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There is a worldwide epidemic of obesity and its associated metabolic dysfunction.
Dietary fructose intake is a risk factor for the development of poor metabolic health. In
this Special Issue of Nutrients titled “Fructose Metabolism and Metabolic Health Effects”,
we compiled a series of manuscripts reporting on the detrimental health effects of dietary
fructose. The first two manuscripts interrogate fructose intake on human health, one
manuscript broadens our mechanistic understanding of fructose-induced metabolic path-
ways in mice, and the last two manuscripts offer in-depth reviews of fructose intake on the
gut microbiome and developmental reprogramming. Together these reports advance our
understanding of this complex sugar and bring us closer to fully identifying the metabolic
sequelae of excess dietary fructose intake.

Fructose is a monosaccharide most commonly consumed as a caloric sweetener in
the form of high-fructose corn syrup (HFCS) or table sugar, sucrose. In this Special Issue,
Sigala et al. examined the effects of HFCS comprising 0, 10, 17.5, or 25 percent of the daily
energy requirements for two weeks in eighty-five young adults 18-40 years of age [1].
They found a dose-dependent increase in hepatic lipid content and a decrease in insulin
sensitivity with increasing doses of dietary fructose intake. This study suggests that even
short-term fructose intake in the amounts commonly consumed in our diets is sufficient to
support the development of metabolic dysfunction.

On the other hand, rather than studying added fructose, Radulescu et al. studied the
effects of dietary counseling aimed at reducing the intake of obesogenic foods in a real-life
clinical setting in one hundred and sixty-five patients aged 2-18 years old [2]. They found
that subjects who were able to reduce their body mass index consumed significantly fewer
foods that were high in sugar compared to the subjects who were not successful in reducing
their BML Interestingly, both reports studied fructose intake in predominantly adolescent
or young adult populations. Notably, adolescents and young adults are the two age groups
that consume more sugar than any other group [3]. Therefore, these groups may be ideal
target populations to advocate for reducing their sugar intake.

There are several proposed mechanisms by which fructose metabolism supports the
development of metabolic dysfunction. They include the strong propensity of fructose
to induce hepatic de novo lipogenesis [4,5], decrease fatty acid oxidation [6,7], increase
uric acid production [8,9], and, more recently, enhance protein acetylation [10], which
induces protein misfolding and ER stress [11]. The manuscript by Doridot et al. used
a systems approach to identify the pathways in the liver that mediate fructose-induced
metabolic dysfunction [12]. They found that the pathways mediating an increase in serum
triglycerides and insulin are distinct from those that associate with fructose-mediated
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changes in body weight and liver triglycerides. They conclude that multiple independent
mechanisms may contribute to different aspects of fructose-induced metabolic disease, a
concept that unifies the studies mentioned above.

The numerous deleterious effects on metabolic health are not only confined to the sub-
ject consuming high amounts of dietary fructose. Hsu et al. reviewed the current evidence
supporting the link between maternal fructose intake and developmental reprogramming
in offspring [13]. They focused on gut microbiota and gut microbiota-targeted therapy
as a mediator of developmental programming that primes for adult-onset disease or as a
potential approach to mitigate the global burden of fructose-related disorders, respectively.
In the same light, Thompson et al. extended the review of the evidence linking a mater-
nal fructose diet and offspring microbiome but also summarized the effect on offspring
hypertension, glucose tolerance, lipid metabolism, cognition, and retinopathy [14]. These
reviews underscore the importance of fructose restriction, not only for the subjects at risk
but also for subsequent generations. Moreover, similar to the aforementioned studies in
humans, these reviews address young female patients of reproductive age as the target
population for intervention.

