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Was ist die medizinische  
Bedeutung von der  
postprandialen  
Blutzuckerreaktion?
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Über normal erhöhte Blutzuckerwerte (nüchtern und post-
prandial) definieren „Prädiabetes“

Erhöhte postprandiale Blutzuckerwerte erhöhen das Risiko für:
•  Typ 2 Diabetes mellitus
•  Herz-/Kreislauferkrankungen
•  erhöhte Mortalität (bei Diabetes mellitus und Krebs)
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Baptist Gallwitz; Diabetes Care 2009
DOI: 10.2337/dc09-S331

Implications of Postprandial Glucose 
and Weight Control in People With  
Type 2 Diabetes: Understanding and 
Implementing the International  
Diabetes Federation Guidelines

Studien

Abstract

The International Diabetes Federation (IDF) recently published 
guidelines for the management of postmeal hyperglycemia. 
These guidelines were established in view of the risk of post-
meal hyperglycemia for vascular events. Because of the rising 
incidence and prevalence of diabetes and its complications, 
the IDF took action to state useful strategies for the treatment 
of diabetes, focusing on the detection and therapy of postpran-
dial hyperglycemia. Besides nonpharmacological measures 
(blood glucose self-control and diet), drugs such as short-acting 
insulinotropic agents (sulfonylureas and glinides), glucosidase 
inhibitors, insulin, and incretin-based therapies can specifically 
be used to act on postmeal glucose elevations. The specific 
action profiles of these agents are shown and discussed with 
respect to the IDF guidelines.
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https://care.diabetesjournals.org/content/32/suppl_2/S322
https://care.diabetesjournals.org/content/32/suppl_2/S322
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E E Blaak; Obes Rev 2012
DOI: 10.1111/j.1467-789X.2012.01011.x

Impact of Postprandial Glycaemia on 
Health and Prevention of Disease

Abstract

Postprandial glucose, together with related hyperinsulinemia 
and lipidaemia, has been implicated in the development of 
chronic metabolic diseases like obesity, type 2 diabetes mel-
litus (T2DM) and cardiovascular disease (CVD). In this review, 
available evidence is discussed on postprandial glucose in 
relation to body weight control, the development of oxidative 
stress, T2DM, and CVD and in maintaining optimal exercise and 
cognitive performance. There is mechanistic evidence linking 
postprandial glycaemia or glycaemic variability to the develop-
ment of these conditions or in the impairment in cognitive and 
exercise performance. Nevertheless, postprandial glycaemia is 
interrelated with many other (risk) factors as well as to fasting 
glucose. In many studies, meal-related glycaemic response is 
not sufficiently characterized, or the methodology with respect 
to the description of food or meal composition, or the duration 
of the measurement of postprandial glycaemia is limited. It is 
evident that more randomized controlled dietary intervention 
trials using effective low vs. high glucose response diets are 
necessary in order to draw more definite conclusions on the role 
of postprandial glycaemia in relation to health and disease. Also 
of importance is the evaluation of the potential role of the time 
course of postprandial glycaemia.
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https://onlinelibrary.wiley.com/doi/full/10.1111/j.1467-789X.2012.01011.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1467-789X.2012.01011.x
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Donald M Lamkin; Cancer 2009
DOI: 10.1002/cncr.24126

Glucose as a Prognostic Factor in 
Ovarian Carcinoma

Abstract

Background: Research suggests that glucose levels in cancer 
patients may be an important prognostic indicator. In ovarian 
tumors, increased expression of glucose transporter 1 (GLUT1), 
a transmembrane protein responsible for glucose uptake, is 
related to shorter survival time in ovarian cancer patients. This 
study tested the hypothesis that higher presurgical glucose 
levels predict shorter disease-specific survival time and time to 
recurrence in ovarian cancer patients.

