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Abstract

Objective The recommendation of free sugar reduction in dental practice is mostly given with regard to caries prevention
but has also further health impacts. This umbrella review aimed to comprehensively display the shared health consequences
of sugar consumption in both oral and general health.

Materials and methods Within an umbrella review, two independent reviewers identified and analysed systematic reviews
examining free sugar consumption alone or as a part of dietary patterns and its association to described diseases in three
databases (Epistemonikos, Pubmed, Cochrane Library). Electronic databases were searched up to March 2026, findings were
synthesised narratively. Risk of bias was assessed using AMSTAR-2.

Results The literature search identified 10,593 articles, of which 633 were further assessed for eligibility. Finally, 228 arti-
cles were included after full-text analysis. Results showed that sugar intake was consistently associated with increased risks
of 18 generalised negative health outcomes. Strongest evidence was found for type 2 diabetes, obesity, cardiovascular and
all-cause mortality, oral diseases, irritable bowel syndrome, and cognitive disorders. Furthermore, a positive association was
found between excessive sugar consumption and cancer, non-alcoholic fatty liver disease, kidney disease, gout, asthma, poor
sleep, reduced bone density, mood disorders, telomere shortening, and fertility impairments. AMSTAR-2 showed that most
reviews had low or critically low methodological quality, while about one third demonstrated moderate to high confidence.
Most studies (68%) investigated sugar in form of sugar-sweetened beverages.

Conclusions Within the limitations of this umbrella review, available evidence indicates that avoiding free sugar intake
contributes to both reduced chronic disease burden and improved oral health. Against this background, avoiding free sugar,
as recommended by dentists, is a key shared health factor that should be emphasized in the context of caries, periodontal
disease, and in terms of general primary prevention.

Clinical relevance Dental advised and assisted sugar reduction is an important preventive measure not only for oral health
but also for several general health outcomes. After synthesizing and evaluating the available systematic reviews, this study
highlights the crucial need to reduce sugar consumption as an important factor in improving both systemic and oral health.
Systematic review registration The systematic review was registered in the international register for systematic reviews
Prospero. Systematic review registration CRD42023380458.
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Cardiometabolic risk factors
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Introduction

Excessive sugar consumption has become a significant pub-
lic health issue since the start of industrial sugar produc-
tion. A growing body of evidence links high sugar intake
(particularly sugar-sweetened beverages (SSB)) to obesity,
type 2 diabetes mellitus (T2DM), cardiovascular diseases,
non-alcoholic fatty liver disease (NAFLD), and several oral
health conditions, such as dental caries [1-7] and periodon-
titis [8—10]. These associations are explained by multifac-
torial mechanisms which include chronic inflammation,
oxidative stress, total calories overload, insulin resistance,
disproportionate satiety, changes in oral and gut microbiota
and bacterial metabolism/metabolites [11, 12]. The World
Health Organization (WHO) estimates that dental caries
affects approximately 60—90% of school-aged children and
most adults worldwide [4]. Meanwhile, periodontal dis-
eases, with a global prevalence of around 50%, are a lead-
ing cause of tooth loss and reduced quality of life and are
increasingly associated with multiple systemic conditions
[8]. Periodontal disease affects approximately 3.9 billion
people worldwide and ranks as the 11th most prevalent dis-
ease [10].

Dental caries is defined as the destruction of tooth enamel
caused by acids produced by cariogenic bacteria during the
fermentation of sugars and starches [13]. Caries develops
through the interaction of bacteria, fermentable carbohy-
drates, and susceptible tooth surfaces and progresses when
demineralization exceeds the protective effects of saliva and
remineralization. High and frequent consumption of free
sugars promotes acid production by oral bacteria, leading to
enamel demineralisation and an increased risk of dental car-
ies. According to the World Health Organization, free sug-
ars comprise monosaccharides and disaccharides added to
foods and beverages by manufacturers, cooks or consumers,
together with sugars naturally present in honey, syrups, fruit
juices and fruit juice concentrates [14]. In contrast, sugars
naturally present in whole foods are typically less harmful
to oral health, as they are consumed with fibres and nutri-
ents that reduce their cariogenic potential [15]. In addition,
Western diets rich in saturated fats and processed carbohy-
drates are associated with chronic inflammation and, conse-
quently, an increased incidence of periodontal diseases [10].
Based on moderate-quality evidence, a strong recommen-
dation supports limiting free sugar intake to less than 10%
of total energy intake, while especially the focus on oral
health underpins a conditional recommendation to further
reduce intake to below 5% of energy intake [14]. Accord-
ingly, lowering free sugar intake to these values can be rec-
ommended to improve health outcomes [5]. High intake of
non-milk extrinsic sugars increases the risk of dental car-
ies and is also linked to obesity and diabetes, which is why
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their reduction is recommended for both oral and general
health [16]. Consistently, dental caries experience is lower
in children and adults when free sugar intake is below the
WHO recommendation, although the cariogenicity of other
fermentable carbohydrates remains debated. Starches, par-
ticularly wheat-based grains, constitute a major component
of Western diets and account for approximately 40-75% of
total energy intake [7]. Despite the WHO recommendation,
sugar consumption in industrialised regions like the Euro-
pean Union remains far above the recommended thresholds
with approximately 60-120 g of total sugar intake [17].

There is evidence that the recommendation to avoid sugar
has changed in dentistry in terms of its severity and strength,
particularly due to the widespread introduction of fluoride
in caries prevention. While the standard recommendation of
dentists before World War II was a low-carbohydrate diet
and vitamin D check, in the following decades, the cen-
tral recommendation of fluoridated oral hygiene became
increasingly dominant [18]. This shift in the prioritization
of preventive approaches is particularly relevant in light of
the common risk factor approach [16]. The concept of the
common risk factor approach proposes that several chronic
diseases share a limited number of modifiable behavioural
risk factors. Excessive free sugar intake represents one of
the most important examples of such shared risk factors
because it contributes to both oral diseases and multiple
non-communicable diseases. Consequently, dietary coun-
selling delivered in dental practice may provide benefits
extending far beyond oral health.

Umbrella reviews, which systematically evaluate and
synthesize evidence from existing systematic reviews, pro-
vide an opportunity to concentrate an evidence-based sum-
mary of the overall strength, consistency, and quality of
associations between sugar intake and health outcomes. To
the best of the authors’ knowledge, there is currently only
one existing umbrella review by Huang et al. that has sum-
marised and analysed the negative health effects of regular
sugar consumption [19]. The authors were able to include
73 studies, showing significant associations of sugar con-
sumption with T2DM, body weight, obesity, metabolic
syndrome, coronary heart disease (CHD), LDL-cholesterol,
hypertension, and pancreatic cancer. However, their review
mainly focused on metabolic outcomes and only included
systematic reviews eligible for secondary quantitative anal-
yses. Consequently, oral diseases, oral microbiome altera-
tions and several additional systemic outcomes were only
incompletely represented.

Therefore, the aims of this umbrella review were [1] to
systematically summarise evidence from systematic reviews
investigating sugar consumption and health [2], to compare
evidence across oral and systemic health domains [3], to
discuss the implications for preventive dentistry within the
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framework of the common risk factor approach supporting
sugar reduction as a relevant public health and preventive
strategy [9].

We hypothesised that higher dietary sugar intake, par-
ticularly free sugars and sugar-sweetened beverages, is con-
sistently associated with adverse oral and systemic health
outcomes across the available systematic review evidence.

