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Abstract: The Mediterranean diet (MED) is highly recommended. Medical nutrition therapy is the
cornerstone of diabetes treatment. We assessed adherence to the MED, and resultant micronutrient
intake and glycemic control in youth with type 1 diabetes. Twenty adolescents, median age 18 years
(interquartile range: 15.5-21), median diabetes duration 9 years (7-14), using continuous glucose
monitoring devices, received personalized diet regimes based on MED. At 6 months post-
intervention, the caloric intake remained unchanged; however, the carbohydrate proportion was
lower (p=0.058) and the intakes of some monounsaturated fats increased (p=0.049). Sodium intake
exceeded the recommended daily allowance by 250% (p=0.653), before and after the intervention.
For blood glucose, the percent time-in-range 70-180 mg/dL improved from 52% (38-60) to 63% (47-
71) (p=0.047). The total insulin dose decreased marginally, from 0.76 u/kg (0.64-0.97) to 0.72u/kg
(0.61-0.89) (p=0.067). BMI z-score and waist circumference did not change (p=0.316 and p=0.161,
respectively). Diastolic blood pressure percentile decreased from 73% (68-88) to 69% (50-79)
(p=0.028), and LDL cholesterol from 114mg/ dl (105-134) to 104mg/dl (96-124) (p=0.059). The Israeli
Mediterranean diet screener score increased, from 8 (7-11) to 13 points (12-14) (p=<0.001). The MED-
based intervention demonstrated feasibility and improvements in glycemic outcomes and in certain
nutritional parameters.

Keywords: Mediterranean diet; food frequency questionnaire; Israel Mediterranean diet screener (I-
MEDAS); time-in-range (TIR); type 1 diabetes; dietary reference intake

1. Introduction

Type 1 diabetes is a chronic autoimmune disorder characterized by the inability to produce
insulin, and resulting in dysregulated blood glucose levels[1]. Type 1 diabetes is the third most
common chronic disease in the adolescent population; those affected in this age group often exhibit
poor glycemic control[2,3]. Proper management of type 1 diabetes is crucial for preventing acute and
long-term complications. Alongside insulin therapy, medical nutrition therapy is pivotal for
achieving optimal glycemic outcomes and body weight; reduced risk of vascular complications,
particularly cardiovascular disease (CVD); and improved overall health outcomes[4].

The nutritional recommendations for children and adolescents with type 1 diabetes are based
on guidelines for healthy eating in the general population[4]. Among various dietary approaches, the
Mediterranean diet (MED) is recommended for both healthy individuals and those with diabetes[5].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Inspired by traditional dietary patterns of countries bordering the Mediterranean Sea, the MED is
based on whole grains, legumes, fruits, vegetables, nuts, low fat dairy products, fish, olive oil, and
limited intakes of meat, processed foods, and sweets[6]. Eating patterns resembling the MED are
likely to be advantageous for long-term health and reducing risks of CVD and the metabolic
syndromel[7]. The vast majority of studies that examined the influence of MED on glycemic control
were conducted on the adult type 2 diabetes population. Lower levels of glycated hemoglobin
(HbA1lc) and fasting blood glucose were reported, and lower insulin resistance and mortality[8]. For
the type 1 diabetes population, the MED has gained considerable attention due to its potential to
enhance glycemic control and metabolic health[9,10].

Data on the impact of MED on metabolic control in adolescents with type 1 diabetes are limited.
A five-year cross-sectional study of 500 children revealed improvements in blood sugar levels and
CVD risk among those with a higher Mediterranean Diet Index (KIDMED) score[10]. A greater
KIDMED score signifies adherence to the MED; conversely, a diminished score implies that the child's
dietary habits are not aligned with the MED[11]. However, only a minority of the participants in that
cohort adhered to the Mediterranean-style diet. A cross-sectional study conducted in Italy on youth
with type 1 diabetes assessed the relation between the KIDMED score and glycemic control. While a
definitive causal relationship between MED and health outcomes was not established, the researchers
concluded that the MED may serve as an effective strategy in the management of type 1 diabetes in
young individuals[12]. A cross-sectional observational study of children with type 1 diabetes in Spain
revealed lower levels of HbAlc and higher percent time-in-range (%TIR) of blood glucose, among
those whose dietary patterns more aligned with the MED[9]. Bona et el, reported improved LDL
cholesterol levels following a 6-month intervention in children[13].

The current body of evidence is insufficient to substantiate the utilization of MED as the primary
dietary regimen for adolescents with type 1 diabetes. This warrants further research, particularly in
the realm of efficacious nutrition therapy interventions. The aim of the present study was to
investigate the impact of a MED intervention on micronutrient distribution among adolescents
diagnosed with type 1 diabetes. The secondary objectives of the study encompassed assessment of
adherence to the prescribed diet and the management of glycemic control.

2. Materials and Methods

2.1. Participants and Study Design

We conducted a prospective clinical intervention at the Pediatric Endocrinology and Diabetes
Unit within the Sheba Medical Center. Eligibility criteria included a diagnosis of type 1 diabetes
according to the American Diabetes Association criteria at least one year before enrollment, age
between 12 and 21 years, and the use of a continuous glucose monitoring device (Dexcom, San Diego,
CA, USA, Medtronic, Northridge, CA, USA, Libre, Alameda, CA, USA) [14]. Exclusion criteria
included a medical history of an eating disorder or any other mental illness, in participants or their
first-degree family members. Eligible trial participants were enrolled after they were contacted
during their routine visits to the pediatric diabetic clinic. Written informed consent was obtained
from participants aged 18 years or older, and from parents or legal guardians of those under age 18
years. Adolescents aged 12-18 years also signed informed consent. This ensured comprehensive
understanding and agreement regarding the study's protocol and the potential risks. Ethics approval
and monitoring were obtained from the Helsinki Committee in Sheba Medical Center (SHEBA-18-
5537-OH-CTIL).

