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Abstract: Background: A well-balanced nutritional diet pattern has a significant role in the manage-
ment of diet-related disorders. Currently, there are no specific dietary guidelines to refer to when
advising non-diabetic patients with symptoms attributed to hypoglycemia in the postprandial period
or patients with confirmed reactive hypoglycemia (RH). The aim of this study was to investigate the
impact of the dietary interventions, and their sustained outcome, on the severity of hypoglycemic-like
symptoms occurring in non-diabetic patients. Methods: The study group included forty non-diabetic
individuals with symptoms consistent with RH. At the baseline, each patient underwent RH diagno-
sis and complex dietary evaluation. Over a period of six months, each patient had four appointments
with a dietitian. Two sessions were focused on a dietary education about low glycemic index diet
(LGID) and Mediterranean diet (MD). The said diets were to be followed for a period of three months,
with two additional dietary check-ups. Once dietary supervision was completed, patients had no
imposed dietary patterns. The final follow-up appointment took place twelve months later and that
is when each patient underwent a detailed assessment of their current dietary habits and evaluation
of the frequency of symptoms consistent with hypoglycemia. Results: There was a statistically
significant reduction in the severity in eight out of the ten analyzed hypoglycemic-like symptoms
after the dietary interventions. The most significant change was observed in the following symptoms:
hunger (n? = 0.66), impaired concentration (n? = 0.61), hand tremor (n? = 0.55), and fatigue ?=0.51).
The outcomes were comparable for both recommended diets, the LGID and the MD. The reduction in
hypoglycemic-like symptoms continued after the twelve-month period. The individualized dietary
counselling significantly improved the patients” eating habits in comparison to those present prior
to intervention in terms of healthy diet index (F(y,75) = 27.30, p < 0.001, 12 = 0.41, 90%CI [0.26; 0.51])
and unhealthy diet index (F(,75) = 433.39, p < 0.001, 12 = 0.91, 90%CI [0.89; 0.93]). Conclusions:
Healthy modifications in dietary habits may improve patient’s well-being and reduce the severity of
their postprandial symptoms attributed to hypoglycemia. Therefore, dietary intervention focused
on appropriate nutritional management combined with follow-up consultations may be a beneficial
step towards comprehensive treatment of non-diabetic patients who present with hypoglycemic-like
symptoms in the postprandial period.
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1. Introduction

Hypoglycemia is a well-documented medical condition that mostly occurs in diabetic
patients [1]. It appears when a glucose level falls below a defined physiological threshold
and if further accompanied by adrenergic and neuroglycopenic symptoms.

The endocrine factors influencing glucose fluctuation have been established as insulin
and glucagon. These two antagonistic hormones, which are produced by cells in the islets
of Langerhans of the pancreas, are primarily responsible for blood glucose modulation,
and their actions are widely determined by glucose fluctuation [2]. Moreover, there are
well-identified variables influencing glycemic response in the postprandial and nocturnal
periods. The most significant ones include physical activity, stress, infections, illnesses,
and medication. In addition, the quantity and composition of the consumed meals, as
well as fasting length, can affect glucose levels [3]. It should be noted that blood glucose
concentrations fluctuate throughout the day. These physiological changes (if within the
normal glucose level range) should not cause any alarming symptoms.

It should be emphasized that non-diabetic patients, without any insulin disturbance
(insufficient secretion of insulin or impaired insulin action), may also experience some
glycemic fluctuation with coexisting hypoglycemic-like symptoms. Reactive hypoglycemia
is one of the examples of such an occurrence. RH can be described as postprandial hypo-
glycemia, which occurs 2-5 h after food intake. Although this condition has been identified
in the early 20th century, until now there has been lack of its complete etiology and patho-
genesis [4]. It is not uncommon that the patients who present with symptoms attributed
to hypoglycemia have no glucose decline [5]. Their symptoms may occur in the postpran-
dial period, but the frequency of those warning signs does not have a fully interpretable
pattern. Due to the fact that hypoglycemic-like symptoms are not always associated with
low glycemia, it is even more unclear how to interpret the occurrence of the abnormal
symptoms attributed to hypoglycemia [6]. There is no standardized diagnostic procedure
to determine the factors that contribute to and/or cause the symptoms in the postprandial
period. Moreover, there are currently no guidelines relating to appropriate intervention in
order to reduce hypoglycemic-like symptoms.

There have been many studies focusing on appropriate dietary interventions that can
be helpful in reducing the possibility of unexpected glycemic fluctuation in patients with
diabetes [7-10]. However, RH has been linked to subjects without metabolic disturbances,
and there are no clear health-related factors that could be causing patients” hypoglycemic
symptoms, both at the onset of real hypoglycemia and when the blood glucose is within the
normal range. Hypothetically, those disturbances could be triggered by factors associated
with the patients’ lifestyle and diet pattern [4]. It has been widely acknowledged that
diet modifications have a significant role in the treatment and management of diet-related
diseases [11-13]. At present, there are no formal recommendations for patients without
diabetes who experience symptoms consistent with hypoglycemia, which would outline
the most effective nutritional pattern that should be followed. However, there are two diets
that deserve particular attention in terms of the possible impact on reduction of glycemic
fluctuation, which could be suitable for patients with reactive hypoglycemia. These are the
low glycemic index diet and the Mediterranean diet [14,15].

The LGID is commonly described as a diet that can potentially reduce glucose surge
in the postprandial period. Therefore, it is one of the recommended dietary patterns for
people with diabetes and obesity [16-18]. The glycemic index is a parameter that reflects the
increase in blood glucose concentration after the intake of certain types of food, compared
to the increase in blood glucose concentration after the consumption of the same amount of
carbohydrates in the form of pure glucose. Food can be classified as having a low, medium,
or high glycemic index. Beneficial effects can be observed when patients are following a
diet that contains products with a low glycemic index, as these are more likely to slow
down the increase of blood glucose levels compared to foods with a medium or high index.
Such a diet involves exclusion of certain vegetables, fruits, and grain products, as well as
processed foods containing refined starches and added sugars [19]. In order to prepare the
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meals in line with LGID, it is necessary to use the appropriate tables, which set out the
glycemic index values. However, there are some limitations in terms of the glycemic index.
The specific product values may vary between tables; the index value does not correlate
with the quantity of a consumed product; and those values can be further affected by food
preparation method and meal composition [20].

A Mediterranean diet has also been proven to have beneficial, therapeutic effects
on conditions such as obesity, metabolic syndrome (MetS), cardiovascular disease (CVD),
and type 2 diabetes (T2DM) [21,22]. The MD is based on consumption of vegetables and
whole grain products (which are rich in fiber), unsaturated fats (like olive oil, nuts, seeds),
and protein rich food (lean meat, fish, eggs, legumes, and dairy products). These dietary
components provide a favorable ratio of omega-6 and omega-3 essential fatty acids, and
high intake of fiber, antioxidants, and polyphenols. The key element of this diet is its
simplicity; there are no specific restrictions imposed when it comes to choosing the healthy,
unprocessed products, which gives more options from a wide selection of the plant-based
foods. MD is more likely to be categorized as an eating pattern rather than a structured
diet [23].

The dietary pattern, in terms of meal composition and a frequency of consumption,
can have a significant impact on the postprandial glycemic fluctuation. However, it remains
unclear why certain non-diabetic patients experience symptoms attributed to hypoglycemia
(with and without glucose decline), which factors increase the severity of these symptoms,
and what may reduce the frequency of symptoms. There are currently no studies that
analyze eating habits of individuals without metabolic disturbance and who manifest
symptoms attributed to hypoglycemia in the postprandial period. Moreover, there is no
research data available that provide a realistic reflection of the effect of dietary interventions
and evaluation of patient adherence from the long-term perspective. Thus, the purpose
of this preliminary study was to evaluate the long-term effect of the healthy dietary in-
terventions on the occurrence of hypoglycemic-like symptoms in the postprandial period.
The assessment also included the evaluation of eating habits and coexisting symptoms
observed in the pre and post-intervention periods as well as the subsequent twelve-month
period without any dietary supervision.

