
Overview of the articles 

 

The articles listed below were identified in the literature search. The articles marked in bold are selected for the summary in the chapter. 

 

Extracted data and comments for all articles, as well as the quality of the selected articles, have been checked by Lars T. Fadnes, except for the studies on fruit juice 

and potatoes. The extracted data for the selected articles on fruit juice and potatoes have been checked by Christine Delisle Nyström. 

 

The main search was done 4th of April 2021. A preliminary update of the search was done in November 2021 and again in May 2022.  

A full update of the search was done 1st of February 2023, with a complementation 28th of February 2023 (since the search string in the first update was only until 

2022). 

 

  



Umbrella reviews for NCDs (some more umbrella reviews are listed further down, for asthma and fruit juice) 
 

Author 
year 

Scope of the umbrella 
review 

Exposures Outcomes Results Quality/comments 

Wang et al 2022 
(1) Added in 
updated search 3 

22 Nov 2021 
n=24 (SR or MA) 

Diet, nutrition Biliary tract diseases 
(cancer, gallstone) 

Fruits and vegetable seem protective Not specifically investigating fruits 
and vegetables 

Webster et al 
2021 (2) 
Added in updated 
search 3 

Nov 2020 
Meta-analyses 
n=16 

Diet (including food 
groups, dietary 
patterns) 

Hip fracture Inverse associations for fruits and 
vegetables combined – low quality of 
evidence. 

The latest meta-analysis by 
Brondani 2019 is included below. 

Wallace et al 
2019 (3) 

May 2019 
n=not clearly described, 
but a list presented in the 
table 
 

Fruits and vegetables 
separately and 
combined 

Incidence and/or 
mortality of NCDs 
 

 Not identified in the search (not 
classified as a systematic review). 
No clear description of the 
selection of articles. 
Mix of narrative approach 

Kwok et al  
2019 (4) 

Aug 2018 Several individual 
dietary components  

Risk of CVD or 
mortality  

 This article is covered by Aune. 

Yip et al 
2019 (5) 

April 2018 
Meta-analyses 
n=64 

Fruits and vegetables 
separately and 
combined. 
dose-response 

Incidence and/or 
mortality of NCDs 
(Burden of disease) 

Summary of relevant meta-analysis Seems good. The included 
studied are checked. There are 
also additional studies after April 
2018. 

Angelino et al 
2019 (6) 

Jan 2017 
Reviews of cohort studies 
or RCTs 
n=58 (fruit) 
n=59 (vegetables)  

Fruits and vegetables 
separately (not 
combined) 

All types of NCDs 
(no intermediary 
biomarkers) 

Fruit 
Probable: CVC 
Possible: depression, pancreatic 
disease 
Limited: Asthma, CHD (total), 
hypertension, mortality (all-cause, 
DVD), stroke (total), T2DM 
 
Vegetables 
Probable: cataract, CVD 
Possible: hip fracture, stroke, 
depression, pancreatic disease 
Limited: CHD, hypertension, mortality 
(all-cause, CVD) 
No evidence: T2D 
 

Investigates fruit and vegetables 
separately only, not combined. 
Some weaknesses such as 
protocol missing, not clarified who 
did what. 
Not a very recent umbrella review. 
The included studies are checked, 
and one study is added below on 
age-related cataract that was not 
included in my search. Otherwise, 
studies included in this review are 
covered below. 

Micha et al 
2017 (7) 

1 May 2015 
Meta-analysis of RCTs or 
prospective cohort 
studies and two new 
meta-analyses. 
n=23 
 
Fruit and vegetables are 
based on three meta-
analyses: Gan 2015 

Dietary factors (foods 
and nutrients) 

CVD 
CHD 
Stroke 
Diabetes 
 

Low intake of fruit and vegetables 
(and also other foods) were identified 
as having an etiological protective 
effect on coronary heart disease and 
stroke, with probable or convincing 
evidence using Bradford-Hill criteria. 
  

Assessment of etiologic effects of 
foods and nutrients and optimal 
intakes. Some important and 
more comprehensive meta-
analyses on CVD and mortality 
have been published since May 
2015 though.  



below regarding, plus de 
novo meta-analysis 

Deng et al 
2016 (8) 

September 2015 
n=3 for fruits and 
vegetables 

Food groups Stroke risk  This article is covered by Aune 

 
 
 
 
CVD 
 
 

    

Author 
year 

Scope of the SR/MA 
(search date and 
number of studies 
included) 

Exposures Outcomes Results (SR/MA) Quality/comments* 

Sun et al (2022) 
(9) 

10 Feb 2022 
Prospective studies 
n=28 for fruit 
n=6 for 100 % fruit juice 

Fructose containing 
food sources, 
including fruits and 
fruit juice 
 

CVD incidence and 
mortality 

MA: Reduced risk reductions seen 
for fruit intake and CVD, CHD and 
stroke. Dose-dependent 
association with a threshold of 400 
g/d. 

High quality. Is now included in 
the text, but only include fruit and 
not focused on fruit and 
vegetables, so not included in 
table 1. 
 

Bhandari et al 
2023 (10) 

Jan 2022 
Prospective studies with 
repeated measurements 
of diet (hence the low 
number of studies) 
n=3 for fruits and 
vegetables 

Ten food groups, 
including fruit and 
vegetables 

CVD mortality MA: Reduced risk reduction (0.7). 
However, only three studies of which 
one on apples only, one on 
vegetables and one on fruits. 

Few studies. 

Zurbau et al 
2020 (11) 
 

June 2019 
Prospective studies 
n=81 cohorts  
(117 studies) 

Fruits and vegetables 
separately and 
combined. 
Different types of fruits 
and vegetables, 
including berries and 
fruit juice and dried 
fruits (potatoes not 
analysed). 
Highest vs lowest 
(not dose-response) 

CVD, CHD and stroke 
incidence and 
mortality separately  

MA: Risk reductions shown for both 
fruits and vegetables and fruits and 
vegetables combined for all 
outcomes. 
Beneficial effects from some fruits 
and vegetables. 

A2: High (11) 

Bechthold et al 
2017 (12) 

March 2017 
Prospective studies 
(cohort, case-control, 
follow-up of RCTs) 
n=19 for vegetables 
(cohorts) 
n=17 for fruits (cohorts) 

Twelve food groups, 
including fruits and 
vegetables 
dose-response 

CVD total and CHD, 
stroke, heart failure 
(incidence or 
mortality, but not 
clearly stated) 

MA: Risk reductions for both fruit and 
vegetables (not studied combined). 
Moderate or low quality of evidence. 

A2: High (12; and >13 according 
to Yip, but Aune was selected by 
Yip instead), a comment 
regarding change of protocol. Not 
primarily focused on fruit and 
vegetables. 



Aune et al  
2017 (13) 

29 September 2016 
Prospective studies 
n=95 cohort studies  
(142 publications) 
 

Fruits and vegetables 
separately and 
combined. 
Dose-response. 
Different types of fruits 
and vegetables 
including berries, fruit 
juice, dried fruits and 
potatoes. 

Incidence or mortality 
from:  
CHD 
Stroke 
Total CVD 
Total cancer  
All-cause mortality 

MA: Risk reductions shown for both 
fruits and vegetables and fruits and 
vegetables combined for all 
outcomes. 
Beneficial effects from some fruits 
and vegetables.  

A2: High (11.5 and 12.5 according 
to Yip) 

Zhan et al 
2017 (14) 

June 2014 
Prospective cohort 
studies 
n=38 studies  
(47 cohorts) 

Fruits and vegetables 
separately and 
combined. 
 

CVD mortality and 
incidence 

MA: Risk reductions shown for both 
fruits and vegetables and fruits and 
vegetables combined for all 
outcomes. 
 

Should be covered by Zurbau. Not 
fully evaluated, but no published 
protocol, no clear search strategy. 

Lippi et al 
2016 (15) 

Date not stated. 
Prospective and case-
control 
n=4 prospective 
n=1 case-control 

Vegetable intake Venous 
thromboemolism. 

SR: No clear support of a protective 
effect. 

Less relevant outcome. Very short 
method section, no 
exclusion/inclusion criteria e.g., or 
method for quality evaluation. 

Gan et al 
2015 (16) 

July 2014 
Prospective cohort 
studies  
n=23 

Fruits and vegetables 
separately and 
combined 
Dose-response 
 

CHD risk MA: Risk reductions shown for both 
fruits and vegetables and fruits and 
vegetables combined. 

Should be covered by Aune. 

Hu et al 
2014 (17) 

January 2014 
Prospective cohort 
studies 
n=24 studies  
(20 cohorts) 

Fruits and vegetables 
separately and 
combined. 
Dose-response 
 

Stroke MA: Reduced risks. Should be covered by Aune and 
Zurbau.  

Wang et al  
2014 (18) 

30 Aug 2013 
Prospective cohort 
studies 
n=16 

Fruits and vegetables 
separately and 
combined. 
Dose-response 
 

Risk of all-cause, 
cancer and CVD 
mortality (not 
incidence) 

MA: Risk reductions shown for both 
fruits and vegetables and fruits and 
vegetables combined for all 
outcomes (approx. 5%) 

Should be covered by Zurbau. Is 
also commented upon in Aunes 
introduction. A2: 13 according to 
Yip. 

Sherzai et al 
2012 (19) 

Not stated 
Epidemiologic studies 
n=34 

Dietary patterns as 
well as food groups, 
incl. fruit and 
vegetables 

Risk of stroke MA: Protective effect from fruit and 
vegetables 

Should be covered by Aune and 
Zurbau. 

 
 
 
 
 
Total mortality 
 
 

 

Wang et al 
2021 (20) 

Sept 2018 
Prospective studies 

Fruit and vegetables All-cause mortality Lowest risk reduction at around  A2: High (12) 
 



 n=24 cohorts 
 
+ Analysis of NHS and 
HPFS regarding cause-
specific mortality and 
subgroups of fruits and 
vegetables 

(subtypes only for the 
2 US cohorts) 

5 servings of fruit and vegetables (23 
% risk reduction) 
2 servings of fruit 
3 servings of vegetables 
Minimal risk reduction above this 
intake. 

 
Comments on Aune, not Zurbau 
regarding the 2 cohorts and 
analysis of subgroups of fruit and 
vegetables. 

Schwingshackl 
et al (21) 
2017 

31 Dec 2016 
Prospective studies 
n=37 for vegetables 
n=34 for fruit 

Several food groups, 
including fruits and 
vegetables. 
Dose-response 

All-cause mortality MA: Risk reductions shown for both 
fruits and vegetables. 
 

A2: Same protocol and methods 
as Bechthold above.  
 

Aune et al  
2017 (13)  

29 Sep 2016 
Prospective studies 
n=95 studies  
(142 publications) 
 

Fruit and vegetable 
consumption. 
Dose-response 
Different types of fruit 
and vegetables, 
including potatoes 

Incidence or mortality 
from:  
CHD 
Stroke 
Total CVD 
Total cancer  
All-cause mortality 

MA: Risk reductions shown for both 
fruits and vegetables and fruits and 
vegetables combined for all 
outcomes. 
Beneficial effects from some fruits 
and vegetables (including potatoes) 

A2: High, same comments as 
above. 

Aasheim et al 
(22) 
Found in Yip 

Three cohorts in UK (from 
EPIC) 
Adults 

Tinned fruit Mortality Increased risk (approx. 10 %) for all-
cause mortality. 

Not a systematic review but 
supports the conclusion in Aune. 

Wang et al  
2014 (18) 

30 Aug 2013 
Prospective cohort 
studies 
n=16 

Fruits and vegetables 
separately and 
combined. 
Dose-response 
 

Risk of all-cause, 
cancer and CVD 
mortality (not 
incidence) 

MA: Risk reductions shown for both 
fruits and vegetables and fruits and 
vegetables combined for all 
outcomes (approx. 5%) 

Should be covered by Zurbau. Is 
also commented upon in Aunes 
introduction. A2: 13 according to 
Yip. 

 
 
T2D 
 

   

Halvorsen et al 
2021 (23) 
 

20 October 2020 
Prospective cohort 
studies, case-control, 
nested case-control 
Mostly adults, some 
studies include younger 
people 
n=23 

Fruits and vegetables 
separately and 
combined. 
Also types of fruits 
and vegetables, 
including berries, 
potatoes and fruit 
juice. 

T2D risk MA: Weak inverse association 
between fruit and vegetables intake 
and risk of T2D. Unclear results for 
individual foods. 

A2: High (12) 
This seems to be the best and 
most comprehensive and updated 
review regarding T2D, 
investigating both fruits and 
vegetables and their subgroups. 

Chen et al 
2018 (24) 
 

Singapore Chinese health 
study 
Including a meta-analysis 
of prospective studies on 
green leafy and 
cruciferous vegetables 
n=11 

Green leafy and 
cruciferous vegetables 

T2D risk MA: Protective effect of green leafy 
vegetables or cruciferous vegetables, 
but borderline significance. 

Focused only on some specific 
fruit and vegetables. 
 
(Both a study on Asian population 
and a meta-analysis) 
 
Should be covered by Halvorsen. 

Schwingshackl et 
al 
2017 (25) 

February 2017 
(cohort, case-control, 
follow-up of RCTs) 

Twelve food groups, 
including fruits and 
vegetables.  

T2D risk MA: Reduced risk for fruits and 
vegetables separately, approx. 10 % 

A2: High (12; and >13 according 
to Yip, but Wu selected instead) 
Should be covered by Halvorsen. 



n=13 for vegetables 
n=15 for fruit 
 

Dose-response at 200-300 gram each, no risk 
reduction after that. 

Jia et al 
2016 (26) 

December 2014 
Prospective cohort 
studies 
n=5 articles 
(7 cohort studies) 

Citrus and cruciferous 
vegetables 

T2D risk MA: Reduced risk for cruciferous 
vegetables not citrus fruit. 

Focused only on some specific 
fruit and vegetables. Should be 
covered by Halvorsen. 

Wang P-Y et al 
2016 (27) 

21 July 2014 
Prospective cohort 
studies 
n=15 for fruit and 
vegetables 

Fruits and vegetables 
separately and 
combined, and their 
fibre. Also types of 
fruits and vegetables. 

T2D risk MA: Reduced risk for fruit. Non-
significant reduced risk for vegetables 
and F&V combined. Also reduced 
risks for blueberries, green leafy 
vegetables, cruciferous vegetables 
and yellow vegetables. 

Should be covered by Halvorsen. 

Wu et al 
2015 (28) 

June 2014 
Prospective cohort 
studies 
n=7 for fruits and 
vegetables 
n=7 for vegetables  
n=9 for fruit (7 articles) 

Fruits and vegetables 
separately and 
combined 
Dose-response 
 

T2D risk MA: Reduced risk for both fruits (2 
servings/day) and vegetables (2-3 
servings/day), no risk reduction at 
higher levels. 

A2: 11 according to Yip and 
selected by Yip instead of 
Schwingshackl. 
Should be covered by Halvorsen. 

