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DIET QUALITY AND CONTINUOUS GLUCOSE MONITOR-DERIVED

GLYCEMIC TRAITS IN NON-DIABETICS

VALERIA VALLEJO
ABSTRACT
Background
Type 2 diabetes mellitus (T2DM) is characterized by insulin resistance,
which is often preceded by poor diet quality, physical inactivity, and weight gain.
Evidence shows that lifestyle changes, including increasing diet quality and
physical activity can prevent development and improve management of T2DM. It

is unknown how diet quality affects specific glycemic traits.

Objective
The overall goal of the current study was to evaluate the association
between diet quality and continuous glucose monitor (CGM)-derived glycemic

traits in non-diabetic individuals.

Methods

Using data from the Framingham Heart Study, we included participants in
the Generation (Gen) 3, New Offspring Spouse, and Omni 2 cohorts without
diabetes, who attended the fourth examination and who wore a continuous
glucose monitor for >3 days from September 2022 to April 2023 (n=569). We
further excluded data from 122 participants who did not complete >2-day diet

records or wear a fit bit physical activity monitor for >3 days. We used linear
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regression models to assess the association of diet quality (macronutrient
composition, the Healthy Eating Index [HEI], and HEI components) with CGM-
derived mean glucose and glycemic variability, measured using the CGM
coefficient of variation (CV) and continuous overall net glycemic action
(CONGAL), adjusting for age, sex, CGM device lot number, body mass index

(BMI), and physical activity (average Fit bit steps/day).

Results

Of our sample of 447 non-diabetics, we observed 194 (43.4%) with
prediabetes, defined as venous fasting glucose >126mg/dL, hemoglobin Alc
>6.5%, or taking glucose lowering medication. We reported that participants with
prediabetes had a higher BMI (29 vs. 26 kg/m?), higher mean CGM glucose (123
vs. 113 mg/dL) higher CONGAL (22.23 vs. 16.5%), similar CV (both 0.2%), and
~3 point lower HEI total score compared to participants with normoglycemia.
Among both normoglycemic and prediabetics we observed associations with
lower percent energy intake (EI) from total fat and saturated fat, higher percent El
from carbohydrate, and higher refined grains with higher glycemic variability,
measured using CONGAL. Many other dietary factors (including total energy,
sodium, dairy products, vegetables, fiber, and protein intake) were associated with
one of the CGM measures (CONGA1, CV, or mean glucose), but only in
normoglycemic or pre-DM participants. No other CGM results consistent among

participants from both glycemic status groups.

Vi



Conclusion

Overall, the daily consumption of more refined grains and total
carbohydrates and less fat and protein-containing foods was associated with
higher glycemic variability in our non-DM participants. We also observed
associations with individual dietary components with some, but not all, glucose

metrics, warranting further investigation in larger cohorts.
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INTRODUCTION

Diabetes Mellitus (DM) is a chronic disease that affects 37.3 million people in
America and is the eighth leading cause of mortality.[1] The majority of people with DM
have type 2 (T2) DM, which begins with insulin resistance, but can also result in reduced
insulin secretion. Complications from T2DM can lead to heart disease, vision loss, nerve
damage, kidney disease, and even death if T2DM is not properly managed.[2] DM risk can
be modified by lifestyle choices, but, there are other contributing non-modifiable factors,
such as older age and genetical predisposition, as well as environmental risk, .[3] It is clear
that heredity also plays an important role in the development of DM.[4] A study of the
occurrence of DM across generations was observed in the Framingham Offspring study,
whereby the offspring who had a single parent with DM had 2-3 times the risk of
developing DM, however, when both parents had DM, offspring had 6 times the risk of
DM.[4]

Individuals from certain race and ethnic backgrounds also have a higher risk for
DM. However, the role of race and ethnicity is likely much more complex than genetics,
and instead may include differences in environmental, socioeconomic, lifestyle, and
socio-cultural factors. Hispanic, Asian-American and African American individuals, have
a higher incidence of developing DM.[3] A meta-analysis that included 495 different
studies on Hispanic and non-Hispanics found that hemoglobin (Hb)Alc was 0.5% higher
in patients with Hispanic background compared to non-Hispanics.[5] There are many
potential factors contributing to these differences, but it is apparent that there is a lack of

DM awareness combined with a gap in medical care in some Hispanic communities that
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may further complicate our understanding of the different rates of DM development

among different communities.[5]

Nutrition and Diabetes

DM is an alarming disease that can be managed with a combination of therapies.
DM treatment is focused on therapies that promote a healthy diet, exercise, prescribed
drugs, glucose monitoring devices, surgical procedures etc.[6] Medical Nutrition Therapy
(MNT) is a key factor for improving glycemic targets, achieving weight management and
improving cardiovascular risk factors. MNT is a personalized diet plan provided to
people living with diabetes by a registered dietitian.[3] This nutrition therapy has been
associated with lowering HbAlc levels by 1.0-1.9% in T1DM and 0.3-2% in those with
T2DM.[7] In MNT, there is not a recommended macronutrient composition for DM
patients, instead, diets such as the Mediterranean Diet, vegetarian diets and Dietary
Approaches to Stop Hypertension (DASH) are recommended because they have shown
positive results in the management of DM.[3]

The American Diabetes Association has strongly reinforced the need for healthy
eating patterns that include a variety of nutrient-dense foods. These will help improve
overall health through the improvement of glycemic control, weight management, and
dyslipidemia, which are all risk factors for cardiovascular disease (CVD) risks in DM

patients.[8]

Following a healthy diet and being physically active not only improves DM

management but is also the most effective tool in preventing the development of DM, as



demonstrated by the very successful Diabetes Prevention Program (DPP).[9] DPP is a
randomized controlled trial conducted in high-risk individuals with elevated fasting plasma
glucose and impaired glucose tolerance. DPP tested strategies to prevent or delay T2DM
with a pharmaceutical intervention (metformin), placebo, or an intensive lifestyle
intervention, for which the major goals were to reduce weight to at least 7% of initial body
weight and be physically active for at least 150/week. Individuals at high risk that changed
their lifestyle behaviors with a focus on diet and exercise, reduced the incidence of T2DM

by 58% compared to the metformin group.[10]

There is extended evidence that lifestyle changes, such as diet, play a key role in
T2DM prevention. In the Nurses’ Health study, researchers examined the relationship
between whole grain consumption and risk of developing T2D in healthy women who were
free of DM, cancer, and CVD. Findings from this study found that an increase in
consumption of whole grains by two-servings-per-day was associated with a 21% decrease
in risk of developing T2DM[11] Foods are defined as whole grains only if all the
components of the kernel, i.e., the bran, the germ and the starchy endosperm are present
in the same proportions as their natural composition. Whole grains offer health benefits in
glucose metabolism by slowing and lowering postprandial blood sugar and insulin. In the
refining process, the germ and bran are removed, and the observed health benefits are lost

[11] due to the lower fiber and loss of nutrients.

