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Abstract

Aims/hypothesis Nordic dietary patterns that are high in healthy traditional Nordic foods may have a role in the prevention and
management of diabetes. To inform the update of the EASD clinical practice guidelines for nutrition therapy, we conducted a
systematic review and meta-analysis of Nordic dietary patterns and cardiometabolic outcomes.

Methods We searched MEDLINE, EMBASE and The Cochrane Library from inception to 9 March 2021. We included prospec-
tive cohort studies and RCTs with a follow-up of >1 year and >3 weeks, respectively. Two independent reviewers extracted relevant
data and assessed the risk of bias (Newcastle-Ottawa Scale and Cochrane risk of bias tool). The primary outcome was total CVD
incidence in the prospective cohort studies and LDL-cholesterol in the RCTs. Secondary outcomes in the prospective cohort studies
were CVD mortality, CHD incidence and mortality, stroke incidence and mortality, and type 2 diabetes incidence; in the RCTs,
secondary outcomes were other established lipid targets (non-HDL-cholesterol, apolipoprotein B, HDL-cholesterol, triglycerides),
markers of glycaemic control (HbA,, fasting glucose, fasting insulin), adiposity (body weight, BMI, waist circumference) and
inflammation (C-reactive protein), and blood pressure (systolic and diastolic blood pressure). The Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) approach was used to assess the certainty of the evidence.

Results We included 15 unique prospective cohort studies (n=1,057,176, with 41,708 cardiovascular events and 13,121 diabetes
cases) of people with diabetes for the assessment of cardiovascular outcomes or people without diabetes for the assessment of
diabetes incidence, and six RCTs (n=717) in people with one or more risk factor for diabetes. In the prospective cohort studies,
higher adherence to Nordic dietary patterns was associated with ‘small important” reductions in the primary outcome, total CVD
incidence (RR for highest vs lowest adherence: 0.93 [95% CI 0.88, 0.99], p=0.01; substantial heterogeneity: ’=88%, 1<0.001),
and similar or greater reductions in the secondary outcomes of CVD mortality and incidence of CHD, stroke and type 2 diabetes
(p<0.05). Inverse dose—response gradients were seen for total CVD incidence, CVD mortality and incidence of CHD, stroke and
type 2 diabetes (p<0.05). No studies assessed CHD or stroke mortality. In the RCTs, there were small important reductions in
LDL-cholesterol (mean difference [MD] —0.26 mmol/I [95% CI —0.52, —0.00], ppp=0.05; substantial heterogeneity: /°=89%,
p<0.01), and ‘small important” or greater reductions in the secondary outcomes of non-HDL-cholesterol, apolipoprotein B,
insulin, body weight, BMI and systolic blood pressure (p<0.05). For the other outcomes there were ‘trivial’ reductions or no
effect. The certainty of the evidence was low for total CVD incidence and LDL-cholesterol; moderate to high for CVD mortality,
established lipid targets, adiposity markers, glycaemic control, blood pressure and inflammation; and low for all other outcomes,
with evidence being downgraded mainly because of imprecision and inconsistency.
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Whatis

What is

already known about this subject?

Adherence to Nordic dietary patterns has been shown to reduce LDL-cholesterol levels and other intermediate
cardiometabolic risk factors in systematic reviews and meta-analyses of RCTs and is associated with improvements
in hard cardiovascular outcomes, such as CVD mortality and incidence of CHD, stroke and type 2 diabetes, in

individual prospective cohort studies

None of these systematic reviews and meta-analyses assessed the certainty of the evidence, and none synthesised

the evidence from prospective cohort studies

Although the benefits of Nordic dietary patterns are recognised in major international clinical practice guidelines
on obesity and diabetes in Nordic countries, the UK and Canada, the EASD has not synthesised the evidence or
made recommendations regarding Nordic dietary patterns

the key question?

Is there evidence to support a role for Nordic dietary patterns in the prevention and management of

cardiometabolic risk in people with diabetes or at risk for diabetes?

What are the new findings?

The prospective cohort studies provide generally low to moderate certainty evidence that adherence to Nordic
dietary patterns is associated with ‘small important’ reductions in total CVD incidence and with similar or greater
reductions in CVD mortality, CHD incidence and stroke incidence in adults with diabetes and in type 2 diabetes

incidence in adults without diabetes

The randomised controlled trials provide generally moderate certainty evidence that adherence to Nordic dietary
patterns results in small important reductions in LDL-cholesterol and similar or greater reductions in other
intermediate cardiometabolic risk factors of non-HDL-cholesterol, apolipoprotein B, insulin, body weight, BMI and
systolic blood pressure in predominantly middle-aged adults at risk for diabetes

How might this impact on clinical practice in the foreseeable future?

Our updated analyses support existing recommendations and will provide support for future recommendations
on the use of Nordic dietary patterns alongside other established healthy dietary patterns high in plant foods for
the prevention and management of diabetes and its cardiometabolic complications

Conclusions/interpretation Adherence to Nordic dietary patterns is associated with generally small important reductions in the
risk of major CVD outcomes and diabetes, which are supported by similar reductions in LDL-cholesterol and other intermediate
cardiometabolic risk factors. The available evidence provides a generally good indication of the likely benefits of Nordic dietary
patterns in people with or at risk for diabetes.

Registration ClinicalTrials.gov NCT(04094194.

Funding Diabetes and Nutrition Study Group of the EASD Clinical Practice.

