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The paper presents the results of two small scale stu-
dies to validate solely meal log based blood glucose
level (BGL) prediction, without using mathematical
models. We compare the predicted short term BGL to
data recorded by a Continuous Glucose Monitor. We cha-
racterized the meal-wise responses with three numerical
parameters. In the main study (n=15) we could identify
three distinct patient clusters based on the parameters.
The absolute error of the BGL prediction significantly
decreased when we used patient clusters’ responses
compared to global averages, proving that patient cha-
racterization and clustering can improve the reliability of
the response-based prediction.

A cikk két olyan kisérletrél szamol be, melyek célja
annak vizsgalata volt, hogy milyen eséllyel lehetséges a
révid tavu vércukorszint-elérejelzés pusztan a taplalko-
zasi naplo alapjan, matematikai modellek hasznalata nél-
kiil. A kisérletekben az elébre jelzett értékeket egy folya-
matos vércukorméré altal mert értékekkel hasonlitottuk
Ossze. Az étkezésekhez tartozo vércukorszint-gérbéket
harom numerikus paraméterrel jellemeztiik. Ezek alapjan
a masodik kisérletben (n=15) harom jol elkiiléniil6 cso-
portot azonositottunk. Ha a csoporthoz tartozo atlagolt
vércukor-gérbét hasznaltuk az elérejelzésre, akkor a
becslés hibdja a mért értékekhez képest jelentésen
kisebb volt, mint az 6sszes mérés atlagat hasznalva. Ez
arra utal, hogy a csoportositas névelheti az elérejelzés
megbizhatdsagat.

INTRODUCTION

Diabetes is strongly linked with overweight and bad nutri-
tion, the results of improper lifestyle. Lifestyle, however, is very
hard to change, and since it is not expected that all patients
endangered by, or already having diabetes could receive daily
dietary advice from expert dietitians, there is a great need for
personalized dietary advice and lifestyle support on mobile
devices. A mobile application that provides instant feedback
on the logged nutrition, physical activity and medication of a
patient can effectively assist in learning the lifestyle related
do's and don'ts for a diabetic or pre-diabetic person [1]. Our
work presented in this paper was a proof of concept study
based on the Lavinia lifestyle mirror Android application [2, 3].
One of the advanced Lavinia services is the log based short
term blood sugar level prediction. For this task, our research
group already developed a method [4] that uses the combi-
nation of two state-of-the-art models reflecting the real pro-
cess happening in the body. However, since this method runs
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mathematical models for the digestion and blood glucose
control system, it is not feasible in pre-diabetes because the
endogenous insulin production, an important input of the
model, is hard to estimate. Pre-diabetes is a “pre-diagnosis”
of diabetes which is characterized by an elevated blood glu-
cose level (BGL). Thus, the motivation of our work was to find
an alternative way for personalized and log-based BGL pre-
diction. The idea is based on the fact that the postprandial glu-
cose profiles depend on meal’s absorption characteristics [5].
We therefore try to find the typical responses to characteristic
meals and try to predict the BGL responses using a persona-
lized training sample, recorded via a Continuous Glucose
Monitor (CGM) device. If the response proves characteristic
to the individual and the meal type, this could be used in short
term postprandial blood glucose prediction.

METHOD

First we performed a pre-study with 6 healthy volunteers,
described in more detail in [6]. In short, we performed 6 days
CGM measurement, with 3 days of standardized diet with 5
meals per day, and 3 days normal meals according to the
individual eating habits. The participants used the Lavinia die-
tary mirror application to log their meals. We characterized
the postprandial glucose response profile with the following
three numeric parameters:

+ the time to peak of glucose concentration in minutes

+ the blood glucose level difference between the start and
the peak in mmol/l

+ the time of the whole curve runoff

We linked these 3 parameters to the carbohydrate con-
tent and the glycaemic composition of the meals [7,8] for
each investigated subject, thus setting up an “impulse res-
ponse” type method to predict the glucose concentration evo-
lution for two hours after the meals. The characteristics and
variability of the responses among the meal types and pa-
tients were also analysed. The results showed that at least 3
of the 4 persons with acceptable data had a rather characte-
ristic (personal) BGL response to the meal, so the idea of
relying solely on the dietary log for qualitative predictions is
promising.

