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Current WHO recommendation to reduce free sugar intake from all
sources to below 10% of daily energy intake for supporting overall
health is not well supported by available evidence
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ABSTRACT

Sugar is widely consumed over the world. Although the mainstream
view is that high added or free sugar consumption leads to obesity and
related metabolic diseases, controversies exist. This narrative review
aims to highlight important findings and identify major limitations
and gaps in the current body of evidence in relation to the effect of
high sugar intakes on health. Previous animal studies have shown
that high sucrose or fructose consumption causes insulin resistance in
the liver and skeletal muscle and consequent hyperglycemia, mainly
because of fructose-induced de novo hepatic lipogenesis. However,
evidence from human observational studies and clinical trials has
been inconsistent, where most if not all studies linking high sugar
intake to obesity focused on sugar-sweetened beverages (SSBs), and
studies focusing on sugars from solid foods yielded null findings.
In our opinion, the substantial limitations in the current body of
evidence, such as short study durations, use of supraphysiological
doses of sugar or fructose alone in animal studies, and a lack of direct
comparisons of the effects of solid compared with liquid sugars on
health outcomes, as well as the lack of appropriate controls, seriously
curtail the translatability of the findings to real-world situations. It
is quite possible that “high” sugar consumption at normal dietary
doses (e.g., 25% daily energy intake) per se—that is, the unique
effect of sugar, especially in the solid form—may indeed not pose
a health risk for individuals apart from the potential to reduce the
overall dietary nutrient density, although newer evidence suggests
“low” sugar intake (<5% daily energy intake) is just as likely to
be associated with nutrient dilution. We argue the current public
health recommendations to encourage the reduction of both solid and
liquid forms of free sugar intake (e.g., sugar reformulation programs)
should be revised due to the overextrapolation of results from SSBs
studies. Am J Clin Nutr 2022;116:15-39.
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Introduction

Obesity, defined as having a BMI greater than or equal
to 30 kg/rn2, is a risk factor for various metabolic and
endocrine abnormalities, such as hyperglycemia, hypertension,

and dyslipidemia (1). The prevalence of obesity has increased
dramatically in the past decades and is now considered an
epidemic (1). High sugar consumption has been suggested to
be obesogenic by inducing overeating and weight gain (2), and
is considered a risk factor for chronic diseases, such as type
2 diabetes mellitus (T2DM) and cardiovascular disease (CVD)
(3-5). In 2015, the WHO released a new recommendation of
reducing the intake of free sugars, defined as sugar added to
foods during production or cooking plus sugars found in honey,
syrups, and fruit juices, to <10% of the daily energy intake, with a
stricter target of <5% of daily energy intake for additional health
benefits. The aim of this new recommendation on sugar was to
reduce risks of all chronic diseases, especially for the prevention
and control of obesity and dental caries (6).

The prevailing consensus among academics and public health
practitioners is that high free sugar consumption is associated
with ill health, as well as overweight and obesity, based on
the concordance of available evidence from several sources (2,
3), as well as conclusions from systematic reviews and meta-
analyses of available studies (7, 8). Nonetheless, it is a widely
acknowledged fact that the publication of positive findings faces
less resistance from journal reviewers and editors than that
for null findings (9-11), and hence conclusions related to the
free sugar—health relationship drawn from the literature may be
somewhat affected by publication bias on an adverse association
between the 2.

When examined carefully, it appears that most studies linking
high free sugar intake to ill health focused on sugars from sugar-
sweetened beverages (SSBs) (12—-14), while studies examining
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free sugars from solid sources mostly reported null findings
(15, 16). This has led to controversies regarding whether high
free sugar consumption is detrimental to health, with some
researchers suggesting that sugars are merely a source of calories,
similar to proteins and fats (17). It also begs the question of
whether the current public health recommendation to reduce free
sugar intake from all sources (i.e., both solids and liquids) is well
supported by the available evidence.

Therefore, in this review, we will highlight the limitations and
problems in the current body of evidence, which may undermine
the strength of study conclusions. We also propose that a rethink
of whether all forms of free sugars are uniquely associated with
ill health is warranted.

Methods

Criteria of human study selection

For human studies (observational studies and clinical trials)
to be considered eligible for inclusion, they had to meet the
following criteria: /) involved adult or children participants, who
were either normal weight or overweight or obese at baseline;
2) examined high-sugar diets in the form of solids, liquids, or
both; and 3) measured outcomes indicative of metabolic and
endocrine health, such as body weight, fasting blood glucose and
insulin levels, blood lipid levels, fat mass, and blood pressure.
We imposed no restriction on the year of publication and
included only articles in the English language. Reports such
as unpublished manuscripts and conference abstracts were not
included.

Results

Different metabolic consequences of intakes of glucose and
fructose

Free sugars in the diet mostly come in the form of
sucrose, which is digested into glucose and fructose in the
gastrointestinal tract for absorption, as well as high-fructose
corn syrup (HFCS), which contains a ~1:1 ratio of glucose
and fructose as monosaccharides (18). The metabolic fates of
the 2 absorbed monosaccharides are different. The glucose
metabolism is tightly regulated by insulin and hepatic energy
statuses (19), where most postprandial glucose from the normal
dietary intake will be metabolized in peripheral tissues, leaving
little for storage as fat in the liver, thereby comprising a lower
risk of developing chronic diseases, such as insulin resistance
and T2DM, compared to fructose. Unlike glucose, the fructose
metabolism is not regulated by insulin and hepatic energy
needs, as the conversion to fructose 1-phosphate bypasses the
key regulatory enzyme phosphofructose kinase-1 (20). Also,
fructose does not stimulate insulin secretion (21), probably
because of the absence of glucose transporter (GLUT) 5 in
pancreatic S-cells (22). Thus, most fructose will be metabolized
and stored by the liver, with little metabolism in peripheral
tissues. It will also induce de novo lipogenesis (DNL) (23),
resulting in hepatic fat accumulation (24), as well as insulin
resistance and increased gluconeogenesis (19). Insulin resistance
will further promote hepatic DNL, resulting in a vicious cycle
that elevates VLDL production and secretion. Consequently, the

plasma triglyceride (TG) concentration is even higher, leading to
lipid accumulation in skeletal muscle, impaired insulin action,
and whole-body insulin resistance (19). Additionally, the lack
of insulin secretion after fructose ingestion also reduces leptin
secretion by adipocytes (19), which may increase food intake,
leading to weight gain and obesity (19, 22). It has also been
proposed that high sugar consumption is detrimental for health
due to its glycemic effects (25). However, only the glucose
component of sugars has a high glycemic index (GI), while
fructose has a low GI and sucrose has a moderate GI (26).
Moreover, it has been suggested that the GIs of most high-
sugar foods are low to moderate (27). Therefore, the glycemic
effects of sugars per se should not have a major influence on
cardiometabolic health. Overall, theoretically, excessive added
or free sugar consumption could increase the risks of metabolic
diseases through the direct actions of its constituent sugars and
induction of weight gain indirectly (19), although whether this
will happen at typical dietary doses remains controversial.

Free sugars from solid compared with liquid foods:
differential effects on health?

As mentioned earlier, much of the available evidence sup-
porting weight gain in humans after high sugar consumption
comes from studies focusing on SSBs (12—14), and few studies
have directly compared the obesogenic effects of sugar in a solid
compared with liquid form (19). This is important because studies
have suggested that liquid sugar could elicit overeating, followed
by incomplete compensation at subsequent meals, whereas solid
sugar may not promote a positive energy balance (15, 16), despite
most solid foods high in sugar also being high in energy density
(28). Besides the difference in state (liquid vs. solid), there are
also other differences which could contribute to the discrepancies
in effects on metabolic health of solid compared with liquid
sugars, such as the presence of caffeine (29), carbonation (30),
and caramel colorings in some SSBs and in cola beverages (31).
There have also been some observational studies conducted in
children showing that SSB consumption leads to a higher risk of
metabolic syndrome (MetSyn) than eating sugars in solid foods
(32-37). For example, in a prospective cohort study conducted in
African American and White children from the National Heart,
Lung, and Blood Institute Growth and Health Study (n = 2021 at
baseline; n = 5156 paired observations), after controlling for total
energy intake, increased intake of liquid sugars was associated
with an increase in waist circumference in all children over the
1-year follow-up period, whereas increased consumption of solid
sugars was associated with an increased waist circumference
in obese children only (32). In a prospective cohort study in
Danish children from the European Youth Heart Study (n = 359),
over the 6-year follow-up period, increased intake of liquid
sugars predicted an increase in waist circumference and BMI,
independent of energy intake, whereas intake of solid sugars did
not (33). Intake of liquid but not solid sugars was associated with
higher fasting glucose and insulin levels in Canadian Caucasian
children in a prospective cohort study, as well as insulin resistance
over the 2-year follow-up period after controlling for energy
intake and physical activity (n = 630) (34). Higher intake of
liquid but not solid sugars was linked with higher BMIs in girls
(n = 1172) but not boys (n = 967) in Finnish children in a
prospective cohort study, over the 21-year follow-up period (36).
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In Australian children, intake of liquid sugars was associated with
a greater BMI over the 3.5-year follow-up period in a prospective
cohort study (n = 158), compared with null findings in solid sugar
37).

A recent review of 7 epidemiological studies and 1 cross-
over clinical trial (38) concluded that SSBs may be more likely
to induce MetSyn than sugars in solid foods. The faster gastric
emptying time for liquid sugars, and consequently the higher
absorption of the fructose moiety, may lead to fat accumulation
in the liver. Consumption of SSBs induces satiety less than solid
sugar sources and is more likely to cause overeating or incomplete
energy compensation at subsequent meals (39). This is important
because the intestine may convert fructose to glucose when low
concentrations are consumed, but fructose is transported to the
liver more easily when consumed in high concentrations, such as
from SSBs (40).

Adpverse health effects and proposed mechanisms of action:
evidence from animal studies

Our concerns regarding the adverse health effects of high
sugar consumption likely originated from animal studies. Mice
or rats have been used to identify the culprits of potential
detrimental health effects associated with high sugar intake (41,
42), as their genomes and organ systems are similar to those
of humans, and they develop diseases in a comparable way to
humans (43). However, mice and rats do differ from humans
in the intermediary metabolism (44), which may undermine the
translatability of rodent findings to advance human health (45).
Therefore, conclusions from animal studies should be interpreted
with caution.

Sucrose or fructose feeding of supraphysiological doses in
both solid and liquid forms has been shown to induce insulin
resistance, glucose intolerance, hyperglycemia, and hypertriglyc-
eridemia in animals, mostly over the short term (Table 1) (46—
51). For example, feeding rats with a high-sucrose diet (69%
daily energy intake of a 74-kcal diet) for 4 weeks led to insulin
resistance in the liver, compared to an isocaloric high-starch diet
(n =55) (51). Administration of a high-sucrose diet [68% weight
by weight (w/w)] in rats for 1, 2, 5, or 8 weeks significantly
impaired insulin action in the liver and muscle, and increased
serum TG concentrations, compared with the starch control diet,
which may be associated with insulin resistance (n = 8-10 per
group per time point) (49). In another study, rats fed a 60% w/w
fructose diet developed hyperglycemia and hyperinsulinemia
when compared with the control group in 8 weeks (n = 24)
(52).