Keywords Cardiovascular disease - Meta-analysis - Nordic diet - Prospective cohort - Randomised controlled trial - Systematic

review
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Apolipoprotein B

C-reactive protein

Dietary Approaches to Stopping Hypertension
Diastolic blood pressure

Diet quality index (DQI) that assesses adherence
to the 2005 Swedish Nutrition Recommendations
(SNR)

DRM
GRADE

MD
MID
NOS
PRISMA

Dose-response meta-analysis

Grading of Recommendations, Assessment,
Development and Evaluation

Mean difference

Minimally important difference
Newcastle-Ottawa Scale

Preferred Reporting Items for Systematic
Reviews and Meta-analyses
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SBP Systolic blood pressure
TG Triglycerides

WC Waist circumference
Introduction

Several dietary patterns high in plant foods have shown
advantages for managing cardiometabolic risk. Evidence from
prospective cohort studies and RCTs has shown that adher-
ence to the Mediterranean [1-9], Dietary Approaches to
Stopping Hypertension (DASH) [10], Portfolio [11-19] and
healthy vegetarian [20, 21] dietary patterns is associated with
a lower risk of CVD and a reduction in intermediate cardio-
metabolic risk factors in adults with and without diabetes. The
applicability of these dietary patterns to northern European
countries is limited by cultural values and preferences and
the availability/costs of specific foods [22-24]. Nordic dietary
patterns, known variably as the Nordic diet [25], New Nordic
Diet [26], healthy Nordic diet [27, 28] and Baltic Sea diet [29],
include foods that are typically consumed as part of traditional
Nordic diets and that are consistent with Nordic dietary guide-
lines [26, 30]. These foods include whole-grain cereals (espe-
cially rye, oats and barley), berries, other temperate fruits
(especially apples and pears), vegetables (especially root and
cruciferous vegetables), legumes, fish/shellfish, nuts and
canola oil/rapeseed oil (as primary fat sources) and low-fat
dairy foods [26, 27, 29, 31].

The benefits of Nordic dietary patterns have been recognised
in major clinical practice guidelines on obesity [32], and diabe-
tes [33—36]. The EASD has not reviewed the evidence or made
specific recommendations on Nordic dietary patterns. Although
existing systematic reviews and meta-analyses of RCTs support
the benefits of Nordic dietary patterns [37—40], these syntheses
did not include prospective cohort studies or assess the certainty
of the evidence. To update the EASD clinical practice guide-
lines for nutrition therapy, the Diabetes Nutrition Study Group
commissioned a systematic review and meta-analysis of
prospective cohort studies and randomised trials of Nordic
dietary patterns and cardiometabolic outcomes, including an
assessment of the certainty of the evidence using the Grading
of Recommendations, Assessment, Development and
Evaluation (GRADE) approach.

Methods

Design We followed the Cochrane handbook for systematic
reviews of interventions [41], with results reported according
to Meta-analyses of Observational Studies in Epidemiology
(MOOSE) [42] and Preferred Reporting Items for Systematic

Reviews and Meta-analyses (PRISMA) [43] guidelines (see
electronic supplementary material [ESM] Table 1). The proto-
col was registered at ClinicalTrials.gov (NCT04094194).

Data sources and searches We searched MEDLINE,
EMBASE and the Cochrane Central Register of Controlled
Trials from inception to 9 March 2021 (ESM Table 2).
Manual searches supplemented these database searches.

Eligibility criteria We included prospective cohort studies of
Nordic dietary patterns and CVD and diabetes outcomes with
a duration of>1 year, and RCTs of Nordic dietary patterns and
intermediate cardiometabolic outcomes with a duration of >3
weeks. Populations had to have diabetes but be free of CVD
for assessment of CVD outcomes, be free of diabetes for
assessment of diabetes outcomes, and have diabetes or risk
factors for diabetes for assessment of intermediate outcomes.
Prospective cohort studies were excluded if they did not report
outcome data by level of exposure using an index or scale.
RCTs were excluded if they lacked a suitable comparator diet
(non-isocaloric). If more than one report was available for the
same study, then the report with the longest follow-up was
used. There were no language restrictions (ESM Tables 3
and 4).

Data extraction Two reviewers (PM and EV, AJG, LC or AZ)
independently extracted the data. The reviewers extracted RRs
and 95% Cls for the most adjusted model from prospective
cohort studies and mean differences (MDs) and SEMs from
RCTs. MDs for change were preferred over end values.
Missing SEMs were derived from available data using
published formulae [44]. Ritz et al [45] were contacted for
missing data. All disagreements were reconciled by consensus
or arbitration by a senior reviewer (TAK, JLS)

Outcomes The primary outcome was total CVD incidence in
prospective cohort studies and LDL-cholesterol in RCTs.
Secondary outcomes were CVD mortality, CHD incidence
and mortality, stroke incidence and mortality and type 2
diabetes incidence in prospective cohort studies, and other
established lipid targets (non-HDL-cholesterol, HDL-
cholesterol, triglycerides [TG], apolipoprotein B [ApoB]),
markers of glycaemic control (HbA,., fasting blood
glucose, fasting insulin), adiposity (body weight, BMI,
waist circumference [WC]) and inflammation (C-reactive
protein [CRP]) and blood pressure in RCTs.

Risk of bias Two reviewers independently assessed risk of
bias. The Newcastle-Ottawa Scale (NOS) [46] was used to
assess the risk of bias in prospective cohort studies. Studies
with a score of >6 out of 9 were considered to be of high
quality. The Cochrane risk of bias tool was used to assess
the risk of bias in RCTs [47] across five domains (sequence
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generation, allocation concealment, blinding, incomplete
outcome data and selective reporting).

