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Azukrearen gehiegizko kontsumoak osasun fisikoan zein mentalean duen 
eragina xehetasun handiz aztertu da, eta ondorioak argiak dira: gaitz 
koronario gero eta ohikoagoak, depresioa, hiperaktibitatea, alergiak… 
Ikerketak emandako datuek arazoari aurre egiteko politika eraginkorrak 
garatzen lagundu dezakete.

Azukrearen kontsumoak osasunean duen eragi-
nari buruzko ikerketa zientifiko nagusiak berrikusi 
dituzte lanaren egileek, eta datu kezkagarriak aza-
leratu dira: azukre asko kontsumitzeak, bereziki 
fruktosa duena, arazo endokrinoak, metabolikoak 
eta kardiobaskularrak eragiten ditu, nagusiki. On-
dorioak ezagunak dira: obesitatea eta gaixotasun 
koronarioak, besteak beste. Baina bestelako osa-
sun-arazoekin ere erlazionatuta egon daitezkee-
la ikusi dute: minbizia, gaitz neuropsikiatrikoak, 
hezurretako kaltzioa galtzea, gibeleko gaitzak eta 
alergiak.

Minbiziari dagokionez, ikerketatik ondorioztatu 
da lotuta egon daitekeela bularreko, prostatako, 
gibeleko, maskuriko eta endometrioko minbizia-
ren garapenarekin eta hedapenarekin, nahiz eta 
horri buruzko ikerketa gehiago egin behar den. 

«Prebentzioa sustatzeko 
hezkuntza eta osasun publikoko 
politika eraginkorrak behar 
dira»

Gainera, azterlanak gehiegizko azukre-kontsu-
moaren eta gaitz neuropsikiatrikoen arteko lotu-
rari erreparatu dio, eta ondorioztatu du zerikusi 
zuzena izan dezakeela depresioarekin, arretaren 
defizitagatiko nahasmenduarekin eta hiperaktibi-
tatearekin. Ikertzaileek dietaren eta osasun men-
talaren artean dagoen erlazio zuzena azpimarratu 

dute, eta horrek esku-hartze sozialerako bide be-
rriak ireki ditzakeela uste dute.

Haur eta gazteak jomugan

Ondorioak ikusita, ikerketaren egileek gomen-
datzen dute azukre gehigarriaren kontsumoa 
eguneko 25  gramo baino gutxiagora murriztea, 
eta arreta berezia jarri dute haur eta gazteek kon-
tsumitzen duten edari azukredunen kantitatean. 
Edari azukredunak, gehienez, astean behin har-
tzea aholkatu dute, osasunean dituzten ondorio 
kaltegarriak arintzeko.

Azterketak azukrearen kontsumoari lotutako bizi- 
ohiturei buruzko datuak ere ematen ditu: edari 
azukredunak maiz kontsumitzen dituzten pertso-
nek, askotan, eredu dietetiko desorekatua izaten 
dute, tabakismorako eta alkohol-kontsumorako 
joera handiagoa, eta ohitura sedentarioak.

Ebidentzia zientifiko hauek garrantzi kliniko eta 
sozial handia dute, eta azukre gehiegi kontsu-
mitzearen aurkako prebentzio-estrategiak ga-
ratzen lagundu dezakete. Ikerketaren egileek 
prebentzioaren alde egiten dute, eta, horretara-
ko, hezkuntzaren bidez eragiteko eta osasun pu-
blikoko politika eraginkorrak ezartzeko eskatzen 
dute. Besteak beste, azukrearen gaineko zergak, 
elikagaien etiketen lege zorrotzak eta publizita-
teari eta marketinari mugak jartzen dizkioten 
arauak.

Azukrearen gehiegizko 
kontsumoa: ondorio larriak 
eta globalak dituen arazoa
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ABSTRACT: Objective: To evaluate the quality of evidence, potential biases, and validity of all available stud-
ies on di- etary sugar consumption and health outcomes.
Design: Umbrella review of existing meta-analyses.
Data sources: PubMed, Embase, Web of Science, Cochrane Database of Systematic Reviews, and hand search-
ing of reference lists.
Inclusion criteria: Systematic reviews and meta-analyses of randomised controlled trials, cohort studies, 
case- control studies, or cross sectional studies that evaluated the effect of dietary sugar consump- tion on 
any health outcomes in humans free from acute or chronic diseases.
Results: The search identified 73 meta-analyses and 83 health outcomes from 8601 unique articles, including 
74 unique outcomes in meta-analyses of observational studies and nine unique out- comes in meta-analyses of 
randomised controlled trials. Significant harmful associations be- tween dietary sugar consumption and 18 endo-
crine/metabolic outcomes, 10 cardiovascular outcomes, seven cancer outcomes, and 10 other outcomes (neuropsy-
chiatric, dental, hepatic, osteal, and allergic) were detected. Moderate quality evidence suggested that the highest 
ver- sus lowest dietary sugar consumption was associated with increased body weight (sugar sweetened beverages) 
(class IV evidence) and ectopic fatty accumulation (added sugars) (class IV evidence). Low quality evidence indicat-
ed that each serving/week increment of sugar sweetened beverage consumption was associated with a 4% higher 
risk of gout (class III evidence) and each 250 mL/day increment of sugar sweetened beverage consumption was as-
sociated with a 17% and 4% higher risk of coronary heart disease (class II evidence) and all cause mortality (class III 
evidence), respectively. In addition, low quality evidence sug- gested that every 25 g/day increment of fructose con-
sumption was associated with a 22% higher risk of pancreatic cancer (class III evidence).
Conclusions: High dietary sugar consumption is generally more harmful than beneficial for health, espe- cially 
in cardiometabolic disease. Reducing the consumption of free sugars or added sugars to below 25 g/day (approx-
imately 6 teaspoons/day) and limiting the consumption of sugar sweetened beverages to less than one serving/
week (approximately 200-355 mL/week) are recommended to reduce the adverse effect of sugars on health.
Systematic review registration: PROSPERO CRD42022300982.
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1.  Introduction

As an important component of the human diet, 
sugars have been shown to be harmfully associat-
ed with a variety of risk factors for decades, mainly 
including obesity,1 2 3 diabetes,4 5 6 cardiovascular 
disease,7 8 9 10 hyperuricaemia,11 gout,11 12 13 ectopic 
fatty accumulation,14 15 16 dental caries,17 and some 
cancers.18 19 20 21 According to the latest report of the 
World Health Organization and the Food and Agri-
culture Organization of the United Nations, sugars  
include monosaccharides, disaccharides, polyols, 
and free sugars, of which free sugars are identified 
as all monosaccharides and disaccharides added to 
foods by the manufacturer, cook, or consumer and 
sugars naturally present in honey, syrups, and fruit 
juices.3 22 In addition, another important group of 
sugars, added sugars, has been proposed in the 
Dietary Guidelines for Americans and has been 
defined as all monosaccharides and disaccharides 
used in processed and prepared foods and drinks 
and sugars added to foods but not naturally occur-
ring sugars such as in fruits and fruit juices (ta-
ble 1).23

