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ABSTRACT

Introduction: The objective of this study was to
examine changes in hemoglobin A1c (HbA1c),
anti-diabetic medication use, insulin resistance,
and other ambulatory glucose profile metrics
between baseline and after 90 days of partici-
pation in the Twin Precision Nutrition (TPN)
Program enabled by Digital Twin Technology.
Methods: This was a retrospective study of
patients with type 2 diabetes who participated
in the TPN Program and had at least 3 months

of follow-up. The TPN machine learning algo-
rithm used daily continuous glucose monitor
(CGM) and food intake data to provide guide-
lines that would enable individual patients to
avoid foods that cause blood glucose spikes and
to replace them with foods that do not produce
spikes. Physicians with access to daily CGM data
titrated medications and monitored patient
conditions.
Results: Of the 89 patients who initially
enrolled in the TPN Program, 64 patients
remained in the program and adhered to it for
at least 90 days; all analyses were performed on
these 64 patients. At the 90-day follow-up
assessment, mean (± standard deviation)
HbA1c had decreased from 8.8 ± 2.2% at base-
line by 1.9 to 6.9 ± 1.1%, mean weight had
decreased from 79.0 ± 16.2 kg at baseline to
74.2 ± 14.7 kg, and mean fasting blood glucose
had fallen from 151.2 ± 45.0 mg/dl at baseline
to 129.1 ± 36.7 mg/dl. Homeostatic model
assessment of insulin resistance (HOMA-IR) had
decreased by 56.9% from 7.4 ± 3.5 to 3.2 ± 2.8.
At the 90-day follow-up assessment, all 12
patients who were on insulin had stopped tak-
ing this medication; 38 of the 56 patients taking
metformin had stopped metformin; 26 of the 28
patients on dipeptidyl peptidase-4 (DPP-4)
inhibitors discontinued DPP-4 inhibitors; all 13
patients on alpha-glucosidase inhibitors dis-
continued these inhibitors; all 34 patients on
sulfonylureas were able to stop taking these
medications; two patients stopped taking
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pioglitazone; all ten patients on sodium-glucose
cotransporter-2 (SGLT2) inhibitors stopped
taking SGLT2 inhibitors; and one patient stop-
ped taking glucagon-like peptide-1 analogues.
Conclusion: The results provide evidence that
daily precision nutrition guidance based on
CGM, food intake data, and machine learning
algorithms can benefit patients with type 2
diabetes. Adherence for 3 months to the TPN
Program resulted in patients achieving a 1.9
percentage point decrease in HbA1c, a 6.1%
drop in weight, a 56.9% reduction in HOMA-IR,
a significant decline in glucose time below
range, and, in most patients, the elimination of
diabetes medication use.

Keywords: Artificial intelligence; Continuous
glucose monitoring; Diabetes medication
elimination; Digital twin technology; HbA1c
reduction; Precision nutrition; Type 2 diabetes

Key Summary Points

Why carry out this study?

Typical disease progression of type 2
diabetes (T2D) leads to increases in
glucose-lowering medication use,
healthcare costs, and complications.

The objective of this retrospective study
was to assess changes in hemoglobin A1c
(HbA1c), anti-diabetic medication use,
insulin resistance, and other metrics
between baseline and after 90 days of
participation by patients with T2D in the
Twin Precision Nutrition (TPN) Program
powered by continuous glucose
monitoring and artificial intelligence
algorithms.

What was learned from the study?

Patients who adhered to the TPN Program
for 3 months achieved a 1.9 percentage
point decrease in HbA1c, a 56.9%
reduction in HOMA-IR, a 6.1% drop in
weight, a significant decline in glucose
time below range, and, in most patients,
the elimination of diabetes medication
use.

The significant improvements in a wide
array of diabetes-related metrics provide
evidence that adherence to a well-
tolerated continuous glucose monitoring
system and an artificial intelligence-
driven precision nutrition program can
reverse diabetes symptoms.

Future randomized controlled trials may
provide additional evidence.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12943226.