Sugary drinks have a high glycemic load. Glycemic load refers to how fast quick a

specific carbohydrate elevates blood sugar levels. [11] Excess energy intake from sugar-



sweetened beverages (SSB) contribute to weight gain and increase the risk of T2DM due
to the large amounts of added sugars. HFCS is composed of 55% glucose and 45% fructose.
[48] This causes rapid spikes in blood sugar, which contributes to insulin resistance. A
prospective cohort study among women in the Nurses’ Health Study (NHS) Il indicated
that higher consumption of SSBs was associated with weight gain and increased risk of
T2DM.[12]

The quality of the dietary fat consumed may also play a role in the development of
T2D. Fatty acids are known to influence glucose metabolism and insulin signaling.[13]
Substituting energy intake from saturated fats and trans fatty acids with unsaturated
(polyunsaturated and/or monounsaturated fats) has been associated with reducing the risk
of T2DM and insulin sensitivity.[13]

A meta-analysis of data from 440,000 individuals provided evidence that eating
red and processed meat led to an increased the risk of DM [14]. They found that eating 3-
ounce servings of red meat daily was linked to a20% higher risk of developing DM

compared to those who rarely ate meat.[14].

Diabetes technology for diabetes prevention

One measure that can be used to assess a DM patient’s long-term glucose
management is HbAlc. HbAlc gives an estimate of an individual’s glycemic control over
the past three months and is a good predictor of DM-related complications.[15] However,
there are some limitations because HbA1c is not a direct measure of glycemia, and it does

not measure short term swings in blood glucose levels.[15]



Oral glucose tolerance tests (OGTT) are another way to measure glycemic control.
For this test a measure of blood sugar is collected at baseline, after which the study
participant drinks a concentrated sugar mixture composed of 75g of glucose diluted with
250 to 300 ml of water, followed by another blood draw to measure glucose levels.[16]

Although OGTT is a reliable and low-costly glucose measure, it doesn’t provide
any information on changes in your blood sugar values throughout the day.[16]

Continuous glucose monitoring (CGM) is a new measure that became accessible
in the year 2000, but with substantial measurement inaccuracy.[17] Today,
CGM inaccuracy has been reduced to within 10% of capillary (finger stick) glucose.[18]
Over the past years, CGM has been a very helpful tool that enabled clinicians and people
with DM to get rapid glucose results and overcome the limitations of HbAlc.[19] Glucose
patterns observed via CGM data can aid patients in understanding whether specific
interventions are working for them, to better glycemic control or prevention hypoglycemia
at specific times of the day.[20] Relevant studies have shown the advantages of using
CGM. For example, a randomized clinical trial (RCT) in adults with TLDM showed that
there was a more substantial decrease in HBA1c levels with adults using CGM compared
with self-monitored blood glucose management (using finger stick).[21] There has been a
significant advancement in CGM technology since 2000, and in 2016, the FDA had
approved CGM to replace fingerstick glucose tests for people living with DM [22]. By
2022, CGMS were approved to be worn continuously for 180 days to help practitioners

make better decisions for treating DM. [23]



Using CGM has allowed a more thorough evaluation of the fluctuations in blood
glucose concentrations, including time, number, and proportions of those fluctuations.
Numerous factors like sleep [24], activity levels, sedentary lifestyle, and diet [25] may
affect plasma glucose concentrations in people with DM. While HbAlc provides glycemic
control information over the past three months, CGM prescribers have access to glucose
patterns and are provided with more detailed information compared with only HbAlc.
CGM devices report interstitial fluid glucose readings every few minutes, typically 5-15
minutes, depending on the device.[26] People living with DM now have access to real-time

data that will help keep track of their glucose changes thanks to CGM devices.[26]

Glycemic status in non-diabetics

While the technology for managing DM has improved greatly in recent years,
screening for DM remains relatively constant. In individuals without DM, there are a few
different clinical tools that are used for screening for DM, typically HbA1¢>6.5% or
fasting blood glucose level >126mg/dL indicate a DM diagnosis. Occasionally a 759
OGTT can also be used to identify potentially impaired postprandial glucose if post two-
hour glucose levels are 140 to 199mg/dL.[27]

Acute hyperglycemia, most of the time, displays no symptoms and does not
produce overt permanent damage, but it is unclear whether acute glycemic excursions can
be harmful.[28] On the other hand, chronic hyperglycemia is clearly associated with
severe complications such as damaged kidney, neurological conditions, diseases of the

heart or blood vessels.[28] Most treatments aim to keep blood glucose levels in a range of



70-180 mg/dL, which can occasionally even be accomplished in individuals with DM by
consuming a healthy diet and implementing physical activity in addition to
medications.[28]

However, preliminary (unpublished) evidence from our research group suggests that
acute hyperglycemia may be more common among individuals with no other elevated
standard glycemic measures.

Low blood glucose, or hypoglycemia, is rarely seen in individuals who are
healthy and do not have DM, but it can develop in children and older adults at any period.
[29] This can happen because of overproduction of insulin, hereditary metabolism, lack
of food over a long period of time, among other health-related conditions.[29]

Glycemic status is influenced by the food we eat, social standing, one’s ability to
physically perform and mental health conditions.[30] Over time, there has been a major
focus on evaluating the effect of diet quality components such as glycemic index (GI) on
glycemic response.[31] Gl is used to estimate how much specific foods increase our
blood sugar levels.[31] Previous studies have shown that managing a diet with moderate
Gl foods helps the glycemic response in patients with DM.[32]

Foods with high GlI, for example, simple carbohydrates, are digested and
metabolized faster meaning they are released quicker into our blood, causing an acute rise
in blood glucose.[31] In contrast, foods with low Gl, tend to take longer to
digest/metabolize and release glucose into the blood. Although carbohydrates have been
known to significantly act on postprandial glycemia, evidence suggests that fat and

protein also play a big role in the glycemic response.[32] Fats can act to delay the



absorption of glucose and slow down the hyperglycemic peak.[32] On the other hand,
proteins promote the release of insulin resulting in glucose facilitation.[32]

Although diet is an essential factor that determines blood glucose levels, there is
mounting evidence that different people have different glycemic reactions to the same
diet.[33] These glycemic responses differ with physiological, genetic, and microbial

factors.[34]

Healthy Eating Index and Diabetes

In the past few decades, the use of dietary patterns in research and for public
health messages has accelerated dramatically.[35] These trends can be observed by
comparing the number of publications each year when using the near term, “dietary
pattern.” The general purpose of designing dietary pattern indices is to integrate large
amounts of information into a single useful measure or summative score by integrating
diet quality indices (DQIs) based on specific dietary patterns or guidelines. [35] More
importantly, scoring methods focus on both protective dietary patterns and unfavorable
food intakes. [36] A higher DQI reflects a healthier diet quality.[36] The original DQIs
designed for the Dietary Guidelines for Americans in 2003[40] are the Healthy Eating
Index (HEI), Diet Quality Index and the Diet Quality Index-Revised. Many other dietary
patterns have been explored for their associations with health outcomes, including, the
Mediterranean Diet score, Dietary Approaches to Stop Hypertension (DASH), and the

Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diet.[21]



In the present investigation we propose to use CGM to determine the role of dietary
patterns on glycemic traits in participants without DM. We chose to use the HEI and its
components to explore the role of diet in this investigation. Our results will provide further

evidence linking dietary habits with potential future risk for DM.