In recent years, many studies have focused on the 
adverse effects of sugar sweetened beverages on 
human health, given the substantial contribution 
of these drinks to total added sugar or free sugar 
intake and the rapidly increasing rate of their con-
sumption.24 25 26 Generally, sugar sweetened bever-
ages are the largest source of added sugars, includ-
ing carbonated and noncarbonated soft drinks, 
fruit drinks, and sports and energy drinks.27 Pre-
vious surveys have shown that consumption of 
sugar sweetened beverages is declining in many 
developed countries, although consumption lev-
els remain high.27 28 However, the consumption of 
sugar sweetened beverages is still increasing in 
many developing countries, which may be attrib-
uted to their increased availability accompanied 
by economic development.29 The 2007 annual re-
port of the Coca-Cola company revealed that the 
consumption of sugar sweetened beverages in In-
dia and China increased by 14% and 18%, respec-
tively, in one year.30 In 2018 a cross sectional sur-
vey conducted among Chinese primary and junior 

high school students showed that sugar sweet-
ened beverages provide 10-15% of the total calo-
rie consumption of school students.31 Data from 
the National Health and Nutrition Examination 
Survey (NHANES) showed that, in 2009-10, sugar 
sweetened beverage consumption contributed 8% 
and 6.9% of daily energy intake among children/
adolescents and adults, respectively, in the US.32 
Additionally, a global survey conducted in 2010 
reported that a total of 180 000 adiposity associat-
ed deaths could be attributed to the consumption 
of sugar sweetened beverages around the world.33 
All of these findings promote the development of 
policies worldwide to limit sugar consumption, 
including sugars taxes, food labelling laws, and 
restrictions on advertising and marketing.34 35 36 37  
Meanwhile, national and international organi-
sations such as WHO, the US Department of Ag-
riculture, and the US Department of Health and 
Human Services have recommended reducing the 
consumption of free sugars or added sugars to less 
than 10% of total daily energy intake.23 38

Although many meta-analyses of observational 
studies and randomised controlled trials focused 
on the associations between sugar consumption 
and a range of health outcomes have been pub-
lished in recent decades, deficiencies in the study 
design, varying measurements of dietary sugar 
consumption, inconsistent findings, and different 
definitions of exposure make drawing definitive 
conclusions difficult. Therefore, before developing 
detailed policies for sugar restriction, the quality 
of existing evidence on the associations of dietary 
sugar consumption with all health outcomes needs 
to be comprehensively evaluated. To evaluate the 
quality of evidence, potential biases, and validity of 
all studies available on dietary sugar intake and any 
health outcomes, we did an umbrella review of me-
ta-analyses on this topic.

2.  Methods

2.1.  Umbrella review methods

We systematically searched, extracted, and ana-
lysed large amounts of data from published sys-
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tematic reviews and meta-analyses that research 
the associations between various health outcomes 
and dietary sugar consumption.39 40 Generally, 
dietary sugar consumption could be measured 
through the specific proportions of sugars in foods 
or a percentage of total energy and combined in 
meta-analyses.3 Therefore, we excluded simple sys-
tematic reviews without meta-analyses from our 
umbrella review. We prospectively registered this 
umbrella review in PROSPERO (CRD42022300982) 
(https://www.crd.york.ac.uk/PROSPERO/).

2.2.  Literature search

We searched PubMed, Embase, Web of Science, 
and the Cochrane Database of Systematic Re-
views from inception through January 2022 (last 
update) for systematic reviews and meta-analyses 
of randomised controlled trials and observation-
al studies. We searched the data-bases through a 
combination of Medical Subject Headings terms, 
keywords, and variations of text words associat-
ed with sugars following the Scottish Intercollegi-
ate Guidelines Network’s guidance for literature 
searching: (sugars OR sugar) AND (systematic re-
view OR meta-analysis).41 Two authors (YH and 
ZYC) separately conducted electronic searches to 
screen the titles and abstracts retrieved from the 
databases and identified meta-analyses that met 
the inclusion criteria by full text reading. Any dis-
crepancy in the literature screening between the 
two reviewers was resolved by a third author (LRL). 
We hand searched meta-analyses and reviews from 
the reference lists of all included articles to identify 
studies that might have been missed.

2.3.  Eligibility criteria

We identified dietary sugar consumption as the in-
take of total sugars and the consumption of a com-
ponent of total sugars (monosaccharides, disaccha-
rides, polyols, free sugars, or added sugars), which 
are expressed in absolute amounts or as a percent-
age of total energy, or the intake of sugar sweetened 
beverages or foods (table 1).3 We included systematic 
reviews and meta-analyses of randomised controlled 
trials, cohort studies, case-control studies, or cross 

sectional studies that evaluated dietary sugar con-
sumption in humans free from acute or chronic dis-
eases. Meta-analyses were eligible for inclusion when 
they compared the effects of different dietary sugar 
consumption on the same health outcome through 
relative risks, odds ratios, hazard ratios, weighted 
mean differences, or standardised mean differences. 
We included meta-analyses when the exposure was 
total sugars, monosaccharides, disaccharides, poly-
ols, free sugars, added sugars, or sugar sweetened 
beverages or foods. We extracted data on individual 
outcomes separately if two or more health outcomes 
were reported in a study. If more than one study 
published more than 24 months apart was conducted 
on the same dietary sugar exposure and health out-
comes, we included the most recent study for data ex-
traction, which is generally the study with the largest 
sample size. If more than one study was conducted 
within the same 24 month period, we included the 
meta-analysis with the largest number of prospec-
tive cohort studies and randomised controlled trials 
(a study with a higher AMSTAR score was included 
if the number of prospective studies was equal).42 43  
Furthermore, if the most recent study did not do 
dose-response analysis, whereas another study did, 
we included both studies for data extraction.

The exclusion criteria for these umbrella reviews 
included meta-analyses of the association between 
carbohydrates, non-nutritive sweeteners, and arti-
ficially sweetened beverages and health outcomes; 
meta-analyses evaluating the therapeutic or meta-
bolic effects of short term sugar supplementation; 
meta-analyses that evaluated the effects of dietary 
sugar consumption on health outcomes in certain 
disease populations; randomised controlled trials 
that aimed to achieve isoenergetic replacement of 
sugars with other forms of carbohydrate; studies 
with insufficient data to evaluate sugar consumption 
from sugar containing foods (such as honey, apples, 
chocolate, ice cream, 100% fruit juice); and non-Eng-
lish studies and animal and cell culture studies.

2.4.  Data extraction

Two reviewers (YH and ZYC) independently extract-
ed the following information from each el- igible 
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study: first author’s name, publication year, type of 
dietary sugar consumption (total sugars, monosac-
charides, disaccharides, polyols, free sugars, added 
sugars, sugar sweetened beverages or foods), meas-
urement of dietary sugar consumption, health out-
come, number of included studies, number of cases 
and total participants, study design (cross section-
al, case-control, cohort, and randomised controlled 
trial), comparison (high versus low, never/low ver-
sus moderate/high, any versus none, or extra incre-
ment of sugars per day (or week) versus none), and 
estimated summary effect (risk ratio, odds ratio, 
weighted mean difference, and standardised mean 
difference with 95% confidence intervals). Further-
more, we extracted the model of effect (random and 
fixed), heterogeneity (I2 statistic and Cochran’s Q test 
P value), and publication bias assessment (P value of 
Egger’s test or funnel plot). If dose-response analysis 
and subgroup analysis were conducted, we also ex-
tracted the non-linearity tests’ P value and results of 
subgroup analysis in meta-analyses. If a meta-anal-
ysis was conducted on both cohort and case-control/
cross sectional studies and stratification analysis 
was conducted through study design, we selected the 
cohort design subanalysis results for data extraction 
or reanalysed. Any disagreement was determined by 
a third author (LRL).

2.5.  Quality assessment of methods and evidence

Two reviewers (YH and ZYC) evaluated the method-
ological quality of the included articles by using AM-
STAR (a measurement tool to assess systematic re-
views), a valid and dependable measurement tool in 
assessing the quality of systematic reviews and me-
ta-analyses.42 44 In addition, according to the Grading 
of Recommendations, Assessment, Development and 
Evaluation (GRADE), we evaluated evidence of each 
health outcome and graded it as “high,” “moderate,” 
“low,” or “very low” quality to draw conclusions.45 Ad-
ditionally, we classified evidence of outcomes into 
four categories following the evidence classification 
criteria: class I (convincing evidence), class II (highly 
suggestive evidence), class III (suggestive evidence), 
class IV (weak evidence), and NS (non-significant).46 47 48  
Table 2 shows detailed criteria of evidence classifica-
tion.

