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Abstract
Changes in added sugar intake have been associated with corresponding changes in body weight. Potential mechanisms, particularly the
impact of added sugar intake on appetite, warrant exploration. A systematic literature review of randomised controlled trials investigated the
association between added sugar consumption and appetite in overweight and obese adults. A systematic search of Medline, Cochrane
CENTRAL, Web of Science and CINAHL included studies that examined the relationship between added sugar intake and appetite markers, in
comparison with a group with lower added sugar intake. A total of twenty-one articles describing nineteen studies were included in the
review. The effect of added sugar on appetite was explored separately by reported comparisons of added sugar type and their effect to three
study outcomes: energy consumption (n 20 comparisons); satiety (n 18); and appetite hormones, leptin (n 4) or ghrelin (n 7). Increased added
sugar consumption did not impact subsequent energy intake (n 9), nor did it influence satiety (n 12) or ghrelin levels (n 4). Differences in the
total daily energy intake were comparable with the differences in energy values of tested products (n 3). Added sugar intake was reported to
increase leptin levels (n 3). This review did not find a consistent relationship between added sugar intake and appetite measures, which may
be partially explained by variations in study methodologies. There is a need for randomised controlled trials examining a range of added sugar
sources and doses on appetite in overweight and obese adults to better understand implications for weight gain.
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Overweight and obesity are global multi-factorial health epi-
demics(1) that are increasing in prevalence worldwide(2). For
example, in 2014–2015, 63% of Australian adults were either over-
weight (BMI 25·0–29·9kg/m2) or obese (BMI ≥30·0kg/m2)(3,4).
Obesity is a known risk factor for many chronic diseases including
CVD, type 2 diabetes, musculoskeletal disorders and cancer(4,5).
The primary cause for overweight and obesity is a consistent

positive imbalance between kJ consumed and energy expen-
ded(4). A common dietary contributor is the replacement of
nutrient-dense foods with energy-dense, nutrient-poor foods(6),
as seen in diets that are high in added sugar (AS) (>20% of total
energy intake)(7). AS includes sucrose, fructose, dextrose, lac-
tose and sugar syrups such as glucose syrup(8), which are
introduced either during manufacturing or by the consumer
during food preparation(8).
A meta-analysis of randomised controlled trials and cohort

studies reported a parallel relationship between AS consump-
tion and a corresponding change in body weight under
ad libitum conditions (gain of 0·8 kg when increasing AS or
reduction of 0·75 kg when reducing AS), over an intervention
period of 2 weeks or more)(9). One possible mechanism for

weight gain is the metabolism of AS. It has been noted that
fructose, a major constituent of AS(10), does not increase satiety
when metabolised(11), which may lead to overconsumption and
thereby, in part, explain the association between AS and
weight gain.

To date, many studies that investigate the impact of AS
consumption focus on the general population. However, it
is known that in the overweight or obese population, a
modest weight loss (≥5 % initial body weight) reduces car-
diovascular health risks associated with overweight and
obesity(12). This highlights a need to investigate dietetic
strategies that may aid weight loss among overweight or
obese individuals.

There is currently no known systematic literature review
exploring the impact of AS consumption on appetite in over-
weight and obese individuals. The aim of this systematic review
was to investigate whether increased AS consumption affects
appetite in overweight or obese adults when compared with
lower AS intakes. It is hypothesised that increased intakes of AS
will affect appetite by reducing the feeling of satiety, resulting in
an increased food intake.

Abbreviations: AS, added sugar: VAS, visual analogue scale.
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Methods

This systematic literature review followed the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
statement(13). The review was registered with PROSPERO,
the international prospective register of systematic reviews
(http://www.crd.york.ac.uk/PROSPERO; registration number:
CRD42017057777).

Searches

A systematic search was conducted across four databases (all
years to 7 April 2017): Medline, Cochrane CENTRAL, Web of
Science and CINAHL. Search terms and truncations included
(‘overweight’ OR ‘obese*’ OR ‘obesity’) AND (‘added sugar*’ OR
‘sugar*’ OR ‘free sugar*’ OR ‘sucrose’ OR ‘refined sugar*’ OR
‘fructose’ OR ‘dextrose’) AND (‘appetite’ OR ‘hunger’ OR ‘food
intake’ OR ‘satiety’ OR ‘satiat*’ OR ‘leptin’ OR ‘Ob protein’ OR
‘Ob gene’ OR ‘ghrelin’ OR ‘GHRL’ OR ‘Ppghrelin’).
To be included in this review, studies were limited to

randomised controlled trials and cohort studies, published in
English. Studies were required to meet the following inclu-
sion criteria: (1) conducted in overweight or obese human
adults (BMI ≥25 kg/m2); (2) assess associations between oral
AS intake and appetite, with reference to food intake
(including food intake measured at a subsequent meal or
total intake including the AS treatment), self-reported satiety
through a visual analogue scale (VAS), or appetite hormones
(leptin or ghrelin); (3) report AS intake in comparison with a
comparator group of lower AS content. In addition, the fol-
lowing exclusion criteria were applied: (1) samples of preg-
nant or breast-feeding women, (2) published as conference
abstracts only and (3) studies conducted in animals or
children.