METHODS

The Framingham Heart Study (FHS) has been ongoing since 1948. Originating as
a cohort of 5,209 men and women ages 30 to 62 years, [37] it was initiated by the US
public health service to study the epidemiology and risk factors for CVD. Framingham is
a town located in the west of Boston, Massachusetts, it was selected due to its success on
previous studies of tuberculosis. [38] The initial cohort was followed up biennially to
learn about the differences by which those who have CVVD compared to those who remain
disease free. The initial plans were to follow up the original cohort for 20 years, but after
FHS continued to receive federal funding, they expanded the study.[38] In 1971, the
second generation of the original cohort was enrolled, known as the Framingham
Offspring Study, which included the children of those in the original cohort and the
spouses of these children (n=5124). [38] In 1995, a multi-ethnic cohort was enrolled
(Omni 1, n=506) to better reflect the race and ethnicity representation of town. In 2002,
the FHS enrolled the grandchildren of the original cohort (GEN 3 n=4,095). The next
year, FHS investigators enrolled a second Omni cohort (Omni 2, n=410) and spouses of
the Framingham Offspring cohort who were not already enrolled (New Offspring Spouse
[NOS] cohort, n=103).

In our main analyses, we included participants in the GEN 3, Omni 2, and NOS
cohorts who attended the fourth examination of the FHS (n=778) from September 2022

until the end of April 2023 (Figure 1).
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Participants with DM (defined through self-report, HbAlc >=6.7%, or venous fasting
glucose >=125 mg/dL) or taking glucose-lowering medication were excluded (n=76). We
further excluded those who did not agree to wear the CGM, those who did not wear the
monitor for at least 3 full days, and those missing venous glucose or HbAlc (n=133).
Finally, we excluded those who did not wear a Fit-bit monitor for at least 3 days (n=25),
and those who did not complete the diet record for at least 2 days (n=97). We were left

with a sample size of 253 for normoglycemic and 194 for pre-DM.
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Continuous Glucose Monitor Assessment

Participants were instructed to wear a Dexcom G6 Pro CGM after the exam for no
less than four days but were encouraged to wear it for ten days. Participants were given
the option to wear the device on their upper arm or abdomen. We excluded the first and
last partial days. We also excluded days with less than 200 glucose values (70% of a
potential 288 glucose values). Glucose variability was identified by using several CGM
measures such as mean glucose, coefficient of variation (CV%), CONGA1 (described in

Table 3).[47]

Table 1: Baseline Characteristics
Measure Normoglycemic (n=253) Pre-DM (n=194)
Mean (S.D) Mean (S.D)
CGM device lot number, N (%)
5314664 19 (11.05) 17(11.8)
5316321 17 (9.8) 12(9.0)
5316322 48 (27.9) 35(24.3)
5316325 88 (51.1) 88(51.2)
5316326 0(0) 1(0.7)
Age.y 59.1 (8.6) 62.1(7.8)
Sex, N (%)
Male 80 (31.6) 108 (55.7)
Female 173 (68.4) 86 (44.3)
BMI, kg/m2 26.1 (4.5) 29.4(5.0)
Venous plasma glucose, mg/dL 90.6 (5.5) 103.0 (7.4)
CGM Coefficient of variation, % 0.2(0) 0.2 (0)
CGM Mean glucose, mg/dL 113.5(11.6) 123.1 (14.3)
CGM CONGA1 16.5(3.1) 22.3(4.9)
Average steps 9555 (4083) 9279 (4259)
Days of diet data 2.9 (0.5) 2.9(0.4)
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Energy (kcal) per day 1886.2 (619.2) 1995.0 (669.8)

% Energy from carbohydrate 42.6 (8.7) 41.5(9.2)
% Energy from protein 17.0 (4.2) 17.8 (4.5)

% Energy from fat 38.1(7.7) 38.9 (7.6)

Fiber residual 0.8 (8.7) -1.0(7.8)

Total HEI score 62.0 (13.7) 58.9 (13.4)
Vegetables & Legumes (cups/d) 19(1.1) 19(1.1)

Dark Green Vegetables &

Legumes (cups/d) 0.4 (0.5) 0.4 (0.4)

Total intact fruits (cup eq) per day 1.0(0.9) 0.9 (0.9)
Whole fruit (cup eq.) per day 0.9 (0.8) 0.7(0.7)
Whole grains (0z eq.) per day 1.1(1.2) 1.1(1.1)

Total milk, yogurt, cheese & whey

(cup. eq) per day 1.4 (1.1) 1.6 (1.2)
Animal & plant protein (0z) 6.9 (3.7) 7.6 (4.0)
Fish & plant protein (0z) 3.0(31) 2.6(2.6)

Fatty acids (G) 47.5(21.1) 49.9 (21.4)

Saturated Fats (g) 25.7 (12.4) 28.6 (12.8)

Sodium (mg) 2985.1 (1040.4) 3288.0 (1164.6)

Refined grains (0z eq.) per day 4.2 (2.4) 4.4 (2.5)
Added Sugars (tsp. eq) per day 10.2 (7.8) 10.8 (8.1)
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Diet Assessment

Participants were instructed to use a diet record tool (Automated Self-
Administered 24-Hour Dietary Assessment Tool, ASA24) for at least three days
including two days in the week and one weekend day. [39] We excluded days on which
participants recorded <600 kcal or >5000 kcal. We calculated the (HEI)-2015 and each of
the HEI components using a SAS program for each participant (using the “By Person”
methods) made available by the National Cancer Institute.[40] The read me file
demonstrates how to calculate the HEI components and scoring in SAS program, using
data from ASA24. SAS calculates HEI using simple methods and doesn’t not account for
measurement error. [40]

The HEI was developed to assess the quality of diet independently of energy
intake. The HEI-2015-2020 uses a score from 0-100, the higher the score the better
adherence to the ideal diet according to the Dietary Guidelines for Americans
(DGA).[40] The HEI-2015 is composed of 13 components including total vegetables,
greens and beans, total fruit, whole fruit, whole grain, dairy, total protein foods, seafood
and plant protein, fatty acids, saturated fats, sodium, refined grains and added sugars.[41]

