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Popular scientific summary

* Intake of carbohydrates in the Nordic and Baltic countries varies from 46 to 54% of total energy
among children and from 37 to 47 E% in adults.

« Evidence for health effects of total carbohydrate intakes outside the recommended range of 45-60%
of energy is limited.

* High intake of added and free sugars is associated with risk obesity, dyslipidaemia and dental caries.

» There is strong evidence relating high intakes of sugar-sweetened beverages with risk of chronic
metabolic diseases.

Abstract

Background: Dietary carbohydrates are a major source of energy in the Nordic and Baltic countries. The
health effects of different types of carbohydrates vary and there is a need to update the evidence regarding
specific carbohydrates and their effects on health-related outcomes.

Objective: The aim of this scoping review was to describe the evidence for the role of total carbohydrates (fiber
excluded), glycemic index (GI) or glycemic load (GL) and added or free sugars for health-related outcomes as a
basis for setting and updating dietary reference values for the Nordic Nutrition Recommendation (NNR) 2023.
Method: We included evidence from several qualified systematic reviews (the World Cancer Research Fund,
the European Food Safety Authority, the World Health Organization, the United States Dietary Guidelines
Advisory Committee, the United Kingdom Scientific Advisory Committee on Nutrition) identified by the
NNR project in line with the protocol description.

Results: There is limited evidence that total carbohydrate intake (fiber excluded) outside of the current rec-
ommended range of 45-60% of energy is associated with health-related outcomes. There were no consistent
benefits on clinical outcomes when changing the GI of a diet. High intake of dietary sugars is well known
to be associated with dental caries. There was evidence from randomized control trials on surrogate disease
endpoints, for a positive and causal relationship between the intake of added and free sugars and risk of
some chronic metabolic diseases with moderate level of certainty for obesity and dyslipidaemia. The level of
certainty was high for an association between high intake of sugar-sweetened beverages and risk of several
chronic metabolic diseases.

Conclusion: While there is limited evidence that total carbohydrates and GI and GL of the diet are related to
health outcomes, the evidence suggests that high intakes of added and free sugars are related to detrimental
health effects. In addition, with increasing intake of added and free sugars, there is less room for healthy foods
and micronutrients, which is especially important for those with low energy intake, such as children.
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he chemical classification of carbohydrates is
usually based on molecular size and monomeric
composition. The four main groups of carbohy-
drates are monosaccharides (I monomer), disaccharides

(2 monomers), oligosaccharides (3-9 monomers) and
polysaccharides (10 or more monomers). The term ‘sug-
ars’ (total sugar) covers monosaccharides and disaccha-
rides. The sugars found in the highest amount in food are
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glucose, fructose and galactose (monosaccharides) and
sucrose, lactose and trehalose (disaccharides). There are
two main classes of polysaccharides, starch and non-starch
polysaccharides. Starch is a homopolymer of glucose and
comes in two main forms, amylose (basically unbranched)
and amylopectin (highly branched) (1). Non-starch poly-
saccharides include, for example, cellulose and pectin.
Other types of carbohydrates are sugar alcohols (polyols)
such as sorbitol, xylitol and mannitol and organic acids
such as lactic acid and citric acids (1). Nutritionally, car-
bohydrates can be divided into two broad categories. The
first includes those that are digested and absorbed in the
human small intestine providing carbohydrates to body
cells, that is, glycemic carbohydrates. The second includes
the non-digestible (unavailable) carbohydrates, that is,
dietary fiber, and is described in a separate scoping review
in the journal.

In the literature, various terms are used to differentiate
between sugars naturally occurring in foods, that is, ‘intrin-
sic’ sugars, and sugars and sugar preparations added to
foods, that is, ‘added’ or ‘extrinsic’ sugars (2). In the Nordic
Nutrition Recommendations (NNR) 2012, the term ‘added
sugars’ referred to refined sugars such as sucrose, fructose,
glucose, starch hydrolysates (glucose syrup, high-fructose
syrup) and other isolated sugar preparations used as such
or added during food preparation and manufacturing (1).
A similar definition is used in the US dietary guidelines (3).
In addition, the term ‘free sugars’ is used in guidelines, for
example, from the WHO (4) and the United Kingdom (5)
and in the European Food Safety Authority (EFSA) scien-
tific opinion on tolerable upper level for dietary sugars (6).
Free sugars include added sugars plus sugars naturally pres-
ent in honey, syrups, fruit juices and fruit juice concentrates
(6). In NNR 2012, the recommendation was to limit the
intake of added, refined sugars below 10 E% for adults and
children above 6 months of age. The basis for this recom-
mendation was the importance to ensure adequate intakes
of micronutrients and dietary fiber (nutrient density) as
well as supporting a healthy dietary pattern and reduce
risk of dental caries. Another important foundation for
the recommendation was the evidence on sugar-sweetened

drinks’ association with an increased risk of type 2 diabe-
tes (7) and excess weight gain. The recommended interval
for total carbohydrates was in NNR 2012 set to 45-60 E%
for adults and children from 6 months of age. This range
was primarily based on that typical ranges of total carbo-
hydrate intakes in studies on dietary patterns associated
with reduced risk of chronic diseases among adults were
within 45-60 E%. The recommendation also stated that
whole grain cereals, whole fruit, berries, vegetables and
pulses should be the major sources of dietary carbohy-
drates. There was not enough evidence for including glyce-
mic index (GI) or glycemic load (GL), that is, the estimated
blood glucose increasing effect of a diet, as a recommen-
dation (1). The aim of this scoping review was to describe
the totality of evidence for the role of total carbohydrates
(fiber excluded), GI or GL, and added and free sugar for
health-related outcomes as a basis for setting and updating
dietary reference values (Box 1).