Results from longer-term studies on sugar in solid foods
are similar. For example, rats that consumed a 63% w/w
high-sucrose diet for 30 weeks developed hyperglycemia,
hypertriglyceridemia, and insulin resistance, compared to the
control group fed on an isocaloric high-starch diet (n = 16)
(48). Interestingly, insulin secretion was not increased in the
presence of pancreatic hypertrophy and hyperplasia, and there
was also some B-cell derangement (48). Ruff et al. (50) showed
that in wild-type mice, high sugar consumption (at 25% daily
energy intake) for 26 weeks resulted in increased mortality
in females (n = 98) and decreased controlled territories and
reproductive success in males (n = 58), in addition to reducing

glucose tolerance and increasing fasting cholesterol level in both
sexes.

The effects of high sugar consumption in the liquid form on
top of the standard lab chow diet were examined in 2 studies (46,
47). In 1 study, feeding 32% w/w fructose or sucrose solutions in
addition to the standard lab chow to rats for 50 days led to reduced
glucose tolerance, and significantly a higher TG concentration
was also observed in those given a 32% w/w fructose solution,
compared to rats given a 32% w/w glucose solution (46).
Similarly, Lee et al. (47) also showed that supplementation of the
standard lab chow diet with SSBs resulted in significantly higher
fasting glucose levels, as well as accumulation of lipids in the
liver. Expression of inflammatory genes in the liver and adipose
tissues also increased (n = 40).

Overall, feeding excessive sugar (fructose or sucrose) to mice
or rats, whether in solid or liquid form, could cause reduced
competitive ability and metabolic abnormalities, including in-
sulin resistance, hyperglycemia, and hypertriglyceridemia. These
health effects are likely associated with the development of
obesity.

Limitations of previous animal studies.

While conclusions from animal studies generally support the
adverse health effects of high sugar consumption, caution should
be exercised in interpreting and translating the results, as several
major limitations exist, which might explain why all studies,
regardless of whether solid or liquid sugars were examined, found
negative health effects of high sucrose or fructose consumption.

First, some studies used fructose alone as the treatment.
However, fructose is rarely consumed alone in the human diet.
Instead, it almost always coexists together with glucose in the
form of sucrose or HFCS. Since the metabolism of pure fructose
and its associated health consequences is different from when
fructose is consumed as part of sucrose or consumed with glucose
(as in HFCS) (41), it is a far reach to translate the conclusions
related to excessive pure fructose consumption in rodents into
the human situation. Also, most animal studies failed to include
a control group where only glucose was consumed; therefore, it
is unknown whether the adverse health effects observed are due
to the high monosaccharide (fructose) consumption per se or to
the energy supplied by fructose specifically (41, 42, 53).

Second, the majority of studies examined the health impacts
of supraphysiological doses of sugars (typically >50% of the
daily energy intake). These studies were designed to induce pro-
nounced metabolic impairments in a short period, to investigate
the mechanisms of action in laboratory animals. However, results
obtained from such studies bear little resemblance to actual
human consumption levels (54). Third, in designing the control
diet, most studies opted to replace all sugars with starch, which is
unrealistic and irrelevant to humans, as we rarely consume a diet
devoid of sugars. On average, adults consume between 7% and
12% of their daily energy intake from added sugars (55). Fourth,
no studies so far have directly compared the effects of solid
compared with liquid sugars on metabolic and endocrine health
in rodents, which makes it difficult to draw firm conclusions
regarding the potential differences in their effects on metabolic
and endocrine health. Last, while some rodent studies lasted more
than 20 weeks, which covers a substantial period of a rodent’s life
span, most studies were conducted over a short period and rarely
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lasted longer than 6 to 8 weeks, thus impairing translatability into
humans.

Studies on high sugar consumption and metabolic or
endocrinic disturbances in humans

Evidence from observational studies.

Unlike in animal studies, there is great heterogeneity in
the conclusions from observational studies in humans, with
some supporting an association between high SSBs or sugar
consumption and the development of metabolic diseases, while
others report null findings (Tables 2 and 3). This might be
due to differences in study designs, populations of interest,
and the forms of sugar examined (e.g., SSBs vs. solid sugar).
Also, many observational studies collect data via self-reporting
of the participants: for example, from FFQs, dietary record,
and dietary recalls (56, 57). Self-reported dietary data are
often regarded as being unreliable, as they may be affected by
selective recall and reverse causation. Differences in confounding
factors across observational studies are also a concern, and they
affect the abiltabity to synthesize evidence from various studies.
Nonetheless, based on the Bradford Hill criteria, causality can
be assumed only between SSB intakes and cardiometabolic
disease risks, as most if not all studies showed consistent
results; however, no causality can be assumed between total,
added, and free sugar intakes and health outcomes, as results
are largely inconsistent. Furthermore, it has been proposed that
the Bradford Hill criteria should be adapted to the evolving
nature of research to promote multidisciplinary research and
data integration frameworks (58). Caution should therefore be
exercised in interpreting findings from observational studies.

Several studies suggest that high consumption of SSBs may
be positively associated with the risks of obesity and related
complications (12, 59-75), such as nonalcoholic fatty liver
disease (NAFLD) (60, 64), T2DM (61-63, 65, 72, 76-80), stroke
(71), coronary heart disease (CHD) (71, 81, 82), high blood
pressure (15, 70, 73), and CVD mortality (83-85). However, in
the prospective cohort study by Olsson et al. (86), high intake
of SSBs was not associated with an increased risk of T2DM.
Other studies reported that high SSB consumption was associated
with MetSyn in men but not women, which may be explained by
differential hormone levels between males and females (81, 82,
87). Furthermore, a recent review of prospective cohort studies
and short-term trials (13) suggests that regular consumption of
SSBs was associated with hyperuricemia and gout, which could
further increase the risks for T2DM, CVD, and MetSyn, in
addition to dyslipidemia (13, 88), inflammation (13, 89), and
decreased leptin (90). Nonetheless, its relationship with stroke
is somewhat inconclusive (12).

Several prospective cohort studies have shown that high
sucrose or fructose consumption was not associated with the
T2DM incidence or risks (86, 91-96), nor was it even associated
with a reduced risk of T2DM (78, 91, 97, 98) (Table 3). In
contrast, Warfa et al. (80) showed in a prospective cohort study
that high sucrose consumption was associated with an increased
risk of T2DM, and the study by Montonen et al. (77) showed high
fructose intake, but not sucrose intake, was associated with an
increased T2DM incidence. For cardiometabolic health, studies
(77, 78, 86, 91, 93, 94, 96, 99-101) have shown that high

intakes of both sucrose or fructose and total sugars were not
associated with increased risks of total CVD, total CHD, or total
stroke. Results were inconsistent for CVD or all-cause mortality,
with some studies suggesting an adverse association between
added sugar and mortality (79, 102), while Tasevska et al. (103)
reported null findings in women or even a protective effect in
men.

These observed associations could be due to both direct
(unique metabolic changes induced by fructose, such as increased
hepatic DNL without inducing weight gain) and indirect (pro-
motion of weight gain and obesity, leading to adverse metabolic
effects) effects of fructose (22). In a prospective cohort study
conducted in an Asian population (n = 43,580) (72), high soft
drink consumption was associated with increased risk of T2DM,
independently of changes in BMI, and weight gain in addition
to high soft drink consumption exerted an additive effect on
increasing risk of T2DM. Similarly, regular SSB consumption
was associated with higher C-reactive protein (CRP) levels (104),
and this association was strengthened by obesity (89), whereas
sugars from solid foods were not associated with increased CRP
levels (104). In another prospective cohort study conducted by
Tasevska et al. (103) (n = 353,751), high total fructose but not
added sugar consumption in both males and females was found
to be related to a modest increase in the all-cause mortality
risk. This was only restricted to fructose in SSBs, not fructose
present in solid foods, which is in line with the conclusions
by Togo et al. (16) and DiMeglio and Mattes (15). However,
high intake of free or added sugars was found to be positively
associated with all-cause mortality in the prospective cohort study
conducted by Ramne et al. (79). Moreover, high consumption
of solid sugar sources was inversely associated with all-cause
mortality, and high intake of SSBs was positively associated
with all-cause mortality (79). Similarly, in the prospective cohort
study (n = 25,877) by Janzi et al. (71), while high added
sugar intake was associated with increased risks of coronary
events and stroke and high SSB consumption was associated
with an increased risk of stroke, low added sugar intake was
found to increase the risks of aortic stenosis and atrial fibrillation
and low consumption of sugar-sweetened solid foods increased
the risks of stroke, coronary events, and atrial fibrillation. All
these studies support the differential effects of liquid compared
with solid forms of carbohydrates in inducing overeating and
obesity (liquid > solid). High SSB consumption may also be
implicated in the pathogenesis of NAFLD, as shown in a cross-
sectional study (n = 73) (105), in addition to being implicated
in hypertriglyceridemia (prospective cohort study; n = 2774)
(70).

Overall, the findings from observational studies remain
inconclusive. Our views agree with a previous systematic review
of prospective cohort studies (106), which concluded that high
SSB consumption increases the risk of cardiovascular diseases
both directly and indirectly through weight gain. Additionally,
in a recent meta-analysis of 11 prospective cohort studies
that assessed the associations between SSB intake and risks
of CVD and mortality (102), long-term consumption of SSBs
was dose-dependently associated with increased risks of CVD
morbidity and mortality. Similarly, in another meta-analysis of 24
observational studies (12 longitudinal studies, 11 cross-sectional
studies, and 1 case-control study) (107), high SSB intake was
associated with an increased risk of MetSyn compared to low



Yan et al.