Based on these findings, we extended and validated the
method on a larger sample. The larger sample was drawn
from a clinical study in a rehabilitation hospital involving 22
patients with CGM for a duration of 6 days. These partici-
pants were in general not as fully committed as those of the
pre-study, so the data we collected was less reliable. The par-
ticipants had a standardized menu with personal deviations
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and they used the Lavinia application to log their meals. A

Guardian Real-Time CGM by Medtronic Company [9] was

used for monitoring blood glucose concentration. We had

three initial study hypotheses that we wished to validate:

+ The post-prandial responses to standardized meals show
a typical, reproducible, but personal BGL curve

+ Characterizing the patients based on response clusters
improves the reliability of the response-based prediction

+ Post-prandial glucose profile in the whole response set
depends on meal’s dietary characteristics, e.g. fiber, fat,
liquid intake

After the data collection phase, we performed a rigorous
data cleaning process that included the identification and
removal of possibly erroneous log records such as those with
obviously incorrect timing. We also removed meal logs with
insufficient or incorrect CGM data. The data cleaning process
resulted in the exclusion of 7 patients. We performed
k-means meal-wise clustering on the whole record set with
respect to the three numeric parameters, and also on the
remaining meal logs and analysed the characteristic differen-
ces among the clusters.

RESULTS

The clustering on 282 meals separated the meal records
into 3 distinct clusters for the breakfast, lunch and dinner,
suggesting that the meal type has a stronger influence on the
BGL response than other factors. We therefore focused on
the breakfasts only, assuming that it is the breakfast that is
the least influenced by other meals. In the followings, we
used the 44 breakfast responses of the 15 patients of the
cleaned data set.

K-means clustering resulted in 3 distinct clusters. 18 res-
ponses (41%) were grouped in cluster0, 12 responses (27%)
in cluster1 and cluster2 included 14 responses (32%). The
averaged response curves of the three clusters are shown in
figure 1. By a simple visual inspection, cluster0 is described
as ‘symmetrical’, cluster1 ‘flat top’ and cluster2 ‘steep rising’.

An important result was that only 2 persons’ responses
belonged to multiple clusters, all other patients are cluster
dependent, which supports the idea that patients can be cha-
racterized by clusters.

In order to check the predicting power of the clusters, we
computed the total absolute error of the averaged curves
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figure 1.
Averaged response curves of the clusters

| el

éves

IME - INTERDISZCIPLINARIS MAGYAR EGESZSEGUGY

Cluster1

)

oM B O @O

compared to the CGM data, first using for each patient the
averaged curve of all responses, then the cluster specific
curve. The first error was 1834 mmol/l which decreased to
1693 mmol/l when using the response of the patient’s cluster.
The improvement was 141 mmol/l (7.7%). The cluster-wise
results are shown in table 1.

No. of | Abs. error with global | Abs. error with cluster | Yo

Cluster | Patients|  response (mmol/l) response (mmol/l)

72|

improvement

| Clusterd | & 625 7%

[Cluster1 | 5| 580 574 1%)

[ Clusterz | 2 582 493 15%,

table 1.
Total absolute error of BGL prediction with and without clustering
and the improvement

In order to check the third hypothesis i.e. the response’s
dependence on the meal composition, we also performed
paired t-tests on 19 standard breakfasts compared to 19
“modified” breakfasts. We expected that a larger portion of
the same meal would produce the same curve length with a
higher peak, and that another meal with the same CH content
but with higher glycaemic index would produce a shorter
length with the same area under the curve. However, the test
results did not show significant difference (p>0.1).

DISCUSSION AND CONCLUSION

As the results show, most patients in the study can be
clearly classified in a specific cluster based on their meal res-
ponse characteristics, and this supports the hypothesis that
the post-prandial responses to standardized meals show a
typical, reproducible, but personal BGL curve. The reduction
of the absolute error of the BGL prediction achieved by using
patient clusters proves that the patient characterization based
on response clusters improves the reliability of the response-
based prediction. However, the meal responses of standard
breakfasts compared to modified breakfasts did not show
a significant difference, so we could not verify the third
hypothesis. The cause for this may lie in uncontrolled factors
such as stress and physical activity, but most of all, the small
data set. The results are promising, but further work and
possibly trials with more subjects are needed to integrate a
clustering-based BGL prediction service into mobile lifestyle
services.
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