Methods

This scoping review follows the protocol developed within
the NNR2023 project (8). The sources of evidence used in
this scoping review follow the eligibility criteria described
in the paper ‘The Nordic Nutrition Recommendations
2022 — Principles and Methodologies’ (9). None of the de
novo systematic reviews conducted by NNR investigated
carbohydrate or sugar intake (10). Several qualified sys-
tematic reviews commissioned by international organiza-
tions and health authorities were identified by the NNR
committee in 2021 for total carbohydrates, GI, GL or
added or free sugars (11). We examined qualified system-
atic reviews published after 2012, as well as a systematic
review by EFSA published in 2022. These are listed by
years published below:

- The European Food Safety Authority (EFSA) (2022)
was asked to deliver a scientific opinion on the tolera-
ble upper intake level for dietary sugars, that is, max-
imum level of chronic daily intake of sugar judged
to be unlikely to pose a risk of adverse health effects.
They performed systematic reviews of the relationship
between intake of total and added or free sugars and

Box 1. The review process of scoping reviews in the NNR2023 project

(NNR2023) project (8).
in Food and Nutrition Research.

dures of the journal.

ence values in the NNR2023 project.

« This paper is one of many scoping reviews commissioned as part of the Nordic Nutrition Recommendations 2023

* The papers are included in the extended NNR2023 report but, for transparency, these scoping reviews are also published
» The scoping reviews have been peer reviewed by unrelated experts in the research field according to the standard proce-
 The scoping reviews have also been subjected to public consultations (see report to be published by the NNR2023 project).

* The NNR2023 committee has served as the editorial board.
» While these papers are a main fundament, the NNR2023 committee has the sole responsibility for setting dietary refer-
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chronic metabolic diseases, pregnancy-related endpoints
and dental caries. The search was conducted in July
2018 and updated in August 2020 (metabolic diseases)
or October 2020 (dental caries) (6). This is an update of
the Scientific Opinion on Dietary Reference Values for
carbohydrates published 2010 (12).

- The 2020 Dietary Guidelines Advisory Committee
(DGACQ) conducted systematic reviews to form the basis
for the Dietary guidelines for Americans 2020 (3). Results
from the following subcommittees are used in this paper:
dietary patterns subcommittee (macronutrient composi-
tion), the beverages and sugars subcommittee and the birth
to 24 months subcommittee. Specific protocols are pro-
vided by the DGAC on each systematic review and most
searches include literature up to September/October 2019.

- Reynolds et al. (2019) commissioned by the WHO
performed a series of systematic reviews and meta-anal-
yses of prospective studies published until April 2017
and randomized controlled trials (RCTs) published until
February 2018, which reported on indicators of carbo-
hydrate quality (i.e. whole grains, fiber, and GI and GL)
and non-communicable disease incidence, mortality
and risk factors that have been measured in an appre-
ciable number of studies. Dietary GI and GL were the
only relevant exposures for the present scoping review.
They used Grading of Recommendations Assessment,
Development and Evaluation (GRADE) to assess qual-
ity of evidence (13).

- The World Health Organization (WHQO) Guideline: sug-
ars intake for adults and children (2015), aiming to provide
recommendations on intake of free sugars to reduce the risk
of non-communicable diseases in adults and children, used
the WHO procedures and GRADE methodology to assess
the quality of evidence (4). Two systematic reviews were
performed assessing the effects of increasing or decreas-
ing intake of free sugars on excess weight (14) and dental
caries (15). Both reviews include studies up to or through
November 2011.

- UK Scientific Advisory Committee on Nutrition (SACN)
Carbohydrates and Health Report (2015) presents systematic
reviews of the evidence on carbohydrates and cardiometa-
bolic, colorectal cancer and oral health. Literature published
from 1990 up to and including December 2009, November
2010 and January 2011, respectively, and an updated search
in June 2012. Evidence from prospective cohort studies and
RCTs was considered for this report. Evidence was assessed
using the SACN Framework for the Evaluation of Evidence
and graded according to a system developed specifically for
the review (5).

- World Cancer Research Fund (WCRF) and the
American Institute for Cancer Research summarize con-
tinuously the evidence on how diet affects the risk of
developing cancer. Systematic literature reviews for each
cancer type have been performed and the evidence has
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been graded. The exposures relevant for this paper are
total carbohydrates, GI and GL, and fructose (16).

To summarize the evidence on the association between
consumption of added and free sugars and diet quality
and micronutrient dilution, we conducted a search on
Web of Science on October 25, 2022, among articles that
have cited the systematic review ‘Association between
intake of total versus added sugar on diet quality: a sys-
tematic review’ published in 2015 by Louis et al. Among
the 57 identified articles, 9 were included.

Physiology

Digestion, absorption and metabolism

To be absorbed in the small intestine, carbohydrates must
be broken down into monosaccharides. The enzymatic
degradation of starch begins by the action of salivary
amylase in the oral cavity and is continued in the small
intestine by pancreatic amylase. The degradation prod-
ucts — mainly maltose and maltotriose — and sucrose,
lactose and other digestible di- and oligosaccharides are
further hydrolyzed to glucose by enzymes (e.g. alpha gly-
cosidase, sucrase, maltase and lactase) that are bound to
the brush border membrane of the enterocytes. Glucose
and galactose are absorbed efficiently by a secondary
active carrier coupled with sodium (SGLT1), whereas
fructose is absorbed by facilitated diffusion that does not
involve sodium co-transport (GLUTS). In addition, all
monosaccharides are absorbed by passive diffusion with
GLUT2 (1, 6).