2. Materials and Methods
2.1. Participants

The study group included forty non-diabetic patients with symptoms attributed to
hypoglycemia. The subjects were referred to the hospital in order to perform a detailed
diagnosis toward suspected reactive hypoglycemia. Subjects underwent diagnostic proce-
dures to screen for RH and other metabolic disturbances, which have been described in
detail in the previous study [6]. The diagnostic tool to confirm RH was a five-hour oral
glucose tolerance test that required administering orally seventy-five grams of glucose. To
confirm the diagnosis, the patient had to have a glycemic decline below 55 mg/dL during
the five-hour test with coexisting symptoms attributed to hypoglycemia. As a result of
the performed Oral Glucose Tolerance Test (OGTT), the diagnosis was confirmed in only
30% of cases. However, among all remaining patients from the study group, symptoms
attributed to hypoglycemia were observed, although the glucose value was not lower than
55 mg/dL at any time-point. Because the diagnosis of RH is not standardized (lack of
standardized biochemical test and lack of glucose cut-off value), the study group comprised
participants who experienced symptoms attributed to hypoglycemia in the postprandial
period, with or without confirmed reactive hypoglycemia diagnosis, interested in long-
term dietary intervention supported by a registered dietitian. Any metabolic disorder;
liver, heart, or kidney failure; diagnosed tumors of pancreatic island; oncological diseases;
sepsis; unrivalled endocrine disorders; condition after stomach or bowel resection; active
stomach ulcer disease; pregnancy or menopause; treatment with drugs that may cause
hypoglycemia; and alcohol abuse were listed as the exclusion criteria.
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The study was performed in the Central Clinical Hospital of the Ministry of Internal
Affairs and Administration (MSWiA) in Warsaw, Poland. The first consultation took place
in the Department of Internal Medicine, Endocrinology and Diabetology, and the follow-up
consultations were performed in the Metabolic Outpatient Clinic in MSWiA Hospital.

Forty subjects (thirty-three women and seven men) were enrolled to the study and
all the participants completed the trial. None of the participants quit or were excluded
from the trial due to non-adherence (non-attendance at the follow up appointments or
failure to implement recommendations). This is the very first study conducted for this
purpose and, given the relatively small number of participants, it should be considered as
a preliminary study.

Participants obtained information on the purpose and long-term duration of the
study. All subjects signed their written informed consent. The study was approved by the
Commission for Ethics and Supervision of Human and Animal Research at the Central
Clinical Hospital of the Ministry of Internal Affairs and Administration in Warsaw (protocol
code E.D/33/2019 and date of approval 25 January 2019).

2.2. Study Protocol

The study was conducted between 2019 and 2021. The dietary interventions included
two healthy diet models—LGID and MD. Each subject was introduced to a particular diet
via one-on-one education performed by a registered dietitian. Each patient was advised
about recommended and unrecommended meal choices based on the food pyramid, charts,
and detailed guidelines. Every diet had to be implemented for three months with one
follow up consultation in the middle. A wash-out period between the two diets was not
performed. There was no specific target for daily intake of calories and nutrients. The
patients did not have to perform any calorie counting.

During the study, participants were responsible for their own dietary choices such as
food purchases or food preparation. All participants were required to follow the rules and
instructions given during dietary consultations. Patients were told to maintain their usual
level of physical activity. After six months under dietitian supervision, the patients had no
imposed dietary patterns and were able to make individual dietary choices based on their
own food preferences.

The schema chart provided in Figure 1 summarizes the study protocol.

Patients Diagnosis Evaluation: Dietary education:  Dietary education: No imposed dietary
with hypoglycemic  confirmation: dietary habits, LGID MD patterns:
like symptoms glycemic decline frequency of individual dietary
referred to the <55 mg/dl, hypoglycemic choices based on
hospital: 40 coexisting like subjects’ own food
symptoms symptoms in the preferences
attributed to postprandial
hypoglycemia period
Performance: Patients diagnosed Duration: 3 months  Duration: 3 months Duration: 12 months
5h OGTT with RH: 12
Exclusion: Patients not Follow up: one Follow up: one Follow up: one
potential factors diagnosed with Evaluation: Evaluation: Evaluation:
contributing to RH: 28 frequency of frequency of current dietary
impaired glucose hypoglycemic like hypoglycemic like habits,
fluctuations and symptoms symptoms, frequency of
underlying causes dietary habits at the  hypoglycemic like
of hypoglycemic end of supervision symptoms

like symptoms

Figure 1. Study protocol. OGTT—oral glucose tolerance test; RH—reactive hypoglycemia; LGID—
low glycemic index diet; MD—Mediterranean diet.
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2.3. Evaluation of Dietary Habits

Each patient took a standardized, original dietary questionnaire based on Dietary
Habits and Nutrition Beliefs Questionnaire designed by Behavioral Nutrition Team Com-
mittee of Human Nutrition, Polish Academy of Sciences [24]. The questionnaire focused
on the daily dietary habits and frequency of consumption of a particular group of products.
In terms of frequency, patients could choose the following answers: “a few times a day”,
“once a day”, “a few times a week”, “once a week”, “1-3 times a month”, and “never”.

The dietary questionnaire was completed three times. The first evaluation took place
after enrolment into the study and considered dietary habits before the research commenced.
The second was completed after six months and evaluated eating habits following a regular
dietary supervision. The final one was completed after twelve months from the last follow-

up appointment and looked at patients” current dietary practices.

2.4. Dietary Guidelines Adherence Index

The Dietary Guidelines Adherence Index (DGAI) was used to assess patients” adher-
ence to the eating pattern recommendations and to evaluate the diet’s quality index in
terms of healthy and unhealthy food choices based on the frequency of food consumption.
This tool has provided an assessment of dietary habits over a three-point period—before
the dietary intervention, at the end of the dietitian supervision phase, and after twelve-
months with no imposed dietary patterns. The original DGAI has been enhanced with
additional food products defined as healthy or unhealthy [25]. The first group included
healthy products that should be consumed habitually as they exerted a positive effect
on health, such as: vegetables, fruits, whole grains (bread, groats, rice, pasta, oatmeal),
dairy products (no added sugar), eggs, legumes, fish, lean meat, unsalted nuts, seeds, olive
oils, and avocado. The group of unhealthy foods included excessive amounts of red meat,
processed meat, sweetened dairy products, processed cheese, butter, margarine, refined
grains (bread, groats, rice, pasta, sweetened breakfast cereals), fast food, and sweets. The
evaluation was based on the New Pyramid for a Sustainable Mediterranean Diet [26].

The rating scale remained unchanged from the initial version of the questionnaire—
the higher index value that was obtained, the greater degree of adherence to dietary
recommendations was observed.

2.5. Previous Diets and Current Preferable Dietary Pattern

Before the dietary intervention began, each participant had been surveyed about
the previous diets that were chosen to reduce postprandial symptoms attributed to hy-
poglycemia. After completing a series of dietary consultations, the patient was asked to
determine which dietary model (LGID vs. MD) was more convenient in terms of daily
meal preparation. The evaluation investigated whether the previously adopted diets had
any influence on the current preferable dietary pattern.

2.6. Evaluation of Symptoms Attributed to Hypoglycemia

Each patient underwent a standardized, original questionnaire in terms of symptoms
attributed to hypoglycemia. The subjects have rated the severity of symptoms such as:
sweating, hunger, tachycardia, tremor, anxiety, fatigue, blurred vision, impaired concen-
tration, slurred speech, and fainting, which may occur in the postprandial period. Each
hypoglycemic symptom was rated using a numerical scale, for which 1 represented the
absence of symptoms and 5 indicated very high severity of hypoglycemic-like symptoms.
This assessment was a subjective perception of each patient. This questionnaire was admin-
istered four times—in the pre-study phase, at the completion of each diet phase, and after
twelve months with no dietary supervision.