Article screening

One review author (K. T.) conducted the literature search and
assessed potential studies for inclusion. Inclusion of articles not
clearly meeting the inclusion or exclusion criteria was discussed
with two additional review authors (E. N. and K. C.), until
consensus was reached.
Articles were initially screened based on title and abstract.

Full-text articles were retrieved if an abstract was unavailable or
provided insufficient information to determine inclusion in this
review. These were then assessed for eligibility using the
inclusion criteria. Where multiple articles reported results from
the same study, results were merged in the summary table, to
avoid duplication of the study population.

Data extraction

The following data were extracted from each study: citation,
details of the study population (sample size, age, sex, BMI),
intervention duration, intervention details, including compar-
ison group and measured outcomes of interest (Table 1).

Quality assessment

Study quality was assessed using the Academy of Nutrition and
Dietetics Quality Criteria Checklist(14) (online Supplementary
material I). This checklist is a component of the Evidence
Analysis Manual developed by the Academy of Nutrition and
Dietetics to support systematic literature reviews in nutrition
and dietetics. The checklist considers a number of aspects of
study design that may impact on quality including participant
selection, blinding, appropriateness of statistical analyses and
risk of bias from funding sources. Studies were also classified
according to the Australian National Health and Medical
Research Council (NHMRC) level of evidence ranking(15).

Results

A total of 2557 articles were identified using the search para-
meters. After removal of duplicates, articles were assessed for
eligibility (n 1724). Following application of the inclusion and
exclusion criteria, twenty-one articles describing nineteen stu-
dies were included in this review (Fig. 1). A total of two
articles(16,17) reported on a subgroup from a study already
included in the review(18) and were therefore combined in the
summary table.

A review of each article according to the quality criteria
checklist(13) rated the quality of nineteen of the twenty-one
studies as positive. A total of two studies were rated neutral as
participant selection was not described(19,20) (online Supple-
mentary material I). Based on the NHMRC level of evidence(15),
all except three studies(21–23) were randomised controlled trials
(level II). A total of two studies(21,22) did not state whether
group allocation was randomised and, therefore, were con-
sidered to be pseudo-randomised controlled trials (level III-1).
While prospective cohort study designs were also considered
for this review, no cohort studies met the overall inclusion
criteria.

Included studies evaluated the effects of AS consumption
through food (n 5), beverages (n 12) or a combination of foods
and beverages (n 2) over a period of time ranging from
1 d(20,24–32) to 6 months(33). Characteristics of included studies
are displayed in Table 1. Participants’ mean BMI ranged from
26·1(30) to 41·1 kg/m2 (31) and the mean age ranged from 22(34)

to 57 years(27). A total of three studies analysed only
males(19,27,28), eight only females(22–24,30–32,35,36) and the
remainder involved both sexes(16–18,20,21,25,26,29,33,34).

Studies evaluated energy consumption either through the
amount of energy consumed post-treatment at a subsequent
meal(20,25–32) or as total daily energy intake, including test
products(16,17,19,22,23,33–35). Consumption of AS was reported
either as prescribed doses, ranging from approximately 10(32) to
125 g(19), or as a set portion of dietary energy, with individual
intakes varying(16–18,21,33). A total of four studies(21,26–28)

reported more than one type of AS source, therefore all sub-
sequent results are presented separately by comparisons
between AS type. For example, one study explored the effect
of both glucose and lactose on appetite(28), which are examined
separately in this review. A range of AS sources were
reported, including sucrose(16–18,20,22,23,31,32,36) (n 7 comparisons),
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Table 1. Summary table of studies included in the systematic literature review on added sugar and appetite

Citation

NHMRC level of
evidence, AND
study quality

Intervention
duration, sample
size (for review)

BMI (kg/m²), age (years),
sex Sugar type

Comparison
group Medium used Effect: energy intake

Effect: satiety (visual
analogue scale)

Effect: appetite hormone
(leptin and ghrelin)

Bowen et al.
(2006)(28)

II, P8 4 d (4× 1 d), 19 32·1 (SEM 3·7), 53·3
(SEM 6·1), M

1. Glucose (56 g, 1025 kJ)
2. Lactose (56 g, 1025 kJ)

1. Whey (55g,
1069 kJ)

2. Casein (55 g,
1090 kJ)

Beverage* Highest (493 kJ,
P<0·05) after glucose
(buffet, excluding
treatments). No
differences (P> 0·05)
between lactose,
whey and casein

Highest (P<0·05) overall
appetite after glucose
(120–180min). No
differences (P>0·05)
in independent hunger
or satiation measures

Ghrelin: all declined
similarly (0–60min). In
the following rise,
glucose became
higher (P< 0·05) than
lactose, whey and
casein (120–180min)

Bowen et al.
(2007)(27)