20

(panunuo)))

sa[nrenb ssoioe
(€20°0 = P* “TI 1-T0'T ‘IO %S6 90T “¥¥ paisnipe)
uotsuanadAy pue (0’0 = P €1 1-10°T ‘ID %S6
90T ¥ paysnlpe) DL YS1Y (810°0 = P 1€ 1-20'T ‘1D
%G6 ‘811 ¥ parsnlpe) [o1)s2[0yd TAT Y31 “(100°0 >
PRAT BT T—50'T ‘IO %S6 “60'T "I passnlpe) Hm ysy jo
SYSLI PaseaIoul Yiim pajerodosse sem uondunsuod gss 1QySiH
(M /3UIAISS
1>) s1oyuLp juanbarjur yim paredwod (G/7—96°0
IO %56 79T “40) UASIIN JO 9OUIPIOUT PISEAIOUT YIIM
Ppajeroosse sem p/3urAlss [ < jo uondwnsuod ‘A[eurpniiSuo|
yM/SUTAISS > JO oyejur 0} paredwod
(9$°T-8T'T ‘I %56 “18'T “YO) UASISI JO ddudeard
POSEAIOUT Y)IM PIJBIOOSSE SEAM JULIP 1JOS PAujoams-1e3ns
Jo p/3uralas [ < Jo uondwinsuod ‘A[[euondas-ssor)
SIOWNSU0D gSS A[Tep IO 9JeISPOU "SA SIOWNSUOIUOU
UQ3M)3Q XOPUI BPNSIBJA] PUB ‘UONAIDAS UI[NSUI [[BIIAO
“xoput oruagopndad-)) ‘103oe) uonenuajod pue AJIANISUIS
2509N[3 [[29-¢ Ul 90URIJJIP JudYIUSIS A[[ONSHIE]S ON
(200 = d) undoy
Tomop TuySd (Thi1-6¥1 ‘1D %S6) 96L PU (200 = d)
9-11 1oyS1y Tw/Sd (69 1-€0°0 ‘IO %S6) 91°0 ‘(200 = d)
d¥D Y31y /3w (€2°0-20°0 ‘1D %S6) TI'0 “(10°0 > o)
TTAH 1M0[ TIp/3W (0LT—€0°T ‘IO %S6) L8'T (100 = d)
DL 1YSIY Ip/SW (T 12T+ T %S6) L'TT WM Pajeroosse
os[e sem Aep Jod gSS JO SUIAIOS AIOAD UT 9SBAIOUL UY
(s19punojuod Joj Judunsnlpe 1y5e 10°0 > Py 1€ 1-90'1
TO%S6 *8T°T :P/6 O3 YM/L'¢ "SA 10AU 10] YY) AHD JO
SYSLI PasBIoul YIIm pAjerdosse sem uonduwnsuod gss 1QYSIiH
juedyIugIs
JOU 2IoM $1991J2 ) ‘O eIul ASIoUD []0) J0J Judunsnipe 1)y
soyeIur paSueyoun yjrm oyl yim paredwod
‘19r0°0 =d) 34 010+ SIS (100 =d) SA+1°0+
:s£0q] )ySram poures 1eak Jouid ay) woiy p/sSuIAIes
7< Aq uondwnsuod paseaIour oym UdIp[Iy) ‘SIAULIPUOU
i paredwiod (9600 = d ;W3 200+ SIS 400 =d
‘Suraras Aqrep 1od w3y ¢0°0+ :s£0q) 1eak Surpuodsariod
QU UI [N Ul 9SBAIOUT YIIM PIJRIOOSSE SeM SESS
Jo uondwnsuod ‘ayejur A310u9 [€10} 10J Judunsnlpe a1ojog

sa[naenb ssoroe sgSS jo uondwnsuo)) K0T
SYULIp
1JOs paudjeams-1e3ns jo uondwnsuo)) K¢

SIOWNSUOD gSS
K[Tep IO JBISPOW "SA SIAWNSUOI-UON

(Apms
[BUOT)O3S-SS01D) YN

(P/6 01 M/L°¢ "SA Mm/¢—]
'SA OW/g “SA JoAdU) uondwnsuod gss KT

sgSs jo uondwnsuo)) L¢

Apmis VIQIVD
oy woLy (%80 F %S ¢S ‘so[ewoy
*£9°¢ F (6T 988 S F ueow) synpe y//¢

(£ 6'7S 98e urow ‘UdWOM

ur (/¢ ‘suonea1asqo -uosiad gg09)

1040 ApmS 1IeoH WeySurwer] 9y} Jo
sasA[eue [euIpnIISUO[ PUL [BUOT)IS-SSOID)

(orewr %4706 L 1'8 F 66 ‘05w
ds F ueowr) $)23[qns page-a[ppIut Otzg

Apm§ dN-MO[[0] S[RUOISSRJOI]
WeaH oy ut £ G/—(f paSe so[ew ¢8]°Ch

(sfoq
%1°¢t) Apms Aepoy, dn SuimoIn s
) woly A 4]—6 PASE SJUIISAOPL GG/ T

oL
010T “Te 32 LagynQg

(€L)
LO0T “Te 39 eISuIyq

(6¥1) 020T
“Ie 30 Iee[a33rg uop

(18)
Z10T ‘T2 1 Suruoy] op

(T
$00T T2 30 Kpog

sSurpuy urejy

J0yeedwos Areyarq uoneinp Apmg

s100[qng

I8k ‘QoudIajoy

{S9SBASIP d1u0Iyd pue sijewered drjoqeiow uo uondwnsuod gS§ YSIy usamiaq UONBIOOSSE Ay} SUIUIUEXD SAIPNIS [BUONBAIISQO JO ATewwnS T A TIVL



21

Sugar guidelines not well supported by evidence

(ponunuo))

(S€-0'T IO %S6 *8°T “d0) Aep 1od Tur 007>

Surnsuod asoy) ym pareduwod £11saqo J0 JYSTOMIIA0

JO s 1ay31y B pey sgSs Jo Aep 1od Tu )07 < pawunsuod

U UAIP[IYD ‘OS[Y “("TuI GT¢ "SA €8¢) Aep 1od sgSS

Jo ayejur 19y31y ApueoyruSis pey £)1s2qo 10 JYIIOMIA0
M UQIP[IYO ‘UIP[IYD JYSIom-Tewtiou yim paredwo))

(6000 =d)

INATL JO XS Yy Ut 9sea1out (%01-%1 ‘1D %S6) %9
B [)IM PIJRIOOSSE Sem gSS JO p/SUIAISS AIOAQ UT 9SBAIOUT Uy

SIOYULIPUOU [)IM

paredwod s1eak ¢ ur [N oY) UT 9SLAIOUT W/SY-T € SUlALY
JO SPPO 10USIY (%SH—%6 ‘IO %S6) %9T Py S10WNSuod gss

(€0T°0 =d *SO'1=18°0 ‘ID %S6 ‘T6'0 “YO ‘sIyuLipuou

*SA SIOYULIP) [N UT 98ueyd jrun pue uondwnsuod
Q0In[ JINIJ USIMISQ UOTIBIDOSSE JUBOYIUSIS A[[BO1STIBIS ON

(E6'T-LOT TD %S6 “LL'T “P/TW 00T < "sA uonduwmsuod

ou 10J JO) £I1S2qO [BUTIOPQE JO AOUIPIOUT J8IL-() |

JO SPPO PaseaIour pIjeIoosse sem uondwnsuod Yurp

1JOS JOYSIY PUL (810°0 = d) DAL Ul 9SLAIOUL WO~ [ IM
pajeIoosse seam uondwnsuod YULIP 3JOS UL SLAIOUT [BIN-()() |

(1000 > P '69'1-L0'1

‘1D %56 *SE'T :P/T< "SA owy/[> 10] YY) HD JO st
PISBAIOUT [JIM PIJRIVOSSE Sem SESS Jo uondwnsuod JySiH

SIOPUNOJUOD

1oy yudunsnlpe 1oe (170°0 = P**"d :99'1-20°T ‘IO %S6

07T M/ TW 6SE< “SA JoWnsuoduou 10§ YH) INAZL JO
SYSLI PISBAIOUT [JIm Pajeroosse sem uondwnsuod gss 1oySiyg

amssaxd poojq 21703s£s 10

3500n[3 poolq pue uondwnsuod ageIaAaq Sururejuod-1e3ns
U99M]0q PAAISSQO SEM UOTJBIOOSSE JUBIYIUSIS A[[RO1ISIIRIS ON

SIOPUNOJUOD

Joj yuounsnlpe 1e13e (¢0°0 = d) DL 1YSIY J/[oww

(0T 1-10T ‘IO %S6) SO'T PUe (10°0 = o) TAH 1omo[

/10wt (€0°0-10°0 T %S6) TO'0 UM PIABIOOSSE sem Aep
1ad oFe10A9q Sururejuod-resns Jo SurAIas A19A9 Ul 9SBAIOUL UY

uonduwnsuod gss

(P/T< "SAP/TT 'SAM/L> 0

¥ ISAM/P> 01 [ "SAYM/[> 0)
quou) s3uralds ur uondwnsuod gss

SIQWNSUOJUOU
"SA SIQWINSUOD gSS J0 2d1In[ JIni]

(uondwnsuod paurejurew

'sA uondwnsuod ur aseaour

*sA uondwnsuod ur aseaIdIp

'sA uondwnsuod ou Jo ddurUIUTEUI)
uondwnsuod uLIp 3jos ur saguey)

(P/g< 'sa

P/T> 0} ] "SANM/Q—C "SA OW/{—] "SA
owy/[>) sSura1as ur uondwnsuod gss

(I 66 <
'SA 6SE=G9[ SA 998 SA 98>
'SA Jownsuoduou) uondwnsuod gss

a3e10a0q
Surureyuoo-edns jo uondwnsuo))

(s1sATeue

[RUOTIOAS-SSOID) YN

L0g

L¢

L6

Lye

Lyl

L6

(skoq (¥L) 0T0T
%1°99) £ [1-8 paSe s[5 pue skoq /01 “[e 10 UOISULLIEH
(sereur 9 ¢°Gy) Apus VIQAVO
QU woly duIfaseq je A Oc—8| pase
SO[RWIQJ pUB SI[RW YA\ pue Yorv[g 6] LY

(9L) 6102
“Te 19 ereyeny

110402
adoing uIe)seq uI SI10)08] [R100SOYIAS]
pue [0YOO[VY ‘YI[BSH ) WOIJ (Sofewr

%LY) K 69-Gt pase sympe ueissny SOTS

(z9) 0zoT 1B
19 sJue[y-ounpIren)

Ky1-6T (89)
poSe soreway pue sofewr ysiueds (817 S10T “'Te 10 vAOYDIUN]

K 65—p¢ pase Apmg

WIS SISINN AY) WOy SILW] 07688 (28) 600T “[¢ 19 Sunyg

(19) €10T
“Ie 19 1ZZe1oySeq

110400 N¢d oyp woly (£ 9'9 F 976
‘a8e (IS F ueown) soewa) 81199

(shoq

%¥°€S) K 9—¢ pade uarpqiyo [ooydsaid g/ / (06) 020T “Te 32 Kug

sSurpuy urejy

J0jeredWion Are)dr

uonenp Apnj§

s100[qng I8k ‘QouaIajoy

(ponuuo)) T ATAVL



(ponunuo)))

[1000°0 > d ‘A1eanoadsar ‘p/g< pue
P/T> 01 ] S[M/9—C ‘oul/p—] ‘ow/[> Jo sarouanbaiy
uondwnsuod 10§ (8T'1-€1°T IO %S6) 121 Pue “(61'1-60'1
IO %S6) ¥1°1 (60" 1-€0'T IO %S56) 901 ‘(#0'1-86°0
‘IO %56) 10°T “(9duaejar) 00’1 Jo sYH] drysuonefor
9suodsa1-asop & ur AJi[e1Iow [2)0) JO SYSH I9Y3IY
yIm pajerdosse sem uondwnsuod gSS YSiy ‘sor10321ed Sso10y
LVA 10J juounsn(pe [euonippe I9)je 1So[ Sem 90UBdYIuSIs
[eonsne)s Ay, “Sunjows pue ‘SIopunojuod A1ejrp
xas ‘a3e 10j Juaunsnipe 10)5e (700 = P8 ‘9¢'7—€0'1
‘ID %56 *9S°T “P/T < "sA ow/[—() 10] JO) ATAVN JO
SPPO PAsEAIdUI (IIM PaJeIoosse sem uondwnsuod gSs yYSIH
A1oAn0adsar ‘s1ayuLIp gSS-uou uey)
S[OAS] d¥D 1YBIY (E10°0 = &) 1/3W 0S°0 PUE (+10°0 = d)
8G°() PBY 95240 2I9M OUM SIMULIP AABOY pUB WNIPIW
‘TING JO 199JJ2 urAJIpow Ay} UONEISPISUOD OJul Surye)
UdY A\ TN 10§ Sunsnipe 10158 [9A9] JAD 1045y [/Sw 970
© peY SIOWNSuod gSS AABIY ‘SIownsuoduou yiim paredwo))
et A310ua K[rep 9501-%¢ L 01 paredwod (99 1—¢0'[
‘IO %56 *1€'T “4H) 01 Jo puk ‘(axeiur £51ouo K[rep
9, G>) A103910 OeIUl 3SaMO] 2y} 0) paredwod (8 1-60'1
ID %66 6€°T “MH) SIUA ATBUOIOD JO SYSLI PISBAIOUTL YIIm
PoIBIOOSSE Sem YBIUT ATIUD A[IRp 9()7 < Yelul Je3ns pappy
S9JRI NI Ul dsearour
s1eak-uosiad 00001/ L ® PeY GSS JO P/3 (0SZ pawnsuod
oym asoy) ‘(p/3 ( 9°1) srownsuoduou yim Surredwo))

Yan et al.

