fish intake with chronic disease risk. For T2D
and cancer outcomes no risk reductions were observed for total fish intake [10,12]. How-
ever, if especially fatty fish was considered, Neuenschwander et al. concluded that there is
a significant reduction in T2D risk by 11% based on the comparison of highest (166 g/day)
versus lowest (0 g/day) intake [10]. For cardiovascular outcomes authors concluded risk
reductions by 15% (with increasing intake up to 250 g/day) for CHD and by 10% (with
increasing intake up to 80 to 100 g/day) for stroke [11]. Overall, the cumulative evidence,
summarised in the science advisory from the American Heart Association, supported plau-
sible cardiovascular benefits of modest fish consumption (two servings/week), especially
from species rich in long-chain n-3 fatty acids, e.g., salmon, mackerel, or herring [21,32].

A weekly intake of 300 to 600 g/day of Meat is recommended by the DGE without
distinguishing between Processed meat, Red meat, and poultry, but suggesting to choose
lean variants [14]. Considering the current evidence for the impact of different sources
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of meat intake on health, it was deemed necessary to distinguish between different meat
sources and their grade of processing for this new diet score: Dose-response analyses
indicated a 37% increased T2D risk per 50 g increased intake of processed meat, while
the risk was 17% higher for each 100 g increased intake of red meat [10]. The risk for
CHD, stroke, and colorectal cancer was also clearly increased by the intake of both red
and processed meat [11,12]. Since strong inferences on poultry were not permitted due to
inconsistent associations with T2D and CVD risk [21], it is not considered as a component
in the diet score contrary to the DGE dietary guidelines.

Currently, the DGE recommends a 10 to 15 g daily intake of oils additional to 15 to
30 g bread spreads such as margarine or butter and gives the recommendation of preferably
choosing plant oils [14]. Current evidence supports the part of the recommendation on oil
intake, because health benefits due to the use of vegetable oil were concluded from various
sources: Meta-analyses summarised results from dietary trials, where either the omega-3
polyunsaturated fatty acid (PUFA) α-linolenic acid, supplemented as linseed, walnut, or
canola oil [33,34], or the omega-6 PUFA linoleic acid (LA), supplemented as corn, soybean,
or safflower oil [35,36], served as interventions and associations with cardiovascular disease
outcomes or mortality were inverse. Furthermore, a meta-analysis of cohort studies also
suggested a lower total and cancer mortality with increased LA intake [37]. In conclusion,
the intake of these particular fatty acids seems to be moderately protective for the chronic
diseases considered in this investigation [38]. For the outcome of T2D, studies on olive oil
observed a 9% decreased risk with every 10 g of increased intake [10]. For vegetable fat
in general, an SLR concluded a 19% risk reduction for every 13 g of increased intake [39].
Olive oil was also observed to decrease the risk of stroke by 24% for each 25 g increased
intake [40]. Taken together, the evidence from studies on nutrient level (omega-3 and
omega-6 PUFAs), single vegetable oils, and vegetable fat in general, a health benefit is
suggested and supports the inclusion of Vegetable oils in our diet score. Contrary to the
DGE dietary guidelines, bread spreads were not considered as components of the new
diet score: For margarine as a plant-based bread spread, evidence is inconclusive and
confounded by trans fats commonly abundant in industrially hydrogenated fats [38]. Since
butter is an animal-based fat source and evidence rather suggests no association with the
disease outcomes of interest, it was not considered in the diet score [24,28].

Guidelines from the DGE on beverage consumption are kept general with a recom-
mended amount of at least 1.5 l/day and preferably choosing calorie-free or calorie-reduced
options [14]. However, especially sugar from Sugar-sweetened beverages (SSB) seemed to
be less satiating than supplied by solid sugary foods, which contributes to an excess intake
of added sugar, potentially leading to obesity [21]. This could have an impact on chronic
disease risk, which was elevated by 26% (T2D) [10], 17% (CHD), and 10% (stroke) [11]
per serving, respectively. Furthermore, a meta-analysis on the risk of T2D observed an
increased risk independent of adiposity, hypothesising potential detrimental effects on
health due to SSB, beyond the intake of excess calories [41].
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Table 1. Selected food groups for the diet score and their evidence basis.

Food Group DGE
Recommendation

Evidence from Systematic Literature Reviews of Prospective Cohort Studies and Intervention Studies

Type 2
Diabetes Coronary Heart Disease Stroke Cancer

BREAD AND
CEREALS

Daily
4–6 slices (200–300 g) bread or

3–5 slices (150–250 g) bread and
50–60 g cereals.

Choose the whole grain variants.

Reduced risk of incident type 2
diabetes [19].

Each additional 30 g whole
grain intake:

RR = 0.87; 95%-CI 0.82–0.93 [9].

Comparing highest vs.
lowest intake:

CHD: RR = 0.85; 95%-CI
0.81–0.90

HF: RR = 0.91; 95%-CI 0.85–0.97.
Each additional 30 g whole

grain intake:
CHD: RR = 0.95; 95%-CI

0.92–0.98
HF: RR = 0.96; 95%-CI

0.95–0.97 [11].

Comparing highest vs.
lowest intake: n.s.

Each additional 30 g whole
grain intake: n.s. [11].

Comparing highest vs. lowest
intake: 34% reduced risk [22].

FERMENTED
DAIRY

PRODUCTS

Only dairy in general:
daily

200–250 g milk and dairy
products and

two slices (50–60 g) of cheese.
If you want to restrict your
calorie intake, choose the

low-fat variants.

80 g/day vs. 0 g/day yogurt:
RR = 0.86; 95%-CI 0.83–0.90.

Per 30 g/day increase in
cheese intake:

RR = 0.80; 95%-CI 0.69–0.93 [23].

Per 200 g/day increase:
RR = 0.98; 95%-CI 0.97–0.99 [24].

Highest vs. lowest:
RR = 0.80; 95%-CI

0.71–0.89 [24].

Highest vs. lowest intake:
Total cancer: OR = 0.86;
95%-CI 0.80–0.92 [23].

Bladder cancer: RR = 0.78;
95%-CI 0.61–0.94 [26].

RAW AND
COOKED

VEGETABLES

Daily
at least three portions (400 g)

of vegetable
300 g cooked vegetables and
100 g raw vegetables/salad

or
200 g cooked vegetables and
200 g raw vegetables/salad.

Consider eating both cooked and
raw vegetables.

Per 100 g/day increase:
RR = 0.98; 95%-CI 0.96–1.00 [10].

Intake up to 300 g/day:
Risk reduction by 9% [9].

Highest vs. lowest intake:
CVD: RR = 0.94; 95%-CI 0.90–97.

CHD: RR = 0.92; 95%-CI
0.87–0.96 [30].

Highest vs. lowest intake:
RR = 0.88; 95%-CI

0.83–0.93 [30].

Highest vs. lowest intake:
Colorectal cancer: RR = 0.96;

95%-CI 0.92–1.00.
Per 100 g increase:

Colorectal cancer: RR = 0.97;
95%-CI 0.96–0.98 [12].
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Table 1. Cont.