In summary, dietary fructose intake is a risk factor for the development of metabolic
dysfunction. Even moderate, short-term fructose intake can impair metabolic health,
whereas fructose restriction has the potential to improve obesity and its associated com-
plications. There are multiple simultaneous mechanisms by which fructose exerts these
functions, which explains the strong penetrance of its effects not only in directly exposed
subjects but also in their subsequent generations. The primary target population to benefit
from fructose restriction or pharmacotherapy targeting fructose metabolism may be adoles-
cents and young adults, as metabolic dysfunction in this age group is driven by the severity
of obesity despite the relatively young age of the patients [15]. Overall, these studies ad-
vance our understanding of how excess dietary fructose impacts metabolic health and how
specific interventions can mitigate these impacts. Nevertheless, the continued interrogation
of the mechanisms that drive and optimal interventions against fructose-induced metabolic
disease remains an important avenue through which to combat the ongoing epidemic of
obesity and metabolic syndrome.

Author Contributions: S.S., M.A.L. and B.D. wrote and edited the manuscript. All authors have read
and agreed to the published version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Sigala, D.M.; Hieronimus, B.; Medici, V,; Lee, V.; Nunez, M.V.; Bremer, A.A.; Cox, C.L.; Price, C.A.; Benyam, Y.; Abdelhafez, Y.; et al.
The Dose-Response Effects of Consuming High Fructose Corn Syrup-Sweetened Beverages on Hepatic Lipid Content and Insulin
Sensitivity in Young Adults. Nutrients 2022, 14, 1648. [CrossRef] [PubMed]

Radulescu, A,; Killian, M.; Kang, Q.; Yuan, Q.; Softic, S. Dietary Counseling Aimed at Reducing Sugar Intake Yields the Greatest
Improvement in Management of Weight and Metabolic Dysfunction in Children with Obesity. Nutrients 2022, 14, 1500. [CrossRef]
Vos, M.B.; Kimmons, ].E.; Gillespie, C.; Welsh, J.; Blanck, H.M. Dietary fructose consumption among US children and adults: The
Third National Health and Nutrition Examination Survey. Medscape |. Med. 2008, 10, 160.

Softic, S.; Cohen, D.E.; Kahn, C.R. Role of Dietary Fructose and Hepatic De Novo Lipogenesis in Fatty Liver Disease. Dig Dis. Sci.
2016, 61, 1282-1293. [CrossRef] [PubMed]

Softic, S.; Gupta, M.K.; Wang, G.X.; Fujisaka, S.; O’'Neill, B.T.; Rao, T.N.; Willoughby, J.; Harbison, C.; Fitzgerald, K,
Ilkayeva, O.; et al. Divergent effects of glucose and fructose on hepatic lipogenesis and insulin signaling. J. Clin. Invest. 2017, 127,
4059-4074. [CrossRef] [PubMed]

Inci, M.K,; Park, S.H.; Helsley, R.N.; Attia, S.L.; Softic, S. Fructose Impairs Fat Oxidation: Implications for the Mechanism of
Western diet-induced NAFLD. J. Nutr. Biochem. 2022, 114, 109224. [CrossRef] [PubMed]

Softic, S.; Meyer, ].G.; Wang, G.X.; Gupta, M.K.; Batista, T.M.; Lauritzen, H.; Fujisaka, S.; Serra, D.; Herrero, L.; Willoughby, J.; et al.
Dietary Sugars Alter Hepatic Fatty Acid Oxidation via Transcriptional and Post-translational Modifications of Mitochondrial
Proteins. Cell Metab. 2019, 30, 735-753.e4. [CrossRef] [PubMed]

Lanaspa, M.A.; Sanchez-Lozada, L.G.; Cicerchi, C.; Li, N.; Roncal-Jimenez, C.A; Ishimoto, T.; Le, M.; Garcia, G.E.; Thomas, ].B.;
Rivard, C.J.; et al. Uric acid stimulates fructokinase and accelerates fructose metabolism in the development of fatty liver. PLoS
ONE 2012, 7, €47948. [CrossRef] [PubMed]


https://doi.org/10.3390/nu14081648
https://www.ncbi.nlm.nih.gov/pubmed/35458210
https://doi.org/10.3390/nu14071500
https://doi.org/10.1007/s10620-016-4054-0
https://www.ncbi.nlm.nih.gov/pubmed/26856717
https://doi.org/10.1172/JCI94585
https://www.ncbi.nlm.nih.gov/pubmed/28972537
https://doi.org/10.1016/j.jnutbio.2022.109224
https://www.ncbi.nlm.nih.gov/pubmed/36403701
https://doi.org/10.1016/j.cmet.2019.09.003
https://www.ncbi.nlm.nih.gov/pubmed/31577934
https://doi.org/10.1371/journal.pone.0047948
https://www.ncbi.nlm.nih.gov/pubmed/23112875

Nutrients 2023, 15, 3162 30f3

10.

