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prevention, so studies increasingly use biomarkers of underlying inflammation and
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metabolic syndrome progression to examine the diet-health relationship. The extent to
which these biomarkers contribute to the body of evidence on healthy dietary patterns is
unknown. The aim of this meta-analysis was to determine the effect of healthy dietary
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adults. A systematic search of Scopus, PubMed, Web of Science, and Cochrane Central Register

Mediterranean diet

of Controlled Trials (all years to April 2015) was conducted. Inclusion criteria were randomized

Biomarkers

controlled trials; effects of dietary patterns assessed on C-reactive protein (CRP), total

C-reactive protein

adiponectin, high-molecular-weight adiponectin, tumor necrosis factor–α, adiponectin:leptin,

Adiponectin

resistin, or retinol binding protein 4. Random effects meta-analyses were conducted to assess
the weighted mean differences in change or final mean values for each outcome. Seventeen
studies were included in the review. These reflected research on dietary patterns associated
with the Mediterranean diet, Nordic diet, Tibetan diet, and the Dietary Approaches to Stop
Hypertension diet. Consumption of a healthy dietary pattern was associated with significant
reductions in CRP (weighted mean difference, −0.75 [−1.16, −0.35]; P = .0003). Non-significant
changes were found for all other biomarkers. This analysis found evidence for favorable effects
of healthy dietary patterns on CRP, with limited evidence for other biomarkers. Future research
should include additional randomized controlled trials incorporating a greater range of dietary
patterns and biomarkers.
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Introduction

The study of the diet-disease relationship has seen a major shift
in focus from single nutrients to that of healthy dietary patterns
[1]. The shift recognizes that individual foods or nutrients are not
eaten in isolation, and there are potential synergistic effects of
multiple components within the diet [2]. This shift is reflected in
dietary guidance, with recent reviews by the 2015 US Dietary
Guidelines Advisory Committee identifying healthy cuisinebased dietary patterns, such as the Mediterranean diet, to be
associated with reduced risk of chronic disease [3]. Likewise,
disease risk is being examined in a more integrated fashion. For
example, the metabolic syndrome (MetS) represents a cluster of
risk factors including abdominal obesity, raised blood pressure,
insulin resistance, and dyslipidemia [4]. The known relationship
between MetS, and cardiovascular disease and type 2 diabetes [5]
highlights the importance of understanding the effects of dietary
patterns on disease progression. Of particular relevance is the
state of chronic, low-grade inflammation indicative of ongoing
pathology, which underpins the MetS (Fig. 1).
A suite of biomarkers has emerged in the literature to
indicate changes in this underlying low grade inflammation
which characterizes the components of the MetS (Fig. 1). For
example, tumor necrosis factor–α (TNF-α), secreted by adipocytes, is a pro-inflammatory cytokine which propagates the
inflammatory response and is associated with low insulin
sensitivity [6]. Pro-inflammatory cytokines stimulate the hepatic
production of C-reactive protein (CRP), another marker of
inflammation [7] and an independent predictor of cardiovascular events [8–11]. The inclusion of CRP in prediction models
based on traditional risk markers improves the prediction of
cardiovascular events [12]. Another adipokine, resistin, increases
the expression of pro-inflammatory cytokines including TNF-α
thus stimulating the inflammatory response [13] and serves as a
biomarker of atherosclerotic risk [14]. Retinol binding protein 4

(RBP4), an adipokine associated with increased body mass index
and visceral adipose tissue, may serve as an early detection
biomarker for type 2 diabetes mellitus [15]. In contrast,
adiponectin is a hormone with anti-inflammatory [16] and
insulin sensitizing effects [17,18], making it a potential biomarker of health, with the high-molecular-weight (HMW) form the
most physiologically active [19]. The ratio of adiponectin to
leptin has also been proposed as biomarker of the metabolic
syndrome [20], and has also been suggested as a method of
assessing insulin resistance [21].
These biomarkers provide insight into the progression and
amelioration of MetS, so they are increasingly used as indicators
of the effect of dietary interventions on health. For example, the
Mediterranean diet (a healthy, cuisine-based dietary pattern) has
been associated with a reduced incidence of MetS [22,23], and
meta-analyses show effects on markers of inflammation [24,25].
These need to be updated with the latest results from the
landmark PREDIMED study [26,27]. Moreover, given the emergence of dietary guidance surrounding dietary patterns, the
effects of healthy dietary patterns in general needs to be
explored, as well as considerations of novel biomarkers of
inflammation such as HMW adiponectin. The aim of this metaanalysis was to determine the effect of interventions targeting
healthy dietary patterns on a range of biomarkers associated
with underlying adiposity, insulin resistance, and inflammation
in adults. It was hypothesized that consumption of a healthy
dietary pattern characterized by higher consumption of vegetables, fruit, wholegrains, and lower consumption of red meat
would result in favorable changes in these biomarkers.