Food Group DGE
Recommendation

Evidence from Systematic Literature Reviews of Prospective Cohort Studies and Intervention Studies

Type 2
Diabetes Coronary Heart Disease Stroke Cancer

FRUITS

Daily
at least two portions (250 g)

of fruits.
If possible, try to eat the fruits

with peel and fresh.

Per 100 g/day increase:
RR = 0.98; 95%-CI 0.97–1.00 [10].
Intake up to 200–300 g/day: Risk

reduction by 10% [9].

Highest vs. lowest intake:
CVD: RR = 0.91; 95%-CI 0.88–0.95.

CHD: RR = 0.88; 95%-CI
0.84–0.92 [30]

Highest vs. lowest intake:
RR = 0.82; 95%-CI

0.79–0.85 [30].

Highest vs. lowest intake:
Colorectal Cancer: RR = 0.93;

95%-CI 0.88–0.98.
Per 100 g increase:

Colorectal cancer: RR = 0.97;
95%-CI 0.95–0.99

[12].

UNSALTED
NUTS

Daily
25 g nuts can replace one portion

of fruits.

Highest vs. lower intake:
RR = 0.95; 95%-CI 0.85–1.05) [9].

Per 28 g/day increase:
RR = 0.89; 95%-CI 0.71–1.12 [9].

Highest vs. lowest intake:
RR = 0.80; 95%-CI 0.62–1.03 [11].

Per 28 g increase: RR = 0.67;
95%-CI 0.43–1.05 [11].

Highest vs. lowest intake:
RR = 0.94; 95%-CI 0.85

1.05 [11].
Per 28 g increase:
RR = 0.99; 95%-CI

0.84–1.17 [11].

Highest vs. lowest intake:
Colorectal cancer: RR =0.96;

95%-CI 0.90–1.02.
Per 28 g increase:

Colorectal cancer: RR = 0.96;
95%-CI 0.76–1.21 [12].

LEGUMES Legumes are a good source
of proteins.

Per 50 g/day:
RR = 1.00; 95%-CI 0.92–1.09 [10].

Highest vs. lowest intake:
CHD: RR = 0.91; 95%-CI

0.84–0.99.
Per 50 g increase:

CHD: RR = 0.96; 95%-CI
0.92–1.01 [11].

Per four weekly 100 g-servings:
IHD: RR = 0.86; 95%-CI

0.78–0.94 [31].

Highest vs. lowest intake:
RR = 0.98; 95%-CI 0.88–1.10.

Per 50 g increase:
RR = 1.00; 95%-CI

0.88–1.13 [11].

Highest vs. lowest intake:
Colorectal cancer: RR = 0.99;

95%-CI 0.92–1.06.
Per 50 g increase:

Colorectal cancer: RR = 1.00;
95%-CI 0.92–1.08

[12].

FISH

Weekly
one portion (80–150 g) of marine

fish (e.g., cod or
Norway haddock)

and
one portion (70 g) of fatty marine

fish (e.g., salmon, mackerel
or herring).

166 g vs. 0 g:
RR = 1.01; 95%-CI 0.92–1.22 [10].

Highest vs. lowest intake:
CHD: RR = 0.94; 95%-CI

0.88–1.02.
Per 100 g increase:

CHD: RR = 0.88; 95%-CI
0.79–0.99 [11].

Highest vs. lowest intake:
RR = 0.95; 95%-CI 0.89–1.01.

Per 100 g increase:
RR = 0.86; 95%-CI

0.75–0.99 [11].

Highest vs. lowest intake:
Colorectal cancer: RR = 0.96;

95%-CI 0.90–1.01.
Per 100 g increase:

Colorectal cancer: RR = 0.93;
95%-CI 0.85–1.01 [12].
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Table 1. Cont.

Food Group DGE
Recommendation

Evidence from Systematic Literature Reviews of Prospective Cohort Studies and Intervention Studies

Type 2
Diabetes Coronary Heart Disease Stroke Cancer

PROPORTION OF
FATTY FISH

166 g vs. 0 g of oily fish:
RR = 0.89; 95%-CI 0.82–0.96 [10].

1–2 servings of seafood rich in
long chain n3 PUFA

recommended to reduce risk of
CHD [32].

1–2 servings of seafood rich
in long chain n3 PUFA

recommended to reduce risk
of stroke [32].

/

RED MEAT

Meat and animal products
in general.

Weekly
up to 300–600g lean meat and

lean processed meat.

Per 100 g/day:
RR = 1.11; 95%-CI 0.97–1.28 [10].

Highest vs. lowest intake:
CHD: RR = 1.16; 95%-CI

1.08–1.24.
Per 100 g increase:

CHD: RR = 1.15; 95%-CI
1.08–1.23 [11].

Highest vs. lowest intake:
RR = 1.16; 95%-CI 1.08–1.25.

Per 100 g increase:
RR = 1.12; 95%-CI

1.06–1.17 [11].

Highest vs. lowest intake:
Colorectal cancer: RR = 1.12;

95%-CI 1.06–1.18.
Per 100 g increase:

Colorectal cancer: RR = 1.12;
95%-CI 1.06–1.19

[12].

PROCESSED
MEAT

Per 50 g/day:
RR = 1.44; 95%-CI 1.18–1.76 [10].

Highest vs. lowest intake:
CHD: RR = 1.15; 95%-CI

0.99–1.33.
Per 50 g increase:

CHD: RR = 1.27; 95%-CI
1.09–1.49 [11].

Highest vs. lowest intake:
RR = 1.16; 95%-CI 1.07–1.26.

Per 50 g increase:
RR = 1.17; 95%-CI

1.02–1.34 [11].

Highest vs. lowest intake:
Colorectal cancer: RR = 1.14;

95%-CI 1.06–1.21.
Per 50 g increase:

Colorectal cancer: RR = 1.17;
95%-CI 1.10–1.23

[12].

VEGETABLE
OILS

Fats and oils in general.
Daily

10–15 g oil (e.g., rapeseed-,
walnut-, or soybean oil)

and
15–30 g margarine or butter.

Preferably use oils from plants.

Per 10 g/day increase in olive
oil intake:

RR = 0.91; 95%-CI 0.87–0.96 [10].
Per 13 g/day increase in

vegetable fat:
RR = 0.81; 95%-CI 0.76–0.88 [39].

Per 25 g/day increase in olive
oil intake:

n.s.
convincing evidence for partial
replacement of SFA with PUFA

decreases CVD risk, especially in
men [42].

Per 25 g/day increase in olive
oil intake:

RR = 0.76; 95%-CI
0.67–0.86 [40].

Limited-suggestive evidence
for inverse association of
intake of ALA on prostate

cancer [42]

SUGAR-
SWEETENED
BEVERAGES

Beverages in general
Daily

circa 1.5 L of water or
unsweetened tea.
Preferably drink

calorie-free/poor beverages.

Per one serving/day:
RR = 1.26; 95%-CI 1.11–1.43 [10].

Highest vs. lowest intake:
CHD: RR = 1.10; 95%-CI

1.01–1.20.
Per 250 mL increase:

CHD: RR = 1.17; 95%-CI
1.11–1.23 [11].

Highest vs. lowest intake:
RR = 1.09; 95%-CI 1.01–1.18.

Per 250 mL increase:
RR = 1.07; 95%-CI

1.02–1.12 [11].

n.s. [12].