Li et al 
2014 (29) 

February 2014 
Prospective cohort 
studies 
n=10 articles  
(13 comparisons) 

Fruits and vegetables 
separately and 
combined 
Green leafy 
vegetables (not clearly 
stated in the aim)  
Dose-response 

T2D risk MA: Reduced risk for fruit intake and 
vegetables intakes (10%, high vs low 
for both, not significant for 
vegetables). Trend for fruits and 
vegetables combined. No reduction 
at higher risks. Reduced risk for 
green leafy vegetables. 

Should be covered by Halvorsen. 

Li et al 
2015 (30) 

4 November 2013 
Prospective cohort 
studies 
n=7 studies 
(9 cohort studies) 

Fruit intake only T2D risk MA: Reduced risk. No reduced risk 
above 200 g/d. 

Should be covered by Halvorsen. 

Other      

Muraki et al 
2013 (31) 

Health professional 
studies (3 cohorts) 

Individual fruits, 
including fruit juice 

T2D risk Greater consumption of e.g. 
blueberries, grapes and apples 
reduced the risk.  
Fruit juice was associated with higher 
risk. 

Not a systematic review 

Cooper et al 
2012 (32) 

The EPIC study Fruits and vegetables 
separately and 
combined. 
Also types of fruits 
and vegetables 

T2D risk Weak protective effect from fruit and 
vegetable intake in general. Root 
vegetables and green leafy 
vegetables may be protective. 

Based on EPIC-cohorts, not 
completely relevant. 

 
 
 
 

   



Gestational diabetes 
 

Machairiotis et al 
2021 (33) 
 

May 2020, but only from 
2019, as an update? 
Cohort studies 
n=28 

Nutrients and dietary 
patterns, including 
foods 

Gestational diabetes 
risk 

SR: Mostly dietary patterns. One 
study on fruits and vegetables shows 
protective assocations. 

Too few studies on fruits and 
vegetables. Not primarily focused 
on fruits and vegetables. 
 

Monammadi et al 
2020 (34)  

Jan 2018 
Cohort studies 
n=5 

Fruit intake Gestational diabetes 
risk 

MA: High fruit intake associated with 
5% lower risk 

Only fruit is investigated. Maybe 
enough to report about T2D. 

Mijatovic-Vukas 
et al 
2018 (35) 

2 February 2017 
Longitudinal studies 
n=40 

Diet and physical 
activity, including 
carbohydrates (fruit, 
fibre, potato) 

Gestational diabetes 
risk 

SR: High fruit intake not a risk (based 
on one study only). Fruit fibre 
protective (based on one study only) 
MA only made for physical activity. 

Too few studies on fruits and 
vegetables. Not primarily focused 
on fruits and vegetables. 

Schoenaker et al 
2016 (36) 
 

January 2015 
Observational studies 
n=10 cohorts 
n=6 cross-sectional 
n=5 case-control 

Dietary intake, 
including energy, 
nutrients foods and 
dietary patterns 

Gestational diabetes 
risk 

SR: No significant results for most 
foods or food groups, but not 
primarily looked for. 

No significant result, but fruits and 
vegetables not primarily looked 
for. 

 
 
 
 
Hypertension 
 

    

Schwingshackl 
et al 
2017 (37) 
ERRATUM 2018 

June 2017 
Cohort, case-control, 
follow-ups of RCTs 
Adults 
n=8 for vegetables 
n=7 for fruits 

Twelve food groups, 
including fruits and 
vegetables 
Dose-response 

Risk of hypertension MA: Inverse associations for fruits 
(small non-significant trend for 
vegetables). Low quality of evidence. 

A2: Same protocol and methods 
as the other by the same author. 
14 according to Yip 

Wu et al 
2016 (38) 

4 November 2015 
Prospective cohort 
studies 
Adults 
n=7 studies (9 cohorts) 

Fruits and vegetables 
separately and 
combined. 
Dose-response 
 

Risk of hypertension MA: Inverse association between 
intake of fruit and/or vegetables 
comparing high and low. Dose-
response was found for fruit and 
vegetables combined. 

A2: High (13) 
 
Partly covered by Schwingshackl, 
but also include fruits and 
vegetables combined.  

Li B 
2016 (39) 

April 2015 
Cohort, case-control, 
cross-sectional 
n=23 articles (25 studies) 
n=3 cohorts 
n=2 case-control 
n=20 cross-sectional 

Fruits and vegetables 
separately and 
combined. 
 

Hypertension MA: Inverse associations for fruit and 
fruits and vegetables combined (not 
for vegetables) 

Mainly based on cross-sectional 
studies. 
 
 

Kalyoncu et al 
2014 (40) 

25 June 2013 
Observational and 
interventional studies in 
youth (10-24 years) 
n=9 

Nutrition factors Prevention of 
hypertension 

SR: Results indicate that fruits and 
vegetables have preventive effects 
later in life (among other types of 
foods), but this is based only on one 
study from 2010 (the other studied 
other nutritional aspects or 

Results regarding fruit and 
vegetables (not primarily focused 
on) are based on only one study 
from 2010. 
 
 



combination of other health 
promoting activities). 

 
 
 
 
CVD risk factors and systemic inflammation 
 

  

Observational      

Collese et al 
2017 (41) 

December 2015 
Cross-sectional studies 
and cohort studies 
Adolescents 
n=11 cross-sectional 
n=1 cohort 

Fruits and vegetables 
separately and 
combined. 
Including fruit juice 

CVD risk factors SR: Inconsistent results, insufficient 
studies to conclude. 

Almost only cross-sectional 
studies. 
 

Mixed      

Adegbola et al 
(2022) (42) 
 

31 Dec 2019 
RCTs 
Cohorts, 
Case-control 
Cross-sectional 
Patients at risk of PAD 
and patients with PAD 

Nutrition, including 
fruit and vegetables 

Peripheral artery 
disease, primary and 
secondary prevention 

SR: Primary prevention: n=3 cohort 
studies, 1 showed an association, 2 
showed no association 

Few studies, not a main outcome, 
therefore not included. 

Hosseini et al 
2018 (43) 

March 2018 
Cohort, case-control, 
RCTs 
Adults, adolescents and 
children 
n=83 in total 
n=71 RCTs 
n=10 cross-sectional 
n=2 cohort 

Fruits and vegetables 
separately and 
combined, including 
juices and extracts 

Inflammatory 
biomarkers 
Immune cell 
populations 

MA: Analysis based on RCTs: 
Inverse associations between fruit 
and vegetables and inflammation. 
Less clear results for immune 
response. 
Interventions mostly based on 
specific juices or extracts of fruit and 
vegetables. 
 
Only two studies on children and 
adolescents. 

A2: Medium (10.5) 
Causes of heterogeneity is not 
analysed or discussed. 
 
Interventions mostly based on 
specific juices or extracts of fruit 
and vegetables. 

Kodama et al 
2018 (44) 

February 2017 
Cross-sectional or 
longitudinal design 
(intervention studies) 
Adults 
n=5 cross-sectional, basis 
for meta-analysis 
n=2 interventions 

Fruit separately from 
vegetables 

Triglycerides MA: Fruit intake inversely related to 
hypertriglyceridemia. No association 
for vegetables. 

A2: Not fully evaluated. Results 
mostly based on cross-sectional 
studies. 

RCTs      

Lee et al 
2020 (45) 

September 2018 
RCTs 
Adults 
n=1 for vegetables 
(spinach) 

Foods and food 
ingredients, incl. fruit 
and vegetables 

Acute postprandial 
triglyceride response 

MA: No significant changes in these 
two specific studies. 

Too few studies regarding fruit 
(fruit juice) and vegetables 
(spinach). 



n=1 for fruit (orange and 
orange juice) 

Hartley et al 
2013 (46) 
( 

Sep-Oct 2012 
Adults, healthy or at high 
risk of CVD 
RCTs 
n=10 
n=6 provision of fruits and 
vegetables, 
n=4 advice on fruits and 
vegetables 

Advice to increase or 
provision of fruit and 
vegetables. 

Primary prevention of 
CVD, events and 
mortality, or risk 
factors of CVD (blood 
pressure, blood lipids, 
T2D) 
 

MA: No clinical events due to short-
term follow up. Short term and 
heterogenous. Five of the six studies 
that provided fruit and vegetables 
only provided one fruit or vegetable. 
No strong evidence from these 
studies. Some evidence that advice is 
beneficial, but this is based only on 
two trials. 

A2: High.  
A Cochrane study. 

Other      

Schwingshackl et 
al 
2018 (47) 

January 2018 
RCTs 
n=66 (86 reports) 

11 food groups 
including fruit and 
vegetables 

Cardiometabolic risk 
factors 

MA: Nuts, legumes and whole grains 
more effective than other food 
groups. Fruit and vegetables were 
ranked best for SBP reduction. 

A network meta-analysis and not 
specifically a summary of RCTs 
regarding fruit and vegetables. 

 
 
 
 
Metabolic syndrome 
 
 

    

Observational      

Lee et al 
2019 (48) 

October 2018 
Observational studies 
(cross-sectional, case-
control, cohort) 
Adults (but not specified) 
n=7 cross-sectional 
n=2 cohort 

Fruits and vegetables 
separately. 
Dose-response. 

Metabolic syndrome MA: Inverse associations for fruit but 
not for vegetables. Highest vs lowest 
as well as dose-response. 

A2: Not fully evaluated, seems ok. 
Mostly cross-sectional (8 of 10) 
 

Zhang and 
Zhang 
2018 (49)  

September 2017 
Observational studies  
Mixed ages 
n=20 cross-sectional 
n=1 case-control  
n=5 cohorts 

Fruits and vegetables 
separately and 
combined. 
 

Metabolic syndrome MA: Inverse associations for fruits 
and vegetables separately and 
combined. Highest vs lowest. 
 
Only significant for vegetables when 
looking at cohorts only (n=3 for 
vegetables, n=2 for fruit, n=2 for fruit 
and vegetables) 
 
Inverse associations for both fruits 
and vegetables seen also in 
adolescents separately. 

A2: Not fully evaluated, seems ok. 
13 according to Yip. 
Mostly cross-sectional studies: 
13 of 16 for vegetables 
14 of 16 for fruit 
7 of 9 for F&V 

Tian et al 
2017 (50) 

July 2017 
Observational studies 
adolescents and adults 
n=13 cross-sectional 
n=3 cohort 

Fruits and vegetables 
separately and 
combined. 
 

Metabolic syndrome MA: Inverse associations for fruits 
and vegetables separately and 
combined 
 

Mostly cross-sectional studies. 
Should be covered by the two 
later studies. 



RCTs      

Shin et al 
2015 (51) 

10 December 2013 
RCTs only 
Adult metabolic syndrome 
patients 
n=9 

Fruits and vegetables 
separately and 
combined. 
 

Metabolic syndrome 
components 

MA: Inverse associations for diastolic 
BP. 

RCTs on patients.  
 
Partly covered by Schwingschackl 
regarding CVD-risk factors, or 
similar conclusion. 
 
Not new. 

 
 
 
 
Body weight 
 

   

Observational      

Poorolajal et al 
2020 (52) 

November 2018 
Observational studies 
Children and adolescents 
n=14 studies on F&V, 13 
cross-sectional studies 
and one case-control.  

Behavioural factors, 
including fruits and 
vegetables 
consumption 
(insufficient/sufficient 
intake) 

Risk of childhood 
obesity 

MA: Non-significant decreased risk 
(but borderline). 

A2: Medium-Low (8.5). 
Methodology seems ok, but short 
description. Is not primarily 
focused on fruit and vegetables, 
but all types of behavioural 
factors. A detailed description of 
the studies and how e.g. different 
amounts of fruit and vegetables in 
the studies were handled in the 
meta-analysis seems lacking. No 
detailed information about 
confounding factors (only yes/no, 
three of them were unadjusted) 
and no discussion regarding the 
results on fruit and vegetables. 
Therefore, this study is not 
included in the NNR summary. 

Schlesinger et 
al 
2019 (53) 

August 2018 
Prospective observational 
studies (cohort, case-
control, follow ups of 
RCT) 
Adults ≥ 18 yrs. 
n= 3 for vegetables and 
overweight/obesity 
n=5 for vegetables and 
weight gain 
n=4 for fruit and 
overweight/obesity 
n=3 for fruit and weight 
gain 

Food groups, incl. 
F&V separately 

Risk of overweight, 
obesity and weight 
gain 

MA: Intake of vegetables and fruit 
associated with reduced risk of 
adiposity (overweight/obesity, 
abdominal obesity or weight gain) 
Low or very low quality of evidence. 

A2: High (11). 
This seems to be the most 
comprehensive review that also 
included a meta-analysis. 



Nour et al 
2018 (54) 

8 October 2018 
Cohort studies 
Adults 
n=10 

Vegetable intake only,  
Studies on potato 
included in the 
discussion. 

Body weight 
Weight change 
Overweight 
Obesity 

SR: Increased intake of vegetables 
inversely associated with weight-
related outcomes in adults. 

A2: High (9 of 13). Not mentioned 
in Schlesinger. 
Potato is commented upon. 
Similar conclusions as in 
Schlesinger 2019, but evidence is 
considered as moderate instead 
of low.  

Schwingshackl et 
al 
2015 (55) 

July 2015 
Prospective cohort 
studies 
n=20 articles (17 studies) 
14 included in meta-
analysis 

Fruits and vegetables 
separately and 
combined 
 

Change in body 
weight  

MA: Fruit inversely related to weight 
gain. No changes for F&V combined 
or for vegetables only. Comparing 
highest with lowest intakes for all 
three exposures – lower risk of 
adiposity. 
In general, low quality of evidence. 

This is commented upon and 
discussed in Schlesinger, which is 
more comprehensive. 

Ledoux et al 
2011 (56) 

January 2009 
Longitudinal or 
experimental designs 
child, adolescents or 
adults 
n=7 longitudinal studies 
adults 
n=4 longitudinal studies 
children and adolescents 

Fruits and vegetables 
separately and 
combined 
 

Adiposity SR: Inverse relationship or mixed 
results for the longitudinal studies. 
 
The experimental studies also 
involved other behavioural changes. 

A2: Low (6). 
 
The studies on adults should be 
covered by Schlesinger, which is 
more recent. 
 
The experimental studies on 
children also involved other 
behavioural changes. 
 
The longitudinal studies on 
children that showed an inverse 
association did not control for EE 
and was of short duration (less 
than three years). Not new. 
Therefore, this study is not 
included in the NNR summary. 
 

Mixed       

Guyenet 2019 
(57) 
 

Oct 2018 
RCTs 
Observational studies 
n=11 RCTs on body 
weight 
n= 5 RCT on energy 
intake 
n=25 observational 
studies 

Fresh fruit Body weight/adiposity 
Energy intake 
 

SR: No association to adiposity, 
possible protective.  
 
 

 
RCTs: few studies, and not so 
relevant types of exposures. 
 
Cohorts: Partly covered by 
Schlesinger, with focus on weight 
and weight change. Guyenet 
includes WC and/or different 
outcomes of adiposity. 
 

Hebden et al 
2017, will be 
used in fruit juice 
(58) 

15 August 2014 
Cohort studies or RCTs 
Healthy adults 
n=11 RCTs 
n=6 cohort studies 

Fruit only, including 
fruit juice 

Adiposity SR: Prospective studies:  
Regarding fruits (n= 5): Whole fruit 
was associated with reduced risk for 
long-term weight gain (similar 
conclusions as Schlesinger above).  