After absorption, the monosaccharides are trans-
ported via the portal vein to the liver. Most of the glu-
cose is transported to the systemic circulation leading to
the increase of blood glucose concentration. Glucose can
also be stored as glycogen in the liver and in the muscles.
The storage capacity is limited to around 500 g, of which
300-400 g can be stored in the muscles. Liver glycogen
is used to maintain normal blood glucose concentrations
between meals, and muscle glycogen is used primarily as a
source of energy within the muscles. Fructose is converted
to lactate or glucose in the liver or, similar to galactose,
to glycogen and is therefore found in very small amounts
in the systemic circulation. Thus, the glycemic carbohy-
drates reach the peripheral circulation mainly as glucose.
The metabolism of fructose favors lipogenesis more than
glucose (1).

The blood glucose concentration is tightly controlled in
healthy individuals via insulin, the main blood glucose-low-
ering hormone, and glucagon, the main blood glucose-rais-
ing hormone. Insulin is secreted in response to the elevated
blood glucose concentration after a meal. In addition, vagal
signals, gastrointestinal hormones (incretins) and certain
non-carbohydrate food components — especially amino
acids — contribute to the stimulation of insulin secretion.
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The blood glucose concentration can be lowered mainly
through (1) the peripheral glucose uptake, which is depen-
dent on both insulin production by the pancreas and the
level of peripheral insulin sensitivity or resistance, (2)
increased glycogen synthesis and (3) decreased glucone-
ogenesis (formation of glucose) in the liver (1). In diabe-
tes, the glucose regulation is impaired and blood glucose
is therefore permanently increased. In type 1 diabetes, the
insulin-producing beta cells in pancreas are damaged by the
immune system. In type 2 diabetes, the tissues are insulin
resistant and therefore cannot absorb glucose and/or insuf-
ficient insulin production by the pancreas.

Glycemic index and glycemic load

The concept of GI was introduced by Jenkins and
coworkers in 1981 (17) to rank foods in a standardized
way with regard to their effects on blood glucose levels
after a meal. GI is defined as the incremental area under
the blood glucose response curve after a 50 g carbohy-
drate portion of a test food expressed as a percentage of
the response to the same amount of carbohydrate from a
standard food (either glucose or white bread) taken by the
same subject. The factors that determine the GI of a car-
bohydrate are generally unrelated to the molecular size of
the carbohydrate. For instance, both fructose and sucrose
have a lower GI than white bread (18). Starchy foods,
on the other hand, can have a low, intermediate or high
GI depending on the composition (amylose/amylopectin
ratio), amount of resistant starch and physical/chem-
ical state. Physical barriers such as intact cereal grains,
the cellular structures in leguminous seeds, parboiled
rice and whole fruits, low degree of food processing and
the protein network in pasta products are examples of
food-related factors lowering the GI (19). The concept of
GL was introduced in 1997 by Harvard epidemiologists
to quantify the glycemic effect of a portion of food (20).
GL is defined as the amount of glycemic carbohydrate in
a food multiplied by the GI of the food divided by 100.
The glycemic response to a meal can also be influenced
by the protein and fat content as well as by the size of the
meal and the amount of drink taken with the food.

Dietary intake in Nordic and Baltic countries
Carbohydrate intakes in different age groups of the popu-
lation in the Nordic and Baltic countries using data from
national dietary surveys are summarized in Table 1 (21).
Mean energy percentage from carbohydrates (E%) ranges
from 46 to 54 E% among children aged 2-18 years and
from 37 to 47 E% in adults.

Data on intakes of total, free and added sugars are
retrieved from the EFSA report published in 2022,
with data from Denmark, Estonia, Finland, Latvia and
Sweden (6), which is shown in Table 2. These were the
most recent data presented collectively, not all data might
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be up to date as countries regularly conduct national
dietary surveys. Estimates were obtained using data from
the EFSA Comprehensive Food Consumption Database
in combination with the food composition databases for
total, free and added sugars. For infants, mean intake of
total sugars ranges from 24 E% to 35 E%, while mean
intake of free sugars and added sugars ranges from 1
E% in Estonia to 11 E% in Finland. Contributions for
free sugars and added sugars differ between countries,
but ‘sugars and confectionery (i.e. sugar, honey, syrups,
confectionery and water-based sweet desserts)’, sweetened
milk and dairy and baby foods and processed fruit (free
sugars) are important sources. For toddlers, mean intakes
of total sugars range from 24 E% to 29 E%. Free sugars
range from 9 E% to 11 E%, while added sugars range from
7 E% to 9 E%. Dietary sources of free sugars are primar-
ily sugars and confectionery, juices and fine bakery. For
added sugars, fruit juices are not a major source.

For children and adolescents, intake of total sugars
ranges from 20 E% to 28 E% in most countries and groups,
while Denmark has a higher intake (36-37 E%). Intakes
of free sugars range from 11 E% to 16 E%, with 22 E%
in Denmark, while intakes of added sugars range from
10 E% to 19 E% in Denmark. According to the EFSA
report, there are some uncertainties in the Danish data
‘as energy intake was not considered in the intake assess-
ment’. For children and adolescents, the major sources
for free sugars are fruit and vegetable juices, sugars and
confectionery, fine bakery and sugar-sweetened beverages.
Sources for added sugars are sugars and confectionery,
sugar-sweetened beverages and fine bakery wares.