ALA—alpha-linolenic acid; CHD—coronary heart disease; CVD—cardiovascular disease; DGE—German Nutrition Society; HF—heart failure; IHD—ischaemic heart disease;
n.s.—non-significant; PUFA—polyunsaturated fatty acids; RR—relative risk; SFA—saturated fatty acids.
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3.2. Construction of the Diet Score for Healthy Eating

In Table 2, individual score components, based on the identified 10 food groups,
and the scoring criteria are listed for the diet score. The food group Bread and Cereals
is evaluated in two parts considering the overall amount of intake and the proportion
of whole grain intake. While the recommended intake amount is based on the DGE
recommendations, the proportion of whole grains is rated proportionally with the highest
points for 100%. Both parts score with a maximum of 0.5 points, contributing together to a
maximum of one point. For Fermented Dairy Products a maximum point of one is given
for a moderate intake of one to two servings/day based on the DGE recommendations, but
restricted to fermented dairy products such as yogurt, quark, kefir, or cheese and not for
milk or milk drinks. Scores for Raw and Cooked Vegetables and Fruits are based on the DGE
recommendations. An intake of the recommended three servings/day (vegetables) and
two servings/day (fruits) or higher is rewarded with the maximum point of one per each.
Since the inverse association with CHD for each intake of 28 g of Unsalted Nuts [10–12] is
close to the DGE recommendation of a handful (25–30 g) of nuts per day, this is considered
with the maximum point of one in the diet score. Intake of Legumes is scored based on
the current evidence from meta-analyses, because no DGE recommendation is available.
The maximum point of one is set for an intake of two or more servings/week, taken
from the Mediterranean pyramid. For the food group Fish, both the intake amount and
the proportion of fatty fish consumption are considered in the diet score to better reflect
current evidence. The total amount of intake is scored with 0.5 points, if it meets the DGE
recommendation (two servings/week), while the question on the proportion of fatty fish
intake scores with a maximum of 0.5 points for 100%. Contrary to DGE recommendations,
the component Meat is divided into Red Meat and Processed Meat intake, with 0.5 points
assigned as the maximum to each subgroup. Due to the strong and consistent risk for health
outcomes by the intake of processed meat [21], an intake of less than one serving/week gets
the highest score points. For red meat intake, two servings/week or less are assigned with
the maximum points. The food group Vegetable Oil is evaluated with two sub questions
on the amount of intake and the proportion of usage for food preparation in general, each
assigned with a maximum of 0.5 points, if an intake of one tablespoon/day or more and
100% of habitual intake of vegetable oils for cooking, frying, and preparation of salads
is achieved. Due to the consistent increased risk observed for the chronic diseases of
interest by each additional consumption of 250 mL SSB, the consumption of less than one
glass/week is scored with one point, and a higher intake is penalized with less points
accordingly. To derive the diet score, individual score points for the 10 component food
groups are summed up, to a theoretical range from 0 to 10 points.

Comparison of the New Diet Score with Existing Diet Scores for Healthy Eating

Table 3 shows an overview of food groups in our new diet score and in so far estab-
lished diet scores for healthy eating, which were vastly investigated according to their
association with chronic disease risk [2,43,44]. The comparison demonstrated that none
of the established diet scores considered solely fermented dairy products as a component,
but rather the overall group of dairy also including non-fermented products [13,17,45],
low-fat dairy [46], or none at all [47]. Another difference was the inclusion of vegetable oils,
where existing diet scores either did not distinguish between different sources of fat [13],
only evaluated olive oil intake [17], or exclusively considered fatty acids on nutrient level,
reflected as PUFAs [45,47]. For fish intake, none of the previous diet scores considered the
proportion of marine fatty fish additionally to overall fish intake. Instead, they grouped fish
intake together with other animal protein sources [13,45], considered only the overall fish
intake [17] or, instead, evaluated long-chain (n-3) fatty acid intake (Eicosapentaenoic acid,
Docosahexaenoic acid) [47]. For the separate scoring of nuts and legumes, the Pyramid-
based Mediterranean Diet Score [17] served as a model for this new diet score, whereas
the AHEI and DASH considered those two food groups together [46,47] or they were not
included at all [13,45]. Since it was intended to develop a diet score with key determinants
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for the prevention of chronic disease risk on food group level, nutrients such as sodium or
added sugar were not considered in the new diet score.

Table 2. Component food groups of the newly developed diet score and their scoring standards.

Recommended
Intake

Maximum
Score

Standard for
Maximum

Standard for
Minimum

Bread and Cereals
Overall Intake

Moderate intake:
3–5 portions/day. 0.5 points. 3–5 portions/day. 0 < 1 portion/day.

Proportion of Whole Grains High intake:
100%. 0.5 points. 100%. 0%.

Fermented Dairy Products Moderate intake:
1–2 portions/day. 1 point. 1–2 portions/day.

None to
<1 portion/day.

More than
4 portions/day.

Raw and Cooked Vegetables High intake:
≥3 portions/day. 1 point. ≥3 portions/day. None to

<1 portion/day.

Fruits High intake:
≥2 portions/day. 1 point. ≥2 portions/day. None to

<1 portion/day.

Legumes High intake:
≥2 portions/week. 1 point. ≥2 portions/week. None to

<1 portion/week.

Unsalted Nuts Moderate intake:
7 portions/week. 1 point. 7 portions/week. None to

<3 portions/week.

Fish
Overall Intake

Moderate intake:
2 portions/week. 0.5 points. 2 portions/week. None to

<1 portion/week.

Proportion of Fatty Marine Fish High intake:
100%. 0.5 points. 100%. 0%.

Meat
Processed Meat

Low intake:
<1 portion/week. 0.5 points. None to

<1 portion/week. >2 portions/week.

Red Meat Low intake:
≤2 portions/week. 0.5 points. None to

2 portions/week. >4 portions/week.

Vegetable Oils
Intake

High intake:
≥7 times/week. 0.5 points. ≥7 times/week. None to

≤3 times/week.

General use for food preparation High intake:
100%. 0.5 points. 100%. 0%.

Sugar-Sweetened Beverages Low intake:
1 glass/week or less. 1 point. None to <1

glass/week. ≥2 glasses/week.

3.3. Reliability and Relative Validity of the Diet Score for Healthy Eating

We evaluated to what extent the diet score calculated based on the EPIC-Potsdam FFQ
was valid and reliable. The mean diet score in the EPIC-Potsdam validation study derived
with dietary data from the FFQb was 3.9 points (SD = 1.1) (Table 4) with a maximum of
5.8 points and a minimum of 1.6 points (data not shown). The mean diet score was higher
for women than for men at baseline (4.1 vs. 3.7 points). The reliability, depicted by the
mean difference FFQb to FFQ1, indicated no relevant difference (0.03 points) of overall score
points. The correlation between the diet scores derived by FFQs applied one year apart
was moderate (r = 0.53) and higher in women (r = 0.61) than in men (r = 0.46). Components
of the diet score with the highest correlations were bread and cereals, nuts, and SSBs. The
agreement of the allocation of participants to the quintiles indicated that 41% remained
in the same diet score quintile, but 28% migrated into one of the adjacent quintiles, with
approximately equal proportions present in lower and higher quintiles. The accordance
between the quintiles was “sufficient”, indicated by a Cohen’s weighted kappa of κ = 0.37;
95%-CI 0.26–0.49 (Table 5).



