
Fructose in Insulin Resistance-
Focused on Diabetes 

순천향대학교 부천병원 

내분비내과  

정 찬희 

 



Introduction 
 
Unique characteristics of Fructose Metabolism 
 
Mechanism for Fructose-Induced Insulin Resistance 
 
Epidemiological Studies 
 : Fructose intake and Type 2 diabetes 
 
Summary 
 
 



• While virtually absent in our diet a few hundred years ago, 
fructose has now become a major constituent of our modern diet. 

• Old hypothesis 
Excessive intake of sugar, and in particular fructose, may be an 

important cause of T2DM. 

=by Frederick Allen (1910년대) 

=In 1960s, Campbell and Yudkin resurrected 

=after, largely been eschewed 

Restriction of sugar had not been recommended as a means to 
prevent diabetes by the ADA before 

 

Fructose 



Johnson R J et al. Endocrine Reviews 2009;30:96-116 

Parallel epidemic of diabetes and sugar consumption 



Introduction 
 
Unique characteristics of Fructose Metabolism 
 
Mechanism for Fructose-Induced Insulin Resistance 
 
Epidemiological Studies 
 : Fructose intake and Type 2 diabetes 
 
Conclusions 
 
 



BMC Biology 2012;10:42 

Metabolism of fructose in the liver 



Physiol Rev 2010:90:23 

Glucokinase (hexokinase) 

Phosphofructokinase 

lactate 

Metabolism of fructose in the liver 



Endocr Rev 2009:30:96 

Unique characteristics of Fructose metabolism  



• Fructose differs from glucose in metabolism 

 
– Different transporters and enzymes involved in its metabolism 

 

– Positive feedback system in which fructose up-regulates its 
transporter as well as fructokinase 

 

– Highly lipogenic 

 

– Stimulate uric acid production 

 

– Does not signal insulin release or require insulin  

    : catalytic concept 
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Fructose-Induced Insulin Resistance 

• Classic obesity-associated mechanisms 

Fructose ingestion and satiety responses 

• Independent of weight gain or differences in 
energy intake 

Fructose-induced dyslipidemia 

Fructose-induced hyperuricemia 

Fructose-induced inflammation 

Fructose-induced leptin resistance 

Role of the gut in mediating the fructose response : 
endotoxin 



NEJM 2011;364:2392 

  Changes in diet and lifestyle and long-term weight gain in    
   women and men  

N=120,877,  
1986 to 2006 



Mean weight in 1991, 1995, and 1999 according to trends in sugar-
sweetened soft drink consumption in 1969 women who changed 
consumption from 1991 to 1995 and either changed or maintained level 
of consumption until 1999 : Nurses Health Study II  

JAMA 2004;292:927 

            
            Sugar-Sweetened Beverages and weight gain 
 



Ann Intern Med 2012;156:291 

Effect of fructose on body weight in controlled feeding trials 



Plasma glucose and insulin concentrations during a 24-h period in  

12 women consuming HGl or HFr beverages with each meal.  

Teff K L et al. JCEM 2004;89:2963-2972 

           Fructose ingestion and Satiety Responses 



Change of plasma leptin and ghrelin concentrations in 12 women 

 consuming HGl or HFr beverages with each meal.  

Teff K L et al. JCEM 2004;89:2963-2972 



Consuming fructose-sweetened, not glucose-
sweetened, beverages increases visceral adiposity and 
lipids and decreases insulin sensitivity in overweight 

/obese humans 

Beverages providing 25% of energy 
requirements for 10 weeks 

J Clin Invest 2009;119:1322 



Fructose-Induced Insulin Resistance 

• Classic obesity-associated mechanisms 

Fructose ingestion and satiety responses 

• Independent of weight gain or differences in 
energy intake 

Fructose-induced dyslipidemia 

Fructose-induced hyperuricemia 

Fructose-induced inflammation, oxidative stress 

Fructose-induced leptin resistance 

Role of the gut in mediating the fructose response : 
endotoxin 

 