11.

12.

13.

14.

15.

Sanchez-Lozada, L.G.; Andres-Hernando, A.; Garcia-Arroyo, EE.; Cicerchi, C.; Li, N.; Kuwabara, M.; Roncal-Jimenez, C.A;
Johnson, R.J.; Lanaspa, M.A. Uric acid activates aldose reductase and the polyol pathway for endogenous fructose and fat
production causing development of fatty liver in rats. J. Biol. Chem. 2019, 294, 4272-4281. [CrossRef] [PubMed]

Helsley, RN.; Park, S.H.; Vekaria, H.J.; Sullivan, P.G.; Conroy, L.R.;; Sun, R.C.; Romero, M.D.M.; Herrero, L.; Bons, J;
King, C.D; et al. Ketohexokinase-C regulates global protein acetylation to decrease carnitine palmitoyltransferase la-mediated
fatty acid oxidation. J. Hepatol. 2023, 79, 25-42. [CrossRef] [PubMed]

Park, S.H.; Helsley, RN.; Fadhul, T.; Willoughby, J.L.S.; Noetzli, L.; Tu, H.C.; Solheim, M.H.; Fujisaka, S.; Pan, H,;
Dreyfuss, ].M.; et al. Fructose induced KHK-C can increase ER stress independent of its effect on lipogenesis to drive liver disease
in diet-induced and genetic models of NAFLD. Metabolism 2023, 145, 155591. [CrossRef] [PubMed]

Doridot, L.; Hannou, S.A.; Krawczyk, S.A.; Tong, W.; Kim, M.S.; McElroy, G.S.; Fowler, A.]J.; Astapova, L.I; Herman, M.A. A
Systems Approach Dissociates Fructose-Induced Liver Triglyceride from Hypertriglyceridemia and Hyperinsulinemia in Male
Mice. Nutrients 2021, 13, 3642. [CrossRef] [PubMed]

Hsu, C.N.; Yu, H.R.; Chan, J.Y.H.; Wu, K.L.H.; Lee, W.C.; Tain, Y.L. The Impact of Gut Microbiome on Maternal Fructose
Intake-Induced Developmental Programming of Adult Disease. Nutrients 2022, 14, 1031. [CrossRef] [PubMed]

Thompson, M.D.; DeBosch, B.J. Maternal Fructose Diet-Induced Developmental Programming. Nutrients 2021, 13, 3278. [Cross-
Ref] [PubMed]

Radulescu, A.; Dugan, A.J.; Killian, M.; Attia, S.L.; Mouzaki, M.; Fuchs, G.J.; Kohli, R.; Bada, H.; Kern, P.A_; Softic, S. Stratification
by obesity class, rather than age, can identify a higher percent of children at risk for non-alcoholic fatty liver disease and metabolic
dysfunction. Pediatr. Obes 2021, 17, €12862. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1074/jbc.RA118.006158
https://www.ncbi.nlm.nih.gov/pubmed/30651350
https://doi.org/10.1016/j.jhep.2023.02.010
https://www.ncbi.nlm.nih.gov/pubmed/36822479
https://doi.org/10.1016/j.metabol.2023.155591
https://www.ncbi.nlm.nih.gov/pubmed/37230214
https://doi.org/10.3390/nu13103642
https://www.ncbi.nlm.nih.gov/pubmed/34684643
https://doi.org/10.3390/nu14051031
https://www.ncbi.nlm.nih.gov/pubmed/35268005
https://doi.org/10.3390/nu13093278
https://doi.org/10.3390/nu13093278
https://www.ncbi.nlm.nih.gov/pubmed/34579155
https://doi.org/10.1111/ijpo.12862
https://www.ncbi.nlm.nih.gov/pubmed/34662928

	References