Nutrients 2022, 14, 2359 11 of 16

Table 3. Comparison of food groups included in the new diet score for healthy eating with so far
established diet scores.

New Diet Score
German Food

Pyramid
Index [13]

Pyramid-based
Mediterranean
Diet Score [17]

Healthy Eating Index
(HEI-2015) [45]

Alternative
Healthy

Eating Index
(AHEI-2010) [47]

Dietary
Approaches

to Stop
Hypertension
(DASH) [46]

Bread and Cereals
Proportion of
Whole Grains

Cereals (incl.
bread, cereals,

pasta, rice, and
potatoes).

Cereals.
Grains.

Total grains.
Whole grains. Whole grains. Whole grains.

Refined grains.

Raw and Cooked
Vegetables

Vegetables.

Vegetables. Vegetables.
Total vegetables.

Dark Green/Orange
Vegetables and Legumes.

Greens and Beans.

Vegetables. Vegetables.
Potatoes.

Fruits Fruits. Fruits.
Fruits.

Total fruits.
Whole fruits.

Whole fruits. Fruits.

Legumes - Legumes. - Nuts and
legumes.

Nuts and
legumes.Nuts - Nuts. -

Fermented Dairy
Products

Dairy (Milk,
Yogurt, and

Cheese).
Dairy. Dairy.

Milk/Dairy. - Low-fat dairy.

Red Meat

Meat, sausages,
fish, and eggs.

Red meats.

Protein Foods.
Meat & Beans.

Total protein foods
Seafood and
Plant protein.

Red and/or
processed meat.

Red and/or
processed meat.Processed Meat

Processed meats.

White meats.

Eggs.

Fish
Proportion of Fatty

Marine Fish
Fish.

Long-chain (n-3)
fats (EPA +

DHA) (mg/day).
-

Vegetable Oils
General use of oils

for food
preparation

Added fat and oils
(incl. margarine,
butter, and oil).

Olive oil.
Fats.
Oils.

(PUFA + MUFA)/SFA.

PUFA (%
of energy). -

Sugar-Sweetened
Beverages

Beverages (incl.
water and
fruit juice).

Alcohol.
Empty calories.

Solid fats, alcohols, and
added sugar.

Added sugars.
Saturated fats.

Sugar-sweetened
beverages and

fruit juice. Sweetened
beverages.Alcohol

(sex-specific).

- Sweets and snacks. Sweets. Trans fat (% of
energy). -

- - - Sodium. Sodium. Low sodium
intake.

EPA—Eicosapentaenoic acid; DHA—Docosahexaenoic acid; PUFA—polyunsaturated fatty acids; MUFA—
monounsaturated fatty acids; SFA—saturated fatty acids.
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Table 4. Reliability and relative validity of the new diet score and its components.

FFQb FFQ1 mHDR FFQ1 vs. FFQb FFQ1 vs. mHDR
FFQb

vs.
FFQ1

FFQ1 vs. mHDR

Mean Std Mean Std Mean Std Mean
Difference Std Mean

Difference Std r r rdeatt

Diet score
all 3.89 1.05 3.91 0.97 4.20 0.95 −0.03 0.97 0.29 1.04 0.53 0.41 0.43

Men 3.69 1.05 3.77 1.00 4.18 1.02 −0.08 1.07 0.41 1.11 0.46 0.40 0.42
Women 4.14 0.99 4.09 0.90 4.23 0.87 −0.05 0.83 0.14 0.94 0.61 0.43 0.46

Median IQR Median IQR Median IQR Mean
difference Std Mean

difference Std r r rdeatt

Bread and
Cereals 204 94.0 192 94.2 138 71.5 1.37 54.9 −47.2 68.4 0.72 0.48 0.50

Vegetables 114 80.5 128 66.4 136 83.4 −0.17 59.7 16.2 70.1 0.53 0.30 0.31
Fruits 141 133 156 129 235 171 −10.2 92.2 69.2 97.9 0.53 0.58 0.60

Legumes 1.87 4.39 2.80 5.07 0 8.18 −0.28 4.25 1.19 9.25 0.57 0.39 0.42
Nuts 0.95 3.18 0.73 1.96 0 0.82 1.31 5.70 −0.76 3.62 0.64 0.32 0.33

Fermented
Dairy 1.27 1.00 1.24 0.76 1.32 0.80 0.14 0.95 0.08 0.71 0.34 0.51 0.55

Red Meat 26.8 22.2 28.0 25.1 32.1 32.7 0.52 18.3 5.85 23.3 0.55 0.43 0.46
Processed

Meat 58.0 54.2 53.2 48.8 58.9 47.8 2.80 40.9 0.49 36.9 0.51 0.58 0.60

Fish 22.2 22.7 21.6 20.0 19.2 28.0 9.47 56.0 −0.57 20.6 0.30 0.40 0.42
Vegetable

Oils 3.31 3.34 0.86 0.70 1.84 2.31 3.24 3.98 1.30 2.20 0.07 −0.03 −0.03

SSB 0 8.80 0 4.67 0 27.6 10.0 62.6 8.23 50.0 0.62 0.72 0.76

IQR—interquartile range; FFQb—FFQ at baseline; FFQ1—FFQ after one year; mHDR—mean of all applied 24-h
recalls; r—Spearman rank correlation coefficient; rdeatt—Spearman rank correlation coefficient corrected for
intra-individual variation between 24-h recalls; Std—standard deviation; SSB—sugar-sweetened beverages.

Table 5. Agreement to the quintiles for the new diet score.

Lower
Adjacent
Quintile

N (%)

No Change
N (%)

Higher
Adjacent
Quintile

N (%)

Opposite
Quintile

N (%)

Cohen’s
Weighted

Kappa

95%-
Confidence

Interval

Diet score
FFQb vs. FFQ1 20 (14.9) 55 (41.0) 18 (13.4) 2 (1.5) 0.37 0.26–0.49

FFQ1 vs. mHDR 20 (14.9) 46 (34.3) 18 (13.4) 3 (2.2) 0.25 0.13–0.38

FFQb—FFQ at baseline; FFQ1—FFQ after one year; mHDR—mean of all applied 24-h recalls; N—number
of participants.

The relative validity of the diet score, assessed by the FFQ1 compared to multiple
24HDR (mHDR), showed a mean difference of 0.29 points and a moderate correlation
(r = 0.41), which slightly improved after correction for intra-individual variation in 24HDR
(r = 0.43). The correlation coefficients were comparable among men and women (r = 0.42 vs.
0.46). Components of the diet score with the highest correlations between FFQ1 and mHDR
were SSBs, fruits, and processed meat (Table 4). The agreement of allocation of participants
to the quintiles classified 34% to the same quintile and approximately equal numbers of
participants into one of the adjacent quintiles (15% vs. 13%). The accordance between the
allocation to the quintiles was “sufficient” (κ = 0.25; 95%-CI 0.13–0.38) (Table 5).

4. Discussion

A new diet score was developed including 10 food groups selected and scored based
on the current DGE dietary guidelines while complemented by evidence from SLRs, dose-
response meta-analyses, and nutrition expert group publications with regard to their
beneficial or detrimental properties for prevention of chronic diseases. Calculation of
the diet score based on a commonly used dietary assessment instrument (FFQ) showed
reasonable reliability and relative validity.

