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Abstract
Introduction: there is controversy about the usefulness of specific enteral nutrition formulas in malnourished patients with diabetes. The effects 
on blood glucose and other aspects of metabolic control are not fully understood in the scientific literature. 

Objective: the aim of the study was to compare the glycaemic and insulinaemic response of patients with type 2 diabetes at risk of malnutrition 
after oral feed between a diabetes-specific formula with AOVE (DSF) and a standard one (STF).

Methods: a randomized, double-blind, crossover, multicentre clinical trial was conducted in patients with type 2 diabetes at risk of malnutrition 
(SGA). The patients were randomized to receive either DSF or STF, a week apart. A glycaemia and insulinaemia curve was made at times 0 
minutes, 30 min, 60 min, 90 min, 120 min, and 180 min after the patients drank 200 ml of the oral nutritional supplement (ONS). The principal 
variables were the area under the curve (AUC0-t) of glucose and insulin.

Results: 29 patients (51 % women) were included, who were on average 68.84 (SD 11.37) years old. Regarding the degree of malnutrition, 
86.2 % presented moderate malnutrition (B) and 13.8 % severe (C). When the patients received the DSF, they had a lower mean of glucose 
AUC0-t (-3,325.34 mg/min/dl [95 % CI: -4,3608.34 to -2,290.07]; p = 0.016) and also a lower mean of insulin AUC0-t (-451.14 μU/min/ml 
[95 % CI: -875,10 to -27.17]; p = 0.038). There were no differences in the degree of malnutrition.

Conclusion: compared with STF, DSF with AOVE showed a better glycaemic and insulinaemic response in patients with type 2 diabetes at risk 
of malnutrition.
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GLYCAEMIC AND INSULINAEMIC IMPACT OF A DIABETES-SPECIFIC ORAL NUTRITIONAL SUPPLEMENT 
WITH EXTRA-VIRGIN OLIVE OIL IN PATIENTS WITH TYPE 2 DIABETES MELLITUS AT NUTRITIONAL RISK

Resumen
Introducción: la utilidad de las fórmulas específicas de nutrición enteral en el paciente desnutrido con diabetes resulta controvertida. Sus efectos 
sobre la glucosa en sangre y otros aspectos del control metabólico no se conocen del todo en la literatura científica.

Objetivo: el objetivo del estudio fue comparar la respuesta glucémica e insulinémica de los pacientes con diabetes de tipo 2 (DM2) en riesgo 
de desnutrición tras la ingesta oral de una fórmula específica para diabetes (DSF) con aceite de oliva virgen extra (AOVE) y una estándar (STF).

Métodos: ensayo clínico aleatorizado, doble ciego, cruzado y multicéntrico enpacientes con DM2 en riesgo de desnutrición (SGA). Los pacientes se 
asignaron aleatoriamente para recibir DSF o STF con una semana de diferencia. Se realizó una curva de glucemia e insulinemia en los siguientes 
tiempos: 0 minutos, 30 min, 60 min, 90 min, 120 min y 180 min tras la ingesta de 200 ml del suplemento nutricional oral (SNO). Las variables 
principales fueron el área bajo la curva (AUC0-t) de glucosa e insulina.

Resultados: se incluyeron 29 pacientes (51 % mujeres), con una edad media de 68,84 años (DE 11,37). En cuanto al grado de desnutrición, 
el 86,2 % presentaba desnutrición moderada (B) y el 13,8 %, severa (C). Cuando los pacientes recibieron DSF tuvieron una media más baja 
de AUC0-t de glucosa (-3325,34 mg/min/dl [IC 95 %: de -4.3608,34 a -2.290,07]; p = 0,016) y también una media más baja de AUC0-t de 
insulina (-451,14 μU/min/ml [IC 95 %: de -875,10 a -27,17]; p = 0,038) respecto a cuando recibieron STF. No hubo diferencias por el grado 
de desnutrición.

Conclusión: la fórmula con AOVE específica para diabetes mostró una mejor respuesta glucémica e insulinémica en pacientes con diabetes de 
tipo 2 en riesgo de desnutrición respecto a una fórmula estándar.

Palabras clave:

Diabetes mellitus tipo 2. 
Desnutrición relacionada 
con la enfermedad. Aceite 
de oliva virgen extra. 
Glucemia posprandial. 
Insulinemia posprandial. 
Glucosa intersticial.