2.2. Diet Intervention

At the outset, each participant attended a cooking workshop and received a personalized eating
regimen based on the MED. Nutritional instructions were provided to participants and, for those
under age 18 years, also their parents. Individual diet instructions and support were provided by a
dietitian at weeks 1, 2, 4, 7, 10, 12, and 24, for a total of seven face-to-face meetings. During the first
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12 weeks, the dietitian called each participant twice for 10- to 15-minute motivational phone calls.
Throughout the study, the dietitian was available to the participants.

2.3. Mediterranean Diet

The MED that was provided was based on the recommendations of Willett and Skerrett[15]. The
diet was characterized by moderate-fat intake, rich vegetable and legume intake, low quantities of
red meat; and a preference for poultry and fish over beef and lamb. The main sources of added fat
were 30 to 45 g of olive oil and a handful of nuts (five to seven nuts <20g) per day. The planned
macronutrient compositions of the diet were 40-50% carbohydrates, 25% protein, and 35% total fat.
There was no caloric restriction, but each participant received a weekly meal plan outlining the main
meals and snacks.

2.4. Assessment of Nutritional Composition and the Mediterranean diet screener score

We used a food frequency questionnaire (FFQ) that was previously used to determine the
dietary intake of the Israeli multiethnic population[16]. The FFQ consisted of 116 common Israeli food
items, standard portion sizes, and a section for reporting frequency consumption. We assessed the
participants' habitual food consumption at baseline and at 6 months after the intervention.

Total energy intake (Kcal) and both macronutrient and micronutrient intake were calculated
using the Tzameret software and the Israeli food and nutrient database[17]. The distributions of
macronutrient and micronutrient intakes as percentages of daily energy consumption were also
assessed and compared to dietary reference intakes (DRI) [18]. The Israeli Mediterranean diet
screener (I-MEDAS) was adapted from the original 14-item MEDAS and modified to apply to the
Israeli population[18]. Each item was assigned a score of 1 if it reflected the individual's food habits,
and a score of 0 otherwise. Hence, the -MEDAS questionnaire, consisting of 17 items, exhibited a
scoring range from 0 to 17. The categories were established such as to categorize adherence levels as
low, moderate, or high, with corresponding ranges of 0 to 7, 8 to 10, and 11 to 17, as documented in
prior publications[18,19].

2.5. Medical History and Anthropometric Measurements

Data regarding the age of diabetes onset, diabetes duration, and other medical diagnoses were
retrieved from medical records. At each visit, trained and certified staff followed a standard protocol
that measured blood pressure, height, weight, and waist circumference. Blood pressure was
evaluated according to the "Clinical Practice Guideline for Screening and Management of High Blood
Pressure in Children and Adolescents"[20]. Body mass index (BMI) was calculated as weight
(kg)/height squared (m2). BMI z-score norms were calculated for children aged 2 to 20 years. For
older participants, we extrapolated the BMI z-score from the calculated BMI at age 20 years [20]. BMI
z-scores were categorized to normal body weight -1.96- 1 (percentile 5.0-84.0), overweight 1.0-1.4
(percentile 84.1-93.3), obese 1.5-2 (percentile 93.4-97.7), and morbidly obese >2 (above 97.7
percentile)[21].

2.6. Insulin and Glycemic Parameters

The percent time-in-range (%TIR) 70-180 mg/dL (3.9-10mmol/L), as assessed by a continuous
glucose monitoring device, was downloaded at each visit with the dietitian. The insulin dosage was
expressed by the mean amount of insulin administered per two weeks, normalized by the
individual’s weight in kilograms.

2.7. Biochemical Parameters

Blood samples, including measurements of HbAlc, total cholesterol, LDL-cholesterol, and HDL-
cholesterol, were collected under metabolic stability conditions. These conditions were defined as no
episode of diabetic ketoacidosis within the month before the visit, and testing after 12 hours of fasting.
Laboratory results of serum C-reactive protein (CRP), blood urea nitrogen (BUN), creatinine, sodium,
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magnesium, calcium, zinc, phosphorous, vitamin B1, vitamin C, and folic acid were recorded. All the
fasting blood samples were taken at baseline and at 6 months, drawn from a forearm vein and then
processed by Enzyme-Linked Immunosorbent Assay (ELISA) at the Sheba Medical Center
laboratories.

2.8. Trial Outcomes

Our primary outcome was the nutritional and mineral status after 6 months of MED. Secondary
outcomes were body weight and waist circumference measures at this time point.

2.9. Statistical Analysis

Categorical variables were described using frequencies and percentages. Continuous variables
were expressed as medians and interquartile ranges (IQR, 25th; 75th percentiles). Pre- and post-
dichotomous dependent variables were evaluated using McNamar's test. The Wilcoxon test was used
to compare continuous variables before and after the 6-month period. Spearman’s correlation
coefficient test was used to study associations between continuous variables; >0.36 was considered
as a moderate correlation, while r >0.67 was considered as a high correlation. Continuous variables
were compered between categorical variables using the Mann-Whitney test. All the statistical tests
were two-sided, and all p values were adjusted by the false discovery rate. The statistical analyses
were performed by SPSS software (IBM SPSS STATISTIC version 28, IBM Corp., Armonk, NY, USA,
2021).

3. Results

3.1. Study Group Characteristics

Baseline characteristics of the 20 adolescents (14 females) with type 1 diabetes who were
recruited were: a median age (IQR) of 18 years (15.5-21) and a median duration of diabetes of 9 years
(7-14). Seventeen participants were treated with insulin pumps and two were on multiple daily
injections. The median BMI z-score was 1.1 (0.6-1.3). Nine participants were categorized as having
normal weight, eight with overweight and three with obesity. The median waist circumference was
80.0 cm (72.2-90.7); the median waist circumference percentile was 71.0% (35.5-79.0). Three
participants dropped out of the study after 12 weeks. One of them was a female who left because she
had been on a low-carbohydrate diet prior to the study and was having difficulty adjusting to the
amount of carbohydrate intake. Two male participants struggled with the diet framework and had
time constraints (Figure 1- A flow chart of the study).