We created new variables for each of the 13 HEI components, each of these were
the original HEI component divided by the number of data days to get the average intake
for each component (see Table 2). We additionally calculated fiber using a residuals
method (centered at the mean fiber intake for sample) and assessed average

macronutrient (carbohydrates, protein, fat) intake as a percent of kilocalories consumed.
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Table 2: Healthy Eating Index-2015 components, point values, and standards for scoring

Fatty acids (g)

Ipolyunsatm‘ated fatty acids

Healthy Eating | Description (each variable |Maximum|Standard for |Standard for
Index represents the average over |points minimum minimum
|(HEI)Componentsjall recorded days) score score of zero

5 1.1 cup equiv. [No Dark

per 1.000 kcal |Green

[Vegetables & [Vegetables or
Jlegumes (cups) Total vegetables and legumes Legumes

5 0.2 cup equiv.
Dark Green per 1,000 kcal [No
vegetables & Dark green vegetables and [Vegetables
Legumes (cups)  |legumes

Total intact fruits |Total intact fruits (whole or cut) 5 0.8 cup equiv. [No Fruits

(cup eq.) and fruit juices per 1.000 kcal
|Citrus, Melons, Berries, and 5 [No Whole
other Fruits to calculate Whole 0.4 cup equiv. [Fruits
[Whole fruit (cup  |Fruit (i.e., non-juice) per 1,000 kcal

eq.) consumption
[Whole grains (oz |Grains defined as whole grains 10 |z 1.5 0z equiv. [No Whole

and contained the entire grain per 1,000 kcal |Grains

eq.) |kernel the bran, germ, and

endosperm

Total milk, yogurt, cheese, 10 1.3 cup equiv. |[No Dairy
whey. For some foods, the total per 1,000 kcal

dairy values could be higher

than sum of milk. yogurt, and

cheese (because dairy

component composed of whey

Total milk, yogurt, [which is not included in the US
cheese & whey department of agriculture
(cup. eq) database as a separate variable)

All animal and plant proteins, 5 >2.5 oz equiv. |No Protein
including meat, poultry, fish, per 1.000 kcal |Foods

Animal & plant  |eggs. nuts, seeds. soy, and
[protein (0z) legumes

All fish and plant proteins, 5 0.8 0z equiv. [No Seafood

Fish & plant including fish, nuts, seeds, soy, per 1,000 kcal |or Plant

[protein (0z) and legumes Proteins
Monounsaturated and 10 <25 <1.2

15




10

<8% of energy

(tsp.eq)

Foods defined as added sugars

>16% of
energy
Saturated fats (g) [Total saturated fatty acids
10 < 1.1 grams per[>2.0 grams
1,000 kcal per 1,000
Sodium (mg) Sodium kcal
Refined grains that do not 10 <1.8 oz equiv. 4.3 oz
Refined grains (oz [contain all the components of per 1,000 kcal [equiv. per
eq.) the entire grain kernel 1,000 kcal
10 <6.5% of
energy >26% of
Added sugars energy

Reference: Developing the Healthy Eating Index (HEI) | EGRP/DCCPS/NCI/NIH. (n.d.).

Physical Activity Assessment

Participants were instructed to wear a Fitbit Inspire 2-Heart Rate monitor on their

wrist for seven days.[42] We used the average amount of steps/day as our measure of

physical activity. We excluded days that participants did not reach 1000 steps because

these days may have had less wear time.

Covariates

In this examination, we explored covariates sex (dichotomous), age (years), body

mass index (BMI) (a continuous measure of weight in kg divided by height in meters,

squared), physical activity (continuous) and CGM lot number and energy intake.

16




Statistical Analysis

Means with standard deviations (SD) for baseline characteristics were calculated
for descriptive purposes. Regression models were used to study the relationship between
CGM measures and the HEI. We adjusted for confounders such as age, sex, total energy
intake, CGM device lot number BMI and physical activity. Statistical significance was
set at p<0.05. We did not perform corrections for multiple testing due to the exploratory
nature of these analyses. Results will need to be replicated in the larger sample size upon

completion of data collection.
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Results

The baseline characteristics of 447 non-DM participants, with an average age of
60 years during the fourth examination, are presented in Table 1. Pre-DM participants
had higher mean BMI (29 kg/m?) compared to those who were normoglycemic (BMI=26
kg/m?). Participants with pre-DM also had higher mean glucose (123.1 vs. 113.5 mg/dL),
higher CONGAL (22.3 vs. 16.5%), but CV% was similar (both 0.2%). Normoglycemic
participants had higher HEI total score, fiber, fruit, seafood, and plant protein, while pre-
DM had higher intakes of dairy, total animal and plant protein, saturated fat, sodium
refined grains, and added sugar. Vegetable and whole grain intake was similar across

these groups with different glycemic status.

Table 3: CGM Variables

|CGM Variables Description

IMean glucose mg/dL Average of all CGM glucose values

Standard deviation for all CGM values/mean CGM
Coefficient of Variation (CV) glucose

18



Associations of Diet and CGM outcomes:

We first examined the association between HEI and its components and
macronutrients with venous glucose in normoglycemic and pre-DM participants, the only
associations that reached statistical significance was higher sodium intake as a
component of HEI with higher venous glucose in both pre-DM and normoglycemic