INTRODUCTION

Diabetes mellitus (DM) is a chronic disease with a prevalence of 
4.0 % to 6.0 % in adults worldwide (1) The patient profile is very 
heterogeneous with different pharmacological and nutritional treat-
ment needs (2) DM involves accelerated atherosclerosis, leading to 
organ failure due to macro- and micro-angiopathy (3-6).

Disease-related malnutrition (DRM) in DM is a complication 
that often goes unnoticed. The VIDA study, conducted in hospi-
talized elderly diabetic patients, showed that the prevalence of 
malnutrition is higher in diabetic patients than in non-diabetic 
patients, with malnutrition rates of 21.2 % in diabetic patients 
and a risk of malnutrition of 39.1 % (7,8). This DRM in diabetic 
patients leads to an increase in the risk of mortality (9).

Studying the metabolic response after intake is essential for as-
sessing the postprandial situation. It will depend on the glycaemic 
response, marked mainly by carbohydrate intake, which in turn will 
depend not only on the type of carbohydrate but also on other nu-
trients, such as fat, fibre, and protein, in terms of both quantity and 
quality. This means that the overall composition of the intakehas an 
impact on the metabolic response of diabetic patients (10). 

The ADA 2022 guidelines set out recommendations for a 
healthy diet following a so-called Mediterranean diet pattern, 
which is rich in monounsaturated fatty acids, mainly from olive 
oil, and polyunsaturated fatty acids (omega-3), besides being 
rich in fibre and low in sodium. Glycaemic load and glycaemic 
index recommendations should be made on an individual basis 
according to the patient’s clinical situation (2). In patients at high 
cardiovascular risk, extra virgin olive oil, in the context of a Med-
iterranean diet, has shown multiple benefits in the development 
and progression of diabetes (11,12).

Regarding artificial nutritional support, multiple studies have 
been conducted to assess the impact of enteral nutrition formu-
las on the metabolic and glycaemic response in diabetic patients 
(13-19). Nevertheless, there is currently controversy in clinical 
practice guidelines about the benefits of formulations specifically 
designed for diabetic patients (20). The meta-analysis by Sanz 
París et al (13). investigates the benefits for metabolic control 

and glycaemic control of formulas with a high intake of mono-
unsaturated fatty acids [>20  % of the total energy (TE)]. It is 
necessary to develop studies focused on diabetic patients with 
disease-related malnutrition with an adequate phenotypic and 
aetiological diagnosis (21).

Continuous interstitial glucose monitoring allows us to assess 
an individual’s glycaemic response in a more comprehensive 
way. This technology, which is becoming increasingly widespread 
in our environment, allows us not only to monitor glucose contin-
uously but also to determine periods in and out of range and to 
detect silent hypoglycaemia (22). This continuous monitoring has 
been shown to reduce complications related to the timing, fre-
quency, and intensity of hypoglycaemic episodes (23). Regarding 
the monitoring of the glycaemic response of malnourished dia-
betic patients after the intake of nutritional support, these tools 
may be advantageous for assessing the impact of diet and sup-
plementation on an ongoing basis.

In patients with diabetes and obesity, a study has been pub-
lished with diabetes-specific dietary substitutes assessing the 
interstitial glycaemic response using FreeStyle-Libre® technol-
ogy. In this study, the researchers describe the benefits of a dia-
betes-specific formula (DSF) as a replacement for breakfast and 
show that when used as an afternoon snack, it improves both 
glycaemic control and behavioural factors related to the dietary 
management of diabetes (24).

Currently, there is no study that has assessed the glycaemic im-
pact of a specific formulation of a diabetes-specific oral nutritional 
supplement using continuous interstitial glucose monitoring. 

The aim of the study was to compare the glycaemic and in-
sulinaemic response of patients with type 2 diabetes at risk of 
malnutrition after oral feed between a diabetes-specific formula 
(DSF) and a standard one (STF).