3. Statistics

Quantitative and categorical (nominal and ordinal) variables were described with
descriptive statistics methods. For quantitative variables, the following measures were
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determined: central tendency (mean, M) and dispersion (standard deviation, SD). For cate-
gorical variables the following measures were determined: number (N) and frequency (%).

Cross tables with odds ratio (OR) and a two-tailed Fisher’s exact test or Cochran’s
Q test were used to compare the selected nominal variables. The choice of the test was
determined by the design: independent or dependent samples, respectively. Additionally,
Cochran’s Q test results were calculated along with post hoc test with the Bonferroni
adjustment. The Friedman test was used to compare the ordinal variables in the depen-
dent samples. Additionally, Friedman test results were calculated along with post hoc
Dunn'’s test.

An analysis of variance (ANOVA) for repeated measures was used to compare the
mean values of the healthy and unhealthy index at three time points. The ANOVA was
supplemented with the calculation of the effect size (eta-squared with 90% confidence
interval (CI)) and Fisher’s least significant difference (LSD) post hoc test. Skewed variables
were transformed by the Box-Cox method to obtain a symmetrical distribution (skew in
the range from —0.5 to +0.5).

All calculations were performed with STATISTICATM 13.3 software (TIBCO Soft-
ware, Palo Alto, CA, USA). For all analyses, a p-level of <0.05 was considered statistically
significant.

4. Results

Forty adults (mean age 37.0 &= 9.9 years) with correct body mass index (mean BMI
23.7 £ 3.0 kg/m?) who reported symptoms attributed to hypoglycemia were enrolled in
the study. The official clinical diagnosis (glucose decline below 55 mg/dL and coexisting
symptoms during five-hour OGTT) of RH was not a requirement for the inclusion into
the study. However, twelve patients (nine women, three men) had confirmed diagnosis,
whereas the other twenty-eight participants (twenty-four women, four men) did not meet
the diagnostic criteria (presence of hypoglycemic-like symptoms without glucose decline
below 55 mg/dL during five-hour OGTT).

All the subjects completed the entire study protocol.

4.1. Previous Dietary Experience

The Dukan diet (40%), vegetarian diet (35%), and gluten-free diet (32%) were the most
frequently selected dietary patterns to reduce postprandial hypoglycemic-like symptoms.
The lactose-free diet (12%), monotrophic diet (8%), and Atkins diet (3%) were chosen the
least. (Figure 2). None of the implemented diets had any effect on symptoms reduction.

4.2. Number of Main Meals per Day

The analysis of the number of consumed meals per day revealed a significant differ-
ence (Xz(dfzz) =17.577, p < 0.001) in the three-point period: baseline, after LGID and MD,
and twelve months from the dietary supervision (Figure 3). The number of patients who
preferred only three meals per day has decreased in a three-fold manner—both immedi-
ately after the end of the dietary supervision (10%) and twelve months after the dietary
appointments (7.5%) in comparison to the pre-intervention period (30%). The number of
patients who chose five meals has doubled after a six-month period of dietary supervision
(25%) compared with the baseline (12.5%). Consumption of four meals was reported most
frequently—in the baseline (50%), immediately after the end of the intervention (62.5%),
and with the greatest increase registered after a twelve-month period (75%). Post hoc
analysis showed a statistically significant difference in the number of consumed meals
per day between the pre-intervention period and immediately after the end of the dietary
supervision (z = —0.512, p = 0.022). No significant change was observed between the second
(after dietary supervision) and the third (twelve months after dietary supervision) time
points of analysis (z = 0.125, p = 0.576).
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Figure 2. Previously implemented diets to reduce symptoms attributed to hypoglycemia.
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Figure 3. Number of main meals consumed by the patients per day in three-point period.

4.3. Time Gap between Meals

The analysis of the time gap between consumed meals revealed a significant difference
(Xz(df=2) =37.172, p < 0.001) in the three-point period: baseline, after LGID and MD, and
twelve months from the dietary supervision (Figure 4). Before the intervention, the majority
(57.5%) of patients confirmed having a break between their main meals that was longer than
six hours. During dietary supervision, the majority of the patients (60%) consumed meals
three to four hours apart. After twelve months this habit has slightly changed—most of the
patients (55%) extended the time gap between meals to a five to six hours, and the rest (45%)
remained on a three to four hours break pattern. Post hoc analysis showed a statistically
significant difference in the time gap duration between meals in pre-intervention period
and twelve months from the dietary supervision (z = 0.788, p < 0.001). Moreover, significant
change was observed between the second (after dietary supervision) and the third (twelve
months after dietary supervision) time points of analysis (z = 1.200, p < 0.001).



Nutrients 2022, 14, 497

8of 19

70%
60.0%

60% 2Zal 55.0%
o 0% 45.0%
E 40% 37.5%
= 32.5%
<
& 30%
(e}
o
* 20%
10% 5.0% 5.0%
. 25% . ,
I_I 0.0% : 0.0% 0.0%
0%
Baseline After LGID and MD After 12 months
TIME GAP BETWEEN MEALS @1-2h @34h @56h [1=6h

Figure 4. Time gap between meals in the three-point period.

4.4. Meal Frequency

Significant differences (Qu=» = 31.182, p < 0.001) occurred in the meal frequency
in the three-point period: baseline, after LGID and MD, and twelve months from the
dietary supervision. Before the intervention, only 10% of respondents had declared regular
consumption. Over the course of the study, nearly two-thirds (62.5%) reported a frequent
meals intake, although less than half (45%) continued this habit after the twelve-month
period (Figure 5).

Post hoc test with the Bonferroni adjustment analysis showed a statistically significant
difference in the frequency of consumed meals between pre-intervention period and imme-
diately after the end of the dietary supervision (z = —0.525, p < 0.001) and twelve months
after the dietary intervention (z = —0.350, p = 0.010). The significant change was observed
between the second (after dietary supervision) and the third (twelve months after dietary
supervision) time points of analysis (z = 0.175, p = 0.203).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

% OF PATIENTS

Baseline After LGID and MD After 12 months

H No H Occasionally I Yes

Figure 5. Meal frequency in the three-point period.
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4.5. Snacking between Meals

Significant differences occurred in terms of snacking between the main meals (Xz(dfzz)
= 53.660, p < 0.001) in the three-point period: baseline, after LGID and MD, and twelve
months from the dietary supervision. More than half of the participants (57.5%) used to
snack once a day before the intervention, which significantly decreased after six months
of dietary supervision (5%) and twelve months from the dietary supervision (5%). Over
the course of the study, patients mostly reported snacking once a week (40%), however
after twelve months this habit enlarged to several times a week (40%) (Table 1). Post hoc
analysis showed a statistically significant difference in the frequency of snacking between
the pre-intervention period and immediately after the end of the dietary supervision
(z=1.213, p < 0.001) and twelve months after the dietary intervention (z = 1.000, p < 0.001).
No significant change was observed between the second (after dietary supervision) and
the third (twelve months after dietary supervision) time points of analysis (z = —0.212,
p =0.342).

Table 1. Frequency of snaking in the three-point period.

Baseline After LGID and MD  After 12 Months

Frequenc 2 e -Value *
aneney N % N % N % X P
Never 8 20.0 8 20.0 7 17.5
1-3 times a month 0 0.0 3 7.5 2 5.0
Once a week 0 0.0 16 40.0 13 325
53.660 <0.001

Few times a week 3 7.5 11 27.5 16 40.0
Once a day 23 57.5 2 5.0 2 5.0
Few times a day 6 15.0 0 0.0 0 0.0

* Friedman test.

4.6. Type of Selected Snacks

Before the intervention, none of the subjects consumed vegetables as a type of snack.
This habit significantly improved after the dietary intervention and continued after 12 months
(31% and 33%, respectively). Vegetables became the most common type of snack, followed
by nuts, seeds, and fruits. Just after the dietary supervision and after twelve months,
participants excluded sweetened dairy products, sweets, and salty snacks as a type of snack
(Table 2).

Table 2. Type of consumed snacks in the three-point period.

