IMAJ - VOL 23 - FEBUARY 2021

ORIGINAL ARTICLES

Effect of Telemedicine Dietary Intervention on
Endothelial Function in Patients with Type 2 Diabetes

Mellitus on Mediterranean Diet

Nagham Gudban MSc'?*, [tamar Yehuda PhD'**, William Nasir MD?3, Soboh Soboh MD?3, Snait Tamir PhD'**,
and Arnon Blum MD?3**

'Department of Human Health and Nutrition Sciences, Tel Hai Academic College, Galilee, Israel
?Department of Medicine, Padeh Medical Center, Poriya, Israel

3Azrieli Faculty of Medicine, Bar Ilan University, Safed, Israel

“Shamir Research Institute, Haifa University, Haifa, Israel

ABSTRACT

Background: Patients with type 2 diabetes mellitus (T2DM)
have a high rate of cardiovascular disease (CVD). The Med-
iterranean diet is preferred for CVD prevention. Endothelial
dysfunction is demonstrated early in T2DM.
Objectives: To study the effects of dietary intervention of T2DM
patients without known CVD on endothelial function and vas-
cular inflammation.
Methods: A prospective study enrolled 22 patients with T2DM.
Patients were divided randomly into two groups: an interven-
tion group with 12 patients (55 * 7 years old, 6 women) and
a control group with 10 patients (59 * 10 years old, 5 wom-
en). Clinical evaluation included body mass index (BMI) and
endothelial function measured by the flow mediated percent
change (FMD%). Fasting blood was drawn on entry to the study
and 3 months later, measuring C-reactive protein (CRP), in-
tercellular adhesion molecule-1 (ICAM-1), total cholesterol,
triglycerides, and glycosylated hemoglobin (HbA1C%). The in-
tervention was based on weekly telephone calls by a clinical
dietitian for 3 months.
Results: In the intervention group CRP and ICAM-1 were re-
duced (from 4.2 £ 3.3 mg/dl to 0.4 = 0.5 mg/dl, P = 0.01 and
from 258.6 + 98.3 ng/ml to 171.6 + 47.7 ng/ml, P = 0.004).
Endothelial function (FMD%) was improved (from 0.5 * 8.0%
to 9.5 + 11.5%, P = 0.014). No change was observed in BMI,
HbA1C%, total cholesterol, and triglycerides levels in either
group.
Conclusions: Patients with T2DM on the Mediterranean diet
who received a weekly telephone call for 3 months improved
their endothelial function with reduction of markers of inflam-
mation.
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ype 2 diabetes mellitus (T2DM) is characterized by a two-

fold to fourfold increased risk of cardiovascular disease
(CVD). This change is generally attributed to the adverse effects
of hyperglycemia and oxidative stress on vascular biology. It
has also been shown that patients with pre-diabetic conditions,
such as impaired fasting glucose and impaired glucose toler-
ance, are at increased risk of cardiovascular disease as well [1].
The term endothelial dysfunction refers to a condition in which
the endothelium loses its physiological properties: the tendency
to promote vasodilation, fibrinolysis, and anti-aggregation. En-
dothelial cells secrete several mediators that can alternatively
mediate either vasoconstriction such as endothelin-1 and throm-
boxane A2, or vasodilation such as nitric oxide, prostacyclin,
and endothelium-derived hyperpolarizing factor. Nitric oxide is
the major contributor to endothelium-dependent relaxation in
conduit arteries, whereas the contribution of endothelium-de-
rived hyperpolarizing factor predominates in smaller resistance
vessels. In patients with T2DM, endothelial dysfunction appears
to be an early phenomenon thought to be caused by a lack of ni-
tric oxide production and activity. Endothelial repair is accom-
plished through endothelial progenitor cells (EPCs). Patients
with T2DM lack EPCs and display an impaired ability to regen-
erate damaged endothelium and blood vessels [2].

According to the American Diabetes Association recommen-
dations, several eating patterns are recommended for patients
with T2DM and pre-diabetes like the Mediterranean diet, Di-
etary Approaches to Stop Hypertension (DASH), and plant-
based diets [3]. The Mediterranean diet reduces the number of
lipoproteins particles and it could be part of the mechanism re-
sponsible for the lower cardiovascular (CVD) risk observed in
Mediterranean countries [4]. A long-term intervention with the
Mediterranean diet rich in olive oil improved the postprandial
lipemia and remnant cholesterol plasma concentrations. Both
are considered independent predictors of CVD [5]. Mediterra-
nean diet improves control of T2DM through improved insulin
sensitivity, glucose homeostasis, insulin secretion, and endothe-
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lial function, with a reduction in markers of inflammation and
inhibition of adhesion molecules [6].