Figure 1-A flow chart of the study
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Figure 1. A flow chart of the study. T2D: type 2 diabetes; MODY: maturity-onset diabetes of the
young; ED: eating disorder; DE: disordered eating; CGM: continues glucose monitoring; type 1 DM:
type 1 diabetes mellitus; MED: Mediterranean diet; FFQ; food frequency questioner; -MEDAS: Israeli
Mediterranean diet screener;.

3.2. Food Frequency Questionnaire

The median value of total calories at baseline was 2077 Kcal (1840-2661): 42% (39-47) of the
calories from carbohydrate, 35% (32-37) from fat and 17% (16-20) from protein (Percentages do not
add up to 100% because there are other components that contribute to the total daily energy intake,
e.g., alcohol. After 6 months of the MED intervention, the percent of calories from carbohydrate
decreased to 39% (35-46) (p=0.058) (Table 1).

3.2.1. Median percentages of micronutrients according to DRI

The baseline median percentages of iron, potassium, and vitamin E were 75% (59-189), 92% (71-
107) and 85% (65-121) lower than the DRIs. Intakes of phosphorus, sodium, copper, vitamin C,
riboflavin, pyridoxine, and B12 were more than two-fold higher than the DRIs. After 6 months of the
MED intervention, the percentages of DRI (IQR) for iron, potassium, and vitamin E were higher, but
with no statistical significance, and still below the recommended DRIs: 84% (60-129), p=0.868; 87%
(69-107), p=0.887; and 93% (69-119), p=0.266, respectively. The intakes of phosphorus, sodium,
copper, vitamin C, riboflavin, pyridoxine, and B12 remained elevated, and not significantly different
from baseline (Table 1).


https://doi.org/10.20944/preprints202309.2031.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 September 2023

doi:10.20944/preprints202309.2031.v1

Table 1. Percentages of macronutrients in the diet and median (interquartile range) percentages of
micronutrients compared to DRI values.

Baseline After 6 months Delta p-value
%Protein from calories 17(16-20) 18(16-20) 0.0(-1.1-2.3) 0.552
%Fat from calories 35(32-37) 38(34-40) 2(-1-5) 0.092
%Carbohydrate from calories 42(39-46) 39(35-46) -2.7(-8.3-1.5) 0.058
Percent DRI
Fiber 100(72-113) 111(77-133) 0.5(-8.7-47.2) 0.501
Calcium 120(75-160) 131(76-149) 1.5(-25.7-16) 0.816
Iron 75(59-189) 84(60-129) 0.0(-35-15) 0.868
Magnesium 143(94-189) 161(116-195) 21(0-43) 0.068
Phosphorus 241(140-271) 221(149-278) 0(-27-31) 0.981
Potassium 92(71-107) 87(69-107) -0.5(-8.5-16.7) 0.887
Sodium 250(194-332) 251(186-326) 0.5(-37.0-25.7) 0.653
Zinc 142(115-159) 131(109-167) 0(-8-20) 0.795
Copper 189(145-262) 180(144-245) 0(-13-49) 0.756
Vitamin C 302(225-405) 283(217-358) 1(-107-111) 0.984
Thiamin B1 127(110-169) 130(114-166) 0(-4-29) 0.408
Riboflavin B2 217(161-261) 225(167-266) 0(-23-56) 0.463
Niacin B3 164(122-211) 168(135-224) 5(-11-42) 0.309
Folate B9 105(79-137) 105(86-122) 0(-17-32) 0.981
Pyridoxine B6 205(154(259) 200(160-273) 0(-30-30) 0.868
Vitamin A 134(88-196) 131(110-166) 0(-17-41) 0.687
Vitamin E 85(60-121) 93(69-119) 8(-9-25) 0.266
Vitamin D 141(98-246) 210(83-254) 17(-3-51) 0.103

The data are presented as medians and interquartile ranges. The percentages of the DRIs were calculated
according to the recommended amounts for age and sex. All the data are presented as percentages except the
calories. Kcal: kilocalories; DRI: dietary recommended intake.

3.2.2. Median intakes of selected nutrients before and after the MED intervention

The median percentage of calories derived from ultra-processed foods was 17.7 (13.5-21.8) at
baseline, and not significantly different (p=0.255) after the intervention, 15.2 (7.9-21.4) (Table 2).
Regarding macronutrients, the intakes of protein and carbohydrates (including fructose, sugar
alcohols, and fiber) did not differ significantly between baseline and the end of the 6-month period.
While the median total fat intake did not change significantly, the consumption of certain types of fat
decreased, and of others increased. Notably, the intakes of cholesterol and saturated fat decreased,
while the intakes of monounsaturated fat and polyunsaturated fat showed slight increases. The
intake of docosahexaenoic acid (DHA) increased significantly, from 0.101 g (0.0433-0.1614) at baseline
to 0.1555g (0.0474-0.1994) after the intervention (p=0.035). Eicosapentaenoic acid (EPA) intake
increased from 0.0266 g (0.0081-0.0419) to 0.0364g (0.0158-0.0736), p=0.035. Intakes of erucic acid
(p=0.031) and docosapentaenoic acid (DPA) (p=0.049) also increased significantly. On the other hand,
the intake of parinaric acid decreased significantly (p=0.049). Intakes of all the vitamins and minerals
assessed remained stable (Table 2).
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Table 2. Median (interquartile range) intakes of selected nutrients before and after the Mediterranean

diet intervention, according to the Food Frequency Questionnaire.