Materials and methods
Study design

The umbrella review systematically searched relevant sci-
entific databases for eligible studies, including Epistemoni-
kos, PubMed, and the Cochrane Library, in accordance with
Cochrane methodological criteria. There were no restric-
tions on study design, and included articles that investi-
gated the intake of different types of sugars and reported
on human health outcomes. Duplicates were removed both
manually and using Covidence (Veritas Health Innovation
Ltd, Australia). The systematic review was registered in
the international register for systematic reviews Prospero
(CRD42023380458).

For the literature analysis, a search strategy was devel-
oped to achieve the broadest possible inclusion of studies
addressing the effects of sugar consumption. The search
term “sugar” was applied across the MeSH term (keyword
search), text word, and title/abstract fields. Combined using
the Boolean operator “OR”, the resulting search string was:

((sugar[Text Word]) OR (sugar[Title/Abstract])) OR
(sugar[MeSH Terms]). No filters or limits were applied.

Eligibility criteria

To be included in the umbrella-review, studies were sup-
posed to meet the following inclusion criteria:

— systematic review, with or without meta-analysis.

— focus on human populations.

— examination of any health outcome related to sugar
intake.

Sugar could be investigated in various chemical forms,
including monosaccharides, disaccharides, oligosaccharides,
and polysaccharides; from different sources, including free
and added sugars; and as part of dietary patterns involving
sugar-sweetened beverages (SSB), soft drinks, sweets, choc-
olate, fruits, vegetables, or milk. Studies asserting the effects
of honey and orange juice were included as well.

Exclusion criteria were:

— Primary studies (including randomized controlled trials,
quasi-experimental studies, cohort studies, case—control
studies, and cross-sectional studies).

— Studies lacking a clearly defined systematic methodol-
ogy (reproducible literature search, predefined eligibil-
ity criteria and a structured evidence synthesis).

— Studies based on animal or in vitro models.

— Studies with insufficiently defined populations, inter-
ventions/exposures, comparators, outcomes, or study
designs.

— Studies not reporting outcomes related to the effects of
sugar consumption on human health.

— Studies where the full text was not accessible.

— Publications not available in English or German.

— Studies related to the pain relief in neonates (were ex-
cluded during outcomes assessment).

Screening process, data extraction and evidence
synthesis

The systematic literature search was conducted indepen-
dently by two reviewers (ADZ, NW). During the first
screening phase, studies were independently assessed
based on their titles and abstracts and categorized as
“include,” “exclude,” or “maybe.“. Regular meetings
involving the entire study group (ADZ, NW, CT, and
JPW) were held to discuss the review process and to
resolve disagreements regarding study selection and
methodological assessment. The screening process was
supported by Covidence (Veritas Health Innovation Ltd.,
Australia), which was used to automatically remove
duplicate records and to document the study selection
process. In the second screening phase, full-text articles
were assessed independently by both reviewers, and a
final decision regarding study inclusion or exclusion was
made. Within this process, grey literature and reference
lists of the included reviews were also screened. After
full texts were uploaded and assessed for eligibility, data
extraction was performed. During data extraction, two
reviewers (ADZ, NW) independently analysed primar-
ily found studies. Disagreements were solved within the
whole study group (ADZ, NW, CT, JPW).

Due to the broad scope of this umbrella review, no
additional quantitative evidence synthesis was per-
formed. Findings were synthesised narratively and all
included studies were classified into predefined subtop-
ics (based on [19]) according to health outcomes and
reported effects, and these categories were expanded
as necessary. Studies addressing more than one health
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outcomes were assigned to multiple sections. The various
types of sugar listed in the inclusion criteria were noted in
the results table and interpreted separately whenever pos-
sible. The study followed the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA)
2020 protocol.

Risk of bias analysis

The risk of bias analysis was conducted independently by
two reviewers (ADZ and NW) using the AMSTAR-2 [20]
(A Measurement Tool to Assess Systematic Reviews).
Any discrepancies between reviewers were discussed and
resolved by consensus. Afterwards, all the studies were cat-
egorized into four levels of confidence in quality according
to AMSTAR-2 [20] classification.

Fig. 1 PRISMA flow diagram

Results

Data search conducted between July 2025 up to March 2026
revealed a total of 10,593 original articles, of which 9,387
were excluded during the title and abstract screening phase.
Of the 633 studies assessed for full-text eligibility, 378 were
excluded based on the predefined criteria, including insuffi-
cient study setting, outcomes, interventions or study design,
use of animal models, lack of access to the full text, absence
of English or German language versions, or insufficient
reporting on the effects of sugar consumption on human
health (see Fig. 1).

Inter-rater reliability between the two primary review-
ers (ADZ and NW) showed a Cohen’s kappa (k) of 0.492,
indicating moderate agreement in screening decisions. In
cases of uncertainty regarding study inclusion or exclusion,
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discrepancies were discussed among the reviewers, and
consensus was reached through consultation with two other
reviewers (CT and JPW).

Finally, a total of 228 included studies which met pre-
defined eligibility criteria were included (Supplementary
Table 1). The outcomes were categorized into 18 subtopics
(metabolic disorders n=95, reproduction n=6, oral health
n=21, cancer n=14, cardiometabolic risk factors n=47,
all-cause-mortality n=15, kidney diseases n=3, blood val-
ues n=13, bone health n=3, cognition and psyche n=19,
inflammation n=3, asthma n=2 and sleep n=1) to provide
the most comprehensive overview to the topic. The Fig. 2
illustrates the distribution of included studies across 18
subtopics, summarizing the types of effects of sugar intake
reported in these studies. To the extent that detailed data
were available, 132 (68%) studies examined sugar in the
form of SSBs, 17 examined sugar in solid form, 12 exam-
ined sugar in form of juice, 13 examined fructose, and 20
examined FODMAPs.

Metabolic disorders and weight management

Most of the studies (#=95) focused on the association
between sugar intake and metabolic or functional gas-
trointestinal disorders (type 2 diabetes mellitus (T2DM),

Fig. 2 The total number of studies
per health outcome and indicates
how many reported significant
positive, significant negative,
non-significant, or mixed associa-
tions with sugar intake. Studies
without quantitative analyses are
also indicated. A few beneficial
health outcomes were associated
with fruit juice intake

cognition and neurodegenerative disorders
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(NAFLD) and weight management.

Type 2 diabetes mellitus

The research yielded 19 studies [21-39] which focused on
the relationship between SSB intake and the risk of and
T2DM. Ten studies demonstrated statistically significant
positive association between high sugar-sweetened bever-
age (SSB) intake and T2DM, while two studies confirmed
that excessive sugar consumption was associated with ele-
vated blood glucose, insulin resistance, and higher incidence
of diabetes [36, 37]. The incidence of T2DM per serving
(250-355 ml) of SSB was associated with a 18% increase
in normal weighted participants and by 13% in obese ones
[31]. The dose-response analyses showed a 25% to 26%
increased T2DM risk per serving (approx. 350 ml) per day
[22, 29]. Several authors also concluded that metabolic
syndrome and obesity were mediators between SSB intake
and T2DM [22, 29, 33, 34]. Two articles identified a 21%
increased risk of acquired insulin resistance per serving of
SSB (250 ml), but no linear dose-response relationship was
found [21, 33]. In summary, the included studies demon-
strated a risk increase range of 13—31% per serving of SSB
per day. Although no significant association was found for
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fruit juices. The available evidence was based on four stud-
ies [33-35, 38] with low and one study [36] with moderate
AMSTAR-2 rating, 14 studies showed critically low quality
(Supplementary Table 2). Table 1 shows the risk ratio of
T2DM caused by SSB intake.

