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Synthetic continuous glucose time series 
Simulating glucose metabolism using continuous glucose monitoring in different fasting 
forms 

The complex dynamics of glucose metabolism depend on multiple individual factors such as chronobiology 
and meal patterns and as such are difficult to predict. This project aims to simulate glucose metabolism 
patterns in different fasting forms, using continuous glucose monitoring (CGM) data to model metabolic 
reactions to food ingestion and fasting. 
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A concept for augmenting time series
Aim: The complex dynamics of glucose metabolism depend on mul-

tiple individual factors such as chronobiology and meal patterns and 

as such are di!cult to predict. Simulating patterns of glucose meta-

bolism in di"erent fasting forms, using continuous glucose  monito-

ring (CGM) data to model metabolic reactions to food ingestion and 

fasting. Methods: Based on CGM data we implemented a generative 

adversarial network approach, that is able to synthesize daily gluco-

se time series speci#c to di"erent fasting forms. TimeGAN1 imple-

mentation was modi#ed accordingly and the hyperparameters were 

adjusted to #t univariate time series data. This process was evaluated 

by comparing distributions between original and synthetic data. 

Discriminative and predictive scores, based on post-hoc recurrent 

neural networks, were used to evaluate the performance of the 

approach.

Results: We synthesized characteristic glucose patterns using data 

from diurnal religious fasting (Bahá’í fasting), nocturnal intermittent 

fasting, early / late time restricted eating and periodic fasting inter-

ventions. Input amount varied within a range of 20-100 days per 

intervention. t-SNE and PCA we determined the intra-interventional 

similarity and thus trained a model on daily characteristics for each 

fasting form. Predictive and evaluative scores show that the speci#c 

temporal dynamics of the glucose time series were preserved.  Discus-

sion: We synthesized a time series of glucose dynamics using mod-

TimeGAN to capture  circadian patterns based on a variety of fasting 

trials. We will further explore the increase of accuracy while augmen-

ting trial time series data, to further improve statistical power when 

data is missing or rare (or expensive to collect). Conclusion: Our 

approach not only allows us to augment our preliminary trial data 

but also enables privacy concerned publication of sensible time 

series data sets as metabolic models for the research community.

Simulating glucose metabolism using continuous 

glucose monitoring in di"erent fasting forms

1 Jinsung Yoon, Daniel Jarrett, Mihaela van der Schaar, „Time-series Generative Adversarial Networks,“ Neural Information Processing Systems (NeurIPS), 2019.
2 Di Francesco, A., Di Germanio, C., Bernier, M., & de Cabo, R. (2018). A time to fast. In Science (Vol. 362, Issue 6416, pp. 770–775). American Association for the Advancement of Science (AAAS).

modTimeGAN

inbred strains show either little increase or del-
eterious effects on life span after CR (5). Analysis
of body composition revealed that the best out-
comes on survival were obtained in mice that
preserved their fat stores during the second year
of life, suggesting the necessity of a minimum
level of adiposity for the full benefit of CR (21, 22).
In CR regimens, sex, age, and genetic background
contribute to outcomes regarding health and sur-
vival in mice (22), and this may also be true for
long-lived organisms, including humans. Data
from two independent nonhuman primate studies,
one at the National Institute on Aging (NIA)
and the other at the University of Wisconsin–
Madison (UW), challenged the association be-
tween life-span extension and health span by
reporting similar improvements in health but
contrasting survival benefits in response to CR
(23, 24). Possible explanations for the divergent
outcomes emanating from these two studies have
revealed important differences in genetic back-
ground, onset of the intervention, feeding prac-
tices, and diet composition (25).
In humans, short-term trials such as the multi-

center CALERIE (Comprehensive Assessment of
Long-Term Effects of Reducing Intake of Energy)
study (26–29), the observational studies of cente-
narians residing in Okinawa who have been ex-
posed to CR for most of their lives (30), and
observations of the members of the Calorie Re-

striction Society (CRONies) who self-impose CR
(31) have shown the occurrence of many of the
same physiological, metabolic, and molecular ben-
efits typically associated with long-lived animals
on CR. These studies support the observation
that long-term CR preserves a more youthful
functionality by improving several markers of
health, including decreases in body weight, meta-
bolic rate, and oxidative damage (14); lower in-
cidence of cardiovascular disease (31) and cancer;
and decreased activity of the insulin-Akt-FOXO
signaling pathway (32, 33) (Fig. 2).
Although these findings clearly indicate that

a reduction of caloric intake could be an ef-
fective intervention to improve health and pre-
vent disease during aging in humans, there are
several obstacles that halt the transition from
experimental studies into standard medical prac-
tice: (i) the lack of clinical data supporting con-
sistent effects of CR in older populations and
the incomplete understanding of the age-specific
effects of these interventions (4, 10); (ii) safety
concerns related to lack of reserve capacity upon
exposure to infection (34), injury, or surgery
(35) and about bone thinning that could lead
to the development of osteoporosis in older in-
dividuals (36); (iii) the difficulty of compliance
to extreme restriction; and (iv) the interindividual
variability in body mass, especially lean mass,
which strongly correlates with frailty (23). The

current “obesogenic” social environment makes
it difficult for individuals to adhere to strict
dietary regimens and lifestyle modifications for
long periods of time. Thus, there is interest in
alternative feeding regimens that may recapit-
ulate at least some of the beneficial effects of CR
by controlling feeding-fasting patterns with little
or no reduction in caloric intake.