(%8T-%8

‘ID %56) %81 £q sesearout aouapIoul N(IZL JO U
‘uondunsuod g ur asearour p/3 ()7 AIOAS 10

(€000 = P*q

p/3W 7' F ' OIS pIEpUR)S F ¢) SUONBIIUAIU0D D,

ut dseaIdur pue (1000°0 > P*d Ip/SW () F 9'[— 1011

pIepue)s F ¢) [019)SI[OYd TH Ul 9SBAIOIP UBIUI JOJRAIT

B [JIM PIJRIOOSSE Sem SgSS Jo (p/Surales | <) uondwnsuod
Jern3ar ‘(ow/SuIAlas [>) uondwnsuod mof yym paredwo))

(Prc<
'SA P/T> 0} [ SA YM/Q—C "SA oW/~
‘SA o/ > ‘S9FBIGAAQ puk SPOOJ
Jo uonaod piepuels e urunsuod
Jo sowm) jo requinu) uondwnsuod gss

(P/1< "sA
P/I> 01 YM/] "SA YM/]> O} OUI/] "SA
our/]—() s3uraxas ur uondwnsuod gss

[(Axeay) p/jwr 0L
< "sA (wmnrpawr) 669-1S¢ 'sa (IS
0S€—1 "sA auou] uondwnsuod gss

SOLI0391LD SSOIOB SOTRIIAQ
puB SPO0J PAUAIIMS-TeTnS
pue 1e3ns pappe €10} jo uondwnsuo))

(P/3 0 "SA P/S (0ST PuB 9sBAIOUL
p/3 05z 1od) uondwnsuoo gss

p/s3ulales 9< 01 ypuow Jod Furaros
[> 10 ouou wouiy uondwnsuod gss

(& vg)
ApmiS yI[eoy .SosInN
(K
82) Apmg dn-mofod
S, [BUOISS?JOI] YI[BOH

(s1sATeue
[BUOTIOAS-SSOID) YN

L¢

£¢61

1SS

£¢T1

ApmiS YIBOH ,SISINN Y} WOIj
uawom /908 pue Apmg dn-mofjoq
S [BUOISSIJOIJ YI[BIH Y} WOIJ USW 9]/ /€

(sarew 96" Ly) ApmS
JIeoH weySurwes] ay) jo syuedonied 97

(sorewr
%S°0S) SANVHN 2y} Wolj s)[npe 989

Apmg 100URD) pUE 11
QIR AU} WOIJ (SI[BW %9°LE ‘A §'LG
‘o8e ueown) £ 4/—G pase s)npe /86T

[A1oanoadsar ‘INAZL

JO SOSBO PAUIL)IddSE PUR 1104ooqns

Pa3109es A[wopuer 10 (so[eur 9,()G)

A L'LF 96 pue (saew %58€) £ 06 F 0TS

‘a8e (S F ueowr] Apnjs 110Y0J-3s8D
1OVIUL-DIdH Y} WOl SINPe 799°LT

(sorewr
%L 'St K 88 F €0F 958 S F ueow
pQCE = ) S}IOYOD JIIY [, UONBISUID)
pue (sa[ew %6°9% ‘A 86 F §'+S

‘a8e (IS F uBW {9y ¢ = ) SO UL

(2
610C T8 32 MIEN

(¥9) S10T "B W BN

(68) 020T “"[e 10 U]

(1) 020T “'Te 19 1Zuef

(€9)
610 “'Te 19 eanwrew|

(88)
0T0T “& 12 We[sey

sSurpuy urejy

J0jeredWion Are)dr

uonenp Apnj§

sy00lqng

I8k ‘QouRIajoy

22

(ponuuo)) T ATAVL



23

Sugar guidelines not well supported by evidence

(ponunuo))

SIOPUNOJU0Y J0J Juaumsn(pe 1oye (¢10°0 = P*Id
(€9'1-20T ‘IO %S6 *6T'1 ‘P/1< "SA owy1> 10] YH) NATL

JO SYSLI 1YY IIm pajeroosse sem uondwnsuod gss RySTH

uondwnsuod I2ASU 10 drel Hm paredwiod

(80°0 = P™"d 1€9'T-80°T ‘ID %S6 “€€'T “IH) Anjerowr
I9oued pue (700 = P (9% 1-01'T IO %S6 *9T'1

“dH) Aenow asned-[[e pue ym/SSUIAIdS /< Jo Aouanbaiy
uondwnsuod usam}aq punoy sem UONRIIOSSE Juedyrusrs

B ‘SYULIP 1JOS JLIO[BD IO, "SUTWNSUOD IOAU JO dIBI 1M
paredwod Kjrfeirow 10Ued 10 ‘(TAD [B10} YIM PIJBIOOSSE

jou sem YM/sSUIAIRS /< Jo uondwnsuod ‘sgSS [810) 10,

(owyuLIp 1>) A1039180 nondwnsuod

1520 Y i paredwiod ‘(76 [-¢1°T IO %S6 *1¢°1 ‘oner
QJRI 9JUIPIOUT) SHULIP JINIJ PUR SYULIP 1JOS 10J (SH' [-90' [
1D %S6 ‘HT°1 ‘onel d)el dduApIdUL) $3)aqeIp ¢ 2dA) Jo

SYSLI POSBAIOUT (IIM PIJBIOOSSE SEAM P/SYULIP 7< SUIUNSUO))
“(100°0 = PY8g) sYULIp I} paudjeams-1e3ns pue

(20070 = PU2By) SULIp 1JOS paudleams-1e3ns 10 INAZL JO

SYSLI PASBAIOUT )IM PAIRIDOSSE Sem uonduwnsuod ur asearouf

K1039180 9YBIUIL 1S9MO] ) 0) paredwod
(29 1-6T°1 1D %56 “TP'1 “¥¥) INATL JO s paseatout

UR [IIM PIJBIOOSSE SEM YM/SYULIP 1JOs 7< Jo uondwnsuo)

SPOO0J PI[OS WO} SIe3NS JOJ PUNOJ Sem UOTIBIOOSSE ON
(10070 > P¥d HT0-€1°0 ‘IO %56 8170 WRIOYJA09-)
Q1008-2 YSLI dIjoqeiaw pue “(100°0 > P**"d 8T°0-€1°0

IO %S6 “1T°0 WRLYF0d-¢) IAD-U (1000 > P**'d
$S1°0-L0°0 ‘IO %S6 11°0 WS10YJ09-¢ {10 'sA SO)
MI-VINOH Y[ yaim pajeroosse A[oanisod a1om spooy pinbiy

woiy s1esns ‘(g0 = ©) Sunsa) opdnnuw J0J UOTIALIOD Iy

[1000°0 > d *A[oanoadsar ‘p/g< pue p/g> 01 [ YM/9—C
‘ow/p—1 ‘ouwr/[ > Jo sarouanbaiy uondwnsuod 10§ (0 1-S1°1
IO %S6) 1€ (1€1-80'T ‘1D %S6) 61°1 (L1101

‘1D %S6) 01°1 “(T1'T-00'T ‘ID %S6) 90°T “(Sdu19§21)

00T Jo SYH] sor103a1ed sso1de Ajeisowr qAD Jo SySu

PaseaIour yiim pajeroosse osfe sem uondumsuod gss ySrH

(P/1< s qm/9—1 <
*SA OW/H—] “SA oul/[>) sse[3
ur uondwnsuod gs§ pue aoml Jnig

(M /SSUIAIDS /< 'SA YM/SSUIAIDS

0> 0] | < "SA YM/SUIAIOS

[> 0} IOAQU JO JIBI< "SA JOAU JO
axex) uondwnsuod sadAjqns s31 10 gSS

(P/SULIP T< "SA PAULIP | “SA
M/SHULIP §—=C "SA OW/SULIP [—] "SA
owuLIp [>) sgsS jo uondwnsuo)
(m/suontod ¢< 03 g “sA ym/uontod
[ *sa ow/suoniod ¢—1 ‘SA J9AU
jsowe) sYuLIp 3jos jo uondumnsuo))

(oyeur A313ua A[rep

% F'9P=§'ST 160 SA G S1-9°CI

$O SA9TI01 €0 SA #0108

20 'SA 0'8-5°0 :TO) SPooJ pr[os
pue spooj pmbiy woiy ayejur resng

£91

Loz

L9

Lg

(s1sATeue
[BUONDIS-SSOID) YN

Apwis 10vIUT-D1dd

AU} WOoJJ [(SoTew 948" /¢) S[ONU0D

LEGT pue (OneI A[BUIRJ: B UMOUNUN)
SASED JUAPIOUT $89°T [] $192[qns §G0°LT

Apmi§ sIoyoea],
eruroyie)) oy woij (£ ¢¢ ‘ofe uerpaw)
aurpaseq Je K 0]~ PaSe UAWOM $1¢001

aurjaseq Je £ 69-1¢
pase so[eway UBOLIDWY UBILYY 000°6S

(soeW 9%6°C L §'L F §'pS 9T
ds F ueaw) suearode3urg asaury) )8S €

(sa[ew %991 ‘K 'L F §'LY
“a8e S F uvow) SINPE ySHLG 8,96

(S9) €10¢
[ 19 eIonTeWOoy

(68)
TT0T T8 19 003ydeq

(€11)
800 “'[e 10 Jowed

(TL)
010 “T¢ 12 preesopQ

#01)
810T “[e 10 Jouuo) .0

sSurpuy urejy

J0jeredWion Are)dr

uonenp Apnj§

s100[qng

I8k ‘QouaIajoy

(ponuuo)) T ATAVL



Yan et al.