Statistical analysis Pairwise meta-analyses were conducted
using Review Manager (RevMan) version 5.3 (The Nordic
Cochrane Centre, The Cochrane Collaboration, Copenhagen,
Denmark). All other analyses were performed using Stata 16.1
(StataCorp LP, College Station, TX, USA).

Data were pooled using DerSimonian and Laird random-
effects models. RR estimates were obtained from natural log-
transformed RRs and their SEMs comparing the highest with
the lowest diet scores in the most adjusted models; MDs were
obtained by pooling MDs and SEMs. Hazard ratios and odds
ratios were treated as RRs [48]. Paired analyses were conduct-
ed for crossover trials (correlation coefficient=0.5) [49].
Fixed-effects models were used when fewer than five compar-
isons were available [50].

Interstudy heterogeneity was estimated using the Cochran
Q test and quantified by the /* statistic. An *>50% and 2o<0.1
were considered evidence of substantial heterogeneity.
Sources of heterogeneity were explored in sensitivity and
subgroup analyses. Sensitivity analyses were conducted by
the systematic removal of each study and recalculation of
the pooled estimate. Sensitivity analyses by energy control
were conducted by restricting analyses to ad libitum (free
intake without strict energy control) trials for adiposity
outcomes. If ten or more comparisons were available,
subgroup analyses were performed by meta-regression. A
priori subgroup analyses were conducted by follow-up, sex,
risk of bias and funding source for prospective cohort studies,
and by study design, follow-up, comparator, baseline values,
risk of bias, diabetes duration and funding source for RCTs.

We performed dose—response meta-analyses (DRMs)
using one-stage random effects [51-53]. Nordic dietary
pattern scores were scaled or standardised to the Nordic diet
score, with a range between 0 and 6 [54]. Linear DRM was
expressed per 1-point score, and global DRM was assessed
using the non-linear association at the highest global popu-
lation adherence. DRMs were planned for RCTs when
adherence scores were available for six or more study
comparisons.

If ten or more comparisons were available, publication bias
was assessed by visual inspection of funnel plots and formal
testing with the Begg and Egger tests [55, 56], with signifi-
cance set at p<0.1. The Duval and Tweedie trim-and-fill meth-
od was used to adjust for funnel plot asymmetry [57].

GRADE assessment The GRADE approach [58-73] was used
to assess the certainty of the evidence. The evidence from
prospective cohort studies was classified initially as being of
low certainty and that from RCTs was classified initially as
being of high certainty, with the evidence downgraded or
upgraded based on prespecified criteria. Criteria for
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downgrading included study limitations (high risk of bias),
inconsistency (substantial unexplained interstudy heterogene-
ity: >50% and 10<0.10), indirectness (presence of factors
that limit generalisability), imprecision (95% Cls cross
prespecified minimally important differences [MIDs]) and
publication bias (detection of small-study effects). Criteria
for upgrading included a dose—response gradient, large
magnitude of effect (RR>2 or RR<0.5; prospective cohort
studies only) and attenuation by plausible confounding. We
interpreted the magnitude of the effect/association [74] based
on prespecified criteria using MIDs and adapted GRADE
thresholds using the following language: ‘trivial’, ‘small
important’, ‘moderate’, ‘large’ and ‘very large’. At the request
of'the referees, we also performed a post hoc assessment of the
certainty of the evidence using NutriGrade [75].

Results

Figure 1 shows the results of the literature search. We identi-
fied 1959 reports, of which 21 met the eligibility criteria: 15
prospective cohort studies (n=1,057,176, with 41,708 cardio-
vascular events and 13,121 diabetes cases) [76-90] and six
RCTs (n=717) [28, 91-95].

Prospective cohort studies

Study characteristics Table 1 and ESM Tables 5 and 6 show
the characteristics of the prospective cohort studies included.
All studies were conducted in European adult populations.
The median age of participants was 49-57 years. All of the
prospective cohort studies included individuals with diabetes
except for the four studies (six comparisons) assessing the
association of Nordic dietary patterns with type 2 diabetes
incidence [82, 87-89]. The median follow-up was 13.5—
17.65 years. Adherence to Nordic dietary patterns was
assessed using six scores: Healthy Nordic Food Index (eight
studies [76, 77, 79-81, 83, 85, 88]), diet quality index (DQI)
that assesses adherence to the 2005 Swedish Nutrition
Recommendations (SNR) (DQI-SNR; three studies [78, 84,
89]), Nordic diet score (one study [82]), Baltic Sea Diet Score
(one study [87]), modified Baltic Sea Diet Score (one study
[90]) and Danish food-based dietary guidelines (one study
[86]). All studies were funded by government, university or
not-for-profit sources (agency funding) except one [87],
which received agency and industry funding.

ESM Table 7 shows the confounding variables included in
the most adjusted model for each of the cohorts included. The
median (range) number of variables in the most adjusted
model was 12 (7-17).