Types of Snacks Baseline After LGID and MD After 12 Months
N % N % N %
Fruits 15 46.9 7 21.9 7 21.2
Vegetables - - 10 31.3 11 33.3
Unsweetened dairy products 3 9.4 5 15.6 5 15.2
Sweetened dairy products 3 9.4 - - - -
Sweet snacks 6 18.8 - - - -
Salty snacks 1 3.1 - - - -

4.7. Hydration

In all three periods (baseline, after LGID and MD, and twelve months from the dietary
supervision), patients selected water and tea as the most common type of fluids. There
was a significant reduction in juice consumption (xz(dfzz) = 8.714, p < 0.001) after dietary
intervention. Post hoc test with the Bonferroni adjustment showed no significant change
between the second (after dietary supervision) and third (twelve months after dietary
supervision) time points (z = —0.187, p = 0.402).
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Significant differences occurred in terms of added sugar in warm beverages (Qgf-2 =
22.000, p < 0.001). After six months of dietary supervision and after twelve-months follow-
up, patients entirely abandoned added sugar, which was used by 30% of the subjects in
the baseline (Figure 6). Post hoc test with the Bonferroni adjustment showed a statistically
significant difference in the amount of added sugar between pre-intervention period and
immediately after the end of the dietary supervision (z = —0.275, p < 0.001) and after twelve
months after the dietary intervention (z = —0.275, p < 0.001). No significant change was
observed between the second (after dietary supervision) and the third (twelve months from
the dietary supervision) time points of analysis (z = 0.000, p = 1.000).

100%

90%
80% 32.5% 35.0% 35.0%
70%
60%
50%

40%

% OF PATIENTS

30%
20%

10%

0%

Baseline After LGID and MD After 12 months
® No sugar or sweeteners M One teaspoon of sugar or honey
1 Two or more teaspoons of sugar or honey Sweeteners

Figure 6. Adding sugar to consumed beverages in the three-point period.

4.8. Dietary Guidelines Adherence Index

The analysis of the adherence to healthy and unhealthy patterns evaluated via the Di-
etary Guidelines Adherence Index showed significant differences (F,,7g) = 27.30, p < 0.001,
n? = 0.41, 90%CI [0.26; 0.51]) in the three-point period (Figure 7). The healthy eating pattern
improved over the period of the dietary consultations and remained at the same level
after twelve months. Fisher’s least significant difference (LSD) post hoc test showed a
statistically significant difference in the healthy eating pattern between the pre-intervention
period and immediately after the end of the dietary supervision (p < 0.001) and twelve
months after the dietary intervention (p < 0.001). No significant change was observed
between the second (after dietary supervision) and the third (twelve months after dietary
supervision) time points of analysis (p = 0.938).

The unhealthy diet index decreased significantly (F(, 7y = 433.39, p < 0.001, 1% =091,
90%CI [0.89; 0.93]) during the period of dietary supervision compared to the baseline period
(Figure 8). After twelve months the index slightly increased, but it was not a statistically
significant difference (p = 0.060) in overall evaluation. The non-substantial rise was the
result of a greater consumption of highly processed foods such as white bread, breakfast
cereals, sweets, and junk food compared to the time of dietary supervision. Fisher’s
least significant difference post hoc test showed a statistically significant difference in the
unhealthy eating pattern between pre-intervention period and immediately after the end
of the dietary supervision (p < 0.001) and after twelve months after the dietary intervention
(p <0.001).
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Figure 7. The mean of the healthy eating pattern index in the three-point period.
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Figure 8. The mean of the unhealthy eating pattern index in the three-point period.

4.9. Hypoglycemic-like Symptoms in Postprandial Period

There was a statistically significant reduction in the severity in eight out of ten analyzed
hypoglycemic-like symptoms after dietary interventions (Table 3). The strongest effect
was observed for the following symptoms: hunger (n?> = 0.66), impaired concentration
(n? = 0.61), hand tremor (n? = 0.55), and fatigue (N2 = 0.51). Blurred vision and slurred
speech were the least reported symptoms and no significant disparities were observed in
all four evaluations (at baseline, after LGID, after MD, and twelve months from the dietary
supervision). The occurrence of the hypoglycemic-like symptoms was comparable between
the first diet (LGID) and the second nutritional strategy (MD). However, while following
the MD, patients reported greater reduction in the severity of the following symptom:s:
hunger (p < 0.001), tremor (p < 0.001), anxiety (p < 0.001), and impaired concentration
(p <0.001).

Table 3. Hypoglycemic symptoms in postprandial period.

Baseline After LGID After MD After 12 Months 2

Symptom Fyr=3  p-Value* ?
M SD M SD M SD M SD (90%CI)
. 0.08
Sweating 163 095 145 081 143 0.64 1.43 0.64 3.201 0.026 (0.01; 0.14)
0.66
Hunger 388 088 235 074 178 058 2.03 0.66 76.007 <0.001 0.57:0.71)
Tachycardia 1.18 055 1.08 035 105 022 1.05 0.22 3.266 0.024 0.08

(0.01; 0.15)
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Table 3. Cont.
Baseline After LGID After MD After 12 Months 2
Symptom Fif=3 p-Value * ?
M SD M SD M SD M SD (90%CI)
0.55
Tremor 3.45 1.08 215 083 1.75 0.63 1.70 0.56 48.101 <0.001 (0.44; 0.62)
. 0.51
Anxiety 338 090 278 083 208 0.53 2.10 0.55 40.028 <0.001 (0.39; 0.58)
. 0.41
Fatigue 3.23 1.05 245 078 223 0.48 2.28 0.51 26.633 <0.001 (0.28; 0.49)
Blurred Vision 1.05 032 105 032 1.03 0.16 1.03 0.16 1.000 0.396 -
Impaired Concentration 420 085 3.00 0.78 238 0.63 243 0.55 60.153 <0.001 © 52'.601 67)
Slurred Speech 1.08 047 1.08 047 1.05 0.32 1.00 0.00 1.000 0.373 -
.. 0.20
Fainting 1.60 1.03 1.05 022 115 0.58 1.08 0.27 9.935 <0.001 (0.09; 0.29)

M—mean, SD—standard deviation, df—degree of freedom, n>—eta-squared. * Repeated measures ANOVA.

4.10. Preferable Dietary Pattern

At the end of the dietary supervision, a significant percentage of patients (80%) selected
the Mediterranean diet as a preferable dietary pattern (Figure 9). Previous dietary regimens
had no effect on the currently selected dietary pattern (Table 4).

Table 4. Influence of previous diets on choice of current preferred dietary pattern.

Previous Diets MD (N=32 LD =9 p-Value * oy
N % N o, (95%CI)

Dukan Diet 15 46.88 1 12.50 0.114 (0.02;116’ 47)
Copenhagen Diet 5 15.63 2 25.00 0.611 (0'2;812. 60)
Atkins Diet 1 3.13 0 0.00 1.000 (0_051;.43:(;.89)
Paleo Diet 6 18.75 0 0.00 0.318 (0.02';2;:’71)
Ketogenic Diet 8 25.00 1 12.50 0.655 (0.0%;420 1)
Monodiet 3 9.68 0 0.00 1.000 (0.03{%%.22)
Gluten-free diet 11 35.48 2 25.00 0.694 (0.1?)';631.53)
Lactose-free diet 5 15.63 0 0.00 0.563 (0.02.;259.88)
Vegan diet 10 31.25 1 12.50 0.405 (0.02;321.91)
Vegetarian diet 13 40.63 1 12.50 0.222 (0.0(2)';211 .90)

OR—odds ratio, CI—confidence interval. * Two-tailed Fisher’s tests.
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Figure 9. Preferable dietary pattern after six months dietary supervision.

5. Discussion

It should be emphasized that our research is the first, long term study that analyzed
the severity of symptoms attributed to hypoglycemia in line with dietary intervention. The
study, conducted in the real-world setting, has shown that adequate dietary interventions
might have a profound impact on the reduction of hypoglycemic-like symptoms in the
postprandial period in non-diabetic patients.