24

*QOURIJUINDIID ISTEM DA ‘anssT) 3sodIpe [RIDSIA ‘WA ‘OPLIRIAISL ‘D, ‘smiI[[oul sajaqeip g 2dA) ‘INQZL ‘98e19Aaq paudjeams-Iesns ‘gss
foruInb Q) taseasIp 1A1] ANey d1joyodeuol ‘(I TJVN ‘o[qeordde jou ‘yN ‘owoIpuks drjogelow ‘UASIOA ‘ApmiS SundsjO weysurwel ‘SO ‘uonmny pue Iadue)) ojul uonesnsaau aandadsold ueadoiny ‘Oidq

Apmg 110Y0D) 2A1103ds01d NEH YOUSL] YL ‘NEH (9SBasIp JB[NOSBAOIPILD ‘qAD ‘UIa)o1d 2AN0eaI-D) ‘dD) 9SeasIp Heay AI1euo1od ‘qHD SINPY Sunox ur juawdo[pad ysiy Aoy Areuoio) ‘VIaQyv,

(#'1-6°0 ID %S6)
wo 60+ Aq DA U 9SUBYD [JIM PIIBIDOSSE SBM P/SUIAIOS
[ I 9seandu] “(9°0~1°0 ‘1D %S6) Wd €'0 Aq DA Ul dsearout
M PIAJBIOOSSE SBM YM/SUIAIOS [ < Aq uondwnsuod ur
asearout “(1°0— 01 60 ‘ID %S6) W §°0 £q DAL ut uononpar
M PABIDOSSE SBM YM/SulAlas [ < Aq uondunsuod

ur 95eaI09p ‘03uRyd OU M paredwiod ‘DA Ul FUBYD 10
(1000 > d *TI1-L0
ID %56) 33 0°1 Jo ures JyS1om [)Im paJeIdosse sem
p/BUIALes | Ul 9sea1du] (6°0~C'0 ‘1D %S6) 34 €0 Jo ures
JYSIoM 1M PIAJBIDOSSE SBM YM/SUIAIRS [ < Aq uondwnsuod
UL 9SBAIOUL PUE (Z°0— 01 90— ‘TD %S6 3 +'0—)
ures JYSToM SSIT (IM PAJLIOOSSE SEM YoM /SUTATOS

1< Aq uondwnsuod ur aseaIdp “@3ueyd OU YHIAPPacgdurn))
JTopjueunsnlpe 1eye (100°0 > P**'d ‘9¢T-H T 1O %S6
“€8°1 P/I< "SA oW/ [> 10J ) INATL JO SIS IaYSIy yrim

pajerodosse Appuapuadop-asop sem uondwnsuod gss 1OYSIH

(A1oanoadsar ‘spourad g ayp

10J 3 G1°0 PUB ¢ [+) uondwnsuod I1ay) pasealddp oym

asoy) i paredwod (6661 01 661 10J S 0T PUE G661 0)

1661 10§ 8Y 69'%+) P/1< 01 Ya/[ > woxy uondunsuod 1oy
PosBaIOUI OYM SI[BWRJ UT JOYSTIY Sem SI1eak { 10A0 ured JYSIop

SIOPUNOJUOD 10 Judunsnipe

Toye (1770 = P2 ST 1-06'0 ‘IO %S6 *90°L ‘P/1< 'SA

owy/]> 10 YH) PAAISqQO Sem aejul 20mn[ i1y pue NAZL
JO Y[SLI 9} U2IM]q UOTIRIDOSSE JULOYTUSIS A[[RONSTIEIS ON

P/SUIAISS | UI 9SBAIOUL “SA ([+<)
pasea1our ‘sA (14 03 [—) a3ueyd ou
*SA (] —>) PaseaIdap :(M/SUIAIS)
BPOS PAUIIMS-IBINS

Jo uondwnsuod ur saguey)) Lz

(1po
‘SA YM/]> 0 p/] < WOl pagueydo
‘SA P/I< 01 M/ > wWolj pagueyd
'SA P/ < JUISISUOD "SA YM/]>
JUISISUOD) GHHT—166] UaaMmIaq
uondwnsuod g§§ ur a3ueyd pue
(P/1< "SA M/9— "SA OW/p—] "SA
our/[>) aurfaseq Je uondwnsuod gss kg

(£T°¢ F ¢ep “98e @S F uvaw) 1oyo)
SIAYIEBI], UBIIXIA U} WOIJ SI[eWI) M:NJ 1

aurfaseq Je £ py—p¢ pase [1 Apmg
B S9SINN 9Y) WOIJ S[eWd) 61716

(69) L10T “'[e 10 WS

(99)
00T T8 39 9Z[nYos

sSurpuy urejy

J0yeredwos Areyarq uoneinp Apmg

s102[qng

I8k ‘QoudIajoy

(panunuo)) ¢ ATAVL



25

Sugar guidelines not well supported by evidence

(ponunuo))

(100 =d *€6'0-95°0 ‘ID %S6 “TL'0 ‘P/3 001 +d
FMO) onex diy-o3-stem pue [N 1oj Sunsnlpe 1o)je
I eam Sem UONeIdoSSe Y I, "IN JO 2ouapIoul oy}
)M PABIOOSSE A[OSIOAUT SeM (1000 > d ‘6L 0—Lt"0
‘IO %56 19°0 “Kep/3 001 19d YO) resns jo oxeu]
[A1eAnoadsar ‘sofewa) pue sofew 10§
(7' 1-69°0 IO %$6) 96°0 PU® (¥ 1-0L°0 ‘IO %S6)
00'1 ‘SYH] {ons pue [K[oandadsar ‘sofewa) pue
sorew 103 (14'1-98°0 ‘IO %S6) 01°T PUe (8€'1-66'0
‘1D %56) L1°1 ‘sesearour S 1od ¥YH] AHD Jo
NS YIIM PIJRIOOSSE A[JUBOYIUSIS JOU Sem yejul Jesng
s1eSns Jo SWIOJ pue sAe)s
[[® 10J JUBOYIUSIS JOU AIdM SUOTJBIOOSSE ‘S)BLIBAOD 10
Sunsn(pe 19)Jy "9WO09IN0 AUB YIIM PAJBIOOSSE 10U SeM
SPOO0J PI[OS W01} Ie3ns SULLINOOO0 A[[eINjeu JO ayeju]
*A1039)80 A¥eIUL J$aMO[ AY) Yim paredwiod (700 = d
B8 T=%61°0 TD %S6 “%10°T) SOUBISISAI UINSUT
AI-VINOH PU® (900°0 = d ‘%8 1-%0€°0 IO %S6
MQRuOO.Mv [oAQ] uInsur mzﬁww% HDSWJL M pajerdosse
Sem SYULIP 1JOS WO Je3ns 931j Jo ayeiur YSiyg
[A1oAn00dsar ‘sjopowt pajsnipe-djeLreannur
pue paysnlpe-xos pue -0Fe 10§ (L9L°0 = d ‘88'1-€9°0
‘IO %S6) 60T “dH PUE (676°0 = d ‘L9 T-C90
‘IO %S6) TO'1 “dH] INATL JO su pasearout
M pAJeIodosse jou sem (p/3 (1 1od) Iesns jo oyeiuf
K1oAnoadsar ‘sjonuod Ayjjeay
m paredwod uaym (100°0 = d %8 "SA %EY)
Qo[ pue JUuLIp 1JOS WOIJ SUWed yeIul JeSns pappe
1oy jo uontodoid 10y31y e pue ‘(100’0 = 4) 1e3ns
PappE Jo dxeIUT Y31y %GT T Py ' TAVN UM sjudned
(66°0-8L0 T %S6 88°0 ‘P/3 01 1od YH)
INAZL JO MSH M PAILIO0Sse K[9SIQAUT Seam dejul
9s0)on1] "[A[eanoadsar ‘asorons pue s1esns [e)0) 10§
(TT'1-88°0 IO %S6) 00°'T ‘P/3 LT 1od ¥H (80'1-€8°0
‘IO %56) $6°0 ‘P/3 0F 1od YH] INATL JO NS Pim
PIJBIOOSSE JOU 1M ISOIONS PUE SIBINS [810) JO SALIU]

(p/3 001 1od) oyeyur re3ng

ayejur resng

(re3ns SuLLINODO AJ[eINIRU

'SA sIegns 9a1)) 1e3ns

Jo wioy pue (pmbry “sa prjos)
Spooj Sururejuod-1e3ns Jo AAelS

(p/3 001 1od) oyeyur eSNg

s1edns
Pappe JO $30IN0S pue eIu[

9sojonij pue
95010NS ‘sIe3ns [810) JO SARIUL

184

L611

(sisATeue
[BUOI103S-SS0ID) VN

£0o1

(Apmys
[BUOI03S-SS0I) YN

£01

(SoreW 950" TH) our[aseq
B NATL noyim £ 69-0f
PpoSe so[eway pue safeW /8/°9¢

K $9-1¢ pase

(K ¢TT F 1°Th) sorewdy

€SL0T Pue (KQ'1T F O'¢h
‘o8e (JS F ueow) s9reW GG/Y

Apms SIAH Y 2
WOIJ (SI[eW 9()G) dUI[Aseq

1e £ G9-81 pase synpe 6101

K +61 pase suelensny /.y
(payorew-xas
pue -o3e) S[01U0d
Aeay (g "sA (SABW %(°€S
K €1 F 0g 9Fe S F uvow)
ATAVN s stuaned ¢

(sorewr 96°9¢ K
€8 F T'19 ‘98¢ 0§ F urour)
K 6.—0 Po3e S)Npe 6£9°GT

(L6)
#00¢ “'Te 30 98poH

(Ton
1107 “Te 10 193mg

(osD
120T “'Te 32 uo1adiag

(T6)

£00T “Te 310 Aeporeg

(09) 800T “[e 12 Assy

(16) ¥10T
“Ie 39 LIeyqy-1peuyy

s3urpuy urejy

Joreredwos Arejorq

uonenp Apng

s)00lqng

I8k ‘QoudIajoy

| SOSBASIp d1uoIyd pue s1oweled drjoqeiow uo uondwnsuod 1e3ns pappe pue 9oy ‘2303 YSIY USIMIOQ UOHBIOOSSE dYf) SUIUIEX SIIPNIS [BUONEAISSAO JO Arewwng € A TIVL



Yan et al.