A2: Medium (8 of 13)  
Conclusions from prospective 
studies regarding fruit should be 
covered by Schlesinger (similar 
conclusions). 



 
Regarding fruit juice (n=1): Fruit juice 
associated with increased body 
weight, based on one study (three 
cohorts from US), more pronounced 
in people with overweight and 
obesity.  
 
RCTs:  
Regarding fruits (n=7): One study on 
high fruit diet. The other studied 
specific fruits (e.g. dried plum, 
apples, grapefruit, raisins, grapefruit 
capsule).  
 
Regarding fruit juice (n=4): Specific 
juices (grapefruit, xango juice, 
pomegranate) in overweight people 
or orange juice in training subjects.  

 
Conclusions from prospective 
studies regarding fruit juice are 
based on one study (three 
cohorts) from US (Pan et al 2013). 
Is included regarding fruit juice. 
 
The RCTs seem not so relevant. 
 
 
 
 

RCTs      

Mytton et al 
2014  
Erratum 2017 
(59) 

3 September 2013 
Adults or children, but 
only adults were found 
RCTs of increased F&V 
n=8 

Promotion of F&V 
without specifying 
other changes in the 
diet  

Change in body 
weight. 
Change in energy 
intake 

MA: No support of an effect of F&V 
on weight gain, possibly a slight 
positive effect on weight loss. 

A2: High.  
A bit old. 

Kaiser et al 
2014 (60) 

1 June 2013 
RCTs 
n=2 (fulfilled all criteria) 
n=5 (fulfilled almost all 
criteria)  

Increased F&V, 
provided or prescribed 

Change in body 
weight 

MA: No support of an effect of F&V 
for weight loss. 

A2: Not fully evaluated. 
A bit old. 

Tapsell et al 
2014 (61) 

2011 (not specified) 
Overweight adults 
RCTs of increased F&V 
n=16 

Vegetable intake only Change in body 
weight . 
 

MA: Inconclusive. A bit old. Should be covered by 
Mytton and Kaiser. 

 
 
Bone health 
 

   

Brondani et al 
2019 (62) 

14 October 2018 
RCTs and cohort studies 
Men and women aged 
>50 years 
n=13 systematic review 
n=10 meta-analysis: 
n=6 cohort studies 
n=4 RCTs 

Fruits and vegetables 
combined, but also in 
the form of dietary 
patterns rich in fruit 
and vegetables! 

Fractures 
Change in bone 
markers as secondary 
outcome 

MA of cohorts (n=5): Protective effect 
on hip-fracture of fruit and 
vegetables. Level of evidence 
evaluated as moderate. 
GRADE: Moderate quality of 
evidence 
 
MA of RCTs (n=4): No significant 
effect on C-terminal telopeptid. 
GRADE: Low quality of evidence  

A2: High (12). 
However, 3 of the 5 cohorts 
studied dietary patterns rich in 
fruit and vegetables, not FV per 
se. Adjustments are made though, 
but still unclear if that fully 
compensate. 
 
Benetou is included among the 
studies. 



Hu et al 
2018 (63) 

March 2018 
Postmenopausal women 
Observational studies in 
English or Chinese 
n=11 articles  
18 studies:  
n=13 cross-sectional 
n=5 case-control 

Fruits and vegetables 
separately and 
combined 

Postmenopausal 
osteoporosis (PMOP) 
(low BMD measured 
by DEXA) 

MA: Fruit might be beneficial. 
No significant effect of vegetables. 

For the intake of vegetables and the 
risk of PMOP, subgroup analysis 
showed a significant association in 
case-control studies (OR, 0.62; 95% 
CI, 0.42–0.90; I2 = 0.0%; FEM), but 
not in cross-sectional studies (OR, 
0.95; 95% CI, 0.69–1.29. 

 

A2: High (13), got the supplement 
after e-mailing the author (not 
available otherwise). 
 
Cross-sectional (mostly) and 
case-control studies 
 
The study does not mention Luo 
et al. 

Benetou et al 
2016 (64) 
 

Five cohorts in Europe 
and US 
Adults aged ≥60 years 

Fruit and vegetables 
intake 

Hip fractures Low intake of fruit and vegetables 
associated with increased risk 
compared with moderate intake. 
More evident among women. High 
intake not associated with lower risk.  

High quality according to Yip. Not 
a systematic review, but based on 
a large number of cohorts. 
Brondani is newer and included 
Benetous analyses. 

Luo et al 
2016 (65) 

Maj 2015 
Cohort, case-control, 
cross-sectional 
n=5 in total 
n=1 case-control 
n=4 cohort studies 

F&V separately and 
combined, and also 
brassicacae, 
cruciferae and citrus 
fruit were specifically 
searched for. 

Hip fractures MA: Vegetables, and not statistically 
significant (but a trend) for fruit, 
reduced the risk of hip fractures. 

A2: Medium (10.5) 
 

Hamidi et al 
2011 (66) 

31 July 2010 
Women aged >45 yrs 
Cohort studies and RCTs 
n=8 total: 
n=2 RCT 
n=3 cross-sectional 
n=1 cohort 
n=3 case-control 
n=1 cohort + cross-
sectional 

F&V separately and 
combined 

Fractures 
Bone mineral density 
Bone turnover 
markers 

MA: Little evidence of a protective 
effect based on studies with low or 
moderate risk of bias. 

Different study designs. 
A bit old. Should be covered by 
more recent meta-analyses. 

 
 
 
 
Cognitive disorders/functioning 
 

  

Nowson et al 
2018 (67) 

January 2017 
Cross-sectional, 
prospective cohort, 
interventions 
Elderly >=65 yrs 
n=2 prospective studies 
(from 2006 and 2012) 
and n=5 cross-sectional  

Dietary intake, food 
patterns, including 
vegetables (not fruit) 

Six indices of chronic 
disease: 
CVD events (non-
fatal) 
Cognition 
Mental health 
Falls and fractures 
Physical health 
Frailty 

SR: Vegetables associated with 
reduced risk of cognitive decline, but 
poor quality and therefore weak 
evidence. Grade D according to 
GRADE. 
No association for non-fatal CVD 
events or mental health. 

A2: Low. 
 
 



for vegetables and 
cognition only 

Mottaghi et al 
2018 (68)  

30 October 2016 
Cohort and cross-
sectional 
Older adults (but not 
specified in inclusion 
criteria) 
n=6 studies, 10 effect 
sizes 
n=3 cross-sectional 
n=3 cohort 
n=1 nested case-control 

Fruits and vegetables 
separately and 
combined 

Cognitive impairment 
 

MA: Protective effect of fruit and 
vegetables. 
Only in China and not in Western 
countries. The results were not 
affected by study design. 

A2: Moderate (6.5) 
 
Almost same date for the search 
as Wu, and that article seems 
better. 

Wu et al 
2016 (69) 

13 June 2016 
Prospective cohort 
studies 
Adults (but not specified 
in inclusion criteria) 
n=6 cohort studies, 9 
comparatives 

Fruits and vegetables 
separately and 
combined 

Cognitive disorders:  
Alzheimer, dementia 
Cognitive impairment 

MA: Protective effect of fruit and 
vegetables, 25 % reduction. 
However, heterogeneity due to ethnic 
differences and possible publication 
bias. 

A2: High (11.5), but lower 
according to Yip? Mottaghi was 
selected by Yip instead of Wu. 
Comparisons are made with Cao 
and Loef in the discussion. An 
extended work of Cao. Lamport is 
also commented upon. Seems 
better than Mottaghi. 

Cao et al 
2015 (70) 

1 September 2014 
Cohort studies 
Caucasian subjects 
Adults 
n=43 in total 
n=2 for vegetables and 
fruits 

Dietary patterns or 
food consumption, 
including food groups. 

Dementia (all cause or 
Alzheimer) 
Mild cognitive 
impairment 
 

MA: Tendency towards protective 
effect on dementia from fruit and 
vegetables, very wide CI (based on 
two studies). 

Only two studies for fruit and 
vegetables. 

Lamport et al 
2014 (71) 
Found in Wu et al 

January 2013 
Observation and 
intervention studies 
Adults 
All but one study sampled 
older populations (>45 
yrs) 
n=7 longitudinal studies 
on cognitive function 
n=8 cross-sectional 
studies 
n=6 acute intervention 
studies on fruit juice 

Fruit, vegetables and 
100% fruit juice 

Cognitive 
performance 
(including Alzheimer 
or dementia) 

SR: “Statistically significant benefits 
of fruit, vegetable, or juice 
consumption for cognitive 
performance were observed in 80% 
(20/25) of the included studies. The 
limited data from acute interventions 
indicate that 
consumption of fruit juices can have 
immediate benefits for memory 
function in adults with MCI, although 
acute benefits have not been 
observed in healthy adults thus far.” 

Does not really follow newer 
guidelines, but seems to be 
thoroughly done. No description of 
extraction of data or quality 
evaluation of the individual 
studies, but a long critical 
evaluation is done. 
 
 
 

Loef, Walach 
2012 (72) 
 

11 March 2011 
Cohort studies 
Adults 
n=9 

F&V separately  
(and combined?) 

Dementia or cognitive 
decline 

SR: Protective effect of vegetables, 
no evidence for fruit. 

Should be covered by Wu. 

Executive 
functioning 

     



Cohen et al 
2016 (73) 

April 2016 
All types of studies 
Children and adolescents 
(6-18 years) 
n=21 in total 
n=4 for fruits and 
vegetables, all cross-
sectional  

Healthy diet compared 
with unhealthy diet, 
including foods 

Executive functioning SR: Some evidence of a protective 
effect from fruit and vegetables. 
Based on 4 cross-sectional studies.  

Not specifically focused on fruit 
and vegetables. Only four cross-
sectional studies regarding fruits 
and vegetables and three of them 
have not controlled for 
confounders other than sex, age, 
ethnicity, socio-economic status 
and school grades, and none of 
them have adjusted for other 
dietary factors, so it may be part 
of a dietary pattern rather. Not  
included in the summary. 

 
 
 
 
Mental health 
 

   

Wang et al 2022 
(74)  

May 2021 
Observational studies 
Children 3-18 years 
n=22 cross-sectional 
n=3 case-control 
n=2 cohort studies 
 
 

Diet, including food 
groups 

Depressive symptoms SR: No associations in the cohort 
studies 
 

Few cohort studies, not 
specifically investigating fruit and 
vegetables. 
 

Matison et al 
2021 (75) 
 

December 2020 
Cohort studies 
Middle-aged and older 
adults 
n=21 in the meta-analysis 
n=4 for fruit and 
vegetables 
n=1 for citrus fruit and 
juices 

Nutrition: dietary 
patterns as well as 
food groups and 
nutrients 

Incidence of 
depression 

MA: Reduced risk of depression for 
both vegetables and fruit. 
 

A2: High (13.5 or 14) 
 
Note the restricted age groups, in 
comparison with Saghafian. 

Dabravolskaj et 
al 2022 (76) 
 

30 October 2020 
Observational studies 
Youth 10-18 years 
n=8 cross-sectional 
n=1 case-control 
n=3 cohort 

Fruit and vegetables Common mental 
disorders (anxiety, 
depression) 

SR: No associations seen in the three 
cohort studies after adjustments for 
confounders. 

Few cohort studies.  

Dharmayani et 
al 
2021 (77) 

31 August 2020 
Cohort studies 
Young people and adults 
aged 15-45 years 
n=12 

Fruit and vegetables 
separately and 
combined 

Depressive symptoms SR: Positive effect of fruit and more 
inconsistence evidence regarding 
vegetables, but a possible 
association is suggested by the 
authors. 
 

A2: High (10.5 of 13) 
 



Glabska et al 
2020 (78) 

June 2019 
Observational studies  
(cross-sectional, cohort) 
Adults 
n=61 

Fruit and vegetables 
separately and 
combined, including 
juices 

Mental health (mental 
well-being, quality of 
life, sleep quality, 
mood anxiety, 
depression, etc.) 

SR: Positive association in general. Uncertainty on conflict of 
interest/funding related aspects. 
The result section is poorly 
organized and synthesized. 
Nevertheless, it is quite extensive 
and broad. 

Glabska et al 
2020 (79) 
(Polish journal) 

June 2019  
Observational studies 
Adolescents 
n=17 
 

Fruit and vegetables 
separately and 
combined, including 
juices 

Mental health (mental 
well-being, quality of 
life, sleep quality, 
mood anxiety, 
depression, etc.) 

SR: Positive association in general, 
also for some specific foods. 

Mostly cross-sectional. 
Not clearly stated or discussed.  

Guzek et al 
2020 (80) 
(Polish journal) 

June 2019  
Observational studies 
Children 

Fruit and vegetables 
separately and 
combined, including 
juices 

Mental health (mental 
well-being, quality of 
life, sleep quality, 
mood anxiety, 
depression, etc.) 

SR: Positive association in general. 
Exposure mixed with other foods? 

Mostly cross-sectional. 
Not clearly stated or discussed. 

Tuck et al  
2019 (81) 
 

1 February 2019 
Prospective studies, 
RCTs 
Healthy adults 
n=10 

Vegetables only or 
fruit and vegetables 
combined. 
 

Mental health (e.g. 
depression) or 
psychological well-
being (more than 
absence of mental 
health disorders). 
Risk of suicide was 
excluded since it is an 
extreme 

SR: Protective effect on 
psychological well-being. Less clear 
effect on mental health. 
 
I think it is difficult to draw the 
conclusions regarding fruit and 
vegetables separately. The search 
strategy was only focused on 
vegetables, not fruit. 
 

A2: Low (6/13). Conclusions 
regarding different effects of fruit 
and vegetables are drawn from 
three studies, but quality is not 
considered. Search terms only 
include vegetables, but they draw 
conclusions regarding fruit. 
 
Not mentioned in Matison (but not 
a MA). 

Saghafian et al  
2018 (82) 

October 2017 
Cohort studies and case-
control studies (analysed 
separately) 
Adults 
n=17 in total 
n=6 cohorts for fruit 
n=7 cohorts for 
vegetables 

F&V separately and 
combined. 
Dose-response 
 

Depression or anxiety MA: Protective effect of fruit and 
vegetables separately and combined 
for depression. Too few studies to 
investigate anxiety.  

A2: Medium (9.5) 
 
Mentioned in Matison. 

Molendijk et al 
2018 (83) 

6 March 2017 
Prospective cohort 
studies 
n=24 
n=6 for fruit and 7 for 
vegetables 

Diet quality, including 
food groups 

Depression MA: Vegetables protective, not fruit, 
but close to significant. 

Should be covered by Saghafian. 
More focused on diet quality. 
 
Mentioned in Matison, but only 
referred to as healthy diets. 

Liu et al 
2016 (84) 

June 2015 
Cross-sectional and 
cohort studies 
Not specified, but 
includes also younger 
people 
n=10 for fruits 

Fruit and vegetables 
separately 

Depression MA: Inverse associations seen, also 
in the three cohort studies. 

A2: Not evaluated but 10 
according to Yip. Should be 
covered by Matison (one study 
that differs because of restricted 
age group in Matison).  
 



n=8 for vegetables 
n=3 cohort studies 
n=7 cross-sectional 

Mentioned in Matison. Criticized 
by Saghafian (and others): Not all 
studies were included, and 
adjustments were not made. 