Anti-inflammatory and anti-oxidative pathways are consid-
ered the main mechanistic pathways by which the Mediterra-
nean diet produces its cardiometabolic beneficial effects in
T2DM: increased consumption of high-quality foods inhibits
the activation of the innate immune system, reduces pro-inflam-
matory cytokines, and enhances anti-inflammatory cytokines.
This result may favor the generation of an anti-inflammatory
milieu, with improved insulin sensitivity and endothelial func-
tion at the vascular level, and may prevent metabolic syndrome,
T2DM, and atherosclerosis [7].

Our T2DM npatients live in the northern part of Israel and
have eaten a Mediterranean diet since the day they were born.
They were hospitalized with uncontrolled hyperglycemia (with-
out ketoacidosis).

We aimed to study the effects of personal dietary interven-
tion with a weekly telephone call to provide guidance on their
vascular reactivity and systemic inflammation, the main mech-
anisms leading to CVD.

PATIENTS AND METHODS

TRIAL DESIGN

This pilot prospective study was conducted to evaluate the role
of individual dietary interventions in patients with T2DM on
vascular reactivity in patients with inadequately controlled
T2DM over 12 weeks. Eligible patients were asked to join the
study and to sign a consent form. The study was approved by the
internal review board of the Padeh Medical Center. The patients
were randomized to join the intervention group or the control
group. All patients received personal dietary instructions from a
clinical dietitian before they were discharged. They underwent
clinical and laboratory examinations. They all were scheduled
to return to the clinic to undergo the same series of examinations
3 months after discharge.

DIETARY INTERVENTION
Basic diabetes self-management education (DSME) before
discharge from the hospital was conducted for every patient
in the clinical trial (both groups). The intervention was based
on a weekly telephone call conversation with each of the par-
ticipants in the intervention group for 3 months. The dietician
stressed the importance of eating a Mediterranean diet, eating
the right amounts of food as was determined, and encouraging
patients to be active daily. Patients in the control group were
not followed weekly, and were only asked to come for a sec-
ond visit in 3 months.

Clinical evaluation included the clinical data (age, weight
and height, and measurement of the endothelial function using
the brachial artery method).

The laboratory evaluation included a level of glycosylated
hemoglobin (HbA1C%), total cholesterol, triglyceride level,
C-reactive protein (CRP), intercellular adhesion molecule 1
(ICAM-1).The clinical and the laboratory examinations were
done twice, on entry to the study and 3 months afterwards.

ENDOTHELIAL FUNCTION

Endothelial function was performed early in the morning, pa-
tients were fasting, did not take their medications in the morning
of the examination, and did not drink coffee or tea 24 hours
before the vascular evaluation. Endothelial function was eval-
uated by the brachial artery method, measuring flow mediated
diameter percent change (FMD%). Patients were lying comfort-
ably in a quiet room for 10 minutes before the blood pressure
cuff was placed above the antecubital fossa. A baseline rest im-
age was acquired. Thereafter, arterial occlusion was created by
cuff inflation to approximately 50 mmHg above median blood
pressure for 5 minutes. Cuff deflation induced a high-flow state
through the brachial artery and the longitudinal image of the
artery was recorded continuously 30 seconds before to 2 min-
utes after cuff deflation. Post-deflation brachial artery diame-
ters at 50, 60, and 70 seconds were measured and the difference
between the average of these measurements and the baseline
brachial artery diameter was calculated, divided by the baseline
diameter, multiplied by 100, to get the FMD% [8].

INCLUSION CRITERIA
All diabetic patients who were older than 18 years of age could
enter the study, both men and women.

EXCLUSION CRITERIA

Patients with known CVD (old myocardial infarction, cere-
brovascular event, heart failure); renal failure (even mild); de-
mentia; cancer (active or within the last 5 years); recent sur-
gery (within the last 6 months); chronic infection (within the
last 6 months); or any chronic autoimmune, inflammatory, or
infectious disorder (e.g., systemic lupus erythematosus, human
immunodeficiency viruses) were excluded. Patients who were
not able to sign a consent form and those who were not willing
to come for a follow-up visit 3 months after discharge were not
included.

STATISTICAL ANALYSIS

Kolmogorov-Smirnov and Shapiro-Wilk tests were used to
examine the normality of the data. The non-parametric Mann—
Whitney U test was used to compare between the two groups,
and the non-parametric Wilcoxon signed-rank test was used
to find the change over time within the same group. Statisti-
cal analyses were performed using IBM Statistical Package for
the Social Sciences statistics software, version 23 (SPSS, IBM
Corp, Armonk, NY, USA). Statistical significance was set at
P<0.05.
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RESULTS

PATIENT POPULATION

The study comprised 22 patients with type 2 diabetes mellitus
(T2DM), 12 in the intervention arm (aged 55 + 7 years old, BMI
29.9+ 1.3, 6 women) and 10 in the control arm (aged 59 + 10 years
old, BMI 32.0 £ 1.5, 5 women). The participants had completed
the clinical and laboratory examinations at both time points.