26

(panunuo)))

(A1eanoadsar

‘Ie3ns 9qe) pue sgSS 103 (18°0 = P “$1'T-€6°0
IO %S$6) €01 PUB (€2°0 = P #1'1-96°0

‘ID %S56) SO'T “SYH ‘1 (LU 'sA ¢ onumd] AL
JO SYSLI Y)IM PIJBIOOSSE JOU OS[B 3IM Jegns 9[qe) pue
sgSs jo uondwnsuo)) ‘[A[oAnoadsar ‘redns pappe pue
9501908 10§ (69°0 = P*d 10" 1-68°0 ‘ID %S6) S6°0
pue (140 = P ST 1-26°0 ‘IO %S6) €0°1 ‘SYH

1 9[numQ 'sa ¢ anuInd] INATL JO S oy Pim

PIJBIOOSSE JOU dIoM TeIns Poppe pue 250IoNs Jo sayeIu]

(S€°0 =P “T6 1-LL'0 ‘ID %S6 TT'T A °1

o[nrend) “sa  A[nrenQ) NACL JO 2ouapIoul oy PIM

PAJBIO0SSE JOU St YeIUT 3501ons YT “(A[eandadsar

‘SYULIP 1JOS pue 3so1onIy 10J (10°0 = P*Pg

19L°7-€6°0 ‘ID %S6) 09°T Pue (6000 = P*'q

169°T-90°T ‘ID %S6) 89°1 ‘SUY 1 2[uIend

*SA 7 9[nIend)] JNQZL JO S2OUIPIdUT PISLAIOUL

)M PIJBIOOSSE 2IOM SMBIUL JULIP 1JOS PUB 9SOJONILY

USIH (010 = P*d 191'7=66'0 ‘IO %S6 9S'T ¥ ‘1

omene) “sa 4 o[nIen)) INAZL JO @OUIPIOUI PAseaIdul
ue 1M pAeId0Sse AJIsopoul sem ayejul Jesns 810} ySig

[A19An0adsar ‘esojoniy pue 2s09on[3 10J (66°0—L9°0

‘IO %S6) 18°0 Pue (LS T-80'T ‘IO %S6) 0¢'T *SY¥I

9muinb 3samof ay) 01 paredwod ‘N Z.L JO SeouapIoul

PISEBAIOUI )IM PIJBIOOSSE 9IOM SN BIUT 9SOJONIJ

pue 9s0on[3 1YS1H o[numb 3samof ay) 03 paredwod

(66'0—L9°0 ‘IO %S6 *18°0 M) INAZL JO 2ouaprout
JOMO] B )IM PIIBIOOSSE Sem aYBIUl 950I1onS YSTH

[A1oAn0adsar “osojoniy pue 2s01ons I0j

(07 1-28°0 IO %S6) LO'T PU® (09'1—+6°0 ‘IO %S6)

2T T ‘SYY] omumb jsomor oy Y paredwos qHD Jo

SYSII POSBAIOUI (1M PIJBIOOSSE A[JUBOYIUSIS JOU dIoM
9murnb 3soySTy oY) UT 950JONIJ PUE ISOIONS JO SAYLIU]
[A[oAn)09dsa1 9s030n1J pue ‘@so1ons ‘sregns
12101 10J (61°T-8L°0 ‘IO %S6) 96°0 PU® “($0'1-L9°0
‘1D %S6) ¥8°0 “(90'1-69°0 ‘1D %S$6) 980 *SY I
K1039780 BIUT 1S9MO] o) YIIm paredwod ‘INAZL
JO SY[SII PISBAIOUI [)IM PAJBIOOSSE A[JUBdYIUSIS
JOU 9IOM 9SOJONIJ PUE ‘9s0IoNS ‘Ie3ns [810) JO SayeIu]

(oyeyur AS10ua Arep

Jo soSeuaorad) sonuinb Aq

1e3ns 9[qe) pue ‘sgss ‘Tesns
Pappe ‘esoI1ons Jo sayeju[

so[naenb ssoxoe
9SO0IONS PUE ‘SYULIP }JOS
‘as03onIj ‘Te3ns 18103 JO sayeIu|

semuInb ssoxoe asojoniy pue
“95010NS 9500N[3 JO sayeIu]

somuInb sso1oe 2s03onIy
pue asoons jo uondwnsuo)

sanuInb sso1oe asojoniy pue
95010NS ‘Te3NS [B10] JO SAYBIU]

£81

£g

£9

£01

£9

(sarew %6€) SOAN
yy woiy syuedronred 7z9‘9g

(Aeanoadsar

‘INAZL Jo sased

pue S9sBOUOU J0J (SR

BELE) KO'LF GLS pue

(sorew %8°¢6) £0'8 F L'IS

‘sade (IS F ueowt] £ )9—0t
PpaSe so[ewdy pue So[eW ()¢

aupaseq Je £ 69—G¢G pase
UQWOM BMO] JOP[O 886°GE

K £9-8¢ pase uowom 176G/

(K
99 F €€ a8e (OS F ueour)
ApmiS YI[BoH S, USWOA

Q) WOIJ USWOM GHE‘6E

(98)
120 “T¢ 12 UOSS[OQ

(LL) LoOT
““Te 19 USUOJUOJA

(8L)
000C Jm 19 uoxoz

(66) 000T T8 19 nI'

(€6)
€00T “T¢ 12 19ue(

s3urpuy urejy

J0yeIRdWoD AIe)dI(]

uonenp Apmg

sy100lqng

I8k ‘QoudIajoy

(ponuuo)) ¢ ATAVL



27

Sugar guidelines not well supported by evidence

(panunuo)))

[A[oAn0adsal ‘sopew pue so[eway 10j (SL°0

= PRIF B 1-69°0 IO %S6) L6°0 Pue (€8°0 = P*g
9L 1-69°0 ‘ID %S6) 011 ‘s¥y] dnrenb jsamof oy
:M OwOSH ()] wawmaoo DEU mo &wi vaﬂvuoﬁ: ®>ﬁ£ jou

PIp ayeur 1edns jo 9[naenb 1saysiy oy ur syuedonieg

[A1oAn0adsar esojoniy pue
9501018 10J (LL8°0 = d *8S 1-SL'0 ‘ID %S6) 601 pue
(T6V'0=d FL'T-HL0 ID %S6) €1°1 SYY 1 dABUINQ
‘SA G 9[nuInd)| uswom pue [A[eAn0adsar ‘asojoniy pue
95010ns 10J (L86'0 = d *SE'T-¥L'0 ‘TD %S6) 00’1 pue
(€90°0 = d 0 1-0S°0 ‘ID %S6) TL'0 SYY 1 d[pumnp
*SA G 9[nuINQ] uaw ur JNJZL JO SYSH [IIM PAIRIDOSSE

Apueoyrugis J0U AI9M IS0JONIJ PUB ISOIINS JO SAYLIU]

UQWIOM UT PIAIISQO SBM
Ie3ns [8)0) WO} ASIQUD PUB SAWOIINO SAY) UM
UONBIOOSSE JUBOYIUSIS A[[BONSIIRIS ON “SIOPUNOJu0d
10J Juounsnipe I9)Je ‘Ire3ns [810) WOl [BoYy

907> PIALISP oym 3soy) Im paredwod ‘Afoanoadsar
UuASI9IN pue “JH MO ‘A11$2qO0 JO Sppo Iay3Iy
(%6°0L=%S'€ ‘ID %S6) %T EE PUB (%0'99-%8'€

IO %S6) BETE (%Y 16-%HTIT IO %S6) %16V

pey Ie3ns [210) WOIJ [BY % ()< PAWNSUOD OYM SI[BJA

[(6¥S°0 =d *SE€'T-06'0 TO %S6)

01'1 “YH SAHSN (S€0°0 = d ‘9T 1-€0°T ‘1D %S6)
PI'T “MH SOAIN “ay/sSUIAISS [> "sA <] Arferiow
asned-[[e Yim pajeroosse A[aanisod sem sgss

Jo et searoym “[(100°0 > d *8L°0-9S°0 ‘ID %S6)
99°0 “4H SAHSN *(100°0 > d *€6'0—FL"0 ‘IO %S56)
€8°0 “YH SOAIN “am/sSutAIes 7> 'sa 4] <] Aienow

ASNEBO-[B YIIM PIJBIOOSSE A[OSIOAUT SEM SIBAI) JO AYeIU]

[resns 0215 10§ (LEE'0 =d €9 1-€0°1

‘IO %S6) 6T'T “4H SAHSN Pue (1000 > d

PP I-01'T ‘IO %S6) 921 “dH SOAI “1esns

PapPE 10§ (S00°0 = d 0L T-10°T ‘ID %S6) 1€'T “¥H
SAHSN PUE (1000 > d (1S T-CI'T IO %S6) 0€'1
“dH SOAIN] oxeIut £510uo K[1ep Jo 901> Pue %S/
u22M)9q BIUT PIm paredwod ‘Ayifelrowt Isned-[[e
JO SY[SLI PAseaIoul Y)IM PIJRIO0SSE AIoM eIUl

K319U9 AJIEp JO 95()7< JO SYBIUI JBSNS 931 pUL PApPpPY

s9[naenb ssoloe ayejur re3ng

(p/3) somunb ssoioe
9S0JONIJ PUB SOIINS JO SAYLIU]

(1899 %0T < "SA [8Y %0T>)
ayejur Je3ns [8)0) woij A3roug

(SgSS °sA syean)
$921n0s Ie3NSs pue ‘(AeIul
A319u2 AJ1Ep JO 907 < 'SA

%bOT> 0V %S1 SA DHST=%01

SA DOI=%S L "SA DS L=%S
‘SA 9,G>) SIe3nS pappe
pue s1B3nS 991J JO SayeIU[

K6'L

LTF6

(Apmys
[eUONI35-SS0I0) YN

Koz~

(£ $£-6€) oW S61°0¢
pue (£ $9-G¢) safew ££9°¢|

110400 wepsjod -DIdH Y}
woij £ G9—G¢ pasde so[ewdy
SOE'CT pue SA[eW Z0L6

(sorewr
%S°€S) £ 69-0F U2amIaq
paSe synpe ueaIoy SO0L

(sorewr % €9 & $9-9¢

£ 9°gp ‘o3e ueowr) SAHSN

) wouy syuedronred

SLY'YT % (sopewt

%9°8¢ ‘K €L~ ‘oFuer

‘£ 9°16 “a8e ueow) SOAN
ayy woyy syuedionred 7/ 747

(oo1m)
010T “Te 39 LIS

(¥6)
800C “[® 19 9Z[nydg

(L8) 610T “T8 19 098

(6L)
610 “[e 10 duwrey

s3urpuy urejy

J0yeredwos Areyar(q

uoneinp Apms

s100lqng

I8k ‘QoudIajoy

(ponunuo)) ¢ A'T4dVL



Yan et al.

28

(panunuo)))

[O1'1-68°0 ‘IO %56)

L60 Pue (81°1-68°0 ‘ID %S6) 00'1 ‘SYH] jons

18101 pue “[(0'T-8L°0 ‘IO %S6) 06°0 Pu® (LO'1-98°0
‘IO %S6) 96°0 ‘SYH] AHD 18303 “[(+0°1-08°0 ‘IO
%56) 16°0 Pu® (60 1-L8°0 ‘IO %S6) L6°0 ‘SIH] AAD
1210} ‘[A1oAn0adsar ‘sjopowr uonnaed pue uonmupsqns
A310u0 s[qeLIRAnINU UL (81°1-68°0 ‘ID %S6) 00°T
PUE (ST T-LL'0 ID %S6) 160 ‘STesns [e30) pajeIqred
ur asearout 95,0z Iod SYH] INAZL JO SYSU pasearour

1M PIJBIOOSSE JOU Sem axejul 1e3ns [e10) YStq

(200 =P 101980 ‘1D %S6 *€6'0

“dH ‘T °[nreng) 'sa ¢ o[ureng)) Arferowr (A Jo
SYSLI PAONPAI YIIM PIRIDOSSE 9q 0) PUNOJ SeM deIUL
9sorons pappe Y31y ‘Ajsunsaroiu] (1 9[nIent) ‘sa ¢
omIend)) dAD PUE 19oued Woij Afeliow Jo A)ijeriou
asned-[[e Jo SYSLI Y} YIIm Pajeroosse AJueoyrusis

A[Teonsne)s Jou sem ayejur regns pappe Y3y ‘sofeur uf

(2000 = PU287 SSLI UT 9SBAIOUI 94Q) SI[RW UT IONBIM
sem uonerdosse Ay, ‘(100070 > PU0y) Airejiowr
9SNBI-T[R JO JSH PISLINUT (% L1-%¥ TD %S6)