The dietary survey conducted at the pre-study stage allowed us to assess the habitual
nutritional habits of subjects with symptoms attributed to hypoglycemia. Most patients
used to have four meals per day without any regular pattern in terms of meal timing.
The time gap between meals was greater than six hours; nonetheless, the majority of
patients reported additional snacking once a day. Half of the respondents reported frequent
consumption (several times a week) of red meat and meat products, whereas fish appeared
in the diet only occasionally (one to three times a month). On a weekly basis, sweetened
dairy products and high-fat dairy products were preferred over natural, skim, and semi-
skimmed dairy products. Refined grains appeared to be chosen notably more often than
whole-grain alternatives. Throughout the day, fruits were consumed more frequently than
vegetables. In addition, 50% of patients consumed fast food once a week. Sweets were eaten
once a day by 60% of the subjects, and 25% of participants reported eating candies several
times a day. These observations presented a view of the typical Western diet, which is
characterized by a high intake of highly processed foods, rich in sugars and saturated fats.

Moreover, the majority of participants reported undertaking various dietary modifica-
tions in order to reduce hypoglycemic-like symptoms. This may suggest a potential public
awareness of the notable nutritional impact on comorbidities and overall well-being [27].
However, insufficient dietary knowledge and lack of support from an experienced dietitian
can lead to the implementation of unsuitable dietary modifications [28]. The patients
testified that selected dietary adjustments were self-initiated without the professional as-
sistance of a dietitian. The dietary choices were diverse and included elimination diets
(gluten-free, lactose-free), plant-based diets (vegetarian, vegan) and diets with modified
macronutrient intake (Ketogenic, Atkins, Paleo, and Dukan). The controversial, low-energy
diets such as the Copenhagen diet or the monotrophic diet (the monodiet or single-food
diet), which could lead to nutrient deficiencies, also were reported by the patients. The
most prevailing diet appeared to be the Dukan diet, characterized as a high-protein, low
carbohydrate diet based primarily on meat, poultry, fish and seafood, eggs, and dairy. In all
cases, chosen modifications did not improve well-being and failed to reduce the severity of
hypoglycemic-like symptoms. There is no scientific research to support the non-beneficial
outcome of given diets in terms of reactive hypoglycemia. Nevertheless, assuming that
those diets may have been poorly balanced with insufficient nutrient quantity, the lack of
effectiveness should not be questioned.

The current study has focused on two types of diets—LGID and MD, commonly
established as healthy eating patterns [29,30]. Interestingly, before the study, none of the
participants had implemented these nutritional habits as a part of a diet therapy. It should
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be highlighted that LGID and MD also have not been appraised in any scientific studies
in the context of hypoglycemic-like symptoms in non-diabetic individuals. Therefore, no
other methodical evidence can be invoked in the direct relation to the diet composition
in line with suspected RH. In contrast to the previous nutritional alterations that were
self-implemented, the dietary adjustments proposed by the dietitian resulted in positive
changes in overall well-being. The effectiveness of the nutritional modifications should
be considered in terms of the individual dietary approach, the adjustments to the daily
nutrition, patient’s adherence, and psychological factors.

The first major part was the one-on-one dietary education that each patient underwent.
In this manner, it was possible to share all the essential information about the diet, focusing
on the list of recommended and non-recommended foods, frequency of consumed meals,
and proper hydration. Each patient had the opportunity to ask questions relating to
the diet modifications, which ensured a better understanding of the recommendations.
This is an indispensable principle to plan and prepare the meals correctly, respecting the
guidelines and dietary preferences. Tailoring the healthy diet to match dietary preferences
and nutritional requirements is one of the key approaches to enhance adherence to the
dietary changes [31]. When deciding on the sequence of diets (LGID and MD), it was
considered that patients tend to be more committed in the first stage of alterations, which
may diminish over time [32]. The low glycemic index diet was proposed as the first
dietary pattern, considering that the diet may be more demanding due to the need to
analyze the glycemic index value of chosen products. The second dietary protocol, based
on the recommendations of the Mediterranean diet, intended to be a continuation of
the well-established dietary habits but with a less restricted approach. The follow-up
appointments were designed to verify the implemented changes and to sustain the patient’s
self-engagement. It appears to be the most reliable approach to support consistency in the
everyday diet [33]. After a period of six months, two educational meetings, and two follow-
up appointments, significant improvements in the dietary habits in line with a decline in the
severity of hypoglycemic-like symptoms were observed. Moreover, the reported decrease
in symptoms was comparable after LGID and MD. Based on the study results, the outcome
was promising, particularly in the perspective of previous failures in the effectiveness
of dietary modifications undertaken by the patients. It is reasonable to assume that the
proper understanding of the healthy dietary guidelines and the perceived improvement
in a well-being may have prompted the willingness to continue with the initiated dietary
changes. To verify this assumption, the follow up was performed after twelve months. A
one-year follow-up seemed to be sufficient duration that may demonstrate a potential shift
in the dietary patterns. Mixed outcomes were expected—on one side, adherence to the
recommendations that had improved overall well-being, but on the other, deterioration of
healthy habits due to the lack of dietary check-ups. The final report obtained after twelve
months confirmed the participant’s perseverance to follow the beneficial eating habits in
line with sustained tendency in the decline in symptom severity in the postprandial period.

The healthy diet index remained unmodified after one year in comparison to the
period of dietary supervision. Patients were more likely to choose whole grains, vegetables,
foods that provide a good source of protein (lean meat, natural dairy products, legumes),
and healthy fats (nuts, seeds, fish, vegetable oils) compared to the baseline. The long-term
dietary interventions resulted in a positive outcome in terms of the correct number of meals
consumed per day both during and after the dietary supervision. This might be consistent
with the statement that shows an association between improvement in the diet quality and
larger number of smaller meals [34]. The regularity of meals was found to be better during
the intervention than in the post-intervention period; however, no increase in the frequency
of snacking was observed. The significant reduction in snacking in-between meals, in
comparison to the pre-intervention period, may indicate a greater awareness of choosing
well-balanced meals that provide a longer satiety duration [35]. Moreover, improved
dietary knowledge helped to promote a shift in a snack type from highly processed sweets
to low-processed foods, such as vegetables. Considering the presentation of symptoms
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(typical for hypoglycemia) in the postprandial period, the idea of a well-structured meal
plan, which would enforce regularity of meals consumption, seems to be favorable. This
could diminish a sudden onset of hunger, irritation, or impaired concentration, which are
identifiable symptoms consistent with hypoglycemia. In addition, proper meal timing
would lower the temptation of snacking, which could be favorable in the reducing a sudden
glucose fluctuation.

Interestingly, the unhealthy diet index did not change significantly after one year;
patients were more likely to consume highly processed foods. Those choices did not
increase the severity of hypoglycemic-like symptoms, although the adverse effects may
be noticed at a posterior period. It should be noted that sustainable dietary changes
require a strong personal commitment, which may be challenging in the long-term outlook.
For this reason, follow-up appointments and support from a dietitian may be essential
in preserving prolonged improvements [36]. The frequency of consultations should be
individually arranged, based on the patient’s needs.

In light of selecting the best dietary pattern for patients with hypoglycemic-like
symptoms, the proposed models seem to have beneficial effects. Adherence to LGID
and MD had significant impact in terms of symptoms reduction, which supports their
effectiveness. In assessing the efficiency of those two diets, it is relevant to underline
their common factor—low-processed and high-fiber foods. The main difference between
those dietary patterns is the ability to choose healthy products with higher glycemic index,
which is acceptable in the Mediterranean diet. The favorable effects of MD may undermine
the exclusion of medium- and high-glycemic index foods, particularly, if a patient with
hypoglycemic-like symptoms does not have insufficient secretion of insulin or impaired
insulin action. It should be highlighted that glycemic index may affect the postprandial
glycemia; however, non-diabetic patients do not indicate a negative association with
changes in 3-cell function or oxidative stress markers [37]. Based on the reported symptom
decline that was achieved via both dietary models, it seems that there is no evidence
to avoid healthy low-processed foods but with higher glycemic index. Therefore, the
improvement in well-being should not be solely explained by the blood glucose stabilizing
effects, as it appears that glycemic fluctuations may not be the primary causative factor.