Gout and hyperuricemia

A total of eight systematic reviews were found regarding the
association between sugar consumption and gout or hyper-
uricemia [40—47]. All studies found that SSB and fructose
consumption were linked to uric acid production. The high-
est fructose intake (> 11.8% to > 11.9% total energy) was
associated with a 65% increased risk of gout development
compared with the lowest intake (< 6.9% to < 7.5% total
energy) [40]. The risk of gout increased by 28% [45] —77%
[41] due to fruit juice intake and from 35% [46] to 108%
[43] due to SSB intake, while there was no significant asso-
ciation between whole fruit intake and gout [43]. Evidence
regarding uric acid levels was mixed, with some studies
suggesting a possible increase, but no consistent harmful
effect was demonstrated [47]. The highest SSB intake sig-
nificantly increased the level of uric acid [41, 42, 45]. There
was an overall significant positive association between SSB
intake and increased risk of both hyperuricemia and gout.
The available evidence was based on three studies [41, 46,
47] with low, one study [45] with moderate, and four studies
[40, 42—44] with high AMSTAR-2 quality rating, no study
showed critically low quality (Supplementary Table 2).

Irritable bowel syndrome

20 studies were found investigating sugar intake and irrita-
ble bowel syndrome (IBS) [48—67]. Eight studies confirmed
that low-FODMAP (Fermentable Oligo-, Di-, Monosac-
charides and Polyols) diets significantly reduced global
IBS symptoms [48-50, 60, 61] and improved abdominal
pain (OR = 1.81; [53, 58], bloating, and stool consistency
[59]. Three reviews did not find any positive effect of low-
FODMAP diets compared to habitual (including regular
rye bread and no dietary education) diets [49, 51, 66]. Sev-
eral reviews reported reduced levels of Bifidobacterium

associated with a high-FODMAP diet, with no significant
effects on gut microbial diversity or fecal short-chain fatty
acids [55, 57]. High sugar intake was significantly associ-
ated with increased risk of ulcerative colitis (UC) by 59%
[52, 65] and Crohn’s disease by 66% [65]. SSB intake was
associated with Crohn’s disease by 58% and UC by 72%
[65]. The available evidence was based on five studies
[51-53, 58, 63] with low, two studies [50, 65] with mod-
erate, and seven studies [48, 49, 56, 57, 59-61] with high
AMSTAR-2 quality rating, five studies [54, 62, 64, 66, 67]
showed critically low quality (Supplementary Table 2).

Non-alcoholic fatty liver disease

Six studies investigating the effects of sugar consump-
tion on non-alcoholic fatty liver disease (NAFLD) were
included [68-73]. A statistically significant positive asso-
ciation was found in all studies except one [69]. Three stud-
ies investigated the association between SSB intake and
NAFLD and reported that SSB consumption increased the
risk of NAFLD by 39% [68] and 40% [73] compared to
non-SSB-consumers. Two meta-analyses found that intra-
hepatocellular lipids (IHCL) levels increased up to 54%
on a hypercaloric high-fructose diet compared to a weight-
maintaining diet [70, 71]. No change in liver values was
recorded in isocaloric trials [69]. The available evidence
was based on one study [71] with low AMSTAR-2 quality
rating and five studies [68—70, 72, 73] showing critically
low quality (Supplementary Table 2).

Weight management and metabolic syndrome

A total of 43 systematic reviews were found regarding
the relationship between sugar consumption and different
aspects of weight gain and weight management [34, 74—
115]. Of these, 35 reviews analysed the association between
SSB intake and obesity/overweight/body weight change
across age groups and consistently confirmed a significant
positive association. At least one additional serving (250
ml) of SSB per day significantly increased obesity risk up
to 18% [75] and waist circumference (WC) by/up to 20%
[75]. However, consuming two or more soft drinks per day

Table 1 Summary of systematic reviews reporting the association between sugar-sweetened beverage intake and the risk of type 2 diabetes mel-

litus (T2DM)

Study Exposition Risk ratio of T2DM
Toi et al. [21] SSB 21-31%
Neuenschwander et al. [22] SSB 26%
Schwingshackl et al. [33] SSB 30%

Malik et al. [29] SSB 26%

Meng et al. [32] SSB 29%

Greenwood et al. [30] SSB 20%

Imamura et al. [31] SSB 13%—18%
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was associated with an increased risk of obesity up to 50%
[84]. The risk of increased body mass index (BMI) caused
by SSB intake varied between 31% and 38% [76, 83].
Experimental studies found a weight gain of 1.6 kg over
10 weeks with daily sucrose consumption [81]. A signifi-
cant positive association was found between SSB intake and
higher body fat, whereas 100% fruit juice generally did not
show this effect [89, 114]. Each SSB serving was associated
to a 5% increase of obesity risk and a 12% risk of abdomi-
nal obesity [96]. When SSB intake continued for more than
two weeks, it was linked to 0.04 kg/m*> BMI increase in
13-year-old children which contributed to increased body
fat in early adulthood [94, 97]. Hypercaloric fructose intake
was significantly associated with increased ectopic fat,
particularly in the liver and muscles [100] and triglycer-
ides [107]. Breastfeeding was concluded as a factor which
was associated with a decreased obesity risk in adulthood
[94], whereas early SSB exposure was linked to obesity in
adult age [113]. High sugar snack foods were associated
with overweight when combined with low vegetable intake
[109]. In contrary, one study found that ready-to-eat cere-
als with added sugar were associated with lower BMI in
some groups [112]. Six systematic reviews investigated the
link between sugar consumption and metabolic syndrome.
Metabolic syndrome (MetS) is defined as a cluster of major
health risk factors such as cardiovascular disease and type 2
diabetes [34, 105]. The findings demonstrated that all SSB,
total sweetened beverage (TSB), and ASB intake increased
the risk of MetS by 56%, 51% and 44%, respectively [104].
Each additional 250 ml of SSB per day increased the risk of
MetS by 19%—46% [104, 105]. Additional 335 ml of SSB
per day increased the risk of MetS by 14%, whereas 100%

fruit juice demonstrated a low risk of metabolic syndrome
outcomes [108]. Table 2 shows the summary of system-
atic reviews reporting the association between SSBs, TSB
intake and the risk of weight or metabolic related outcomes.

In conclusion, sugar intake, particularly from sugar-
sweetened beverages, was consistently associated with
weight gain, obesity, and an increased risk of metabolic
syndrome. The available evidence was based on 14 stud-
ies [34, 74, 77, 82, 84, 85, 94, 95, 103, 104, 109, 111, 112,
114] with low, seven studies [80, 83, 91, 98, 101, 106, 110]
with moderate, and four studies [93, 96, 107, 109] with high
AMSTAR-2 quality rating, 18 studies [75-79, 81, 87-90,
92, 97, 99, 100, 105, 108, 113, 115] showed critically low
quality (Supplementary Table 2).

Reproduction and sugar intake

The umbrella review yielded six articles regarding the gen-
eral topic reproduction and sugar intake. All articles can be
organised in three subtopics: male fertility [116, 117], preg-
nancy and birth outcomes [118—121].