The theoretical implication of our approach to base the new diet score on both the
current DGE dietary guidelines and recent SLRs is comparable to the example of U.S.
researchers: They refined the HEI, which was previously developed to monitor adherence
to the U.S. dietary guidelines, to better reflect associations with chronic disease risk, cre-
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ating an alternative diet score, the AHEI [8]. Similarly, a diet score reflecting the DGE
dietary guidelines in Germany (German Food Guide Pyramid Index—GFPI) was mainly
not associated with chronic disease risk in the EPIC-Potsdam study [13]. By including
evidence from SLRs, this new diet score addresses several weaknesses from the former
GFPI. Importantly, it includes a clear separation of food subgroups within a larger food
group with opposing health properties. For example, the new diet score not only captures
the intake of overall bread and cereals, but also scores relative proportions of whole grain
intake as well. Furthermore, the GFPI did not sufficiently distinguish between different
protein sources but included an overall group of protein-rich foods from animal sources
such as meat, fish, and eggs. Hence, this was not an adequate way to account for the
different risk associations with chronic diseases. Moreover, in the GFPI, fat intake from
different sources was not distinguished, although vegetable oils have a distinct compo-
sition of fatty acids and well described health-beneficial properties compared to lard or
other animal fats [38]. Furthermore, other constituents besides the fatty acid composition
could contribute to the health-beneficial effects of vegetable oils, for example phenolic
compounds [48,49]. In the DGE dietary guidelines, there are no independent recommenda-
tions for nuts and legumes. Instead, nuts are considered as a replacement of one portion
of fruits. However, plant seeds such as nuts and legumes are mainly characterised by a
high fat and protein proportion in comparison to most fruits and vegetables, requesting a
separate evaluation. Further components, namely minerals, vitamins, phytosterols, and
nut-specific phenolic compounds were also identified to be beneficial for the reduction of
cardiometabolic risk [50]. For legumes, the separate evaluation from vegetable intake was
based on two aspects: (1) Legumes supply a high content of slow-release carbohydrates
and fibers, which were observed to reduce blood pressure levels, increase insulin sensitiv-
ity [51], and improve blood lipid profiles [52]. (2) Legumes provide a plant-based protein
source alternative to meat intake. The decision to exclusively consider fermented dairy
products for evaluation in this diet score was due to the consistent risk reduction of chronic
disease risk, whereas evidence on associations of total dairy, which DGE recommendations
refer to, remains inconclusive [23–26]. Specific compounds of fermented dairy such as
probiotics, e.g., lactic acid bacteria, were discussed as being helpful in maintaining the
intestinal homeostasis [25] or lower blood cholesterol [27].

The practical implication and strength of the developed diet score is the restriction to
a core set of food groups, which were selected based on the evidence of health-beneficial
or -detrimental properties identified by published SLRs. A comprehensive number of
publications was considered to evaluate the latest evidence. However, since the evidence
is constantly evolving through publications of new study results, the selection of food
groups can only reflect the current body of knowledge. The diet score did not encompass
a complex overall diet but was intended to be limited to few key dietary determinants of
chronic disease risk. Especially in the framework of monitoring adherence to a healthy diet,
this approach could be advantageous and replace time- and resource-consuming dietary
assessments. Furthermore, we scored the intake of component food groups partly based on
the results of dose-response meta-analyses. This warrants caution, because the majority
of evidence comes from observational cohort studies, where dietary intake was mainly
assessed via self-reported questionnaires, and quantitative inferences should be drawn
carefully [53]. As a further limitation, although our score incorporates evidence on food
associations with chronic disease risk, we have not yet evaluated the association of the new
diet score with chronic disease risk. It would be particularly informative to add this new
diet score to the existing comparison of the performance of diet quality scores regarding
their ability to discriminate in terms of chronic disease risk in prospective studies [43].

We investigated the reliability and relative validity of the diet score, assessed with an
FFQ. Generally, our findings agree with the previous evaluation of already established diet
quality scores in the EPIC-Potsdam validation study [19]. The results indicated that the new
diet score was reliably measured with the FFQ, mostly comparable to the Mediterranean
diet score (tMDS), the Mediterranean Pyramid Index, and the AHEI. Potential reasons for a
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slightly lower correlation coefficient could be the low reliability of single components of
the new diet score. For instance, correlations between the two FFQ applications were very
low for vegetable oils, fish, and fermented dairy products. In terms of the relative validity,
results were also largely comparable to previously investigated diet quality scores. For that
reason, the new diet score can be considered a stable construct measured by the FFQ in
this setting.

5. Conclusions

The new diet score is a valuable progression of current dietary guidelines in Germany,
because it also considers the current body of evidence for single food groups. By concen-
trating on a few key dietary determinants, it can clearly improve the assessment of dietary
patterns and their association with the risk of chronic diseases, namely T2D, CVD, stroke,
and cancer.

Author Contributions: Conceptualisation, F.J. and M.B.S.; methodology, F.J., D.V.N. and M.B.S.;
validation, F.J.; statistical analysis, F.J.; investigation, F.J.; writing—original draft preparation, F.J.;
writing—review and editing, F.J., D.V.N., M.M.B. and M.B.S.; visualisation, F.J.; supervision, M.B.S.;
project administration, M.B.S.; funding acquisition, M.B.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was supported by a grant from the German Federal Ministry of Educa-
tion and Research (BMBF) to the German Center for Diabetes Research (DZD) and the State of
Brandenburg. Furthermore, this work was supported by the NutriAct—Competence Cluster Nutri-
tion Research Berlin-Potsdam funded by the German Federal Ministry of Education and Research
(FKZ: 01EA1806A). Funded by the Deutsche Forschungsgemeinschaft (DFG, German Research
Foundation)—491394008.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of the Federal State of Brandenburg (AS 55/95).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data supporting this research are provided in this manuscript.

Acknowledgments: We want to thank the EPIC-Potsdam participants for their contribution to this
study and especially those, who agreed to participate in the validation sub study. Furthermore, the
authors would like to thank E. Kohlsdorf to provide the data for this analysis.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Hu, F.B. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol. 2002, 13, 3–9. [CrossRef]

[PubMed]
2. Jannasch, F.; Kroger, J.; Schulze, M.B. Dietary Patterns and Type 2 Diabetes: A Systematic Literature Review and Meta-Analysis of

Prospective Studies. J. Nutr. 2017, 147, 1174–1182. [CrossRef]
3. Galbete, C.; Kroger, J.; Jannasch, F.; Iqbal, K.; Schwingshackl, L.; Schwedhelm, C.; Weikert, C.; Boeing, H.; Schulze, M.B. Evaluating

Mediterranean diet and risk of chronic disease in cohort studies: An umbrella review of meta-analyses. Eur. J. Epidemiol. 2018,
33, 909–931. [CrossRef]

4. Mithril, C.; Dragsted, L.O.; Meyer, C.; Blauert, E.; Holt, M.K.; Astrup, A. Guidelines for the New Nordic Diet. Public Health Nutr.
2012, 15, 1941–1947. [CrossRef] [PubMed]