Intakes among adults and elderly range for total sugars
from 18 E% to 32 E%, for free sugars from 9 E% to 17 E%
and for added sugars from 8 E% to 14 E%. Intakes in lac-
tating and pregnant women are reported from Estonia and
Latvia, and intakes range from 20 E% to 23 E% for total
sugars, 10 E% for free sugars and 8 E% to 9 E% for added
sugars. For adults and elderly, sugars and confectionery
and juices are the main sources for free sugars intake. For
added sugars, sugars and confectionery, fine bakery prod-
ucts and sugar-sweetened beverages are major sources.

Carbohydrates, glycemic index, glycemic load and
added or free sugars and health outcomes

Total carbohydrates

Obesity

The US review reported that there is no evidence available to
determine a relationship between diets based on macronu-
trient distribution consumed during childhood and growth,
body size, body composition and risk of overweight/obesity
(3). The SACN review reported no association in children
between total carbohydrate intake and body mass index
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Table 1. Intake of available carbohydrates (E%) in different age
groups across Nordic and Baltic countries

Country  Age (years) Carbohydrates, E%
Men Women
N Mean N Mean

Denmark 4-5 66 48 64 48
69 150 49 141 49

10-13 134 49 135 49

14-17 17 46 123 48

18-75 1,464 41 1,552 43

Finland 34 239 49 228 48
5-6 184 49 164 50

18-74 780 41 875 43

Iceland 18-80 632 41 680 43
Norway 9% 295 50 341 51
13% 332 49 355 50

18-70 862 45 925 46

Sweden 12 490 47 559 47
15 476 46 574 47

18 423 44 577 46

18-80 792 43 1,005 44

Estonia 2-5 277 54 302 54
69 168 52 179 52

10-13 93 50 89 53

14-17 80 51 17 50

18-74 907 45 1,806 48

Latvia 19-64 470 39 541 39
Lithuania 19-64 1,044 42 1,469 46

* Data were collected from children attending 4th and 8th grade.
Data were obtained from NNR report using data from the most recent
national dietary surveys in each of the Nordic and Baltic countries (21).

and body fatness (limited evidence) (5). Further, in adults,
the US review reported that insufficient evidence is avail-
able to determine the relationship between macronutrient
distributions with proportions of energy falling outside of
the acceptable macronutrient distribution range for at least
one macronutrient (i.e. 45-60 E% for carbohydrates, 25-35
E% for fat and 10-35 E% for protein) and growth, body
size, body composition and risk of overweight/obesity. The
insufficient evidence was due to methodological limitations
and inconsistent results. The limitations are, for example,
not adjusting for relevant confounders and diet assessment
methods varying in validity and reliability (3). The SACN
review reported no effect of higher carbohydrate diet on fat
free mass (moderate evidence) and waist to hip ratio (lim-
ited evidence) in adults (5).

Cardiovascular diseases
The US review reported that no evidence was avail-
able to determine the relationship between diets based

Citation: Food & Nutrition Research 2023, 67: 10266 - http://dx.doi.org/ 10.29219/fnrv67.10266

A scoping review for Nordic Nutrition Recommendations 2023

on macronutrient distribution consumed by children or
adolescents and concurrent or future development of
cardiovascular disease (3). Limited evidence suggests
that non-energy restricted diets based solely on macronu-
trient distribution are neither beneficial nor detrimental
regarding risk of cardiovascular disease in adults, pri-
marily among those at high risk, such as those with over-
weight, obesity or features of metabolic syndrome (3).
The SACN review reported that no significant association
was observed in any of the included studies between total
carbohydrate intake and cardiovascular events (moderate
evidence) (5).

Type 2 diabetes

The US review stated that there is no evidence avail-
able to determine a relationship between diets based
on macronutrient composition consumed during child-
hood and risk of type 2 diabetes. In addition, insuffi-
cient evidence is available to determine the relationship
between macronutrient composition and risk of type
2 diabetes in adults, due to methodological limitations
and inconsistent results. Methodological issues were
that studies did not directly test differences in macronu-
trient proportions in the context of a constant dietary
pattern and that the gradient between macronutrient
proportions compared within and across studies varied
(3). The SACN report reviewed evidence on total car-
bohydrates and type 2 diabetes and found no significant
association between total carbohydrate intake and inci-
dence of type 2 diabetes (5).

Cancers

The WCRF review, including five studies, showed an
increased risk of endometrial cancer with an increase in car-
bohydrate intake (16). The SACN review reported no asso-
ciation between total carbohydrate and colorectal cancer
incidence (adequate evidence) (5).

Mortality

The US review presented 28 articles from prospective
cohort studies examining the relationship between diets
based on macronutrient distribution and mortality. Diets
with carbohydrates composition between 45 and 60 E%
compared to outside this range tended to be associated
with reduced all-cause mortality, particularly when the
diets examined were of higher quality (i.e. emphasizing
vegetables, fruits, nuts, whole grains, legumes, fish and/
or lean meat or poultry) (3). In the studies where food
quality was not assessed, the results were inconsistent.
The US review report concluded that there is insufficient
evidence available to determine the relationship between
diets based on macronutrient distribution and all-cause
mortality (3).
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Tuble 2. Intakes of total, free and added sugars (E%) in different age groups across Nordic and Baltic countries'