Risk of bias ESM Table 8 shows the NOS scores for the
cohorts included. All studies were of high quality (NOS>6).
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A
[ Reports reviewed in full (n=143) ]
= Reports excluded based on full-text review (n=122)
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=) e Duplicate (n=33)
ﬁ e Observational (other than prospective cohort)
(n=8)
e Not viable outcome data (n=16)
e Not dietary pattern (n=13)
/ Reports included (n=21; 15 cohorts, 6 RCTSs) \
Cohorts: RCTs:
Ee] CVD incidence (n=2) LDL-cholesterol (n=5) Body weight (n=6)
g CVD mortality (n=7) Non-HDL-cholesterol (n=4) BMI (n=4)
=] CHD incidence  (n=4) HDL-cholesterol (n=5) Waist circumference (n=4)
g Stroke incidence (n=3) TG (n=5) SBP/DBP (n=4)
= Type 2 diabetes incidence (n=4) ApoB (n=2) CRP (n=5)
Fasting blood glucose (n=5)
Fasting insulin (n=4)
K HbA1c (n=1) /

Fig. 1 PRISMA flowchart showing the literature search

Primary outcome Figures 2, 3a and ESM Fig. 1 show the
extreme quantiles and DRMs for the association between
Nordic dietary patterns and the primary outcome, total CVD
incidence. Nordic dietary patterns were associated with a
lower incidence of CVD (RR, 0.93 [95% CI 0.88, 0.99],
p=0.01; substantial heterogeneity: °=88%, 2o<0.001)
comparing participants with the highest adherence with those
with the lowest adherence. There was an inverse linear dose—
response gradient for adherence to Nordic dietary patterns and
a decrease in total CVD incidence of 2% per increase in unit of
the Nordic diet score (RR 0.98 [95% C10.97, 0.99], p<0.001),

with global DRM showing that adherence to Nordic dietary
patterns over the global range of scores was associated with a
reduction in incidence of CVD of 7% (RR 0.93 [95% C1 0.88,
0.99)).

Secondary outcomes Figures 2, 3b—¢ and ESM Figs 2—5 show
the extreme quantiles and DRMs for the association between
Nordic dietary patterns and the secondary cardiometabolic
outcomes. Nordic dietary patterns were associated with lower
CVD mortality (RR 0.81 [95% CI 0.73, 0.90], p<0.001; no
substantial heterogeneity: *=33%; po=0.16) and stroke
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incidence (RR 0.88 [95% CI 0.70, 0.98], p=0.02; no substantial
heterogeneity: ’=2%; Ppo=0.36) comparing participants with
the highest adherence with those with the lowest adherence.
There was an inverse linear dose-response relationship for
adherence to Nordic dietary patterns (Pacparture-from-lincarity=0-05)
for all secondary outcomes, with global DRM showing that
adherence to Nordic dietary patterns over the global range of
scores was associated with reductions of 26% in CVD mortality
(RR 0.74 [95% C10.69, 0.80]) and reductions of 12%, 13% and
9% in the incidence of CHD (RR 0.88 [0.79, 0.98]), stroke (RR
0.87 [0.78, 0.97]) and type 2 diabetes (RR 0.91 [0.84, 0.99]),
respectively. No studies reported CHD or stroke mortality
outcomes.

Sensitivity analyses ESM Table 9 shows the results of the
influence analyses. The systematic removal of seven individual
cohort comparisons altered several findings: the significance of
the summary estimate changed from non-significant to signifi-
cant for CHD incidence; the evidence of substantial heteroge-
neity was partially or fully explained for incidence of CVD,
CHD and type 2 diabetes; and the significance of the summary
estimate was lost for incidence of CVD and stroke.

Subgroup analyses No subgroup analyses were undertaken as
fewer than ten cohort comparisons were available per outcome.

Publication bias No publication bias analyses were undertak-
en as fewer than ten cohort comparisons were available per
outcome.

Randomised controlled trials

Study characteristics Table 2 and ESM Table 10 show the
characteristics of the six RCTs included [28, 91-95]. All of
the trials were conducted in Europe and had a parallel design.
Participants had a median age of 47.65-53.7 years and one or
more risk factor for diabetes (overweight or obese [three trials],
the metabolic syndrome [one trial], dyslipidaemia [one trial] or
high cardiovascular risk [one trial]). Median follow-up was 12—
48 weeks. Nordic dietary pattern interventions varied and
comprised the New Nordic Diet (one trial [94]), new Nordic
recommendations (two trials [91, 93]), Danish official dietary
guidelines (one trial [92]) and healthy Nordic diet (two trials
[28, 95]). The control diets also varied and comprised general
healthy eating recommendation (one trial [93]), usual Western
diet (one trial [28]) and usual/habitual Nordic diet (four trials
[91, 92, 94, 95]). Feeding control ranged from the provision of
dietary advice to the provision of some meals. Three trials
received agency funding and three received agency and indus-
try funding.

Pooled estimates Heterogeneity GRADE
Downgrade Upgrade
8
o o £=3
g,.8 ¢ 5
85855 25 2
Outcome No. cohort No. Spcoe 8% 3 ) )
comparisons No. cases participants Risk ratio (95% Cl) p 2 Pa 529 @L—) 32 © Certainty of evidence
38588 28 8
xccEd oF =
CVD incidence
Extreme quantiles 3 10,179 60,436 0.93 (0.88, 0.99) —— 0.010 88% <0.001 OOONWO mMOO SHeO0 Low
Linear DRM (per 1-point of score) 0.98 (0.97, 0.99) ° <0.001
Global DRM (highest adherence) 0.93(0.88, 0.99) —— 0.015

CVD mortality
Extreme quantiles 8 11,146
Linear DRM (per 1-point of score)
Global DRM (highest adherence)

639,068 0.81(0.73, 0.90)
0.94 (0.93, 0.96)