Male fertility

The umbrella review yielded two systematic reviews which
investigated the association between sugar intake and fertil-
ity in men [116, 117]. Both highlighted the negative impact
of excessive sugar consumption, particularly from sweets
and SSBs in form of adversely affected sperm parameters
and overall reproductive health [116]. Poor sperm qual-
ity (volume, vitality, motility, morphology, and concen-
tration), hormonal levels, the number of spermatozoa and

Table 2 Summary of systematic reviews reporting the association between sugar-sweetened beverages (SSBs), total sweetened beverages (TSBs)

intake and the risk of weight or metabolic related outcomes

Study Exposition Type of outcome Risk ratio
Qin et al. [74] SSB obesity 12%
Ruanpeng et al. [75] SSB obesity 18%
Ruanpeng et al. [75] SSB increased WC 20%
Malik et al. [81] SSB obesity 60%
Neelakantan et al. [83] SSB higher BMI 38%
Santos et al. [84] SSB obesity 17%—-50%
Abbasalizad Farhangi et al. [85] SSB obesity 14%
Eugenia Pérez-Morales [90] SSB obesity in early childhood 4%
Schlesinger et al. [96] SSB overweight/obesity 20%
Schlesinger et al. [96] SSB abdominal obesity 12%
Schlesinger et al. [96] SSB gaining weight 23%

Te Morenga et al. [98] SSB overweight/obesity 55%
Yang et al. [99] SSB overweight/obesity 60%
Poorolajal et al. [101] SSB obesity 24%
Zhang et al. [104] SSB MetS 56%
Zhang et al. [104] TSB MetS 51%
Narain et al. [105] SSB MetS 46%
Semnani-Azad et al. [108] SSB MetS 14%
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concentration were positively associated with a diet that
included processed meat, soy foods, potatoes, full-fat
dairy, total dairy products, cheese, coffee, alcohol, SSBs,
and sweets. Higher SSB intake was associated with lower
sperm motility, though it was unrelated to other semen
quality parameters or reproductive hormone levels [117].
Regarding sugar, the study outcomes were limited because
the study did not analyse the sugar effects separately. The
available evidence was two studies [116, 117] with high
AMSTAR-2 quality rating, no studies showed critically low
quality (Supplementary Table 2).

Pregnancy and birth outcomes

The literature analysis identified four systematic reviews
which investigated the effects of sugar consumption dur-
ing pregnancy on birth weight and allergies [121]. Three
of them included studies yielded inconsistent results.
One study found higher birth weight [120], one found
lower birth weight [119], and one found no correlation
[118]. There was no significant association between high-
sugary food or drink intake during pregnancy and obesity
risk in offspring up to 18 years of age [120]. One study
focused on prenatal sugar intake and childhood allergies
and reported a weak, borderline 7% increase in asthma
risk associated with maternal sugar intake during preg-
nancy [121]. Moreover, a potential risk of allergic rhini-
tis, eczema, wheezing and food intolerances was found
[121]. One study investigated dietary patterns during
pregnancy and potential birth outcomes, such as preterm
birth, small-for-gestational-age, and birth weight [119].
Unhealthy dietary patterns, which included higher sugar
consumption, were significantly associated with lower
birth weight (mean difference: —40 g) and a 17% higher
risk of preterm birth [119]. The available evidence was
based on three studies [118, 120, 121] with moderate and

one study [119] with high AMSTAR-2 quality rating, no
studies showed low nor critically low quality (Supple-
mentary Table 2).

Cancer

The literature analysis revealed a total of 14 studies on the
effects of sugar consumption on various cancers, as well as
a study on the effects of high-sugar foods on cancer therapy
[122-135].

Overall SSB intake was statistically significantly associ-
ated with increased general cancer risk by 12%, moreover
each SSB serving per day increased the risk by 4% [129].
Fruit juice was linked to an increased overall risk of cancer
by 14% [109]. Women who consumed no sugar-sweetened
beverages compared with those who consumed more than
250 g SSB per day had a 27% lower risk of breast cancer
[128]. The risk of prostate cancer increased by 14—18% with
SSB intake [129, 130]. Due to insufficient data, none of the
studies was able to demonstrate a significant association
between endometrial/ovarian cancers and sugar consump-
tion. Table 3 shows the association between sugar intake
particularly with SSB and the risk of development of certain
cancer types.

In summary, statistically significant positive associations
between sugar consumption and an increased risk of certain
cancers including pancreatic, colorectal, liver, breast and
prostate cancer were observed. In particular, the consump-
tion of SSBs and fruit juices appeared to increase the risk
of cancer. However, the significance for individual cancer
type was limited due to insufficient evidence. The available
evidence was based on three studies [128, 130, 131] with
moderate AMSTAR-2 quality rating, ten studies [122—127,
129, 130, 133] showed critically low quality. No studies
were available in moderate or high quality (Supplementary
Table 2).

Table 3 Summary of systematic reviews reporting the association between sugar intake and the risk of different types of cancer

Study Exposition Type of cancer Risk ratio
Lietal. [129] SSB total cancer risk 12%
Makarem et al. [128] 50-g increase in total sugar intake total cancer risk 36%
Li et al. (2022) SSB colorectal carcinomas 14%
Makarem et al. [128] total sugar intake hepatocellular carcinomas 88%
Lietal. [129] SSB hepatocellular carcinomas 100%
Llaha et al. [130] SSB hepatocellular carcinomas 89%
Lietal. [129] SSB breast carcinomas 21%
Llaha et al. [130] SSB breast carcinomas 14%
Lietal. [133] SSB breast carcinomas 4%
Lietal. [129] SSB prostate carcinomas 14%
Llaha et al. [130] SSB prostate carcinomas 18%
Llaha et al. [130] fruit juice prostate carcinomas 3%
Carroll et al. [125] fructose colorectal carcinomas 30%

@ Springer



Clinical Oral Investigations (2026) 30:490

Page90of 26 490

Cardiometabolic risk factors

The literature review identified a total of 47 studies on car-
diometabolic and cardiovascular risk factors [32, 74, 83, 84,
136-178]. The risk ratio for cardiometabolic and cardiovas-
cular outcomes associated with SSB consumption are shown
in Table 4. Of these, 13 studies investigated the effects of
sugar consumption on blood pressure. Eleven studies found
apositive association between added sugar and hypertension
[141, 146, 153, 157-162, 173, 178], and two did not [155,
170]. Consumption of SSB was associated with increased
risk of hypertension by 6-21% [141, 146, 157-160, 175,
176]. Five studies found a statistically significant associa-
tion between SSB intake and stroke risk, with an increase
between 6% and 13% per serving [84, 154, 159, 166, 171].
Eleven studies associated SSB consumption with cardiovas-
cular disease, of which ten studies found a statistically sig-
nificant positive association [32, 74, 83, 145, 147, 149, 165,
167, 172, 179]. Cardiovascular mortality was found associ-
ated to increase between 8 and 24% due to high consump-
tion of SSB [142]. Another study found a 17% higher risk
of coronary heart disease, 7% for stroke, and 8% for heart
failure per 250 ml SSB per day [172]. Findings regarding
fruit juice consumption showed neutral, beneficial effects or
no statistically significant associations [143, 148, 164, 169].
Overall, a statistically significant associations between
fruit juice consumption and cardiovascular disease were
observed. However, higher orange juice intake (> 500 ml/
day) was associated to lower cholesterol levels and inflam-
mation markers, whereas a statistically significant reduction

in fasting blood glucose was found with cherry juice [143].
No effect was found for other factors such as LDL or HDL.
Eight studies addressed the relationship between added/free
sugars and the risk of cardiometabolic disease [136, 137,
139, 140, 144, 152, 163, 168], two of which found a posi-
tive association [137, 152]. In summary, 25 included studies
show a statistically significant positive association between
SSBs and the risk of hypertension, stroke, coronary heart
syndrome, heart failure and cardiovascular mortality. The
available evidence was based on 15 studies [74, 84, 141,
143, 150, 152, 155-157, 160, 162, 165, 169, 174, 175] with
low, four studies [83, 136, 137, 168] with moderate, and
three studies [138, 176, 178] with high AMSTAR-2 quality
rating, 23 studies [32, 139, 142-149, 151, 153, 154, 158,
159, 161, 163, 164, 166, 167, 170, 171, 177] showed criti-
cally low quality (Supplementary Table 2).