2.6.  Data analysis

We reanalysed the risk ratio, odds ratio, weighted 
mean difference, or standardised mean difference 
with 95% confidence intervals through random or 
fixed effects models and calculated the I2 statistic, 
P  value of Cochran’s Q test for heterogeneity, and 
P value of Egger’s regression test (at least 10 stud-
ies were included) for small study effects in each 
included meta-analysis that reported the metric, 
number of cases, and participants of the included 
original studies.49 50 51 For outcomes classified as 
class I or II, we did sensitivity analysis if sufficient 
data were available to assess whether the credibility 
of the evidence varied when some component stud-
ies were excluded. We also extracted dose-response 
associations between dietary sugar consumption 
and various health outcomes from the included 
meta-analyses, if available.

Moreover, if the latest meta-analysis did not in-
clude the original articles that were included by 
other meta-analyses, we combined the data of 
these meta-analyses and did a reanalysis. We 
assessed agreement statistics between two au-
thors (YH and ZYC) regarding study selection 
by using Cohen’s κ statistics and associated 95% 
confidence interval. We interpreted magnitude 
of agreement by following guidelines reported 
by Landis and Koch: slight (0.00-0.20), fair (0.21-
0.40), moderate (0.41-0.60), substantial (0.61-
0.80), and almost perfect agreement (0.81-1.00).52 
In addition, if a meta-analysis reported the esti-
mated effect by combining observational studies 
with randomised controlled trials, we reanalysed 
the estimated effects for observational studies 
and randomised controlled trials separately. If 
we could not do a reanalysis from a meta-anal-
ysis, we extracted summary data and assessed 
heterogeneity and publication bias from the 
meta-analysis as far as possible. We identified a 
P  value <0.10 as statistically significant for het-
erogeneity tests. For other tests, we considered 
a P value <0.05 to be significant. We used Review 
Manager version 5.3 for evidence synthesis, Stata 
version 12.1 for Egger’s test and sensitivity anal-
ysis, and IBM SPSS Statistics version 25 for Co-
hen’s κ statistics.
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2.7.  Patient and public involvement

Patients and the public were not involved in the 
planning, design, and implementation of the study, 
as this study used secondary data. No patients were 
asked to advise on interpretation or writing up of 
the manuscript.

3.  Results

3.1.  Characteristics of meta-analyses

Figure  1 shows the flowchart of the literature 
search and selection process. After a systematic lit-
erature search, we identified 8601 unique articles. 
Application of our inclusion criteria yielded total 
of 73 meta-analyses, including 67 meta-analyses of 
observational studies and six meta-analyses of ran-
domised controlled trials. Agreement between the 
two reviewers (YH and ZYC) for study selection was 
almost perfect (κ  =  0.906, 95% confidence interval 
0.859 to 0.953; P  <  0.001). We extracted 74  unique 
outcomes in meta-analyses of observational stud-
ies and nine unique outcomes in meta-analyses 
of randomised controlled trials. Meta-analyses of 
randomised controlled trials included only change 
in body weight (sugar sweetened beverages), liver 
fat accumulation, muscle fat accumulation, change 
in body mass index, change in body weight (fruc-
tose), postprandial triglycerides, serum uric acid, 
intrahepatocellular lipids, and alanine aminotrans-
ferase. Figure  2 shows the significant dose-re-
sponse relations between dietary sugar consump-
tion and multiple health outcomes. The other forest 
plots show the significant non-dose-response rela-
tions between dietary sugar consumption and en- 
docrine/metabolic (fig  3), cardiovascular (fig  4), 
cancer (fig 5), and other outcomes (fig 6).

The full versions of the associations between di-
etary sugar consumption and each outcome are 
shown in supplementary tables A-D.

Most of the included meta-analyses focused on the 
associations between dietary sugar consumption 
and endocrine/metabolic diseases (n = 28), followed 
by cancer (n = 25), cardiovascular diseases (n = 17), 
neuropsychiatric diseases (n  =  3), dental diseases 

(n  =  2), and other diseases (n  =  8) (fig  7). Dietary 
sugar exposure included sugar sweetened bever-
ages (n = 58), fructose (n = 11), sucrose (n = 4), lac-
tose (n = 1), added sugars (n = 4), free sugars (n = 1), 
and total sugars (n  =  4). Significance was reached 
for 45  harmful associations and four beneficial 
associations. The remaining 34 outcomes were ei-
ther harmfully or beneficially associated but did 
not reach significance. After quality assessment of 
evidence through GRADE and evidence classifica-
tion criteria, most of the 83 outcomes were classi-
fied as “low” or “very low” quality and III, IV, or NS 
evidence class. Only four (5%) endocrine/metabol-
ic outcomes were classified as “moderate” quality. 
Three (4%) endocrine/metabolic outcomes, two (2%) 
cardiovascular outcomes, and three (4%) other out-
comes were graded as class IIB. No “high” quality or 
class I evidence was found in this umbrella review.

3.2.  Endocrine and metabolic outcomes

3.2.1. Low and moderate quality evidence 

A meta-analysis of six randomised controlled trials 
found that sugar sweetened beverage consump-
tion was significantly associated with increased 
body weight for highest versus lowest consumption 
(weighted mean difference 0.85, 95% confidence in-
terval 0.50 to 1.20) (moderate; IV (the quality of ev-
idence is expressed as “GRADE, evidence class”)).53 
In addition, any versus no added sugar consump-
tion was associated with increased liver fat accu-
mulation (standardised mean difference 0.93, 95% 
confidence interval 0.64 to 1.21) (moderate; IV) 
and muscle fat accumulation (standardised mean 
difference 0.63, 0.23 to 1.04) (moderate; IV).54 An-
other dose-response meta-analysis showed that a 
one serving/week increment in artificially sweet-
ened beverages was associated with a 4% higher 
risk of gout (risk ratio 1.04, 95% confidence interval 
1.02 to 1.07) (low; III).13 Furthermore, comparison 
of higher sugar sweetened beverage consumption 
with non-sugar sweetened beverage consumption 
indicated a 55% (odds ratio 1.55, 95% confidence 
interval 1.32 to 1.82) increased risk of obesity in 
children associated with higher consumption (low; 
II).3 Sugar sweetened beverage consumption was 
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also linked with an increased body mass index in 
children.53 The authors conducted a dose-response 
analysis and showed that body mass index in chil-
dren increased by 0.07 units for every one serv-
ing/day increment of sugar sweetened beverages 
(weighted mean difference 0.07, 0.01 to 0.12) (low; 
IV).53 Evidence from this umbrella review suggests 
that fructose intake was not associated with se-
rum uric acid (moderate; NS)55 or changes in body 
weight (low; NS) (fig 2; fig 3).56

Very low quality evidence Dose-response analysis 
based on seven cohort studies showed that a one 
serving/day increment of sugar sweetened beverag-
es was associated with a 0.22 kg weight gain in one 
year (weighted mean difference 0.22, 0.09 to 0.34).53 
Furthermore, the risk of gout increased by 35% (risk 
ratio 1.35, 1.18 to 1.55) for the highest versus low-
est sugar sweetened beverage consumption.11 The 
highest versus lowest sugar sweetened beverage 
consumption was also significantly associated with 
a 35% (risk ratio 1.35, 1.19 to 1.52) higher risk of hy-
peruricaemia.11 In addition, another pooled analy-
sis found that participants with the highest sugar 
sweetened beverage consumption had 0.18 mg/dL 
greater concentrations of serum uric acid than did 
those with the lowest consumption (weighted mean 
difference 0.18, 0.11 to 0.25).57 Similarly, the highest 
fructose intake could also increase the risk of gout 
(risk ratio 1.62, 1.28 to 2.03)58 and hyperuricaemia 
(odds ratio 1.85, 1.66 to 2.07)59 compared with the 
lowest consumption.