METHODS

From March 2019 to April 2022, we conducted a randomized, 
double-blind, crossover, multicentre, controlled clinical trial. Clin-
icalTrials.gov Identifier: NCT05423938.
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PATIENTS

Adult patients with a diagnosis of DM2 (confirmed by the use of 
oral hypoglycaemic agents for at least two months) at risk of malnu-
trition or malnourished (diagnosed with subjective global assessment 
[SGA]) were recruited. Patients with DM1 or DM2 on insulin therapy 
and patients with DM secondary to steroids were excluded. Also ex-
cluded were patients on treatment with alpha-glucosidase inhibitors, 
as well as those with a BMI > 35 kg/m2, malignant neoplasia, ad-
vanced chronic kidney disease (glomerular filtration rate < 30 ml/min),  
severe hepatopathy and gastroparesis, or a chronic infectious dis-
ease (active tuberculosis, hepatitis B or C, HIV). Pregnant or lactating 
women and patients with an allergy or intolerance to any of the in-
gredients of the formulas could also not participate.

SAMPLE SIZE CALCULATION

Regarding the sample size calculation, the results of a study by 
De Luis et al. (2013) were used (19) in which a mean difference 
in peak plasma glucose concentration of 20 % and a standard 
deviation of 22.97 mg/dL were obtained. At a confidence level 
of 80 %, 13 patients per experimental arm would be needed. 
Allowing for a loss to follow-up of 10 %, 14 patients per group 
are then considered, making a total of 28 patients.

METHODOLOGY

At the initial visit, randomization, SGA, and anthropometric assess-
ment (weight and height) were carried out, besides measuring the 
body composition with bioimpedance. A continuous interstitial glucose 
monitor (FreeStyle-Libre®Pro, Abbott®) was placed, and a unique unit 
of the first oral nutritional supplement (ONS) of 200 ml, whose identity 

was unknown to both the patient and the principal investigator, was 
taken. Patients came to the test fasting (between 8 and 12 hours), 
having ingested an average of 150 g of carbohydrates per day during 
the three previous days, without consuming alcohol or having prac-
ticed intense physical exercise during the previous 24 hours. Blood 
samples were drawn for glycaemia and insulinaemia determination at  
0 minutes, 30 min, 60 min, 90 min, 120 min, and 180 min  
(± 5 min). On day 8, the intermediate visit was held, and the same 
procedure as in the initial visit was repeated, but the ONS taken by 
the patient was the second formula to be studied. On day 15, the 
interstitial blood glucose sensor was removed.

FORMULAS TO BE STUDIED

The description of each formula is detailed in table I:
 − DSF (Bi1 DIACARE® hp/hc, Adventia Pharma): polymeric, 
hypercaloric, and hyperproteic, with fibre.

 − STF (Bi1 CONTROL®, Adventia Pharma): polymeric, hyper-
caloric, and hyperproteic, without fibre.

Each oral nutritional supplement (ONS) was presented in a 200 ml 
blank Tetra Pak® package in exactly the same way for both types of 
ONS. Each package was labelled with a numerical code as the only 
differentiation between the two products for the patient to receive 
either the experimental supplement (DSF) or the control (STF).

LABORATORY TECHNIQUES

The laboratory techniques used for biochemical determina-
tions were: hexokinase for glucosa; chemiluminescence for 
insulin; bromocresol green for albumin; nephelometry for pre-
albumin; Latex Enhanced Immunoturbidimetric Assay for Wide-
Range for CRP; enzymatic CHOD-PAP method for cholesterol.

Table I. Macronutrient composition of study formulas per 100 ml
DSF (a) STF (b)

Energy (kcal) 150 150

Protein g / TE %, (ingredients) 7.5 g / 20 %
(whey, caseinate, and plant protein)

7.5 g / 20 %
(caseinate)

Carbohydrate g / TE %, (ingredients)
Sugars

13 g / 42 %
(dextrin, maltodextrin, and isomaltulose)

1.9 g (1.3 g isomaltulose)

34.5 g / 46 %
(maltodextrin and sucrose)

6.8 g (0 g isomaltulose)

Fat g / TE % (ingredients)
Saturated (TE %)
MUFA (TE %)
PUFA (TE %)
EPA&DHA (mg)

7.0 g / 36 % (EVOO, canola, and fish oil)
7.4 %
25.4 %
9.4 %
75 mg

7.6 g / (34 %) (sunflower)
5.7 %

11.3 %
17.0 %

-

Fibre
Soluble
Insoluble

2.3 g
1.6 g
0.7 g

-

DSF: diabetes-specific formula; EVOO: extra virgin olive oil; TE %: percentage of total energy; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; SFT: 
standard formula. A: Bi1 diacare® hp-hc, Adventia Pharma S. L., Spain; B: Bi1 control hp-hc®, Adventia Pharma S. L., Spain.
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RANDOMIZATION

The randomization procedure was performed by the person 
responsible for the statistical analysis of the study, using a nu-
merical table. Each patient received a participant number so that 
he or she could start the study with one product or the other 
(experimental [DSF] or control [STF]) in a crossover manner.