(DPA), g

Baseline After 6 months Delta p-value
Total calories, Kcal 2077.8(1840.7-2661.9) 2050.9(1770.4-2827.5)  0.0(-306.3-268.3)  0.943
Energy percentultra- - - 155 018 15.2(7.9-21.4) 0.0(-9.4-1.3) 0.255
prOC@SS
Protein, g 97.1(81.7-120.9) 97.9(79.1-125.8) 0.7(-11.3-8.2) 0.906
Fat, g 85.7(71.8-104.8) 89.6(69.5-104.8) 1.1(-8.7-15.7) 0.554
Carbohydrate, g 222.0(188.8-306.0)  197.8(159.6-278.3) 0.0(-63.4-25.3) 0.356
Total sugars, g 100.9(64.1-136.6)  88.7(70.9-106.9) -0.2(-18.4-12.1) 0.523
Sugar alcohols, g 0.28(0.1-0.7) 0.2(0.1-1.7) 0.0(-0.2-0.2) 0.975
Fructose, g 19.4(11.1-25.5) 19.2(12.4-25.0) 0.0(-5.4-4.0) 0.653
Fiber, g 27.3(19.9-41.3) 28.5(23.5-42.1) 0.0(-2.2-8.1) 0.795
Calcium’, mg  1283.1(775.2-1639.8) 13084(899.1-1692.1)  31.9(-234.7-2043) 0554
Iron, mg 11.9(10.3-17.9) 11.9(10.4-17.6) 0.0(-3.1-2.3) 0.981
Magnesium, mg _ 479.2(327.9-631.4)  552.8(398.3-691.4) 66.0(0.0-128.8) 0.084
Phosphorus, mg  1768.9(1335.6-2038.1) 1724.4(1410.9-2023.7)  0.00(-144.6-356.1)  0.586
Potassium, mg  4304.0(3338.1-5069.6) 4110.3(3248.1-5044.1)  -13.7(-414.7-789.2)  0.906
Sodium, mg  3757.9(2914.5-4994.4) 3771.1(2800.2-4900.8)  -2.7(-551.4-387.2)  0.687
Zinc, mg 12.1(9.9-14.1) 11.9(8.8-15.6) 0.0(-1.4-1.7) 0.906
Copper, mg 1.9(1.4-2.6) 1.9(1.4-2.5) 0.0(-0.1-0.4) 0.723
Selenium, mcg 132.9(118.4-181.1)  148.9(105.0-183.0) 0.0(-17.2-26.7) 0.687
Choline, mg 503.2(345.7-682.0)  517.6(339.1-717.9) 0.0(-1454-107.3) 0906
Vitamin A, mcg  2081.0(1281.1-2597.6) 1934.1(1202.8-2304.4)  5.19(-406.6-233.9)  0.723
Vitamin C 2284(162.9-304.1)  212.7(148.1-274.1) 0.0(-32.8-33.7) 0.981
Thiamin B1, mg 1.3(1.1-1.9) 14(1.2-1.8) 0.0(-0.4-0.2) 0.687
Riboflavin B2, mg 2.2(1.7-3.3) 2.5(2.0-3.0) 0.0(-0.3-0.5) 0.653
Niacin B3, mg 23.0(18.8-29.8) 25.1(18.4-32.8) 0.0(-2.3-6.1) 0.523
Vitamin B6, mg 2.6(1.9-3.3) 2.5(1.9-3.3) 0.0(-0.7-0.4) 0.831
Folate B9, mcg  422.3(3163-551.2)  423.4(331.6-488.6) 0.0(-127.8127.5)  0.943
Vitamin B12 mcg 5.8(3.8-7.0) 6.1(4.1-7.2) 0.0(-0.8-0.5) 0.981
Vitamin D, mcg 7.0(4.8-12.3) 9.8(4.1-12.6) 0.5(-1.2-2.6) 0.246
Vitamin K, mcg  224.5(1843-3544)  218(155.6-317.0) ~4.0(-56.5-35.5) 0.356
Vitamin E, mcg 12.7(9.0-17.1) 13.2(10.3-17.2) 0.0(-3.6-3.7) 0.460
Cholesterol, mg  395.1(262.6-559.3)  346.0(242.3-617.1) 0.0(-99.2-45.4) 0.831
Saturated fat, mg 27.9(20.7-31.6) 27.1(19.7-30.9) 1.1(-31-07) 0.287
Monounsaturated fat, g 34.1(27.0-42.4) 39.3(29.7-43.2) 2.3(0.0-11.4) 0.149
Polyunsaturated fat, g 17.7(15.0-24.2) 18.2(13.1-25.4) 0.0(-3.3-3.4) 0.906
Docosahexaenoicacid ;.00 0433.0,1614) 0.1555(0.0474-0.1994) 0.0184(0.0785) 0.035
(DHA) g
Palmitoleic acid, g 1.0639(0.8908-1.3945) 1.0873(0.7696-1.6299) -0.0069(-0.1928-0.2098) 0.943
Parinaric acid, g 0.0196(0.004-0.0278) 0.0198(0.0052-0.0556) -0.0454(-0.0832; -0.0056) 0.049
E“““:E’;if“gmc acid | 0266(0.0081-0.0419) 0.0364(0.0158-0.0736) 0.0048(0.0000-0.0323)  0.035
Erucicacid, g 0.0431(0.0051-0.0604) 0.0435(0.0134-0.1145) 0.0042(0.0000-0.0526)  0.031
Docosapentaenoic acid, ) 0117-0.0392) 0.0312(0.0137-0.0476) 0.0015(-0.0001-0.0174)  0.049

milliliter.

The data are presented as medians and interquartile ranges. BMI: body mass index; HbAlc: glycated
hemoglobin: C-reactive protein; mg/L: milligrams per liter; mcg: microgram per deciliter; ng/mL: nanogram per
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At the end of the intervention, the median I-MEDAS score was significantly higher, 13 (12-14)
points, compared to 8 (7-11) points at baseline (p<0.001). After the 6-month intervention, preferences
increased for olive oil (<0.001), and for poultry consumption versus processed meat (p=0.016). Butter
and margarine consumption declined (p=0.039), as did the consumption of desserts (p=0.008). Fruit
consumption was lower than recommended, and therefore scored zero at baseline and at 6 months
(p=0.625). The consumptions of alcohol and salty snacks did not change significantly (Table 3).

Table 3. -MEDAS Israeli Mediterranean diet screener.