Cognition and psyche

A total of 19 systematic reviews were included evaluating
the effect of sugar consumption and different cognitive per-
formances or disorders, e.g. attention deficit hyperactivity
disorder (ADHD), depression, anxiety Parkinson’s disease
(PD), mood, and hippocampal function [166, 173, 180-196].
SSB consumption was significantly associated with a higher
risk (17%) of cognitive disorders [189]. Two studies inves-
tigated the effects of sugar consumption on ADHD [181,
191]. Sugar and SSB consumption was significantly associ-
ated with an increased risk of ADHD symptoms by 22%
[191]. Unhealthy dietary patterns or Western diets including

Table 4 Summary of systematic reviews reporting the association between sugar intake and the risk of cardiometabolic outcomes

Study Exposition Cardiometabolic and cardiovascular outcome Risk ratio
Cheungpasitporn et al. [161] SSB hypertension 12%
Kim and Je [157] SSB hypertension 8%—12%
Schwingshackl et al. [141] SSB hypertension 7%
Xietal. [159] SSB hypertension 8%
Jayalath et al. [158] SSB hypertension 12%
Kim et al. [175] SSB hypertension 21%
Jamali et al. [176] SSB hypertension 13%
Malik et al. [160] SSB hypertension 6%
Santos et al. [84] SSB stroke 10%
Narain et al. [171] SSB stroke 13%
Wang et al. [166] SSB stroke 9%—12%
Xietal. [159] SSB stroke 6%

Qin et al. [74] SSB hypertension 10%
Meng et al. [32] SSB cardiovascular disease 9%
Bechthold et al. [172] SSB coronary heart syndrome 17%
Kazemi et al. [165] SSB cardiovascular mortality 10%—16%
Sun et al. [179] SSB cardiovascular risk 8%—13%
Bhagavathula et al. [142] SSB cardiovascular mortality 6%—24%
Huang et al. [145] SSB coronary heart disease 17%
Khan et al. [144] total sugars cardiovascular mortality 9%
Khan et al. [144] fructose cardiovascular mortality 8%
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refined cereals, high-fat dairy, desserts, sugar, sweets, and
soft drinks were associated with a 41% increased risk of
ADHD [181]. Sugar consumption was associated with
an immediate improvement in mood, while its long-term
effects were significantly detrimental to overall cognitive
health [192]. The risk of all-cause dementia in middle-aged
and older people increased 2.8-fold when consuming two
and more servings of SSB per day [187]. Three studies pro-
vided dose-response meta-analyses which demonstrated
similar results with an increased risk of depression by
5%—25% caused by SSB intake [173, 190, 195]. Two stud-
ies which investigated the association between SSB intake
and anxiety did not find any statistically significant results
[194, 196] and one confirmed higher SSB intake increased
the risk of anxiety by 34% [193].

Summarized, higher sugar intake, especially from SSB,
was associated with decreased cognitive performance,
including executive function, attention, memory, and deci-
sion-making, and was associated with an increased risk of
depression, attention deficit hyperactivity disorder and Par-
kinson’s disease. The available evidence was based on five
studies [182, 189, 191, 192, 196] with low, two studies [183,
193] with moderate, and six studies [173, 181, 187, 188,
190, 197] with high AMSTAR-2 quality rating, six studies
[166, 180, 184, 186, 194, 195] showed critically low quality
(Supplementary Table 2).

Other diseases and health outcomes
All-cause mortality and telomere length

Of the 15 included studies, eight systematic reviews exam-
ined the effects of consuming sugar-sweetened beverages
(SSBs) or fruit juices [74, 165, 176, 198-202] and four
examined the consumption of highly processed foods,
sweets and added sugars in relation to all-cause mortality
[163, 203-205]. All studies showed an increased risk in
mortality associated with increased consumption of sugar.
High consumption of SSB increased the all-cause mortality
risk by 4—12% [74, 165, 176, 198, 199] and cardiovascular
risk by 8-20% [199, 200, 204]. A daily sugar reduction of
5-40% or 100% substitution with sweeteners was associated
with a 0.2—4% reduction in the prevalence of obesity and a
3.7-5.5% reduction in all-cause mortality from chronic dis-
eases [206]. However, unlike SSB, no significant association
was found for an equivalent amount of fruit juice consump-
tion [201]. Two systematic reviews highlighted key dietary
influences on telomere length in children and adolescents
[207, 208]. There was a positive association between lon-
ger telomeres and the Mediterranean diet, higher intake of
whole grains, coffee, and tea, along with a reduced intake
of red meat. In contrast, the consumption of dairy products,
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sugars, SSBs, and refined cereals — particularly white bread
— was associated with a 37% increased risk of telomeres
shortening. Additionally, a diet with a high glycaemic load
was negatively associated with telomere length. With regard
to the current research question on the influence of sugar
on general health, the included systematic reviews had lim-
ited informative value due cofounding nutritional factors.
The available evidence was based on six studies [199-203,
205] with low and three studies [176, 207, 208] with high
AMSTAR-2 quality rating, five studies [74, 163, 165, 198,
204] showed critically low quality (Supplementary Table 2).

Blood values

The current review yielded 13 studies that investigated
blood value changes associated with sugar intake [103, 164,
178, 209-218]. The studies demonstrated that consumption
of SSB and sweets were associated with increased levels
of uric acid, whereas 100% fruit juice was associated with
decreased uric acid levels [209]. There was a significant rise
in postprandial triglycerides in hypercaloric trials linked to
high fructose consumption [210, 217]. One study focus-
ing on intermediate disease markers found that SSBs were
associated with worsening lipid markers and increased risk
coronary heart disease [211]. Furthermore, high SSB con-
sumption was significantly associated with an increase in
low-density lipoprotein cholesterol, decrease in high-den-
sity lipoprotein cholesterol and decrease in total cholesterol
[213,215].

The included studies showed that high sugar intake,
particularly in the form of fructose and SSBs, were sig-
nificantly associated with negative effects on lipid pro-
files, including increased LDL-C, decreased HDL-C, and
increased triglycerides. The available evidence was based
on three studies [103, 209, 219] with low and nine studies
1 [178, 211, 212, 214-219] with high AMSTAR-2 quality
rating, one study [164] showed critically low quality (Sup-
plementary Table 2).

Bone health

A total of three studies were found regarding sugar intake
and bone health [220, 221]. The studies demonstrated that
high sugar consumption, particularly SSB, was significantly
associated with reduced bone health. A carbonated bever-
age or cola intake was linked to increase the fracture risk
by 39% [220]. Increased consumption of SSB was asso-
ciated with a significantly higher risk of hip fractures in
men, while a modified Mediterranean Diet, which is low in
sugar, demonstrated a decreased risk of hip fractures [222].
Higher SSB intake was associated with an 5-20% reduction
in bone mineral density in adults [221]. In summary, SSB
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consumption was associated with an increased fracture risk
in children and adults, lower bone mineral density, and lack
of essential elements caused by milk replacement through
SSB. The available evidence was based on one study
[221] with low and two studies [203, 220] with moderate
AMSTAR-2 quality rating, no studies showed critically low
or high quality (Supplementary Table 2).

Inflammation

A total of three studies regarding sugar consumption and
inflammation were found [223-225]. Fructose-containing
sugars foods (SSB; sweetened dairy; sweetened dairy alter-
native [soy], 100% fruit juice, fruit, dried fruit, mixed fruit
forms, sweetened cereal grains and bars, sweets and desserts,
added nutritive sweetener, mixed sources with SSBs, and
mixed sources without SSBs) did not demonstrate any sig-
nificant influence on the level of C-reactive protein (CRP).
However, some sources of fructose, such as sweetened soy
beverages and 100% fruit juice, showed anti-inflammatory
effects, while other sources, e.g. SSBs were associated
with increased CRP levels [224]. Orange juice intake was
associated with a significant decrease in the inflammatory
cytokine IL-6 levels. However, markers such as C-reactive
protein and malondialdehyde (MDA) and general oxidative
stress did not show any significant decline [223].