II, P10 4 d (4× 1 d), 28 32·5 (SEM 0·6), 57
(SEM 1·6), M

1. Fructose (65 g, 1097 kJ)
2. Glucose (65 g, 1097 kJ)

1. Whey (55g,
1147 kJ)

2. Whey (27 g)
and fructose
(33g,
1122 kJ)

Beverage
(400ml)

No differences (P>0·05)
(buffet, excluding
treatments)

Lower fullness (P<0·05)
after fructose
compared with whey
and glucose (90–
240min)

Ghrelin: all declined
similarly (0–60min). In
the following rise,
glucose became
higher (P< 0·05) than
whey (180–240min).
No differences
(P>0·05) between
fructose and whey

Dove et al.
(2009)(25)

II, P9 2 d (2× 1 d), 34 32·4 (SEM 3·4), 55·1
(SEM 12·5), M (13) F
(21)

Fruit drink (63 g sugar,
1062 kJ)

Skimmed milk
(36g lactose,
1062 kJ)

Beverage
(600ml)

Highest after fruit drink
(226 kJ, P<0·05)
(sandwich platter,
excluding treatments)

Lowest satiety (P<0·05)
after fruit drink
(240min)

NR

Drewnowski
et al.
(1994)(31)

II, P8 4 d (4× 1 d), 12† 41·1 (SEM 6·2), 34·4
(SEM 7·6), F

Sucrose (50 g, 2929 kJ) 1. Maltodextrin
and
aspartame
(2929 kJ)

2. Aspartame
(1255 kJ)

3. Water
(1255 kJ)

Food: white
cheese
(400 g)

No differences (P>0·05)
(buffet, excluding
treatments)

‡No differences
(P>0·05) between
sucrose and
maltodextrin/
aspartame. Lower
hunger (P<0·05) after
sucrose compared
with aspartame and
water (90–120min)

NR

Furchner-
Evanson
et al.
(2010)(30)

II, P9 4 d (4× 1 d), 19 26·1 (SEM 0·8), 39·2
(SEM 0·7), F

1. Dried plum (38g sugar,
996 kJ (238 kcal))

2. Low-fat cookie (33 g
sugar, 996 kJ (238 kcal))

1. White bread
(6 g sugar,
996 kJ
(238 kcal))

2. Water

Food* No differences (P>0·05)
between bread, plum
and cookie (yogurt
and granola,
excluding treatments)

No differences (P>0·05)
between white bread,
dried plum or cookie

Ghrelin: all (except
water) reduced (15–
60min), with no
differences (P>0·05)
in the following rise
(120min)

Hollis et al.
(2009)(34)

II, P10 12 weeks, 76 Range: 25·0–29·9,
18–50, M, F§

Grape drink (82g sugar,
1464 kJ)

No-treatment Beverage
(480ml/d)

No differences (P>0·05)
(3 d food record,
including treatments)

No differences (P>0·05) NR

Kasim-Karakas
et al.
(2009)(35)

II, P10 2 months, 24 I: 35·4 (SEM 1·8)
C: 38·9 (SEM 1·6)
Age: 28 (SEM 3), F

Simple sugar (glucose and
maltose, 1004 kJ
(240 kcal))

Whey protein
isolate
(1004 kJ
(240 kcal))

Beverage* Energy restriction
prescribed. No
differences (P> 0·05)
(7 d food record,
including treatments)

NR Leptin: no differences
(P>0·05)

Kasim-Karakas
et al.
(2007)(24)

II, P9 2 d (2× 1 d), 28 35·9 (SEM 1·2), 26 (SEM 2),
F

Glucose (75 g) Whey protein
isolate (75 g)

Beverage* NR NR Ghrelin: all declined
similarly (60min). In
the following rise,
glucose became
higher (P< 0·05) than
protein (180–300min)

Maersk et al.
(2012)(29)

II, P8 4 d (4× 1 d), 24 31·4 (SEM 3·1), 33·5
(SEM 9·2), M (12) F
(12)

Cola (53 g sugar, 900 kJ) 1. Milk (23·5 g
CHO, 950 kJ)

2. Diet cola
(aspartame-
sweetened,
7·5 kJ)

3. Water

Beverage
(500ml)

No differences (P>0·05)
(buffet, excluding
treatments)

No differences (P>0·05)
between cola, water or
diet cola

Ghrelin: all (except
water) declined
(0–60min). No
differences in
following rise
(P>0·05)
(180–240min)
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Table 1. Continued

Citation

NHMRC level of
evidence, AND
study quality

Intervention
duration, sample
size (for review)

BMI (kg/m²), age (years),
sex Sugar type

Comparison
group Medium used Effect: energy intake

Effect: satiety (visual
analogue scale)

Effect: appetite hormone
(leptin and ghrelin)

Mazlan et al.
(2006)(19)

II, O8 21 d (3× 7 d), 6† 27·7 (SEM 1·6), 46·7 (SEM
10·8), M

1. One tub (62·63g
sugar ||, 1·5MJ)

2. Two tubs (125·26g
sugar ||, 3MJ)

No parfait Food: parfait
(275g/tub)

