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Background & aims: People on intensive insulin therapy usually calculate their premeal insulin dose
based on the total amount of consumed carbohydrates. However, arguments have been expressed
supporting that also the protein and fat content of the meals should be considered when estimating
premeal insulin dose. We examined the effectiveness of the carbohydrate counting method after con-
sumption of mixed meals, and we further explored the effects of added extra virgin olive oil in these
mixed meals, in adults with type 1 diabetes.
Methods: Twenty adults (35.0 ± 8.9 years, BMI 27 ± 5 kg/m2) with diabetes duration 17 ± 11 years, on
intensive insulin therapy with multiple injections, consumed 3 mixed meals (pasticcio, chicken with
vegetables and baked giant beans), with and without the addition of 11 ml extra virgin olive oil (total of 6
meals), in random order, with the insulin dose determined by using the carbohydrate counting method.
Capillary blood glucose was measured at premeal (baseline) and 30, 60, 90, 120, 150 and 180 min after
meal consumption. At every visit, participants were assessed for anthropometric parameters and sub-
jective stress.
Results: Participants had mean HbA1c 7.5 ± 1.2%, mean carbohydrate to insulin ratio 9:1 IU and stable
body weight, waist circumference and subjective stress throughout the study. The mean glucose con-
centration, for all 6 meals, 120 min postprandially was within target (<180 mg/dl) in nearly 80% of the
sample. Addition of olive oil produced sustained increased postprandial glucose concentrations only to
pasticcio meal, although within target, and no significant differences were noticed for the grilled chicken
with vegetables or the baked giant beans (legume) meals.
Conclusions: The carbohydrate-counting method was effective for achieving postprandial glucose levels
within target threshold up to 3 h postprandially. Moreover, adding small amounts of dietary fat (extra
virgin olive oil) to low fat meals does not significantly alter the postprandial response within the first 3 h,
whereas caused a sustained increase in postprandial blood glucose concentrations to the high energy
density meal (i.e. the pasticcio meal).

© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
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1. Introduction

Achieving optimal glycemic control in people with type 1 dia-
betes (T1D) on intensive insulin treatment with multiple insulin
injections is challenging from awide perspective for both clinicians,
dietitians and patients. The need for frequent blood glucose self-
monitoring, the appropriate rapid insulin dose estimation for
y Elsevier Ltd. All rights reserved.
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consumed meals, the different techniques used for people using
multiple daily injections with pens vs continuous subcutaneous
insulin infusions with pumps, the proper use of the individual
correction factor, the complexity of nutrition education regarding
rapid insulin matching to meals, and patients' fear of hypoglycemic
episodes are some of the factors adding to the challenge of tight
glycemic control for the individual with T1D. The importance of
keeping blood glucose fluctuations under control has been high-
lighted in the past few years, as fluctuations are known to induce
oxidative stress and b-cell damage in people with diabetes [1].
Indeed, increased glucose variability from peaks to nadirs has been
recognized as a metabolic defect leading to CVD in people with
diabetes [2].

Carbohydrates is the macronutrient that mainly affects the
glycemic response and thus, is the major nutritional consideration
for T1D regarding achievement of long-term glycemic control
[3e5]. Carbohydrates consumption increases postprandial glucose
concentrations in a dose-dependent response manner [5,6].
Matching insulin to the amount of consumed carbohydrates,
known as the carbohydrate counting method, is an effective and
efficacious strategy for improving glycemic control [3,4]. The ad-
vantages of this method include a more precise adjustment of di-
etary carbohydrates consumed to the insulin needs and flexibility
of the dietary choices [7]. Several meta-analyses of randomized
controlled clinical trials (RCT) and current RCTs in adults with T1D
have shown that the carbohydrate counting method can improve
glycemic control by a reduction of hemoglobin A1c (HbA1c) up to
1.2%, quality of life, overall well-being and fewer hypoglycemic
episodes [8e12]. In particular, the systematic review and meta-
analysis by Bell et al. [9] showed that in studies confined to
adults, the carbohydrate counting method leads to a clinically
and statistically significant reduction of about 0.6% in HbA1c
concentration.