2.

Approach for the meta-analysis

This systematic literature review and meta-analysis followed
the requirements of the PRISMA statement [28] (Supplemental

Fig. 1 – The metabolic syndrome is associated with increased risk of type 2 diabetes (T2DM) and cardiovascular disease (CVD),
underpinned by a chronic state of low-grade inflammation. The relationships with the suite of biomarkers included in this
review are indicated (AD, adiponectin).
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Table 1). The review was registered in PROSPERO, the
international prospective register of systematic reviews
(http://www.crd.york.ac.uk/PROSPERO; registration number:
CRD42015019236).

contacted for additional details. Where a study involved more
than one intervention group meeting the inclusion criteria,
data for the two intervention groups were combined as
recommended by the Cochrane Handbook [29].

2.1.

2.3.

Study selection

One study author (EN) conducted a systematic search of the
databases Scopus, PubMed, Web of Science and Cochrane
Central Register of Controlled Trials (all years to 17 April 2015).
Search terms included (“diet* pattern*” OR “food pattern*” OR
“Mediterranean diet” OR “prudent diet” OR “western diet” OR
“diet* score*” OR “diet* index*”), in combination with (“biomarker*” AND (“metabolic syndrome” OR “metabolic health”))
OR (“tumour necrosis factor” OR “tumor necrosis factor” OR
TNF*) OR (“retinol binding protein 4” OR “RBP4”) OR (“leptin”
OR “leptin:adiponectin” OR “leptin/adiponectin”) OR (“CRP”
OR “hsCRP” OR “high sensitivity C-reactive protein”) OR
(“resistin”) OR (“adiponectin” OR “high molecular weight
adiponectin”). An example of the search strategy is shown in
Supplemental Terms. Articles were restricted to those published in English.
To be included in this review, studies were limited to
randomized controlled trials (including both parallel and
cross-over study designs) to ensure the effects of healthy
dietary patterns on outcomes could be identified compared to
control diets. Studies were further required to meet the
following inclusion criteria: (1) studies conducted in humans
aged 18 years or older; (2) studies which identified a specific
cuisine-based dietary pattern (for example the Mediterranean
diet); (3) studies assessing the effect of dietary patterns on an
outcome of interest (CRP, total and HMW adiponectin, TNF-α,
ratio of adiponectin to leptin, resistin, or RBP4), where the
effect of the dietary pattern could be isolated. In addition, the
following exclusion criteria were applied: (1) studies involving
pregnant or breastfeeding women; (2) studies published as
conference abstracts only; (3) studies reporting only postprandial effects of dietary patterns.
Articles were initially screened based on title and abstract,
with the full text sought if an abstract was not available or did
not provide sufficient information to draw a conclusion
regarding inclusion in the current review. In addition,
reference lists of articles were reviewed to identify additional
relevant articles. Where multiple articles reported results
from the same study, the article reporting the longest followup period was included, to avoid duplication of study
populations.

2.2.

Data extraction

The following data were extracted from each study: citation,
details of study population (including age, gender, and body
mass index), study duration, study design, sample size,
details of the intervention, and outcomes of interest measured. Where possible mean change in outcomes was
extracted, however where this data was not provided mean
final values were extracted for further use, in accordance with
the recommendations in the Cochrane Handbook for Systematic Reviews of Interventions [29]. Where the required data
were not provided in the published article, study authors were

Quality assessment

Risk of bias in each study was assessed using the Cochrane
Collaboration’s tool for assessing risk of bias [29]. The quality
of the body of evidence was then appraised using the GRADE
approach [30]. GRADEproGDT software (GRADEpro. [Computer
program on www.gradepro.org]. Version April 2015. McMaster
University, 2014) was utilized to facilitate this process.

2.4.