5. Appel, L.J.; Moore, T.J.; Obarzanek, E.; Vollmer, W.M.; Svetkey, L.P.; Sacks, F.M.; Bray, G.A.; Vogt, T.M.; Cutler, J.A.; Windhauser,
M.M.; et al. A clinical trial of the effects of dietary patterns on blood pressure. DASH Collaborative Research Group. N. Engl. J.
Med. 1997, 336, 1117–1124. [CrossRef]

6. McCullough, M.L.; Feskanich, D.; Stampfer, M.J.; Rosner, B.A.; Hu, F.B.; Hunter, D.J.; Variyam, J.N.; Colditz, G.A.; Willett,
W.C. Adherence to the Dietary Guidelines for Americans and risk of major chronic disease in women. Am. J. Clin. Nutr. 2000,
72, 1214–1222. [CrossRef]

http://doi.org/10.1097/00041433-200202000-00002
http://www.ncbi.nlm.nih.gov/pubmed/11790957
http://doi.org/10.3945/jn.116.242552
http://doi.org/10.1007/s10654-018-0427-3
http://doi.org/10.1017/S136898001100351X
http://www.ncbi.nlm.nih.gov/pubmed/22251407
http://doi.org/10.1056/NEJM199704173361601
http://doi.org/10.1093/ajcn/72.5.1214


Nutrients 2022, 14, 2359 15 of 16

7. McCullough, M.L.; Feskanich, D.; Rimm, E.B.; Giovannucci, E.L.; Ascherio, A.; Variyam, J.N.; Spiegelman, D.; Stampfer, M.J.;
Willettet, W.C. Adherence to the Dietary Guidelines for Americans and risk of major chronic disease in men. Am. J. Clin. Nutr.
2000, 72, 1223–1231. [CrossRef]

8. McCullough, M.L.; Feskanich, D.; Stampfer, M.J.; Giovannucci, E.L.; Rimm, E.B.; Hu, F.B.; Spiegelman, D.; Hunter, D.J.; Colditz,
G.A.; Willett, W.C. Diet quality and major chronic disease risk in men and women: Moving toward improved dietary guidance.
Am. J. Clin. Nutr. 2002, 76, 1261–1271. [CrossRef] [PubMed]

9. Schwingshackl, L.; Hoffmann, G.; Lampousi, A.M.; Knuppel, S.; Iqbal, K.; Schwedhelm, C.; Bechthold, A.; Schlesinger, S.; Boeing,
H. Food groups and risk of type 2 diabetes mellitus: A systematic review and meta-analysis of prospective studies. Eur. J.
Epidemiol. 2017, 32, 363–375. [CrossRef]

10. Neuenschwander, M.; Ballon, A.; Weber, K.S.; Norat, T.; Aune, D.; Schwingshackl, L.; Schlesinger, S. Role of diet in type 2 diabetes
incidence: Umbrella review of meta-analyses of prospective observational studies. BMJ 2019, 366, l2368. [CrossRef]

11. Bechthold, A.; Boeing, H.; Schwedhelm, C.; Hoffmann, G.; Knuppel, S.; Iqbal, K.; De Henauw, S.; Michels, N.; Devleesschauwer,
B.; Schlesinger, S.; et al. 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. 2019, 59, 1071–1090. [CrossRef] [PubMed]

12. Schwingshackl, L.; Schwedhelm, C.; Hoffmann, G.; Knuppel, S.; Laure Preterre, A.; Iqbal, K.; Bechthold, A.; De Henauw, S.;
Michels, N.; Devleesschauwer, B.; et al. Food groups and risk of colorectal cancer. Int. J. Cancer 2018, 142, 1748–1758. [CrossRef]

13. von Ruesten, A.; Illner, A.K.; Buijsse, B.; Heidemann, C.; Boeing, H. Adherence to recommendations of the German food pyramid
and risk of chronic diseases: Results from the EPIC-Potsdam study. Eur. J. Clin. Nutr. 2010, 64, 1251–1259. [CrossRef] [PubMed]

14. Deutsche Gesellschaft für Ernährung e.V., Bonn. DGE-Ernährungskreis—Beispiel für eine Vollwertige Lebensmittelauswahl. Avail-
able online: https://www.dge.de/ernaehrungspraxis/vollwertige-ernaehrung/ernaehrungskreis/ (accessed on 3 May 2021).

15. Oberritter, H.S.; Schäbethal, K.; von Ruesten, A.; Boeing, H. The DGE Nutrition Circle—Presentation and Basis of the Food-Related
Recommendations from the German Nutrition Society (DGE). Ernährungsumschau Int. 2013, 60, 24–29.

16. Jungvogel, A.; Michel, M.; Bechthold, A.; Wendt, I. Die lebensmittelbezogenen Ernährungsempfehlungen der DGE. Ernährung-
sumschau 2016, 63, M474–M481.

17. Tong, T.Y.; Wareham, N.J.; Khaw, K.T.; Imamura, F.; Forouhi, N.G. Prospective association of the Mediterranean diet with
cardiovascular disease incidence and mortality and its population impact in a non-Mediterranean population: The EPIC-Norfolk
study. BMC Med. 2016, 14, 135. [CrossRef] [PubMed]

18. Galbete, C.; Kroger, J.; Jannasch, F.; Iqbal, K.; Schwingshackl, L.; Schwedhelm, C.; Weikert, C.; Boeing, H.; Schulze, M.B. Nordic
diet, Mediterranean diet, and the risk of chronic diseases: The EPIC-Potsdam study. BMC Med. 2018, 16, 99. [CrossRef]

19. Jannasch, F.; Nickel, D.; Schulze, M.B. The reliability and relative validity of predefined dietary patterns were higher than that of
exploratory dietary patterns in the European Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam population. Br.
J. Nutr. 2020, 125, 1270–1280. [CrossRef]

20. Lu, L.; Shara, N. Reliability analysis: Calculate and Compare Intra-class Correlation Coefficients (ICC) in SAS. Northeast. SAS
Users Group 2007, 2007, 1–4.

21. Mozaffarian, D. Dietary and Policy Priorities for Cardiovascular Disease, Diabetes, and Obesity: A Comprehensive Review.
Circulation 2016, 133, 187–225. [CrossRef]

22. Gaesser, G.A. Whole Grains, Refined Grains, and Cancer Risk: A Systematic Review of Meta-Analyses of Observational Studies.
Nutrients 2020, 12, 3756. [CrossRef]

23. Guo, J.; Givens, D.I.; Astrup, A.; Bakker, S.J.L.; Goossens, G.H.; Kratz, M.; Marette, A.; Pijl, H.; Soedamah-Muthu, S.S. The Impact
of Dairy Products in the Development of Type 2 Diabetes: Where Does the Evidence Stand in 2019? Adv. Nutr. 2019, 10, 1066–1075.
[CrossRef]

24. Fontecha, J.; Calvo, M.V.; Juarez, M.; Gil, A.; Martinez-Vizcaino, V. Milk and Dairy Product Consumption and Cardiovascular
Diseases: An Overview of Systematic Reviews and Meta-Analyses. Adv. Nutr. 2019, 10 (Suppl. S2), S164–S189. [CrossRef]