Time-restricted feeding

Recent evidence indicates that the benefits of
CR may not be entirely related to a reduction
in calories. In many experimental models of
CR, the reduction in energy intake encourages
the animals to consume their entire daily food al-
lowance in a very short interval, thus promot-
ing a longer fasting period than when consuming
standard or hypercaloric diets AL (37). Although
(nocturnal) rodents with free access to food eat
predominantly at night, they also tend to feed
during the day, which correlates with gains in
body weight (37). These observations raise the
question of whether the timing of food con-
sumption (either feeding duration or circadian
timing) is a determinant of metabolic health,
independent of total caloric intake and quality
of calories. Thus, it is possible that triggering
the fasting response on a daily basis or at spe-
cific times is in itself beneficial. This would ex-
plain why dietary dilution, a form of CR in which
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Feeding 
regimen Description Macronutrient balance Feeding time

Median 
life-span 
increase

E!ects on health

Prevention of obesity, 
diabetes, oxidative stress, 
hypertension, cancer, 
cardiovascular disease

Defense against type II 
diabetes, hepatic steatosis, 
hypercholesterolemia

Protection against obesity, 
oxidative stress, 
cardiovascular disease, 
hypertension, neurodegen-
eration, diabetes

Protection from cancer 
and diabetes, improved 
risk factors associated 
with multiple age-related 
diseases

Fat         Protein       Carbohydrate Fasting Feeding

Standard

Standard

Standard

Standard

Obesogenic

FMD

or

30%

15%
55%

60% 

10% 

30%

50%
40%

10%

Caloric restriction
(CR)

Time-restricted 
feeding (TRF)

Intermittent or 
periodic fasting 
(IF or PF)

Fasting-mimicking 
diet (FMD)

Daily reduction by 15 to 40% 
of caloric intake without 
malnutrition

Daily food consumption 
restriced to 4- to 12-hour 
window

IF: Alternation of 24-hour fasting 
or very low calories (25% of 
energy needs) with a 24-hour ad 
libitum eating period

PF: 1 to 2 days fasting or very low 
calories followed by a 5-day ad 
libitum eating period (5:2)

Reduced caloric intake (~30% of 
energy needs) for !ve consecutive 
days before returning to normal 
eating cycles of FMD once a month 
or every 3 to 4 months per year

Yes

No data

Yes

Yes

6

12

18

24

Fig. 1. Experimental approaches used to improve fitness and promote health span. Description of different feeding regimens, their macronutrient
balance, and feeding time during a 24-hour period. The feeding time represented in the day-night diagrams refers to eating time in humans and
nonhuman primates. Mice undergoing a CR regimen tend to finish their food allotment quickly, self-imposing a continuous form of TRF. In human studies,
people voluntarily reduce their food intake and mostly adhere to a three-meals-per-day schedule. Mean life-span extension is documented for all the
treatments in the species depicted in the box, whereas maximum life span is only achieved after CR and IF or PF.
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Based on CGM data you will modify and implement a generative adversarial network approach, that can 
synthesize daily glucose time series specific to different fasting forms. The TimeGAN [1] implementation 
will be modified, and hyperparameters must be adjusted to fit the time series data: balance between 
performance and runtime. This process will be evaluated by comparing distributions between original and 
synthetic data, e.g. t-stochastic neighborhood embedding (t-SNE) or principal component analysis (PCA). 
Discriminative and predictive scores, based on post-hoc recurrent neural networks, can be used to 
evaluate the performance of the approach.  

Our joint project is using clinical trial data from various studies at Charité and DIfE (German Institute for 
Nutrition). Inside this interdisciplinary project, we use sensors (like continuous glucose monitors, ketone, 
activity, and vital sign sensors) to digitally phenotype subjects. You will learn to integrate clinical trial data 
and perform various methodological developments in the field of time series and medical data science 
(machine learning). You will start synthesizing time series of glucose dynamics using generative adversarial 
networks to capture circadian patterns based on a variety of fasting trials. You will further explore the 
increase of accuracy while augmenting trial time series data, to further improve statistical power when 
data is missing or rare (or expensive to collect). Such an approach not only allows augmenting preliminary 
trial CGM data but also enables privacy concerned publication of sensible time series data sets for the 
research community.  

Your Responsibilities 
• Combining continuous glucose monitoring with biomedical data 
• Get familiar with recent developments in generative adversarial networks to generate time 

series data  
• Exploratory time series analysis, visualization, and other interpretation concepts 

 
Your Profile  

• Comfortable with data science tools, especially time series analysis (or willing to learn) 
• Good programming skills (Python, R) 
• Experience with Linux and Windows 
• Team player and strong communicator 
• Work on own initiative  
• Quick learner and willing to share knowledge 
• Good English skills 
• Some biomedical knowledge is helpful 
• Creative thinking is very welcome 

 
If you are interested in interdisciplinary research, time series and generative adversarial networks please 
contact: 

Nico Steckhan      Prof. Dr. Bert Arnrich 
Nico.Steckhan@hpi.de     Bert.Arnrich@hpi.de 
+49 (0) 331 5509-1374     +49 (0) 331 5509-4851 
G-2.1.11, Campus 3     G-2.1.14, Campus 3 

 

 

[1] Jinsung Yoon, Daniel Jarrett, Mihaela van der Schaar, „Time-series Generative Adversarial Networks,“ 
Neural Information Processing Systems (NeurIPS), 2019. 