Statistical analyses

Data for each study outcome were pooled using Review
Manager (Review Manager (RevMan) [Computer program].
Version 5.3. Copenhagen: The Nordic Cochrane Centre, the
Cochrane Collaboration, 2014). Random effects meta-analyses
were conducted to assess the weighted mean differences
(WMD) (with 95% confidence intervals) in change or final
mean values for each outcome. The consistency of the
weighted mean differences for each outcome was assessed
using the chi-squared test, with I2 calculated using the
formula: I2 = 100% × (Q − df)/Q (where Q is the chi-squared
statistic, and df is the degrees of freedom) [31]. In line with the
recommendations by Higgins et al [31], an I2 value of 75% or
greater was deemed to indicate a high level of inconsistency.
Funnel plots were then generated to assist in the identification of publication bias, and Egger’s test was conducted to
determine the degree of funnel plot asymmetry [32].
Additionally, sub-group analyses were conducted based on
the type of dietary pattern, final versus change values,
duration of intervention (less than three months versus
three months or greater), and the risk of bias. Studies were
also compared based on whether significant differences in
weight loss were found between the intervention and control
groups. Sensitivity analyses were also conducted by excluding
studies with participants with chronic renal failure [33],
asymptomatic asthma [34] and rheumatoid arthritis [35].

3.

Findings of dietary pattern and health

3.1.

Description of the included studies

A total of 737 articles were assessed for eligibility in the
review. Following application of the exclusion criteria, 18
articles describing 17 studies were included in the review.
Fig. 2 displays the process of study selection [28].
Included studies assessed the effects of dietary patterns
such as the Mediterranean diet (n = 13), the Nordic diet (n = 2),
the Tibetan diet (n = 1), and the Dietary Approaches to Stop
Hypertension (DASH) diet (n = 1) on outcomes, with studies
grouped according to dietary pattern classification from the
original study. Characteristics of included studies, including
key components of intervention and control diets are
displayed in Table 1. The study duration ranged from 28
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Records identified through
database searching
(n = 1592)

Additional records identified
through other sources
(n = 5)

Included

Eligibility

Screening

Records after duplicates removed
(n = 737)

Records excluded, with reasons

Records screened
(n = 737)

Full-text articles assessed
for eligibility
(n = 214)

Articles included in
qualitative synthesis
(n =18 [n=17 studies])

Articles included in quantitative
synthesis (meta-analysis)
(n =18 [n=17 studies])
CRP: n = 15 studies
Adiponectin: n = 4 studies
TNF-α: n = 3 studies
HMW adiponectin: n = 2 studies
Resistin:n = 2 studies
Adiponectin:leptin: n = 1 study
RBP4: n = 1 study

Animal study: n = 171
Review: n = 146
Not intervention of interest: 141
Not RCT design: n = 55
Not population of interest: n = 8
Not outcome of interest: n = 2

Full-text articles excluded, with reasons
Not RCT design: n = 62
Did not investigate dietary patterns: n = 39
Not outcome of interest: n = 31
Review: n = 22
Not possible to isolate effects of dietary
pattern change: n = 15
Not population of interest: n = 7
Conference abstract only: n = 5
Study protocol: n = 5
Duplicating results or populations from
other studies: n = 4
Not assessing effect of dietary patterns on
outcome: n = 3
Post-prandial measures only: n =3

Fig. 2 – Flow chart of study selection.

days to 2 years. Studies were conducted in range of countries
including: the United States of America [36,37], Israel [38], Spain
[26,27,39], Sweden [35,40], Greece [41], Italy [42–44], Algeria [33],
Australia [45], New Zealand [34], Denmark [46], Germany [47],
and, in the case of Uusitupa et al [48], across multiple European
countries (Finland, Sweden, Denmark, and Iceland). Studies
involved both males and females [26,27,33–36,38–41,43,45–48],
or females only [37,42,44] and participant’s mean body mass
index (BMI) ranged from 24 kg/m2 [37] to 34.9 kg/m2 [44].

3.2.

Effect of dietary patterns on study outcomes

Consumption of a healthy dietary pattern was associated
with a significant greater reduction in CRP compared to
control diets (WMD, −0.75 mg/L (95% CI −1.16, −0.35), P =
.0003, I2= 90%) (Fig. 3).
Compared to control, non-significant increases in total and
HMW adiponectin, TNF-α, and resistin were found following
consumption of healthy dietary patterns (Table 2, Supplemental Fig. 1a-d). The availability of one study each for RBP4 and
adiponectin:leptin meant that meta-analyses could not be

conducted for these outcomes. Non-significant changes between groups were found for RBP4 (Mediterranean diet: −8.85 ±
35.87 μg/mL, low-fat diet: −4.78 ± 36.19 μg/mL [38]), and
adiponectin:leptin (Mediterranean diet + olive oil: 8.1 ± 21.9,
Mediterranean diet + nuts: 7.4 ± 19.8, low-fat diet: 6.7 ± 25 [27]).
The results of the risk of bias assessment are shown in Fig. 4
and Supplemental Fig. 2. The quality of the evidence for CRP
and HMW adiponectin was downgraded to low due to the
level of inconsistency found between studies. In comparison,
the quality of the evidence for other outcomes was moderate
(Table 2, Supplemental materials).