No significant difference was observed between the two groups
of patients in age, BMI, HbA1C%, cholesterol, triglycerides, CRP,
ICAM-1 levels, and FMD% (endothelial function). In the con-
trol group BMI did not change, neither was HbA1C%. Choles-
terol levels were increased (162 + 30 mg% to 172 + 45 mg%,
P = 0.04). Triglyceride levels were not changed, and CRP de-
creased but without statistical significance (from 5.6 + 9.2 mg/dl
to 2.0 £ 3.4 mg/dl, P=0.07) [Table 1] [Figure 1A]. No change
was observed in ICAM-1 levels and no significant change was
observed in endothelial function (FMD%) [Figure 1B, Figure 1C].

In the intervention group BMI was not changed, and even
though HbA1C% was decreased it did not reach a statistical dif-
ference (from 8.1 £ 1.9 to 7.5 + 1.6, P = 0.08). Cholesterol and
triglyceride levels were not changed, but CRP levels were re-
duced from 4.2 + 3.3 mg/dl to 0.4 £ 0.5 mg/dl, P=0.01 [Table 1,
Figure 1A]. ICAM-1levels were also reduced from 258.6 £ 98.3
ng/ml to 171.6 £ 47.7 ng/ml, P = 0.004 [Figure 1C]. A signif-
icant improvement was observed in endothelial function from
0.5+0.8% to 9.5+ 11.5%, P=0.014 [Figure 1B].

Analyzing the dietary intake of the T2DM patients in both
groups shows that patients in the control group did not change
the energy, total fat, saturated fat, trans fat, carbohydrates, and

Table 1. Clinical, biochemical characteristics of T2DM patients

Baseline Qfgﬁtrhi P value
Intervention group* (Age 55 * 7 years)
Body mass index, kg/m2 299+13 29.2£1.1 NS
HbA1C% 8.1+19 75+1.6 0.08
Cholesterol (mg%) 177 £ 8.5 166 £10.5 0.216
Triglycerides (mg%) 147 £ 9.5 150 £ 19.5 0.378

Control group** (Age 59 * 10 years)

Body mass index, kg/m2 32015 325+15 NS

HbA1C% 78 +0.6 7.0£0.5 0.437
Cholesterol (mg%) 162 £30 172 £ 45 0.04
Triglycerides (mg%) 163£19 200 + 49 0.407

*Intervention group included 12 patients
**Control group included 10 patents

sugar intake within the 3 months of follow up, while patients in
the intervention arm lowered significantly the intake of the energy
consumption, as well as fats, carbohydrates and sugars [Table 2].

DISCUSSION

We found that diabetic patients who received personal dietary guid-
ance and follow-up (a weekly phone call conversation) managed to
improve significantly their endothelial function and to reduce sys-
temic inflammation without any change in their weight, glycosylat-
ed hemoglobin level, or lipid profile. Endothelial function and sys-
temic inflammation play a pivotal role in atherosclerosis and CVD.

Figure 1 The difference between CRP, endothelial function, and ICAM-1 levels before and after 3 months of telemedicine intervention

CRP = C-reactive protein, ICAM-1 = intercellular adhesion molecule-1
[A] CRP in the intervention arm was P = 0.01

[B] Endothelial function in the intervention arm was P = 0.01

[C] ICAM-1 in the intervention arm was P = 0.004
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Table 2. Dietary parameters in both groups

After 3

e P value

Baseline

Intervention group* (Age 55 * 7 years)

Energy, Kcal 2982 £ 246 | 2366 + 126 <0.05
Total fat, grams 1109 95+55 < 0.05
Saturated fat, grams 3225 282 <0.05
Trans fat, grams 2103 1.6 £0.15 <0.05
Carbohydrates, grams 370 £ 33.5 260+ 13.5 <0.05
Sugar, grams 104 + 8.5 837 < 0.05
Control group** (Age 59 10 years)

Energy, Kcal 2861 +188 | 2821 %239 0.875
Total fat, grams 1159 11911 0.814
Saturated fat, grams 354 3745 0.505
Trans fat, grams 2.1+0.15 2.1£0.19 0.721

Carbohydrates, grams 329 £ 21 288 £ 36 0.347
Sugar, grams 107 £7 M1 0.724

*Intervention group included 12 patients
**Control group included 10 patents
Bold indicates significance

Several dietary foods have been shown to affect the endothe-
lium. Brown rice improved the endothelial function of diabetic
patients, compared with white rice, which did not have the same
effect [9]. There was no difference in the lipid profile change in
both diet groups, but CRP was inhibited in the brown rice group
compared with the white rice diet group. A study that followed
diabetic patients found that eating 60 grams daily of soy nuts
for 8 weeks significantly increased the antioxidant capacity and
the brachial artery flow, with a significant decrease in total and
LDL-cholesterol, and in E-selectin level [10]. After 4 weeks of
a diet enriched with apple polyphenols the glycemic control was
much better, and after 4 more weeks of treatment, free plasma
glucose and the serum uric acid levels were significantly de-
creased compared to the baseline measurements and the placebo
group. The endothelial function was improved in this group as
well [11]. Other diet modalities include a hypocaloric low-fat
diet and hypocaloric very low carbohydrate diet. When these
two diets were compared, the low-fat diet experienced a signifi-
cantly greater enhancement of endothelial function [12].

