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Abstract

Predictive glucose alarms (which alert the patient when their blood glucose is about to fall dangerously low or
rise dangerously high) and model-based algorithms for smart glucose control are only possible if diabetics can
properly predict future blood glucose levels. Based on evidence from clinical studies, control-oriented graybox
process models can best manage this task. As part of the current study, researchers are looking into how
outpatient data from MDI patients may be used to reliably parametrize such models. Using a preprocessing
technique, it is possible to identify (i.e., locate) data segments that are complete and sensible enough to be used
for system identification. For the current study, we are focusing on the prediction of postprandial glucose
trajectories, particularly those made at the time of meal consumption. Model-based insulin dosage optimization
necessitates accomplishing this difficult but critical task. Predicting such postprandial glucose excursions can be
done using the identified process models, which have been shown to work.

1. INTRODUCTION

Patients with type 1 diabetes mellitus (TIDM) who have a high blood glucose (BG) level require insulin
shots.Hypoglycemia, or low blood sugar, can be life-threatening if you take too much insulin. Maintaining an
appropriate blood glucose level (BG) is a challenging and time-consuming effort for diabetics, especially given
the wide range of day-to-day variations in BG dynamics and the multitude of factors that might affect BG. As a
result, control engineers have been working on developing smart control algorithms to assist patients in
maintaining their blood glucose levels for many years. There have been several algorithms developed to help
patients manage their blood sugar, including warnings of impending hypoglycemia or hyperglycemia, insulin
dose recommendations via a decision support system, or closed-loop glucose control using an artificial pancrees.
Mathematical models are used to predict future blood glucose levels as a foundation for these algorithms. As a
result, a wide variety of models were made available. Two of the most common models are physiologic and
data-based. In control-oriented activities, Graybox process models, a subclass of these data-based prediction
models, have proven particularly effective due to the ease with which they can be parametrized and customised.
Many other models have since been developed, such as those by Percival et al. (2010), van Heusden et al.
(2011), Kirchsteiger and colleagues (2014), Cescon and colleagues (2014), T'arnk and colleagues (2015), and
Toffanin and coworkers (2016), to describe the glycemic response to carbohydrate intakes and bolus injections
(2016). (2018). An artificial pancreas, the detection of bolus calculator settings, and the prediction of imminent
hypoglycemia have all been successfully implemented in these models (2018). A process model's key features
include its simple parametrization and its easy interpretation of model parameters (seen that the models are
restricted to few parameters).

2. CURRENT UNDERSTANDING OF THE CLINICAL AND QOL IMPACT OF PPG EXCURSIONS
A. Clinical Data

Both hyperglycemia and hypoglycemia can occur during a PPG fluctuation. Hypoglycemia remains a significant
risk and can have numerous indirect effects on glucose variability when prandial insulin is used to lower PPG
(GV). For many years, hypoglycemia has been implicated with cardiovascular disease (CVD), including
arrhythmias and ECG alterations as well as a significant increase in cardiovascular events and death, as well as
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significant patient suffering. In order to avoid further hypoglycemia, diabetics may not adhere to their insulin
and other treatments, resulting in a vicious cycle of increased insulin doses and weight gain. Although
hypoglycemia can have a significant impact on clinical and psychological outcomes, most investigations of PPG
excursions have focused on PPH. A association between elevated postprandial BG readings and poor clinical
outcomes has been found in the strongest studies linking PPH in pregnancy to macrosomia and population data
revealing a link between PPH to CVD. Even yet, it's unclear whether or not PPH can help treat diabetes-related
issues. Based on studies showing that hyperglycemia affects nuclear cytokines and other markers of
inflammation and oxidative stress, PPH's unique contribution is based.

A1C, PPG levels, and the emergence of diabetic retinopathy in Australian adolescents with type 1 diabetes have
been studied in just a few clinical trials, which have revealed that regulating PPG excursions has a significant
impact on diabetes-related problems. Pre-diabetic patients with T2D who had a heart attack were given prandial
insulin instead of basal insulin, however the RCT showed no correlation between Alc or cardiovascular events
in terms of both practise and biology. There are conflicting clinical findings on the role of PPG in total glycemia
at different levels of Alc.

B. Impact on QOL

It's usual for patients to report a wide range of experiences with PPH under the umbrella term of Quality of Life
(QoL). There are both long-term and short-term repercussions on health (e.g., diabetes distress) as well as
symptoms specific to the condition (e.g., decreased well-being, depressive moods). Insulin-dependent diabetics
typically describe PPH episodes as "miserable," "sluggish," or "foggy-brained," and this is not uncommon. Both
PPH and hypoglycemia, as well as readings that indicate a failure to balance dietary choices and/or physical
activity with insulin use, are frequently a problem for patients taking bolus insulin. Perceived high blood sugar
levels after a meal may heighten feelings of anxiety, remorse or hopelessness about one's capacity to control
blood sugar. These dynamics are being changed by CGM, which reduces concerns about underdosing and
overdose, but creates new fears when mealtime BG is not effectively controlled despite best efforts.

Small, anecdotal research have made it difficult to identify the amount and influence of any one element on the
association between PPH and the wide range of QOL-assembly experiences and physical and mental symptoms.
Head-to-head comparisons are difficult because of differences in diabetes type, duration, treatment regimen,
personality, age, and comorbidities, as well as different definitions of PPH and GV. The long-term
consequences of PPH on cognitive decline and dementia have been studied more thoroughly. Seniors with Type
2 Diabetes (T2D) who employed continuous glucose monitoring (CGM) showed a strong association between
the mean amplitude of glucose excursions and their overall cognitive function.