3.3.
Subgroup analyses, sensitivity analyses, and
assessment of publication bias
Sub-group analyses based on final versus change values, diet
type, risk of bias, and duration of intervention are shown in
Supplemental Fig. 4a-i. Significant reductions in CRP were
only found for trials investigating the Mediterranean diet,
those with a low risk of bias, or those which ran for three
months or more. There was no evidence of sub-group

N U T RI TI O N RE S E ARCH 3 6 ( 2 0 16 ) 3 9 1–4 01

differences when studies with significant differences in
weight loss between groups were compared to studies
without differences in weight loss (test for subgroup differences: χ2 = 0.28, df = 1 (P = .60), I2 = 0%, data not shown).
Sensitivity analyses which involved excluding studies with
participants with chronic renal failure, asymptomatic asthma, and rheumatoid arthritis did not change the interpretation of the significance of the effect of dietary patterns on CRP
levels (WMD, −0.56 (95% CI, −0.88 to −0.23); P < .0001)
(Supplemental Fig. 5).
Due to the small number of studies available for most
outcomes, funnel plots were only generated for CRP (Fig. 5).
Egger’s test did not indicate the presence of asymmetry in the
funnel plot (bias = 0.66 (95% CI = −1.80 to 3.12), P = .57),
suggesting publication bias was not detected.

4.

Discussion

The dietary patterns identified in this review were characterized as plant food based (mostly fruit, vegetables, and
wholegrains and with little red meat). CRP was the only
biomarker to emerge with substantial evidence for a relationship with healthy dietary patterns, namely that healthy
dietary patterns reduced CRP levels compared to control
diets. Sub-group analysis showed the effect was demonstrated with the Mediterranean diet, and in studies with intervention duration of three months or more. Significant effects of
healthy dietary patterns were not found for other defined
biomarkers, although there were trends for increases in total
and HMW adiponectin. The lack of evidence may have
reflected the small number of available studies for the
analysis, highlighting the need for additional randomized
controlled trials assessing the effects of cuisine-based dietary
patterns on emerging biomarkers including total and HMW
adiponectin, TNF-α, resistin, adiponectin:leptin and RBP4.
The finding for CRP is consistent with the concept of
healthy diets affording protective effects from a number of
different perspectives; given the delivery of multiple compounds in the forms of foods and nutrients. CRP acts in a
number of ways that promote the development of atherosclerosis: prompting oxidation of low-density lipoprotein and
the production of cell adhesion molecules, and decreasing
production of nitric oxide [7]. The results of large prospective
cohort studies suggest that CRP is an independent predictor of
cardiovascular events [8–11]. In the present analysis, significant reductions in CRP following consumption of healthy
dietary patterns suggest an attenuation of the inflammatory
process, and thereby improved cardiovascular health. Even
so, substantial inconsistency amongst the results of these
studies meant the quality of the body of evidence was “low”.
The inconsistency was somewhat attenuated in sensitivity
analyses when studies involving participants with chronic
renal failure, asymptomatic asthma, and rheumatoid arthritis
were excluded, suggesting that underlying levels of inflammation in other disease entities create a more complex
scenario. Other reasons for this inconsistency could not be
identified, however the level of inconsistency is similar to
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that reported in a previous analysis of the effects of the
Mediterranean diet on CRP [24].
Sub-group analyses suggested that the effect may be timedependent, as a significant pooled effect was only found for
those studies with duration of three months or more.
Grouping patterns by diet type limited the finding to the
Mediterranean diet, suggesting that drawing conclusions on
the effects of other healthy dietary patterns (for example
DASH, Nordic or Tibetan) requires more studies. The results
were consistent with that of observational studies showing
adherence to a Mediterranean dietary pattern is associated
with reduced inflammation [49–51], reduced incidence of the
metabolic syndrome [22,23] and a reduced risk of cardiovascular disease [52,53].
Despite the relative lack of studies on other healthy
dietary patterns, examining the food components of the
Mediterranean diet may build links with other patterns. Olive
oil is a key component of most of the Mediterranean diet
research. Compared to a Western diet, consumption of a
Mediterranean diet rich in olive oil reduces activation of
nuclear transcription factor κB, a transcription factor heavily
involved in the inflammation process, in peripheral blood
mononuclear cells [54]. The PREDIMED trial showed that a
Mediterranean diet rich in olive oil attenuated the expression
of pro-inflammatory genes cyclooxygenase-2 and monocyte
chemoattractant protein-1, compared to a Mediterranean
diet supplemented with nuts, or a control diet [55]. The
consumption of fish may attenuate inflammation via its long
chain omega-3 polyunsaturated fatty acid content, which,
amongst other effects, decrease the production of prostaglandins, thromboxanes and leukotrienes associated with
inflammation, and act as ligands for PPARγ, thus regulating
the expression of inflammatory genes [56]. There is likely to
be an additive effect of these and other foods contained in
healthy dietary patterns. Focusing on individual foods helps
to identify key food components which may be present in
other dietary patterns.
Despite indications that adiponectin may be a useful
biomarker of protective dietary effects, there were not
enough studies to draw conclusions from our review. The
consumption of healthy dietary patterns was associated
with non-significant increases in total adiponectin from
an evidence base of four studies [27,39,42,44], and in high
molecular weight adiponectin from only two studies [38,48]. A
single study reported non-significant increases in the
adiponectin:leptin ratio [27]. Adiponectin has been proposed
as a metabolic biomarker due to its diverse anti-inflammatory, insulin sensitizing and anti-obesity effects [57]. Observational evidence has linked adherence to healthier dietary
patterns with increased adiponectin levels [58–60]. A limited
number of studies which assessed the effect of dietary
patterns on total and HMW adiponectin were available in
the current analysis, and the lack of a significant effect may
have been the result of changes in body weight overpowering
the effects of dietary pattern change [38], or the absence of
large dietary differences between the control and intervention
groups as seen in the PREDIMED study [61]. These results
appear to contrast with a previous meta-analysis [24], but that
did not include results for adiponectin in PREDIMED [27]
published afterwards. Our analysis, which also considered
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Table 1 – Characteristics of studies examining the effect of dietary patterns on biomarkers of metabolic health
Citation
location