Age group  Country Survey N Total sugar Free sugar Added sugar
Mean P95 Mean P95 Mean P95
Infants Denmark IAT 2006-07 826 24 36 3 9 3 8
Estonia DIET-2014-EST-C 493 35 41 | 6 | 5
Finland DIPP 500 34 50 I 31 I 30
Latvia LATVIA_2014 19 34 50 5 12 4 I
Toddlers Denmark IAT 200607 917 24 33 9 18 7 14
Estonia DIET-2014-EST-C 268 27 42 I 23 9 18
Finland DIPP 20012009 500 29 39 9 19 8 16
Latvia LATVIA_2014 242 24 37 9 19 8 15
Children Denmark? DANSDA 2005-2008 298 37 50 21 35 18 29
Estonia DIET-2014-EST-C 104 27 40 13 23 ] 20
Finland DIPP 20012009 750 28 37 15 26 10 17
Latvia LATVIA_2014 782 24 34 13 22 I 18
Sweden NFA 2018 1,473 27 37 16 26 14 24
Adolescents Denmark? DANSDA 2005-2008 233 36 55 22 37 19 34
10—14 years
Estonia DIET_2014-EST-A 107 24 37 13 24 I 22
Finland NWSSP07_08 198 26 41 15 30 10 21
Latvia LATVIA_2014 338 22 32 12 21 10 18
Sweden NFA 2018 1,018 24 35 15 27 13 24
Adolescents Denmark? DANSDA 2005-2008 144 36 54 21 38 18 32
14—18 years
Estonia DIET_2014-EST-A 193 23 38 12 23 10 19
Finland NWSSP07_08 108 26 37 15 30 10 20
Latvia LATVIA_2014 282 20 30 I 18 9 16
Adults Denmark? DANSDA 2005-2008 1,739 32 52 17 35 14 30
Estonia DIET-2014-EST-A 2,124 21 35 9 19 7 16
Finland FINDIET2012 1,295 22 38 I 24 8 19
Latvia LATVIA_2014 1,080 19 33 10 21 9 18
Sweden RIKSMATEN 2010 1,430 18 29 9 19 8 16
Elderly Denmark? DANSDA 2005-2008 286 31 46 15 28 12 26
Estonia DIET-2014-EST-A 525 21 34 9 19 6 15
Finland FINDIET2012 413 23 35 9 20 7 15
Latvia LATVIA_2014 310 19 29 9 18 8 17
Sweden RIKSMATEN 2010 367 19 30 9 18 7 15

'Data were obtained from the EFSA report supplementary information (Annex D,Table ) that have used data from respective country’s national dietary
surveys (37).2Data on energy intake of the corresponding survey were not considered in the intake assessment.

Cardiometabolic risk markers

The SACN review reported no effect of higher carbohy-
drate, lower fat diets on systolic blood pressure or diastolic
blood pressure (5). A diet higher in carbohydrate and lower
in fat may decrease fasting total cholesterol concentration
compared to lower carbohydrate, higher fat diets, but it was
not possible to exclude confounding by other variables, for
example, a concomitant reduction in saturated fat intake
and/or weight loss. No effect was found for higher carbo-
hydrate, lower fat diets and fasting low density lipoprotein
(LDL)- or high densitiy lipoprotein (HDL)-cholesterol con-
centration (5).

(page number not for citation purpose)

Glycemic index and glycemic load

In the systematic review by Reynolds et al., diet with
lower overall GI appears to be associated with reduced
risk of stroke mortality (three studies) and type 2 diabe-
tes (14 studies). However, the evidence was graded as low
for stroke mortality and very low for type 2 diabetes. In
addition, there is low evidence that diets characterized by
lower GI have an effect on coronary heart disease inci-
dence compared to diets with higher GI and very low evi-
dence for an effect on all-cause mortality, coronary heart
disease mortality, cancer mortality, stroke incidence and
colorectal cancer incidence (13).
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The SACN review reported that there is an association
between diets characterized by higher GI and GL and
higher incidence of type 2 diabetes but confounding can-
not be excluded (adequate evidence). The SACN review
concluded that there is limited evidence on an association
between higher GI and GL and incidence of cardiovascu-
lar disease events (5).

The WCREF review concluded that diets characterized
by higher GL are probably a cause of endometrial cancer
based on results from six cohort studies (16). Regarding
other types of cancer, too limited information was avail-
able to draw a conclusion on the association between GL
and cancer in the pancreas, liver, colorectal and breast (16).
The SACN review reported no association between GI or
GL and incidence of colorectal cancer, which was the only
cancer investigated (5).

In the systematic review by Reynolds et al., they reported
effects from RCTs of diets characterized by lower compared
to higher GI on change in body weight, glucose homeo-
stasis, cholesterol levels and blood pressure. They excluded
trials that involved only people with diabetes or marked
hyperlipidemia. Overall, the results from intervention trials
showed no consistent benefits on clinical outcomes when
changing the GI of a diet (13). The SACN review reported
an effect of GI on total and LDL-cholesterol concentra-
tions (moderate evidence). A higher GI diet may result in
less of a reduction in fasting total cholesterol and in fast-
ing LDL-cholesterol, respectively, compared with a lower
GI diet. Further, they reported no effect of GI on fasting
HDL-cholesterol and triacylglycerol concentration (mod-
erate evidence) (5). Interestingly, none of the same studies
were included in reviews by Reynolds et al. and SACN.
While Reynolds et al. excluded weight loss trials, the SACN
review included such trials. This may explain the different
findings between the two systematic reviews.