INTRODUCTION

Type 2 diabetes (T2D) is a chronic disease that
has typically been thought of as incurable.
Often the best outcome hoped for is improve-
ment in the disease’s symptoms and slowing of
its progression [1]. Typically, disease progres-
sion leads to increases in glucose-lowering
medication use, healthcare costs, and compli-
cations [2]. The 2016 World Health Organiza-
tion global report on diabetes acknowledged
that diabetes reversal is possible through weight
loss and reduced calorie intake [3]. Although
specific criteria have not been finalized, it is
commonly accepted that maintaining hemo-
globin A1c (HbA1c) below 6.5% for an extended
period of time without the use of insulin or oral
hypoglycemic medications (with the possible
exception of metformin) would be considered
diabetes reversal or remission [1, 4].

Various studies have shown reductions in
weight and improvements in glycemic control
using bariatric surgery, low-calorie diets, or
carbohydrate restriction [1, 5]. Limitations that
may hinder the use of bariatric surgery include
the high cost of surgery and an increased like-
lihood of adverse events [1]. The limitation of
using a low-calorie diet (e.g.,\800 kcal/day) to
manage diabetes is that the diet may not be
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sustainable over the long term [2]. The studies
using carbohydrate restriction found improved
glycemic control, but were often only short-
term trials, only included small groups, focused
on morbidly obese patients, and/or excluded
subjects taking insulin [2, 6–10].

Despite the importance of good glycemic
control and the association of postprandial
glycemic response (PPGR) with diabetes com-
plications, predicting the impact of specific
foods on PPGR has been challenging due to the
high variability in different people’s response to
the same food [11]. Some attempts have been
made to estimate PPGR using the carbohydrate
content of meals [11] or using glycemic indices
[12]. Few studies have attempted to build or test
predictive models of PPGR based on specific
foods eaten in individual meals [11, 13, 14].
None of the studies to date have combined
long-term continuous glucose monitoring
(CGM), artificial intelligence methods, and
precision nutrition in an attempt to reverse
diabetes.

The Twin Precision Nutrition (TPN) Program
uses detailed patient food intake information
and CGM values as inputs to a machine learn-
ing predictive model and then provides daily
precision nutrition guidance to the patient. The
objective of this study was to examine changes
in HbA1c, anti-diabetic medication use, insulin
resistance, and other ambulatory glucose profile
(AGP) metrics between baseline and after
90 days of participation in the TPN Program in
patients with T2D. We hypothesized that each
metric would improve significantly over the
90-day treatment period.

METHODS

Study Design and Patient Population

This was a retrospective study of 64 patients
diagnosed with T2D who chose to participate in
the TPN Program for 90 days and who were at
least 60% adherent to program protocols. Pro-
gram enrollees were required to have adequate
hepatic and renal function to be included in the
study, with the former defined as an aspartate
transaminase or alanine transaminase ratio B 3-

fold the upper limit of normal, and the latter
defined as serum creatinine B 1.5 mg/dl or an
estimated glomerular filtration rate[60 ml/
min/1.73 m2). Patients were excluded if they
had a history of ketoacidosis, had major psy-
chiatric disorders, or had myocardial infarction,
stroke, or angina within the last 3 months prior
to enrollment.

This study was approved by the Medisys
Clinisearch Ethical Review Board and was per-
formed in accordance with the Helsinki Decla-
ration of 1964 and its later amendments. All
subjects consented to participate in the
program.

TPN Program

The TPN Program is an outpatient program that
uses a whole body Digital Twin Technology,
powered by artificial intelligence and Internet
of Things, to understand the metabolic impair-
ment in the patient’s body, which is unique to
each patient. The platform collects data from
body sensors and a mobile app to track and
analyze the body’s health signals in order to
personalize the patient’s treatment.