Am J Clin Nutr 1989;49:1155 

Insulin action was assessed by using the hyperinsulinemic 
clamp in rats fed equal amounts of glucose or fructose (35% 
of calories) for 4 wks 

      Fructose-induced in vivo insulin resistance in rats 



Am J Clin Nutr 1980;33:273 

Insulin tolerance test 
 A: High glucose feeding 
 B: High fructose feeding 

Insulin binding to monocytes 
from high-frutose feeding 

Diet and 1000kcal extra for 1wks 

    Impaired cellular insulin binding and insulin sensitivity 
      induced by high-fructose feeding in normal subjects 



Teff K L et al. JCEM 2009;94:1562-1569 

consuming Fructose-and Glucose-Sweetened 
Beverages with meals in obese men and women 
(n=17, 30% of total calories) 

     Influence of Insulin resistance on plasma Triglyceride 
     responses  



TG responses to consumption of glucose-sweetened and fructose-sweetened 

beverages with meals in insulin-sensitive (n = 10) and insulin-resistant obese 

subjects (n = 7).  

Teff K L et al. JCEM 2009;94:1562-1569 
© 2009 by Endocrine Society 

     Influence of Insulin resistance on plasma Triglyceride 
     responses  



Beverages providing 25% of energy 
requirements for 10 weeks 

J Clin Invest 2009;119:1322 

   Consuming fructose-sweetened, not glucose-sweetened,     
   beverages increases lipids in overweight /obese humans 





Tappy L , and Lê K Physiol Rev 2010;90:23-46 

     Possible mechanisms involved in fructose-induced    
     dyslipidemia 



Physiol Rev 2010:90:23 

Stimulation of FA synthesis 
1) Unregulated provision of triose-P and acetyl-CoA 
2) Increased expression of key lipogenic genes 

        Mechanisms for fructose-induced de novo lipogenesis 



Elliott S S et al. Am J Clin Nutr 2002;76:911-922 

Unique metabolic disturbances underlie the induction of  

insulin resistance 



J Clin Invest 2000;106:171 

Mechanism of fatty acid 
induced IR in skeletal muscle 
as proposed by Randle et al. 

Proposed alternative 
mechanism for fatty acid-
induced IR in human 
skeletal muscle 



Fructose-Induced Insulin Resistance 

• Classic obesity-associated mechanisms 

Fructose ingestion and satiety responses 

• Independent of weight gain or differences in 
energy intake 

Fructose-induced dyslipidemia 

Fructose-induced hyperuricemia 

Fructose-induced oxidative stress and inflammation 

Fructose-induced leptin resistance 

Endotoxin mediated inflammation, lipogenesis 



Endocr Rev 2009:30:96 

         Fructose, hyperuricemia, and insulin resistance 



Effects of allopurinol 
(AP) treatment for 
hyperuricemia on 
metabolic parameters 
in fructose-fed(Fr) rats 

Am J Physiol Renal Physiol 2006;290:F625 



Relative risk of incident gout in men according to levels of soft drink 
consumption 

RR of incident gout in men according to fructose intake 

BMJ 
2008;336:309 

 Soft drinks, fructose consumption, and the risk of gout in   
  men: prospective cohort study 



Diabetes Care 2008;31:361 

HR for incident of T2DM according to levels of uric acid 

Model 1: age, sex, Model 2: model 1 +BMI, WC, Model 3: model 2+BP, HDL-C 

4516 population, 10 years of f/u 

   High serum uric acid as a novel risk factor for Type 2 DM  



Endocr Rev 2009:30:96 

          Potential mechanisms by which fructose and  
          uric acid may induce insulin resistance 