Increased (P<0·001)
from 0 to 3MJ (2·1MJ)
trials (7-d food record,
including treatments)

No differences (P>0·05) NR

Overduin et al.
(2016)(20)

II, O8 3 d (3× 1 d), 10† 34·2 (SEM 3·6), 34·6
(range: 24·9–46·7), M
(5) F (5)

Sucrose (39·5 g, 2000 kJ) 1. Erythritol
(1471 kJ,
7·9 g sucrose)

2. Erythritol
(2000 kJ,
10·7 g
sucrose)

Food: semi-
solid custard

No differences (P>0·05)
(buffet, excluding
treatments)

No differences (P>0·05) NR

(a) Raben et al.
(2002)(18)

AND
(b) Raben et al.

(2011)(16),
AND

(c) Sørensen
et al.
(2014)(17)

(a) II, P10
(b) II, P9
(c) II, P10

(a) 10 weeks, 41
(b) 10 weeks, 23
(c) 1 d at week 10,

22¶

(a) M (6) F (35) I: 28·0
(SEM 0·5), 33·3 (SEM
2·0)

C: 27·6 (SEM 0·5), 37·1
(SEM 2·2)

(b) M (4) F (19) I: 28·7
(SEM 0·7), 35·3 (SEM
2·8)

C: 27·6 (SEM 0·8), 35·5
(SEM 3·6)

(c) M (4) F (18) I: 28·7
(SEM 2·3), 35·3 (SEM
9·1)

C: 27·3 (SEM 2·5), 35·2
(SEM 12·4)

Sucrose (2 g/kg body
weight)

Sweetener
(2 g/kg body
weight)

Food (20%)
and
beverage
(80%)*

(b) Sucrose increased
intake over 10weeks
(1·6MJ/d, P<0·01)
(7 d food record,
includes treatments)

(c) Highest (3·3MJ,
P<0·05) by sucrose
(ad libitum diet in
chamber, includes
treatments)

(a) No differences
(P>0·05).

(c) Sucrose was less full
(P<0·05) with higher
ratings of prospective
food consumption
(P<0·05) in the
periods after lunch
and dinner

(b) Fasting leptin: higher
(P<0·01) levels in
sucrose compared
with control (week 10).
Responses consistent
with changes in body
weight

Reid et al.
(2014)(23)

III-1, P10 4 weeks, 41 I: 32·9 (SEM 1·8), 35·1
(SEM 9·9), F

C: 32·7 (SEM 2·2), 34·6
(SEM 8·5), F

Sucrose (105g, 1800 kJ) Aspartame
(170 kJ)

Beverage
(1 litre/d)

No differences (P>0·05)
(7 d food record,
includes treatments)

No differences (P>0·05) NR

Reid et al.
(2010)(22)

III-1**, P9 4 weeks, 53 I: 27·2 (SEM 2·1), 34·5
(SEM 11·0), F

C: 27·8 (SEM 1·8), 32·9
(SEM 8·8), F

Sucrose (105g, 1800 kJ) Aspartame
(170 kJ)

Beverage
(1 litre/d)

No differences (P>0·05)
(7 d food record,
includes treatments)

NR NR

Rezvani et al.
(2013)(21)

III-1**, P10 10 weeks, 32 M (16) F (16) Glucose:
M: 29·3 (SEM 1·1), 54
(SEM 3)

F: 29·4 (SEM 1·3), 56 (SEM
2)

Fructose: M: 28·4 (SEM
0·7), 52 (SEM 4)

F: 30·3 (SEM 1·0), 53 (SEM
2)

1. Glucose (25% EER,
30% EER complex
CHO)

2. Fructose (25% EER,
30% EER complex
CHO)

No-beverage,
complex CHO
baseline
(55% EER)

Beverage
(25% EER)*

NR NR Fasting leptin: higher
levels (P<0·05) in
fructose and glucose
(10 weeks) compared
with baseline.
Responses consistent
with changes in body
weight

Saris et al.
(2000)(33)

II, P9 6 months, 316 30·4 (SEM 2·7), 39 (SEM 9),
M (155) F (161)

Fat-reduced, high-simple
CHO diet (26% EEI
simple CHO)

1. Complex CHO
diet (17% EEI
simple CHO)

2. Habitual diet
(20% EEI
simple CHO)

All food and
beverage*

No differences (P>0·05)
between high simple
CHO and habitual diet
(7 d weighed food
record, includes CHO)

NR NR

Surwit et al.
(1997)(36)

II, P9 6 weeks, 42 I: 35·9 (SEM 4·8), 40·6
(SEM 8·2), F

Low-fat, high-sucrose diet
(121g sucrose)

Low-fat, low-
sucrose diet
(6 g sucrose)

Food* NR No differences (P>0·05) NR
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glucose(21,24,26–28,35) (n 6), fructose(21,26,27) (n 3), lactose(28) (n 1),
fruit drink(25,34) (n 2), cola(29) (n 1), parfait(19) (n 1), dried plum(30)

(n 1) and cookies(30) (n 1). In all, one study examined a whole-of-
diet approach, reporting participants’ total intake of AS from a
range of sources(33). The effect of AS on appetite was explored
through three study outcomes: energy consump-
tion(16–20,22,23,25–35) (n 16), satiety(17–20,23,25–32,34,36) (n 14) and
appetite hormones (leptin(16,21,35) and ghrelin(24,27–30)) (n 8).