(Table 4).
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Macros

Table 4: The association of diet quality with VENOUS GLUCOSE

High Carbs

F+V

Normoglycemic n=253 Pre-DM n=19%4
Model BE:SI';;"“' P Value BE:SE‘;“‘“ P Value
| Total energy 1]0.1(0.1) 0.23]0(0.1) 0.7
intake (per 1000
keal) 210.1(0.1) 0.4 | -0.1(0) 0.65
Percent energy 1| -0.04 (0.05) 0.39 | -0.04 (0.07) 0.53
f‘,’,‘,’;‘,‘ohvdm 2 |-0.01 (0.05) 0.83 | -0.04 (0.07) 0.6
pe,-cen;em.gy 1]0.04(0.1) 0.68 | 0.12 (0.15) 0.43
from protein 21 0.02 (0.09) 0.78 | 0.17 (0.15) 0.28
Percent energy 1| -0.05 (0.05) 0.36 | 0.005 (0.08) 0.95
from fat 2| -0.04 (0.05) 0.52 | 0.001 (0.08) 0.99
1| -0.09 (0.05) 0.07 | -0.07 (0.09) 0.43
Fiber residual
2| -0.07 (0.06) 0.26 | -0.04 (0.09) 0.65
1| -0.06 (0.03) 0.06 | -0.04 (0.05) 0.36
HEI total score
2| -0.05(0.03) 0.11 | -0.03 (0.05) 0.52
Refined grains (0z 1]0.24(0.21) 0.25 | 0.26 (0.30) 0.39
eq.) 210.30(0.21) 0.16 | 0.20 (0.30) 0.5
Added sugars 1] -0.06 (0.07) 0.35 | -0.08 (0.09) 0.38
(tsp.) 2| -0.05 (0.07) 0.47 | -0.09 (0.01) 0.35
Whole grains (0z 1]-0.67(0.41) 0.1 | -0.19 (0.68) 0.16
eq.) 21-0.50(0.42) 0.24 | 0.12 (0.67) 0.87
Vegetables & 1]-0.13 (0.41) 0.74 | 0.50 (0.64) 0.44
legumes (cups) 2| -0.05 (0.41) 0.91 | 0.44 (0.63) 0.49
Dark Green 1|-0.63(0.89) 0.48 | 0.21 (1.54) 0.89
vegetables &
Legumes (cups) 21-0.34(0.91) 0.71 | 0.40 (1.56) 0.8
Whole fruit (cup 1]-0.75 (0.49) 0.13 | -1.63 (0.90) 0.07
eq.) 2 |-0.57 (0.50) 0.26 | -1.36 (0.90) 0.13
Total intact fruits 1| -0.65(0.45) 0.15 | -1.34(0.77) 0.08
(cup eq.) 2 1-0.50 (0.47) 0.29 | -1.10 (0.78) 0.29
Seafood & plant 1]-0.18 (0.18) 0.32 | -0.15 (0.26) 0.58
protein (0z) 21-0.11(0.18) 0.55 | -0.09 (0.27) 0.73
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Animal & plant 1]-0.04 (0.16) 0.81 | 0.04 (0.19) 0.82
protein (0z) 2| -0.04 (0.16) 0.79 | 0.11 (0.19) 0.57
Total 1|-0.02(0.46) 0.97 | 0.04 (0.61) 0.96
milk,yogurt,cheese
& whey (cup. eq) 21-0.03 (0.47) 0.94 | 0.02 (0.61) 0.97
1] -0.04 (0.04) 0.33 | -0.01 (0.05) 0.83
Fatty acids (G)
21-0.02 (0.04) 0.61 | -0.009 (0.05) 0.87
1] 0.02 (0.06) 0.79 | 0.04 (0.07) 0.58
Saturated fats (g)
21 0.02 (0.06) 0.72 | 0.04 (0.08) 0.64
1]0.1(0.1) 0.05]0.2(0.1) 0.03
Sodium (g)
210.1(0.1) 0.05 | 0.002 (0.1) 0.04

*Model 1 adjusted for age, sex, kcal and lot number. Model 2 adjusted for (Model 1+

BMI +Physical activity).

Among both normoglycemic and pre-DM, we observed statistically significant
associations with lower percent energy from fat (p=0.03) (and saturated fat (p=0.02)),
higher percent energy from carbohydrates (p=0.01), and higher refined grains (p=0.03)
with higher CONGAL, in the full model adjusting for age, sex, kcal, lot number, BMI and
physical activity (Table 7). There were additional dietary factors associated with
CONGA1 m either normoglycemic or pre-DM, but not both. When assessing which
dietary factors relate to mean glucose, we also observed different results among the two
glycemic status groups. Higher percent energy from carbohydrates and refined grains
(p=0.03) were associated with mean glucose (like CONGAL1), but only among
normoglycemic, whereas HEI protein components; seafood and animal (both with a
p=0.03) and fiber intake (p=0.03) were associated with mean glucose in those with pre-
DM (Table 6). Only in normoglycemic were dietary factors associated with CV (total

energy (p=0.03) and vegetable/legume intake (p=0.05)).
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For normoglycemic participants there was an association with higher intake of
refined grains (p=0.03) (Table 6), and lower total vegetables legumes (p=0.0007) (Table
5) associated with higher mean glucose, higher CV and higher CONGA1 (Table 7),
p<0.05, which was not observed in pre-DM after adjusting for age, sex, kcal, lot number
BMI and physical activity. Among pre-DM, we observed dietary factors significantly
associated with lower mean glucose (Table 6): animal, fish and plant proteins, and fiber
intake (p=0.03) in model 1 adjusting for age, sex, total energy intake and lot number and
(p=0.06) when further adjusting for BMI and physical activity.

Among both normoglycemic and pre-DM, we observed statistically significant
associations with higher percent energy from carbohydrates (p=0.01 & p=0,002), lower
percent energy from fat (p=0.03 & p=0.01), and higher refined grains (p=0.03 & p=0.02)
with higher CONGAL1 (Table 7). In normoglycemic only, we observed associations of
lower intake of total milk, yogurt, cheese, and whey (p=0.05), fish and plant protein
(p=0.02), and saturated fats (p=0.02) with higher CONGA1 (Table 7). Among pre-DM,
we observed associations of lower fatty acid intake higher sodium intake and higher
intake of animal and plant protein with lower CGM measure CONGAL (Table 7, all with
a p=0.02).

It is important to note that most statistical significance would be lost if correcting
for multiple testing. A priori, we decided not to make these adjustments due to the
exploratory nature of our analysis, but replication is required for confirmation of our

results.

22



Macros

High Carbs

Table 5. The association of diet quality with CGM-derived Coefficient of Variation

Normoglycemic n=253

Prediabetic n=194

F+V

Model | B Estimate (SE) P Value | B Estimate (SE) P Value

Total energy 1]0.1(0 0.05]0.9(0.1) 0.15
intake (per 1000
kcal) 210.1(0 0.03]0.3(0.6) 0.69
:’ercent energy 1 | 0.0003 (0.0003) 0.26 | 0.0008 (0.0004) 0.36
rom
carbohydrate 2| 0.0003 (0.0003) 0.33 | 0.0008 (0.0004) 0.06

1 | -0.0001 (0.0005) 0.76 | -0.0006 (0.0001) 0.5
Percent energy 2 | -0.0001 (0.0005) 0.82 | -0.0009 (0.0001) 0.37
from protein

2| -0.0003(0.0003) 0.29 | -0.0005 (0.0005) 0.32

1| -0.0001 (0.0003) 0.71 | 0.0001 (0.0006) 0.84
Fiber residual

2 | -0.0004 (0.0003) 0.19 | 0.0003 (0.0006) 0.65

1 | -0.0002 (0.0002) 0.23 | -0.00002(0.0003) 0.96
HEI total score

2 | -0.0003 (0.0002) 0.12 | -0.0001 (0.0003) 0.67
Ret)“med grains (oz 1] 0.002 (0.001) 0.15 | 0.002 (0.002) 0.18
eq.