 
 
 
 
Wheezing and asthma and allergies 
 

  

Hosseini et al 
2017 (85) 

June 2016 
Adults and children 
n=30 cross sectional 
n=13 cohort 
n=8 case-control 
n=7 experimental 

Fruit and vegetables 
separately and 
combined 

Asthma/wheezing  
Immune responses 

SR:  
Adults, n=4 cohorts, protective effect 
on asthma. 
Children and adolescents, n=9 
cohorts, protective effect on asthma 
is indicated.  
No clear results regarding pregnant 
mothers and their child later? 
 
Experimental studies on children with 
asthma, little data or no associations. 
 
MA: Risk of prevalent asthma (also 
for cohorts). Adults and children are 
combined in the MA due to too few 
studies to analyse separately. Most of 
the studies are cross-sectional. 

A2: Medium (9.5) and 9 according 
to Yip. 
Most of the studies are cross-
sectional.  
 
Seyedrezazadeh not mentioned, 
which seems better and therefore 
included in the summary and not 
this. 
 

Seyedrezazadeh 
et al 
2015 (86) 

July 2013 
Prospective, case-control, 
cross-sectional 
Adults and children 
n=12 cohort 
n=4 case control 
n=26 cross-sectional 

Fruit and vegetables 
separately and 
combined 

Wheezing and asthma 
Asthma symptoms 

MA: Inverse association with fruit and 
raw vegetables and wheezing. 
Modest association for vegetables 
and asthma. 
 

A2: Medium (8.5) 
Study quality is not reported or 
considered. Otherwise, it seems 
like a better MA than Hosseini, 
with more sensitivity analysis. 

Nurmatov et al 
2011 (87) 

May 2009 
Cohort, case-control, 
cross-sectional, 
interventions  
Children 
n=62 in total, for F&V: 
n=3 cohort 
n=2 case-control 
n=17 cross-sectional 

Nutrients and foods, 
including fruit and 
vegetables 

Asthma/wheezing  
Atopic disorders 

MA: Indication that higher 
consumption during pregnancy and 
children in early life leads to lower 
risk of asthma in children. More 
strongly for fruit than for vegetables. 

Mostly cross-sectional 
A bit old. 

Umbrella review      

Garcia-Larsen et 
al 
2015 (88) 

December 2013 
Systematic reviews 
n=7 

Diet, included food 
groups 

Asthma Inverse association for fruits. Too old. 

    



 
 
 
Eye diseases  
 

Dinu et al 
2018 (89) 

January 2018 
Prospective studies 
Adults ≥18 yrs. 
n=26 in total 
n=4 for vegetables 
n=3 for fruit 

Food groups, included 
fruit and vegetables 

Age-related macular 
degeneration 
(occurrence and 
progression) 

MA: Reduced risk for fruit and 
vegetable, respectively, but of 
borderline statistical significance. 

A2: High (12) 
 
Only prospective studies 
(compared with Huang) 
 
 

Dow et al 
2018 (90) 

October 2017 
All types of studies 
n=27 
n=13 prospective 
n=6 RCTs or nested 
case-controls within 
RCTs 
n=10 cross-sectional 
n =4 case-control 

Dietary intake or 
foods, included fruit 
and vegetables 
combined 

Diabetic retinopathy SR: Only two studies on fruit and 
vegetables: One cohort in Japan 
found protective effect of high fruit 
consumption. One cross-sectional 
study from US found inverse 
association for high flavonoid fruit 
and vegetable consumption. 

Too few studies. 

Huang et al 
2015 (91) 
Found in 
Angelinos 
umbrella review,  

April 2015  
Prospective, case-control, 
cross-sectional 
n=5 cohort 
n=3 case-control 
n=1 cross-sectional 
 
 

Vegetable 
consumption 

Age-related cataract MA: Inverse association (28% high 
versus low). Also found in cohort 
studies only. In America and Europe 
only. 

A2: Medium (8). Risk of bias is not 
included, but all other steps seem 
ok and clear description of 
confounders. Stratified analyses 
are done for study design.Only 
vegetables, not fruit. 

 
 
 
 
Periodontal diseases 
 

   

O’Conner et al 
2020 (92) 

September 2018 
Older adults ≥60 yrs 
Cross-sectional, 
longitudinal 
n=3 cross-sectional 
n=6 longitudinal, 2 for fruit 
and vegetables in Japan 

Diet and nutrient 
intake, including fruit 
and vegetables and 
other food groups, 
also types of fruit and 
vegetables 

Periodontal diseases SR: Reduced risk of periodontal 
disease for fruit and vegetables (two 
studies), especially dark green and 
yellow vegetables (one of the 
studies), both from Japan. 

A2: High (9 of 13) 
Few studies. This is commented 
upon in the summary. 
Not primarily focused on fruit and 
vegetables. 
 

Skoczek-
Rubinska et al 
2018 (93) 

15 December 2017 
Cohort, interventions, 
RCTs, cross-sectional 
All ages 
n=15 in total 
n=4 interventions 
n=1 retrospective cohort 

F&V separately and 
combined, including 
types of fruit and 
vegetables 
(fruit juice excluded) 

Periodontal diseases SR: Fruit and vegetables (especially 
some fruit and vegetables) may 
prevent the progression of 
periodontal diseases. 
 
1 study on children 
15 studies on adults 

A2: Low (6). A discussion or 
information on confounders is 
lacking. The two cohort studies 
are included in O’Conner. The 
retrospective study only looks at 
guava fruit intake. The 
intervention studies look at 



n=2 prospective cohort 
n=8 cross-sectional 

9 studies on elderly (≥65 yrs)  specific exposures, not fruit and 
vegetables in general. The rest 
are cross-sectional studies. 

 
 
 
 
Inflammatory bowel disease 
 

  

Milajerdi et al 
2021 (94) 
 

January 2019 
Prospective cohort 
studies or nested case-
control studies 
Adults 
n=6 in total 
n=4 for fruit 
n=3 for vegetables 

Dietary fiber, fruit and 
vegetable intake 

Ulcerative colitis and  
Crohn’s’ disease) 

MA: Protective effect of both fruit and 
vegetables on ulcerative colitis and 
Crohn’s’ disease 

A2: Medium/low (8) 

Li et al 
2015 (95) 

15 September 2014 
All types of studies 
All ages 
n=14 case-control 

F&V separately and 
combined 

Ulcerative colitis and 
Crohn’s’ disease 

MA: F&V might be inversely 
associated with risk of ulcerative 
colitis and Crohn’s’ disease 

A2: Medium (8.5) but 12.5 
according to Yip. 
Only case-control studies. 
 

Hou et al 
2011 (96) 

August 2010 
Cohort and case-control 
n=18 case-control 
n=1 cohort 

Dietary intake, 
including food groups 
and nutrients 

Ulcerative colitis and 
Crohn’s’ disease 

SR: Fruit lowered the risk of Crohn’s’ 
disease (n=5) 
No significant association for 
ulcerative colitis (n=8), but lower risk 

Mostly case-control studies, only 
one cohort. 

 
 
 
 
Frailty and muscle function 
 

  

Ghoreishy et al 
2021 (97) 
 

February 2021 
Prospective observational 
or cross-sectional 
Adults ≥ 50 years old 
n=14 in total 
n=10 cohorts 
n=4 cross-sectional 

F&V separately and 
combined. 
Dose-response 

Frailty MA: Reduced risk of frailty based on 
cohort studies. Dose-response 
association. More clearly for fruit than 
for vegetables.  
 

A2: High (11) 
 
 (Unclear statement in the intro 
about a systematic review that is 
not a systematic review.) 
 
Granic and Feng not mentioned. 

Kojima et al 2022 
(98) 
 

January 2021 
Middle-aged and older 
people 
n=5 cohorts in total 

Fruit and vegetables 
separately and 
combined 

Incident frailty MA: 
Based on 4 cohorts. 
Inverse association (high vs low) for 
fruit and vegetables combined as well 
as for vegetables alone. No 
association for fruit (broad CI). 

A2: Critically low according to 
modified Amstar-2 

Granic et al 
2020 (99) 

5 March 2020 
Observational and 
intervention studies. 
Adults ≥ 50 years old 

Type of whole food, 
included fruit and 
vegetables (included 
juices) 

Muscle mass 
Muscle function 
Sarcopenia 

SR: High intake of fruit and 
vegetables (separate and together) 
associated with better muscle 
strength and function in observational 

A2: High (10 of 13) 
 
 



For fruit and vegetables: 
n=3 prospective studies 
n=2 cross-sectional 
n=9 intervention studies 
(check again) 

studies (n=3 only) but scarce 
evidence from intervention studies. 
Moderate evidence for the role of fruit 
and vegetables regarding muscle 
strength and sarcopenia. 

Lack info of and a discussion of 
confounding,but RoB is clearly 
considered. 

Feng et al 
2017 (100) 

September 2016 
Longitudinal studies 
Adults >60 years 
n=23 

Risk factors in 
general, not 
specifically diet, 
lifestyle factors. 

Frailty Inverse association for 
fruit/vegetables intake – only one 
study! 

Not primarily focused on fruits and 
vegetables – only one study. 

 
 
 
 
Other outcomes 
 

  

Huo J et al 2022 
(101) Added in 
updated search 3 

July 2022 
RCTs 
n=11 

Fruit Functional 
constipation 

MA: Fruit intake may have a 
beneficial effect on stool consistency, 
stool frequency, gut and microbiota 

Only fruit is investigated. Not 
included since not a major health 
outcome 

Lee et al 2022 
(102) Added in 
updated search 3 

Jan 2022 
RCTs 
 
Fruit 
n=1 substitution trials 
(IHCL) 
n=1 substitution trials 
(ALT) 
n=4 addition trials (ALT) 
n=2 addition trials (AST) 
 
Fruit juice: 
n=2 substitution trials 
(ALT) 
n=7 addition trials (ALT) 
n=2 substitution trials 
(AST) 
 

Sources of fructose, 
including fruit and fruit 
juice 

Non-alcoholic fatty 
liver disease, different 
markers 

MA: Some evidence that excess 
energy from SSB increase liver fat. 
The role of other sources is 
uncertain. 

Not focused on fruit and fruit juice, 
but on fructose-containing sugars. 
No evidence regarding fruit or fruit 
juice. Not a major health outcome. 

Bäcklund R et al 
2023 (103)  

Nov 2021 
Observational studies 
n=2 case-control 
n=3 cohort  
 

Diet, including fruit 
and vegetables 

Rheumatoid arthritis SR: Mixed, not conclusive (tendency 
toward protection?) 
 

Few studies and few prospective 
studies 

Zhai H et al 2020 
(104) 

Not stated 
Observational studies, all 
types 
n=2 case-control 
n=2 cross-sectional 

Fruit and vegetables Chronic obstructive 
pulmonary disease 

MA: 
Cohort studies only (dose-response 
based on 2 cohort and 2 case-control 
though):  
Fruit and vegetables:  
Inverse association (high vs low).  
No analysis of dose-response. 

A2: High (13.5) 
 
Based on 4 cohorts though. 



n=3 cohort (4, since one 
included 2 different 
cohorts) 

No heterogeneity 
Fruit:  
Inverse association, also significant 
non-linear dose-response 
Heterogeneity in relation to region? 
Vegetables: 
Inverse association of borderline 
significance, no significant dose-
response. 
Heterogeneity in relation to region? 
 

Valera-Gran 
2022 (105)  

June 2021 
Children and adolescents 
2-18 years 
n=5 cross-sectional 
 

Foods, nutrients, 
dietary patterns 

Telomere length SR: Indications of positive 
association between fruit and 
vegetables and telomer length 

No prospective studies, fruit and 
vegetables not specifically 
investigated 

He et al 2020 
(106)  

Not stated 
Observational studies 
 
Fruit:  
n=6 cross-sectional 
n=2 case-control 
 
Vegetables:  
n=5 cross-sectional 
n=2 case-control 
 

Food groups Non-alcoholic fatty 
liver disease 

MA: No ass 
 

No prospective studies. Not a 
major health outcome. 

Takagi et al 2020 
(107)  

July 2019 
Observational studies 
n=3 cohort 

Fruit and vegetables Abdominal aortic 
aneurysm 

MA: Protective effect from fruit, not 
from vegetables 

Research letter 
 

Lin et al 2020 
(108)  

May 2019 
RCTs or observational 
studies 
 
Observational studies 
n=6 (fruit) 
n=4 (vegetables) 
8 cohort studies 
2 case-control 

Dietary and lifestyle 
factors 

Nephrolithiasis 
(kidney stone) 

MA: Protective effect High confidence according to 
modified AMSTAR2. Not 
specifically investigating fruit and 
vegetables. 

Galié et al 2020 
(109)  

Feb 2019 
Observational studies 
RCTs 
For fruit and vegetables: 
n=4 case-control 
n=13 cross-sectional 
n=1 cohort 
 

Nutrition, including 
food groups  

Telomere health SR: 1 cohort study – no association Too few prospective studies 



Bajalan et al 
2019 (110) 

April 2018 
Observational studies, all 
types 
n=38 in total 
n= 4 for fruit and 
vegetables   

Nutritional factors Dysmenorrhea SR: Two of the three cross-sectional 
studies showed inverse association 
between fruit and vegetables intake 
and menstrual pain. The case-control 
study showed no association. 

No prospective study found for 
fruit and vegetables, only three 
cross-sectional and one case-
control. Very limited evidence.  
 

Zhang et al 
2019 (111) 

March 2018 
Observational studies 
Adults (mainly) 
n=9 cohort 
n=4 case-control 
n=1 cross-sectional 

Fruit and vegetables 
separately 

Gallstone disease MA: Reduced risk from fruit and 
vegetables. However, clear 
heterogeneity and mix of case-control 
and cohort studies. 

A2: Medium 
Based on 9 cohort studies and is 
a study on fruit and vegetables 
specifically. Therefore, it is 
included in the summary. 

Salas-Huetos et 
al 
2017 (112) 

November 2016 
Case-control, cross-
sectional, prospective 
studies (not RCTs) 
n=35 in total 

Dietary patterns, 
dietary components, 
and nutrients 

Male fertility 
parameters and 
fecundability  

SR: Fruits and vegetables among the 
food groups that are positively related 
to sperm quality. 

Seems ok quality. Only cross-
sectional studies though, except 
one. Most of them not focused on 
foods. One prospective, that 
showed a positive result from fruit. 

Rafie et al 
2017 (113) 

November 2015 
Observational studies (all 
types) 
Mixed age-groups and 
subjects (included cancer 
patients) 
n=15 cross-sectional 
n=3 case-control 

Dietary patterns and 
food groups 

Telomere length 
(biomarker of aging) 

SR: 5 of the 13 studies showed 
significant results. The remaining 8 
studies showed no association.  
n=8 cross-sectional for fruit and 
vegetables 
n=3 case-control (or nested case 
control) 
n=1 prospective 
However, the study groups differ a lot 
regarding age, obesity, disease etc. 

Seems ok quality. Only cross-
sectional and case-control 
studies. 
Not very recent. 
 