In summary, the included studies showed a positive asso-
ciation between sugar consumption and increased levels of
pro-inflammatory markers such as interleukin-6 (IL-6), and
CRP. The available evidence was based on three studies
[223-225] with high AMSTAR-2 quality rating, no studies
showed critically low, low, nor moderate quality (Supple-
mentary Table 2).

Kidney disease

The literature analysis revealed three studies on the effects of
sugar consumption on kidney disease and urine production
[226-228]. A constant or reduced urine volume was observed
when 1 L of orange juice (10.5 g sugar/100 ml), cola (10.6 g
sugar/100 ml) or sucrose (5-20 g sugar/100 ml) were con-
sumed. The intake of 100—1000 mg honey per kilogram body
weight caused an increase in urine volume [226]. The risk of
chronic kidney disease was associated with an increase by
30%—58% linked to high SSB intake [227, 228]. In summary,
the two included studies on chronic kidney disease showed a
positive association with sugar consumption. However, the
significance is limited due to the limited data available. The
available evidence was based on one study [228] with moder-
ate AMSTAR-2 quality rating, two studies [226, 227] showed
critically low quality. No studies were available with high
AMSTAR quality (Supplementary Table 2).

Sleep duration

One study investigated the relationship between sugar con-
sumption and sleep [229]. Short sleep duration was defined
as less than 7-8 h per night in adults and less than 9-10
h per night in children. An inverse relationship was found
between sleep duration and consumption of SSB. Children
with insufficient sleep duration consumed on average 16%
more sugar, 18% more SSB, and 92% more energy drinks.
In adults, a 58% increase in sugar consumption (including
sugary energy drinks) was found to be significantly associ-
ated with shorter sleep duration. Since only cross-sectional
studies were included in this study, a significant association
was observed, but no conclusion on the causality of sugar
consumption and sleep. The available evidence was based
on one study [229] with moderate AMSTAR-2 quality rat-
ing, no studies showed critically low, low, nor high quality
(Supplementary Table 2).

Asthma

The umbrella review yielded two systematic reviews
regarding the relationship between SSB consumption
and asthma [230, 231]. In adults, a meta-analysis of five
studies found a significant associated increase in the prev-
alence of asthma by 37% with higher SSB intake. For chil-
dren, ten studies indicated a 14% higher risk of asthma
with high SSB consumption. SSB consumption was also
significantly associated with a 9% increased risk of wheez-
ing in children [230]. SSB intake was associated with an
increased risk of asthma by 28%, while 100% fruit juice
intake did not show any statistically significant association
[231]. Overall, the included studies found that SSB con-
sumption was significantly associated with an increased
risk of asthma and respiratory issues in both children and
adults. The available evidence was based on one study
[231] with moderate, and one study [230] with high
AMSTAR-2 quality rating, no studies showed critically
low quality (Supplementary Table 2).

Oral health
Caries and erosion

The literature review revealed 15 studies investigating the
effects of sugar consumption on the dental hard tissues, such
as caries or erosion [1-7, 164, 173, 232-237]. Apart from
one study, all reviews found a significant positive associa-
tion between sugar intake and caries. A significant positive
association with higher caries risk was found for both sug-
ary drinks and foods [1-5, 173, 232]. One study found a
positive association between the consumption of processed
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sugary and starchy foods and caries incidence [7]. A 18%
[236] — 57% increased risk of caries and 43% increased risk
of erosion were found, when comparing moderate to low
sugar consumption [4]. Moderate sugar consumers (1-2
SSB servings per day) showed a 22% higher DMFT value
compared to low sugar consumers (0—1 SSB serving per
day). In the same study, a further risk increase of 53% for
caries and 209% for erosions was observed when compar-
ing high with moderate sugar consumers. A strong increase
in the risk of caries was found up to a daily intake of 150
ml of SSBs comparing to no intake [4]. One study reported
that RCTs showed reduced enamel hardness and increased
erosion with 100% fruit juice consumption, whereas pro-
spective cohort studies found no associations with erosive
or carious lesions [6]. Two studies focused on sugar intake
and early childhood caries (ECC) and confirmed a strong
statistically significant association [235, 237]. Sugar intake
increases the risk of ECC by 224% [237].

In summary, a significant positive association was found
between sugar consumption and caries and/or erosions. The
available evidence was based on six studies [4, 5, 232, 235,
237, 238] with low, one study [3] with moderate, and three
studies [6, 7, 173] with high AMSTAR-2 quality rating, five
studies [1, 164, 233, 234, 236] showed critically low quality
(Supplementary Table 2).

Periodontal diseases

Four studies on sugar consumption and periodontal disease
were included [8-10, 15]. Three of these found a significant
positive association, one did not find a significant associa-
tion [10], however, the consumption of SSBs was associ-
ated to increase gingival bleeding and thus an increase in
the risk of periodontitis. Therefore, the authors described
added sugars from SSB as a risk factor in the development
of periodontitis [8]. The findings from one study demon-
strated a significant association between high-frequency
intake of sugary drinks or foods and an increased incidence
of periodontitis. A meta-analysis of the two included stud-
ies indicated an increased risk of periodontal disease [9].
Sugar reduction was associated with a significant reduction
in gingival inflammation [15]. One study did not find any
significant association between sugar consumption and peri-
odontal diseases [10]. The available evidence was based on
two studies [10, 15] with low and one study [8] with moder-
ate AMSTAR-2 quality rating, one study [9] showed criti-
cally low quality (Supplementary Table 2).

Oral microbiome

Two reviews on the effects of sugar consumption on the
oral microbiome were included, which found a significant
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Fig. 3 Risk of bias of the included studies assessed using AMSTAR-2

positive association [11, 12]. Both reviews found a signifi-
cantly associated reduced diversity of the oral microbiome
under high sugar consumption and a predominance of certain
species such as Streptococci, Scardovia, Veillonella, Rothia,
Actinomyces and Lactobacilli. The available evidence was
based on one study [11] with moderate AMSTAR-2 quality
rating, one study [12] showed critically low quality (Supple-
mentary Table 2).

Overall, the evidence consistently indicated that higher
sugar consumption was associated with an increased risk of
oral diseases, including caries, dental erosion, periodontal
disease, and unfavourable changes in the oral microbiome,
whereas sugar reduction appeared to have protective effects
on oral health.

Risk of bias analysis

All included articles were evaluated using AMSTAR-2
[20]. The methodological quality assessment classified the
included reviews into four categories: regarding method-
ological quality, 98 reviews were rated as critically low,
64 as low, 22 as moderate, and 44 as high according to
AMSTAR-2 [20] which are represented in the Fig. 3. Over-
all, 71% of the reviews were classified as having low or
critically low confidence in the results, indicating method-
ological weaknesses, whereas only 29% reached a moderate
or high level of confidence.

Discussion

This umbrella review aimed to summarise the evidence
from systematic reviews and meta-analyses regarding the
effects of sugar consumption on oral and general health.
The results revealed a consistent association between sugar
consumption, particularly from SSBs, and a wide range of
negative health outcomes, such as type 2 diabetes mellitus
(T2DM), gout, non-alcoholic fatty liver disease (NAFLD),
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obesity, metabolic syndrome, dental caries, periodontal dis-
eases, and increased all-cause mortality. Figure 4 summa-
rizes these negative outcomes visually. The most consistent
evidence with best AMSTAR-2 quality across the included
reviews was found for cardiometabolic outcomes, particu-
larly obesity-related measures and type 2 diabetes mellitus,
which were repeatedly confirmed by several independent
meta-analyses [19, 82, 150, 160]. Additionally, the asso-
ciations with cardiovascular diseases, certain types of can-
cer and declined bone health, cognitive and mental health
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disorders were observed. However, the AMSTAR-2 quality
rating revealed a need for further high-quality systematic
reviews for outcomes regarding cancer, bone health, kidney
diseases, sleep, non-alcoholic fatty liver disease, fertility,
and the oral microbiome (Supplementary Table 2).