3. Managing PPG Excursions

A. Lifestyle Modification

Patients who want to reduce or limit their prescription use by lifestyle treatments, such as very low-calorie diets,
often find these options ineffective or unsustainable. When paired with intense physical activity, the risk of
hyperglycemia and hypoglycemia complicates treatment with a severely carbohydrate-restricted diet. If you
have insulin-dependent diabetes, you may be unaware that high-fat/high-protein diets require appropriate insulin
even if they have a low carbohydrate content. Patients also indicate that they are unable to meet the ADA's
recommended 30 minutes of physical activity at least five days a week, citing a lack of time.

Table 1 provides a list of lifestyle and behavioural approaches that may be more accessible yet equally effective.
According to early studies, eating carbohydrates last in a meal may help stabilise PPG and prevent fluctuations
in blood sugar. In three small studies, two of which involved T2D and the other prediabetes, it was found that
eating protein and/or vegetables first, followed by carbohydrates 10 minutes later reduced glucose and
incremental glucose peaks significantly compared to eating carbohydrates first or eating all components
together. When protein and fat were consumed 15 minutes prior to carbs, PPG and GV were significantly
lowered in children with Type 1 Diabetes. Weight loss and cardiovascular health may be improved by limiting
daily meal intake to a 6- to 8-hour window (often between 10:00 AM and 6:00 PM) regardless of macronutrients
or portion sizes. Glucose levels appear to be lowered by ascorbic acid (vitamin C), vitamin C, and apple cider
vinegar.
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Table 1.

Minimizing Postprandial Excursions with a Healthy Lifestyle and Nutritional Changes

before eating

insulin to start working
(“lag time™) before eating.
This is typically 20 min for
analog insulins, but
considerably  less  with
newer  ultra—rapid-acting
insulins and/or if BG is well
controlled.

Approach Recommendation Explanation and Potential Impact on PPG
Monitor PPG | Monitor BG at 1 h and/or 2 | Increasing BG monitoring after meals (especially larger meals) will
h after meals by fingerstick | provide insight into the need for a correction dose of rapid-acting
or CGM insulin. High-fat meals delay stomach emptying and result in a later
timing of peak PPG values.
Take insulin | Leave enough time for | Taking insulinup to 30 min before meals with analog insulin is more

effective and potentially safer in controlling mealtime PPG than
taking insulin right at, or after, meals, a practice that can promote
insulin stacking if the person becomes frustrated with initially high
BG.

Carbohydrates

Eat ponstarchy vegetables

Several small studies of patients with either T1D or T2D show that

adding apple cider vinegar

last and protein (e.g., fish, meat) | eating protein and vegetables first reduces both PPG and
first. Save carbohydrates | incremental glucose peaks significantly more than eating
and starchy foods, | carbohydrates first or eating all components together.
including starchy
vegetables (e.g., potatoes,
peas, yams), for last.
Add Consider taking vitamin C | Taking 500 mg of vitamin C (ascorbic acid) twice daily has been
supplements and fiber supplements and | shown to improve PPG. Viscous fibers. present in oat bran, citrus

fruits, and guar gum, f-glucan, and psyllium supplements have also

to meals. been found to reduce postmeal sugars. Apple cider vinegar, one

teaspoon right before meals, can reduce PPG, which is likely related
to acetic acid and the slowing stomach emptying. As vitamin C and
vinegar are acidic, brushing teeth is wise.

Patients with Type 1 or Type 2 Diabetes (T1D or T2D) may benefit from these lifestyle and nutritional
recommendations for managing their PPG. Even while research on the effectiveness and mechanisms behind
these simple, low-cost, and low-risk methods is still in its infancy, they could serve as viable alternatives to
more complex and long-term food and exercise regimes.

The timing of exercise appears to be just as critical as the intensity or duration of the workout, if not more so].
The glycemic effect of evening meals may be reduced more effectively by postprandial walking than by premeal
exercise in non-insulin-users with T2D. Moderate or high-intensity exercise can have similar effects 30 minutes
to an hour after a meal, according to other studies.

B. Pharmacologic Management

Faster-acting insulins that replicate the biological action of insulin released by the pancreas may improve control
of the blood glucose (PPG). Fiasp, a new fast-acting insulin aspart, was approved by the FDA in late 2017 for
the treatment of both type 1 and type 2 diabetes, with an initial 4.5-fold larger concentration of insulin than
aspart insulin and a stronger glucose-lowering effect in the first 90 minutes. Compared to traditional aspart,
clinical investigations on T1D demonstrate a small improvement in Alc and PPG. These findings, as well as the
potential advantages of pump therapy's faster-acting insulin aspart, call for additional study and research.

With less late hypoglycemia and better PPG at 1 and 2 hours, the absorption profile of Technosphere inhaled
insulin is superior to traditional rapid-acting insulin analogues. Although some patients prefer the pulmonary
formulation, appropriate dose can be difficult and, like with all faster-acting insulins, cost restricts its use. '
There was a small but significant improvement in glucose management and weight loss with the use of insulin
aspart in a T1D research. Even more rapid-acting insulins are currently being researched, both for subcutaneous
injection as well as oral/buccal, nasal, and pulmonary routes, to more nearly mimic the physiology of
endogenously produced insulin.
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4.RESULTS

RandomFolesifogredsor: Sampls Patient

Figurel. Predicted and true glucose levels over time of an individual patient using two different regression
models.
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Figure2. Median performance (P15/15) of considered prediction models for different meal times.

Conclusion

Predicting an individual's blood glucose levels and insulin doses is impossible because they are exceedingly
unpredictable. Patients' glucose levels can be more accurately predicted over the course of a 24-hour period,
making it easier to assist discrete decision-making in the context of inpatient diabetes treatment and glucose
control.
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