2| 0.001 (0.001) 0.1 | 0.003 (0.002) 0.13
Added sugars (tsp. 1 | 0.0002 (0.0003) 0.59 | -0.0005 (0.0006) 0.43
eq) 2| 0.0003 (0.0003) 0.43 | 0.00003 (0.0006) 0.96
Whole grains (0z 1| -0.002 (0.002) 0.45 | -0.0003 (0.004) 0.94
eq.) 2| -0.001 (0.002) 0.37 | 0.0006 (0.004) 0.89
Vegetables & 1| -0.002 (0.002) 0.26 | -0.0007 (0.004) 0.85
legumes (cups)

2| -0.004 (0.002) 0.05 | -0.0004 (0.003) 0.92
Dark Green 1 | -0.005 (0.005) 0.31 | -0.0006 (0.001) 0.95
vegetables &
Legumes (cups) 2| -0.007 (0.005) 0.09 | -0.001 (0.001) 0.88
Whole fruit (cup 1| -0.004 (0.003) 0.16 | -0.0002 (0.006) 0.97
eq.)

2| -0.005 (0.003) 0.08 | 0.001 (0.006) 0.84
Total intact fruits 1| -0.003 (0.002) 0.14 | -0.001 (0.005) 0.74
(cup eq.) 2 | -0.004 (0.002) 0.11 | -0.002 (0.005) 0.73

1 | -0.001(0.0009) 0.16 | 0.0006 (0.002) 0.7
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High protein

High Fat

Macros

Sl Ly 2 | -0.002 (0.0009) 0.08 | -0.0002 (0.002) 0.9
protein (0z)
Animal & plant 1 | 0.00002 (0.0008) 0.1 ] -0.001 (0.001) 0.88
protein (0z) 2 | -0.0001 (0.0008) 0.9 | -0.001 (0.001) 0.25
| Total 1| -0.004 (0.002) 0.09 | 0.002 (0.004) 0.45
milk,yogurt,cheese
& whey (cup- eq) 2 | -0.004 (0.002) 0.1 | 0.004 (0.004) 0.27
1] 0.0002 (0.0002) 0.26 | -0.0005 (0.0003) 0.1
Fatty acids (G)
21 0.0001 (0.0001) 0.5 ] -0.0004 (0.0003) 0.22
1] -0.0004 (0.0003) 0.18 | -0.0006 (0.0005) 0.19
L] Saturated fats (g)
21 -0.0005(0.0004) 0.08 | -0.0003 (0.0005) 0.55
1]10.3(0.1) 0.39]0.1(0) 0.14
Sodium (g)
210.3(0.3) 0.35]0.01(0.1) 0.11
Model 1 adjusted for age, sex, kcal and lot number. Model 2 adjusted for (Model 1+
BMI+Physical activity).
Table 6: The association of diet quality with CGM-derived: MEAN GLUCOSE
Normoglycemic n=253 Pre-DM n=194
Model | B Estimate (SE) | P Value | B Estimate (SE) | P Value
_| Total energy 1]0.1(0.2) 0.94]-0.1(0.2) 0.5
intake (per
1000 kcal) 210.1(0.2) 0.98]10.9(0.2) 0.66
Percent 110.16(0.1) 0.12 | 0.11 (0.12) 0.34
energy from
carbohydrate 210.28(0.12) 0.02 | 0.06 (0.12) 0.62
Percent 1]-0.27(0.22) 0.22 ] -0.47 (0.28) 0.1
energy from
protein 21-0.35(0.22) 0.11 ] -0.35(0.28) 0.22
Percent 1]-0.17(0.12) 0.17 | 0.015 (0.15) 0.92
energy from
fat 21-0.21(0.13) 0.11 | -0.03 (0.15) 0.81
1]-0.18 (0.12) 0.15 ] -0.35(0.17) 0.03
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High Carbs

F+V

High Protein

High Fat

Fiber

21 - -
residual 21-0.12(0.13) 0.38 | -0.31 (0.16) 0.06
HEI total 11-0.07 (0.07) 0.33 | -0.17 (0.09) 0.05
score 21-0.05(0.07) 0.51 | -0.11 (0.09) 0.2
| Refined 1 0.90(0.47) 0.05 | 0.87 (0.54) 0.11
grains (oz
eq) 2] 1.02(0.47) 0.03 | 0.53 (0.55) 0.33
Added sugars 1]0.16 (0.1) 0.3]0.14(0.17) 0.4
(tsp. eq) 210.19(0.15) 0.22 | 0.04 (0.18) 0.82
Whole grains 1]-0.22(0.93) 0.81 | -0.09 (1.25) 0.94
(oz eq.) 210.36 (0.96) 0.71 | 0.28 (1.24) 0.82
Vegetables & 1]-1.18(0.92) 0.2-0.10(1.18) 0.93
legumes
(cups) 21-1.23(0.92) 0.1910.13 (1.17) 0.91
Dark Green 1]-1.33(2.03) 0.51 | -3.92 (2.84) 0.17
vegetables &
Legumes 2]-2.27(2.86) 0.43 | -0.95 (2.04) 0.64
(cups)
Whole fruit 1]-0.42(1.12) 0.71 | -1.82 (1.67) 0.28
(cup eq.) 21-0.05(1.14) 0.97 | -1.38 (1.66) 0.41
Total intact 1]0.70 (1.04) 0.5]-0.88 (1.44) 0.54
fruits (cup
eq) 2]-0.48 (1.05) 0.65 | -0.50(1.43) 0.73
Seafood & 1| -0.44 (0.40) 0.27 | -1.40 (0.47) 0.003
plant protein
(02) 21-0.27(0.41) 0.51 | -1.05 (0.49) 0.03
Animal & 1|-0.56(0.36) 0.12 | -0.95 (0.33) 0.007
plant protein
(02) 21-0.57(0.35) 0.11 | -0.74 (0.35) 0.03
Total milk, 1| -0.44 (1.04) 0.68 | 0.34 (1.13) 0.76
yogurt,cheese
& )Whey(cup- 21-0.79 (1.06) 0.46 | 0.44 (1.22) 0.7
eq
Fatty acids 1]-0.11(0.08) 0.169 | -0.03 (0.10) 0.76
(G) 2 |-0.10 (0.09) 0.24 | -0.008 (0.10) 0.93
Saturated 1]-0.08(0.13) 0.5310.10 (0.14) 0.44
fats (g) 21-0.17 (0.14) 0.23 | 0.03 (0.14) 0.83

1]0(0.2) 0.98 1 0.2(0.2) 0.16
Sodium (g)

21-03(0.1) 0.84 1 0.2(0.2) 0.12




Macros

1

High Carbs

F+V

Table 7: The association of diet quality with CGM-derived CONGA1

Normoglycemic n=253 Pre-DM n=194
Model | B Estimate SE P Value | B Estimate SE P Value