Murphy et al 
2014 (114) 

June 2013 
Pregnant women 
n=6 cohort 
n=3 retrospective cohort 
n=2 case-control 

Fruit and vegetables Infant birth weight or 
risk for small 
gestational age births 

SR: Limited and inconclusive 
evidence suggest a positive 
association between fruit and 
vegetables and birth weight 
(protective effect regarding low birth 
weight or SGA) 

A bit old and not a major health 
outcome. Therefore not included. 

Schoenaker et al 
2014 (115) 

May 2014 
Reproductive-age women 
n=23 cohorts 
n=15 cross-sectional 

Dietary factors 
(nutrients, foods, 
dietary patterns) 

Gestational 
hypertension and pre-
eclampsia 

SR: Meta-analysis was not done due 
to too few studies on fruit and 
vegetables. 
n=6 case-control 
n=4 cohort studies 
Results are presented in additional 
files, which are not available, so I 
cannot see the results. Beneficial 
effects are suggested, but not 
statistically significant. 

Not very recent. 
 
 

Alsamarrai et al 
2014 (116) 

31 December 2012 
Prospective population-
based studies 
n=51 in total 

Risk factors in general Pancreatic disease 
(PD):  
Acute pancreatitis 
(AP) 

MA: Reduced risk of PD from fruit 
and vegetables (included cancer) 
Reduced risk of AP from vegetables 
(CP not mentioned). 

Few studies on fruit and 
vegetables and this was not the 
primary focus. No separate 
analysis for CP. 
 



n=32 for meta-analysis, 
n= 26 for cancer 
n=8 for acute and chronic 
pancreatitis 
n= 3 for vegetables 
n=3 for fruit 

Chronic pancreatitis 
(CP) 
Pancreatic cancer 
(PC) 

No sign effect on AP from fruit (CP 
not mentioned) 
Based on three studies.  
 

A bit old. 
 
 

Other      

Major et al 
2018 (117) 

Cross-sectional data 
based on five cohorts in 
US 

Dietary patterns and 
foods 

Serum urate levels 
(risk factor for gout 
and also associated 
with chronic kidney 
disease, hypertension, 
metabolic syndrome) 

Non-citrus fruits related to lower 
serum urate levels 

Not a systematic review. Only 
cross-sectional studies from US 

 
 
 
 
Berries 
 

    

Observational      

Guo et al 
2016 (118) 

January 2016 
Prospective cohort 
studies 
n=5 

Berry fruits 
Anthocyanins 
Dose-response 

T2D risk MA: 18% risk reduction from berries 
(high vs low). However, based on the 
same articles and cohorts as 
Halvorsen used, but they did not find 
a significant association. 

Should be covered by Halvorsen 
et al. Halvorsen did not find a 
significant association and has 
used has a better methodology, 
explained by Dagfinn Aune in an 
e-mail. 

RCTs      

De Amicis et al 
2022 (119) 
 

March 2022 
RCTs 
Healthy subjects (adults) 
n=12 

Berries (in any form) Cognitive function: 
Attention and 
concentration 
Executive functioning 
Memory 
Motor skills and 
construction 
Processing speed 
 

SR: Usually only one type of berry in 
each study. No significant effects 
seen in the majority of studies. 
However, mixed results. 

Modified AMSTAR2: High 
confidence.  
 

Sweeney et al 
2022 (120)  

October 2021 
RCTs 
n=3 
 

Berries/polyphenols 
(foods, extracts, 
suppl) 

Gut microbiota 
Blood pressure 

SR: No effects seen Few studies. 

Bonyadi et al 
2022 (121) 

March 2021 
Middle-aged and elderly 
healthy subjects or 
subjects with mild 
cognitive impairment 
(MCI) 
Intervention studies 

Whole berries or 
berry-based products 
(juice, extract, 
capsule) 

Cognitive components 
(global cognitive 
function, psychomotor 
function, learning and 
memory, working 
memory capacity, 
executive functions 

SR: Some indications of protective 
effects. 
 

A2: High (9.5 of 13) 



n=11 in total (including 1 
pilot study) 

and brain 
perfusion/activity) 

Wang Y et al 
2023 (122)  

Feb 2021 
 
n=16 (SR) 
n=11 (MA) 

Berry or cherry or 
citrus fruit or their 
juice or freeze-dried or 
powder 
 

Cognition and mood MA: Some indications that cherry 
juice may improve psychomotor 
speed. However, only 2 studies of 
which one high risk of bias. No 
associations were found regarding 
cognitive domains. 

Should be covered by Bonyadi, so 
not included. 

Xu et al 2021 
(123) 

Dec 2020 
Cohort studies 
RCTs 
n=44 RCT 
n=15 cohort 

Anthocyanin 
Anthocyanin-rich 
berries 

CVD markers 
CVD events 

MA: Anthocyanin-rich berries 
significantly reduced blood 
cholesterol and C-reactive protein. 
No effects regarding BMI, blood 
pressure or endothelial function. 
RCTs only (no data from cohorts) 

Low quality due to lack of 
discussion on of including studies 
with low-medium quality in the 
analysis. However, subgroup 
analyses are done by study 
quality (showing no effects in 
either high quality or low-medium 
quality studies), but this not 
discussed.  

Wang Y et al 
2021 (124) 

January 2020 
RCTs 
Adults 
 
n=45 trials, of which 38 
included in the meta-
analysis 

Berry or cherry or 
citrus fruit or their 
juice or freeze-dried or 
powder 
 
Also subgroups of 
these. 

CVD risk factors 
including BP, 
endothelial function, 
blood lipids, 
inflammatory markers 

MA: Significant effect only seen for 
blood pressure and also for one 
inflammatory marker. 
 
Mostly healthy subjects, but some 
(n=13) with existing CVD risk and a 
few (n=3) with diagnosed CVD.  
18 with metabolic syndrome and a 
few studies with some other diseases 

A2: High (also using the modified 
AMSTAR2). 
 
 

Martini et al 
2019 (125) 

October 2018 
RCTs, both acute and 
chronic interventions 
Children, adolescents 
and adults 
Healthy individuals or 
patients with CVD risk 
factors 
n=22 in total 
n =13 short-term studies 
n=11 medium- and long-
term studies 

Intervention with 
berries or berry 
products (raw, juices, 
supplements) 

Vascular function SR: Positive effect on vascular 
function is indicated. Particularly 
effects on flow-mediated dilation and 
reactive hyperemia index (markers of 
vascular reactivity) in short term 
studies and pulse wave velocity and 
augmentation index (markers of 
arterial stiffness) in medium- to long-
term studies. 
Type and dose and types of subjects 
causes of heterogeneity, e.g. No 
specific results for children. 

A2:  Medium (8 of 13).  
High according to modified 
AMSTAR2 
 

Heneghan et al 
2018 (126) 

January 2017 
RCTs 
Adults 
n=23 

Intake of berries or 
berry-based product 
(e.g smoothie, juice), 
capsules excluded 

Markers of 
cardiovascular and 
metabolic health: 
Blood pressure 
Endothelial function 
Arterial stiffness 
 
Blood lipids and blood 
glucose were 
secondary outcomes 

SR: 13 of the 17 studies of high 
quality reported a positive effect on at 
least one marker of cardiovascular 
risk. 
 
n=10 for endothelial function 
n=17 for lipid profile 
n=6 for blood glucose and insulin or 
insulin resistance  

A2:  Medium (7 of 13) 
 
. 



Luis et al 
2018 (127) 

April-June 2016 
RCTs 
Adults 
n=45 
 

Intake of berries or 
berry-derived products 

CVD risk factors 
(mainly blood lipids 
and blood pressure) 

MA: Favourable effects are seen for 
lipid profile (reduced total cholesterol, 
low-density lipoprotein, triglycerids , 
increased high density lipoprotein) 
and blood pressure. 

A2: medium. 
 
 

García-Conesa 
et al 
2018 (128) 

March 2016 
RCTs 
Adults (young to elderly) 
n=128 

Berries, red 
grapes/wine as 
sources of 
anthocyanins (fresh or 
extracts) 

CVD risk factors MA: Sub analysis showed that berries 
reduced blood pressure, total 
cholesterol and increased flow-
mediated dilation and reduced 
glycated haemoglobin. 

Not primarily focused on berries, 
but on berries, red grapes/wine as 
a group. Some sub analyses are 
done though.  
 
Should be covered by Heneghan 
and Luis (although Heneghan is a 
SR, not MA) 
 
 

Huang et al 
2016 (129) 

August 2015 
RCTs 
Adults 
n=22 

Intake of berries (not 
stated what forms?) 

CVD risk factors Improved blood lipids, blood 
pressure, glucose, BMI and some 
other factors. No effect on some 
other factors. 

Not focus on berries but on 
anthocyanins (from berries). 
Heneghan and Martini are newer. 

 
 
 
 
Potatoes 
 

  

Observational    

CVD, all-cause mortality and cancer   

Darooghegi 
Mofrad et al 
2021 (130) 
 

August 2020 
Prospective cohort 
studies or case-control 
 
 

Potatoe intake Site-specific cancer MA: High vs low and dose-response 
analyses. 
 
No association for total cancer, but a 
sign non-linear dose-response 
association. 
 
An association for colorectal cancer, 
seen only in studies conducted in 
Europe and in studies not adjusting 
for BMI. However, an association 
seen in studies conducted in Europe 
both for total cancer and some 
specific cancers (colorectal and 
prostate). 
 
No associations seen for different 
types of potatoes (fried, 
boiled/mashed/baked/roasted) when 
analysed separately. 
 

A2: High (12.5) 



Certainty of evidence was considered 
low or very low using GRADE. 

Darooghegi 
Mofrad et al 
2020 (131) 

September 2018 
Prospective cohort 
studies 
Qualitative analysis:  
n=10 all-cause mortality 
n= 7 for cancer 
n=3 for CVD 
 
Meta-analysis:  
n=10 all-cause mortality 
n=7 cancer 

Intake of potatoes 
(white, different 
cooking forms) 

Mortality: 
All-cause 
Cancer  
CVD 

MA: High vs low and dose-response 
analyses. 
 
All-cause mortality:  
No associations. 
 
Cancer mortality: 
No association, but association seen 
e.g., in long-term studies 
 
CVD mortality: 
No meta-analysis done due to too 
few studies n=3) association. 
 
Not enough data to analyse fried 
potatoes. 

A2: High (12.5)  
 

Schwingshackl 
et al 
2019 (132) 

May 2018 
Cohort, case-control 
studies, follow-ups of 
RCTs 
n=6 for all-cause mortality 
n=6 for CHD 
n=6 for stroke 
n=2 for heart failure 
n=8 for CRC 
n=8 for T2D 
n=4 for hypertension 

Intake of potatoes (all 
types). Also sweet 
potatoes seem to be 
included (commented 
upon in Mofrad 2021) 

All-cause mortality 
CHD 
Stroke 
Heart failure 
T2D 
Hypertension 
Colorectal cancer 

MA: High vs low and dose-response 
analysed. 
 
All-cause mortality:  
No association total potatoes, 
subtypes not analysed. 
 
CHD and stroke:  
No association for total potatoes, 
subtypes analysed in one study and 
no associations. 
 
Colorectal cancer:  
No associations for total potatoes. 
However, stronger associations in 
European studies and long-term 
studies. Subtypes not analysed. 
Should be covered by Mofrad 2021. 
 
Quality of evidence was low 
(moderate for fried potatoes). 

A2: High (13.5)  
 
(But Mofrad has comments 
regarding inclusion of low quality 
studies.) 

Aune et al  
2017 (13) 

29 sept 2016 
 
See above in the CVD 
and all-cause mortality 
category 
 
 
 

NS= non-significant, BS = borderline significant 
Risk reductions are based on high vs low intake 
 
Potatoes 
CHD: NS, tendency towards protection (n=5, possible heterogeneity) 
          NS dose-response association (n=6) 
Total stroke:  6% risk reduction, BS (n=4), NS dose-response association (n=4) 
Ischemic stroke: NS risk reduction (n=5), NS dose-response association (n=5) 
Heaemorrhagic stroke: NS risk reduction (n=3), NS dose-response association (n=3) 
CVD: NS risk reduction (n=3), NS dose-response association (n=4) 

A2: High 
 
Should be covered by 
Schwingschackl and Mofrad 
above. 



Cancer: NS risk reduction (n=2), NS dose-response association (n=3) 
All-cause mortality: 22% risk reduction (n=4), BS dose-response association (n=2) 
 

Diabetes      

Halvorsen et al 
2021 (23) 

20 October 2020 
 
See above in the T2D 
category. 
 

Fruit and vegetables 
and subgroups 

T2D MA:  
Potatoes (table 3) 
Boiled potatoes: NS risk reduction 
(n=2), NS dose-response association 
(n=2)  
Total potatoes: NS risk increase 
(n=8), Significant dose-response 
association (n=8) 

A2: High 

Guo et al 
2021 (133) 
 

August 2020 
Cohort 
Case-control 
Cross-sectional 
 
T2D 
n=8 cohort 
n=1 case-control 
n=4 cross-sectional 
 
GDM 
n=6 cohorts 
 

Potato intake 
(studies that did not 
clearly distinguish 
potatoes from other 
tubers were excluded) 

T2D 
Gestational diabetes 

MA: 
Analyses of western and eastern 
populations were done separately. 
Results for Western pop are given 
below. 
Dose-response analyses included 
both. 
 
T2D 
Total potatoes:  
19% increased risk, supported by 
linear dose-response assoc. 
Baked/mashed/boiled:  
8% increased risk, borderline 
significant, supported by linear 
association of borderline sign.  
Based on three cohort studies in USA 
only. 
French fries/fried potatoes 
33% increased risk, supported by 
non-linear association. 
Based on three cohort studies in USA 
only. 
 
Most of the studies adjusted for BMI, 
PA, diet, smoking… 
 
GDM 
Total potatoes:  
Non-significant association (wide CI, 
tendency towards increased risk). A 
significant linear dose-response 
association though. 
Baked/mashed/boiled:  
Too few studies to calculate summary 
estimates for West/East. A significant 

A2: Low (according to AMSTAR-
NNR2)  



linear dose-response association 
though. 
French fries/fried potatoes 
No significant association.  
No significant dose-response 
association, but tendency towards 
association (wide CI) 
 
Stronger association in studies with 
longer follow-up. 

Quan et al 
2021 (134) 
 

December 2019 
Cohort studies 
n=21 

Western dietary 
patterns 
Foods, including 
potato, but not 
specifically F&V 

Gestational diabetes Non-significant relation. But 
significant risk seen in high-quality 
studies. 

AMSTAR2-NNR: Moderate  
Should be covered by Guo, but 
Guo is of lower quality, so this one 
is included instead. 

Quan et al 2022 
(135) 

September 2019 
Prospective cohorts 
n=7 

Processed potatoes T2D Results indicate a non-significant 
association (dose-response), 
especially for French fry 

AMSTAR2-NNR: Moderate 
Should be covered by Guo and 
Halvorsen, but is included 
because of the sub-analysis not 
done by Halvorsen. 

Bidel et al 
2018 
 

June 2018 
Cohort studies or clinical 
trials 
n=6 cohorts 

Potatoes T2D Positive association, dose- response. 
 