and

Study
design

Duration Intervention
(wk)

Control diet

Outcomes
measured

Adults (aged 30-65 years)
elevated LDL cholesterol,
mean body mass index (BMI):
27.5 kg/m2
Adults (aged 40–60 years), with
either a minimum BMI of
27 kg/m2 or type 2 diabetes,
mean BMI: 30.9 kg/m2

RCT
DASH
(crossover)

5

Dietary approaches to stop hypertension
(DASH): rich in fruit, vegetables, lower fat dairy,
lean meat, and wholegrains

Healthy American diet: including full-fat
cheese and dairy, more oil and butter, and
refined grains

CRP

RCT
(parallel)

35 (DASH arm)
33 (Healthy
American Diet
arm)
Mediterranean 204 (in
Mediterranean
and low fat
groups)

104

Moderate fat, restricted calorie Mediterranean
diet: 1500 kcal/d for women and 1800 kcal/d
for men (no more than 35% calories from fat).
The diet was rich in vegetables, olive oil and
nuts and low in red meat with poultry and fish
replacing beef and lamb.

HMW
adiponectin,
leptin, CRP,
RBP4

RCT
(parallel)

Mediterranean 191 (all
outcomes
other than
CRP) 164 (CRP)

52

Low fat, restricted calorie diet: isocaloric with
intervention, with 30% calories from fat, 10%
calories from saturated fat and 300 mg
cholesterol/day. Diet included low-fat grains,
vegetables, fruits and legumes, and limit
consumption of additional fats, sweets and
high-fat snacks
Low-fat diet (control)

Lasa et al
(2014) [27]
Casas et al
(2014) [26] Spain

Adults (aged 55-80 years), with
type 2 diabetes or 3 or more
CHD risk factors, mean BMI:
29.8 kg/m2 (Lasa et al, 2014)
28.1 kg/m2 (Casas et al, 2014)

Healthy adults (mean age 43
years), mean BMI: 25.9 kg/m2

RCT
(crossover
design)

Mediterranean 22

4

Adults with mild
hypercholesterolaemia (total
cholesterol: 5.2-6.4 mmol/L),
mean BMI: 27.6 kg/m2
Overweight and obese women
(age range, 30–50 years), mean
BMI: 34.3 kg/m2