Most dietary studies are appraised in the view of individuals with comorbidities.
Thus, the impact of the implemented diet can be evaluated in terms of physiological
and biochemical alterations. In the case of patients without metabolic disturbance but
still manifesting symptoms attributed to hypoglycemia, it is difficult to clearly explain
the changes observed after the dietary modifications. However, there is a remarkable
amount of research demonstrating the influence of a dietary pattern on improvement of
overall health and well-being [38—40]. It is reasonable to speculate whether a better state
of mind may have reduced the perception of symptoms attributed to hypoglycemia. The
individual, long-term supervision has allowed for focusing on the patient’s concerns and
collectively discussing dietary changes in line with symptom frequency. This may have
had an impact on better understanding of the patient’s health status, which influences
the improvement of psychological well-being. Therefore, non-nutritional factors, such as
emotional and psychological states, which may affect symptoms severity, should also be
taken into consideration during the treatment. Hence, along with dietary assistance, the
patient should be supported with psychological care.

Considering the obtained results that emphasize the positive impact of a healthy eating
pattern on overall well-being, it is also important to highlight the constantly debated topic
of the gut microflora and its influence on overall health [41]. There is an interrelated link
between nutrition and the microbiota because dietary habits influence colonization and
life-long microbiome rearrangement. A pilot study involving patients with RH evaluated
the composition of the gut microbiota and the potential role of a diet rich in fiber and
fermented products [42]. The short-term observation confirmed the positive impact of diet
composition on the increase in short-chain fatty acids (SCFAs), which are end products of
the microbiota fermentation of complex carbohydrates in the gut. CFAs are involved in
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many metabolic pathways, including glucose metabolism. Moreover, there is a growing
number of studies investigating the correlation between the composition of the gut flora and
mental health. Based on these observations, it may be speculated whether the improvement
in the dietary habits also has a beneficial impact on the microflora, which, in turn, may
have promoted better state of mind among the patients [43]. However, this was not the
intended purpose of our study, and none of those parameters were assessed during the
research. A further investigation in this regard would be recommended in order to explore
more specific dietary findings in line with symptoms attributed to hypoglycemia.

Several limitations should be considered in the interpretation of the study. The first
weakness includes evaluation of hypoglycemic-like symptoms. Perceived symptoms may
have subjective interpretation and be affected by many additional factors. The rating scale
allows the patient to determine the severity of the symptoms, but the risk of over- or under-
scoring by the patient should be considered. The second limitation is the reliability of the
responses regarding the dietary habits. The data were analyzed based on self-reported
answers given by the participants. It raises the question of recall bias and potential modifi-
cation of the actual dietary choices only to match the expectations. However, based on the
study results, improvements in dietary habits were consistent in the long-term perspective
and in line with symptom decline reported by the patients. It may suggest a reliable dietary
adherence and accuracy of given answers. A third limitation is the lack of a control group.
One of the main purposes of this research was to evaluate the occurrence of postprandial
hypoglycemic-like symptoms in line with dietary modifications. In healthy subjects or
those without suspected reactive hypoglycemia, the incidents indicating hypoglycemia
are not commonly observed. Therefore, it would not be possible to evaluate the impact of
dietary modifications on the onset of hypoglycemic-like symptoms. A final limitation is
the fact that not all disease entities could be diagnosed during the performed screening.
Despite thorough medical examination and exclusion of many pathological conditions,
there is a risk of under diagnosis. Rare conditions such as pheochromocytoma can also lead
to hypertension (chronic or paroxysmal) and present similar symptoms to those associated
with RH. However, the participants had no history of hypertension and multiple measure-
ments taken in the hospital setting confirmed blood pressure was correct. Additionally,
reduction of symptoms after the implementation of dietary modifications would further
suggest that pheochromocytoma diagnosis is highly unlikely.

Given the fact the study itself may have been the initial investigation of this issue, the
reproducibility of the study cannot be assessed unambiguously. Moreover, this is the first
study conducted in this field and, due to the relatively small number of participants, it
should be treated as a preliminary study. It should be noted that the study is a long-term
investigation performed in a real-world setting, therefore the reliability of the obtained
results tends to be higher and have the potential to capture outcomes that are more relevant
to the patients. For this reason, it is highly recommended to perform equivalent research,
with the applied methodology on a larger group of patients.

In conclusion, based on the results, the study demonstrates that among patients with
symptoms attributed to hypoglycemia, there was significant improvement in the reduction
of symptoms consistent with hypoglycemia after dietary intervention based on a healthy
eating pattern. The evaluated effects of LIGD and MD were similar; however, participants
rated the Mediterranean diet as a pattern that was easier to follow in the daily life and
several symptoms became less severe. Hence, it is reasonable to believe that more than just
one dietary factor could be responsible for the improvement in patients” well-being. The
study approach was to achieve substantial changes in the overall eating patterns that were
both realistic and had beneficial outcomes. This purpose has been accomplished in light of
the long-term dietary adjustments and the subsequent decrease in symptoms attributed to
hypoglycemia. Therefore, greater attention should be devoted to the one-on-one dietary
education based on a healthy eating pattern rather than the macronutrient composition
of the diet per se. Furthermore, it should be recommended to provide long-term support
for the patient in the process of dietary changes—both nutritionally and psychologically.
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Due to the favorable outcome of the study, further research is recommended to inves-
tigate a relationship between dietary patterns and reduction of symptoms attributed to
hypoglycemia.

6. Conclusions

Healthy modification in the dietary habits may improve the well-being and reduce
the severity of postprandial hypoglycemic-like symptoms. Therefore, dietary intervention
focused on appropriate nutritional management combined with follow-up consultations
may be a beneficial step towards comprehensive treatment of non-diabetic patients who
present with hypoglycemic-like symptoms in the postprandial period.

Author Contributions: Conceptualization, M.H., M.W. and I.T.; methodology, M.H.; software, M.P.;
validation, M.H., M.W. and LT.; formal analysis, M.P,; investigation, M.H.; resources, M.H.; data
curation, M.H.; writing—original draft preparation, M.H.; writing—review and editing, M.H., I.T.
and M.W.; visualization, M.H. and M.P; supervision, I.T. and M.W.; project administration, M.H. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Ethics Committee of Commission for
Ethics and Supervision of Human and Animal Research at Central Clinical Hospital of the Ministry
of Internal Affairs and Administration in Warsaw (protocol code E.D/33/2019 and date of approval
25 January 2019).

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data presented in this study are openly available.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. American Diabetes Association. 6. Glycemic Targets: Standards of Medical Care in Diabetes-2018. Diabetes Care 2018, 41 (Suppl. 1),
S55-564. [CrossRef] [PubMed]

2. Ojha, A.; Ojha, U.; Mohammed, R.; Chandrashekar, A.; Ojha, H. Current perspective on the role of insulin and glucagon in the
pathogenesis and treatment of type 2 diabetes mellitus. Clin. Pharmacol. Adv. Appl. 2019, 11, 57-65. [CrossRef] [PubMed]

3. Silbert, R.; Salcido-Montenegro, A.; Rodriguez-Gutierrez, R.; Katabi, A.; McCoy, R.G. Hypoglycemia Among Patients with Type 2
Diabetes: Epidemiology, Risk Factors, and Prevention Strategies. Curr. Diabetes Rep. 2018, 18, 53. [CrossRef] [PubMed]

4. Brun, J.E; Fedou, C.; Mercier, J. Postprandial reactive hypoglycemia. Diabetes Metab. 2000, 26, 337-351.

5. Hall, M.; Walicka, M.; Traczyk, 1. Reactive hypoglycemia-an interdisciplinary approach of the disease of XXI Century. Wiad. Lek.
2020, 73, 384-389. [CrossRef]