During the first TPN Program enrollment
visit of each patient, clinical history, vitals,
electrocardiogram, and biothesiometry were
assessed. Fasting blood specimens were drawn at
baseline and at 30, 60, and 90 days of treatment.
Health coach assistance was provided to each
patient to support the TPN Program. Once the
results of the initial blood test were known, the
TPN mobile app had been installed, and the
sensors had been activated, each patient was
provided with a precision nutrition overview.
Patients were asked to wear a sensor watch
(Fitbit Charge 2 wristband; Fitbit, San Francisco,
CA, USA) to continuously record sleep parame-
ters, heart rate, step count, and other fitness
parameters. Patients were also asked to record
their blood pressure daily using a digital Blue-
tooth-enabled blood pressure meter (model TD-
3140; TaiDoc Technology Corp., New Taipei
City, Taiwan). Patients measured their weight
each morning after the first void of urine using
a PowerMax BCA-130 Bluetooth Smart Scale
(PowerMax Fitness (India) Pvt Limited,
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Mumbai, India). Patients measured blood beta-
hydroxybutyrate levels daily by means of finger
prick. To create ambulatory glucose profiles,
CGM was performed daily throughout the study
using a Libre Pro CGM Diabetes Sensor (Abbott
Laboratories, Chicago, IL, USA), and the data
were integrated into the TPN Program web-
based software. All these data were transmitted
securely through a cellular network to the soft-
ware each day. This information and software
access were made available to the patients as
biometric feedback via the TPN app.

Patients were also asked to record their food
intake on the app each day. Machine learning
algorithms analyzed the macronutrients,
micronutrients, and biota nutrients from the
database to determine the drivers of glucose
response to specific foods for each participant.
Factors found to be associated with glycemic
response were analyzed for each participant.
Participants were then provided with a set of
specific food recommendations each day with
the aim to avoid glucose spikes. Using CGM
data, future blood glucose values of the partici-
pants were predicted using machine learning
algorithms and data fusion techniques. Each
food item within every meal was logged along
with its weight by selecting it from a database of
more than 2000 foods with full nutritional
values based on the US Department of Agricul-
ture FoodData Central database [15] that were
further improved and expanded with additional
items from certified sources [16]. The machine
learning algorithm integrated these multi-di-
mensional data to predict personalized PPGR.
Dietary intake is a central determinant of blood
glucose levels and, therefore, to achieve normal
glucose levels, it is imperative to make food
choices that induce normal PPGRs.

The aim of the TPN Program was to provide
the optimal combination of macronutrients,
micronutrients, and biota nutrients, while
simultaneously guiding individual patients to
avoid foods that cause blood glucose spikes and
to replace them with foods that do not produce
glucose spikes. There was no cap on calorie
consumption, and patients were allowed to
consume food ad-libitum to satiety. Nutritional
counselling was provided by trained coaches
through the app and via telephone. Subjects

with less than 60% adherence to the nutritional
suggestions were excluded from the study.

Titration of medicines followed medicine
guidelines based on CGM values and patient
characteristics. The patients’ CGM values were
supervised online on a daily basis by physicians,
and diabetes medications were down-titrated
based on the CGM readings. Any changes in
medicine use were based on data from the Twin
platform, and the physician would endorse the
change or not at his/her discretion. Each
patient’s insulin dose was adjusted based on
daily average blood glucose levels. Oral hypo-
glycemic agents, such as metformin and
dipeptidyl peptidase-4 (DPP-4) inhibitors, were
initially provided and reduced over time as the
blood glucose levels improved. Further medi-
cation management was based on customized
guidelines by the physician. All patients’
symptoms were recorded and analyzed by the
physicians.