Methods: Nonfasting plasma glucose levels were determined 
for 74 patients with ovarian cancer at the time of their presur-
gical consultation and for 125 ovarian cancer patients in an 
independent validation set. Survival time and time to recurrence 
(disease-free interval [DFI]) were ascertained from medical 
records. Cox proportional hazards regression models were used 
to estimate the hazard ratio (HR) for survival time and DFI in 
relation to glucose level, adjusting for body mass index (BMI), 
stage, grade, and cytoreduction as appropriate.

Results: Higher glucose levels were associated with shorter 
survival times in univariate analyses (HR, 1.88; P = .05). Multi-
variate analysis adjusting for stage showed that higher glucose 
levels were associated with shorter survival times (HR, 2.01; P 
= .04) and DFI (HR, 2.32; P = .05). In the validation set, higher 
glucose levels were associated with shorter survival times (HR, 
2.01; P = .02) and DFI (HR, 2.48; P = .001) in univariate analysis, 
although glucose was not independent of the effect of cytore-
duction when predicting survival time in this latter set.

Conclusions: These findings contribute to mounting evidence 
that glucose levels have prognostic value in ovarian carcinoma.
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https://onlinelibrary.wiley.com/doi/full/10.1002/cncr.24126
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2649990/
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Warum sind die postprandiale 
Blutzuckerreaktionen Teil der  
MillionFriends-Empfehlungen?

Eine Ernährung, die den Blutzucker stabilisiert:
•  hält länger satt
•  verbessert die Kalorienbilanz
•  unterstützt Gewichtsabnahme und Gewichtsmanagement
•  ist geeignet, Typ 2 Diabetes mellitus und weitere Adipositas- 

      assoziierte Erkrankungen zu verhindern und zu therapieren
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Kevin T Chang; Nutr Cancer 2012
DOI: 10.1080/01635581.2012.676143

Low Glycemic Load Experimental Diet 
More Satiating Than High Glycemic 
Load Diet

Abstract

Effective strategies for reducing food intake are needed to re-
duce risk of obesity-related cancers. We investigated the effect 
of low and high glycemic load (GL) diets on satiety and whether 
satiety varied by body mass index (BMI), gender, and serum 
leptin. Eighty normal weight (BMI = 18.5-24.9 kg/m²) and over-
weight/ obese (BMI = 28.0-40.0 kg/m²) adults participated in a 
randomized, crossover controlled feeding study testing low GL 
vs. high GL diets. The 28-day diets were isocaloric with identical 
macronutrient distributions, differing only in GL and fiber. Par-
ticipants completed visual analog satiety surveys and fasting 
serum leptin after each 28-day period. T-tests compared mean 
within- and between-person satiety scores and leptin values. 
Participants reported 7% greater satiation on the low GL vs. the 
high GL diet (P = 0.03) and fewer food cravings on the low GL 
vs. the high GL diet (P < 0.001). Compared to males, females 
reported less hunger (P = 0.05) and more satiety on the low GL 
vs. the high GL diet (P < 0.01). Participants with low body fat 
(<25.0% for men; <32.0% for women) and BMI <25.0 kg/m² re-
ported study food was tastier on the low GL vs. the high GL diet 
(P = 0.04 and P = 0.05, respectively). In summary, reducing GL, 
and/or increasing fiber, may be an effective way to lower calo-
ries consumed, improve energy balance, and ultimately reduce 
cancer risk.  

Studien
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https://www.tandfonline.com/doi/abs/10.1080/01635581.2012.676143
https://www.tandfonline.com/doi/abs/10.1080/01635581.2012.676143
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T O Klemsdal; Nutr Metab Cardiovasc 
Dis. 2010 
DOI: 10.1016/j.numecd.2009.03.010

Effects of a Low Glycemic Load Diet 
Versus a Low-Fat Diet in Subjects With 
and Without the Metabolic Syndrome

Abstract

Background and aim: Although many studies report benefits 
of low glycemic diets, the clinical effects as a whole are mixed. 
The study aim was to compare a low glycemic load (LGL) diet 
versus a low-fat diet in a trial with a moderately intense dietary 
intervention in subjects with varying degrees of metabolic syn-
drome. 