Total energy 1]0.1(0.6) 0.11 | 0.4 (0.6) 0.58
intake (per 1000
keal) 210.1(06) 0.05 | 0.7 (0.7) 0.29
Percent energy 1]0.10 (0.04) 0.01 | 0.12 (0.039) 0.002
from
e e 2| 0.11 (0.04) 0.01 | 0.122 (0.04) 0.003
Percent energy 1|-0.07 (0.08) 0.36 | -0.13 (0.09) 0.17
fr otei
rom protein 2 [-0.07 (0.08) 0.41 | -0.13 (0.09) 0.19
Percent energy 1|-0.07 (0.05) 0.13 | -0.12 (0.05) 0.02
from fat 2| -0.11 (0.05) 0.031 | -0.14 (0.05) 0.01

1|-0.01(0.05) 0.8 | 0.04 (0.06) 0.43
Fiber residual

2 | -0.07(0.05) 0.18 | 0.05 (0.06) 0.43

1|-0.03 (0.03) 0.37 | -0.008 (0.03) 0.79
HEI total score

2 | -0.04 (0.03) 0.19 | -0.002 (0.03) 0.96
fgm"d Lo 1]0340.18) 0.05 | 0.43 (0.18) 0.02

210.38(0.17) 0.03 | 0.42 (0.18) 0.02
Added sugars

1]0.07(0.06 0.21 | 0.02 (0.06 0.78
e (0.06) (0.06)

2| 0.092 (0.06) 0.11 | -0.001 (0.06) 0.99
Zfl';"leg"“ms("z 1]0.14 (035) 0.7 | 0.36 (0.41) 0.38

2| 0.09 (0.35) 0.79 | 0.33 (0.42) 0.42
Vegetables & 1|-0.54(0.35) 0.12 | 0.16 (0.39) 0.67
1 :
egumes (cups) 2| -0.83 (0.33) 0.01 | 0.23 (0.40) 0.55
Dark green 1]-0.64(0.77) 0.41 | -0.56 (0.94) 0.54
vegetables &
| legumes (cups) 2| -1.20 (0.74) 0.11 | -0.34 (0.97) 0.72
Whole fruit (cup 1|-0.46 (0.43) 0.23 | -0.42 (0.55) 0.45
eq.) 2| -0.63 (0.42) 0.13 | -0.45 (0.56) 0.42
Lt e sl 1| -0.47 (0.40) 024 | -0.21 (0.47) 0.66
(cup eq.)

2 | -0.59 (0.39) 0.13 | -0.24 (0.48) 0.62

1]-027(0.15) 0.07 | -0.16 (0.16) 0.33
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High Protein

High Fats

Seafood & plant
protein (0z)
21-0.34(0.15) 0.02 | -0.11 (0.17) 0.49
f g L 1]-0110.14) 0.42 | -0.29 (0.11) 0.01
protein (0z)
21-0.13(0.13) 0.31]-0.29 (0.12) 0.02
Total
milk,yogurt,cheese 1]-0.81(0.39) 0.04 | 0.46 (0.37) 0.22
& whey (cup. eq)
21-0.77 (0.39) 0.05 | 0.49 (0.38) 0.19
Fatty acids (G) 1] 0.001 (0.03) 0.97 1 -0.07 (0.03) 0.02
21 -0.02 (0.03) 0.57 1 -0.08 (0.03) 0.02
Saturated fats (g) 1]-0.01 (0.05) 0.05 | -0.06 (0.04) 0.17
21-0.12 (0.05) 0.02 | -0.08 (0.05) 0.01
1]0.3(0.6) 0.59 1 0.1 (0.5) 0.02
Sodium (g)
21 0.0004 (0.6) 0.521 0.001 (0.5) 0.02

Model 1 adjusted for age, sex

+Physical activity).
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DISCUSSION

Our study examined the associations of diet quality and CGM measures in
participants without DM. In our investigation in individuals who had normoglycemia and
pre-DM, we observed that lower intake of carbohydrates, higher fat, and many favorable
components of the HEI (but not the total HEI score itself) were associated with lower
CONGAL1, a CGM-derived measure of glycemic variability. Some of these HEI
components were more strongly associated with CONGAL in normoglycemia, while
others were more strongly associated with CONGAL in pre-DM. Few dietary factors
were associated with higher CGM-derived CV, only lower vegetable and legume
consumption and higher total energy intake (after adjusting for BMI and other
covariates), only in individuals with normoglycemia. There were also some associations
of dietary factors with CGM-derived mean glucose, for which in those with
normoglycemia, higher carbohydrate and refined grain intake was more strongly
associated with higher mean glucose. In contrast, among pre-DM, specific higher protein
foods (meat, fish, nuts, seeds, soy, and legumes) and higher fiber intake were associated
with lower mean glucose.

Our results are somewhat consistent with a large study of non-DM conducted in
Israel (n=7578) by Keshet, et al., reporting that individuals who consume diets with a
higher total energy have higher CGM-derived CV, using a different CGM device called
the Freestyle Libre. Like our study, which used the Dexcom G6 pro device, total
carbohydrate intake was also associated with higher mean glucose and glycemic

variability (CONGAL in our study, which was not measured in their study). In Keshet, et
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al., they used unadjusted correlation analysis to observe consistent relationships among
macronutrient intake and many different CGM measures. We did not consistently observe
these associations, which may be because we adjusted for covariates including BMI, age,
sex, CGM lot number and physical activity. [44] Instead, many of our significant
associations with glycemic variables were observed with specific HEI components.

Another study conducted in Bulgaria (n=94) also observed the impact of nutrition
on CGM (using the Freestyle Libre CGM device) measures such as CV, CONGAL,
lability index, j-index, low glucose index, high glucose index, glycemic risk assessment
in diabetes equation, mean absolute glucose, M-value, and mean amplitude of glycemic
excursions in impaired glucose tolerance subjects.[43]

They reported that CGM measures such as CV worsened in those who consumed
more carbohydrates and refined grains. Those who had a higher consumption of whole
grains showed an improvement in CV. [43] Comparatively, in our study, we also
observed significant associations between individuals who consumed more carbohydrates
and refined grains with high glycemic variability, but when measured by CONGAL, not
CV. ltis possible that different CGM-derived features may differ by device and among
different populations, but it is also important to note a lower reliability of results from a
smaller study.

The ZOE Predict study is another study that explored associations between CGM-
derived traits and metabolic and cardiometabolic health traits in individuals living with
DM. [48] This was study the first intervention study conducted in the United Kingdom

(UK) aiming to create algorithms that predict an individual’s postprandial responses to
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certain foods. [48] In this study, they explored similar CGM measures as we used in the
current study, such as coefficient of variation (CV) and mean glucose. They observed that
individuals who had lower glycemic variability were those who consumed less
carbohydrates. [48] This study also saw associations across time in range, glucose
variability, diet, and lifestyle as being potential points to ameliorate glycemic traits from
CGM. [48] Compared to our study we didn’t assess for these as they weren’t the focus of

our investigation.