Studies in developed countries. 

Should be covered Guo and 
Halvorsen. 

Schwingshackl et 
al 
2019 (132), same 
as above 

May 2018 
See above 

Potatoes T2D T2D: 
19 % increased risk for total potatoes 
(high vs low), also dose-response. 
 
Subtypes analysis:  
French fries: 66 % increased risk 
Boiled/baked/mashed: 9 % increased 
risk. Stronger associations in studies 
in USA and long-term studies. 
 

A2: High 

Other outcomes      

Borch et al 
2016 (136) 
  

20 October 2015 
Prospective observational 
studies or intervention 
studies 
n=5 for overweight and 
obesity 
n=7 for T2D 
n=1 for CVD 
(no intervention studies 
were identified) 

Intake of potatoes 
(white or yellow only, 
different cooking 
forms) 

Overweight and 
obesity 
T2D 
CVD 
Metabolic factors (no 
results) 

SR: 
Overweight and obesity:  
Possible association for French fries, 
otherwise weak evidence. 
 
 
 
 

A2: High (11 of 13) 
 
T2D and CVD should be covered 
by the later reports, while 
overweight and obesity and 
metabolic factors are not. 

Schwingshackl 
et al 

May 2018 
See above 

Potatoes Hypertension  Hypertension:  
No association for total potatoes 
(high vs low), but significant dose-

A2: High 



2019 (132), same 
as above 

response association, but only for 
French fries and not for 
boiled/baked/mashed. 
An increase in potato intake (total ) 
by 150g per day was positively 
associated with risk of hypertension. 

Mixed      

Åkesson et al 
2013 (137) 
 

qSR 
Prospective observational 
studies 
Intervention studies 
 
n=2 for potatoes 
 
 

Food groups, included 
potatoes, berries 

Chronic diseases, 
only one study for 
potatoes: type 2 
diabetes 

SR: No conclusions qSR 

 
 
 
 
Fruit juice 
 

Umbrella reviews 

Fardet et al 
2019 (138) 

June 2018 
A systematic review of 
meta-analysis based on 
cohort studies and RCTs 
Children and adults and 
elderly 
n=10 in total 
n=3 for fresh fruits 
n=1 for canned fruits 
n=1 for dried fruits 
n=7 for fruit juices 
n=1 for sweetened fruit 
juices 

Fruit: fresh and 
different types of 
processed fruit (juice, 
canned etc)  

All-cause mortality 
Chronic diseases 
(obesity, T2D, CVD, 
cancer) 
Metabolic regulation 

The prospective studies are covered 
by Aune and Zurbau and Halvorsen 
(included fruit juice and dried fruit in 
Aune and Zurbau).  
 
The RCTs included are Liu (2013) 
below and one additional MA not 
included in my search (Wang 2014, I 
do not know why), but now added 
below. 
 
Summary:  
Fresh fruits are protective, also dried 
fruits (based on what?).  
Unsweetened fruit juice neutral 
Canned fruit and sweetened fruit 
juices have negative effects. 

The prospective studies are 
covered by Aune, Zurbau and 
Halvorsen. 
 
The MA of RCTs are Liu and 
Wang (added) below.  
 
Pan et al is include as a MA, but 
is a study based on three cohorts 
from US. Is included in Hebden 
above and below. 

Auerbach et al 
2018 (139) 

2 February 2017 
A systematic review of 
systematic reviews or 
meta-analysis 
For outcomes where no 
systematic review exist, 
individual studies were 
briefly reviewed. 
Children and adults 

100% fruit juice Chronic health 
conditions (caries, 
diabetes, glucose 
control, dyslipidemia, 
hypertension, liver 
disease, CVD, body 
weight)  

Mixed picture. Most studies show no 
associations. Increased risk of caries 
in children, small increases in long-
term weight gain in young children 
and adults that are likely not clinically 
relevant. 
 
Current evidence suggests that there 
are substantial lower health risks 

Regarding glucose, blood lipids 
and blood pressure: based on 
Wang and Liu below. 
 
The other outcomes are based 
on:  
Salas 2015 (below) 
Ravn-Haren 2013 (only apple 
juice vs apples) 



n=10 from 100% fruit juice compared with 
SSB. 
 
Discussion about body weight. 

*Hebden (above and below) 
*O’Neal and Nicklas 2008 
(covered by newer MA below) 
*Crowe-White 2016 (below) 
*Auerbach 2017 (below) 
*Xi 2014 (below) 
*Imamura (below)  
*Joshipura 1999 (covered by 
Aune and Zurbau) 
*Hung 2004 (covered by Aune 
and Zurbau and Halvorsen) 

SR and MA 

Observational 

CVD, cancer and total mortality   

Sun et al (2022) 
(9) 

10 Feb 2022 
Prospective studies 
n=28 for fruit 
n=6 for 100 % fruit juice 

Fructose containing 
food sources, 
including fruits and 
100 % fruit juice 
 

CVD incidence and 
mortality 

MA: No association comparing high 
vs low (but tendencies towards 
protection). 

High quality 
 

Kazemi et al  
(140) 2021 

November 2020 
Prospective cohort 
studies 
n=2 for fruit juice and all-
cause mortality 
n=2 for fruit juice and 
CVD mortality 
 

Major food sources of 
fructose: fruit, SSB, 
yogurt cereals, sweets 
and fruit juice 

CVD mortality 
Cancer mortality  
All-cause mortality 

MA: 
CVD:  
No association (high vs low)  
All-cause mortality: 
No association (high vs low) 
and no dose-response 
 
Cancer: 
Too few studies  

A2: Moderate confidence  
 
This is used in the summary 
instead of Pan. 
 
 

Farvid et al 
(141) 2021 

November 2020 
Prospective longitudinal 
studies 
n=7 for fruit juice 

Fruit and vegetables, 
including subgroups 
such fruit juice 

Breast cancer MA: 
4 % increased risk, high vs low. 

A2: Moderate 
 

Li et al 2021 
(142) 
 

Oct 2020 
Case-control and cohort 
studies 
Adults 
For fruit juice: 
n=11 cohorts 
n=6 case-control 
 

SSB and fruit juice Cancer risk and 
mortality 
 
Studies on cancer 
were based specific 
cancers 

MA: 
No association in case-control 
studies 
Positive association in cohort studies: 
6 % increased risk (high vs low), 
supported by linear dose-response 
association. 
However, publication bias, hence 
“poor evidence” 
 
Not enough studies to analyse cancer 
mortality specifically. 

A2: High (11.5) 
 
The discussion is mostly focused 
on SSB, not fruit juice 

Pan et al 2021 
(143) 
 

21 Sept 2020 
Prospective cohort 
studies 
Adults 

Soft drink 
100% fruit juice 

CVD mortality 
Cancer mortality  
All-cause mortality 
 

MA: 
 
CVD 
No dose-response association 

A2: High (13.5) 
 
Different results regarding CVD 
mortality compared with Kazemi, 



For 100% fruit juice: 
n=3 for all-cause mortality 
n= for CVD mortality 
n=0 for cancer mortality 

An increased risk high vs low (n=2).  
 
All-cause mortality:  
No dose-response association and 
no association high vs low (n=2). 
 
No study on cancer mortality. 
 
Evidence was considered insufficient. 

but Kazemi has one more study. 
Both are included. 
 
 

Llaha et al 2021 
(144) 
 

31 June 2020 
Case-control studies 
Cohort studies 
Total no of studies 
n=27 cohorts 
n=37 case-control 

Sweet beverages, 
including fruit juice 

Cancer risk for 
different types of 
cancer: 
Fruit juice is analysed 
for breast, colorectal 
and prostate 

MA: 
No association for breast and 
colorectal (n=3 and n=2). The latter 
also included cross-sectional studies. 
 
A small increased risk (3%) for 
prostate (n=4), high vs low. Only 
cohort studies. 
 
CDN: Not significant however there 
tended to be positive associations 
between fruit juices and breast, 
colorectal, and pancreatic cancers. 
 
No meta-analysis is done for total 
cancer. Two cohorts on obesity-
related cancer, showing inconclusive 
results regarding fruit juice. 

A2: Rated as low confidence 
AMSTAR2-NNR. 
 
 
 
 

Zurbau et al 
2020 (11) 

June 2019 
 
See above in the CVD 
category. 
 
 
 

Fruit juice 
CVD incidence: NS risk reduction (n=5) - only linear model? (fig S38) 
CVD mortality: NS 19 % risk reduction (n=1) - only linear model (fig S53) 
 
CHD incidence: NS risk reduction (n=4) – only linear model? (fig S95) 
CHD mortality: BS 13 % risk reduction (n=3) – not U-shaped (fig S109) 
 
Stroke incidence: 18 % risk reduction (n=4) - only linear model? (fig S152), looks U-
shaped 
Stroke mortality: 33 % risk reduction (n=2)  - only linear model (fig S166) 
 
GRADE was very low for all the above estimations, except for stroke mortality where it 
was grade low. 

A2: High 

Aune et al  
2017 (13) 

29 sept 2016 
 
See above in the CVD 
and all-cause mortality 
category. 
 
 

NS= non-significant, BS = borderline significant 
Risk reductions are based on high vs low intake. 
 
Fruit juice 
CHD: 21 % risk reduction (n=2), NS dose-response association (n=3) 
Total stroke:  33 % risk reduction (n=2), Sign dose-response association (n=2) 
CVD: NS 33 % risk reduction (n=1), NS dose-response association (n=2) 
Cancer: NS risk reduction (n=1), NS dose-response association (n=2) 
All-cause mortality: 13 % risk reduction (n=1), sign dose-response assoc (n=2) 

A2: High 
 
Should be covered by later meta-
analyses. 



 
Citrus fruit juice 
Total stroke: NS 10 % reduction (n=2), NS dose-response association (n=2) 
Ischaemic stroke: 35 % risk reduction (n=2), Sign dose-response association (n=2) 
CVD: NS 12 % risk reduction (n=2), NS dose-response association (n=2) 

T2D    

Halvorsen et al 
2021 (23) 

20 October 2020 
 
See above in the T2D 
category 

100% fruit juice  
NS 5 % risk reduction, NS dose-response (possibly tendency) (n=4)  

- no clear U-shape 
 
Fruit juice 
9 % increased risk, BS dose-response association (n=8)  

- clear linear shape 
 
Fruit drinks 
28 % increased risk, sign dose-response association (n=6) 

- clear linear shape 
 

A2: High 

Imamura et al 
2015 (145) 

February 2014 
Prospective studies 
n=17 cohorts 

Sugar-sweetened 
beverages and fruit 
juice 

T2D risk MA: Positive association for fruit 
juice, but might involve bias. 

Should be covered by Halvorsen. 

Bo Xi et al 
2014 (146) 

10 Dec 2013 
Prospective cohort 
studies 

100% fruit juice 
Sugar-sweetened fruit 
juice 

T2D risk MA: No association for 100% fruit 
juice (most of them). 
Adverse association for sugar-
sweetened beverages.  

Should be covered by Halvorsen. 

Body weight      

Frantsve-
Hawlay et al 
2017 (147) 
 

29 March 2016 
Cohort studies or 
controlled trials 
Children < 12 yrs 
n=1 controlled trial 
n=37 cohorts 

Sugar-containing 
beverages including 
100% fruit juice 

Excess weight gain SR: Results indicate a positive 
association between 100% fruit juice 
and total adiposity for children <5 
years and no association for children 
<12 years, but results are more 
mixed.  
However, total energy intake may 
play a role and magnitude of effect is 
small and clinical relevance unclear. 
 

A2: High (9.5 of 13) 
 
No access to appendices. 
 
Auerbach, Hebden or Crowe-
White not mentioned. 

Auerbach et al 
2017 (148) 

31 December 2015 
Longitudinal studies 
Children 1-18 yrs 
Cohort or RCTs 
n=8 (all cohort studies) 

100% fruit juice Change in BMI MA: 100% fruit juice associated with 
small weight gain (z-score) in children 
aged 1-6 yrs (not clinically significant) 
and not associated with weight gain 
in children aged 7-18 yrs. 
Similar conclusions as Frantsve-
Hawlay. 
 

A2: High (11.5) 
 
 
Discusses Crowe-White in the 
introduction and highlights several 
limitations. 

See Hebden 
2017 (58) above 
 

Adults Fruit juice Body weight SR: Positive association, based on 
one study (pooled results from three 
cohorts in US, Pan et al 2013), more 

A2: Medium (8 of 13)  
 
The original study by Pan et al on 
the pooled analysis is also 



Also Pan et al 
2013 (149), 
which is 
included in 
Hebden (and not 
included in the 
total number of 
identified articles) 

pronounced in people with 
overweight and obesity. 
 
 
 

included in the summary instead 
of Hebden, since this was the only 
study of relevance. 

Crowe-White et 
al 
2016 (150) 

2013 
Children 1-18 yrs 
Types of studies. 
n=22 for body weight (7 
cohorts, 13 cross-
sectional, 2 other) 
n=10 for nutrient intake 
(only cross-sectional) 

100% fruit juice Body weight status 
Nutrient intake  

No association for 100% fruit juice 
and body weight status after 
controlling for energy intake. 

A2: Not fully evaluated. Medium 
according to Auerbach. Covered 
by Auerbach 2017.  

Cardio-metabolic risk factors     

Semnani-Azad 
et al 
2020 (151) 

24 March 2020 
Prospective cohort 
studies 
n=13 
 
n= 3 for mixed fruit juice 
n = 2 for 100 % fruit juice 
n= 4 for fruit 

Fructose-containing 
foods, including fruit 
and 100% fruit juices 

Incident metabolic 
syndrome 

Protective association for fruit (all 
doses) and 100% fruit juice (U-shape, 
moderate doses). 
 
Evidence considered as moderate. 
 
A similar U-shape association was 
also seen for mixed fruit juice. 

A2: High (12) 
(same protocol as for Liu 2019 
and Ayoub-Charette 2019) 
 
Not covered by D’Elia. 
 
 
Aslo added in the fruit and 
vegetables chapter. 
 
 

Liu et al 
2019 (152) 

13 December 2018 
Prospective cohort 
studies 
n=15 cohorts (26 articles) 
 
n= 13 for fruit 
n=2 for 100 % fruit juice 
n= 

Fructose-containing 
foods, including fruit 
and fruit-based 
products such as 
100% fruit juice 

Incident hypertension MA: Protective association for fruit 
and 100% fruit juice. Comparing 
highest vs lowest 5 % risk reduction, 
NS. Using 2 cohorts for analysing 
non-linear dose-response: U-shape 
association, maximum protection 
between 50-150 ml. RR risk at 100 
ml/d was 3 %, significant. Certainty of 
evidence graded as low for both 
exposures. 
 
 
No sign association for fruit drinks 
(but tendency towards negative 
effect). 
 
Regarding 100% fruit juice, same two 
studies are also covered by D’Elia. 
Liu is not mentioned by D’Elia and Liu 
presents more extensive analysis.  

A2: High (12) 
 
 
 
 
Added in the fruit and vegetables 
chapter. 
 