25. Zhang, K.; Dai, H.; Liang, W.; Zhang, L.; Deng, Z. Fermented dairy foods intake and risk of cancer. Int. J. Cancer 2019, 144,
2099–2108. [CrossRef] [PubMed]

26. Bermejo, L.M.; Lopez-Plaza, B.; Santurino, C.; Cavero-Redondo, I.; Gomez-Candela, C. Milk and Dairy Product Consumption
and Bladder Cancer Risk: A Systematic Review and Meta-Analysis of Observational Studies. Adv. Nutr. 2019, 10 (Suppl.
S2), S224–S238. [CrossRef] [PubMed]

27. Gijsbers, L.; Ding, E.L.; Malik, V.S.; de Goede, J.; Geleijnse, J.M.; Soedamah-Muthu, S.S. Consumption of dairy foods and diabetes
incidence: A dose-response meta-analysis of observational studies. Am. J. Clin. Nutr. 2016, 103, 1111–1124. [CrossRef]

28. Drouin-Chartier, J.P.; Cote, J.A.; Labonte, M.E.; Brassard, D.; Tessier-Grenier, M.; Desroches, S.; Couture, P.; Lamarche, B.
Comprehensive Review of the Impact of Dairy Foods and Dairy Fat on Cardiometabolic Risk. Adv. Nutr. 2016, 7, 1041–1051.
[CrossRef] [PubMed]

29. Boeing, H.; Bechthold, A.; Bub, A.; Ellinger, S.; Haller, D.; Kroke, A.; Leschik-Bonnet, E.; Muller, M.J.; Oberritter, H.; Schulze,
M.; et al. Critical review: Vegetables and fruit in the prevention of chronic diseases. Eur. J. Nutr. 2012, 51, 637–663. [CrossRef]
[PubMed]

30. Zurbau, A.; Au-Yeung, F.; Blanco Mejia, S.; Khan, T.A.; Vuksan, V.; Jovanovski, E.; Leiter, L.A.; Kendall, C.W.C.; Jenkins, D.J.A.;
Sievenpiper, J.L. Relation of Different Fruit and Vegetable Sources With Incident Cardiovascular Outcomes: A Systematic Review
and Meta-Analysis of Prospective Cohort Studies. J. Am. Heart Assoc. 2020, 9, e017728. [CrossRef] [PubMed]

http://doi.org/10.1093/ajcn/72.5.1223
http://doi.org/10.1093/ajcn/76.6.1261
http://www.ncbi.nlm.nih.gov/pubmed/12450892
http://doi.org/10.1007/s10654-017-0246-y
http://doi.org/10.1136/bmj.l2368
http://doi.org/10.1080/10408398.2017.1392288
http://www.ncbi.nlm.nih.gov/pubmed/29039970
http://doi.org/10.1002/ijc.31198
http://doi.org/10.1038/ejcn.2010.151
http://www.ncbi.nlm.nih.gov/pubmed/20717136
https://www.dge.de/ernaehrungspraxis/vollwertige-ernaehrung/ernaehrungskreis/
http://doi.org/10.1186/s12916-016-0677-4
http://www.ncbi.nlm.nih.gov/pubmed/27679997
http://doi.org/10.1186/s12916-018-1082-y
http://doi.org/10.1017/S0007114520003517
http://doi.org/10.1161/CIRCULATIONAHA.115.018585
http://doi.org/10.3390/nu12123756
http://doi.org/10.1093/advances/nmz050
http://doi.org/10.1093/advances/nmy099
http://doi.org/10.1002/ijc.31959
http://www.ncbi.nlm.nih.gov/pubmed/30374967
http://doi.org/10.1093/advances/nmy119
http://www.ncbi.nlm.nih.gov/pubmed/31089737
http://doi.org/10.3945/ajcn.115.123216
http://doi.org/10.3945/an.115.011619
http://www.ncbi.nlm.nih.gov/pubmed/28140322
http://doi.org/10.1007/s00394-012-0380-y
http://www.ncbi.nlm.nih.gov/pubmed/22684631
http://doi.org/10.1161/JAHA.120.017728
http://www.ncbi.nlm.nih.gov/pubmed/33000670


Nutrients 2022, 14, 2359 16 of 16

31. Afshin, A.; Micha, R.; Khatibzadeh, S.; Mozaffarian, D. Consumption of nuts and legumes and risk of incident ischemic heart
disease, stroke, and diabetes: A systematic review and meta-analysis. Am. J. Clin. Nutr. 2014, 100, 278–288. [CrossRef] [PubMed]

32. Rimm, E.B.; Appel, L.J.; Chiuve, S.E.; Djousse, L.; Engler, M.B.; Kris-Etherton, P.M.; Mozaffarian, D.; Siscovick, D.S.; Lichtenstein,
A.H.; American Heart Association Nutrition Committee of the Council on Lifestyle Cardiometabolic; et al. Seafood Long-Chain n-
3 Polyunsaturated Fatty Acids and Cardiovascular Disease: A Science Advisory From the American Heart Association. Circulation
2018, 138, e35–e47. [CrossRef] [PubMed]

33. Pan, A.; Chen, M.; Chowdhury, R.; Wu, J.H.; Sun, Q.; Campos, H.; Mozaffarian, D.; Hu, F.B. alpha-Linolenic acid and risk of
cardiovascular disease: A systematic review and meta-analysis. Am. J. Clin. Nutr. 2012, 96, 1262–1273. [CrossRef]

34. Wei, J.; Hou, R.; Xi, Y.; Kowalski, A.; Wang, T.; Yu, Z.; Hu, Y.; Chandrasekar, E.K.; Sun, H.; Ali, M.K. The association and dose-
response relationship between dietary intake of alpha-linolenic acid and risk of CHD: A systematic review and meta-analysis of
cohort studies. Br. J. Nutr. 2018, 119, 83–89. [CrossRef] [PubMed]

35. Mozaffarian, D.; Micha, R.; Wallace, S. Effects on coronary heart disease of increasing polyunsaturated fat in place of saturated fat:
A systematic review and meta-analysis of randomized controlled trials. PLoS Med. 2010, 7, e1000252. [CrossRef]

36. Hooper, L.; Al-Khudairy, L.; Abdelhamid, A.S.; Rees, K.; Brainard, J.S.; Brown, T.J.; Ajabnoor, S.M.; O’Brien, A.T.; Winstanley, L.E.;
Donaldson, D.H.; et al. Omega-6 fats for the primary and secondary prevention of cardiovascular disease. Cochrane Database Syst.
Rev. 2018, 11, CD011094.