The most recent meta-analysis found a 1.46 mg/dL 
(weighted mean difference −1.46, −2.25 to −0.67) 
decrement of high density lipoprotein cholesterol 
for the highest versus lowest sugar sweetened bev-
erage consumption.60 Subgroup analysis indicated 
that the highest versus lowest sugar sweetened bev-
erage consumption was associated with lower high 
density lipoprotein cholesterol in studies conducted 
in the US (weighted mean difference −2.85, −4.09 to 
−1.61) but was associated with higher high density 
lipoprotein cholesterol in studies conducted in Eu-
rope/Oceania (weighted mean difference 1.65, 0.26 
to 3.05).60 The highest versus lowest sugar sweet-
ened beverage consumption was also significantly 
associated with increased low density lipoprotein 

cholesterol (weighted mean difference 1.21, 0.23 to 
2.20) and decreased total cholesterol (−2.49, −2.89 to 
−2.10).60 After stratification by region, no significant 
association between sugar sweetened beverage con-
sumption and low density lipoprotein cholesterol 
was detected in the US, Europe/Oceania, and Asia,60 
whereas the highest versus lowest sugar sweetened 
beverage consumption was associated with lower 
total cholesterol concentrations in studies conduct-
ed in the US/Europe (weighted mean difference 
−2.47, −2.88 to −2.07) but not in Asia.60

The risk of metabolic syndrome was increased by 
14% (risk ratio 1.14, 1.05 to 1.23) for a 355 mL/day 
increment of sugar sweetened beverages, with no 
evidence for departure from linearity.61 In addition, 
a meta-analysis including 56  579  participants and 
11 821 incident cases of obesity showed an adverse 
linear dose-response association between sug-
ar sweetened beverage consumption and the risk 
of obesity.1 Each 250  mL/day increment in sugar 
sweetened beverage consumption was associated 
with a 12% (risk ratio 1.12, 1.05 to 1.19) higher risk 
of obesity, and this association also remained after 
adjustment for energy intake (1.13, 1.09 to 1.18) and 
physical activity (1.14, 1.05 to 1.25).1 Moreover, a 
meta-analysis of 16 cohort studies found that with 
each one serving/day increment of sugar sweet-
ened beverage consumption, the risk of developing 
type 2 diabetes mellitus increased by 27% (risk ra-
tio 1.27, 1.15 to 1.41).6 By contrast, an 8% (risk ratio 
0.92, 0.85 to 0.99) lower risk of type 2 diabetes mel-
litus for each 25 g/day increment in sucrose intake 
was confirmed in dose-response analysis based on 
six cohort studies.62 The highest versus lowest sug-
ar sweetened beverage consumption was also sig-
nificantly associated with a higher risk of latent au-
toimmune diabetes in adults (odds ratio 1.26, 1.12 
to 1.41) (fig 2; fig 3).30

We found no significant association between sugar 
sweetened beverage consumption and changes in 
body mass index in adults,63 triglycerides,60 or large 
waist circumference.64 Fructose intake was not as-
sociated with postprandial triglycerides or type  2 
diabetes mellitus.62 65 Total sugar consumption was 
also not associated with type  2 diabetes mellitus 
(supplementary table A).62
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3.3.  Cardiovascular outcomes

Low quality evidence In a single article,10 a posi-
tive association between sugar sweetened beverage 
consumption and the risk of coronary heart disease 
was observed. Dose-response analysis showed that 
each 250  mL/day increment of sugar sweetened 
beverage consumption was positively associated 
with a 17% (risk ratio 1.17, 1.11 to 1.23) higher risk 
of coronary heart disease (low; II).10 In addition, 
extreme category analysis showed that the highest 
versus lowest sugar sweetened beverage consump-
tion was associated with an increased risk of myo-
cardial infarction (risk ratio 1.19, 1.09 to 1.31) (low; 
III).66 Low quality evidence suggests that fructose 
intake was not associated with the risk of hyperten-
sion (low; NS) (fig 2; fig 4).67

Very low quality evidence Except for a beneficial 
association between sucrose intake and cardio-
vascular disease mortality, all categories of dietary 
sugar exposure were adversely associated with var-
ious cardiovascular outcomes. A recent dose-re-
sponse meta-analysis showed that each 250  mL/
day increment of sugar sweetened beverage con-
sumption was positively associated with a 7% (risk 
ratio 1.07, 1.02 to 1.12) higher risk of stroke.10 An-
other meta-analysis of seven cohort studies with 
329  791  participants and 16   999  cases found that 
each one serving/day increment of sugar sweetened 
beverage consumption was linearly associated with 
an 8% (risk ratio 1.08, 1.02 to 1.14) increased risk of 
cardiovascular disease.8 For cardiovascular disease 
mortality, each serving/day increment of sugar 
sweetened beverage consumption was also linearly 
associated with a higher risk (hazard ratio 1.08, 1.04 
to 1.12).68 However, subgroup analysis found that 
the association between sugar sweetened beverage 
consumption and cardiovascular disease mortality 
was not statistically significant among participants 
from Asia.68 In a separate meta-analysis in children 
and adolescents,69 the highest versus lowest sugar 
sweetened beverage consumption was shown to be 
associated with a 1.67 mm Hg (weighted mean dif-
ference 1.67, 1.02 to 2.32) increase in systolic blood 
pressure and a 36% (odds ratio 1.36, 1.14 to 1.63) 
higher risk of hypertension. In adults, the results 
from pooled analysis of 13 prospective cohort stud-

ies indicated a harmful dose-response association 
between sugar sweetened beverage consumption 
and incidence of hypertension.70 The risk of hyper-
tension was increased by 11% (risk ratio 1.11, 1.09 
to 1.13) for a 355 mL/day (1 serving/day) increment 
in sugar sweetened beverage consumption.70 More-
over, both fructose (risk ratio 1.08, 1.01 to 1.15) and 
total sugars (risk ratio 1.09, 1.02 to 1.17) were harm-
fully associated with the risk of cardiovascular dis-
ease mortality for highest versus lowest consump-
tion,71 whereas a beneficial association between 
sucrose intake and cardiovascular disease mortal-
ity was observed (fig 2; fig 4).71

We observed no significant association between 
sugar sweetened beverage consumption and chang-
es in diastolic blood pressure (children and adoles-
cents)69 or heart failure.10 We also observed no sig-
nificant association between sucrose intake or total 
sugar consumption and the risk of cardiovascular 
disease.71 In addition, added sugar consumption 
was not associated with the risk of cardiovascular 
disease mortality (supplementary table B).71

3.4.  Cancer

Low quality evidence A dose-response meta-anal-
ysis showed that the risk of hepatocellular carcino-
ma increased by 100% (risk ratio 2.00, 1.33 to 3.03) 
for the highest sugar sweetened beverage con-
sumption compared with the lowest (low; IV).18 Ad-
ditionally, a meta-analysis conducted by Aune and 
colleagues found that 25  g/day of fructose intake 
was linearly associated with a 22% higher risk of 
pancreatic cancer (risk ratio 1.22, 1.08 to 1.37) (low; 
III).72 The association between fructose intake and 
incidence of pancreatic cancer remained signifi-
cant in the subgroups of studies that adjusted for 
smoking, body mass index, red and processed meat 
consumption, and energy intake, whereas the asso-
ciation was diminished in the subgroups of stud-
ies that adjusted for alcohol consumption, diabetes 
status, or physical activity (fig 2; fig 5).72