However, arguments have been expressed regarding the effects
of dietary protein and fat content of a meal on postprandial blood
glucose concentrations and concerns have been raised for the
effectiveness of the carbohydrate counting method. Some small
intervention studies suggest that high intakes of dietary protein
may increase postprandial glucose concentrations in a dose-
dependent response manner [13e15]. Other studies have also
suggested that high intakes of fat cause a delayed increase of
postprandial glucose concentrations and a sustained late post-
prandial hyperglycemia [13,16,17]. Some studies suggest that the
combination of high amounts of dietary protein and fat in energy
dense foods increase significantly postprandial blood glucose
concentrations leading to increased rapid insulin meal needs by
1e3 units [18e21]; whereas one study showed that high intakes of
dietary protein and fat did not significantly increase postprandial
glucose excursions, but increased the duration of postprandial hy-
perglycemia [22]. However, severe hypoglycemic events have been
recorded when protein and/or fat have been included in the esti-
mation of rapid insulin meal needs [18,19].

Although delayed postprandial hyperglycemia is an important
problem for glucose control, the clinical focus this far, the diabetes
nutrition education systems and the instruction given to patients in
real life situations still target 2 h post-meal blood glucose levels.
Thus, for people with T1D using pens, the critical issue is how to
estimate their individualized rapid insulin needs for meal con-
sumption to achieve acute (2 up to 3 h) within target postprandial
blood glucose concentrations.

Given the aforementioned data on the effects of macronutrients
on the glycemic response in people with T1D, the aims of the
present study were: a) to explore the effectiveness of the carbo-
hydrate counting method on achieving acute (up to 3 h) post-
prandial blood glucose concentrations within the proposed targets,
in people with T1D, after the consumption of 3 typical Greek mixed
meals with varied macronutrient profiles, mimicking real life
conditions, and b) to further explore the effect of a small amount of
added extra virgin olive oil, typical fat used in food preparation in
Greece, to the aforementioned 3 meals on the participants' glyce-
mic response.

2. Subjects and methods

2.1. Subjects

Adults (18e55 years) with T1DM (duration >2yrs), non-
smoking, men and women were eligible for enrollment in this
study. Subjects were chosen via notices at the outpatient Diabetes
Center of the General Hospital of Nice, Piraeus, Greece and the
Agricultural University of Athens. Inclusion criteria were treatment
with multiple insulin injections (rapid acting analogs: insulin lis-
pro, glulisine and aspart) and long acting insulin analogs (insulin
glargine or insulin detemir) for at least 6 months. Exclusion criteria
included insulin pump therapy, pregnancy, lactation, celiac disease,
serious microvascular and macrovascular diabetes complications
including autonomic neuropathy and any other chronic disease
apart from diabetes (e.g. coronary heart disease, liver or renal dis-
ease), gastrointestinal disorders, attending competitive sports and
high alcohol consumption. Patients meeting the inclusion criteria
and showing an adequate level of compliance to the purpose of the
study were asked to participate. The study design requirements
were discussed for participation feasibility, particularly work
schedules and lifestyle habits. The protocol was approved by the
Bioethics Committee of the General Hospital of Nice, Peiraeus,
Greece, was carried out in accordance with the Declaration of
Helsinki (1997) and registered at ClinicalTrials.gov NCT02928016.
All patients provided their written consent.

2.2. Study design

The intervention was preceded by a mean of 14 days run-in
period during which patients underwent nutrition education ses-
sions with the study dietitians and the medical team. During this
period participants had three face to face meetings and daily tele-
phone contacts with the study dietitians and doctors to achieve
optimal pre- and postprandial glucose concentrations before
entering the study. Participants filled two 7-day food weighed di-
etary records along with capillary blood glucose measurements
before and 2 h post meal or snack consumption, to optimize basal
insulin needs and calculate patients' insulin to carbohydrate ratio
and insulin correction factor. Individuals were instructed to
consume their regular meals and snacks during the run-in period,
containing a variety of carbohydrate grams, which ranged between
15 and 75 g. The insulin to carbohydrate ratio and insulin correction
factor calculated for each patient were then used throughout the
study. After the run-in period and according to a randomized
crossover design, participants were assigned to the interventions
using a sequence of random numbers extracted from computer
software. A researcher not involved with the collection and the
analysis of the scientific data, was responsible for the randomiza-
tion of the volunteers to the intervention days examining the test
meals.