Outcome Measures

Patient age, gender, duration of diabetes, and
body mass index (BMI) were recorded at
enrollment. The primary endpoint in the study
was HbA1c (%). HbA1c and the following sec-
ondary endpoints were assessed at baseline
(program enrollment) and at 30, 60, and
90 days after enrollment: fasting blood glucose
(FBG, in mg/dl), homeostatic model assessment
of insulin resistance (HOMA-IR), estimated
HbA1c (eA1c, as a percentage), mean glucose
(mg/dl) obtained from CGM, C-peptide (ng/ml),
sleep (h/night), steps per day, and heart rate
(beats per minute [bpm]). Blood glucose per-
centage of time above range (TAR level
2)[250 mg/dl and percentage of time [
180 mg/dl and B 250 mg/dl (TAR level 1); per-
centage of time in range 70–180 mg/dl (TIR);
percentage of time\70 mg/dl and C 54 mg/dl
(time below range [TBR] level 1); and percentage
of time\ 54 mg/dl (TBR level 2) were recorded
during the first week of the program and after
90 days of enrollment. Finally, insulin and oral
hypoglycemic medication dosages were repor-
ted for each person at baseline and after 90 days
of enrollment in the TNP Program.
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Statistical Analysis

Continuous variables were described using
means and standard deviation (SD). Percentages
were used to report the means of binary vari-
ables. Changes in mean values of continuous
variables from baseline to 30, 60, and 90 days
after enrollment were assessed using paired
t tests. Changes in medians were evaluated
using paired sign tests. Changes in average val-
ues of binary variables were assessed using
McNemar’s chi-squared test.

RESULTS

A total of 89 patients were enrolled in the TPN
Program. Of these, 16 patients discontinued the
program before 90 days of follow-up due to
difficulties completing the study-related proce-
dures (e.g., wearing the CGM for a prolonged
period) or because of life-altering events, such as
family emergencies. Among the remaining 73
patients, nine were eliminated from the analysis
due to significant non-adherence to the nutri-
tional instructions provided by the TNP Pro-
gram. Of the 64 patients who remained in and
adhered to the TPN Program, 19 (29.7%) were
women. At enrollment, the average (SD) age of
the 64 patients was 52.4 (10.0) years; average
duration of T2D was 8.4 (6.5) years; average BMI
was 29.2 (5.8) kg/m2; and 18.8% were taking
insulin.

The mean (SD) HbA1c of the 64 patients
decreased from 8.8% (2.2%) at baseline to 7.7%
(1.6%) at 30 days and to 6.9% (1.1%) at 60 and
90 days (all p\0.0001 vs. baseline) (Fig. 1). Six
of the 64 patients (9.4%) had an HbA1c\6.5%
at baseline. The percentage of patients with
measured HbA1c\ 6.5% increased to 24.6% at
30 days, 38.0% at 60 days, and 39.7% at 90 days
(all p\0.003 vs. baseline) (Fig. 2). The eA1c also
decreased significantly over the study period,
from 6.9% (2.3%) at baseline to 5.7% (1.0%) at
30 days, 5.8% (1.0%) at 60 days, and 5.9%
(1.2%) at 90 days (all p\ 0.001 vs. baseline).
The patients’ mean body weight decreased from
79.0 (16.2) kg at baseline to 76.1 (15.3) kg at
30 days, 75.1 (15.0) kg at 60 days, and 74.2

(14.7) kg at 90 days (all p\0.0001 vs. baseline)
(Table 1).

Mean (SD) FBG fell from 151.2 (45.0) mg/dl
at baseline to 135.2 (38.1) mg/dl at 30 days
(p = 0.0043), 131.5 (31.9) mg/dl at 60 days
(p = 0.0205), and 129.1 (36.7) mg/dl at 90 days
(p = 0.0001) (Table 1). At baseline, 34.4% of
patients had FBG\126 mg/dl, whereas after 90
days on the TNP Program 59.7% of patients had
FBG\126 mg/dl.

Mean HOMA-IR (SD) fell from 7.4 (3.5) at
baseline to 3.1 (2.5) at 30 days, 3.3 (2.4) at
60 days, and 3.2 (2.8) at 90 days (all p\0.0001
vs. baseline). The change from baseline to
90 days was a 56.9% reduction (Fig. 3).