6. Hall, M.; Walicka, M.; Panczyk, M.; Traczyk, I. Metabolic Parameters in Patients with Suspected Reactive Hypoglycemia. J. Pers.
Med. 2021, 11, 276. [CrossRef]

7.  Blumberg, S. Should hypoglycemia patients be prescribed a high-protein diet? J. Am. Diet. Assoc. 2005, 105, 196-197. [CrossRef]

8.  Bell, KJ.; Smart, C.E,; Steil, G.M.; Brand-Miller, ].C.; King, B.; Wolpert, H.A. Impact of fat, protein, and glycemic index on
postprandial glucose control in type 1 diabetes: Implications for intensive diabetes management in the continuous glucose
monitoring era. Diabetes Care 2015, 38, 1008-1015. [CrossRef]

9.  Evert, A.B,; Boucher, ].L.; Cypress, M.; Dunbar, S.A.; Franz, M.].; Mayer-Davis, E.J.; Neumiller, J.J.; Nwankwo, R.; Verdi, C.L.;
Urbanski, P; et al. Nutrition therapy recommendations for the management of adults with diabetes. Diabetes Care 2013, 36,
3821-3842. [CrossRef]

10. Ajala, O.; English, P; Pinkney, J. Systematic review and meta-analysis of different dietary approaches to the management of type
2 diabetes. Am. J. Clin. Nutr. 2013, 97, 505-516. [CrossRef]

11.  Ojo, O. Nutrition and Chronic Conditions. Nutrients 2019, 11, 459. [CrossRef]

12. Everitt, A.V,; Hilmer, S.N.; Brand-Miller, J.C.; Jamieson, H.A.; Truswell, A.S.; Sharma, A.P.; Mason, R.S.; Morris, B.J.; Le Couteur,
D.G. Dietary approaches that delay age-related diseases. Clin. Interv. Aging 2006, 1, 11-31. [CrossRef]

13. Schulze, M.B.; Martinez-Gonzalez, M. A ; Fung, T.T.; Lichtenstein, A.H.; Forouhi, N.G. Food based dietary patterns and chronic

disease prevention. BMJ 2018, 361, k2396. [CrossRef] [PubMed]


http://doi.org/10.2337/dc18-S006
http://www.ncbi.nlm.nih.gov/pubmed/29222377
http://doi.org/10.2147/CPAA.S202614
http://www.ncbi.nlm.nih.gov/pubmed/31191043
http://doi.org/10.1007/s11892-018-1018-0
http://www.ncbi.nlm.nih.gov/pubmed/29931579
http://doi.org/10.36740/WLek202002134
http://doi.org/10.3390/jpm11040276
http://doi.org/10.1016/j.jada.2004.12.012
http://doi.org/10.2337/dc15-0100
http://doi.org/10.2337/dc13-2042
http://doi.org/10.3945/ajcn.112.042457
http://doi.org/10.3390/nu11020459
http://doi.org/10.2147/ciia.2006.1.1.11
http://doi.org/10.1136/bmj.k2396
http://www.ncbi.nlm.nih.gov/pubmed/29898951

Nutrients 2022, 14, 497 18 of 19

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Tripp, M.L.; Dahlberg, C.J.; Eliason, S.; Lamb, J.J.; Ou, J.J.; Gao, W.; Bhandari, J.; Graham, D.; Dudleenamijil, E.; Babish, ].G. A
Low-Glycemic, Mediterranean Diet and Lifestyle Modification Program with Targeted Nutraceuticals Reduces Body Weight,
Improves Cardiometabolic Variables and Longevity Biomarkers in Overweight Subjects: A 13-Week Observational Trial. J. Med.
Food 2019, 22, 479-489. [CrossRef] [PubMed]

Jones, J.L.; Fernandez, M.L.; McIntosh, M.S.; Najm, W.; Calle, M.C.; Kalynych, C.; Vukich, C.; Barona, J.; Ackermann, D.; Kim,
J.E.; et al. A Mediterranean-style low-glycemic-load diet improves variables of metabolic syndrome in women, and addition of
a phytochemical-rich medical food enhances benefits on lipoprotein metabolism. J. Clin. Lipidol. 2011, 5, 188-196. [CrossRef]
[PubMed]

Zafar, M.I; Mills, K.E.; Zheng, J.; Regmi, A.; Hu, S.Q.; Gou, L.; Chen, L.L. Low-glycemic index diets as an intervention for
diabetes: A systematic review and meta-analysis. Am. ]. Clin. Nutr. 2019, 110, 891-902. [CrossRef]

Eleazu, C.O. The concept of low glycemic index and glycemic load foods as panacea for type 2 diabetes mellitus; prospects,
challenges and solutions. Afr. Health Sci. 2016, 16, 468. [CrossRef] [PubMed]

Bell, S.J.; Sears, B. Low-glycemic-load diets: Impact on obesity and chronic diseases. Crit. Rev. Food Sci. Nutr. 2003, 43, 357-377.
[CrossRef]

Schwingshackl, L.; Hoffmann, G. Long-term effects of low glycemic index/load vs. high glycemic index/load diets on parameters
of obesity and obesity-associated risks: A systematic review and meta-analysis. Nutr. Metab. Cardiovasc. Dis. 2013, 23, 699-706.
[CrossRef]

Wolever, T.M. Is glycaemic index (GI) a valid measure of carbohydrate quality? Eur. J. Clin. Nutr. 2013, 67, 522-531. [CrossRef]
Esposito, K.; Maiorino, M.L; Bellastella, G.; Panagiotakos, D.B.; Giugliano, D. Mediterranean diet for type 2 diabetes: Car-
diometabolic benefits. Endocrine 2017, 56, 27-32. [CrossRef] [PubMed]

Di Daniele, N.; Noce, A.; Vidiri, M.E,; Moriconi, E.; Marrone, G.; Annicchiarico-Petruzzelli, M.; D’Urso, G.; Tesauro, M.; Rovella,
V.; De Lorenzo, A. Impact of Mediterranean diet on metabolic syndrome, cancer and longevity. Oncotarget 2017, 8, 8947-8979.
[CrossRef]

Davis, C.; Bryan, J.; Hodgson, J.; Murphy, K. Definition of the Mediterranean Diet; A Literature Review. Nutrients 2015, 7,
9139-9153. [CrossRef] [PubMed]

Jezewska-Zychowicz, M.; Gawecki, ].; Wadolowska, L.; Czarnocinska, J.; Galinski, G.; Kollajtis-Dolowy, A.; Roszkowski, W.;
Wawrzyniak, A.; Przybylowicz, K.; Krusinska, B. Dietary habits and nutrition beliefs questionnaire for people 15-65 years old,
version 1.1—Interviewer administered questionnaire. In Dietary Habits and Nutrition Beliefs Questionnaire and the Manual for
Developing of Nutritional Data; Gawecki, J., Ed.; Polish Academy of Sciences: Olsztyn, Poland, 2014; pp. 3-20.

Siniska, B.; Jaworski, M.; Panczyk, M.; Traczyk, I.; Kucharska, A. The Role of Resilience and Basic Hope in the Adherence to Dietary
Recommendations in the Polish Population during the COVID-19 Pandemic. Nutrients 2021, 13, 2108. [CrossRef] [PubMed]
Serra-Majem, L.; Tomaino, L.; Dernini, S.; Berry, E.M.; Lairon, D.; Ngo de la Cruz, J.; Bach-Faig, A.; Donini, L.M.; Medina, EX,;
Belahsen, R.; et al. Updating the Mediterranean Diet Pyramid towards Sustainability: Focus on Environmental Concerns. Int. J.
Env. Res. Public Health 2020, 17, 8758. [CrossRef]

Adan, R.A.H.; van der Beek, E.M.; Buitelaar, ].K.; Cryan, ].E; Hebebrand, J.; Higgs, S.; Schellekens, H.; Dickson, S.L. Nutritional
psychiatry: Towards improving mental health by what you eat. Eur. Neuropsychopharmacol. 2019, 29, 1321-1332. [CrossRef]
Vanstone, M.; Giacomini, M.; Smith, A.; Brundisini, F; DeJean, D.; Winsor, S. How diet modification challenges are magnified in
vulnerable or marginalized people with diabetes and heart disease: A systematic review and qualitative meta-synthesis. Ont.
Health Technol. Assess. Ser. 2013, 13, 1-40.