Following AS consumption, significant reductions in sub-
sequent energy intake, compared with controls, were reported
in two comparisons(26), nine found no difference in energy
intake(20,27–32) and two reported a significant increase in energy
intake(25,28). When total daily energy intake was examined,
including the AS source, four comparisons found no difference
in energy intake(22,23,34,35) and three reported a significant
increase in energy intake(16,17,19,33). Consumption of AS sig-
nificantly increased satiety in two comparisons(26), whilst twelve
found no differences in reported satiety(19,20,23,27–32,34,36) and
four reported significantly reduced satiety(17,25,27,28). In
response to AS consumption, one comparison reported no
change in leptin levels(35), whereas three reported significantly
increased leptin levels(16,21). Studies exploring the impact of AS
on ghrelin reported an immediate drop in ghrelin levels (mea-
sured at 60min post AS consumption), followed by a later rise
(120–180min)(24,27–30). Findings related to this rise in ghrelin
levels varied, with four comparisons finding no difference
between AS and control at 120(28,30)–180min(27,29), whilst three
reported a significantly higher ghrelin measure after AS con-
sumption, compared with the control group at 120(28)–
180min(24,27).

Discussion

This systematic review found inconsistent associations between
AS intake and appetite in overweight and obese adults. Measures
of appetite were examined through ad libitum energy intake,
satiety (VAS) and appetite hormones (leptin and ghrelin). These
measures have previously shown good intra-individual repro-
ducibility and validity as measures of appetite(37–40).

Changes in ad libitum energy consumption in response to AS
intake were examined in twenty comparisons. A total of thirteen
comparisons(20,25–32) examined single-day influences of AS at a
following meal. Over half (n 9) of these comparisons found that
AS consumption had no influence on subsequent energy
intake(20,27–32). The lack of change in energy intake after AS
consumption, despite differences in energy content of the pre-
load(20,27–29,31,32), aligns with previous findings of an incom-
plete compensation of energy intake following AS consumption
in studies of both short and longer durations(41,42). A total of
three long-duration studies (7 d to 6 months) reported an
increased total daily energy intake when AS was compared with
a control of lower energy value(16,17,19,33). A 2-month study(35)

reported no differences in total daily energy intake when AS
was compared with an isoenergetic control. In all, two single-
day comparisons reported a reduced energy intake following
AS ingestion(26). However, when accounting for differences in
energy values between the AS and control products, theseTa
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analyses found that the significant reduction in energy intake at
the following meal only equated to 40% of the energy provided
by the AS beverage, consequently resulting in a higher total
energy intake across the day(26). Despite differing findings, most
comparisons(16,17,19,20,26–29,31–33,35) suggested that if energy
intake over the day did not compensate for that provided by the
AS, total daily energy intake would increase(43). This could
explain the relationship between AS and body weight reported
in ad libitum diets(9).
Energy intake can be influenced by a diverse array of envir-

onmental, cultural, behavioural and economic factors(4,44).
Therefore, when analysing appetite, energy intake is most reli-
able when combined with another appetite measure such as a
VAS(45). In this review, changes in VAS responses were similar to
changes in reported energy consumption (n 14)(17,20,23,25–32,34).

Only three comparisons(18,19,27) reported inconsistent findings
between energy intake and the VAS scores.

A single-day study(27) reported that fructose consumption
resulted in lower feelings of fullness (satiety) than was observed
following consumption of a whey-control beverage of similar
energy content. This finding may be explained by an incom-
plete fructose digestion at high fructose doses(46). However,
these findings need to be further examined. Two longer dura-
tion comparisons (≥7 d)(16,18,19) reported that AS consumption
increased energy intake with no associated change in satiety.
This inconsistency could be explained by an identified sensi-
tivity issue of the VAS in longer-term studies(37). Despite the
majority of comparisons between energy intake and VAS being
consistent, the three identified discrepancies highlight the need
to incorporate objective appetite measures, such as appetite
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hormones, when examining the relationship between AS and
appetite(37).
Leptin is a hormonal response to food intake, thereby

providing a physiological objective measure of appetite.
Leptin, produced by adipose cells, inhibits hunger signals in
the central nervous system, ensuring long-term regulation of
energy balance(40). A total of three comparisons found a
significant increase in leptin levels after 10 weeks of AS
consumption(16,21), whereas one shorter duration compa-
rison (2 months) found no difference in leptin levels in
response to AS intake(35). The differing leptin findings could
be explained by a positive relationship between leptin
concentrations and body fat stores(47). Studies in this review
identified that after adjusting for changes in body weight, the
relationship between leptin levels and AS consumption was
no longer significant(16,21). This explains the inconsistency in
responses to AS intake in findings of self-reported satiety,
energy intake and leptin levels when body weight was not
accounted for.
Unlike leptin, ghrelin is associated with hunger ratings in