Baseline Six months P value
Total Score 8(7-11) 13(125'(1;_)6;1e1ta: <0.001
The criterion for a
positive score
Preference for olive oil Yes NZ;;((ZZ(‘)’L) T\I==128((99(?:/{:) )) <0.001
Non-starchy vegetables 2+ servings/d \1{\7:1:((28(;);? )) Y;igl(éi/:/;) 0.25
Fruits- without juice 3+ servings a day 1\\1{:146((2; g/((:/())) I\\I{:féi:(ag g/((:/())) 0.625
Butter/Margarine <1 serving /day 131{:191(;155 ;{;:) ;1146((28 (? :/{:) )) 0.039
Sweet soft drinks <1 serving /day §2173 ((3655 ;f )) \1{\?:128 ((198 ;f )) 0.063
Whole grains 3+servings/ day 1\}[:17 3(?:;/2/())) \1{\;15 ((;5502) )) 0.07
Red and ultra-processed meat <7 servings/ wk \1{\?:1: ((2755 ;f )) \1{\?:1: ((2755 ;f )) *
Alcohol 7+ servings / wk Yzszézg%(;/O) Yzszézg‘g;/O) )
Non sweetened dairy 2 + servings /d L::lfgg "Z) )) 1;137((555 "Z) )) 0.999
Legumes 3+ servings/d Ni;;(g;/(;;o) ;:fz(?:;{;:) 0.016
Fish (fresh& preserved) 3+servings/wk 11{121(())((2?)(‘1/;:))) ;::1;(1855;? )) 0.016
Nuts 3+servings/wk ;:f;z:;{;:) T\I==182 (T(;) :/f )) 0.004
Hummus/tahini salad 3+servings/wk I\\I{:Z?E?:;{())A))) I\\I{:féi?;) g{;))) 0.999
Desserts <3 servings/wk ;:Z;?:;{;:) T\I==155 ((2755:/{:) )) 0.008
Savory pastries <2 servings/wk L::lfgg "Z) )) Y;]1=91((z50Z))) 0.375
Salty snacks <3 servings/ wk T\I:if((f(())‘;f )) T\I:if((f(())‘;f )) *

Total score is presented as medians and interquartile. Significantly differences showed in bold; wk: week; d: day;

Y=yes; N=no. * The discordant pairs are equal or less than 25, so a chi value was not calculated.
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3.4. Weight Loss, Waist Circumference, and Blood Pressure

The BMI z-score (p=0.316) and waist circumference percentile (p=0.161) did not change
significantly (Table 3) during the intervention. At baseline, the median systolic blood pressure was
116 mmHg (109-125) and the diastolic blood pressure was 72 mmHg, (70-79). Both these parameters
decreased following the intervention, but the change was statistically significant only for diastolic
blood pressure, which decreased to 67 mmHg (71-75), p=0.039. Similarly, blood pressure percentiles
followed an identical trend, with a significant change observed in the diastolic percentile (p=0.029)
(Table 3).

3.5. Glycemic Parameters

Median TIR 70-180 mg/dl increased significantly after the MED intervention, from 52% (38-60)
at baseline to 63% (47-71), p=0.047. HbAlc declined from 7.5% (6.8-8.5) to 7.1% (6.7-709), p=0.453. The
total amount of insulin decreased from 0.76 U/kg (0.64-0.97) at baseline to 0.72 U/kg (0.61-0.89),
p=0.067.

3.6. Blood Laboratory Measurements

The median LDL-cholesterol decreased from 114mg/dL (105-135) at baseline to 104 mg/dL (96-
124) after 6 months (p=0.059). Median HDL and triglyceride levels did not change significantly. Blood
creatinine (p=0.025), zinc (p=0.031), and potassium levels (p=0.44) were all significantly higher after
the intervention. Vitamin C did not differ significantly, before and after the intervention; the
respective median values were 11.7 mg/L (9.0-12.9) and 12.0 mg/L (9.0-13.4), p=0.321. However, at
baseline three participants had low levels of vitamin C that increased to the normal range (4.6-14.9
mg/L) after the intervention (Table 4).

Table 4. Clinical and biochemical data of the participants before and after the MED intervention.

Before After Change  p-value
BMI z-score 1.1(0.6-1.3) 1.2(0.5-1.5) 0.0(-0.1-0.1)  0.316
Anthropometric Waist
measurements circumference 71.0(35.5-79.0)  59.5(26.5-77.0)  -1.0(-5.5-1.7) 0.161
percentile
TIR 70-180 mg/dl 52(38-60) 63(47-71) 7(-1-14) 0.047

Gl iabl i
ucose variables  Total daily dose ) 0. 1 0.97)  072(0.61-0.89) -0.04(-0.13-0.00) 0.067

unit/kg
Blood pressure Systolic % 64(38-94) 60(30-72) -1(-28-14) 0.349
percentiles Diastolic% 73(68-88) 69(50-79) -8(-21-5) 0.028
HbAlc % 7.5(6.8-8.5) 71(67-79)  0.0(-0.6-0.3) 0453
hol 1 L
Cholesterol mg/dL 70100 186 171(156-189) 0(-227) 0293
mg/dl
LDL cholesterol ) 105134y 10496-124)  -35(:24-15)  0.059
mg/dL
HDL cholesterol
4(58- 2(50-74 -2(-8-1 1
L 64(58-69) 62(50-74) (-81) 0195
Blood tests Triglyceride mg/dL ~ 68(61-95) 72(51-87) 0(-16-9) 0.877
RP <0.20-5.
CRP<0.20:500 4 g4 053 21(0569)  0.0(-0.3-0.6) 0.744
mg/L

Urea 17-45 mg/dL  28.0(22.2-33.7) 26.0(20.0-33.7)  0.0(-7.0-2.0)  0.307
Creatinine 0.62-
1.10 mg/dL

Zinc 50.0-150.
nc50.0-150.0 19 096.5-140.0)131.5(110.5-150.7) 8.5(0.0-30.7)  0.031
mcg/dL