The findings of this umbrella review are consistent with
the WHO [14] recommendations and the conclusions of
Huang et al. [19], which indicate that high dietary sugar
consumption is generally more harmful than beneficial
for health and reduced intake is recommended to mitigate

Diabetes mellitus type 2
Increase in body weight

Cancer:
Colorectal cancer
Liver cancer
Pancreatic cancer
Breast cancer
Prostate cancer

Increase in inflammation

Sleep disorder

)
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Fig. 4 Illustration of the multisystem oral and general health outcomes associated with high sugar consumption found in this umbrella review
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adverse outcomes. Reducing sugar consumption and limit-
ing SSB intake further underline the need for both behav-
ioural prevention (e.g. in kindergartens, schools, hospitals,
nursing homes, dental practices, medical settings, work-
places) and structural prevention measures, such as sugar
taxes and other policy regulations.

The included reviews repeatedly reported associations
between sugar consumption and metabolic disorders as well
as weight gain. High consumption of SSB was associated a
significant increase in T2DM risk (13—31% per serving/day)
and insulin resistance. Obesity or metabolic syndrome were
described as mediators between the consumption of SSBs
and T2DM [29, 34, 81, 205]. High blood glucose levels lead
to increased levels of inflammation markers, such as C-reac-
tive protein, which is also linked to the risk of diabetes [25].
Similarly, the positive association between SSB intake and
NAFLD risk (~ 39-40%) can be explained by the fact that
excessive fructose intake promotes hepatic triglyceride
accumulation, leading to oxidative stress in hepatocytes and
subsequent inflammatory responses in the liver [69]. Under
conditions of excess energy intake, fructose-containing
sugar-sweetened beverages may further promote de novo
lipogenesis and intrahepatocellular fat accumulation [70,
71]. The primary mechanism by which increased sugar con-
sumption promotes weight gain seems to be excessive calo-
rie intake. Liquid sugars such as SSB may increase the risk
of weight gain compared to solid foods because of reduced
satiety of liquid sugary foods and intensified total energy
intake [81]. The AMSTAR-2 rating showed several moder-
ate to high quality studies in the field of metabolic disor-
ders. However, especially in the field of T2DM and NAFLD
additional high-quality studies would further strengthen the
evidence base.

Metabolic syndrome is characterized by central obe-
sity, hypertension, hyperglycaemia, elevated triglycerides,
and low levels of HDL cholesterol [105]. Excess calorie
intake, high fructose, ASB, or SSB consumption can lead to
increased triglyceride synthesis, reduced insulin sensitivity,
and hyperglycaemia. High fructose intake is associated with
increased systolic and diastolic blood pressure and weight
gain, particularly visceral obesity. All these factors are asso-
ciated with unhealthy dietary patterns and lifestyles. Diet,
especially high intake of fructose, seems to play a key role
[104-106, 108].

The authors of several systematic reviews described dif-
ferent pathomechanisms of inflammation as a response to
sugar consumption. Sugar, particularly fructose, lead to
metabolic processes that initiate increased production of
uric acid in the liver and free fatty acids, which can activate
immunological responses as well as oxidative stress [223—
225]. The increased level of uric acid activates reactive oxy-
gen species, which, can cause damage to cellular structures.
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Regular sugar intake is associated with chronic inflamma-
tory conditions such as type 2 diabetes, IBS and cardiovas-
cular disease. Moreover, sugar intake is associated with gut
microbiome disbalance, specifically, decreased microbiotic
diversity and associated with an increased amount of harm-
ful bacteria, which initiate the production of lipopolysac-
charides, increased intestinal permeability, immune system
activation, another trigger of high cytokine production [67].

High sugar intake seems to negatively affect sperm qual-
ity through increased blood sugar and insulin production.
In long-term, this may lead to insulin resistance and affect
the hypothalamic-pituitary-gonadal (HPG) axis, which reg-
ulates male reproductive function and leads to imbalance
in the testosterone-estrogen ratio in the body. Furthermore,
increased sugar consumption was found to be associated
with higher production of reactive oxygen species, which
may lead to DNA damage in sperm and to lower sperm
production [116, 117]. Beyond this, high sugar intake may
accelerate biological ageing by increasing oxidative stress
and chronic inflammation, which are associated with accel-
erated telomere shortening and reduced cellular longevity
[207, 208].

The significant association of sugar consumption to can-
cer forms such as pancreatic [128, 130, 198], colorectal [ 128,
198], liver [130, 198], breast [130, 198], and prostate can-
cers [130, 198] was a major finding of the umbrella review.
The range of the increase in risk was strongly depending
on the type of cancer and the sugar source (total cancer risk
varied between 12 and 36%). A link between colorectal
cancer and sugar or sugar-sweetened beverage consump-
tion may be mediated by increased insulin production and
the associated accumulation of visceral adipose tissue lead-
ing to obesity. Insulin is a growth factor for colon cells and
increases the risk of colorectal cancer. Patients with gastric
cancer showed increased IGF-1 levels compared to healthy
patients [135]. However, there seem to be still a need of
high-quality systematic reviews in this field to strengthen
the evidence base.

Higher sugar intake, especially from SSB, was associ-
ated with poorer cognitive performance, increased risk of
ADHD, depression, and neurodegenerative diseases. The
included studies suggested that SSB and sugar consumption
were associated with anxiety, depression, stress, and nega-
tive emotions. Moreover, there was a bidirectional relation-
ship between depression and obesity and between depression
and type 2 diabetes [173]. The possible pathomechanism
of anxiety/depression and soft drink consumption can be
explained by endothelial dysfunction or a higher level of
inflammation. Furthermore, glucose boosts the production
and release of acetylcholine in the hippocampus which may
also lead to gamma-aminobutyric acid release. High sugar
consumption seemed to provoke gastrointestinal discomfort
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or reactive hypoglycemia and activated neurotransmitter
functions and seems to be linked to a lack of essential nutri-
ents such as iron and zinc. All these factors are known to
worsen ADHD symptoms [181, 191].

SSB consumption was associated with lower bone min-
eral density and increased fracture risk because of increased
urinary calcium loss and bone mineralization disorders. The
phosphoric acid in SSB can also impair calcium absorption,
raising the risk of fractures and osteoporosis. Additionally,
higher levels of C-reactive protein may lead to increased
bone resorption and chronic inflammation [220-222]. With
regard to the high prevalence of both osteoporosis and high
sugar consumption, more high-quality systematic reviews
are needed. SSB intake may also significantly increase the
risk of asthma. Regarding the underlying mechanisms,
sugar has been shown to trigger inflammatory reactions
which are associated with C-reactive protein and additives
such as sodium benzoate and sulfites, which could also play
a part in asthma development.