Total sugars

In the EFSA review, the available body of evidence from
prospective cohorts does not support a positive and
causal relationship between the intake of total sugars in
isocaloric exchange with other macronutrients and any
of these chronic metabolic diseases (obesity, non-alco-
holic fatty liver disease, type 2 diabetes, dyslipidemia,
hypertension and cardiovascular disease) (6). There were
no intervention studies on total sugars and pregnancy
outcomes, and only one cohort study included data on
total sugar. Based on the limited number of studies, the
EFSA Panel concludes that the available evidence does
not support a positive relationship between the intake
of total sugars in isocaloric exchange with other macro-
nutrients and risk of gestational diabetes (GDM). The
EFSA Panel concluded that the available evidence cannot
be used to conclude on a positive and causal relationship
between the intake of total sugars and risk of adverse
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effects on birthweight. The SACN review reported no
association between sugar consumption and incidence
of coronary events in adults (moderate evidence) (5),
incidence of type 2 diabetes (limited evidence), no effect
of sugar consumption on fasting blood glucose con-
centration (limited evidence) and insulin concentration
(limited evidence). Further, they found no association
between sucrose and incidence of type 2 diabetes (lim-
ited evidence), and between glucose, fructose or lactose
and type 2 diabetes (limited evidence) (5). The SACN
review reported that there is no effect demonstrated in
the proportion of sugar (E%) on systolic blood pressure
(limited evidence), fasting total cholesterol concentration
(limited evidence), fasting LDL-cholesterol concentra-
tion (limited evidence), fasting HDL-cholesterol con-
centration (limited evidence) and fasting triacylglycerol
concentration (limited evidence) (5). Lastly, the SACN
review also reported an association between sugar intake
and oral health (moderate evidence) (5).

Fructose

In the EFSA review, there was evidence from prospec-
tive cohort studies for a positive and causal relationship
between the intake of fructose and risk of gout (moder-
ate certainty; >50-75% probability) and risk of cardio-
vascular diseases (low certainty; >15-50% probability),
although the external validity of the findings for European
populations is unclear. In the eligible RCTs, the effects of
fructose and glucose on body weight, liver fat, measures
of glucose tolerance, blood lipids and blood pressure did
not differ, whereas fructose appeared to increase hepatic
insulin resistance and uric acid levels more than equivalent
amounts of glucose (6). The WCRF review concluded that
there is an increased risk of pancreatic cancer with higher
intake of fructose (limited suggestive evidence). Although
there is ample evidence, which is generally consistent and
there is some evidence for a dose-response relationship,
fructose comes from many sources making the evidence
difficult to interpret. Therefore, the evidence suggesting
that foods and beverages containing fructose are a cause
of pancreatic cancer is limited (16). For other related
exposures (total carbohydrate, sucrose and soft drinks),
there were no clear associations with pancreatic cancer
risk (evidence is too limited to draw conclusion) (16). The
SACN report found no association between fructose and
type 2 diabetes (limited evidence) (5).

Added and free sugars

The EFSA review has investigated added sugars, sucrose
(as a proxy for added sugars) and free sugars combined
to draw conclusions in relation to the endpoints of inter-
est. This is owing to the low number of studies available
per each exposure and endpoint and the fact that intakes
of added and free sugars widely overlap. Therefore, the
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health effects of added versus free sugars could not be
compared. Below we give an overview of evidence from
different bodies where some present added sugars and
some free sugars, while EFSA has combined these.

Obesity

The EFSA review found that there is evidence from RCTs
for a positive and causal relationship between the intake of
added and free sugars ad libitum and risk of obesity (mod-
erate level of certainty). Using data from 11 RCTs, body
weight was on average 1.15 kg (95% confidence interval
[CI]: 0.53, 1.77) higher in the group receiving high sugar
diet compared to the low sugar diet. Between-arm dif-
ferences in added and free sugars intake were between 6
and 24 E%. Most RCTs were in adults with overweight or
obesity, and two of the studies were in children and ado-
lescents. The available body of evidence from prospective
cohorts does not show a positive relationship between
the intake of added and free sugars and obesity in isoca-
loric exchange with other macronutrients (6). The WHO
review found moderate evidence using data from RCTs
suggesting an association between reduction of free sugars
intake and reduced body weight in adults. Also in adults,
an increased intake of free sugars was associated with a
comparable increase in body weight. Summing up evidence
for children, the WHO reported that the RCTs in children
comprising interventions with recommendations to reduce
sugar-sweetened foods and beverages were characterized
with low compliance and showed no overall change in body
weight (low quality of evidence). However, meta-analysis
of prospective cohort studies found that children with high-
est intakes of sugar-sweetened beverages had a greater like-
lihood of being overweight or obese than children with the
lowest intakes (moderate quality of evidence) (4). In addi-
tion, the US dietary guideline reported evidence suggest-
ing that sugar-sweetened beverage consumption during the
complementary feeding period is associated with increased
risk of obesity in childhood (limited evidence), but is not
associated with other measures of growth, size and body
composition (3). Further, limited evidence showed a posi-
tive association between juice intake and infant weight for
length and child body mass index z-scores.

Cardiovascular disease

In the EFSA review, no RCTs on added/free sugars intake
and cardiovascular disease endpoints (i.e. incidence and
mortality of CVD) were available, and only three prospec-
tive cohort studies were included in the EFSA report on
the relationship between added sugar, free sugar or sucrose
and cardiovascular disease or cardiovascular mortality.
The EFSA Panel concluded that the available data cannot
be used to conclude on a positive and causal relationship
between the intake of added and free sugars, in isocaloric
exchange with other macronutrients and risk of CVDs
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(6). However, the EFSA reported a high level of certainty
for a positive and causal relationship between the intake
of sugar-sweetened beverages and risk of CVD. The rela-
tionship was observed for sugar-sweetened beverages when
not keeping total energy intake constant (i.e. not adjusting
for total energy intake) (6). In the US review, they reported
limited evidence from prospective cohort studies (primarily
based on sugar-sweetened beverages) to suggest that higher
consumption of added sugars in adulthood is associated
with increased risk of cardiovascular disease mortality (3).
The review reported from three large prospective studies
examining total added sugars and CVD-related mortality.
Two found no significant association, while one found an
association before adjustment for adiposity. Five additional
prospective studies examined the relationship between added
sugars in the form of sugar-sweetened beverages and CVD-
related mortality, four found no effect, while the fifth with
better design found significant deleterious effect in both men
and women measuring intake multiple times. Insufficient
evidence was available to determine the relationship between
consumption of added sugars and risk of cardiovascular
disease in children (3). In addition, insufficient evidence is
available to determine the relationship between added sugars
intake in adulthood and risk of stroke, ischemic cardiovas-
cular disease, peripheral artery disease and heart failure (3).