Other outcomes      

See Lamport 
above (71) 

January 2013 
Observation and 
intervention studies 
Adults 
All but one study sampled 
older populations (>45 
yrs) 
n=7 longitudinal studies 
on cognitive function 
n=8 cross-sectional 
studies 
n=6 acute intervention 
studies on fruit juice 

Fruit, vegetables and 
100% fruit juice 

Cognitive 
performance 
(including Alzheimer 
or dementia) 

SR: Only two prospective studies (no 
consistent results). The study that 
showed a protective effect did not 
adjust for the intake of other dietary 
factors. 
 
Acute intervention studies 
investigated specific juices (3 
grapefruit, 1 blueberry, 1 cranberry, 1 
apple, but the latter with no control 
group). Small studies. 

Not included because of too 
limited evidence regarding 
prospective studies. Limited 
evidence from intervention 
studies. Also, not very new. 
 
 

Ayoub-Charette 
et al  
2019 (153) 

13 September 2017 
Prospective cohort 
studies 
n=3 

SSB 
Fruit juices 
Fruits 
 

Incident gout Fruit juice and SSB increased the risk 
of gout (highest vs lowest). Also 
significant non-linear dose-response 
association. However, based on two 
studies that did not differentiate 
between pure fruit juice and fruit 
drink. 
No association for fruit. Very low 
certainty. 

A2: High (13.5) 
 
But large uncertainties. 
 
 

Salas et al 
2015 (154) 

May 2014 
Cohort and cross-
sectional 
Children and 
adolescents, aged 8-19 
years. 
n=11 cross-sectional 
n=2 longitudinal 
n=7 for fruit drinks 

Diet, including fruit 
and vegetables and 
fruit juice 

Tooth erosion MA: Frequent consumption of natural 
fruit juice was associated with 20 % 
increased risk of tooth erosion (based 
on 2 longitudinal ad 5 cross -sectional 
studies). However, this was seen only 
in relation to inappropriate tooth 
brushing. 
  

A2: High (11) 
 
Not specifically focused on fruit 
juice. No detailed description of 
confounding factors and no info 
about frequencies of intakes. 
 
Covered by Liska below. 
 

Mixed 

D’Elia et al 
2021 (155) 
 

August 2019 
Prospective studies and 
RCTs 
Adults (I assume) 
n=21 prospective studies 
n=35 RCTs 

100% fruit juice Prospective studies: 
CVD events 
T2D 
Hypertension 
 
RCTs: 
Blood pressure  
Lipid profile 
Glucose homeostasis. 
Body weight 
Vascular function 

MA:  
Prospective studies: Inverse 
association between low-moderate 
intake and risk of stroke or total CV 
events. No association for CHD and 
diabetes risk. Similar conclusions as 
Aune, Zurbau and Halvorsen. 
 
D’Elia presents J-shape associations, 
which are not clearly presented by 
Aune, Zurbau and Halvorsen. 
 
Hypertension – only two studies 
(Auerbach and Duffey, same as in Liu 

A2: High (14) 
 
Prospective studies on CVD and 
diabetes should be covered by 
Aune, Zurbau and Halvorsen Pan 
only looked at mortality.  
 
Similar conclusions.  
 
For hypertension, Liu 2018 seems 
better (is not commented upon by 
D’Elia). 
 
Also added in the fruit and 
vegetables chapter. 



et al 2018, above which seems 
better) 
 
RCTs: Favourable effect on blood 
pressure, arterial compliance and 
endothelial function. Neutral effects 
on body weight, blood lipids and 
glucose metabolism. 

 
   
 
 

Liska et al 
2019 (156) 

May 2018 
Cohort or RCTs 
Adults and children 
n=5 cohorts in children or 
adolescents 
n=9 RCTs on adults 

100% fruit juice Dental health:  
caries or tooth erosion 

SR: No associations in cohorts 
(children and adolescents) 
RCTs suggest that fruit juice could 
contribute to tooth erosion and caries; 
however methodological 
uncertainties. 

A2: High (11.5 of 13), but no 
statements of funding/conflict of 
interest. 
 
Discusses Salas. 

Blanch et al 
2015 (157) 

1 June 2014 
n=4 cross-sectional or 
cohort studies 
n=42 intervention studies 

Fruit and vegetable 
and potassium intake, 
but more specifically 
some specific types of 
fruit and berry juices 

Vascular function SR: Mixed results; effects on healthy 
population less clear. May have 
beneficial effects in population at high 
risk. 

A2: Not fully evaluated.  
 
Regarding fruit juice: Should be 
covered by D’Elia. Is partly 
covered by studies on berries, but 
not completely. 
 
Regarding fruit and vegetables in 
general – it includes a few studies 
(n=3) on tomato puree and some 
studies on orange juice, otherwise 
mostly berry juice. 

RCTs 

Body weight       

Cardiometabolic risk factors, inflammation, antioxidant status    

Ayoub-Charette 
et al 2021 (158) 
 

11 Jan 2021 
Feeding trials 
n=8 for fruit juice in 
addition trials 
 

Food sources of 
fructose 

Uric acid MA: 100% fruit juice decreased uric 
acid (while SSB increase uric acid), 
high certainty of evidence 

A2: Moderate 

Cowan et al 
2019 (159) 

2 November 2018 
RCTs (>1w) 
Adults BMI>25 (weight 
stable) 
n=33 in total 
n=5 for orange or 
grapefruit juice 
n=1 for cherry juice 

Whole foods or dietary 
patterns, but not fruit 
and vegetables per 
se. Six studies on 
juice. 

Markers of subclinical 
inflammation 

SR: Mixed results (some positive, 
some neutral) regarding the 6 studies 
on citrus and tart fruits. effects. 
Methodological limitations, short 
duration (mostly 4 or 8 weeks, 10-25 
participants). Likely underpowered. 
Also, inflammation levels were in all 
studies but one near healthy at 
baseline. 

A2: High (11 of 13) 
However, only 6 studies on juice. 
 
Not included because of too little 
and unclear evidence. 

Choo et al 
2018 (160) 

25 April 2018 
Controlled interventions 
studies 
n=155 in total 

Food sources of 
fructose-containing 
sugars. Did not search 
for fruit juice (or fruit) 
specifically.  

Glycaemic control 
(glycated 
haemoglobin, fasting 
blood glucose, fasting 
blood glucose insulin) 

MA: Substitution studies: fruit juice 
showed positive effects (decreasing 
blood insulin) 

Not primarily focused on fruit 
juice, a different angle. Not 
mentioned by D’Elia. However, 
similar conclusions, i.e., no 
adverse effects. 



 
Not a study on effects of fruits or 
fruit juice per se (these terms are 
not included in their search 
terms).  

Murphy et al 
2017 (161) 
 

14 April 2016 
RCTs 
All ages 
n=18 
 
One study on children 

Fruit juice Glucose control and 
insulin sensitivity 

No significant association Should be covered by D’Elia. 
 
 

Tonin et al 
2015 (162) 

July 2015 
RCTs 
n=28, of which 16 used 
for meta-analyses 
 
Includes on 5 tomato 
juice, 1 carrot juice, the 
rest fruit juice or berry 
juice. 
 
4 studies after 2013 
(comparison with Crow-
White) 

Natural fruit or 
vegetable juices vs 
placebo or their 
beverages 

Plasma antioxidant 
status (different 
markers) 

MA: Positive association for some 
types of fruit and vegetables juices or 
some two of the markers (vitamin C 
and reducing MDA), but not for the 
other. 
 
Overall poor quality of the studies. 
 
MA based on 16 studies, but much 
fewer for the different markers. See 
fig 2. Vit C is based on 2 studies on 
black current and 1 on grape. MDA is 
based on goji berry, cranberry, 
tomato, 2 pomegranates. 

A2: Medium (10.5) 
 
Weak evidence, but an indication. 

Wang et al 
2014 (163) 
 

March 2014 
RCTs 
Adults 
n=12 

Fruit juice Glucose control and 
insulin sensitivity 

No significant association Should be covered by D’Elia and 
Motallaei. 
 
 

Crowe-White et 
al 
2017 (164) 

November 2013 (?! 
published 4 years later) 
Mixed 
n=10 for antioxidant 
status 
n=5 for lipid profiles 
(all were intervention 
studies, except for 2 
cross-sectional studies) 

100% fruit juice Antioxidant status 
Lipid profile 

SR: Limited evidence suggests 
potential improvements on the 
outcomes. 
  

A2: Low (modified NNR 
AMSTAR2) 
 
Mostly RCTs and 2 cross-
sectional. 
 
Lipid profiles should be covered 
by D’Elia. 
 

Liu K et al 
2013 (165) 

October 2012 
RCTs 
n=19 

100% fruit juice Serum cholesterol 
Blood pressure 

Borderline reduction of diastolic blood 
pressure. No effect on the other 
outcomes 

Should be covered by D’Elia and 
Liu 2019. 
 
 
 
A bit old. 

Other 

Zheng et al 
2017 (166) 

Not stated 
Not a systematic review, 
but a comprehensive 

Vegetable and fruit 
juice 

CVD risk factors Lowering blood pressure, improving 
blood lipids. 

Not completely relevant, a 
summary of effects of and 
mechanisms for fruit and 



summary of studies on 
fruit and vegetable juices 
on CVD risk factors, 
particularly blood lipids 
and blood pressure 

vegetable juices, not a proper 
systematic review. 

 
 
 
 
Not relevant 
 

    

Léon et al 2022 University students Eating behaviour Weight gain  Fruit and vegetables not 
specifically investigated 

Khanna et al 
2019 

Dec 2017 
All ages 
Observational studies 
Trials 

Nutrition, food Depression  Fruit and vegetables not 
investigated 

Guzek et al 2022  June 2019 
Woman 

Dietary patterns with 
fruit and vegetables. 

Mental health  Dietary patterns 

Godos et al 2921 Nov 2019 
Observational studies 

Diet Sleep quality Not relevant Fruit and vegetables not 
investigated 

Fogelholm et al 
2012 

 Dietary composition, 
fibre, sugar 

Obesity, weight 
change 

Not relevant Not relevant exposure 

English  et al 
2019 

Not an article Complementary foods 
(breastfeeding) 

Growth, body 
composition, ow, ob 

Not relevant Not relevant 

Roulund Wilken 
et al 2022 
Found in updated 
search in May 

April 2020 
Metabolic syndrom 
patients 
RCTs 
 

Anthocyanin-rich 
berries 

Lipids, glucose, insulin 
blood pressure, BMR 

Statistically significant results only 
seen for LDL, but also for TG for 
strawberries.  

Not fully evaluated. Only on 
specific types of berries, not 
berries in general. 

Wang et al 
2020  

June 2019 
RCTs, adults 
n=13 

Dietary citrus and/or 
its extracts intake 

Weight loss Significant beneficial effect on body 
weight. 

Study on single fruit 

Driessche et al 
2018 

25 April 2017 
Intervention studies 
n=8 for blueberries 
n=8 for cranberries 
n=3 for goji berries 
n=7 for strawberries 

Superfoods, including 
fruits and vegetables 
and berries 

Components in the 
metabolic syndrome 

Limited evidence Studies on single berries 

Paixao et al 
2019 

November 2018 
Weight control registries 
n= 

Psychological and 
behavioural factors  

Long term weight 
maintenance 

Increasing vegetable consumption 
was associated with weight  

Not population-based 

Noll et al 2021 August 2019 
Postmenopausal women 

Dietary intake Postmenopausal 
symptoms 

 Fruit and vegetables not 
investigated 

Arab et al 
2019 

October 2018 
RCTs, cross-sectional, 
observational (?) 
n=18 (mostly RCTs) 

Diet Mood states  Studies on diets, not single foods 



Aucoin et al 
2020 

15 April 2018 Diet  Psychosis  A scoping review 

Chapman et al 
2019 

August 2017 
All types of studies 
n=18 

Diet or food intake, 
fruit and vegetables 
not included 

Age-related macular 
degeneration 

 Fruit and vegetables not included 
as an exposure 

Ghouri et al 
2018 

July 2017 
Cohort, case-control, 
RCTs 
n=2 for cranberry juice 

Non-antibiotic 
measures, included 
cranberry juice 

Urinary tract infections 
in pregnancy 

No support of an effect. Fruit and vegetables not included 
as an exposure 

Zhao et al 
2016 

October 2015 
n=1 cohort for fruit 
n=3 case-control for fruit 
n=1 cohort for vegetables 
n=3 case-control for 
vegetables 

Fruit, vegetables, fat 
and red and 
processed meat 

Barrett’s esophagus 
risk 

Vegetables may be protective. Precursor for oesophageal 
adenocarcinoma – not relevant. 

Grosso et al 
2017 

March 2017 
Cohort studies 
n=37 for F&V combined 
n=21 for fruit 
n=24 for vegetables 
Associations in cohorts 
presenting associations 
between diet and cancer 
risk 

Meat, fruits, and 
vegetables 

Health risk factors, 
including body weight 
(and also smoking, 
PA, education, 
alcohol) 

No relation to BMI. The purpose was to study clusters 
of factors. 

Han et al 
2017 

March 2016 
Epidemiologic studies 
(Intervention studies, 
RCTs excluded) 
n=71 
n=64 cross-sectional 
n=6 cohort studies 
n=1 case-control 

Determinants of 
hyperhomocystein 

Hyperhomocystein Fruit intake protective for 
hyperhomocystein only seen in the 
original study. Not seen or 
investigated in the SR. 
 

Not only a systematic review, also 
an original article (a population-
based study). Almost entirely 
based on cross-sectional studies. 
Too broad, not focused on fruit 
and vegetables. 

Garcia-Larsen 
2018 

December 2017 for 
intervention studies 
13 July 2013 for 
observational studies 
Children and young 
adults <40 yrs 
n=35 for fruit and 
vegetables and nuts 

Breastfeeding, 
maternal and infant 
dietary exposures 
Dietary patterns, 
nutrient intake, foods 

Allergic or 
autoimmune disease 
(not rare diseases): 
Asthma, wheezing, 
eczema, allergic 
rhinitis, food allergy 

 Fruit and vegetables not studied  

Lai et al 
2014 
 

Aug 2013 
Community-dwelling 
adults, ≥18 y old  
Observational and 
interventions 

Dietary patterns Depression  Dietary patterns 

Li R et al 
2018 

June 2017 
Cohort and cross-
sectional 

Dietary factors: red 
meat, seafoods, 
alcohol, fructose, dairy 

Risk of gout and 
hyperuricemia 

 Fruit and vegetables not studied 



products, soy foods, 
high-purine 
vegetables or coffee 

Li Y et al 
2017 

September 2016 Dietary patterns Depression  Dietary patterns 

Sanhueza et al 
2012 

May 2010 Some nutrients, foods 
and dietary patterns, 
not fruit and 
vegetables 

Unipolar depression  Fruit and vegetables not studied 

Turner-McGrievy 
et al 
2014 

February 2014 Vegetarian and vegan 
diets, and food groups 
associated with the 
identified factors 

Metabolic syndrome  Fruit and vegetables not part of 
the systematic literature review. 

Bach et al 
2019 

February 2019 Dietary patterns CKD (chronic kidney 
disease) 

 Dietary patterns 

HL: * The studies were first evaluated using the non-modified AMASTAR 2, for which ≥11/16 (for MA) or ≥9/13 (for SR) was considered as high (approx. 70%) and <50 

% as low. At a later stage, the most relevant studies were re-evaluated using the modified AMSTAR 2. 