RCT
(parallel
design)

Mediterranean 100 (in groups
2 and 3)

16

1. Mediterranean diet supplemented with olive oil 2.
Mediterranean diet supplemented with
mixed nuts Advised to increase consumption of fruit,
vegetables, legumes and fish, reduce
consumption of meat (particularly red and processed meat),
prepare home-made tomato sauces,
avoid butter, cream, fast food, sweets, pastries and
sugar-sweetened beverages, and to consume
moderate amounts of red wine
Groups 1 and 2 combined for analysis
Mediterranean-inspired diet (MID) MID contained fruit,
Ordinary Swedish diet
vegetables, fish, plant sterols and
slow-release carbohydrates, and was higher in fibre,
antioxidants, long chain omega-3
polyunsaturated fatty acids than the Ordinary Swedish Diet
Advised to adhere to a Mediterranean diet
Step I hypolipidemic diet plus spread without
plant sterol esters

Ambring et al
(2006) [40] Sweden

Athyros et al
(2011) [41] Greece

RCT
(parallel
design)

Mediterranean 20

8

Djuric et al
(2009) [37] USA

Adult women (aged 25–65
years), generally healthy,
mean BMI: 24 kg/m2

RCT
(parallel)

Mediterranean 60

26

Esposito et al
(2003) [44] Italy

Premenopausal obese women RCT
(20 – 46 years), without
(parallel
diabetes, hypertension or
design)
hypercholestaemia, mean BMI:
34.9 kg/m2

Mediterranean 120

104

Roussell et al
(2012) [36] USA

Bluher et al
(2012) [38] Israel

Buscemi et al
(2009) [42] Italy

Dietary
pattern

Sample size

Mediterranean diet: composition: 55% carbohydrate,
25% lipids (20% saturated fatty acids,
67% monounsaturated fatty acids, 13%
polyunsaturated fatty acids), 20% protein,
30 g fibre, 250 mg cholesterol) All participants
were instructed to consume 20 kcal/kg weight daily.
Mediterranean intervention: given dietary advice to increase
fruit and vegetable intake to 7–9 servings per day, and to
achieve a polyunsaturated fatty acid/saturated fatty acid/
monounsaturated fatty acid ratio of 1:2:5
Mediterranean diet: Given detailed lifestyle advice including
behavioural and physical activity advice and were prescribed
a Mediterranean-style diet (50-60% carbohydrate, 15-20%
protein, <30% fat, <10% saturated fat, 10-15%
monounsaturated fat, 5-8% polyunsaturated fat, and 18 g of
fibre per 1000 kcal), including wholegrain products, legumes,
fruit, vegetables, fish and olive oil

Total
adiponectin,
TNF-α,
leptin,
resistin,
adiponectin:
leptin ratio,
CRP

CRP

CRP

Atkins low-carbohydrate diet (composition:
Total
20% carbohydrate, 55% lipids (25% saturated
adiponectin,
fatty acids, 60% monounsaturated fatty acids, TNF-α
15% polyunsaturated fatty acids), 25% protein,
15 g fibre, 400 mg cholesterol)
Given general written advice (National Cancer
Institute's Action Guide to Healthy Eating),

CRP

Received general information about healthy
food choices and exercise

CRP, total
adiponectin
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Population

Esposito et al
(2004) [43] Italy

Adults with the metabolic
syndrome (as defined by Adult
Treatment Panel III), mean
BMI: 28 kg/m2

Itsiopoulos et al
(2011) [45] Australia

RCT
(parallel
design)

104

Adults (aged 47-77 years) with RCT
(crossover)
well-controlled type 2
diabetes, mean BMI: 30.2 kg/m2

Mediterranean 26

12

Mekki et al (2010)
[33] Algeria

Adults (mean age 61 years), with RCT
chronic renal failure (undialyzed), (parallel)
mean BMI: 26.1 kg/m2

Mediterranean 40

12

Paniagua et al
(2007) [39] Spain

Overweight adults (mean age 62
years) with insulin resistance,
mean BMI: 32.6 kg/m2

RCT
(crossover)

Mediterranean 11

4

Sexton et al
(2013) [34] New
Zealand

Adults with symptomatic
asthma, mean BMI: 25.6 kg/m2

RCT
(parallel)

Mediterranean 23 (in Groups 1 12
and 3)

Skoldstam et al
(2003) [35] Sweden

Adults with diagnosed
rheumatoid arthritis (stable
and under adequate control),
mean BMI: 27 kg/m2