individuals of all weight categories(40). Research suggests that
ghrelin acts as a physiological meal initiator through a pre-
prandial rise and postprandial fall of plasma ghrelin levels(48).
This ghrelin response aligns with all seven ghrelin comparisons
of AS in this review(24,27–30), with AS consumption resulting in
an immediate drop in ghrelin levels (60min), followed by a later
rise (120–180min)(24,27–30). Findings relating to the rise differed
between studies. Only three comparisons(24,27,28) reported a
significantly higher final ghrelin measure after AS consumption,
compared with the control. Each used glucose as the AS source,
whereas the four comparisons that had no significant ghrelin
response used lactose, fructose, dried plum, cookies or cola as
the source of AS. These results may indicate that different
sources of AS are digested differently, contradicting current
research that compared AS sources and their influence on
ghrelin(49,50). It should be noted that intakes of AS tended to be
higher in the comparisons that reached significance (56(28)–
75 g(24)) compared with those that did not (33(30)–65 g(27)).
These observations could suggest that ghrelin may respond to
carbohydrate intake in a dose-dependent manner, as previously
reported(50,51). Inconsistency in ghrelin findings indicates that
this area requires further research.
Although the present review followed a systematic process to

provide an insight into the effect of AS intake on appetite in
overweight or obese adults, when compared with lower
intakes, there are some limitations. The results are limited by the
substantial variation between studies, including the large range
in doses, duration, control comparator and type of AS, possibly
explaining the inconsistent results and impeding the ability to
establish a dose effect. As a result of the variability between
studies, it was not considered appropriate to pool the results in
a meta-analysis. Many studies included in this review did not
compare AS with an isoenergetic control(19,20,22,23,26–29,31–34,36),
which may have confounded results, as suggested pre-
viously(9,43). The variety of mediums included could have
influenced appetite, with liquid meals previously reported to be
less satiating than solid meals, independent of energy den-
sity(52,53). Similarly, the variation in study duration, which

included both acute and longer duration studies, may have
resulted in some of the inconsistencies observed.

Conclusion

This review did not find a consistent relationship between AS
intake and appetite measures, which may be partially explained
by variation in study methodologies. The inconsistent results
highlight a need for further randomised controlled trials that
explore the impact of differing types of AS sources (including
those replicating real-life consumption of AS) and different doses
of AS on appetite in overweight and obese adults, to assist with
targeting dietary messages for weight management.

Acknowledgements

The authors acknowledge that this project received no specific
funding from any funding agency or from commercial or not-
for-profit sectors.

The author attributes are as follows: K. T. and E. N. designed
the study. K. T. collected and analysed the data. K. T., E. N. and
K. C. interpreted the data. K. T. prepared the manuscript. E. N.,
K. C. and Y. P. were responsible for critically reviewing the
study design and manuscript. All authors approved the final
version of the paper submitted for publication.

The authors declare that there are no conflicts of interest.

Supplementary material

For supplementary material/s referred to in this article, please
visit https://doi.org/10.1017/S0007114518003239

References

1. World Health Organization (2015) Guideline: Sugars Intake
for Adults and Children. Geneva: WHO.

2. World Health Organization (2014) Global Status Report on
Noncommunicable Diseases 2014. Geneva: WHO.

3. Australian Bureau of Statistics (2015) National Health Survey:
First Results, 2014–15. Canberra: ABS.

4. World Health Organization (2016) Factsheet: Obesity and
Overweight. Geneva: WHO. http://www.who.int/media
centre/factsheets/fs311/en/ (accessed February 2017).

5. Pi-Sunyer X (2009) The medical risks of obesity. Postgrad Med
121, 21–33.

6. World Health Organization and Food and Agriculture Orga-
nization of the United Nations (2003) Diet, Nutrition and the
Prevention of Chronic Diseases: Report of a Joint WHO/FAO
Expert Consultation. Geneva: WHO and FAO.

7. Cobiac L, Record S, Leppard P, et al. (2003) Sugars in the
Australian diet: results from the 1995 National
Nutrition Survey. Nutr Diet 60, 152–173.

8. Food Standards Australia New Zealand (2017) Australia New
Zealand Food Standards Code: Standard 1.1.2: Definitions
Used Throughout the Code. Canberra: FSANZ.

9. Te Morenga L, Mallard S & Mann J (2012) Dietary sugars and
body weight: systematic review and meta-analyses of rando-
mised controlled trials and cohort studies. BMJ 346, e7492.

10. Le MT, Lanaspa MA, Cicerchi CM, et al. (2016) Bioactivity-
guided identification of botanical inhibitors of ketohexo-
kinase. PLOS ONE 11, e0157458.