%01 © PBY 9¥BIUI 1SAYSIY AU} Pey oym S0 ‘DeIul

950)ONIJ [E10) 1SOMO] ) IPIM So[ewd) Pim paredwio)

(1 smend

'SA G 9[nIeN()) SA[BWJ UT SISNED IAYIO PUB ‘(QAD
‘190ULd Wolj AJI[elIou Jo AJ[elIow Isned-[e Ioj
950I0NS PAPPE IO ‘9SOIONS [£]0) ‘SIEINS POppe UdaMIaq

PIAIISQO SEA UOIRIDOSSE JUBIYIUSIS A[[BO1ISTIE)S ON

(100°0 > d ‘86101 = 15¢C)
Ie3ns pappe pue (100°0 > d S6LLTT = 15°29)
Ie3ns [810) WOl sayejur A319u9 a3ejudorad
ToyS1y pue ((820°0 = d “T6S"E = 1S74q) esorons
Pue ‘(100°0 > d ‘6¥T'6 = '$7¢q) 2s00n[3 (100°0 > d
Y8 = 156¢) 9so1onyy ‘(1000 > d *ThL'L = 1$°C)
IeSns pappe ‘(100°0 > d 9S1°L = 1¢¢q) 1esns [e)0)
Jo sayeyur 1oySiy ApueoyruSis pey s102[qns 2s3qo 10
JYSTOMISAO ‘S[OTNUOD JYTToM-[EULIOU Y} 1M patedwio))
(LO'T-98°0
‘IO %56 ©96°0 “MH ‘1 d[nIenQ) ‘s { o[urend)
INAZL JO YS9y} Y)IM PIJBIOOSSE JOU SeM yeIul JeSng
(1000 > d *€6'0-18°0
‘ID %S6 :L8°0 ‘dsearour S 12d YH) INACL JO

QOUAPIOUT JOMO] B [)IM PIBIDOSSE Sem ayejur 1esns ySTH

ayejur 1e3ns [ejo],

asorons
POPPE PUE [£]0) PUE “DSOJONIJ
pappe pue [£j0) ‘Tesns

PIppE puE [£10) JO SAYBIU]

(eyur
AS1oua A[rep jo oa3ejuadrad
10 p/3) 2509N[3 puE ‘9s0JonIy
‘aso010ns ‘Ie3ns pappe

‘re3ns [e103 Jo uondwnsuo))

sa[naenb ssoloe ayejur re3ng

yejur resng

£91

Ler

(Apms
[BUOTIO3S-SSOI0) YN

£21

£o1

Apmg

[PUONBAIISQQ SADRIIUL

[J[eoH S, USWOAN Y}

woij £ /—0S paSe uawom
resnedouaunsod 6778

(sorewr 95¢°8¢) Apmg
UI[edH pue I J¥VV-HIN
oy woxy £ 1,05

pade syuedionred 16/ ¢ce

(sorew 947L1)

K 1¢—81 pade synpe 3unok 7S
(sorewt 98°L¢) syuedronred
110400qns G891 %

$3sBI N Z.L UapIdul €071
(so[eW 9,9°G7) 110Y0d
IN-DIdd Jo aurjaseq je A

0.—12 pase syuedronred 98¢/ ¢

(96)
8T0T “'Te 10 BsAdse],

(coD)
£10T T 19 eYSAdse],

(SL)
120T “Te 19 2duedey,

(s6)
€10¢ “1e 30 slfinfg

(86)
010 e 10 sfin[g

sSurpuy urejy

J0jeredwos K1eyorg

uonenp Apmg

s102[qQng

I8k ‘QoudIojoy

(ponunuo)) ¢ ATAVL



Main findings
energy intake) was associated with an increased risk

of a coronary event (HR, 1.37; 95% CI, 1.13-1.66;
intake of sugars and weight change was observed in

females across quartiles
High intakes of sucrose and fructose were associated

Prrend = 0.008), compared with the lowest intake

category (<5% of daily energy intake)

No statistically significant association between the
(Ptrends = 0.018 for sucrose and 0.001 for fructose)

Percentage daily energy intake from added sugar was

Sucrose intake in the highest category (>15% of daily
with weight gain in males across quartiles

Dietary comparator
5%—7.5% vs. 71.5%—-10% vs.

Sucrose intake (<5% vs.
10%—-15% vs. >15% of
daily energy intake)

Intakes of free sugars, glucose,
fructose, sucrose, and
lactose

Percentage of daily energy

Study duration
17y
10y
18y

Subjects
58 £ 7.6 y; range, 44.3-73.6

y; 38.0% males)
of Yamakawa City in Japan

MDCS (mean + SD age,
(44.4% males)
11,733 adult respondents aged

26,190 participants from the
13,229 residents aged 35-69 y

(80)
2020 (67)

TABLE 3 (Continued)
Yang et al., 2014 (83)

Warfa et al., 2016
Yamakawa et al.,

Reference, year

Sugar guidelines not well supported by evidence 29

SSB consumption. The meta-analysis of 11 prospective cohort
studies also showed that participants in the highest quantile of
SSB consumption (most often 1-2 servings/day) had greater risks
of developing T2DM and MetSyn compared to those in the lowest
quantile of SSB consumption (0 or <1 serving/month) (108).
However, high SSB consumption was only associated with the
development of MetSyn in a pooled analysis of cross-sectional
studies, not in prospective cohort studies, in the systematic
review and meta-analysis of 8 cross-sectional and 4 prospective
cohort studies by Narain et al. (109). This discrepancy might be
caused by the relatively low sample size compared with previous
meta-analyses. The meta-analysis and systematic review of 22
prospective cohort studies and 10 clinical trials conducted by
Malik et al. (8) suggests that long-term consumption of SSBs
is linked to weight gain in both children and adults. It should
be noted that all these systematic reviews and meta-analyses
only examined added sugar in the liquid form (i.e., SSBs), but
not sugar in the solid form. Moreover, all observational studies
mentioned in this review supporting weight gain in humans after
high sugar consumption focused on SSBs (12-14), which may

dose-dependently associated with CVD mortality
(HR for 0 to <9.6% vs. >21.3%, 2.03; 95% CI,
1.26-3.27; Pyreng = 0.04) after adjustment for

confounders

intake from added sugars (0

E . have a stronger obesogenic effect, as the liquid form of added
«“ i or free sugars may not be able to induce the compensatory
\é B § calorie saving that the solid form of sugars could (19). A
ol recent systematic review and meta-analysis of 13 prospective
2e Al cohort studies (n = 49,591) conducted by Azad et al. (110)
e J E examined the associations of both solid and liquid sources of
i i = sugar with incidences of MetSyn, and found that while high SSB
8 — \/

consumption was linked to an increased incidence of MetSyn
(with a moderate certainty of evidence), solid sources of sugar,
including ice cream and confectionaries, were not associated with
incident MetSyn, although the certainty of evidence was very low.
Thus, it is possible that sugar in the solid form does not produce
comparable health impacts to SSBs, and more evidence is needed
to address this question. Additionally, it was suggested that high
sugar consumption is linked to obesity and metabolic diseases
due to the provision of excess calories, not the role of sugar itself
(7, 111-113). Individuals who consume a diet high in sugars
often have other unhealthy dietary and lifestyle habits, such as a
lack of exercise, high fat intake, and smoking, all of which could
contribute to the pathogenesis of obesity-related disorders (109,

114).

ig Evidence from clinical trials.

g

S Similar to observational studies, there is also inconsistency in
g the conclusions from human clinical trials, which may be due
- to different study designs (Tables 4 and 5). Some studies report
% that high SSB intake could increase the risks for chronic diseases,
é such as T2DM, CVD, obesity, hyperglycemia, dyslipidemia, and
Z

20 y and older of the

ectopic fat accumulation (115-129). Such increases in disease
risks were commonly believed to be due to the excess energy
contributed by sugars, rather than the unique effect of sugar
intake per se. For example, high consumption of SSBs results in
increased energy intake and weight gain, overweight, or obesity
(n = 41) (120), whereas reduction of SSB intake leads to higher
weight loss (116, 117), possibly in a dose-dependent manner
(116). In another intervention study involving 71 abdominally
obese men and lasting for 12 weeks, the researchers found that
consumption of moderate amount of fructose (75 g of fructose per
day in the form of beverages) led to significant yet small increases

I AARP, American Association of Retired Persons; CHD, coronary heart disease; CVD, cardiovascular disease; EPIC, European Prospective Investigation into Cancer and Nutrition; EPIC-NL, European
Prospective Investigation into Cancer and Nutrition—Netherlands; MDCS, Malmo Diet and Cancer Study; MetSyn, metabolic syndrome; NA, not applicable; NAFLD, nonalcoholic fatty liver disease; NSHDS,

Northern Swedish Health and Disease Study; PREDISE, Rédicteurs Individuels, Sociaux et Environnementaux; SSB, sugar-sweetened beverage; T2DM, type 2 diabetes mellitus.
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(Continued)

TABLE 4

Main findings

Study duration Intervention

Subjects

Reference, year

Fructose consumption significantly increased the

Beverages sweetened with 75 g/d of

71 abdominally obese men (mean £+ SD 12 wk

Taskinen et al., 2017

liver fat content (mean + SD, +0.67 + 2.2%;

fructose, no control group (pretest vs.

post-test)

age, 49.1 £ 10 y; range, 21-65 y)

(129)

0.008). There were also significant but
minor increases in body weight (mean =+ SD,

+1.1 £ 1.7%; P < 0.0001) and waist

P=

circumference (mean + SD, +0.67 + 2.5%;

P

0.006)

Sugar guidelines not well supported by evidence 33

I ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; DNL, de novo lipogenesis; FSR, fractional secretion rate; HFCS, high-fructose corn syrup; SSB,

sugar-sweetened beverage; TG, triglyceride; VAT, visceral adipose tissue.

in body weight and waist circumference, as well as increases
in the liver fat content. Although the authors did not find any
association between changes in energy intake and weight gain,
this is likely due to measurement errors or insufficient statistical
power, as the statistically nonsignificant increase in daily energy
intake (i.e., 54 kcal/day x 84 days = 4536 kcal) should translate
into ~2.5 kg of weight gain (vs. the 1.1 kg reported) (129).
Similarly, in a randomized, double-blind study by Johnston et
al. (130), during the isocaloric period, high fructose intake (25%
daily energy intake) in the form of liquids did not increase
weight and liver fat accumulation and disrupt liver function
compared to the control group (25% daily energy intake from
glucose) in healthy but overweight men. Nevertheless, when on
a hypercaloric diet, both high fructose and glucose intake led to
similar increases in body weight, liver fat, and biomarkers of liver
function.

In contrast, results from some studies suggested that the
effects of sugar on these health outcomes were independent
of the excess energy contributed by the sugar. For example,
a double-blind, randomized controlled trial in 94 healthy
men reported that consumption of SSBs containing moderate
amounts of fructose or sucrose (80 g/day) increased fatty acid
synthesis in the liver even in the basal state, compared to the
control group (nonconsumption), without inducing weight gain
(127).