Very low quality evidence A recent meta-analysis 
of six observational studies showed a higher risk 
of breast cancer for highest versus lowest sugar 
sweetened beverage consumption (risk ratio 1.14, 
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1.01 to 1.30).19 In a separate meta-analysis, Li and 
colleagues found that the highest sugar sweetened 
beverage consumption might increase the risk of 
breast cancer mortality by 17% (risk ratio 1.17, 1.03 
to 1.34) compared with the lowest.18 Moreover, a me-
ta-analysis of six cohort studies showed that partic-
ipants with the highest sugar sweetened beverage 
consumption had a higher risk of prostate cancer 
than those with the lowest intake (risk ratio 1.17, 
1.07 to 1.28). Dose-response analysis did not detect 
a significant association.18 However, we observed 
a protective association between sugar sweetened 
beverage consumption and glioma in our umbrella 
review (risk ratio 0.81, 0.66 to 0.99).18 In addition, 
a meta-analysis including 20  cohort studies with 
5  505  812 participants observed a positive linear 
dose-response relation between sugar sweetened 
beverage consumption and overall cancer risk.18 
The risk increased by 4% for every serving/day in-
crement of sugar sweetened beverage consumption 
(risk ratio 1.04, 1.01 to 1.09).18 Furthermore, pooled 
analysis of 10 cohort studies with 1 239 183 partic-
ipants found that the highest versus lowest sugar 
sweetened beverage consumption was significant-
ly associated with a higher risk of overall cancer 
mortality (risk ratio 1.06, 1.00 to 1.12), without a 
significant dose-response relation.18 Stratification 
by region produced a positive association between 
sugar sweetened beverage consumption and overall 
cancer mortality in the North American population 
(odds ratio 1.08, 1.01 to 1.15) but not in Asia (0.99, 
0.81 to 1.22) (fig 2; fig 5).18

We observed no significant association between 
sugar sweetened beverage consumption and the risk 
of biliary track cancer,18 bladder cancer,18 colon can-
cer,73 colorectal cancer,18 colorectal cancer mortali-
ty,18 endometrial cancer,18 oesophageal cancer,18 gas-
tric cancer,18 haematological malignancy,18 kidney 
cancer,18 lung cancer mortality,18 nasopharyngeal 
carcinoma,18 pancreatic cancer,18 and prostate can-
cer mortality.18 In addition, added sugar consump-
tion was not associated with the risk of colorectal 
cancer.74 We observed no significant association be-
tween sucrose intake and pancreatic cancer.72 More-
over, lactose intake was not associated with the risk 
of ovarian cancer (supplementary table C).75

3.5.  Other outcomes

Low quality evidence A recent meta-analysis of 
11  cohort studies suggested that an increment in 
sugar sweetened beverage consumption of 250 mL/
day was associated with a 4% (hazard ratio 1.04, 
1.02 to 1.06) higher risk of all cause mortality (low; 
III).76 Moreover, a harmful association between 
sugar sweetened beverage consumption and the 
risk of depression was observed in a meta-anal-
ysis of 10  observational studies (risk ratio 1.31, 
1.24 to 1.39) (low; II).77 No significant association 
was observed between fructose intake and alanine 
transaminase concentration (low; NS) (fig 2; fig 6).78

Very low quality evidence The highest versus lowest 
sugar sweetened beverage consumption might in-
crease the risk of asthma in children by 26% (odds 
ratio 1.26, 1.07 to 1.48).79 In a single article,80 both 
sugar sweetened beverage consumption (odds 
ratio 1.80, 1.23 to 2.63) and total sugar consump-
tion (1.22, 1.04 to 1.42) were associated with an 
increased risk of attention deficit/hyperactivity 
disorder. In addition, the results from a meta-anal-
ysis of 10 observational studies showed a signifi-
cant inverse association between sugar sweetened 
beverage consumption and bone mineral densi-
ty in adults (standardised mean difference −0.66, 
−1.01 to −0.31).81 Subgroup analysis according to 
sex showed a significant harmful effect of sugar 
sweetened beverage consumption on bone mineral 
density in females (standardised mean difference 
−0.50, −0.87 to −0.13) but no association in males.81 
For dental diseases, a single article found a harm-
ful association between sugar sweetened beverage 
consumption and the incidence of dental caries 
(odds ratio 1.72, 1.41 to 2.09) and dental erosion 
(1.77, 1.28 to 2.43) when comparing never/low with 
moderate/high consumption.17 Additionally, sugar 
sweetened beverage consumption was positively 
associated with the risk of non- alcoholic fatty liv-
er disease (risk ratio 1.39, 1.29 to 1.50).16 Fructose 
intake was associated with increased intrahepato-
cellular lipids (standardised mean difference 0.45, 
0.18 to 0.72) ( fig 2; fig 6).78

Sugar sweetened beverage consumption was not 
associated with the risk of chronic kidney disease.82 
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In addition, maternal increased free sugar intake 
during pregnancy was not associated with the risk 
of asthma in offspring (supplementary table D).83

3.6.  Heterogeneity

We reanalysed the heterogeneity in 69% of all health 
outcomes by a random or fixed effects model. Rea-
nalysis found that approximately 46% of the health 
outcomes that we reanalysed had significant het-
erogeneity (I2 >  50% or P value of Cochran’s Q test 
< 0.1). The heterogeneity of most outcomes could be 
explained by some potential factors, including set-
ting, region, ethnicity, sex, age, study quality, study 
design, sample size, duration of follow-up, and ad-
justment for confounding factors. Of the 26  out-
comes that we could not reanalyse, approximately 
54% had significant heterogeneity and 4% did not 
report the results of the heterogeneity evaluation.

3.7.  Assessment of risk of bias

We conducted Egger’s test for 23% of the outcomes 
in our reanalysis, which found evidence of publica-
tion bias in three outcomes —type 2 diabetes melli-
tus (sugar sweetened beverages) (P = 0.016), overall 
cancer risk (P = 0.005), and hypertension in adults 
(sugar sweetened beverages) (P  =  0.02). For out-
comes that we could not reanalyse, publication bias 
was detected for cardiovascular disease mortality 
(sugar sweetened beverages), non-alcoholic fatty 
liver disease, obesity in adults, and change in body 
weight (one year) by statistical test or funnel plot. 
The remaining outcomes did not show significant 
publication bias or did not report an evaluation for 
publication bias.

3.8.  AMSTAR, GRADE, and evidence classification

The median AMSTAR score of all health outcomes 
was 8 (range 3-11; interquartile range 8-9.25) (sup-
plementary table E). Supplementary table  F pro-
vides the detailed AMSTAR scores for each out-
come. All evidence from meta-analyses of cohorts, 
population based case-control studies, and cross 
sectional studies is graded as “low” or “very low” 
quality owing to the observational study design and 

factors for quality downgrade (significant risk of 
bias, inconsistency, indirectness, imprecision, and 
potential publication bias). Among the nine meta- 
analyses of randomised controlled trials, four (liver 
fat accumulation, muscle fat accumulation, serum 
uric acid (fructose), and change in body weight 
(sugar sweetened beverages)) were downgraded as 
“moderate” quality given the imprecision, and the 
remaining (alanine transaminase, intrahepato-
cellular lipids, postprandial triglycerides, change 
in body mass index in adults, and change in body 
weight (fructose)) were downgraded as “low” or 
“very low” owing to the risk of bias, inconsistency, 
indirectness, or imprecision (supplementary ta-
ble E). Supplementary Table G shows the detailed 
GRADE classification for each outcome. In terms 
of evidence classification, type  2 diabetes melli-
tus (sugar sweetened beverages), hyperuricaemia 
(fructose), obesity in children (sugar sweetened 
beverages), coronary heart disease, hypertension 
in adults (sugar sweetened beverages), dental car-
ies, depression, and non-alcoholic fatty liver dis-
ease were graded as class  II. For the remaining 
75 outcomes, 15 (18.1%) were graded as class III, 26 
(31.3%) were graded as class IV, and 34 (41.0%) were 
identified as non-significant (supplementary ta-
ble E). Sensitivity analyses of each outcome graded 
as class II did not alter the direction or significance 
of the association.

4.  Discussion

4.1.  Principal findings and possible explanations

Dietary sugar consumption is harmfully associat-
ed with multiple health outcomes across various 
measurements of exposure, including high versus 
low, never/low versus moderate/high, any versus 
none, or an extra increment of sugars per day (or 
week) versus none. We identified 73 meta-analyses 
and 83 health outcomes from 8601 unique articles, 
including 74 unique outcomes in meta-analyses of 
observational studies and nine unique outcomes in 
meta-analyses of randomised controlled trials.