CHD incidence
Extreme quantiles 5 3960
Linear DRM (per 1-point of score)
Global DRM (highest adherence)

123,382 0.88 (0.72, 1.06)
0.98 (0.96, 0.99)
0.88(0.79, 0.98)

Stroke incidence
Extreme quantiles 3 3302
Linear DRM (per 1-point of score)
Global DRM (highest adherence)

122,133 0.88 (0.70, 0.98)
0.97 (0.95, 0.99)
0.87 (0.78, 0.97)

Type 2 diabetes incidence
Extreme quantiles 6 13,121
Linear DRM (per 1-point of score)
Global DRM (highest adherence)

112,157 0.96 (0.86, 1.06)
0.97 (0.95, 0.99)
0.91(0.84, 0.99)

0.60

Benefit

Fig. 2 Summary plot of the association between Nordic dietary patterns
and CVD, CHD, stroke and type 2 diabetes incidence and CVD mortality
in prospective cohort studies. Pooled risk estimates are represented by the
orange circles. The p values are for generic inverse variance random-
effects models. Between-study heterogeneity was assessed using the
Cochran Q statistic, where p<0.10 is considered statistically significant,
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— <0.001 33% 0.16

0.74(0.69, 0.80) ——
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and quantified by the 7 statistic, where >>50% is considered evidence of
substantial heterogeneity [37]. Evidence from prospective cohort studies
is rated as being of low certainty according to the GRADE approach and
can be downgraded in five domains and upgraded in three domains. The
filled black squares indicate where outcomes were downgraded and/or
upgraded
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Fig. 3 Dose-response relation between the Nordic diet score and (a)
incidence of CVD (RR e dgiet-score 0.98 [95% C10.97, 0.99], piine<0.001,
Doty =0-00), (0) CVD mortality (RRper.diet-score 0.94 [95% CI
093, 096]’ plincar<0'001, pdcpanurc—ﬁ'om—lincarity=0'11)5 (C) incidence of
CHD (RRper-diet-score 0.98 [95% CT 0.96, 0'99]s plinear<0-001s Pdeparture-
from-linearity=0.13), (d) incidence of stroke (RRper-dict-score 0-97 [95% CI

Risk of bias ESM Fig. 6 shows the summary and individual
Cochrane risk of bias assessments for the included RCTs.
Most RCTs were judged as having a low or unclear risk of
bias across the five domains. Although three trials were rated
as having a high risk of bias in one of the five domains, overall
there was no evidence of serious risk of bias.

Primary outcome Figure 4 and ESM Fig. 7 show the effects of
Nordic dietary patterns on the intermediate primary outcome
LDL-cholesterol. Adherence to Nordic dietary patterns was
associated with a reduction in LDL-cholesterol compared with
control diets (MD —0.26 mmol/l [95% CI —0.52, —0.00],
pvp=0.05; substantial heterogeneity: °=89%, 2q<0.001).
Linear or non-linear dose—responses could not be assessed.

0.9

RR

ol [
0.7+

0.6 1

Nordic diet score

0.95, 0.99], Plincar<0.001, pyeparture-from-lineariy=0-97) and (e) incidence of
type 2 diabetes (RRperdiet-score 0-97 [95% CI 0.95, 0.99], piinear<0.001,
Pdeparture-from-linearity=1.00). The red lines represent the linear models and
the black lines represent the non-linear models. The dotted lines represent
the 95% Cls for the non-linear models

Secondary outcomes Figure 4 and ESM Figs 820 show the
effects of Nordic dietary patterns on the intermediate second-
ary outcomes. Compared with control diets, Nordic dietary
patterns were associated with reductions in non-HDL-
cholesterol (=0.69 mmol/l [95% CI —0.9, —0.48], pmp
<0.01; substantial heterogeneity: *=81%, p<0.01), ApoB
(=0.15 g/1 [95% CI —0.19, —0.11], pmp<0.01; substantial
heterogeneity: °=96%, 20<0.01), body weight (-2.00 kg
[95% C1-3.24,-0.75], pmp=0.002; substantial heterogeneity:
P=88%, py<0.01), BMI (—0.98 kg/m” [95% CI1—1.19, -0.77],
Pvp<0.01; no substantial heterogeneity: °=19%, 2o=0.3);
WC (—1.32 ¢cm [95% CI —2.20, —0.43], ppp=0.003; substan-
tial heterogeneity: °=71%, p¢=0.02); insulin (=7.83 pmol/l
[95% CI —12.26, —3.39], pmp<0.01; no substantial heteroge-
neity: *=0%, pq=0.57), systolic blood pressure (SBP;
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—3.35 mmHg [-5.12, —1.59], pmp<0.01; substantial heteroge-
neity: ’=50%, po=0.11) and diastolic blood pressure (DBP;
—1.50 mmHg [-2.62, —0.37], pmp=0.009; no substantial
heterogeneity: °=34%, po=0.21). There were no effects on
the other intermediate cardiometabolic outcomes. Linear or
non-linear dose—responses could not be assessed.

Sensitivity analyses ESM Table 11 shows selected sensitivity
analyses in which systematic removal of individual trials
altered the results. Systematic removal of individual trials
resulted in the following: loss of significance for LDL-choles-
terol, ApoB and WC, although the pooled effect estimates still
favoured Nordic diets; change in the pooled effect estimate
from non-significant to a significant decrease for TG; and
explanation of the substantial heterogeneity for LDL-

cholesterol, non-HDL-cholesterol, TG, HDL-cholesterol,
BMI, WC, DBP and CRP.