Results from studies examining the effects of high sugar
consumption on circulating lipids and fat accumulation were
also inconsistent. High SSB consumption was found to increase
blood TG levels, as well as ectopic fat accumulation in the liver,
muscle, and viscera (115, 119, 122-124, 129). Sex differences
in such effects were also reported in a cross-over trial (n = 16)
(118). In contrast, other studies failed to detect a persistent
effect of high SSB intake on fasting plasma concentrations
of cholesterol, HDL cholesterol, and LDL cholesterol, in both
males and females (n = 24) (115), as well as of ectopic lipid
accumulation in the liver and muscle (n = 80) (131). It is
worth noting that in the latter study, the investigators added
different amounts of fructose and HFCS to low-fat milk, which
on its own has been shown to benefit cardiometabolic health
(132), thus potentially confounding the results. The randomized
cross-over trial conducted by Black et al. (133) (n = 13) in
healthy subjects also found no significant difference between
low-sucrose (10% daily energy intake) and high-sucrose (25%
daily energy intake) diets (from both solid and liquid foods)
on body weight, insulin sensitivity, fasting plasma glucose and
serum insulin, and blood pressure. However, the high-sucrose
group had significantly higher total and LDL cholesterol levels
than the control group (133). The study by Hieronimus et al. (134)
(n = 145) showed that high fructose consumption for 2 weeks
led to the greatest increase in TG compared to HFCS, glucose,
and aspartame (P = 0.0013 vs. aspartame), and high HFCS
consumption led to the greatest increase in LDL cholesterol and
apoB compared to fructose, glucose, and aspartame (P = 0.0002
and 0.001, respectively, vs. aspartame). A post hoc assessment
found that there was a significant interaction between glucose and
fructose in contributing to the significant increases in levels of
LDL cholesterol and apoB, but not TG. However, this study has
several limitations that affected the validity of conclusions. First,
the statistical analysis only compared HFCS and fructose with
aspartame, not other types of added or free sugars. Aspartame
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TABLE 5 Summary of clinical trials examining the effects of high total, free, and added sugar consumption on metabolic health'

Reference Subjects Study duration Intervention Main findings
Bantle et al., 2000 24 healthy adults 6 wk on each diet 17% daily energy intake from 32% higher day-long plasma TG
(115) (50% males) (cross-over design) fructose vs. 17% daily concentration in males at the end

Black et al., 2006
(133)

13 healthy male
subjects
(mean £+ SEM age,
33+£3y)

6-wk diet separated
by a 4-wk washout

Bravo et al., 2013
(131)

80 adults
(mean £ SD age,
422+ 11.7y;
56.3% males)

13 overweight or
obese but
otherwise healthy
adults
(mean = SEM age,
46.1+19y;
69.2% males)

10 wk

Lewis et al., 2012
(135)

Two 6-wk dietary
periods separated by
a 4-wk washout

of the fructose diet period than that
in the glucose diet period
(P < 0.001). No similar effect was
observed in females

There was no significant difference
in body weight, fasting plasma
glucose, fasting serum insulin,
total, LDL cholesterol and TG
levels, or blood pressure between
groups. However, the high-sucrose
group had significantly higher
LDL (mean + SEM, 2.78 £ 0.30
vs. 2.25 4+ 0.25 mmol/L,
respectively; P < 0.01) and total
cholesterol (mean + SEM,
4.62 + 0.8 vs.
4.01 £ 0.80 mmol/L, respectively;
P < 0.01) levels than the control
group

No significant difference between
sucrose vs. HFCS treatment in the
liver or muscle fat

energy intake from glucose

Low-sucrose (10% daily
energy intake) vs.
high-sucrose (25% daily
energy intake) diet

Sucrose or HFCS at 8%, 18%,
or 30% daily energy intake
required for weight
maintenance

Low-sucrose (5% daily caloric There was no significant difference

intake) vs. high-sucrose in body weight or composition,

(15% daily energy intake) peripheral glucose utilization, lipid

diet profiles, blood pressure, or

vascular compliance between
groups. However, fasting glucose
was significantly higher after the
high-sucrose diet compared to the
control (mean + SEM, 5.4 + 0.2
vs. 5.0 £ 0.2 mmol/L,
respectively; P < 0.01)

'HECS, high-fructose corn syrup; TG, triglyceride.

is a noncaloric, artificial sweetener that is used to replace sugar
in foods and beverages, so we are not sure whether HFCS or
fructose would also lead to significantly higher increases in
cardiovascular risk factors compared to other types of sugars.
Second, all sugars examined in this study exist in liquid form,
which, as discussed earlier, may have differential impacts on
health outcomes. Third, this study lasted only 2 weeks, so it is not
known whether the observed effect was going to last over the long
term.

Mixed results have also been reported for the effects of
high sugar consumption on the macronutrient metabolism. In
a randomized, cross-over study conducted in healthy, young
males (n = 29) (125), the authors showed that even 6.5%
and 13% of daily energy intake consumption of fructose and
sucrose, respectively, from SSBs could impair the carbohydrate
and lipid metabolisms. However, this study was limited by the
short study duration of only 3 weeks and a possible carry-over
effect of previous interventions throughout the study. Similarly,
moderate (about 13% daily energy intake) consumption of a
cola soft drink ingested as part of a mixed meal decreased fat
and increased carbohydrate oxidation compared to the control

drink (water) (126). However, this study was also limited by
a small sample size (n = 8). Lewis et al. (135) compared
the effects of high-sucrose (15% daily energy intake) and low-
sucrose (5% daily energy intake) diets (from both solid and liquid
foods) on body compositions and outcomes of carbohydrate
and lipid metabolisms in overweight or obese subjects who
were already moderately insulin resistant (n = 13). Their
results indicate that there were no differences in body weight,
body composition, insulin resistance, lipid profiles, or blood
pressure between groups, except the fasting blood glucose
level, which was significantly lower in the low-sucrose diet
group. In contrast, conclusions from the meta-analysis of 38
randomized controlled trials conducted by Schwingshackl et
al. (136) suggest that isocaloric replacement of fructose and
sucrose with starch could lead to lower LDL cholesterol levels,
insulin resistance, and lower uric acid levels, further adding
controversies.

Overall, high SSB intake may increase the risks of T2DM and
CVD via induction of hyperglycemia or glucose intolerance and
of dyslipidemia due to increased DNL (118, 129), circulating
TG, VLDL (118, 121), and uric acid (5, 124). Also, high
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consumption of fructose-sweetened beverages may disrupt the
production of appetite control hormones (decreases in leptin and
insulin and increases in ghrelin; n = 12) (123, 128), supporting
the differential effects of liquid compared with solid sugars on
metabolic and endocrine health.

Limitations of clinical trials.

Several important limitations exist which curtail the validity
of conclusions. First, similar to animal studies, most clinical
trials are conducted over a short period, which rarely lasts longer
than 6 to 8 weeks, although it is acknowledged that subjecting
participants to high sugar intake for a longer period may be
unethical and impractical, as it is difficult for study participants
to adhere to a dietary intervention for a longer period. Second,
glucose or fructose alone is used in some studies; however,
in real life, they usually coexist in foods (e.g., in HFCS). It
has also been pointed out that studies comparing the effects of
HFCS with other sweeteners are limited (120). Third, the energy
balance is not controlled in some trials; hence, it is impossible to
discern whether the observed effects were due to intake of sugar
per se or to excessive caloric intake. Fourth, similar to animal
studies, many clinical trials examine doses of sugars that are
higher than normal human consumption, which is not necessarily
realistic and does not lend support to the current guidelines
to restrict free sugar intake to below 10% of the daily energy
intake. Finally, some clinical trials involved subjects who were
overweight or obese or were already hyperglycemic or insulin
resistant. Thus, evidence linking high sugar intake with increased
risks for chronic diseases comes in part from those who were
more susceptible to these diseases, and may not apply to healthy
individuals.

Issues with sugar reformulation programs and potential
consequences of government policies directed towards
reducing sugar intake

We argue that the current public health recommendations
to encourage the reduction of both solid and liquid forms
of free sugar intake (e.g., sugar reformulation programs that
set targets for both solid and liquid foods) should be revised
due to the overextrapolation of the results from SSB studies.
Moreover, there are other important issues associated with
the implementation and effectiveness of sugar reformulation
programs. First, sugar has important functional properties in food
that other sweeteners cannot completely replace, such as flavor
enhancement, color formation, bulk and texture, fermentation,
and preservation (137). Second, there are challenges associated
with labeling of added sugars, as added sugars cannot be differen-
tiated from total sugars chemically (137) and there is no universal
definition for added sugars (138). However, this may not pose a
problem for manufacturers, who have the exact formulation of
their products. Third, when sugar is removed from a food product,
the bulk and texture of the product is usually affected, and bulking
agents such as modified starch are commonly utilized to solve the
issue. However, these agents generally provide energy because
they are carbohydrate-based. As a result, eventually the caloric
content could even increase compared to the original formulation
(137).

Discussion

While it seems to be a consensus among researchers and public
health practitioners that high free sugar consumption, regardless
of the sources, is associated with ill health (2, 3), in our opinion
the substantial limitations in the current body of evidence,
especially from animal studies, such as short study durations, the
use of supraphysiological doses of sugar or fructose alone, and the
lack of appropriate controls, seriously curtail the translatability
of the findings to the real-world situation. More studies should
also be conducted to further confirm whether free sugars in solid
and liquid forms exert similar adverse effects on health. Such
studies should be conducted over a longer-term period (at least 6
months) with added and free sugar intakes that better resemble the
human diet (20%-25% of daily energy intake). In animal studies
that examine the underlying mechanisms of the effects of sugar
intake, a lower-sugar diet (e.g., 10% daily energy intake from
added or free sugars) should be used as the control diet to better
reflect human consumption patterns.

In all, we think the current guidelines on reducing free sugar
intake to prevent weight gain and obesity are based on low-
quality evidence (7) that requires cautious interpretation by
policy-makers and the general public. While some may argue
that a high-sugar diet is usually more nutrient dilute (139,
140), newer analyses (141-143) suggest an extremely low—sugar
diet (<5% daily energy intake) may also have similar nutrient-
diluting effects. This is likely because some sugar-rich foods
and beverages are indeed a good source of nutrients, such as
breakfast cereals. Indeed, sugar may improve the palatability of
nutrient-rich foods, such as rolled oats, that are otherwise bland
to consume on their own. It is quite possible that “high” sugar
consumption at normal dietary doses (e.g., 25% of the daily
energy intake), especially in the solid form, may not be uniquely
obesogenic or harmful for health. Therefore, the public health
emphasis should be on restricting the intakes of specific energy-
dense, nutrient-poor high-sugar foods, such as cakes and biscuits,
rather than limiting sugar intake from all foods. To date, many
countries have implemented taxes on SSBs. While this has been
effective in reducing SSB consumption, whether the tax is also
effective in preventing obesity and cardiometabolic diseases is
still questionable based on the major limitations in the current
body of evidence (144). Also, although low-calorie artificial
sweeteners provide significantly less energy than sugars and have
been widely used in food products as an alternative to sugars (145,
146), a number of studies have shown that these sugar substitutes
could cause weight gain, cancers, and side effects, and more well-
designed, large-scale human studies on the health effects of low-
calorie artificial sweeteners are needed in the future (147).
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