0.70(0.57-0.79)  0.73(0.54-0.85) 0.01(-0.01-0.08) 0.025

doi:10.20944/preprints202309.2031.v1
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lcium 8.1-10.4
Caleium 8.1-104 4 006.:100)  9.8(95-101)  00(-02:02) 1.000

mg/dL
Phosphorus 2.00-
£00 mg/dL 42(3.4-4.3) 41(3.5-4.3) -0.05(-0.37-0.20) 0.477
Potassium
st mmey | 4241-49) 44(42-46)  01(-0.1-04) 0.044
Magnesium 1.90-
270 meydL 1.9(1.8-2.0) 19(1.820)  0.0(0.0-0.1) 0.424
Vitamin C4.6-149 ) 79 0129)  1200.0-134)  02(-0809) 0321
mg/L
Vitamin B1 66.5-  144.8(121.0-
2000 mmol/L 171 MA1SIS3I580) -02(114-48) 0472
Folicacid 5.9240 ¢ 7 7 103) 10562135  0.0(2339) 0.679
ng/mL

The data are presented as medians and interquartile ranges. BMI: body mass index; HbAlc: glycated
hemoglobin: C-reactive protein; mg/L: milligrams per liter; mcg: microgram per deciliter; ng/mL: nanogram per
milliliter; TIR, time-in-range; CRP, C-reactive protein.

3.7. Correlations

The I-MEDAS total score was negatively correlated with CRP (r=0.704; p=0.001). The delta total
score was correlated with delta calcium (r=0.521, p=0.018).

HbAlc was inversely correlated with TIR (r=-0.827; p<0.0001), delta magnesium (r=-0.472;
p=0.036), and vitamin C (r=-0.827; p=<0.0001). A positive correlation was shown after 6 months
between HbAlc and food energy (r=0.497; p=0.026). TIR was correlated with magnesium (r=0.470.
p=0.037) and vitamin C (r=0.46; p=0.041), and inversely correlated with delta sugar consumption (r=-
0.495; p=0.026).

Body weight and waist circumference were correlated with CRP (r=0.697; p=0.001 and r=0.522;
p=0.018, respectively). Zinc correlated inversely with CRP (R=-0.453; P=0.045) and with BMI z scores
(r=-0.458; p=0.042). Correlations between fiber intake and polyunsaturated fat are shown in Table 5.

Systolic blood pressure was correlated with sodium (r=0.582, p=0.007). Other correlations are
shown in Table 5.

Table 5. Correlations of food energy and various nutrients with delta total daily fiber intake (g).

R p-value
Delta food energy -0.473 0.035
Delta energy from ultra-processed 0.741  <0.0001
Delta total fat 0.566 0.009
Delta carbohydrates 0.659 0.002
Delta calcium 0.771  <0.0001
Delta zinc 0.641 0.002
Delta copper 0.78  <0.0001
Delta vitamin C 0.576 0.008
Delta thiamin 0.891 <0.001
Correlation with delta polyunsaturated fat (g)
R p-value
Delta energy from ultra-processed food 0.7 0.001
Delta carbohydrate 0.893  <0.0001
Delta total fiber 0.765  <0.0001
Delta fructose 0.671 0.001

Delta magnesium 0.805  <0.0001
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Delta zinc 0.63 0.003
Delta copper 0.784  <0.0001
Delta folate 0.768  <0.0001
Delta thiamine 0.712 <0.0001
Delta vitamin C 0.637 0.003

Delta; after minus before; g: gram.

4. Discussion

We assessed, before and 6 months after a MED intervention, the intakes and blood levels of
macronutrients and micronutrients, glycemic control, and anthropometric measurements among
adolescents with type 1 diabetes. At baseline, the intakes of sodium and several trace elements were
elevated compared to recommended values. We demonstrated that at 6-months, the MED-based
intervention was feasible, and that glycemic outcomes and several nutritional parameters were
improved.

The participants of our trial were instructed to consume extra virgin olive-oil and nuts on a daily
basis. While the daily percentage of calories derived from fat changed only slightly, the composition
of fatty acids, particularly docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), increased.
Associations have been reported of the consumption of nuts and extra virgin olive oil, which are
abundant in unsaturated fatty acids[22] and rich in antioxidants, with improved lipid profiles[23].
While the overall lipid profile did not change significantly during the intervention, 11 participants
had lower LDL cholesterol levels after the intervention.

The median %TIR significantly improved after the intervention, as did HbA1C levels. Total
sugar consumption correlated inversely with TIR. Our findings corroborate a cross-sectional analysis
that involved 97 children with type 1 diabetes, which demonstrated improved HbAlc levels among
those with optimal adherence to MED[24]. Another research investigation demonstrated a correlation
between higher levels of adherence to the MED and improved glycemic regulation[10]. An interesting
finding of our study was that carbohydrates comprised a lower proportion of the total daily calories
after than before the intervention. The reduced carbohydrate intake may have contributed to the
observed improvement in glycemic control, as has been shown in multiple studies[25]. The intensive
nutritional monitoring program, conducted by a registered dietitian, might also have contributed to
better glycemic control[26,27].

The median intake of dietary fiber observed in our study met 100% of the DRIs at baseline and
111% after 6 months. Significant positive changes in the consumption of whole grains, nuts, and
legumes were evident based on the I-MEADS. All the aforementioned factors contributed to the
overall status of fiber intake. Fruit consumption remained unchanged during the intervention period,
as indicated by a score of zero at both time points. This suggests lower intake than recommended.
Fruits possess substantial concentrations of sugars, and their consumption may impact blood glucose
regulation. Thus, individuals with type 1 diabetes often restrict their fruit consumption. A meta-
analysis of individuals with type 2 diabetes revealed that the intake of fruits significantly reduced
fasting blood glucose levels[28] but did not affect HbAlc concentrations [28]. Fresh fruits are
abundant sources of dietary fiber, organic acids, minerals, and antioxidants such as vitamins and
polyphenols. One prominent biological process associated with fruit consumption is antioxidation,
wherein the conversion of free radicals into more stable forms enhances their scavenging capacity.
This process also mitigates the generation of reactive oxygen species by restraining mitochondrial
oxidative stress, thereby preserving cellular redox homeostasis[29]. Individuals with type 1 diabetes
and their caregivers should be guided regarding appropriate fruit consumption and insulin
administration.