RCT
(parallel)

Mediterranean 48

12

Poulsen et al (2014)
[46] Denmark

Adults (aged 20-66 years) with
central adiposity (≥80 cm for
females, ≥94 cm for males),
mean BMI: 30.2 kg/m2
Adults (mean age 55 years), with
features of the metabolic
syndrome, mean BMI: 31.6 kg/m2

RCT
(parallel)

Nordic

146

26

RCT
(parallel)

Nordic

154 (CRP) 156
(HMW
adiponectin)

18-24

Adults with significant
coronary artery disease, who
were overweight or obese with
at least two other metabolic
syndrome components, mean
BMI: 30.4 kg/m2

RCT
(parallel)

Tibetan

489

26

Uusitupa et al
(2013) [48] Finland,
Sweden,
Denmark, Iceland

von Haehling
et al (2013) [47]
Germany

Mediterranean diet: Given detailed lifestyle advice including
behavioural and physical activity advice and were prescribed
a Mediterranean-style diet (50-60% carbohydrate, 15-20%
protein, <30% fat, <10% saturated fat, <300 mg/d cholesterol).
Intervention participants were instructed to consume at
least 250-300 g fruit, 125-150 g vegetables, 25-50 g walnuts,
400 g wholegrains per day and increase consumption of olive
oil
Mediterranean diet: majority of meals provided to
participants, including traditional cooked meals, wholegrain
bread, olives, dried fruit, nuts, Greek coffee, herbal tea, extra
virgin olive oil. Participants were also advised to consume 3
serves of fruit per day.
Nutritional advice based on the National Kidney FoundationKidney Disease Outcomes Quality Initiative adapted to a
Mediterranean diet. Participants were encouraged to
consume olive oil and nuts, wholegrains, fruit, vegetables
and fish
Mediterranean diet: high fat, monounsaturated fat rich diet
(47% carbohydrate, 38% fat (9% saturated fat, 23%
monounsaturated fat (75% of which was provided as extra
virgin olive oil), 6% polyunsaturated fat) 3. high saturated fat
diet (47% carbohydrate, 15% protein, 38% fat (23% saturated
fat, 9% monounsaturated fat, 6% polyunsaturated fat)
High-intervention Mediterranean diet group (received
intensive advice from a dietitian (41 hours total) and
supplied with olive oil and vouchers for the purchase of
appropriate foods)
Cretan Mediterranean diet (adapted for Swedish
participants): encouraging the use of olive and canola oil,
lower amounts of dairy, or reduced fat dairy products, green
or black tea (to provide polyphenols). Olive and canola oil,
liquid margarine, spreadable margarine, frozen vegetables
and tea were provided to participants
New Nordic Diet: based on fruits, vegetables, potatoes, fresh
herbs, plants, mushrooms, nuts, wholegrains, meats from
livestock and game, fish and shellfish, seaweed. Foods and
beverages were provided in a study shop
Healthy Nordic diet (emphasizing wholegrain products, use
of berries, fruit, vegetables, rapeseed oil, fish (3 times per
week), low-fat dairy products and avoidance of sugar
sweetened products. Participants were provided with
wholegrain products, berry products and rapeseed oil. Fish
was either provided or cost of consuming fish was covered.)
Tibetan diet, including focusing on high protein and vitamin
rich food

Received general information about healthy
food choices and exercise (recommended
dietary composition was: 50-60%
carbohydrate, 15-20% protein, <30% fat)

CRP

Habitual diet

CRP

Nutritional advice based on the National
CRP
Kidney Foundation-Kidney Disease Outcomes
Quality Initiative

low-fat, high carbohydrate diet (65%
carbohydrate, 20% fat (6% saturated fat, 8%
monounsaturated fat, 6% polyunsaturated
fat)

Total
adiponectin,
resistin

Received one session with dietitian, recipes
and free food at the end of the study

CRP, TNF-α

Habitual diet

CRP

Average Danish Diet: including refined grains,
meat, dairy and cheese, sugary products,
convenience foods, low-fibre vegetables and
imported fruits
Control (including refined cereal products,
200-250 g fruit and vegetables per day, butter,
dairy products, ≤ fish meal per week, with no
limitations on meat or beverages. Participants
were provided with low-fibre cereal products
and dairy fat-based spread)
Western diet, based on standard diet and
lifestyle advice issued by the American Heart
Association and the German Academy and
Society of Nutritional Medicine

CRP

CRP, HMW
adiponectin
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Mediterranean 180