Methods and results: Men and women aged 30-65 years, with 
a BMI of 28-40 kg/m(2) (28-35 for women) and at least one 
criterion of metabolic syndrome were randomized to the two 
diets. A total of 202 subjects were included, of which 126 (62%) 
had metabolic syndrome (>or=3 criteria). The completion rate 
was 81%. At 3 months, weight loss was greater in the LGL group 
(-4.8+/-3.9 kg versus -3.8+/-3.5 kg; P=0.06) compared to the 
low-fat group. At 1 year, however, weight loss was similar in 
both groups (-4.0+/-5.5 kg versus -4.3+/-6.2 kg; n.s.), but waist 
circumference reduction was less in the LGL group (-3.9+/-5.3 
cm versus -5.8+/-6.8 cm; P=0.03). In contrast, diastolic blood 
pressure decreased significantly more in the LGL group (-4.0+/-
8.7 mmHg versus -1.1+/-8.5 mmHg; P=0.02). We also observed 
a significant interaction between the presence of the metabolic 
syndrome and the effect of the two diets on waist circumfer-
ence, with a less favorable effect of the LGL diet in subjects 
without the syndrome (P=0.039). 

Conclusion: After 12 months, both diets reduced body weight 
and the metabolic disturbances similarly, but the LGL diet 
appeared more suitable for subjects with metabolic syndrome, 
and was less effective in those without it. 
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https://linkinghub.elsevier.com/retrieve/pii/S0939475309000702
https://www.nmcd-journal.com/article/S0939-4753(09)00070-2/fulltext
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Darren C Greenwood; Diabetes Care 
2013:  
DOI: 10.2337/dc13-0325

Glycemic Index, Glycemic Load, Car-
bohydrates, and Type 2 Diabetes: Sys-
tematic Review and Dose-Response 
Meta-Analysis of Prospective Studies

Abstract

Objective: Diets with high glycemic index (GI), with high gly-
cemic load (GL), or high in all carbohydrates may predispose 
to higher blood glucose and insulin concentrations, glucose 
intolerance, and risk of type 2 diabetes. We aimed to conduct a 
systematic literature review and dose-response meta-analysis 
of evidence from prospective cohorts. 

Research design and methods: We searched the Cochrane 
Library, MEDLINE, MEDLINE in-process, Embase, CAB Abstracts, 
ISI Web of Science, and BIOSIS for prospective studies of GI, GL, 
and total carbohydrates in relation to risk of type 2 diabetes up 
to 17 July 2012. Data were extracted from 24 publications on 
21 cohort studies. Studies using different exposure categories 
were combined on the same scale using linear and nonlinear 
dose-response trends. Summary relative risks (RRs) were esti-
mated using random-effects meta-analysis.

Results: The summary RR was 1.08 per 5 GI units (95% CI 
1.02-1.15; P = 0.01), 1.03 per 20 GL units (95% CI 1.00-1.05; P = 
0.02), and 0.97 per 50 g/day of carbohydrate (95% CI 0.90-1.06; 
P = 0.5). Dose-response trends were linear for GI and GL but 
more complex for total carbohydrate intake. Heterogeneity was 
high for all exposures (I(2) >50%), partly accounted for by differ-
ent covariate adjustment and length of follow-up. 

Conclusion: Included studies were observational and should 
be interpreted cautiously. However, our findings are consistent 
with protective effects of low dietary GI and GL, quantifying the 
range of intakes associated with lower risk. Future research 
could focus on the type of sugars and other carbohydrates as-
sociated with greatest risk. 

Studien
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https://care.diabetesjournals.org/content/36/12/4166
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3836142/
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Warum müssen  
ernährungsmedizinische 
Empfehlungen  
personalisiert werden?