A key principle of the MED involves reducing the consumption of highly processed food
products. Nevertheless, we report no statistically significant difference in the median proportion of
calories derived from processed foods prior to and following the intervention. This finding may be
attributed to the limitations of the FFQ to distinguish between enhanced nutritional qualities of food
items. For instance, both whole wheat bread and white bread are classified under the same category
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of ultra-processed foods, despite the former having superior nutritional qualities. Notably, the
majority of participants transitioned to this particular type of bread. The use of the -MEDAS
enhanced accuracy and enabled discerning important changes in laboratory measures that were
associated with distinct food items of the MED.

The intake of the micronutrient sodium is affected by the consumption of the foods mentioned
in the previous paragraph. Both at baseline and at 6-months after the intervention, the median
sodium intake of our participants was twice that of the recommended daily amount. We also report
a significant association between systolic blood pressure and sodium intake. Our findings are
consistent with the US SEARCH study in which none of the 190 children and adolescents with type
1 diabetes met the recommended sodium intake[27]. A systematic review and meta-analysis
involving 58,531 children and adolescents showed a dose-response relation, such that each additional
gram of sodium consumed per day raised systolic and diastolic blood pressure by about 1 mm
Hg[30]. Excessive sodium consumption is a major risk factor for high blood pressure and
cardiovascular disease[31]. Several studies have reported high sodium intake with high adherence to
the MED[32,33]. Hence, reducing the consumption of high-sodium foods deserves specific
consideration. The main sources of sodium from the MED might be pickled vegetables, whole wheat
breads and canned fish. Indeed, according to the -MEDAS, fish consumption (especially canned tuna
fish) and whole wheat bread were significantly higher after the intervention.

Notably, higher potassium intake has been associated with reduced blood pressure, as well as
with stroke events[33]. Despite the stability in potassium intake, and the elevated sodium intake, we
report a lower median diastolic blood pressure following the intervention than at baseline. Similarly,
in the PREDIMED intervention study, among those who consumed MED (extra virgin olive oil and
nuts), the systolic blood pressure did not change significantly, yet the diastolic blood pressure
decreased[34]. We report similar median pre-and post-potassium intakes.

Our data demonstrate a significant increase in plasma zinc levels after 6 months following the
MED. Foods such as fish, eggs, dairy products, beans, nuts, and whole grains are rich sources of
zinc[35]. The I-MEDAS results indicate a notable increase in the consumption of fish portions
throughout the intervention. This could account for the observed rise in zinc levels. Zinc has been
found to potentially enhance glucose uptake into cells by modulating the insulin-stimulated
movement of GLUT4[36]. Zinc is also involved in insulin signaling and the redox signaling pathway,
which has been suggested as a mechanism that may explain the association between zinc and
cardiometabolic risk[36,37]. Notably, in the current study, plasma zinc levels were negatively
correlated with HbAlc and CRP, further emphasizing the importance of the MED.

Dietary copper intake among our participants was two-fold higher than the DRI, but below 20%
of the upper intake levels, both before and after the intervention[38]. The existing research on copper
abnormalities and diabetes predominantly centers on type 2 diabetes and its association with insulin
resistance[39]. Research carried out in the United States reported elevated levels of serum copper in
individuals with type 1 diabetes compared to a control group[40]. In addition to elevated glucose
levels that initiate free radical reactions, the dysregulation of copper also significantly contributes to
the occurrence of oxidative stress, thereby increasing the risk of diabetes complications[40,41]. The
primary sources of copper in the MED include seeds and nuts, wheat-bran cereals, whole-grain
products, and chocolate. The question arises as to whether more attention is needed regarding
excessive copper consumption among individuals with type 1 diabetes.

For our cohort, median serum Mg levels fell within the normal low range and exhibited no
significant differences pre- and post-dietary intervention, despite exceeding the DRI for this
micronutrient. Notably, serum levels reflect only a fraction of the total Mg present in the body [35].
We report correlations of serum Mg level with Hbalc and TIR, two measures of glycemic control,
thus collaborating prior studies[42]. Mg is a vital mineral that is abundantly present in the human
body. It functions as a cofactor in more than 300 enzyme systems that have crucial roles in various
biochemical reactions, including the regulation of blood glucose and blood pressure [28]. Foods that
are rich in dietary fibers and abundant in the MED typically serve as sources of Mg, including green
leafy vegetables, such as spinach, legumes, nuts, seeds, and whole grains[35].
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No significant differences were observed in BMI z-score and waist circumference following the
6-month intervention. These findings align with the constant calorie intake throughout the
intervention. Given that our study did not involve caloric restriction and did not focus on weight
loss, we did not anticipate significant changes in anthropometric measures. Body weight and waist
circumference did correlate positively with CRP levels. This finding corresponds with a non-
randomized descriptive study, in which children diagnosed with type 1 diabetes were selected and
matched with a control group according to sex and age[43]. Children with obesity were included in
that study. Statistically significant correlations were observed of high-sensitivity CRP with both BMI
and waist circumference Z-score [43].

There are several inherent limitations to our study. FFQ interviews are susceptible to recall bias.
Nevertheless, this recall method is considered more reliable than a single day recall[44]. Although
the FFQ has a robust research foundation, it is likely to be limited in its accurate capture of precise
nutrient quantities. Furthermore, the relatively small cohort, only 20 participants, may not provide a
comprehensive understanding of the potential nutritional and metabolic effect of the MED. Another
limitation is the lack of data of serum levels of several minerals that might have elucidated additional
associations between nutrient intakes and their serum levels. On the positive side, the prospective
follow-up design is a strength of the study. This work represents a pioneering effort in implementing
a 6-month intervention, characterized by rigorous dietary surveillance focused on a MED, and
comprehensive evaluation of multiple micronutrients.

In the contemporary context of prevailing exclusionary dietary practices, the MED is
distinguished by its emphasis on the inclusion of specific food groups such as fruits, vegetables,
whole grains, legumes, nuts, low-fat milk products, and olive oil, which are all recommended for
daily consumption. The incorporation of a diverse range of foods without limitations into an
individual's dietary regimen has a dualistic nature. On one hand, it facilitates adherence to the
prescribed diet; while on the other hand, the absence of absolute restrictions creates a gray area that
permits the consumption of foods that are not deemed advisable. The higher average -MEDAS score
observed after a 6-month period indicates greater adherence to the MED, though several
micronutrients and nutritional parameters did not change significantly.