238 K. Thornhill et al.

https://doi.org/10.1017/S0007114518003239  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114518003239
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/
https://doi.org/10.1017/S0007114518003239


11. Lane MD & Cha SH (2009) Effect of glucose and fructose on
food intake via malonyl-CoA signaling in the brain. Biochem
Biophys Res Commun 382, 1–5.

12. National Health and Medical Research Council (2013) Clinical
Practice Guidelines for the Management of Overweight and
Obesity in Adults, Adolescents and Children in Australia.
Melbourne: NHMRC.

13. Moher D, Liberati A, Tetzlaff J, et al. (2009) Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med 6, e1000097.

14. Academy of Nutrition and Dietetics (2016) Evidence Analysis
Manual: Steps in the Academy Evidence Analysis Process.
Chicago, IL: AND. https://www.andeal.org/evidence-analysis-
manual

15. National Health and Medical Research Council (2009) NHMRC
Levels of Evidence and Grades for Recommendations for
Guideline Developers, pp. 1–24. Canberra: NHMRC.

16. Raben A, Møller B, Flint A, et al. (2011) Increased postprandial
glycaemia, insulinemia, and lipidemia after 10 weeks’ sucrose-
rich diet compared to an artificially sweetened diet: a rando-
mised controlled trial. Food Nutr Res 55, 10.3402/fnr.v55i0.5961.

17. Sørensen L, Vasilaras T, Astrup A, et al. (2014) Sucrose com-
pared with artificial sweeteners: a clinical intervention study of
effects on energy intake, appetite, and energy expenditure
after 10 wk of supplementation in overweight subjects. Am J
Clin Nutr 100, 36–45.

18. Raben A, Vasilaras T, Møller C, et al. (2002) Sucrose compared
with artificial sweeteners: different effects on ad libitum food
intake and body weight after 10 wk of supplementation in
overweight subjects. Am J Clin Nutr 76, 721–729.

19. Mazlan N, Horgan G, Whybrow S, et al. (2006) Effects of
increasing increments of fat- and sugar-rich snacks in the diet
on energy and macronutrient intake in lean and
overweight men. Br J Nutr 96, 596–606.

20. Overduin J, Collet T, Medic N, et al. (2016) Failure of sucrose
replacement with the non-nutritive sweetener erythritol to
alter GLP-1 or PYY release or test meal size in lean or
obese people. Appetite 107, 596–603.

21. Rezvani R, Cianflone K, McGahan J, et al. (2013) Effects of
sugar-sweetened beverages on plasma acylation stimulating
protein, leptin and adiponectin: relationships with metabolic
outcomes. Obesity 21, 2471–2480.

22. Reid M, Hammersley R & Duffy M (2010) Effects of sucrose
drinks on macronutrient intake, body weight, and mood state
in overweight women over 4 weeks. Appetite 55, 130–136.

23. Reid M, Hammersley R, Duffy M, et al. (2014) Effects on obese
women of the sugar sucrose added to the diet over 28 d: a
quasi-randomised, single-blind, controlled trial. Br J Nutr 111,
563–570.

24. Kasim-Karakas S, Cunningham W & Tsodikov A (2007) Rela-
tion of nutrients and hormones in polycystic ovary syndrome.
Am J Clin Nutr 85, 688–694.

25. Dove E, Hodgson J, Puddey I, et al. (2009) Skim milk com-
pared with a fruit drink acutely reduces appetite and energy
intake in overweight men and women. Am J Clin Nutr 90,
70–75.

26. Vozzo R, Baker B, Wittert G, et al. (2002) Glycemic, hormone,
and appetite responses to monosaccharide ingestion in
patients with type 2 diabetes. Metabolism 51, 949–957.

27. Bowen J, Noakes M & Clifton P (2007) Appetite hormones and
energy intake in obese men after consumption of fructose,
glucose and whey protein beverages. Int J Obes 31,
1696–1703.

28. Bowen J, Noakes M, Trenerry C, et al. (2006) Energy intake,
ghrelin, and cholecystokinin after different carbohydrate and

protein preloads in overweight men. J Clin Endocrinol Metab
91, 1477–1483.

29. Maersk M, Belza A, Holst J, et al. (2012) Satiety scores and
satiety hormone response after sucrose-sweetened soft drink
compared with isocaloric semi-skimmed milk and with non-
caloric soft drink: a controlled trial. Eur J Clin Nutr 66,
523–529.

30. Furchner-Evanson A, Petrisko Y, Howarth L, et al. (2010) Type
of snack influences satiety responses in adult women. Appetite
54, 564–569.

31. Drewnowski A, Massien C, Louis-Sylvestre J, et al. (1994) The
effects of aspartame versus sucrose on motivational ratings,
taste preferences, and energy intakes in obese and
lean women. Int J Obes 18, 570–578.

32. Wiessing K, Xin L, Budgett S, et al. (2015) No evidence of
enhanced satiety following whey protein- or sucrose-enriched
water beverages: a dose–response trial in overweight women.
Eur J Clin Nutr 69, 1238–1243.