Carbohydrate quality and diabetes risk

Over the past decades the prevalence of obesity has been increasing in adults,
which is associated with higher risk of T2DM and metabolic disease. [49] A person’s
lifestyle behaviors, such as consuming an unhealthy diet and being physically inactive are
key factors that contribute to obesity. [49] There is numerous evidence that explores
lifestyle changes, especially diet, which plays a significant role in T2DM prevention. For
example, elevated carbohydrates and poor carbohydrate quality have been studied as a
major contributor of metabolic diseases and weight gain. A study that examined the
prospective relationship of carbohydrate quality index with changes in waist
circumference. The carbohydrate quality index includes four elements of the quality of a
carbohydrate: fiber, glycemic index, the ratio of whole grain to total grain, and the ratio
of a solid to total carbohydrate. Basically, a diet with a higher carbohydrate quality index,

the better carbohydrate quality one is consuming. [50]
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This study reported that better carbohydrate quality may help reduce abdominal adiposity
over time. [50]

There is evidence suggesting that some types of carbohydrates may be beneficial
to metabolic health, while others are detrimental. In the Nurses’ Health study, among
women who were free of DM, cancer, and CVD, they found that increasing whole grains
by two-servings-per-day was significantly associated with 21% decrease of developing
T2DM [11] As mentioned in this study, whole grains slow down and lower postprandial
blood sugar and insulin. [11] There have been other studies examining sugar-sweetened
beverages (SSB) having a high glycemic load. A prospective cohort study done in the
Nurses’ Health Study II found that he higher consumption of SSBs was associated with
weight gain and increase development of T2DM. [12] Although we did not measure
carbohydrate quality or SSB specifically, we did observe associations between higher
refined and total carbohydrate intake with higher CGM-derived trait, CONGAL and lower
intake of fiber with higher mean glucose.

Another essential part of diet is the carbohydrate type that individuals consume.
The results of our study confirm that higher intake of refined grains was associated with
higher mean glucose and CONGAL. Whereas higher intake of fiber was associated with
lower mean glucose. This result is also consistent with a previous study that showed that
fiber rich foods are successful in improving glycemic variability in patients with T2DM.

[59]
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Nutrition is an important preventative care measure for DM, but the effect of
macronutrients on glucose variability is in individuals with DM is also being explored. A
recent study demonstrated that a low carbohydrate diet improved the range of glucose
variability and diminished required insulin doses and HbA1c levels in subjects with DM.

[45]

Dietary patterns and diabetes risk

Given that the evidence suggests that DM risk is associated with
carbohydrate quality, dietary fiber and sugary drinks, there may be other dietary patterns
that are important to explore in relation to CGM traits such as the alternative HEI
(AHEI), Mediterranean diet and DASH diet.

Alternative Healthy Index (AHEI) is very similar the original HEI and was
created for the prevention of noncommunicable diseases. Although these two scoring
systems are very similar, the difference is in the scoring. AHEI includes trans-fat and the
ratio of polyunsaturated fatty acid to saturated fatty acid. It also includes the ratio of red
to white meat and soy in the protein component. [51] A study that examined the role of
diet in prevention and controlling DM in observational and intervention studies found
that adherence to a healthy diet assessed by the AHEI was strongly associated with
lowering diabetes risk. [52]

Given the limited differences between HEI and AHEI, it may not be very
informative to investigate AHEI, but the association between adherence to DASH or

Mediterranean diet and CGM-derived traits may be more interesting.
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They also found that adherence to the Dietary Approaches to stop Hypertension
(DASH) diet that is rich in greens fruits, low-fat dietary product was associated with
decreasing DM risk. [53] The DASH diet is a healthy meal plan that has the purpose to
prevent or manage high blood pressure. In this study they showed how the following this
diet can significantly decrease fasting plasma insulin.

Another diet that could be explored in future studies is the Mediterranean diet,
this diet is distinguished by a high vegetable intake, variety of whole grain breads, fruit,
olive oil, nuts and seeds and a small number of fish and poultry and red meat intake.
Additionally, a discrete amount of wine paired up with a meal. [55] Adherence to the
Mediterranean diet can play a role in the mechanisms of T2D for example, anti-
inflammatory action, glucagon peptide compounds and significant positive changes in the

gut microbiota. [55]

The potential role of continuous glucose monitoring in prevention of diabetes

In addition to using CGM to measure glycemic traits, CGM may also be used in
an intervention setting to help patients achieve dietary goals. A study conducted at the
University of Virginia, explored if CGM’s and activity monitors would improve
metabolic control and reliance in diabetes medication. During the research study, they
developed and alternative lifestyle option known as glycemic excursion minimization.
Glycemic excursion minimization focuses on reducing post nutrient glucose excursions
instead of decreasing body weight. [54] In this study they found that glycemic excursion

minimization together with information from CGM may be a beneficial intervention for
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adults who are newly diagnosed with T2DM [54]. Participants significantly reduced their
HbALc levels (p<.001), they also significantly reduced their intake of carbohydrate.
Participants in the study expressed that CGM was the most significant piece of the study
[54].

CGM displays automated text messages with the purpose to improve metabolic
control, these text messages allow a person to be aware of when their glucose spikes up
or drops. This allows people to see which dietary factors affect their glucose excursions

more than others.[54]

Strengths and Limitations

The strengths of our study include the large sample size which has a larger power
to detect statistically significant results than previous studies [43]. Participants also had
direct assessment of glucose variability through CGM measures constantly throughout
the study period (up to 10 days), which is a novel measure in populations without DM.
However, we had some limitations in our study. First, although diet records are a strong
diet assessment tool, consumption was still self-reported through ASA24 which can be
inconvenient and inaccurate because not all the foods are included. As a results subject
random measurement may occur which may attenuate true associations.

It can be hard to use for some individuals and they might not be able to respond
correctly. Second, there was no adjustments for other covariates that may influence
glucose measures such as - smoking status, medications, or alcohol intake, due to the

preliminary nature of the data that is still in the process of being collected. In addition, we
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cannot rule out residual confounding. These could be potential confounders that we were
unable to explore. Third, the cohort was not diverse, with a mostly white cohort, these
results may not be generalizable to the larger population. Finally, the cross-sectional

design limits our ability to infer causality.

Conclusion:

The primary outcome results showed that HEI total score components and
BMI are predictors of CGM measures in non-diabetic individuals. Overall, the daily
consumption of refined grains and higher total energy was associated with higher CGM
measures, whereas daily meat, fish, plant protein and fiber intake were associated with
lower mean glucose in individuals with pre-DM. It is evident that diet plays a crucial role
in the develop of DM. We have identified food groups that may be associated with better
glucose control in populations without DM. It is not clear from our results whether
consumption of these specific foods could prevent DM. From a public health standpoint,
it is important to conduct additional research that confirm our results and follow our

participants longitudinally to determine whether they predict DM development.
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