Postprandiale Blutzuckerreaktionen variieren extrem zwischen 
den Individuen 

Auch auf Nahrung mit einem niedrigen Glykämischen Index 
variieren die Reaktionen extrem

Allgemeingültige Empfehlungen sind nicht ausreichend,  
um eine niedrige Blutzuckerreaktion zu ermöglichen
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Ruth Vrolix; Contemp Clin Trials 2010 
DOI: 10.1016/j.cct.2009.08.001

Variability of the Glycemic Response 
to Single Food Products in Healthy 
Subjects

Abstract

Background: Many studies on the health effects of the glycemic 
index (GI) are confounded by differences in the intakes of other 
macronutrients and fibre. Little data exist about the within- and 
between-subject variability of the GI.

Objective: Our objectives were therefore (i) to calculate the GI 
of eight commonly used food products with similar macronutri-
ent and fibre composition, but with different sources of carbo-
hydrates, (ii) to examine the inter- and intra-individual variability 
of the incremental area under the curve (iAUC) after consuming 
the reference solution, and (iii) to compare the effect of three 
different methods on 2-h postprandial blood glucose responses.

Design: Four groups of 10 healthy subjects consumed in ran-
dom order the increased (iGI) and decreased GI (dGI) variants 
and twice a glucose solution. All products consisted of 25g 
available carbohydrates (CHO). For the fruit drink, glucose val-
ues were simultaneously analyzed using venous and capillary 
blood samples, and by using a continuous glucose monitoring 
system (CGMS).

Results: The GIs for increased and decreased variants were 
(mean+/-standard error of the mean (SEM)) 69+/-15 and 40+/-4 
for bread, 86+/-14 and 48+/-8 for a fruit drink, 51+/-12 and 20+/-
4 for cake, and 63+/-17 and 37+/-10 for a cookie. The inter- and 
intra-individual coefficient of variation (CV) of the iAUCs of the 
reference solution was large and varied respectively between 13 
and 38%, and between 33 and 80%.

Conclusions: These data suggest that the GI is difficult to use at 
the individual level.

Studien
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https://doi.org/10.1016/j.cct.2009.08.001
https://pubmed.ncbi.nlm.nih.gov/22564018-low-glycemic-load-experimental-diet-more-satiating-than-high-glycemic-load-diet/?from_term=Chang%3B+Nutrition+Cancer+2012
https://www.contemporaryclinicaltrials.com/article/S1551-7144(09)00148-7/fulltext
10.1111/j.1467-789X.2012.01011.x
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Sonia Vega-López; Diabetes Care 2007 
DOI: 10.2337/dc06-1598

Interindividual Variability and Int-
ra-Individual Reproducibility of Gly-
cemic Index Values for Commercial 
White Bread

Abstract

Objective: We sought to assess the intra- and interindividual 
variability of glycemic index value determinations for white 
bread using glucose as the reference food.

Research design and methods:  A total of 23 healthy adults 
(aged 20-70 years) completed up to three sets of two visits per 
set. Each pair of visits assessed the glycemic response to 50 g 
available carbohydrates from commercial white bread and glu-
cose, administered in random order. Glycemic index values were 
calculated by dividing the 2-h incremental area under the serum 
glucose response curve after each commercial white bread 
challenge by the mean area under the curve (AUC) for glucose. 

Results: The mean +/- SE ratio of the AUC after white bread in-
take by the AUC after glucose intake for the first set of determi-
nations was 78 +/- 15 (n = 23; coefficient of variation [CV] 94%). 
When using glycemic index values calculated with the subset of 
participants who completed three sets of tests (n = 14), glyce-
mic index values for each of the three sets of determinations 
were 78 +/- 10, 60 +/- 5, and 75 +/- 10, respectively. CVs were 
50, 28, and 50%, respectively. The mean glycemic index value of 
these three sets was 71 +/- 6, with a CV of 30%. When an ANO-
VA approach was applied to these data, the interindividual CV 
was 17.8%, and the intra-individual variation was 42.8%. 