Mean (SD) glucose levels obtained from
CGM fell from 147.4 (59.1) mg/dl at baseline to
116.7 (27.9) mg/dl at 30 days, 120.5 (29.6) mg/
dl at 60 days, and 122.6 (33.3) mg/dl at 90 days

Fig. 1 Change in mean hemoglobin A1c (HbA1c) from
baseline to 90 days of follow-up in patients who remained
in and adhered to the Twin Precision Nutrition (TPN)
Program for at least 90 days

Fig. 2 Change in the percentage of patients with
HbA1c\ 6.5% from baseline to 90 days of follow-up
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(all p\ 0.001 vs. baseline). Similarly, mean
C-peptide values decreased from 3.2 (2.2) ng/ml
at baseline to 1.7 (0.9) ng/ml at 30 days, 2.1
(0.9) ng/ml at 60 days, and 1.9 (0.9) ng/ml at
90 days (all p\0.0001 vs. baseline) (Table 1).
Some of this decrease was driven by large
decreases in patients with very high baseline
C-peptide values, which resulted in closer-to-
normal C-peptide values for those patients.

The increase in average number of hours of
sleep per night was not significant, but mean
(SD) number of steps taken per day increased
from 4677.4 (2804.9) steps per day at baseline to
7004.1 (3999.0) steps at 90 days (p\ 0.0001).
Median resting heart rate decreased from 75.0
bpm at baseline to 71.0 bpm at 90 days
(p\ 0.0001) (Table 1). Mean calories consumed
per day decreased from 1884.0 kcal (326.5) at
baseline to 1649.6 (310.1) kcal at 30 days,
1607.4 (311.4) kcal at 60 days, and 1573.0
(373.1) kcal at 90 days.

During the first week of the program, 55
patients had TIR values[ than 70%. This result
was maintained, and at 90 days 57 patients had
TIR values[ than 70%.

In only one patient was the percentage of
time[250 mg/dl (TAR level 2 of 11.9%) higher
than the accepted threshold (\5%) [17] during
the first week of the program; this was subse-
quently reduced to 0.5% at the end of 3 months
of treatment. Two patients had an initial TAR
level 1 that was above the accepted threshold
(\25%) [17]; these were reduced from 41.7 and
71.3% during the first week to 2.2 and 15.8%,
respectively, after 3 months.

Eighteen patients had unacceptable [17]
([4%) levels of TBR level 1 during the first week
of the program; this number had improved at
the end of 3 months to 12 patients with TBR
level 1[ 4%. Thirteen patients had unaccept-
able [17] ([1%) levels of TBR level 2 during the
first week of the program; this number
improved at the end of 3 months to only four
patients with TBR level 2[1%.

Mean TAR level 2, TAR level 1, and TIR val-
ues reached normal ranges by the end of the
first week of the TNP Program and were main-
tained through the 90 days of the follow-up.
The mean (SD) TIR in the first week was 87.1%
(16.8%) and continued as such throughout the
90-day period, ending at 87.1% (19.4%). Mean
TBR level 1 values were slightly above the nor-
mal range in the first week and at 90 days. Mean
TBR level 2 values were slightly above the nor-
mal range in the first week and then decreased
further to well within the normal range by
90 days (Table 2).

All 12 patients who were on insulin at base-
line stopped insulin within 3 months after the
start of the program. Of the 56 patients who
were on metformin at baseline, 38 were able to
stop taking metformin. One patient who was
not on metformin at baseline began taking
metformin during the 90-day period. Of the 28
patients on DPP-4 inhibitors at baseline (sita-
gliptin, vildagliptin, or teneligliptin), 26 were
able to stop DPP-4 inhibitors. One patient not
on sitagliptin at baseline began taking sitaglip-
tin, and one patient switched from vildagliptin
to sitagliptin. All 13 patients taking an alpha-
glucosidase inhibitor medication (voglibose) at
baseline were able to stop taking this medica-
tion. All 34 patients taking sulfonylureas
(glibenclamide/glyburide, gliclazide, glimepir-
ide, or glipizide) were able to stop taking them.
Both patients taking pioglitazone at baseline
had stopped by 90 days of follow-up. One
patient began taking pioglitazone during the
90-day period. All ten patients taking sodium-
glucose cotransporter-2 (SGLT2) inhibitors at
baseline (dapagliflozin or empagliflozin) stop-
ped taking their SGLT2 inhibitors prior to the
end of the 90 days. The one patient taking a
glucagon-like peptide 1 (GLP-1) analogue

Fig. 3 Change in homeostatic model assessment of insulin
resistance (HOMA-IR) from baseline to 90 days of follow-
up
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(liraglutide) stopped as well (Fig. 4). Six of the
64 patients had no medicines at baseline.