ETHICAL ISSUES 

The study was conducted in accordance with the Declaration of 
Helsinki. The study protocol, patient information sheet, and informed 
consent were approved by the Málaga Provincial Research Ethics 
Committee, with the code JGA-DIACARE-2018-01. All patients were 
informed of the conditions of participation in the study and agreed to 
participate after signing the informed consent.

STATISTICAL ANALYSIS

For comparison of the glycaemic variability between the two 
groups, the following parameters were determined: the mean 
blood glucose, the standard deviation of the mean blood glucose, 
the area under the concentration curve, the time from nutrition 
administration to the last measurable glucose concentration 
(AUC0-t), the maximum glucose concentration (Cmax), and the 
time to reach the maximum glucose concentration (Tmax). The 
same determinations were performed with insulin, except for the 
maximum concentration and the time to reach it. The AUC0-t was 
calculated by the trapezoidal method (17). 

For the analysis, the Student’s t-test was used for continuous vari-
ables and the chi-square test for categorical variables. Non-para-
metric variables were analyzed with Wilcoxon test. For continuous 
variables, differences between groups are summarized by the 95 % 
confidence interval (CI 95 %) of the mean difference and the stan-
dard deviation (SD), or median and intercuartile range (SPSS Inc. 
22.0, Chicago, IL, USA) was used to analyce the data.

RESULTS

DEMOGRAPHIC AND DEVELOPMENTAL 
PARAMETERS OF TYPE 2 DM

Twenty-nine patients were included in the study (Fig. 1), 51 % 
female. The mean age was 68.84 (11.37) years. The Charlson 
complexity index was 4.14 (1.57). The participants had a time 
course of type 2 diabetes mellitus of 8.66 years (6.89) and an 
HbA1c of 6.29 % (1.12); the treatment received was mostly met-
formin (93.1 %), combined, in some cases, with GLP1 analogues 
and IDPP-IV.

NUTRITIONAL STATUS

Of all the patients, 86.2 % were at nutritional risk (SGA = B), 
and 13.8 % were severely malnourished (SGA = C). The percent-
age of weight lost was 8.66 % (5.76), and the patients had a BMI 
of 24.88 kg/m2 (4.52), a fat mass (FM) of 24.52 % (8.53), and 
a fat free mass (FFM) of 75.48 % (9.33). Regarding blood tests, 
an albumin level of 4.08 mg/dl (0.54), a pre-albumin level of  

Figure 1. 

Flow diagram.

Assessed for eligibility (n = 32)Enrollment

Excluded (n = 3)
•   Not meeting inclusion criteria (n = 1)
•   Declined to participate (n = 2)
•   other reasons (n = 0)

Randomized (n = 29)

Allocated to intervention (n = 29)
• Received allocated intervention (n = 29)
• Did not receive allocated intervention (n = 0)

lost to follow-up (n = 0)
Discontinued intervention (give reasons) (n = 0)

Analysed (n = 29)
• Excluded from analysis (n = 0)

Allocated to intervention (n = 29)
• Received allocated intervention (n = 29)
• Did not receive allocated (n = 0)

lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analysed (n = 29)
• Excluded from analysis (n = 0)

Allocation

Follow-up

Analysis
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27.22 mg/dl (8.66), a CRP of 3.52 (1.76), and a cholesterol level 
of 162.92 mg/dl (49.18) were determined.

ANALYSIS OF PLASMA GLUCOSE

Analysis of the kinetic parameters of glucose concentration 
depicted in table II indicates that patients treated with DSF had a 
significantly lower mean of AUC0-t, Cmax and plasma glucose at 
each measured time, than with STF (Fig. 2). In addition, no sig-
nificant differences were observed in period, sequence effects, 
or nutritional status.

Figure 2. 

Median glucose (A) and insulin (B) concentrations (intercuartile range). *Signifi-
cant differences between products (p < 0.05); DSF: diabetes-specific formula;  
STF: standard formula.