Based on the presented associations between sugar
intake and multiple chronic diseases, it is not surprising that
sugar consumption was also linked to increased all-cause
mortality (increased risk ~ 4-12%), particularly through
its contribution to cardiovascular risk. High sugar intake
negatively affected lipid profiles, increasing LDL, decreas-
ing HDL, and raising triglycerides [103, 213]. High con-
sumption of SSBs and ASBs may contribute to increased
mortality risk, through cardiovascular mechanisms. This
highlights the potential importance of limiting sweetened
beverage intake as part of strategies to reduce long-term
health risks [198]. Because of their high caloric content,
moderate-to-high glycemic index, and low satiety effect,
increased intake of sugar-sweetened beverages is associ-
ated with weight gain, insulin resistance, inflammation,
and atherogenic dyslipidemia [200]. Additionally, both
sugar- and artificially sweetened beverages may contribute
to metabolic disturbances through appetite dysregulation,
altered gut microbiota, potentially leading to excess energy
intake and increased cardiometabolic and mortality risk (~
8-24% increased risk) [74].

Finally, the results of this umbrella review demonstrated
a consistent association between higher intake of free sugar
and adverse oral health outcomes, including dental caries (~
18—43% increased risk), ECC, dental erosion, and periodon-
tal diseases. The risk increased proportionally with sugar
consumption levels. The frequent intake of sugar, especially
more than 5% of the daily energy intake, was associated
with a higher risk of caries and dental erosion [5-7, 232].
Dental caries arises when oral bacteria metabolise sugars
into acids that lower biofilm pH below the critical threshold
for enamel demineralisation. Sugar-sweetened beverages
further increase caries risk by combining high sugar content

with intrinsic acidity, leading to sustained tooth surface loss
[4]. Early childhood caries (ECC) is common worldwide in
preschool children and can negatively affect health, nutri-
tion, and quality of life [237]. Sugar intake can promote
gingivitis by increasing plaque accumulation and by bacte-
rial sugar metabolism into pro-inflammatory acids that irri-
tate the gingiva. In addition, systemic effects of free sugars,
such as hyperglycaemia and impaired immune responses,
may further increase gingival inflammation [15]. Periodon-
tal diseases were also linked to sugar intake, possibly due to
its effect on chronic gingival inflammation, impaired bone
metabolism, which together increase susceptibility to alveo-
lar bone loss and microbiome changes [10]. Due to the pro-
duction of adhesins and polysaccharides, the bacteria easily
attach to the tooth surface, making them one of the triggers
of dental caries. The authors described Streptococci as one
of the dominant genera in the oral microbiome [11, 12].
While the evidence base and the quality of studies on dental
caries with 15 included studies can be considered robust,
more high-quality systematic reviews on periodontal dis-
eases and the oral microbiome are needed, as only four and
two studies could be included, respectively.

Implications for oral and general health, and dental
professionals

Oral diseases seem to represent the earliest and most consis-
tently documented health consequences of excessive sugar
consumption. In contrast to many presented chronic non-
communicable diseases, which often develop over decades,
adverse effects on oral tissues—including dental caries,
alterations of the oral microbiome and periodontal inflam-
mation—may occur within relatively short periods of sus-
tained high sugar intake. Consequently, oral diseases may
serve as early clinical indicators of an unhealthy dietary pat-
tern. While the association between free sugar intake and
dental caries has long been established, the present umbrella
review demonstrates that the potential oral consequences of
excessive sugar consumption extend beyond caries alone.
The available evidence further indicates that dietary sugar
may contribute to gingival and periodontal inflammation,
although the certainty of evidence is lower than for dental
caries. Experimental and clinical studies suggest that exces-
sive free sugar intake may promote a pro-inflammatory
environment through systemic metabolic effects, altered
immune responses and microbiome-mediated mechanisms.
However, the methodological quality of the currently avail-
able systematic reviews remains heterogeneous, and further
high-quality prospective studies are required to clarify these
associations.

From a clinical perspective, these findings reinforce the
central role of dental professionals in dietary counselling.

@ Springer
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Fig. 5 Shared health effects of a sugar reduction promoted by the dental professional based on the findings of the umbrella review

Because dental practitioners routinely examine patients
throughout life and frequently identify early manifestations
of sugar-related diseases, they are uniquely positioned to
promote dietary modification before systemic complications
become clinically apparent. Integrating dietary counselling
into routine dental care therefore represents an important
opportunity to simultaneously improve oral health and
contribute to the prevention of chronic non-communicable
diseases within the framework of the common risk factor
approach (Fig. 5).

Strengths and Limitations

Most included studies confirmed the adverse health effects of
sugar consumption in its multiple forms. Most of the inves-
tigations were related to SSB consumption. However, dur-
ing data extraction, particularly in relation to sugar-specific
exposures, it became apparent that several studies (exclud-
ing those investigating neonatal analgesia) examined sugar
intake only as a part of dietary patterns. In consequence,
the reported negative outcomes are likely related not only

@ Springer

to sugar, but to a cluster of lifestyle factors, including con-
sumption of SSB and ASB, excessive caloric-, processed
foods- and saturated fats, lower level of physical activity,
and increased screen time. These factors may represent a
generalized lifestyle pattern, often related to the populations
with lower health awareness. Additionally, under real-life
conditions, accurately quantifying individual sugar intake
remains methodologically challenging.

It should be noted that two reviews [69, 71] reported
conflicts of interest with beverage/food manufacturers
(e.g. Coca-Cola, Dr. Pepper Snapple Group, Unilever), the
Canadian Sugar Institute or the International Life Sciences
Institute (ILSI). Some studies were funded by The Peanut
Institute, Barilla, Unilever, Unico, Primo, Loblaw Compa-
nies, Quaker (PepsiCo), Pristine Gourmet, Bunge Limited,
Kellogg Canada, WhiteWave Foods [209], Unilever, a com-
mercial food and beverage manufacturer [61]. Liska et al.
[6] stated cooperation with juice product associations but
found a positive association of fruit juice consumption with
erosion in their review. Seven studies regarding cardiometa-
bolic risk factors reported conflicts of interest with the sugar
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industry or associations such as the World Sugar Research
Organization [139, 140, 144, 146, 155, 158, 165, 170]. It is
striking that, except for the review by Gibson et al., all stud-
ies involved the same authors with a conflict of interest. Of
these seven studies with conflict of interest, four found no
positive associations, while Jayalath et al., Kazemi et al. and
Liu et al. found positive associations of sugar-sweetened
beverages with cardiovascular disease.

Several methodological limitations should be considered.
First, several included systematic reviews were rated as low
or critically low according to AMSTAR-2. Second, overlap
of primary studies between reviews was not formally quan-
tified and may therefore have increased the apparent amount
of evidence. Third, exposure definitions and heterogeneity
varied considerably across reviews, including free sugars,
added sugars, sugar-sweetened beverages, total sugars and
dietary patterns. Fourth, as this umbrella review aimed to
summarise and compare findings from published systematic
reviews rather than to re-evaluate the certainty of evidence
for individual associations, no additional GRADE assess-
ment was conducted. Instead, the methodological qual-
ity of the included systematic reviews was assessed using
the AMSTAR-2 tool. For further meta-analysis we refer
to Huang et al. [19]. Finally, because most underlying evi-
dence originated from observational studies, causal conclu-
sions cannot be drawn. The search results were limited to
English and German publications.

Conclusions

High sugar intake, particularly from sugar-sweetened bever-
ages, was consistently associated with an increased risk of
oral diseases such as dental caries, gingivitis and periodon-
titis, as well as systemic conditions including obesity, type
2 diabetes mellitus, cardiovascular diseases, non-alcoholic
fatty liver disease, and metabolic syndrome. These findings
indicate the clinical relevance of sugar reduction for main-
taining oral health, underlining the specific preventive role of
dentistry through early identification, patient education, and
support for reducing free sugar intake. Consequently, limit-
ing sugar consumption constitutes a key strategy not only for
improving oral health but also for contributing to compre-
hensive public health prevention efforts. Dental professionals
help prevent disease by supporting patients in reducing sugar
intake, which is important for both oral and general health.
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