Conclusions: These data suggest that in response to a chal-
lenge of white bread relative to glucose, within-individual 
variability is a greater contributor to overall variability than 
among-individual variability. Further understanding of all the 
sources of variability would be helpful in better defining the 
utility of glycemic index values.
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https://care.diabetesjournals.org/content/30/6/1412
https://pubmed.ncbi.nlm.nih.gov/22564018-low-glycemic-load-experimental-diet-more-satiating-than-high-glycemic-load-diet/?from_term=Chang%3B+Nutrition+Cancer+2012
https://care.diabetesjournals.org/content/30/6/1412
10.1111/j.1467-789X.2012.01011.x
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Helena Mendes-Soares; JAMA Netw 
Open 2019 
DOI: 10.1001/jamanetworkopen. 
2018.8102

Assessment of a Personalized Appro-
ach to Predicting Postprandial Glyce-
mic Responses to Food Among Indi-
viduals Without Diabetes

Abstract

Importance: Emerging evidence suggests that postprandial 
glycemic responses (PPGRs) to food may be influenced by and 
predicted according to characteristics unique to each individual, 
including anthropometric and microbiome variables. Interindi-
vidual diversity in PPGRs to food requires a personalized ap-
proach for the maintenance of healthy glycemic levels.

Objectives: To describe and predict the glycemic responses 
of individuals to a diverse array of foods using a model that 
considers the physiology and microbiome of the individual in 
addition to the characteristics of the foods consumed. 

Design, setting, and participants: This cohort study using a 
personalized predictive model enrolled 327 individuals with-
out diabetes from October 11, 2016, to December 13, 2017, in 
Minnesota and Florida to be part of a study lasting 6 days. The 
study measured anthropometric variables, described the gut 
microbial composition, and assessed blood glucose levels ev-
ery 5 minutes using a continuous glucose monitor. Participants 
logged their food and activity information for the duration of the 
study. A predictive model of individualized PPGRs to a diverse 
array of foods was trained and applied.

Main outcomes and measures: Glycemic responses to food 
consumed over 6 days for each participant. The predictive 
model of personalized PPGRs considered individual features, in-
cluding the microbiome, in addition to the features of the foods 
consumed. 

Results: Postprandial response to the same foods varied across 
327 individuals (mean [SD] age, 45 [12] years; 78.0% female). 
A model predicting each individual's responses to food that 
considers several individual factors in addition to food features 
had better overall performance (R = 0.62) than current standard-
of-care approaches using nutritional content alone (R = 0.34 for 
calories and R = 0.40 for carbohydrates) to control postprandial 
glycemic levels.
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https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2723644
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2723644
https://pubmed.ncbi.nlm.nih.gov/22564018-low-glycemic-load-experimental-diet-more-satiating-than-high-glycemic-load-diet/?from_term=Chang%3B+Nutrition+Cancer+2012
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6484621/
10.1111/j.1467-789X.2012.01011.x
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Helena Mendes-Soares; JAMA Netw 
Open 2019 
DOI: 10.1001/jamanetworkopen. 
2018.8102

Conclusions and relevance: Across the cohort of adults without 
diabetes who were examined, a personalized predictive model 
that considers unique features of the individual, such as clinical 
characteristics, physiological variables, and the microbiome, in 
addition to nutrient content was more predictive than current di-
etary approaches that focus only on the calorie or carbohydrate 
content of foods. Providing individuals with tools to manage 
their glycemic responses to food based on personalized pre-
dictions of their PPGRs may allow them to maintain their blood 
glucose levels within limits associated with good health. 
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https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2723644
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2723644
https://pubmed.ncbi.nlm.nih.gov/22564018-low-glycemic-load-experimental-diet-more-satiating-than-high-glycemic-load-diet/?from_term=Chang%3B+Nutrition+Cancer+2012
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6484621/
10.1111/j.1467-789X.2012.01011.x
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E M Östman; Am J Clin Nutr 2001 
DOI: 10.1093/ajcn/74.1.96