37. Li, J.; Guasch-Ferre, M.; Li, Y.; Hu, F.B. Dietary intake and biomarkers of linoleic acid and mortality: Systematic review and
meta-analysis of prospective cohort studies. Am. J. Clin. Nutr. 2020, 112, 150–167. [CrossRef] [PubMed]

38. Schulze, M.B.; Minihane, A.M.; Saleh, R.N.M.; Riserus, U. Intake and metabolism of omega-3 and omega-6 polyunsaturated fatty
acids: Nutritional implications for cardiometabolic diseases. Lancet Diabetes Endocrinol. 2020, 8, 915–930. [CrossRef]

39. Neuenschwander, M.; Barbaresko, J.; Pischke, C.R.; Iser, N.; Beckhaus, J.; Schwingshackl, L.; Schlesinger, S. Intake of dietary
fats and fatty acids and the incidence of type 2 diabetes: A systematic review and dose-response meta-analysis of prospective
observational studies. PLoS Med. 2020, 17, e1003347. [CrossRef] [PubMed]

40. Martinez-Gonzalez, M.A.; Dominguez, L.J.; Delgado-Rodriguez, M. Olive oil consumption and risk of CHD and/or stroke: A
meta-analysis of case-control, cohort and intervention studies. Br. J. Nutr. 2014, 112, 248–259. [CrossRef] [PubMed]

41. Imamura, F.; O’Connor, L.; Ye, Z.; Mursu, J.; Hayashino, Y.; Bhupathiraju, S.N.; Forouhi, N.G. Consumption of sugar sweetened
beverages, artificially sweetened beverages, and fruit juice and incidence of type 2 diabetes: Systematic review, meta-analysis,
and estimation of population attributable fraction. Br. J. Sports Med. 2016, 50, 496–504. [CrossRef] [PubMed]

42. Schwab, U.; Lauritzen, L.; Tholstrup, T.; Haldorssoni, T.; Riserus, U.; Uusitupa, M.; Becker, W. Effect of the amount and type
of dietary fat on cardiometabolic risk factors and risk of developing type 2 diabetes, cardiovascular diseases, and cancer: A
systematic review. Food Nutr. Res. 2014, 58, 25145. [CrossRef]

43. Schulze, M.B.; Martinez-Gonzalez, M.A.; Fung, T.T.; Lichtenstein, A.H.; Forouhi, N.G. Food based dietary patterns and chronic
disease prevention. BMJ 2018, 361, k2396. [CrossRef] [PubMed]

44. Morze, J.; Danielewicz, A.; Hoffmann, G.; Schwingshackl, L. Diet Quality as Assessed by the Healthy Eating Index, Alternate
Healthy Eating Index, Dietary Approaches to Stop Hypertension Score, and Health Outcomes: A Second Update of a Systematic
Review and Meta-Analysis of Cohort Studies. J. Acad. Nutr. Diet. 2020, 120, 1998–2031.e15. [CrossRef] [PubMed]

45. Krebs-Smith, S.M.; Pannucci, T.E.; Subar, A.F.; Kirkpatrick, S.I.; Lerman, J.L.; Tooze, J.A.; Wilson, M.M.; Reedy, J. Update of the
Healthy Eating Index: HEI-2015. J. Acad. Nutr. Diet. 2018, 118, 1591–1602. [CrossRef]

46. de Koning, L.; Chiuve, S.E.; Fung, T.T.; Willett, W.C.; Rimm, E.B.; Hu, F.B. Diet-quality scores and the risk of type 2 diabetes in
men. Diabetes Care 2011, 34, 1150–1156. [CrossRef]

47. Chiuve, S.E.; Fung, T.T.; Rimm, E.B.; Hu, F.B.; McCullough, M.L.; Wang, M.; Stampfer, M.J.; Willett, W.C. Alternative dietary
indices both strongly predict risk of chronic disease. J. Nutr. 2012, 142, 1009–1018. [CrossRef] [PubMed]

48. Janu, C.; Kumar, D.R.S.; Reshma, M.V.; Jayamurthy, P.; Sundaresan, A.; Nisha, P. Comparative Study on the Total Phenolic Content
and Radical Scavenging Activity of Common Edible Vegetable Oils. J. Food Biochem. 2014, 38, 38–49. [CrossRef]

49. Tresserra-Rimbau, A.; Rimm, E.B.; Medina-Remon, A.; Martinez-Gonzalez, M.A.; de la Torre, R.; Corella, D.; Salas-Salvado,
J.; Gomez-Gracia, E.; Lapetra, J.; Aros, F.; et al. Inverse association between habitual polyphenol intake and incidence of
cardiovascular events in the PREDIMED study. Nutr. Metab. Cardiovasc. Dis. 2014, 24, 639–647. [CrossRef]

50. Ros, E.; Hu, F.B. Consumption of plant seeds and cardiovascular health: Epidemiological and clinical trial evidence. Circulation
2013, 128, 553–565. [CrossRef]

51. Weickert, M.O.; Pfeiffer, A.F. Metabolic effects of dietary fiber consumption and prevention of diabetes. J. Nutr. 2008, 138, 439–442.
[CrossRef] [PubMed]

52. Anderson, J.W.; Major, A.W. Pulses and lipaemia, short- and long-term effect: Potential in the prevention of cardiovascular
disease. Br. J. Nutr. 2002, 88 (Suppl. S3), S263–S271. [CrossRef] [PubMed]

53. Willett, W.C. Nutritional Epidemiology, 3rd ed.; Oxford University Press: Oxford, UK, 2013; Volume 40.

http://doi.org/10.3945/ajcn.113.076901
http://www.ncbi.nlm.nih.gov/pubmed/24898241
http://doi.org/10.1161/CIR.0000000000000574
http://www.ncbi.nlm.nih.gov/pubmed/29773586
http://doi.org/10.3945/ajcn.112.044040
http://doi.org/10.1017/S0007114517003294
http://www.ncbi.nlm.nih.gov/pubmed/29355094
http://doi.org/10.1371/journal.pmed.1000252
http://doi.org/10.1093/ajcn/nqz349
http://www.ncbi.nlm.nih.gov/pubmed/32020162
http://doi.org/10.1016/S2213-8587(20)30148-0
http://doi.org/10.1371/journal.pmed.1003347
http://www.ncbi.nlm.nih.gov/pubmed/33264277
http://doi.org/10.1017/S0007114514000713
http://www.ncbi.nlm.nih.gov/pubmed/24775425
http://doi.org/10.1136/bjsports-2016-h3576rep
http://www.ncbi.nlm.nih.gov/pubmed/27044603
http://doi.org/10.3402/fnr.v58.25145
http://doi.org/10.1136/bmj.k2396
http://www.ncbi.nlm.nih.gov/pubmed/29898951
http://doi.org/10.1016/j.jand.2020.08.076
http://www.ncbi.nlm.nih.gov/pubmed/33067162
http://doi.org/10.1016/j.jand.2018.05.021
http://doi.org/10.2337/dc10-2352
http://doi.org/10.3945/jn.111.157222
http://www.ncbi.nlm.nih.gov/pubmed/22513989
http://doi.org/10.1111/jfbc.12023
http://doi.org/10.1016/j.numecd.2013.12.014
http://doi.org/10.1161/CIRCULATIONAHA.112.001119
http://doi.org/10.1093/jn/138.3.439
http://www.ncbi.nlm.nih.gov/pubmed/18287346
http://doi.org/10.1079/BJN2002716
http://www.ncbi.nlm.nih.gov/pubmed/12498626

	Introduction 
	Materials and Methods 
	Evidence-Based Selection of Food Groups 
	Construction of Diet Score 
	Relative Validity and Reliability of the Diet Score 

	Results 
	Evidence-Based Selection of Food Groups for Healthy Eating 
	Construction of the Diet Score for Healthy Eating 
	Reliability and Relative Validity of the Diet Score for Healthy Eating 

	Discussion 
	Conclusions 
	References