We observed no cases of diabetic ketoacido-
sis. No new cases of gout were diagnosed, and
no episodes of symptomatic hypoglycemia were
reported. There were no other serious adverse

events during the study. Non-serious adverse
events, such as headache, tiredness, or consti-
pation, occurred primarily early in the study
and were transient.

Table 2 Continuous glucose monitoring metrics at week 1 and at 90 days of follow-up

Continuous glucose monitoring metrics TNP Program week 1 90 Days of follow-up

Normal
Range

N Mean
(SD)

N Mean
(SD)

p value vs.
week 1

Blood glucose % time above 250 mg/dl (TAR level 2) \ 5 64 0.5 (1.6) 64 1.8

(10.5)

0.3189

Blood glucose % time above 180 mg/dl and B 250 mg/dl

(TAR level 1)

\ 25 64 4.8

(11.0)

64 5.8 (9.4) 0.5297

Blood glucose % time in range 70–180 mg/dl (TIR) [ 70 64 87.1

(16.8)

64 87.1

(19.4)

0.9979

Blood glucose % time below 70 mg/dl and C 54 mg/dl

(TBR level 1)

\ 4 64 6.2

(11.9)

64 5.0

(14.4)

0.6136

Blood glucose % time below 54 mg/dl (TBR level 2) \ 1 64 1.4 (3.2) 64 0.3 (0.8) 0.0056

Fig. 4 Change (or lack thereof) in the percentage of
patients taking medications for type 2 diabetes from
baseline to 90 days of follow-up. DPP-4 Dipeptidyl
peptidase 4 inhibitors (sitagliptin, vildagliptin,

teneligliptin), SGLT2 sodium-glucose cotransporter-2
inhibitors (dapagliflozin, empagliflozin). Sulfonylureas
taken by patients in study included glibenclamide/gly-
buride, gliclazide, glimepiride, and glipizide
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DISCUSSION

The TPN Program uses CGM, Internet of Things
technology, food intake data, and machine
learning algorithms to provide daily precision
nutrition guidance to individual patients with
T2D so that they can avoid foods that cause
blood glucose spikes and replace them with
foods that do not produce glucose spikes. The
results of the study are consistent with the
hypothesis that each diabetes-related outcome
was significantly improved over the 90 days of
the program.

The results from the present study compare
well with those from prior investigations on
interventions in diabetes patient populations.
Studies of bariatric surgery have shown that
normal HbA1c and glucose levels can be
achieved in most patients following surgery,
sometimes within a few days [1, 18]. Nearly
39.7% of the patients in the current study
reached HbA1c\6.5% within 90 days of initi-
ating the TNP Program and 38.0% reached that
level within 60 days. Studies have found that
diets that are very low in calories quickly
improve glucose and HbA1c levels and lead to
discontinuation of insulin use [1, 19]. However,
many low-calorie diet studies have also found
that patients find these diets difficult to main-
tain and that the improvements in diabetic
endpoints could not maintained long-term
[20–23]. All patients taking insulin in the pre-
sent study discontinued the use of insulin, with
most oral anti-diabetic medications also dis-
continued. In the very low-calorie study by
Steven et al. [19], 40% of patients reached
FBG\126 mg/dl (the threshold for partial
remission of diabetes [24]) at 10 weeks when
isocaloric eating was resumed, and 43% of
patients continued to have FBG\126 mg/dl at
6 months. In the current study, 59.7% of
patients had FBG\126 mg/dl after 90 days. In a
study of morbidly obese diabetic patients on a
low-carbohydrate diet, the HbA1c of these
patients decreased from 7.6 to 6.6% in 10 weeks
[2]; by 10 weeks, the percentage of people with
HbA1c\ 6.5% had increased from 20 to 56%,
and 57% had one or more diabetes medications
reduced or eliminated [2]. Within 1 year, the