33. Saris W, Astrup A, Prentice A, et al. (2000) Randomized con-
trolled trial of changes in dietary carbohydrate/fat ratio and
simple vs complex carbohydrates on body weight and blood
lipids: the CARMEN study. Int J Obes Relat Metab Disord 24,
1310–1318.

34. Hollis J, Houchins J, Blumberg J, et al. (2009) Effects of con-
cord grape juice on appetite, diet, body weight, lipid profile,
and antioxidant status of adults. J Am Coll Nutr 28, 574–582.

35. Kasim-Karakas S, Almario R & Cunningham W (2009) Effects
of protein versus simple sugar intake on weight loss in poly-
cystic ovary syndrome (according to the National Institutes of
Health criteria). Fertil Steril 92, 262–270.

36. Surwit R, Feinglos M, McCaskill C, et al. (1997) Metabolic and
behavioral effects of a high-sucrose diet during weight loss.
Am J Clin Nutr 65, 908–915.

37. Stubbs R, Hughes D, Johnstone A, et al. (2000) The use of
visual analogue scales to assess motivation to eat in human
subjects: a review of their reliability and validity with an
evaluation of new hand-held computerized systems for tem-
poral tracking of appetite ratings. Br J Nutr 84, 405–415.

38. Flint A, Gregersen N, Gluud L, et al. (2007) Associations
between postprandial insulin and blood glucose responses,
appetite sensations and energy intake in normal weight and
overweight individuals: a meta-analysis of test meal studies.
Br J Nutr 98, 17–25.

39. Horner K, Byrne N & King N (2014) Reproducibility of sub-
jective appetite ratings and ad libitum test meal energy intake
in overweight and obese males. Appetite 81, 116–122.

40. de Graaf C, Blom W, Smeets P, et al. (2004) Biomarkers of
satiation and satiety. Am J Clin Nutr 79, 946–961.

41. Mattes R (1996) Dietary compensation by humans for sup-
plemental energy provided as ethanol or carbohydrate
in fluids. Physiol Behav 59, 179–187.

42. DiMeglio D & Mattes R (2000) Liquid versus solid carbohy-
drate: effects on food intake and body weight. Int J Obes Relat
Metab Disord 24, 794–800.

43. Wolff E & Dansinger M (2008) Soft drinks and weight gain:
how strong is the link. Medscape J Med 10, 189–189.

44. Kopelman P (2007) Health risks associated with overweight
and obesity. Obes Rev 8, Suppl. 1, 13–17.

45. Parker B, Sturm K, MacIntosh C, et al. (2004) Relation between
food intake and visual analogue scale ratings of appetite and
other sensations in healthy older and young subjects. Eur J
Clin Nutr 58, 212–218.

46. Ravich WJ, Bayless TM & Thomas M (1983) Fructose:
incomplete intestinal absorption in humans. Gastroenterology
84, 26–29.

Effect of added sugar intake on appetite 239

https://doi.org/10.1017/S0007114518003239  Published online by Cam
bridge U

niversity Press

https://www.andeal.org/evidence-analysis-manual
https://www.andeal.org/evidence-analysis-manual
https://doi.org/10.1017/S0007114518003239


47. Considine R, Sinha M, Heiman M, et al. (1996) Serum
immunoreactive-leptin concentrations in normal-weight and
obese humans. N Engl J Med 334, 292–295.

48. Cummings D, Purnell J, Frayo R, et al. (2001) A preprandial
rise in plasma ghrelin levels suggests a role in meal initiation
in humans. Diabetes 50, 1714–1719.

49. Yau A, McLaughlin J, Gilmore W, et al. (2017) The acute effects
of simple sugar ingestion on appetite, gut-derived hormone
response, and metabolic markers in men. Nutrients 9, 135–149.

50. Teff K, Elliott S, Tschop M, et al. (2004) Dietary fructose
reduces circulating insulin and leptin, attenuates postprandial

suppression of ghrelin, and increases triglycerides in women.
J Clin Endocrinol Metab 89, 2963–2972.

51. Blom W, Stafleu A, de Graaf C, et al. (2005) Ghrelin response
to carbohydrate-enriched breakfast is related to insulin.
Am J Clin Nutr 81, 367–375.

52. Mattes R & Rothacker D (2001) Beverage viscosity is inversely
related to postprandial hunger in humans. Physiol Behav 74,
551–557.

53. Hulshof T, De Graaf C & Weststrate J (1993) The effects of
preloads varying in physical state and fat content on satiety
and energy intake. Appetite 21, 273–286.

240 K. Thornhill et al.

https://doi.org/10.1017/S0007114518003239  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114518003239

	Does an increased intake of added sugar affect appetite in overweight or obese adults, when compared with lower intakes? A systematic review of the literature
	Methods
	Searches
	Article screening
	Data extraction
	Quality assessment

	Results
	Table 1Summary table of studies included in the systematic literature review on added sugar and appetite
	Discussion
	Fig. 1Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram(13) of the number of studies extracted for review
	Conclusion

	Acknowledgements
	Supplementary material
	References