Dietary sugar consumption had harmful associa-
tions with endocrine and metabolic outcomes, in-
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cluding changes in body mass index in children,53 
changes in body weight,53 changes in body weight 
(one year),53 gout,11 13 58 high density lipoprotein 
cholesterol,60 hyperuricaemia,11 59 latent autoim-
mune diabetes in adults,30 low density lipoprotein 
cholesterol,60 metabolic syndrome,61 obesity in chil-
dren,3 obesity in adults,1 serum uric acid,57 type 2 
diabetes mellitus,6 liver fat accumulation,54 and 
muscle fat accumulation.54 In addition, harmful 
associations between dietary sugar consumption 
and cardiovascular outcomes were also observed, 
including coronary heart disease,10 cardiovascu-
lar disease,8 cardiovascular disease mortality,68 71 
hypertension in children and adolescents,69 hy-
pertension in adults,70 myocardial infarction,66 
change in systolic blood pressure in children and 
adolescents,69 and stroke.10 Significant harmful 
associations between dietary sugar consumption 
and a higher risk of cancer were observed for breast 
cancer,19 breast cancer mortality,18 hepatocellular 
carcinoma,18 prostate cancer,18 pancreatic cancer,72 
overall cancer risk,18 and overall cancer mortality.18 
Finally, harmful associations existed between die-
tary sugar consumption and all cause mortality,76 
asthma in children,79 attention deficit/hyperactivi-
ty disorder,80 bone mineral density,81 dental caries,17 
dental erosion,17 depression,77 non-alcoholic fatty 
liver disease,16 and intrahepatocellular lipids.78

In general, no reliable evidence shows beneficial 
associations between dietary sugar consumption 
and any health outcomes, apart from glioma (sug-
ar sweetened beverages),18 total cholesterol (sugar 
sweetened beverages),60 type  2 diabetes mellitus 
(sucrose),62 and cardiovascular disease mortality 
(sucrose).71 However, these favourable associations 
are not supported by strong evidence, and the in-
terpretation of these results should be done with 
caution. For the decreased risk of glioma, evidence 
for this came from only two cohort studies, and no 
studies have shown that sugar sweetened bever-
age consumption is a protective factor to lower the 
incidence of cancer. High sugar sweetened bever-
age consumption was associated with lower total 
cholesterol concentrations. However, subgroup 
analysis indicated that sugar sweetened bever-
age consumption was associated with higher total 

cholesterol concentrations in studies with sugar 
sweetened beverage consumption > 750 g/day and 
studies involving adolescents. Therefore, potential 
confounders, including region, sugar sweetened 
beverage dose, sample size, and sex, should be con-
sidered in explaining the association between sug-
ar sweetened beverage consumption and total cho-
lesterol concentrations. In terms of the protective 
effect of sucrose intake on type 2 diabetes mellitus 
and cardiovascular disease mortality, we note that 
sucrose tends to be found more in solid foods than 
in sugar sweetened beverages, including grains and 
grain based products, fruit and fruit products, and 
sweetened dairy and dairy products.84 85 86 These 
main sources of sucrose have shown beneficial as-
sociations (for example, whole grain cereals, fruit, 
and yogurt) with type 2 diabetes mellitus and car-
diovascular disease mortality.87 88 89 90 91 92 Therefore, 
the protective association between sucrose intake 
and type  2 diabetes mellitus and cardiovascular 
disease mortality may reflect important contribu-
tions from these other food sources rather than 
sucrose.62 71 Further large scale, prospective studies 
are warranted to evaluate the association of sucrose 
intake with type 2 diabetes mellitus and cardiovas-
cular disease mortality and to clarify the possible 
underlying mechanisms.

Our umbrella review showed harmful associations 
between dietary sugar consumption and a range of 
cardiometabolic diseases, especially weight gain, 
ectopic fat accumulation, obesity, and cardiovascu-
lar disease, which can largely be attributed to exces-
sive consumption of fructose containing sugars. In 
response to the intake of large carbohydrates, fruc-
tose could enhance hepatic lipogenic capacity by 
inducing hepatic master transcription factors.93 94 95  
Moreover, an animal study found that dietary fruc-
tose could be converted to microbial acetate by 
the gut microbiota, which may enhance hepatic 
lipogenesis by supplying lipogenic acetyl-CoA in-
dependently of ATP citrate lyase.96 Intermediate 
products such as diacylglycerols generated dur-
ing the process of lipogenesis may impair insulin 
signalling in the liver and peripheral tissues and 
then lead to insulin resistance.97 Subsequently, it 
may promote ectopic fat deposition in the liver and 
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muscle.98 99 Dietary fructose may also inhibit fatty 
acid oxidation in the liver by impairing mitochon-
drial size and function and acetylation of the rate 
limiting enzyme.100 A recent animal study showed 
that dietary fructose improves the survival of in-
testinal cells and increases the length of intestinal 
villus in mouse models, resulting in an expanded 
surface area of the gut and increased nutrient ab-
sorption and adiposity in mice.101 Furthermore, 
fructose contained in sugar sweetened beverages 
is suggested to likely induce the onset of obesity 
by reducing resting energy expenditure and pro-
moting leptin resistance.102 103 In addition, sugar 
sweetened beverages are associated with less sati-
ety compared with solid food containing the same 
amount of calories, which may stimulate appetite 
and induce excessive calorie consumption, liver fat 
accumulation, and insulin resistance in the long 
term.104 This hypothesis is confirmed by several 
clinical trials conducted in healthy adults, which 
found that sugar sweetened beverage consumption 
results in more caloric in-take and weight gain than 
artificially sweetened beverages.105 106 107 Addition-
ally, a recent double blind, randomised controlled 
trial carried out in 94 healthy men suggested that 
consumption of sugar sweetened beverages con-
taining fructose might induce a significant change 
in the low density lipoprotein particle distribution 
towards smaller, more atherogenic particles, par-
tially mediating the associations of sugar sweet-
ened beverage consumption with dyslipidaemia 
and cardiovascular disease.108

Another important mechanism to explain the as-
sociations between dietary sugar consumption and 
cardiometabolic diseases involves uric acid syn-
thesis. Many studies have confirmed that exces-
sive fructose consumption can promote uric acid 
synthesis by inducing degradation ATP to AMP, a 
substrate for uric acid production.109 110 111 Fructose 
phosphorylation in the liver uses ATP to convert 
fructose into fructose-1-phosphate and leads to 
phosphate depletion, which limits the regeneration 
of ATP from ADP. Then, ADP is converted to AMP 
and consequently induces the synthesis of uric 
acid.57 In addition, fructose induced hyperinsuli- 
naemia and insulin resistance may also result in 

higher serum uric acid by reducing the excretion of 
uric acid.110 112 113 Hyperuricaemia is a precursor to 
gout.109 110 The positive associations between gout, 
hyperuricaemia, and other cardiometabolic diseas-
es, such as hypertension, type 2 diabetes mellitus, 
and cardiovascular disease, have been proposed for 
a long time.114 115 Hyperuricaemia has been shown 
to precede the occurrence of type  2 diabetes mel-
litus and obesity.27 Mechanistically, hyperuricae-
mia could induce renal microvascular alteration, 
chronic sodium retention, reduction in nitric oxide 
concentrations in endothelial cells, and the activa-
tion of the renin-angiotensin system, which may 
account for the association between fructose con-
taining sugar consumption and cardiovascular dis-
ease.114 116 117 118

Until now, the evidence for the association between 
dietary sugar consumption and the risk of cancer 
has remained limited and controversial.27 In 2018 
the World Cancer Research Fund/American Insti-
tute for Cancer Research (WCRF/AICR) reported 
that evidence was limited for the associations be-
tween consumption of sugars and food containing 
sugars and the risk of colorectal cancer.119 How-
ever, at the same time, this report recommended 
reducing or avoiding sugar sweetened beverage 
consumption for the prevention of breast cancer.119 
Evidence from this umbrella review supports the 
recommendations from the WCRF/AICR to some 
extent. In our study, although eight of the 25 cancer 
outcomes were identified as being positively asso-
ciated with dietary sugar consumption (seven expo-
sure factors were sugar sweetened beverages, and 
one was fructose), only evidence of hepatocellular 
carcinoma (sugar sweetened beverages) and pan-
creatic cancer (fructose) were rated as “low” qual-
ity because of the magnitude of effect or dose-re-
sponse gradient, and the remaining outcomes were 
all rated as “very low” quality. As a result, caution 
is warranted when explaining the significant asso-
ciations between dietary sugar consumption and 
some cancer risks.