B

A

ANALYSIS OF PLASMA INSULIN 

The analysis of the kinetic parameters of plasma insulin con-
centration is presented in table II. It is observed that patients 
treated with DSF had a significantly lower mean AUC0-t and 
plasma insulin at each measured time, than patients who re-
ceived STF. In addition, no significant differences were observed 
in period, sequence effects, or nutritional status.

DETERMINATION OF CONTINUOUS 
INTERSTITIAL GLUCOSE MONITORING

The results of the continuous interstitial glucose monitoring of 
the patients evaluated showed a mean blood glucose of 104.06 
mg/dl (28.59), with an interquartile range of 35.13 mg/dl. The 
glucose management indicator (GMI) was 5.8 %, and the glu-
cose variability was 27.1 %, defined as the percent target coef-
ficient of variation (% CV) ≤ 36 %. Time in the range, high, and 
low values are summarized in figure 3. The different interstitial 
glucose profiles are depicted in figure 4. 

DISCUSSION

The DSF with EVOO, designed to meet the specific needs of di-
abetic patients, has been shown to achieve a better glycaemic and 
insulinemic response in diabetic patients at risk of malnutrition.

The impact of DSF on glycaemia, compared to STF, was a lower 
AUC0-t value. These differences in glycaemia may be explained 
by the difference in carbohydrate intake, not only in quantity but 
also in the carbohydrate mix. In DSF, the use of isomaltulose and 
the mixture of dextrin and maltodextrin, with a low DE index,  
has been shown to be effective in the matrix of the enteral formula, 
improving the glycaemic response compared to the standard for-
mula. In this case, the presence of fibre in DSF has also conditioned 
this better response, as has been shown in studies carried out in 
the same field (25). These data agree with other previously pub-
lished studies evaluating the impact on glycaemia of enteral diets 
specifically formulated for diabetic patients. In a study by De Luis 
et al. (19), carried out in patients with type 2 diabetes mellitus with-
out malnutrition, a difference in AUC was observed in favour of DSF 
compared to STF (mean difference: -4,753.26 mg min/dL [95 %  
CI: -7,256.69 to -2,249.82]; p = 0.001). This greater difference 
than that detected in our study can be explained by the characteris-
tics of the standard formula used in this study, as it had a lower per-
centage of fat and carbohydrates than the formula used by us. In a 
study by Lansink et al. (2016), the researchers also observed statis-
tically significant differences in blood glucose AUC0-t, with the mea-
surement in the DSF group being lower than that in the STF group  
(167.6 mmol/L min [121.1] vs. 515.6 mmol/L min [181.1];  
p < 0.001). A study by Alish et al. (2010) also shows that DSF 
improves the glycaemic response in diabetic patients by reduc-
ing AUC0-t compared to STF (1,690.7 mg min/dL [431.5] vs.  
7,460.3 mg min/dL [1,074.9]; p < 0.001) (15). 
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Figure 3. 

Ranking of mean interstitial blood glucose in 29 patients over 14 days.

The impact of DSF with EVOO on insulinaemia, compared to STF, 
resulted in a lower AUC0-t value. These data agree with other pre-
viously published studies evaluating the impact on insulinaemia of 
enteral diets specifically formulated for diabetic patients. In a study 
by De Luis et al. (2013), a difference in AUC0-t in favour of DSF 
compared to STF was observed (mean difference: -930.27 µU/mL/
min [CI 95 %: -1,696.34 to -164.2]; p = 0.039) (19). In a study 
by Lansink et al. (2016), the researchers also observed statistical-
ly significant differences in the AUC0-t of insulinaemia, with the 
measurement being lower in the DSF group than in the STF group 
(4,446.7 pmol/L min [3,021.6] vs. 7,336.6 pmol/L min [5,134.4]; 
p < 0.001). A study by Alish et al. (2010) also shows that DSF im-
proves the insulinaemic response in diabetic patients by reducing the 
insulinaemic response (AUC0-t) of diabetic patients compared to STF  
(4,723.1 µU/mL/min [1,001.7] vs. 9,050.8 µU/mL/min [1,869.1]; 
p < 0.001). 

Regarding the impact of a monounsaturated fat-rich DSF on 
glycaemic control and nutritional status in the medium to long 
term, the study by De Luis et al. 2008 evaluated the impact of two 
supplementation doses (2 or 3 packs/day). The authors conclud-
ed that DSF is effective in improving HbA1c and nutritional sta-
tus, especially when the pattern is with three packs per day (26).  