Inconsistency Between Glycemic and 
Insulinemic Responses to Regular 
and Fermented Milk Products

Abstract

Background: Foods with a low glycemic index are increasingly 
being acknowledged as beneficial in relation to the insulin resis-
tance syndrome. Certain organic acids can lower the glycemic 
index of bread products. However, the possible effect of acids 
in fermented milk products on the glycemic index and on insu-
linemic characteristics has not been addressed. The metabolic 
effects of fermented milk or pickled products used as additives 
to mixed meals have also not been addressed. 

Objectives: One objective was to characterize the glycemic and 
insulinemic responses after intake of regular or fermented milk 
products (study 1). In addition, the acute metabolic effect of 
fermented milk (yogurt) and pickled cucumber as supplements 
to a traditional breakfast based on a high-glycemic index bread 
was evaluated (study 2). 

Design: Ten healthy volunteers were served different breakfast 
meals after an overnight fast. Capillary blood samples were 
collected before and during 2 (study 1) or 3 (study 2) h after the 
meal. White-wheat bread was used as a reference meal in both 
studies. 

Results: The lactic acid in the fermented milk products did not 
lower the glycemic and insulinemic indexes. Despite low gly-
cemic indexes of 15-30, all of the milk products produced high 
insulinemic indexes of 90-98, which were not significantly differ-
ent from the insulinemic index of the reference bread. Addition 
of fermented milk (yogurt) and pickled cucumber to a breakfast 
with a high-glycemic index bread significantly lowered post-
prandial glycemia and insulinemia compared with the reference 
meal. In contrast, addition of regular milk and fresh cucumber 
had no favorable effect on the metabolic responses. 

Conclusions: Milk products appear insulinotropic as judged 
from 3-fold to 6-fold higher insulinemic indexes than expected 
from the corresponding glycemic indexes. The presence of 
organic acids may counteract the insulinotropic effect of milk in 
mixed meals.
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https://academic.oup.com/ajcn/article/74/1/96/4739643
https://pubmed.ncbi.nlm.nih.gov/22564018-low-glycemic-load-experimental-diet-more-satiating-than-high-glycemic-load-diet/?from_term=Chang%3B+Nutrition+Cancer+2012
https://academic.oup.com/ajcn/article/74/1/96/4739643
10.1111/j.1467-789X.2012.01011.x
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Warum sind die post- 
prandialen Stoffwechsel-
reaktionen hoch  
individuell?

Das Darmmikrobiom ist hoch individuell („mikrobieller  
Fingerabdruck“)

Das Darmmikrobiom hat einen entscheidenden Einfluss auf  
Verdauungsprozesse und Metabolismus

Das Darmmikrobiom beeinflusst postprandialen  
Stoffwechselreaktionen



I N F O M A T E R I A L  M I L L I O N F R I E N D S 1 7

David Zeevi; Cell 2015
DOI: 10.1016/j.cell.2015.11.001

Personalized Nutrition by Prediction of 
Glycemic Responses

Abstract

Elevated postprandial blood glucose levels constitute a global 
epidemic and a major risk factor for prediabetes and type II 
diabetes, but existing dietary methods for controlling them have 
limited efficacy. Here, we continuously monitored week-long 
glucose levels in an 800-person cohort, measured responses 
to 46,898 meals, and found high variability in the response to 
identical meals, suggesting that universal dietary recommen-
dations may have limited utility. We devised a machine-learning 
algorithm that integrates blood parameters, dietary habits, an-
thropometrics, physical activity, and gut microbiota measured in 
this cohort and showed that it accurately predicts personalized 
postprandial glycemic response to real-life meals. We validated 
these predictions in an independent 100-person cohort. Finally, 
a blinded randomized controlled dietary intervention based on 
this algorithm resulted in significantly lower postprandial re-
sponses and consistent alterations to gut microbiota configura-
tion. Together, our results suggest that personalized diets may 
successfully modify elevated postprandial blood glucose and 
its metabolic consequences. VIDEO ABSTRACT.
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https://linkinghub.elsevier.com/retrieve/pii/S0092867415014816
https://pubmed.ncbi.nlm.nih.gov/22564018-low-glycemic-load-experimental-diet-more-satiating-than-high-glycemic-load-diet/?from_term=Chang%3B+Nutrition+Cancer+2012
https://www.cell.com/cell/fulltext/S0092-8674(15)01481-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0092867415014816%3Fshowall%3Dtrue
10.1111/j.1467-789X.2012.01011.x
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Tal Korem; Cell Metab 2017 
DOI: 10.1016/j.cmet.2017.05.002