Augimeri, G.; Bonofiglio, D. The Mediterranean Diet as a Source of Natural Compounds: Does It Represent a Protective Choice
against Cancer? Pharmaceuticals 2021, 14, 920. [CrossRef]

Bergia, R.E., 3rd; Biskup, I.; Giacco, R.; Costabile, G.; Gray, S.; Wright, A.; Vitale, M.; Campbell, WW.; Landberg, R.; Riccardi, G.
The MEDGICarb-Study: Design of a multi-center randomized controlled trial to determine the differential health-promoting
effects of low- and high-glycemic index Mediterranean-style eating patterns. Contemp. Clin. Trials Commun. 2020, 19, 100640.
[CrossRef]

Gibson, A.; Sainsbury, A. Strategies to Improve Adherence to Dietary Weight Loss Interventions in Research and Real-World
Settings. Behav. Sci. 2017, 7, 44. [CrossRef]

Davis, R.; Campbell, R.; Hildon, Z.; Hobbs, L.; Michie, S. Theories of behaviour and behaviour change across the social and
behavioural sciences: A scoping review. Health Psychol. Rev. 2015, 9, 323-344. [CrossRef] [PubMed]

Krist, A.H.; Tong, S.T.; Aycock, R.A.; Longo, D.R. Engaging Patients in Decision-Making and Behavior Change to Promote
Prevention. Stud. Health Technol. Inform. 2017, 240, 284-302. [CrossRef] [PubMed]

Aljuraiban, G.S.; Chan, Q.; Oude Griep, L.M.; Brown, 1].; Daviglus, M.L.; Stamler, J.; Van Horn, L.; Elliott, P.; Frost, G.S. The impact
of eating frequency and time of intake on nutrient quality and Body Mass Index: The INTERMAP Study, a Population-Based
Study. . Acad. Nutr. Diet. 2015, 115, 528-536.e521. [CrossRef] [PubMed]

Paoli, A.; Tinsley, G.; Bianco, A.; Moro, T. The Influence of Meal Frequency and Timing on Health in Humans: The Role of Fasting.
Nutrients 2019, 11, 719. [CrossRef] [PubMed]

Sherman, A.M.; Bowen, D.J.; Vitolins, M.; Perri, M.G.; Rosal, M.C.; Sevick, M.A.; Ockene, J.K. Dietary adherence: Characteristics
and interventions. Control. Clin. Trials 2000, 21, 206s—211s. [CrossRef]


http://doi.org/10.1089/jmf.2018.0063
http://www.ncbi.nlm.nih.gov/pubmed/31084538
http://doi.org/10.1016/j.jacl.2011.03.002
http://www.ncbi.nlm.nih.gov/pubmed/21600524
http://doi.org/10.1093/ajcn/nqz149
http://doi.org/10.4314/ahs.v16i2.15
http://www.ncbi.nlm.nih.gov/pubmed/27605962
http://doi.org/10.1080/10408690390826554
http://doi.org/10.1016/j.numecd.2013.04.008
http://doi.org/10.1038/ejcn.2013.27
http://doi.org/10.1007/s12020-016-1018-2
http://www.ncbi.nlm.nih.gov/pubmed/27395419
http://doi.org/10.18632/oncotarget.13553
http://doi.org/10.3390/nu7115459
http://www.ncbi.nlm.nih.gov/pubmed/26556369
http://doi.org/10.3390/nu13062108
http://www.ncbi.nlm.nih.gov/pubmed/34205423
http://doi.org/10.3390/ijerph17238758
http://doi.org/10.1016/j.euroneuro.2019.10.011
http://doi.org/10.3390/ph14090920
http://doi.org/10.1016/j.conctc.2020.100640
http://doi.org/10.3390/bs7030044
http://doi.org/10.1080/17437199.2014.941722
http://www.ncbi.nlm.nih.gov/pubmed/25104107
http://doi.org/10.3233/ISU-170826
http://www.ncbi.nlm.nih.gov/pubmed/28972524
http://doi.org/10.1016/j.jand.2014.11.017
http://www.ncbi.nlm.nih.gov/pubmed/25620753
http://doi.org/10.3390/nu11040719
http://www.ncbi.nlm.nih.gov/pubmed/30925707
http://doi.org/10.1016/S0197-2456(00)00080-5

Nutrients 2022, 14, 497 19 of 19

37.

38.

39.

40.

41.

42.

43.

Utzschneider, K.M.; Johnson, T.N.; Breymeyer, K.L.; Bettcher, L.; Raftery, D.; Newton, K.M.; Neuhouser, M.L. Small changes in
glucose variability induced by low and high glycemic index diets are not associated with changes in B-cell function in adults
with pre-diabetes. J. Diabetes Complicat. 2020, 34, 107586. [CrossRef]

Holt, M.E.; Lee, ].W.; Morton, K.R.; Tonstad, S. Mediterranean diet and emotion regulation. Med. ]. Nutr. Metab. 2014, 7, 163-172.
[CrossRef]

Echeverria, G.; Tiboni, O.; Berkowitz, L.; Pinto, V.; Samith, B.; Von Schultzendorff, A.; Pedrals, N.; Bitran, M.; Ruini, C.; Ryff,
C.D,; et al. Mediterranean Lifestyle to Promote Physical, Mental, and Environmental Health: The Case of Chile. Int. J. Environ.
Res. Public Health 2020, 17, 8482. [CrossRef]

Andrade, V.; Jorge, R.; Garcia-Conesa, M.T.; Philippou, E.; Massaro, M.; Chervenkov, M.; Ivanova, T.; Maksimova, V.; Smilkov, K.;
Ackova, D.G.; et al. Mediterranean Diet Adherence and Subjective Well-Being in a Sample of Portuguese Adults. Nutrients 2020,
12, 3837. [CrossRef]

Jeffery, 1.B.; O'Toole, P.W. Diet-microbiota interactions and their implications for healthy living. Nutrients 2013, 5, 234-252.
[CrossRef]

Quercia, S.; Turroni, S.; Fiori, J.; Soverini, M.; Rampelli, S.; Biagi, E.; Castagnetti, A.; Consolandi, C.; Severgnini, M.; Pianesi,
M.; et al. Gut microbiome response to short-term dietary interventions in reactive hypoglycemia subjects. Diabetes Metab. Res.
Rev. 2017, 33, €2927. [CrossRef] [PubMed]

Merra, G.; Noce, A.; Marrone, G.; Cintoni, M.; Tarsitano, M.G.; Capacci, A.; De Lorenzo, A. Influence of Mediterranean Diet on
Human Gut Microbiota. Nutrients 2020, 13, 7. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jdiacomp.2020.107586
http://doi.org/10.3233/MNM-140016
http://doi.org/10.3390/ijerph17228482
http://doi.org/10.3390/nu12123837
http://doi.org/10.3390/nu5010234
http://doi.org/10.1002/dmrr.2927
http://www.ncbi.nlm.nih.gov/pubmed/28806487
http://doi.org/10.3390/nu13010007
http://www.ncbi.nlm.nih.gov/pubmed/33375042

	Introduction 
	Materials and Methods 
	Participants 
	Study Protocol 
	Evaluation of Dietary Habits 
	Dietary Guidelines Adherence Index 
	Previous Diets and Current Preferable Dietary Pattern 
	Evaluation of Symptoms Attributed to Hypoglycemia 

	Statistics 
	Results 
	Previous Dietary Experience 
	Number of Main Meals per Day 
	Time Gap between Meals 
	Meal Frequency 
	Snacking between Meals 
	Type of Selected Snacks 
	Hydration 
	Dietary Guidelines Adherence Index 
	Hypoglycemic-like Symptoms in Postprandial Period 
	Preferable Dietary Pattern 

	Discussion 
	Conclusions 
	References