Table II. Impact on plasma glycaemia and plasma insulinaemia 

Plasma 
concentrations of 

glucose

DSF
(mean SD)

STD
(mean SD)

Difference
(mean SD)

CI 95 % p

Basal (mg/dl) 115.90 (24.40) 118.69 (27.40) -2.79 (10.11) -6.64 to 1.05 0.148

30 (mg/dl) 140.48 (24.95) 157.97 (31.84) -17.48 (22.48) -26.03 to -8.93 < 0.001

60 (mg/dl) 149.34 (38.92) 178.90 (47.02) -29.55 (33.54) -42.31 to -16.79 < 0.001

90 (mg/dl) 142.86 (45.79) 175.59 (53.80) -32.72 (28.70) -43.64 to -21.81 < 0.001

120 (mg/dl) 129.76 (48.41) 154.90 (53.76) -25.14 (25.79) -34.95 to -15.33 < 0.001

180 (mg/dl) 113.34 (41.45) 121.97 (46.62) -8.62 (18.17) -49.20 to -23.07 < 0.001

AUC0-t glucose (mg/min/dl) 22,652.07 (6,759.20) 25,977.41 (7,562.79) -3,325.34 (2,721.68) -4,360.62 to -2,290.07 0.016

Cmax 156.72 (44.84) 192.86 (50.50) -36.14 (34.35) -49.20 to -23.07 < 0.001

Tmax 63.10 (35.26) 67.24 (28.52) -4.14 (35.61) -17.68 to 9.41 0.537

Plasma 
concentrations  

of insulin

DSF  
(mean SD)

STD  
(mean SD)

Difference 
(mean SD)

CI 95 % p

Basal (U/ml) 8.61 (6.03) 6.91 (5.29) 1.70 (3.42) -0.40 to 3.01 0.123

30 min (U/ml) 22.82 (18.05) 27.24 (20.66) -4.42 (13.90) -9.71 to 0.86 0.098

60 min (U/ml) 27.14 (21.41) 31.51 (23.88) -4.37 (10.92) -8.52 to -0.21 0.040

90 min (U/ml) 22.06 (13.94) 31.53 (19.28) -9.47 (12.54) -14.24 to -4.70 < 0.001

120 min (U/ml) 17.51 (12.76) 22.63 (13.94) -5.12 (12.45) -9.85 to -0.39 0.035

180 min (U/ml) 10.64 (9.47) 9.74 (5.82) 0.91 (8.60) -2.36 to 4.18 0.575

AUC0-t insulin U/ min/ml 2,825.90 (1,849.20) 3,277.03 (1,784.79) -451.14 (1,114.58) -875.10 to -27.17) 0.038

GLYCAEMIC AND INSULINAEMIC IMPACT OF A DIABETES-SPECIFIC ORAL NUTRITIONAL SUPPLEMENT 
WITH EXTRA-VIRGIN OLIVE OIL IN PATIENTS WITH TYPE 2 DIABETES MELLITUS AT NUTRITIONAL RISK
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A.  Increased glycaemic variability during periods of intake without a 
stable pattern with increased nocturnal stability. Mean glucose, 
111 mg/dL; GMI, 6.0 %; glucose variability, 25.7 %.

B.  Increased glycaemic variability during meal periods with a defined 
lunch and dinner pattern. Average glucose, 110 mg/dL; GMI, 
5.9 %; glucose variability, 30.2 %.

C.  Patient at risk of nocturnal hypoglycaemia, significant pandrial 
peak at lunch and reactive hypoglycaemia after meal (snack). 
Mean glucose, 93 mg/dL; GMI, 5.5 %; glucose variability, 28.6 %.

D.  Patient with low nocturnal variability, no significant hyper- or 
hypoglycaemia (TIR 99 %). Mean glucose, 109 mg/dL; GMI, 
5.9 %; glucose variability, 19.2 %.

E.  Patient with frank hyperglycaemia (TIR 61 %) and high diurnal and 
nocturnal glycaemic variability. Mean glucose, 169 mg/dL; GMI, 
7.4 %; glucose variability, 33.0 %.

F.  Patient with hypoglycaemia (20 %) with minimal glycaemic 
variability in relation to low intake. Mean glucose, 81 mg/dL; GMI, 
5.2 %; glucose variability, 18.5 %.