ESM Fig. 21 shows the results of the sensitivity analysis
including only ad libitum trials. Removal of two trials
(those by Uusitupa et al [95] [isocaloric trial] and
Huseinovic et al [93] [negative energy balance trial]) result-
ed in reductions in body weight MD —2.16 kg [95% CI
=3.51 to —0.82 mmol/l], ppp=0.002; substantial heteroge-
neity: ’=82%, p=0.001), BMI (MD —0.85 kg/m* [95% CI
—1.31 to —0.40 mmol/l], pmp<0.01; no substantial hetero-
geneity: I’=37%, 20=0.20) and WC (-1.32 cm [95% CI
—3.49, 0.84], pmp=0.23; substantial heterogeneity:
P=78%, po=0.01) without changing the significance or
the magnitude of the effect, except for BMI, for which the
magnitude of the reduction was decreased.

Summary effect estimates Heterogeneity GRADE
Downgrade
%

Cardiometabolic risk factor No. trials n MD (95% CI)  SMD (95% CI) Pyip r P %22 ER Certainty of evidence
Blood lipids

LDL-cholesterol (mmol/l) 5 606 -0.26 (-0.52,-0.00)  -0.88 (-1.75, 0.00) —=— 0.05 89% <0.00001 Ow0Ows O 00 Low

Non-HDL-cholesterol (mmol/l) 4 374 -0.69 (-0.90, -0.48)  -2.88 (-3.76, -2.00) —a— <0.0001 81% 0.001 O O O @®®®0O MODERATE

HDL-cholesterol (mmol/1)® 5 606 -0.03 (-0.10,0.03)  -0.37(-1.23,0.37) — - 0.35 75% 0.001 ooo O ©Ode HIGH

TG (mmol/l) 5 606 -0.05 (-0.14,0.05)  -0.42 (-1.18, 0.42) —m 0.34 43% 0.14 Ooo0O = O ®®®0O MODERATE

ApoB (g/l) 2 252 -0.15 (-0.19,-0.11)  -5.20 (-6.58, -3.81) — <0.0001 96% <0.00001 Oe00OO ®®®0O MODERATE
Glycaemic control

HbA . (mmol/mol or %) 1 145 0.01 (-0.06,0.08)  0.28 (-1.68, 2.24) —— 0.79 NA NA OO0 m O ®®®0O MODERATE

Glucose (mmol/l) 5 606 -0.04 (-0.10,0.02)  -0.58 (-1.46, 0.29) —a 0.46 0% 0.2 ooooao OO0 HIGH

Insulin (pmol/l) 4 440 -7.83(-12.26,-3.39) -1.73 (-2.71,-0.75) —a— 0.0005 0% 0.57 OooO0 =« O ®®®0O MODERATE
Adiposity

Body weight (kg) 6 706 -2.00 (-3.24,-0.75)  -1.29 (-2.08, -0.48) —— 0.002 88% <0.00001 O=eO0OQO ®®®(O MODERATE

BMI (kg/mz) 4 393 -0.98 (-1.19,-0.77)  -4.57 (-5.55,-3.59) —— <0.0001 19% 0.3 ooooo ©ee® HIGH

Waist circumference (cm) 4 454 -1.32(-2.20,-0.43)  -1.47 (-2.44,-0.48) —— 0.003 1% 0.02 OooOO0 = O @®®®0O MODERATE
Blood pressure

Systolic (mmHg) 4 533 -3.35(-5.12,-1.59)  -1.66 (-2.54,-0.79) —— 0.0002 50% 0.11 00O = 0O ®®®0O MODERATE

Diastolic (mmHg) 4 533 -1.50 (-2.62,-0.37)  -1.17 (-2.04, -0.29) —— 0.009 34% 0.21 OooOoO = O ©®®0O MODERATE
Inflammation

CRP (nmol/l) 5 606 -1.91(-6.37,2.55)  -0.38 (-1.25, 0.50) —— 0.4 66% 0.02 OooO0 = O @®®®(O MODERATE

-8.00 -3.00 2.00
Benefit Harm

Fig. 4 Summary plot of the effect of Nordic dietary patterns on cardio-
metabolic risk factors in RCTs. Data are expressed as weighted MDs with
95% Cls using the generic inverse variance method modelled by random
effects ( five trials available) or fixed effects (fewer than five trials avail-
able). To allow the pooled effect estimates for each endpoint to be
displayed on the same axis, MDs were transformed to standardised mean
differences (SMDs). The pseudo 95% CI for each transformed SMD was
derived directly from the original MD and 95% CI. Between-study
heterogeneity was assessed by the Cochran Q statistic, where p<0.10 is
considered statistically significant, and quantified by the /* statistic, where
PP>50% is considered evidence of substantial heterogeneity [61].
Evidence from RCTs is rated as being of high certainty according to the
GRADE approach and can be downgraded in five domains. The filled

@ Springer

black squares indicate where outcomes were downgraded. *Although all
studies were conducted in Nordic countries and in those who were over-
weight or obese, we did not downgrade the evidence in this domain as
there is no biological reason why the results would differ in other popu-
lations. "Unable to assess publication bias because of fewer than ten
studies per outcome. “Because of the difference in directionality of
HDL-cholesterol compared with the other outcomes with regard to the
signal for benefit or harm, the signs for the MD and SMD were changed.
To convert total cholesterol, LDL-cholesterol and HDL-cholesterol to
mg/dl, multiply by 38.67; to convert TG to mg/dl, multiply by 88.57; to
convert blood glucose to mg/dl, multiply by 18.02; to convert CRP to mg/
1, multiply by 0.105. NA, not available
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Subgroup analyses No subgroup analyses were undertaken as
fewer than ten trial comparisons were available for any
outcome.