5. Conclusions

This interventional study provides valuable insights regarding the feasibility and benefits of a
6-month MED intervention for adolescents with type 1 diabetes. This intervention was shown to be
feasible and to lead to improvements in glycemic outcomes and in certain nutritional parameters.
However, it is crucial for caregivers and healthcare providers to focus on nutrients that remain of
concern even within a MED framework. For example, sodium consumption, as evidenced in our
study, needs to be monitored, akin to the focus in the DASH (Dietary Approaches to Stop
Hypertension) diet. Caregivers should be attentive to food choices that contribute to high sodium
intake, such as pickled vegetables and canned fish, and replace them with lower sodium food choices.
Copper intake and serum levels should be monitored, to prevent overconsumption. Fruit
consumption should be encouraged, with proper guidance for insulin administration and timing.
The aim should be establishing a comprehensive and balanced dietary plan that enhances overall
well-being and facilitates efficient management of diabetes. Additional investigations involving
larger sample sizes and extended periods of observation are necessary to validate these results and
enhance dietary guidelines for the specific context. In summary, the MED exhibited potential as a
viable dietary strategy for managing glycemic levels and enhancing nutritional status in individuals
diagnosed with type 1 diabetes.
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Appendix 1:
Cooking workshop

The workshop's objectives were to explain the benefits of a Mediterranean diet and to promote

skills in assembling and preparing dishes that complied with the diet.
The syllabus of the workshop - 8 hours

Part 1: A lecture was given by a dietitian regarding the aims of the study, the rationale of the
Mediterranean diet and its apparent advantages, insulin administration, and general information

regarding preferred types of foods and daily diet managing.

Part 2: Practical section. The participants prepared about 13 different dishes and became familiar
with the main food products that are used in a Mediterranean diet cuisine. During this phase, the
participants consumed the foods they prepared and administered insulin, with the guidance of a

dietitian.

At the end of the cooking workshop, each participant received a booklet with recipes that comply
with the Mediterranean diet, a shopping list and a detailed weekly menu that lists the amount of

carbohydrates for particular meals and foods.
Individual meetings with the dietitian

Each participant met individually, for a 60-minute session, with the dietitian in weeks 1,2,4,7,10,12,
and 24 of the intervention. Dietary education sessions started with weight and waist circumference
measures. After blood pressure and ketone values were measured, the dietitian uploaded the
glycemic, insulin, and carbohydrate data from the pump, continuous glucose monitor, and food
manager applications (24-hour recall). The dietitian asked for feedback, led a discussion on

problem-solving, and set clear objectives based on glycemic control and upcoming events (holidays,
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etc.). At the end of each meeting, a detailed menu was distributed, with recipes and more examples

of daily menus.

A WhatsApp group was managed by the dietitian, who added diet recipes, notes (prior to holidays)
and notifications about upcoming measurements and electronic questionnaires, and reminders for

visits.

At the end of the study, after the data analysis, the participants were provided all of their
individual data and calculations of trends and normal range values of the nutritional and health

parameters that were assessed during the 24-week intervention.
The Mediterranean diet

The Mediterranean diet was prescribed a moderate-fat diet, rich in vegetables and low in red meat,
with poultry and fish preferred to beef and lamb. The primary sources of added fat were 30 to 45 g

of olive oil and/or a handful of nuts (five to seven nuts <20g) per day.

Below are examples of a two-day menu:

Day 1 Carbohydrate (gram) Day 2 Carbohydrate (gram)
2 slices of whole Greek yogurt 7%
wheat bread+ 2
fat+ 7 Walnuts+ a
tablespoons of tablespoon of
Breakfast white cheese 37 p . 10
. blueberries+ a
5%+pinch of
. tablespoon of
Zaatar+ 6 olives+ 1
. flaxseed
sliced cucumber
A stew of orange
Seasoned chicken lentils and rice*
breast with 1 cup (320 g) + 2 chicken
Lunch of rice (146 g) 50 skewers or 3-4 50
cauliflower (100 g) chicken patties (40
gr each)
Greek salad*+ 2 2 slices of whole
. wheat bread+ 1
slices of whole tomatot 1
Dinner wheat bread+ 1 45 40
cucumber+1
tablespoon (15 g) .
X tablespoon of olive
of tehina

oil+1 omelet (1 egg)

Be sure to add 2 tablespoons of olive oil per day or nuts 30 g 5 times a week
Snacks:

Between the three main meals, two small meals can be eaten during the day.

The following list contains ideas for snacks, and the number of carbohydrates of the items.
A slice of whole bread with peanut butter or almond spread or hummus or lentil spread.
2 rice crackers with peanut butter.

1 apple

Chocolate 100 g

Examples of items for a shopping list.
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Orange, mash, green, black lentils, chickpeas, dry beans in different colors.
Almonds, seeds (sunflower, pumpkin), peanuts, nuts (walnuts, hazelnuts, pistachios) - without salt
and not roasted. They can be lightly salted at home

Whole rice

Quinoa

Below are the main topics that we focused on during the eight sessions.
Session 1:

Adjusting insulin and the menu more precisely to participants' preferences, and in accordance with

the research guidelines
Session 2:

Special concerns, according to the patients' requests: physical activity, bowel movements,

hypoglycemia, etc.
Session 3:

Maintaining a Mediterranean diet when eating out, and at family and social events, holidays, and

parties.
Session 4:

Healthy eating and eating habits, including avoidance of processed food, avoidance of screen time

while eating, and family meals.

Session 5:

Lipids and fats, their proportions in various food items, and the effect on metabolic health
Session 6: Motivational session

Session 7: Conclusion

The staff of the center and the dietitian were available to the participants throughout the

intervention.
Two motivational phone reach outs were conducted by the dietitian.

During the intervention, the participants continued regular visits with their endocrinologists.
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