Bread Affects Clinical Parameters and 
Induces Gut Microbiome-Associated 
Personal Glycemic Responses

Abstract

Bread is consumed daily by billions of people, yet evidence 
regarding its clinical effects is contradicting. Here, we per-
formed a randomized crossover trial of two 1-week-long dietary 
interventions comprising consumption of either traditionally 
made sourdough-leavened whole-grain bread or industrially 
made white bread. We found no significant differential effects 
of bread type on multiple clinical parameters. The gut microbi-
ota composition remained person specific throughout this trial 
and was generally resilient to the intervention. We demonstrate 
statistically significant interpersonal variability in the glycemic 
response to different bread types, suggesting that the lack of 
phenotypic difference between the bread types stems from a 
person-specific effect. We further show that the type of bread 
that induces the lower glycemic response in each person can be 
predicted based solely on microbiome data prior to the interven-
tion. Together, we present marked personalization in both bread 
metabolism and the gut microbiome, suggesting that under-
standing dietary effects requires integration of person-specific 
factors.
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https://www.cell.com/cell-metabolism/fulltext/S1550-4131(17)30288-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1550413117302887%3Fshowall%3Dtrue
https://pubmed.ncbi.nlm.nih.gov/22564018-low-glycemic-load-experimental-diet-more-satiating-than-high-glycemic-load-diet/?from_term=Chang%3B+Nutrition+Cancer+2012
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(17)30288-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1550413117302887%3Fshowall%3Dtrue
10.1111/j.1467-789X.2012.01011.x
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Susanne Krug; FASEB J 2012
DOI: 10.1096/fj.11-198093

The Dynamic Range of the Human  
Metabolome Revealed by Challenges

Abstract

Metabolic challenge protocols, such as the oral glucose toler-
ance test, can uncover early alterations in metabolism preced-
ing chronic diseases. Nevertheless, most metabolomics data 
accessible today reflect the fasting state. To analyze the dy-
namics of the human metabolome in response to environmen-
tal stimuli, we submitted 15 young healthy male volunteers to a 
highly controlled 4 d challenge protocol, including 36 h fasting, 
oral glucose and lipid tests, liquid test meals, physical exercise, 
and cold stress. Blood, urine, exhaled air, and breath conden-
sate samples were analyzed on up to 56 time points by MS- and 
NMR-based methods, yielding 275 metabolic traits with a focus 
on lipids and amino acids. Here, we show that physiological 
challenges increased interindividual variation even in phenotyp-
ically similar volunteers, revealing metabotypes not observable 
in baseline metabolite profiles; volunteer-specific metabolite 
concentrations were consistently reflected in various biofluids; 
and readouts from a systematic model of β-oxidation (e.g., 
acetylcarnitine/palmitylcarnitine ratio) showed significant and 
stronger associations with physiological parameters (e.g., fat 
mass) than absolute metabolite concentrations, indicating that 
systematic models may aid in understanding individual chal-
lenge responses. Due to the multitude of analytical methods, 
challenges and sample types, our freely available metabolomics 
data set provides a unique reference for future metabolomics 
studies and for verification of systems biology models.
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