Publication bias No publication bias analyses were undertak-
en as fewer than ten trial comparisons were available for any
outcome.

Medication use Of the six trials, only two reported medication
use [94, 95]. In one trial, one participant in the New Nordic
Diet group and one in the average Danish diet group began
antihypertensive medication during the study [94], while in
the other trial no changes in dosage of antihypertensive and
lipid-lowering medication were allowed during the study [95].

Adverse events Two trials assessed adverse events [28, 92].
No adverse events were reported.

Acceptability No trials assessed the acceptability of Nordic
dietary patterns. Four trials assessed adherence to the
Nordic dietary pattern, which was reported as satisfactory
or high [28, 91, 94, 95].

GRADE assessments

ESM Table 12 summarises the GRADE assessments of the
associations between Nordic dietary patterns and CVD
outcomes in prospective cohorts. The certainty of evidence
for the primary outcome, total CVD incidence (small impor-
tant reduction), was graded as low owing to downgrades for
imprecision and inconsistency and an upgrade for dose—
response gradient. For the secondary outcomes, the certainty
of evidence was graded as moderate for CVD mortality
(moderate reduction) owing to an upgrade for dose—response
gradient and no downgrades, and low for CHD (small impor-
tant reduction), stroke (small important reduction) and type 2
diabetes (small important reduction) owing to downgrades for
imprecision and upgrades for dose-response gradient in all
cases. NutriGrade assessments gave the same ratings as the
GRADE approach for four out of five (80%) outcomes, and a
lower rating for the remaining outcome (20%) (ESM
Table 13).

ESM Table 14 shows the GRADE assessments conducted
for the effect of Nordic dietary patterns on cardiometabolic
risk factors in RCTs. The certainty of evidence for the primary
outcome, LDL-cholesterol (small important reduction), was
graded as low owing to downgrades for inconsistency and
imprecision. The certainty of evidence for the secondary
outcomes was graded as high for HDL-cholesterol (no
effect), BMI (moderate reduction) and blood glucose (no
effect) in the absence of downgrades, moderate for non-
HDL-cholesterol (large reduction), ApoB (moderate reduc-
tion) and body weight (moderate reduction) owing to

downgrades for inconsistency, and moderate for TG (no
effect), insulin (small important reduction), WC (trivial
reduction), SBP (small important reduction), DBP (trivial
reduction) and CRP (no effect) owing to downgrades for
imprecision. Compared with the GRADE approach,
NutriGrade assessments gave the same ratings for one of
the 14 (7%) outcomes and lower ratings for 13 of 14 (93%)
outcomes (ESM Table 15).

Discussion

We conducted a comprehensive systematic review and meta-
analysis of Nordic dietary patterns and cardiometabolic
outcomes, including 15 prospective cohort studies
(n=1,057,176 with 41,708 cardiovascular events and 13,121
diabetes cases) and six RCTs (n=717). We observed that
Nordic dietary patterns were associated with a small important
reduction in the primary clinical outcome of CVD incidence
(7% by global DRM), with similar or greater reductions in the
secondary clinical outcomes of CVD mortality (26% by glob-
al DRM), CHD incidence (12% by global DRM) and stroke
incidence (13% by global DRM) in adults with diabetes, and
type 2 diabetes incidence (9% by global DRM) in adults with-
out diabetes. These reductions were supported by reductions
in intermediate cardiometabolic outcomes in adults with one
or more risk factor for diabetes. Nordic dietary patterns result-
ed in small important reductions in the primary intermediate
outcome LDL-cholesterol (—0.26 mmol/l) and similar or
greater reductions in the secondary intermediate outcomes of
non-HDL-cholesterol (—0.69 mmol/l), ApoB (=0.15 g/1), body
weight (-2 kg), insulin (=7.83 pmol/l) and SBP (-3.35
mmHg). Other secondary outcomes showed trivial reductions
or no effect.

Findings in the context of the literature We are not aware of
any previous systematic reviews and meta-analyses of prospec-
tive cohort studies of Nordic dictary patterns; however, our
findings agree with those of previous systematic reviews and
meta-analyses of key foods that are emphasised as being part of
Nordic dietary patterns. Systematic reviews and meta-analyses
of prospective cohort studies have demonstrated that total fruit
and vegetable intake is associated with reductions in CVD,
CHD and stroke incidence and/or mortality, with the greatest
benefits found for certain root vegetables (i.e. carrots) and
cruciferous vegetables (including cabbage) [96]. Other key
components of Nordic dietary patterns, including whole grains
(oats and rye) [97, 98], fish [99] and legumes [100], have been
associated with reductions in CVD, stroke and cardiovascular
mortality and/or incidence of type 2 diabetes.

Our findings also agree with and expand on those of several
previous systematic reviews and meta-analyses of RCTs of
Nordic dietary patterns and intermediate cardiometabolic
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outcomes. Three systematic reviews and meta-analyses of
RCTs found reductions in SBP associated with Nordic dietary
patterns [37, 101, 102]. One systematic review and meta-
analysis of RCTs showed similar reductions in blood insulin
levels but not blood glucose levels [38]. A second showed
similar reductions in body weight but not BMI and WC [39,
103]. A third showed no effect of Nordic dietary patterns on
inflammation, which agrees with our finding of no effect on
CRP [40], although a single RCT did report interleukin-1
receptor antagonism [95].