Type 2 diabetes

The level of certainty for a positive and causal relationship
between the intake of added and free sugars and risk of type
2 diabetes is low, according to the EFSA. There were no
RCTs on the incidence of type 2 diabetes, so surrogate mea-
sures (glucose tolerance, insulin sensitivity) were reported.
Using data from 17 RCTs, fasting glucose was on average
1.94 mg/L higher in the high added or free sugar arm rela-
tive to the low added or free sugar arm. Results on insulin
sensitivity were mixed. The available evidence from prospec-
tive studies could not modify the level of certainty in this
conclusion (6). However, the EFSA found there is strong
evidence from prospective cohort studies for a positive rela-
tionship between the intake of sugar-sweetened beverages
and risk of type 2 diabetes (high certainty) and evidence
from RCTs supports this relation (low certainty) (6).

Cancer

None of the qualified systematic reviews presented evi-
dence on intake of added or free sugars and cancer risk.
According to the SACN review, there was no association
between sugar-sweetened beverages consumption and
colon cancer (adequate evidence) (5).

Cardiometabolic risk markers

In the EFSA review, there is evidence from RCTs for a pos-
itive and causal relationship between the intake of added
and free sugars and risk of dyslipidemia (moderate level

Citation: Food & Nutrition Research 2023, 67: 10226 - http://dx.doi.org/10.29219/fnrv67.10226


http://dx.doi.org/10.29219/fnr.v67.10226

of certainty). Based on data from 24 RCTs, total choles-
terol and fasting triglycerides were higher in the high versus
the low added or free sugar arm. LDL-cholesterol was
also higher based on 17 RCTs; however, HDL-cholesterol
was minimally affected by the interventions based on 20
RCTs. All studies were conducted in adults and six RCTs
were in healthy subjects and the remaining in selected sub-
groups (e.g. subjects with overweight, obesity or hypertri-
glyceridemia). The effect of high versus low sugar intake
was of bigger magnitude for all blood lipid variables when
the analysis was restricted to studies conducted under neu-
tral energy balance in isocaloric exchange with starch. The
available body of evidence from the three identified pro-
spective cohort studies could not be used to modify the
level of certainty in this conclusion (6). The EFSA also
reported evidence for a positive association between intake
of sugar-sweetened beverages and dyslipidemia (low level
of certainty). Of other cardiovascular risk factors, the
EFSA reported a positive relationship between the intake
of added and free sugars ad libitum and isocaloric exchange
with starch and risk of hypertension (very low level of cer-
tainty). Further, the EFSA reported that there is evidence
from prospective studies for a positive association between
sugar-sweetened beverages and risk of hypertension (high
level of certainty), with evidence from RCTs (very low cer-
tainty) supporting the relationship (6). According to the US
review, there is insufficient evidence available to determine
the relationship between added sugars intake in adulthood
and cardiovascular disease risk profile (3) and insufficient
evidence to determine the relationship in children.

Pregnancy and neonatal health

The EFSA Panel included some evidence of sugar-sweet-
ened beverages and pregnancy and neonatal outcomes.
Based on data from two observational studies, the EFSA
states that there is evidence for a positive and causal rela-
tionship between the intake of sugar-sweetened beverages
and risk of GDM (low level of certainty) (6). The EFSA
Panel also concluded that there is evidence from obser-
vational studies for a positive and causal relationship
between the intake of sugar-sweetened beverages and risk
of adverse effects on birthweight, although there is a very
low level of certainty (6).

Dental caries

It is well established that dietary sugars are involved
in the development of dental caries at all ages (22).
However, the EFSA review stated that the available body
of evidence does not allow conclusions on the shape of
the relationship between the intake of dietary sugars and
risk of dental caries for any age group, or to identify a
level of sugars intake at which the risk of dental caries
is not increased (6). The WHO report stated that there is
moderate evidence for positive association between the
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level of free sugars intake and dental caries in both adults
and children. The evidence suggests higher rates of den-
tal caries when the level of free sugars intake is more than
10% of total energy intake compared with being less than
10% of total energy intake. Further, the WHO review
reported from three national population studies that
lower levels of dental caries development were observed
when per capita sugars intake was less than 10 kg/per-
son/year (approx. 5% of total energy). Further, a positive
log-linear dose-response relationship between free sugars
intake and dental caries was observed across all studies
in the WHO review, at free sugars intakes well below 10
kg/person/year. Quality of evidence from cohort studies
was considered to be moderate, while evidence from the
national population studies was considered to be very
low (4).