CRP

397

398
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Fig. 3 – Change in C-reactive protein (mg/L) between dietary patterns and control (presented as sub-groups based on mean final
or change values for readability). Diamond indicates weighted mean difference with 95% confidence intervals. MD,
Mediterranean diet; ND, Nordic diet; TD, Tibetan diet.

total and HMW adiponectin as separate outcomes, updates
the evidence base in this regard.
Our analysis found the consumption of healthy dietary
patterns was associated with non-significant increases in
TNF-α and resistin levels. These results contrast with those
found in observational research [59], although there were few
studies available for our purposes, and in most cases the
studies had small sample sizes [34,39,42]. The effect of a
healthy dietary pattern on RBP4, a potential biomarker for the
development of type 2 diabetes, was only assessed in one
study [38], where a non-significant reduction in RBP4 was
reported. There are clearly gaps in the evidence base which
require more studies.
This meta-analysis was the first to explore the effects of
multiple healthy dietary patterns on a range of biomarkers
associated with the development of MetS, including changes
to the inflammatory state, with implications for glucose
metabolism, and the development of atherosclerosis. We
considered a range of healthy dietary patterns, explored
possible markers of health protection in HMW and total
adiponectin, and included the most recent results from the

PREDIMED trial. We attempted to broaden the scope of
investigation by considering dietary patterns associated with
multiple cultural backgrounds, and found research beyond
the Mediterranean diet quite minimal.
Our analysis was limited by the small number of studies
assessing the effect of dietary patterns on biomarkers of
interest, including TNF-α, HMW adiponectin, adiponectin:
leptin, resistin, and RBP4. As a result, the findings for these
outcomes should be interpreted with caution. Studies involving pregnant or breastfeeding woman were also excluded
from the analysis. Whilst this is in line with other systematic
literature reviews assessing the effects of dietary interventions on biomarkers of inflammation [62–65], it should be
noted that the findings of the present review may not apply to
pregnant or breastfeeding women. Even though care was
taken to restrict studies to those identified as using cuisinebased dietary patterns, patterns were grouped based on
classifications by study authors, meaning variations existed
between studies in regards to the types and quantities of
foods, as well as the degree of compliance to dietary targets,
which may have accounted for differences in results.

Table 2 – Changes in CRP, total and HMW adiponectin, adiponectin:leptin, TNF-α and resistin following consumption of
healthy dietary patterns, compared to control
Outcome

No. of analyses

No. of participants

Effect estimate

Inconsistency (I2)

GRADE quality
of evidence

CRP (mg/L)
Total adiponectin
(<mu>g/mL)
TNF-α (pg/mL)
HMW adiponectin
(<mu>g/L)
Resistin (ng/mL)

15
4

1892
353

−0.75 (−1.16, −0.35), P = .0003
0.59 (−0.82, 2.00), P = .41

90%
25%

Low
Moderate

3
2

234
360

0.17 (−0.38, 0.72), P = .54
0.39 (−0.53, 1.32), P = .41

0%
58%

Moderate
Low

2

213

0.04 (−0.08, 0.16), P = .53

0%

Moderate

N U T RI TI O N RE S E ARCH 3 6 ( 2 0 16 ) 3 9 1–4 01
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Fig. 4 – Risk of bias assessment as proportion of total studies.

Although variations in smoking status, co-morbidities and
physical activity prescriptions did exist between studies, no
differences in these factors were reported between treatment
groups in individual studies, allowing the effect of the dietary
pattern to be isolated. Differences in study results for CRP
were also not attributable to whether significant differences
in weight loss were achieved, suggesting these effects were
not only due to weight loss.
This meta-analysis of the effects of healthy dietary
patterns on biomarkers of inflammation, adiposity, and
insulin resistance suggests that consumption of dietary
patterns rich in fruits, vegetables, wholegrains and with
reduced intakes of red meat resulted in decreases in levels
of CRP, suggesting attenuation of the inflammatory state.
Non-significant increases in total and HMW adiponectin were
found with consumption of healthy dietary patterns, although the results should be interpreted with caution due to
the small number of studies available. Similarly, the body of
evidence for the effect of dietary patterns on TNF-α, resistin,
adiponectin:leptin and RBP4 was small and often limited by
studies with small sample sizes. In order to further elucidate
the effects of dietary patterns on these emerging biomarkers
of health, future research should include additional randomized controlled trials with appropriate dietary comparator

groups, and should focus on a greater range of dietary
patterns and study outcomes.
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