There are several possible explanations for the observed
benefits of Nordic dietary patterns. One is the concordance
of Nordic dietary patterns with Mediterranean, DASH,
Portfolio, healthy vegetarian and low glycaemic index/
load dietary patterns, which are associated with improve-
ments in clinical cardiometabolic outcomes and intermedi-
ate cardiometabolic outcomes [3, 10-12, 104-107]. Key
foods shared with these other dietary patterns [27, 30]
have also been shown to improve intermediate cardiomet-
abolic outcomes. These foods include viscous fibres [108,
109] from oats and barley [110, 111], temperate fruit and
berries [112, 113], nuts [103, 114-116] and legumes
[117-125]. Another possible explanation for the observed
benefits of Nordic dietary patterns is because of weight
loss induced by the interventions. Most of the included
RCTs, however, adjusted for weight [28, 94] or BMI
[91, 93], indicating that effects were largely independent
of weight loss.

Strengths and limitations The present systematic review and
meta-analysis has several strengths. It provides a comprehen-
sive synthesis of the currently available evidence on the poten-
tial role of Nordic dietary patterns in both patient-important
and surrogate CVD outcomes. We used a systematic search
strategy to capture all pertinent prospective cohort studies and
RCTs. We explored dose-responses in prospective cohorts,
which highlighted a significant linear protective association
of Nordic dietary patterns with CVD outcomes. We assessed
the certainty of the evidence using the GRADE approach and
performed a post hoc analysis using NutriGrade (although the
latter was not used to inform our assessment of the certainty of
the evidence as it was not prespecified or endorsed by the
guidelines committee).

Several limitations were identified in the available
evidence. First, there was evidence of serious inconsistencies.
We observed substantial unexplained heterogeneity in the
primary outcomes, total CVD incidence in the prospective
cohort studies and LDL-cholesterol in the RCTs, and in sever-
al of the secondary outcomes in the RCTs. Second, there was
evidence of serious imprecision. We observed imprecision in
the primary outcomes, total CVD incidence in the prospective
cohort studies and LDL-cholesterol in the RCTs, and in sever-
al of the secondary outcomes. Finally, there was some
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evidence of indirectness. Different criteria were used to define
Nordic dietary patterns, which may have contributed to the
heterogeneity observed. We downgraded the evidence for
HbA; because of serious indirectness, as data were available
from only a single RCT of a single Nordic dietary pattern
(Danish official dietary guidelines), limiting generalisability
to other Nordic dietary patterns. We did not, however, down-
grade the evidence for other outcomes because of the use of
different definitions of Nordic dietary patterns, as the evidence
appeared robust to the different definitions. Another potential
source of indirectness was the inability to isolate the effects/
associations in diabetes. Prospective cohort studies did not
provide subgroup data by diabetes status, and none of the
RCTs included individuals with diabetes. We did not down-
grade for indirectness here, as the prospective cohort studies
did include a representative proportion of individuals with
diabetes and the RCTs included individuals at risk for diabe-
tes. The key components of Nordic dietary patterns have also
been shown individually to lower cardiometabolic risk factors
reliably in people with diabetes [108—126].

Implications Dietary interventions remain the cornerstone of
type 2 diabetes and CVD prevention and management
[127-129]. Clinical practice guidelines for obesity, type 2
diabetes and CVD have shifted from focusing on single nutri-
ents to focusing on dietary patterns [127—129]. Nordic dietary
patterns ( >25% energy as whole grains, >175g/day of temper-
ate fruits, >150-200g/day of berries, >175g/day of vegetables,
legumes and canola oil, three or more servings/week of fatty
fish, two or more servings/day of low-fat dairy products) [95]
have important similarities (with some differences [130, 131])
to other established dietary patterns that are high in plant foods
such as the Mediterranean, DASH, Portfolio and vegetarian
dietary patterns. Population intakes of Nordic countries, as
well as other European countries, Canada and the USA, do
not meet the targets for these other dietary patterns [125,
132—-135]. Nordic dietary patterns may provide a promising
alternative to help individuals in Nordic countries and else-
where achieve the cardiometabolic benefits of dietary inter-
ventions. This approach may have impacts beyond health
[136, 137]. As pointed out by the WHO Regional Office for
Europe, the Nordic nutrition recommendations will be the first
nutrition recommendations integrating environmental health
with personal health [137].

Conclusions Adherence to Nordic dietary patterns is associat-
ed with generally small important reductions in major CVD
outcomes and incidence of diabetes and similar or greater
reductions in LDL-cholesterol and other intermediate cardio-
metabolic outcomes. Our confidence in the evidence is gener-
ally low to moderate, with the evidence for reductions in clin-
ical outcomes from prospective cohort studies supported by
reductions in intermediate cardiometabolic outcomes from
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RCTs. Although there is a need for more long-term RCTs
using standard definitions of Nordic dietary patterns that
assess the effects on clinical outcomes and intermediate
cardiometabolic outcomes (especially HbA.) in diabetes,
the available evidence provides a generally good indication
of'the likely benefit of Nordic dietary patterns in adults with or
at risk for diabetes.

Supplementary Information The online version contains peer-reviewed
but unedited supplementary material available at https://doi.org/10.1007/
s00125-022-05760-z.
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