The Mediterranean diet is based on the traditional foods of
countries surrounding the Mediterranean Sea. It is considered
one of the healthiest dietary patterns to prevent chronic diseases.
A meta-analysis that summarized 13 meta-analyses with a total
of 12,625,301 patients demonstrated that greater adherence to the
Mediterranean diet leads to reduced overall mortality, CVD, cor-
onary artery disease, myocardial infarction, overall cancer inci-
dence, neurodegenerative diseases and T2DM [12]. It is believed

that the beneficial effects of the Mediterranean diet are attributed
to its influence on traditional CVD risk factors [13-15]. This diet is
effective in reducing weight, BMI, waist circumference, and total
cholesterol, and increasing HDL-cholesterol. The Mediterranean
diet was associated with reduced risk of T2DM, with a better gly-
cemic control and reduced insulin resistance [15]. Several studies
suggested anti-inflammatory effects that influence the vascular
wall, which could explain the link between Mediterranean diet and
reduced risk of CVD [16]. The studies that evaluated inflammatory
parameters found an inverse relationship between Mediterranean
diet, CRP and interleukin 6 [16,17]. To understand the mecha-
nism of the beneficial effects of the Mediterranean diet, a clinical
study was conducted to investigate the effects of Mediterranean
diet (108 patients with T2DM) or a low fat diet (107 patients with
T2DM) on endothelial stem cells and the carotid intima-media
thickness (CIMT). At the end of the study both CD34+KDR+ and
CD34+KDR+CD133+ stem cells were increased in patients who
got the Mediterranean diet compared with patients who got the
low-fat diet (P< 0.05 for both). The rate of regression of the CIMT
in patients with the Mediterranean diet was higher and the rate of
progression was lower. The changes in the CIMT were inversely
correlated with the changes in EPC levels [18,19]. Another mech-
anism that could explain the beneficial effects of the Mediterra-
nean diet was demonstrated in a study that showed that this diet
increased plasma antioxidant capacity and improved endothelial
function with inhibition of interleukin 6 and ICAM-1 levels [20].

LIMITATIONS
The small sample size is a major limitation. We considered this
study to be a pilot study, and based on our findings we are plan-
ning to perform a bigger study with variable populations and in
different ages.

CONCLUSIONS
Personal care on a weekly basis can affect endothelial function
and lower CVD risk.
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in the modification and inactivation of factors involved in
mitochondrial DNAreplication and proofreading. Subsequently,
mitochondrial DNA mutations increased, leading to loss of
mitochondria and a metabolic shift to aerobic glycolysis.
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A population-based study of genes previously implicated in breast cancer

with odds ratios of 7.62 (95% confidence interval [95%ClI]
5.33-11.27) and 5.23 (95%Cl 4.09-6.77), respectively.
Pathogenic variants in PALB2 were associated with
a moderate risk (odds ratio, 3.83; 95%Cl 2.68-5.63).
Pathogenic variants in BARD1, RAD51C, and RAD51D
were associated with increased risks of estrogen receptor—
negative breast cancer and triple-negative breast cancer,
whereas pathogenic variants in ATM, CDH1, and CHEK2
were associated with an increased risk of estrogen
receptor—positive breast cancer. Pathogenic variants in 16
candidate breast cancer—predisposition genes, including
the c.657_661del5 founder pathogenic variant in NBN,
were not associated with an increased risk of breast cancer.

Population-based estimates of the risk of breast cancer
associated with germline pathogenic variants in cancer-
predisposition genes are critically needed for risk
assessment and management in women with inherited
pathogenic variants. In a population-based case—control
study, Hu et al. performed sequencing using a custom
multigene amplicon-based panel to identify germline
pathogenic variants in 28 cancer-predisposition genes
among 32,247 women with breast cancer (case patients)
and 32,544 unaffected women (controls) from population-
based studies in the Cancer Risk Estimates Related
to Susceptibility (CARRIERS) consortium. Pathogenic
variants in 12 established breast cancer-predisposition
genes were detected in 5.03% of case patients and in
1.63% of controls. Pathogenic variants in BRCAT and
BRCAZ2 were associated with a high risk of breast cancer,

N Engl J Med 2021; 384: 440
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