Micronutrient dilution

In addition to health issues, one of the main reasons for
limiting intake of added and free sugars is the fact that
added sugar only provides energy and not nutrients. This
means that with increasing intake of added and free sug-
ars, there is less room for healthy foods and essential nutri-
ents, a phenomenon known as micronutrient dilution.
This is especially important for those with low energy
intake, such as children. In a systematic review, published
in 2015, a negative association between added sugar and
micronutrient intake was found, while no such association
was found for total sugar intake (23). We performed a lit-
erature search on studies that cited this systematic review
and identified nine studies (cross-sectional) addressing
the child, adolescent, adult and elderly population, from
Finland, the United Kingdom, Australia, Japan and
Saudi Arabia. All studies reported negative associations
between added or free sugars intake and either micronu-
trient intake or diet quality (24-33). In addition, a study
from the Swedish population not identified in this search
showed similar results (34). The 2020 American Dietary
Guidelines Advisory Committee has evaluated the scien-
tific evidence for the potential health impacts of added
sugars intake, along with the findings from model-based
estimations of energy available in the dietary pattern
after meeting nutrient requirements. Based on these, they
suggest that less than 6 E% from added sugars is more
consistent with a dietary pattern that is nutritionally ade-
quate while avoiding excess energy intake from added
sugars than is a pattern with less than 10 E% from added
sugars. The combinations of foods needed to achieve rec-
ommended intakes of key nutrients for ages 6-24 months
leave virtually no remaining dietary energy for added
sugars, apart from the very small amounts (less than 3 g
per day) already inherent in the foods used in modeling.
For the NNR we suggest that such modeling is done on
Nordic and Baltic studies to have evidence on how higher
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intake of added and free sugars dilutes the diet quality.
This is in line with the EFSA Panel noting that the low-
est amounts of added and free sugars that are compatible
with a nutritionally adequate diet may vary across popu-
lation groups and countries.

Requirement and recommended intakes

Summary of main results

In conclusion, there is not enough evidence that carbohy-
drate intakes outside the current recommended range of
45-60 E% are related to health effects. However, diets with
proportions of carbohydrates within this range tend to be
associated with reduced all-cause mortality among adults,
particularly when the diets examined were of higher qual-
ity. Thus, the evidence indicates that total carbohydrate
intake appears to be neither detrimental nor beneficial to
cardiometabolic health and colorectal health, and that the
carbohydrate quality (i.e. a high intake of whole grains,
legumes, vegetables and fruits and low intake of refined
grains and sugary foods and beverages) is more import-
ant than quantity. In addition, there were no consistent
benefits on clinical outcomes when changing the GI of a
diet and that the findings from prospective studies of diets
characterized by GI or GL are inconsistent.

There is evidence for a positive relationship between
the intake of added or free sugars and risk of developing
chronic metabolic diseases and dental caries. The EFSA
Panel concludes that available data do not allow setting
an upper level of intake for added or free sugars. Based
on the risk of developing chronic metabolic diseases and
on dental caries risk, the EFSA Panel considers that
the intake of added and free sugars should be as low as
possible in the context of a nutritionally adequate diet.
However, the relationship between the consumption of
added and free sugars at levels of intake below 10 E% and
risk of chronic metabolic diseases could not be adequately
explored owing to the low number of RCTs available, and
therefore the uncertainty about the shape and direction of
the relationships at these levels of intake is high.

The WHO finds that increasing or decreasing free sug-
ars is associated with parallel changes in body weight. The
relationship is present regardless of the level of intake of
free sugars with the excess body weight associated with free
sugars intake results from excess energy intake. The WHO
recommends limiting free sugars to less than 10 E% (strong
recommendation) based on moderate-quality evidence
regarding body weight and dental caries and suggests a fur-
ther reduction of the intake of free sugars to below 5 E%
(conditional recommendation) based on very-low-quality
evidence from ecological studies showing a dose-response
relationship between intake of free sugars and dental
caries. The conditional recommendation is set because
there is less certainty about the balance between benefits
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(page number not for citation purpose)

and disadvantages of implementing this recommendation;
however, no evidence was identified for harm associated
with reducing the intake of free sugar to less than 5 E% (4).
SACN recommended that the average population intake of
free sugars should not exceed 5% of total dietary energy for
age groups from 2 years upwards. In the Dietary Guidelines
for Americans 20202025, the recommendation is to limit
intakes of added sugars to less than 10 E% (3, 35), which
is similar as in the 2015-2020 US Dietary Guidelines (36).

Research gap

The numbers of studies in children on the relation
between carbohydrate intake and health outcomes
are scarce, as are studies in elderly. The main body of
evidence among children relates to effects of added and
free sugars on body weight/obesity and the effect of sug-
ars exposure on lifelong dental caries, showing some evi-
dence of negative effects. There is a lack of studies on
carbohydrates and health effects in pregnancy health and
outcomes, although some evidence exists on sugar-sweet-
ened beverages and GDM and birthweight. There is a lack
of long-term studies measuring the impact of reducing
intake of added and free sugars (especially below 10 E%)
on chronic metabolic diseases and surrogates. There are
limitations with observational studies, including residual
confounding and difficulties measuring habitual dietary
intakes. There is a need for further development and use
of objective biomarkers of carbohydrate quality (includ-
ing added or free sugars and GI or GL). The evidence
regarding adverse health effects is strong for sugar-sweet-
ened beverages. However, there is a lack of studies (both
RCTs and observational studies) examining the effects
of other food sources of sugar (e.g. sweets, sweet bakery
products, ice cream and sugary cereals). This is important
because the main sources of added sugars in the Nordic
countries are not beverages, but sweets, confectionery and
sweet bakery products (37). There is a lack of standard-
ized definition for dietary sugars (added and free sugars).
A standardized definition would facilitate the comparison
of results between studies. Future work will be necessary
to identify cut-offs of added and free sugars.
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