HbA1c had dropped to 6.3%, 94% of these
patients had stopped taking insulin, and 100%
had stopped taking sulfonylureas [5]. In com-
parison, the patients in the current study started
with a higher average HbA1c (8.8%) and had a
larger decrease (1.9 percentage points) in HbA1c
and a higher rate of elimination of diabetes
medications after 90 days (13 weeks). In a study
of patients with T2D on a low-carbohydrate
ketogenic diet [7], HbA1c decreased from 8.8 to
7.2% and FBG fell from 178.1 to 156.4 mg/dl
over a 12-week period. This decrease in HbA1c is
slightly less than that observed in the present
study, but the percentage decrease in FBG is the
same in both studies (12.2%).

Reductions in HbA1c and HOMA-IR have
been shown to be correlated with lower health
risk in patients with diabetes. Stratton et al.
showed that a 1.0% reduction in HbA1c is
associated with a 37% reduction in diabetes
microvascular complications [25]. Bonora et al.
reported that lower HOMA-IR values indepen-
dently predicted lower cardiovascular disease
prevalence and incidence [26]. The 1.9 per-
centage point decrease in HbA1c and 56.9%
reduction in HOMA-IR, combined with fewer
medications, that was achieved in our study
population have the potential to lower the
number of vascular complications in this
patient population and thus result in cost sav-
ings over time. Increasing the TIR (even by only
5%) and decreasing TBR have also been shown
to be associated with fewer diabetes complica-
tions [17]. TIR is strongly correlated with
HbA1c, and each 10% increase in TIR corre-
sponds with a 0.4–0.8 percentage point reduc-
tion in HbA1c [27, 28]. Additionally, the hazard
rates for retinopathy progression and microal-
buminuria have been shown to increase by 64
and 40%, respectively, for each 10% reduction
in TIR [29]. Similarly, a post hoc analysis of the
Diabetes Control and Complications Trial data
showed a link between TBR glucose thresholds
of\ 70 mg/dL and\ 54 mg/dL and an
increased risk for severe hypoglycemia [30].
After 90 days on the TPN Program, 57 patients
(89.1%) had TIR 70–180 mg/dl C 70%. The
number of patients in the TPN Program with
unacceptable TBR level 1 values decreased from
18 patients at week 1 to 12 patients at 90 days,
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and those with unacceptable TBR level 2 values
decreased from 13 patients at week 1 to only
four patients at 90 days of follow-up.

The strengths of this study include the sig-
nificant improvements in patient outcomes and
the serial HbA1c testing with continuous AGP
monitoring that shed new light on changes in
AGP metrics. The nutritional intervention hap-
pened in an outpatient setting employing
home-cooked foods, making the intervention
sustainable in the long term. App-based logging
of food by patients allowed for accurate assess-
ment of nutrition.

The limitations of this study include its ret-
rospective nature, a relatively small study pop-
ulation, and no control arm. Additionally,
although most of the patients discontinued
diabetes medications and reached the FBG
threshold for partial remission of diabetes, the
length of the study was not long enough to
verify remission of diabetes. This will be the
goal of subsequent randomized controlled
studies.

CONCLUSION

The results provide evidence that daily preci-
sion nutrition guidance based on CGM, Inter-
net of Things technology, food intake data,
and machine learning algorithms can benefit
patients with T2D. Diabetes-related endpoints
in the 64 participants who adhered to the TNP
Program for 90 days improved significantly over
the course of the study. Following 3 months of
the TPN Program, patients achieved a 1.9 per-
centage point decrease in HbA1c, a 56.9%
reduction in HOMA-IR, a significant decline in
TBR, and the elimination of diabetes medica-
tion use in most of the patients. Ongoing results
will shed further light on the long-term effec-
tiveness, safety, and sustainability of the TNP
Program.
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