Fructose-Induced Insulin Resistance 

• Classic obesity-associated mechanisms 

Fructose ingestion and satiety responses 

• Independent of weight gain or differences in 
energy intake 

Fructose-induced dyslipidemia 

Fructose-induced hyperuricemia 

Fructose-induced oxidative stress and inflammation 

Endotoxin mediated inflammation, lipogenesis 

Fructose-induced leptin resistance 



BMC Biology 2012;10:42 

     Fructose induced oxidative stress and inflammation 



Fructose-Induced Insulin Resistance 

• Classic obesity-associated mechanisms 

Fructose ingestion and satiety responses 

• Independent of weight gain or differences in 
energy intake 

Fructose-induced dyslipidemia 

Fructose-induced hyperuricemia 

Fructose-induced oxidative stress and inflammation 

Endotoxin mediated inflammation, lipogenesis 

Fructose-induced leptin resistance 



High fructose diet 

High fructose diet feeding changes gut microbiota, promotes 
endotoxemia and triggers the development of metabolic disorders 
via a CD14/TLR4 dependent mechanism 

  The role of the Gut microbiota in energy metabolism and 
  metabolic disease 





Fructose-Induced Insulin Resistance 

• Classic obesity-associated mechanisms 

Fructose ingestion and satiety responses 

• Independent of weight gain or differences in 
energy intake 

Fructose-induced dyslipidemia 

Fructose-induced hyperuricemia 

Fructose-induced oxidative stress and inflammation 

Endotoxin mediated inflammation, lipogenesis 

Fructose-induced leptin resistance 



Suppressor of cytokine signaling‐3 (SOCS‐3) and a deficit of serine/threonine (Ser/Thr) phosp
hoproteins involved in leptin transduction mediate the effect of fructose on rat liver lipid met

abolism 

  Proposed effects of fructose ingestion on liver leptin signal 
   transduction pathway  

Hepatology 2008;48:1506 
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From 1991 to 1999 among women in Nurses’ Health Study II.  
N=91249 women   

JAMA 2004;292:927-934 

       Sugar-sweetened beverages, incidence of T2DM  
        in young and middle-aged women 

Physiol Behav 2010:10:47, 



Relative risk of Type 2 diabetes according to frequencies of Sugar-
Sweentened soft drink consumption by obesity status, physical activity level, 
family history of diabetes, and intake levels of cereal fiber, trans-fat, and P:S 
ratio in 91249 women 

JAMA 2004;292:927 



Malik V S et al. Diabetes Care 2010;33:2477-2483 

T2DM 

High-calorie nutrient 
poor foods; SSBs 
=>individuals at risk for 
T2DM should be 
encouraged to limit their 
intake of SSBs 

MS 

SSBs and Risk of T2DM and MS : A meta-analysis 
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Sugar 

HFCS 

Honey
, fruits 

fructose 

Activates tatste centers 
Addicting behaviors 
Decrease malonyl CoA  
Decrease satiety 
Leptin resistance 
Increase lactate 
 

Fatty liver, IR 
Elevated triglycerides 
ATP depletion 
Inflammation 
Uric acid generation 

Inflammation 
Endothelial dysfunction 

Impair gut integrity 
Endotoxin-inflammation 
Intestinal IR 
 

Oxidative stress 
Inflammation 
Reduced adiponectin 

Metabolic syndrome 
Insulin resistance 
Elevated BP 
Abdominal obesity 
Dyslipidemia 
Fatty liver 
Inflammation 
Oxidative stress 
Endothelial dysfunction 
hyperuricemia 

T2DM 

Effect of fructose on various organ systems 

Endocr Rev 2009:30:96 

Effects of fructose on various organ 



Physiol Rev 2010:90:23 

Diabetes 

Potential mechanisms on T2DM of Fructose 



• Fructose induce the deleterious effect on glucose 
metabolism and insulin sensitivity 

• Insulin resistance is closely linked to lipid metabolism 
disorders ;  

   higher ectopic lipid deposition, toxic lipid-derived 
metabolites reduce insulin signaling 

• Old hypothesis 
Excessive intake of sugar, and in particular fructose, may be an 

important cause of T2DM. 

=>No old hypothesis : may be right! 

• Although more research is needed, sufficient evidence 
exists for public health strategies to discourage 
consumption of fructose as part of a healthy lifestyle 

                     Summary 