The effect of dietary sugars on obesity might partly 
explain their association with the risk of cancer.21 As 
mentioned previously, dietary sugar consumption, 
especially sugar sweetened beverage consumption, 
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is convincingly associated with the risk of obesi-
ty weight gain,1 3 53 which in turn is regarded as a 
strong risk factor for various cancers.21 119 Another 
pathway mediating the association between dietary 
sugar consumption and the risk of cancer might in-
volve a high glycaemic index or glycaemic load. The 
glycaemic index has been associated with the risk of 
type 2 diabetes mellitus,120 which may be involved in 
carcinogenesis of the breast, prostate, liver, blad-
der, and endometrium.120 121 Moreover, excessive 
fructose consumption might lead to intestinal flo-
ra disturbance and intestinal barrier deterioration, 
which promote the development of metabolic endo-
toxaemia, inflammation, and lipid accumulation, 
finally leading to colorectal carcinogenesis.20 122 123 
A recent animal study showed that high fructose 
corn syrup intake could induce intestinal tumouri-
genesis in mice by expediting glycolysis and de novo 
lipogenesis. The mice treated with the syrup had a 
substantially increased tumour size and tumour 
grade, independent of obesity and metabolic syn-
drome.124 Considering the different mechanisms 
of site specific cancers, further prospective studies 
that explore the definite associations between sug-
ar consumption and cancer risk for diverse cancer 
types and ethnic groups are warranted.27

On the other hand, dietary sugar consumption has 
also been shown to be negatively associated with 
some neuropsychiatric diseases, such as depression 
and attention deficit/hyperactivity disorder.77 80  
Several biological mechanisms might be involved in 
these associations.

Data from an animal study showed that a high 
fructose diet might alter behaviour, hypothalam-
ic-pituitary-adrenal axis function, and the hypo-
thalamic transcriptome in male Wistar rats, in-
ducing anxiety-like behaviour and depressive-like 
behaviour.125 Furthermore, sugar consumption has 
been suggested to stimulate the secretion of en-
dogenous opioids in the nucleus accumbens and to 
stimulate the dopaminergic reward system.27 Evi-
dence of sugar dependence in an animal model in-
dicated that similarly to addiction to morphine and 
cocaine, rats with intermittent sugar intake had 
decreased concentrations of dopamine D2 receptor 
mRNA in the nucleus accumbens and showed the 

characteristics of addictive-like be- haviours called 
sugar addiction.27 126

In addition, the adverse association between sugar 
consumption and bone mineral density might be 
attributed to the increased loss of urinary calcium 
and imbalance in calcium homoeostasis induced by 
high sugar intake.127 As well as the negative effect of 
sugars, phosphate, acidity, and caffeine contained 
in sugar sweetened beverages are three other major 
factors that affect bone metabolism.81 We note that 
for the link between sugar sweetened beverages 
and bone mineral density, stratification analysis by 
gender showed a significant harmful effect of sug-
ar sweetened beverages on bone mineral density in 
females but not in males.81 These diverse findings 
indicated that sugar sweetened beverage consump-
tion had a more detrimental effect on female bone 
health than on male bone health because wom-
en generally have smaller bones and lower bone 
strength and are therefore more susceptible to os-
teoporosis.128 Moreover, the high acidity of sugar 
sweetened beverages is also thought to be an im-
portant factor in promoting dental caries and tooth 
erosion.129 130 131

Of the subgroup analyses conducted in this umbrel-
la review, the most noteworthy is the stratification 
according to region, as several health outcomes 
showed a regional discrepancy, including overall 
cancer mortality, high density lipoprotein choles-
terol, low density lipoprotein cholesterol, and total 
cholesterol. Potential reasons for these discrep-
ancies may include regional differences in sugar 
consumption and culture. According to the report 
conducted in 2010 for the quantification of global, 
regional, and national consumption of sugar sweet-
ened beverages in 187 countries, consumption 
among Asian countries was lower than that among 
European and American countries.33 The consump-
tion of sugar sweetened beverages was highest in 
the Caribbean and lowest in East Asia and Ocean-
ia.33 In addition, cultural factors have been shown 
to potentially cause different dietary quality and 
health inequalities by affecting food preferences 
or choices.132 Regional cultural diversity in lifestyle 
and sociodemographic factors also plays an impor-
tant role in dietary sugar consumption, which may 
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partly explain the different relations between sugar 
consumption and disease risk in ethnically diverse 
populations.132 133 On the other hand, subgroup 
analyses with adjustment for confounding factors 
should also be considered. High consumption of 
sugars, especially sugar sweetened beverages, may 
be a marker of an unhealthy diet and lifestyle.9 66 
People who consumed sugar sweetened beverag-
es more frequently were likely to ingest more total 
and saturated fat, carbohydrate, and sodium and 
less fruit, fibre, dairy products, and wholegrain 
foods.134 135 136 137 138 This dietary pattern was also as-
sociated with more frequent smoking and drink-
ing, lower physical activity levels, and more time 
spent watching television.137 138 Therefore, the role 
of these confounding factors should be taken into 
consideration when explaining the association be-
tween sugar consumption and burden of disease.

4.2.   Strengths and weaknesses of study and in relation to 
other studies

This umbrella review first reported a comprehen-
sive summary of the current evidence from pre-
vious meta-analyses of observational studies and 
randomised controlled trials for the association 
between dietary sugar consumption and all health 
outcomes. Given the high levels of dietary sugar 
consumption worldwide, this study has clinical 
and social significance for developing preventive 
strategies against excessive sugar consumption, 
especially for children and adolescents. This study 
was carried out on the basis of systematic meth-
ods in which independent literature searching, 
study selection, and data extraction by two authors 
were involved. If the data were sufficient, we rea-
nalysed the risk ratio, odds ratio, weighted mean 
difference, or standardised mean difference with 
95% confidence intervals through random or fixed 
effects models and evaluated the heterogeneity and 
publication bias for each included meta-analysis. 
Furthermore, we used three standard approach-
es, AMSTAR, GRADE, and evidence classification 
criteria, to assess the methodological quality (AM-
STAR), strength (GRADE) and classification (ev-
idence classification criteria) of evidence for each 
health outcome and to evaluate our confidence in 

the estimates. Interestingly, in our umbrella re-
view, the GRADE rating of several health outcomes 
was not completely consistent with the results of 
evidence classification. As we know, evidence clas-
sification criteria are a completely objective classi-
fication standard, whereas the GRADE rating has a 
certain degree of subjectivity.139 Therefore, both the 
GRADE rating and evidence classification criteria 
should be considered when evaluating evidence 
and making recommendations.