Figure 4. 

Aggregation of 14 days of ambulatory glucose profile (AGP) in 6 patients with different clinical profiles. GMI: glucose mangement indicator; TIR: time in range.

A B

C D

E F

It would be interesting to propose studies with EVOO-rich DSF to 
assess its metabolic impact and nutritional status in the medium 
to long term in chronic patients with nutritional support. 

The studied DSF had a lower insulinaemic response, which is 
beneficial per se. The data collected on insulinaemia highlight the 
differences in the maximum peak insulinaemia at minute 60 in the 
DSF group, respect to STF that it was at minute 90, as well as in the 
AUC0-t. These elevated insulin levels in the standard diet are asso-
ciated with increased cardiovascular risk, not just hyperglycaemia. 
We know that this insulinaemic response is conditioned by dietary 

fat intake (type and amount), fibre intake, protein quality, and car-
bohydrate intake (type and amount), as indicated in the ADA 2022 
guidelines (2). Considering the type of DSF evaluated, the contribu-
tion of extra virgin olive oil, both in terms of its high content of MUFA 
(27) and in terms of its bioactive phenolic compounds (28), the high 
content in whey protein, which promotes insulin sensitivity (29), the 
fibre, and the specific carbohydrate mix, may account for this better 
insulinaemic response compared to STF.

The patients presented in this study were old, had a long histo-
ry of DM2, and had a high comorbidity index. The patients evalu-
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ated had good metabolic control, with an HbA1c value within the 
optimal control parameters, but this situation may be caused by 
malnutrition (30). 

The assessment of the nutritional status with the SGA has 
been the gold standard for the diagnosis of malnutrition in re-
cent years until the appearance of the GLIM criteria (31). In our 
study, among the variables assessed by the SGA, it was weight 
loss, decreased lean mass, and decreased fat mass, as well 
as decreased dietary intake, that determined the diagnosis of 
malnutrition, and not BMI. In this regard, we observed that mal-
nourished diabetic patients have BMI values within the ranges of 
normal weight, overweight, and type 1 obesity, already identified 
in previous studies, such as the VIDA study (7). This implies that 
a nutritional diagnosis using BMI alone in type 2 diabetic patients 
may underestimate the prevalence of malnutrition (7). 

This is the first study to analyse the interstitial glycaemic response 
through continuous monitoring using the FreeStyle-Libre®Pro sys-
tem to assess the effect of ONS in malnourished diabetic patients. 
Continuous monitoring over 14 days not only measures the impact 
on blood glucose of the supplement under study and control, but also 
includes the patient’s dietary intake. In this study, only aggregated 
data are shown, but it was observed that there was a 14 % of the 
time below 70 mg/dl. It could be a wake-up call that patients with 
malnutrition and type 2 diabetes may present episodes of hypogly-
caemia, and need to be monitored properly. One of the advantages of 
using these devices in the monitoring of diabetic patients on enteral 
nutrition is to ensure adequate glycaemic control and the detection 
and prevention of hypoglycaemic episodes (23). 

One of the strengths of the study is that it is the first study to 
evaluate the glycaemic and insulinaemic response of DSF with 
EVOO. EVOO is a food that has demonstrated multiple benefits 
in patients at high cardiovascular risk and, specifically, in diabetic 
patients (25). Also, for the first time, continuous monitoring of in-
terstitial glucose in malnourished diabetic patients was included, 
which, although it was not compared with plasma measurements 
(because it was not the objective of the study), was used to evaluate 
glycaemic control, time in range, and episodes of hypoglycaemia. 

Regarding limitations, the software of the FreeStyle-Libre®Pro de-
vice did not allow us to obtain specific interstitial glycaemia in the 
same period as plasma measurements. The sample size of 29 pa-
tients was larger than that in other studies and was compensated for 
by the fact that it was designed as a crossover clinical trial. It should 
be noted that the prolonged time involved in patient recruitment was 
the lack of awareness of the detection of malnutrition in the outpa-
tient care of DM2 patients by healthcare professionals.

CONCLUSIONS

The diabetes-specific formula for diabetic patients, formulated 
with extra virgin olive oil, a specific mixture of carbohydrates, fibre, 
and rich in whey protein, not only benefits glycaemic control but also 
improves the insulinaemic response in patients with type 2 diabetes 
mellitus at risk of malnutrition.
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