 

  



Summary of findings in Aune (2017), Zurbau (2020), Bechthold (2017), Schwingshackl (2017) and Halvorsen (2021) 

 

High versus low and dose-response regarding fruit and vegetables intake. All risk reductions given below are statistically significant unless otherwise indicated. 

The confidence intervals get broader at higher intakes (fewer studies). 

Links to figures:  

Aune 2017: https://pubmed.ncbi.nlm.nih.gov/28338764/ (fig 2-6) 

Zurbau 2021: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7792377/ (suppl pdf, fig S33-S35, S44-S46, S90-S92, S102-S104, S147-S149, S158-S160) 

Bechthold 2017: https://www.tandfonline.com/doi/full/10.1080/10408398.2017.1392288 (fig 3, fig 4) 

Schwingshackl 2017: https://academic.oup.com/ajcn/article/105/6/1462/4569801 (fig 2) 

 

 Total fruit and vegetables intake Fruit intake Vegetables intake 

Aune 2017 (13)    

CHD (incidence and 
mortality) 

High versus low 
13 % risk reduction. 
Dose-response  
Almost linear risk reduction up to 800 g/d. 
Around 25 % risk reduction at 800 g/d. 

High versus low 
14 % risk reduction. 
Dose-response 
Steeper risk reductions up to 200 g/d. 

High versus low 
13 % risk reduction. 
Dose-response 
Steeper risk reductions up to 200-300 g/d. 

Stroke (incidence and 
mortality) 

High versus low 
21 % risk reduction. 
Dose-response 
Steeper risk reductions up to 400 g/d. 
Around 25 % risk reduction at 400 g/d. 
Around 30 % risk reduction at 800 g/d. 

High versus low 
18 % risk reduction. 
Dose-response 
Risk reductions up to 200 g/d, after that the 
curve goes slightly up again. 

High versus low 
13 % risk reduction. 
Dose-response 
Steeper risk reductions up to 200-300 g/d. 

CVD (incidence and 
mortality) 

High versus low 
16 % risk reduction. 
Dose-response 
Steeper risk reductions up to 400-500 g/d, but 
continued risk reductions. 
Around 20 % risk reduction at 400 g/d. 
Around 26-27 % risk reduction at 800 g/d. 

High versus low 
13 % risk reduction. 
Dose-response 
Steeper risk reductions up to 200-300 g/d. 

High versus low 
11 % risk reduction. 
Dose-response 
Almost linear risk reductions up to 600 g/d. 

Total cancer (incidence 
and mortality) Not 
relevant, covered by a 
qSR. 

High versus low 
7 % risk reduction. 
Dose-response 
Steeper risk reductions up to 400 g/d. 
Around 10 % risk reduction at 400 g/d. 
Small change at 800 g/d. 

High versus low 
7 % risk reduction. 
Dose-response 
Smaller reductions, almost linear. 

High versus low 
5 % risk reduction. 
Dose-response 
Smaller reductions. 
 

All-cause mortality High versus low 
18 % risk reduction. 
Dose-response 
Steeper risk reductions up to 400 (or 400-500) 
g/d, but continued risk reductions up to 800 g/d. 
Around 24 % risk reduction at 400 g/d. 

High versus low 
13 % risk reduction. 
Dose-response 
Risk reductions up to 200 g/d 

High versus low 
13 % risk reduction. 
Dose-response 
Risk reductions up to 200-300 g/d, then small 
additional reductions. 

https://pubmed.ncbi.nlm.nih.gov/28338764/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7792377/
https://www.tandfonline.com/doi/full/10.1080/10408398.2017.1392288
https://academic.oup.com/ajcn/article/105/6/1462/4569801


Around 30 % risk reduction at 800 g/d. 

Zurbau 2020 (11)    

CVD incidence High versus low 
7 % risk reduction. 
Dose-response 
Continuous risk reductions up to 10 servings/d.  
Around 20 % risk reduction at the highest 
intake. 

High versus low 
9 % risk reduction. 
Dose-response 
Continuous risk reductions up to 10 
servings/day. 
 

High versus low 
6 % risk reduction. 
Dose-response 
Continuous risk reductions up to 10 
servings/day 

CVD mortality High versus low 
11 % risk reduction. 
Dose-response 
Steeper risk reductions up to 4 servings/d, and 
after 5 servings no change  
Around 20 % risk reduction at 4 servings. 

High versus low 
12 % risk reduction. 
Dose-response 
Steeper risk reductions up to 2-3 servings/d, 
and additional risk reductions up to 7 servings  
 

High versus low 
13 % risk reduction. 
Dose-response 
Risk reductions up to 2-3 servings/d  

CHD incidence High versus low 
12 % risk reduction. 
Dose-response 
Risk reductions up to 4 servings/d  
Around 15 % risk reduction at 4 servings/d,  
 

High versus low 
12 % risk reduction. 
Dose-response 
Risk reductions up to 2 servings/day  

High versus low 
8 % risk reduction. 
Dose-response 
Continuous risk reductions up to 7 servings/d.  
Nearly 20 % risk reduction at the highest intake. 

CHD mortality High versus low 
19 % risk reduction. 
Dose-response 
Steeper risk reductions up to 3 servings/d  
Around 30 % risk reduction at 3 servings/d,  
 

High versus low 
14 % risk reduction. 
Dose-response 
Steeper risk reductions up to 2 servings/d  
 

High versus low 
14 % risk reduction. 
Dose-response 
Continuous small risk reductions up to 4 
servings/d. 
 

Stroke incidence High versus low 
18 % risk reduction. 
Dose-response 
Slightly steeper risk reductions up to 4 
servings/d, but continuous risk reductions up to 
9 servings/d. 
Around 20 % risk reduction at 4 servings/d,  
Around 30 % risk reduction at 9 servings/d. 

High versus low 
18 % risk reduction. 
Dose-response 
Risk reductions up to 2 servings/d 

High versus low 
12 % risk reduction. 
Dose-response 
Risk reductions up to 1-2 servings/d  

Stroke mortality High versus low 
27 % risk reduction. 
Dose-response 
Continuous risk reductions up to 10 servings/d 
Around 30 % risk reduction at the highest intake 
(spline model). 

High versus low 
13 % risk reduction. 
Dose-response  
Risk reductions up to 2 servings/d  

High versus low 
6 % risk reduction. 
Dose-response  
Risk reductions up to 2-3 servings/d  

Bechthold 2017 (12)    

CHD - High versus low 
8 % risk reduction. 
Dose-response  
Risk reductions up to 200 g/d. 
 

High versus low 
11 % risk reduction. 
Dose-response 
Steeper risk reductions up to 200-300 g/d. 
Continued risk reduction up to 600 g/d. 

Stroke - High versus low 
13 % risk reduction. 

High versus low 
17 % risk reduction. 



Dose-response  
Risk reductions up to 200 g/d. 
 

Dose-response  
Risk reductions up to 200 g/d. 

Heart failure - High versus low 
No risk reduction. 

High versus low 
5 % risk reduction. 
 

Schwingschackl 2017 
(21) 

   

All-cause mortality - High versus low 
7 % risk reduction. 
Dose-response  
Risk reductions up to 200 g/d. 
 

High versus low 
9 % risk reduction. 
Dose-response  
Steeper risk reductions up to 200-300 g/d. 
 

Halvorsen 2021 (23)    

T2D risk High versus low 
7 % risk reduction. 
Dose-response 
9-10 % risk reductions at 600-700 g/d, 
borderline significant 

High versus low 
7 % risk reduction 
Dose-response 
8-12 % risk reductions at 100-500 g/d. 
 

High versus low 
5 % risk reduction (CI 0.88-1.02). 
Dose-response 
12-14 % risk reductions at 200-400 g/d 

 

Findings regarding specific types of fruit and vegetables  

Similar significant findings are indicated in blue. 

 Zurbau Aune Halvorsen 

 CVD 
incidence 

CHD 
incidence 

Stroke 
incidence 

CVD 
mortality 

CHD 
mortality 

Stroke 
mortality 

CHD Stroke 
(total) 

CVD All-cause 
mortality 

Cancer T2D 

Apple/pears (pommes) 0.76 (L) 0.90 (VL) 0.89 (M) 0.86 (VL) 0.84 (VL) NS 0.85 0.88 0.86 0.80 - 0.79/0.88* 

Apricots - - - NS - -       

Bananas - - - NS NS NS NS - - NS - NS 

Berries NS NS NS NS NS NS NS NS NS 0.92 - NS 

Blueberries            0.76 

Citrus fruit 0.88 (L) 0.91 (L) 0.88 (L) NS 0.91 (VL) 0.90 (L) 0.91 0.74 0.78 0.90 NS NS 

Citrus fruit juice       - NS NS - - - 

Fruit juice NS NS 0.82 (VL) NS BP 0.67 (L) 0.79 0.67 NS 0.87 NS NS 

Dried fruit - - - NS NS NS NS NS NS - NS - 

Grapes - NS - BP NS BP NS NS NS - - 0.83** 

Strawberries       NS - NS - - NS 

Watermelon - NS - - - - NS NS - - - NS 

Cantaloup            1.11 

Oranges            NS 

Prunes            NS 

Peaches, plums, apricot            NS 

Tinned fruits       - - 1.23 1.13 NS - 

Pickled vegetables       - 0.80 - - NS - 

Allium NS NS 0.89 (VL) 0.33 (VL) 0.67 (VL) NS NS BP - NS - NS 

Onions       BP - - NS NS - 



Broccoli       - - NS - NS NS 

Carrots - - - NS NS 0.54 (L) - - 0.81 - - - 

Cruciferous NS NS NS 0.85 (VL) 0.91 (VL) BP NS NS NS/BP 0.88 0.84 NS 

Green leafy 0.87 (L) 0.82 (M) 0.88 (L) 0.87 (L) 0.86 (VL) 0.90 (L) 0.83 0.88 0.84 0.92 - BP 

Noncruciferous       - - 0.76 - NS - 

Potatoes       NS NS NS 0.78 NS NS*** 

Root vegetables        NS - NS - - 

Raw vegetables       NS - NS/BP 0.88 - - 

Cabbage            1.10 

Brussel sprouts            1.10 

Kale, mustard, chard            1.18 

Celery - - - NS NS -       

Tomatoes NS NS 0.20 (L) NS NS NS BP NS NS - 0.86 NS 

Beta-carotene rich       0.83 - NS - -  

Lutein rich        NS - NS - -  

Lycopene rich       NS - - - -  

Vitamin C rich       0.86 - - - -  

Cooked vegetables       - - - 0.87 -  

Green vegetables       - - - - NS  

Green yellow vegetables       - - - - BP  

Yellow vegetables       - - - - NS BP 

Salads       - - - - NS  

BP = Borderline protective 

NS = Non-significant association 

M = Moderate level of evidence (according to GRADE) 

L = Low level of evidence (according to GRADE) 

VL = Very low level of evidence (according to GRADE) 

*Apples and apples/pears, ** Grapes and raisins, *** significant positive dose-response 

  



Adjustments made in the observational studies in the meta-analyses/systematic reviews included in the summary. 

 

Outcome Meta-analysis or 
systematic review 

Adjustments Comments in the article 

Cancer The CUP-report 
(WCRF/AICR) 

Details are not available. Should be similar to other large cohort 
studies below, seen in e.g., Aune. 

 

CVD Aune 2017 Most of studies have adjusted for age, sex, smoking, BMI. Many have 
also adjusted for social class, physical activity, energy intake and 
other factors. 

Authors conclusion:  
Associations appear to be independent of 
adiposity. 

 Zurbau 2020 Same as above.  

 Bechthold 2017 Same as above.  

All-cause 
mortality 

Aune 2017 See above.  

 Schwingschackl 2017 Same as above.  

T2D Halvorsen 2021 Same as above. Most studies adjusted for baseline BMI. Few 
studies conducted analyses with and without 
adjustments for BMI to assess potential 
mediation. No studies tested whether 
adjustment for weight change during follow-up, 
which could also mediate part of the inverse 
association. 

Bone health Brondani 2019 Almost all cohort studies (n=6) have adjusted for age, gender, BMI, 
smoking, vitamin D and calcium supplements. Some have also 
adjusted for education. 

 

 Hu 2018 Most studies have adjusted for age, BMI, smoking. Many also 
adjusted for other factors such as hormone replacement, other 
common risk factors of PMOP. 

 

Mental health Matison 2021 Most studies have adjusted for smoking, alcohol, BMI and other 
factors.  

 

 Saghafian 2018 Most studies have adjusted for age, education, BMI, smoking energy 
intake. 

 

 Dharmyani 2021 SR: Key confounders are adjusted for, not clearly described which.   

Cognitive 
function 

Wu 2017 Almost all studies have adjusted for age, sex and education. Some 
also adjusted for BMI. Other factors are also adjusted for. 

 

Frailty  Granic 2020 Info is lacking, but RoB is clearly discussed.  

 Ghoreishy 2021 Most studies have adjusted for age, sex and BMI. Many other factors, 
including education, are also adjusted for. 

 

Gallstone 
disease 

Zhang 2019 Most studies have adjusted for age, sex, education, smoking, BMI  

IBD Li 2015 Most studies have adjusted for age and sex. Some also for BMI and 
education. Unknown for some studies. 

 

 Milajerdi 2020 Most studies have adjusted for age and sex and smoking. Some also 
for BMI, education. Other factors are also adjusted for. 

 

Periodontal 
disease 

O’Conner 2020 SR: Most studies have adjusted for sex, smoking, BMI, education, 
and other factors. 

 

Eye disease Huang 2015 Most studies have adjusted for age, sex, smoking, BMI/obesity, 
education. Other factors are also adjusted for. 

 



 Dinu 2019 Most studies have adjusted for age, sex, smoking, BMI/obesity or 
total energy intake, education. Other factors are also adjusted for. 

 

Wheezing and 
asthma 

Seyedrezazadeh 2015 Most studies have adjusted for age, smoking, education. Some also 
for birth weight/overweight/BMI. Other factors are also adjusted for. 

 

Hypertension Schwingschackl 2017 Most studies have adjusted for age, smoking, BMI, and many other 
factors. 

 

 Wu 2016 Same as above.  

Body weight Schlesinger 2019 Most studies have adjusted for age, smoking, physical activity, other 
dietary factors, BMI or body weight at baseline and other factors.  

 

 Nour 2018 Same as above.  

Hypertension Schwingschackl 2017  Most studies have adjusted for age, smoking, BMI, physical activity, 
and many other factors. 

 

 Wu 2016 Same as above.  

Metabolic 
syndrome 

Lee 2019 Most studies have adjusted for age, sex, smoking, physical activity, 
and other factors. Some studies also for energy intake and BMI. 

 

 Zhang & Zhang 2017 Most studies have adjusted for age, sex, and other factors. Some 
also for energy intake and BMI.  

 

 

Abbreviations; 

* SR: systematic review(s); MA: meta-analysis, RCTs: randomized controlled trials; CVD: cardiovascular disease; CHD: coronary heart disease; T2D: type 2 diabetes. 
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