Original studies included in meta-analyses used 
different methods of food intake investigation, in-
cluding food records, 24  hour dietary recall, food 
frequency questionnaires, and dietary history. All 
of these are associated with an unavoidable meas-
urement bias even if validated methods are used.3 
This limitation is common to all major epidemio-
logical studies carried out worldwide in this field.21 
In addition, most studies focused on beverages 
presweetened before purchase.9 For instance, in 
the Nurses’ Health Study, coffee with sugars was 
excluded from sugar sweetened beverages, which 
might affect the reliability of the association.137 
Similarly, another limitation of our study was that 
we could not evaluate sugar intake in some foods 
that potentially contain sugars, such as choco-
late and ice cream, because of a failure to extract 
data on sugar consumption. Furthermore, the 
types of sugar sweetened beverages and dosage of 
their consumption varied in the original studies. 
In this umbrella review, most meta-analyses pro-
duced summary effects from original studies that 
measured exposure to dietary sugars through the 
number of servings a day. However, in some orig-
inal studies, the number of millilitres a day, grams 
a day, times a day, times a week, times a month, 
servings a week, or servings a month were used 
to estimate sugar consumption, which may partly 
explain the origin of heterogeneity in meta-analy-
ses. Therefore, dose-response analysis and stratifi-
cation analysis by sugar sweetened beverage types 
were unavailable for most outcomes owing to di-
verse measurements of sugar sweetened beverage 
consumption in the original studies. Consumption 
of sugars in sugar sweetened beverages is generally 
accompanied by the ingestion of some other chem-
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ical compounds, such as 4-methylimidazole,140 141 
pesticides,142 143 artificial sweeteners,144 sodium 
benzoate,79 and sulfites,79 which may confuse the 
effect of sugars and therefore should be regarded 
as potential confounding factors.

We reviewed details of competing interest and 
funding disclosures from meta-analyses includ-
ed in this umbrella review. Only two meta-analy-
ses were funded by companies that produce sugar 
sweetened beverages.65 145 Among them, the me-
ta-analysis conducted by Wang and colleagues 
was selected for data extraction and is shown in 
summary tables.65 Therefore, caution is warranted 
when explaining the non-significant association 
between fructose intake and postprandial triglyc-
erides. Another meta-analysis was not selected for 
data extraction,145 and the list of all meta-analyses 
not selected for data extraction and reanalysis are 
available if needed. We did not investigate the orig-
inal studies included in each meta-analysis and 
therefore could not confirm whether these studies 
had a competing interest with companies associat-
ed with the sugar industry.42

The harmful association between dietary sugar con-
sumption and multiple health outcomes observed 
in our umbrella review is supported by several large 
scale prospective cohort stud- ies published in re-
cent years. The first was a large prospective cohort 
study conducted using the results of the French 
NutriNet-Santé cohort (2009-17), which included 
101  257  participants with an average age of 42.2.21 
During the eight year follow-up period, a total of 2193 
cases of cancer were reported, including 693 cases of 
breast cancer. A harmful association was found be-
tween sugar sweetened beverage consumption and 
the risk of overall cancer (hazard ratio 1.18, 1.10 to 
1.27) and breast cancer (1.22, 1.07 to 1.39). No sig-
nificant association was observed for sugar sweet-
ened beverage consumption and the risk of pros-
tate, colorectal, and lung cancer.21 In this umbrella 
review, however, the highest versus lowest sugar 
sweetened beverage consumption was associated 
with a 17% increased risk of prostate cancer, with-
out a dose-response gradient. Notably, the non-sig-
nificant association between sugar sweetened bev-
erage consumption and the risk of colorectal cancer 

observed both in this study and in our umbrella 
review was inconsistent with another cohort con-
ducted in women.20 In the Nurses’ Health Study II 
(1991-2015), the authors prospectively explored the 
association of sugar sweetened beverage consump-
tion in adulthood and adolescence with the risk of 
early onset colorectal cancer among 95 464 women. 
A total of 109 cases of early onset colorectal cancer 
were confirmed during follow-up. Compared with 
women who consumed less than one serving a week 
of sugar sweetened beverages in adulthood, those 
who consumed two or more servings a day had a 
118% higher risk of early onset colorectal cancer 
(risk ratio 2.18, 1.10 to 4.35). Each one serving a day 
increment of sugar sweetened beverage consump-
tion was associated with a 16% (risk ratio 1.16, 1.00 
to 1.36) increased risk of early onset colorectal can-
cer.20 In addition, another prospective cohort study 
showed that excessive consumption of sugars and 
sugar sweetened beverage during adolescence was 
significantly associated with the risk of colorectal 
adenoma (odds ratio 1.20, 1.04 to 1.39).146 Each one 
serving a day increase in sugar sweetened beverage 
consumption was associated with 11% (odds ratio 
1.11, 1.02 to 1.20) and 30% (1.30, 1.08 to 1.55) higher 
risks of total colorectal adenoma and rectal adeno-
ma, respectively.146 Given that the association be-
tween sugar consumption and colorectal cancer risk 
remains controversial, further well designed, large 
scale prospective studies are needed to clarify it.

The positive associations between sugar sweetened 
beverage consumption and the risk of mortali-
ty detected in this umbrella review were support-
ed by a prospective cohort study of 118 363 people 
followed for 34 years in the US, during which time 
36 436 deaths were documented.147 After adjustment 
for diet and lifestyle confounders, the consumption 
of two or more servings of sugar sweetened bever-
ages a day was linked with a 21% (hazard ratio 1.21, 
1.13 to 1.28) higher risk of total mortality, a 31% 
(1.31, 1.15 to 1.50) higher risk of cardiovascular dis-
ease mortality, and a 16% (1.16, 1.04 to 1.29) high-
er risk of cancer mortality.147 On the other hand, a 
prospective cohort study of 120 343 UK participants 
followed for 8.4 years confirmed the harmful asso-
ciation of added sugar consumption with the risk of 
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type 2 diabetes mellitus.148 A dietary pattern high in 
added sugars was associated with a higher incidence 
of type 2 diabetes mellitus (hazard ratio 1.09, 1.06 to 
1.12) after adjustment for confounders.148 Similar to 
their findings, we observed a strongly significant as-
sociation between consumption of sugar sweetened 
beverages (one of the main sources of added sugars) 
and the risk of type 2 diabetes mellitus.

4.3.  Conclusions and recommendations

This umbrella review shows that high dietary sug-
ar consumption, especially intake of sugars that 
contain fructose, is harmfully associated with large 
numbers of health outcomes.

Evidence for the harmful associations between 
dietary sugar consumption and changes in body 
weight (sugar sweetened beverages), ectopic fat 
accumulation (added sugars), obesity in children 
(sugar sweetened beverages), coronary heart dis-
ease (sugar sweetened beverages), and depression 
(sugar sweetened beverages) seems to be more reli-
able than that for other outcomes. Evidence of the 
association between dietary sugar consumption 
and cancer remains limited but warrants further re-
search. In combination with the WHO and WCRF/
AICR recommendations and our findings, we rec-
ommend reducing the consumption of free sugars 
or added sugars to below 25 g/day (approximately 
six teaspoons a day) and limiting the consumption 
of sugar sweetened beverages to less than one serv-
ing a week (approximately 200-355  mL/week).38 119 
To change sugar consumption patterns, especial-
ly for children and adolescents, a combination of 
widespread public health education and policies 
worldwide is urgently needed.

5.  What is already known on this topic

Sugar consumption could have negative effects on 
health, especially obesity, diabetes, cardiovascular 
disease, hyperuricaemia, gout, ectopic fatty accu-
mulation, dental caries, and some cancers

Deficiencies in study design, varying measure-
ments, inconsistent findings, and different defini-

tions of exposure make drawing final conclusions 
on associations difficult Comprehensive evaluation 
of the quality of existing evidence on the associa-
tions of sugar consumption with all health out-
comes is needed

6.  What this study adds

High dietary sugar consumption is generally more 
harmful than beneficial for health, especially in 
cardiometabolic disease

Evidence of the association between dietary sugar 
consumption and cancer remains limited but war-
rants further research

Existing evidence is mostly observational and of 
low quality, and further randomised controlled tri-
als are needed
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