The last rapid insulin adjustment (i.e. correction doses) had to
be 12e15 h before the study day and the last long-acting insulin
dose adjustment 48 h before the study day. The study dietitians
contacted the participants the evening before and the morning of
each study day to ensure that participants avoided hypo- or hyper
glycemic events. In case of reported hypoglycemia (blood glucose
<65 mg/dL) or hyperglycemia (premeal blood glucose >130 mg/dL
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or post-meal blood glucose >180 mg/dL) the test procedure was
scheduled on another day. In the mornings preceding the test
meals, patients consumed the same light breakfast to avoid second-
meal effect bias. They were also asked to avoid strenuous physical
activity on the day before and on the morning of the test meal.
Premeal insulin doses, injected just before eating, were based on
the individual insulin to carbohydrates ratio determined during the
study's run-in period. Thus, for each patient, insulin doses were the
same for each mixed meal without and with the addition of extra
virgin olive oil.

Participants came at the outpatient Diabetes Center of the
General Hospital of Nice, Peiraeus, Greece between 1200 and
1300 h, 6 times in total, with 1-week wash-out period. Participants
received 3 ready-made standardized typical Greek mixed meals
[pasticcio (a dish madewith thick pasta, minced beef and b�echamel
sauce), grilled chicken with boiled vegetables and baked giant
beans (gigantes)] (Sklavenitis, SA, Peristeri, Greece) without and
with the addition of 11 ml of extra virgin olive oil, in different
weeks, with random sequence. The carbohydrate content (in
grams) used for premeal insulin dose calculation was derived from
the meals' food labels made available by Sklavenitis SA. Patients
came in at the same time and day of the week, ruling out the
possibility of confounding effects of different days of the week. The
test meals were freshly prepared on the day of testing and served
by the study's dietitians who were also present during their con-
sumption by volunteers.
2.3. Test meal composition

The typical Greek mixed meals differed in macronutrient
composition, mimicking real life conditions (Table 1). Chicken with
vegetables was chosen as a high protein, low carbohydrate (non-
starchy nature), low fat meal. Baked giant beans was chosen as a
legume dish, high in complex carbohydrates and dietary fiber, low
in fat, meal. Pasticcio was chosen as a high energy density meal
(with non-carbohydrate calories coming mainly from lipids). Extra
virgin olive oil was chosen as the typical source of mono-
unsaturated fat used in food preparation in Greece. The whole
content of olive oil (11 ml) was added to the meals just before
consumption and the study's dietitians ensured that all the quan-
tity was consumed.
2.4. Measurements

To determine blood glucose concentrations, trained individuals
from our research team, performed the capillary blood glucose
monitoring procedure by skin pricking according to the scheduled
time. To standardize all data collection procedures, capillary blood
glucose monitoring was performed at the fingertip (distal phalange
of the third finger). The participants could choose the hand for
Table 1
Energy and nutrient content of the test meals.

Grilled chicken with
boiled vegetables

Baked giant
beans

Pastic

Per serving
Energy (kcal) 399 502 794
Energy from lipids and protein (kcal) 286 296 510
Carbohydrates (g) 25 34 68
Sugars (g) 4 9 5
Lipids (g) 10 24 38
Proteins (g) 49 20 42
Fibers (g) 6 31 8
capillary blood glucose monitoring. Capillary blood samples were
collected at baseline and at 30, 60, 90, 120, 150 and 180 min after
meal consumption. All blood glucose measurements were con-
ducted by using the FORA Comfort lux GD50 blood glucose meter
(ATCARE ltd, Greece). Blood glucose was measured with glucose
dehydrogenase FAD dependent (GDH e FAD) test strips which
show no reactivity to any sugars other than glucose and has better
heat-resistance and oxygen-resistance. The allowed deviation
limits of glucose meters for glucose results �100 mg/dL were
within 15% of the reference method. The coefficient of variation
(CV, %) was less than 5% both in intermediate precision and
repeatability. The blood glucose value recorded was the mean of
three measurements.

The within target 2 h postprandial blood glucose levels were set
between 70 and 180 mg/dl [23]. 0e3 h postprandial blood glucose
incremental areas (iAUC) for blood glucose were calculated by the
trapezoidal method as the area under the curve above the baseline
value. Blood glucose peak was calculated as the maximal blood
glucose excursion from the fasting value over the 3 h period. Time
to blood glucose peak was calculated as the time at which the
maximal blood glucose excursion was observed. To account for the
few hypoglycemic events (blood glucose value < 65 mg/dL)
observed, we used the last recorded blood glucose value before
treating hypoglycemia for the calculation of iAUC blood glucose.

During the run-in period, fasting blood samples were collected
for biochemical analyses. Hemoglobin A1c (HbA1c) was measured
with RXDaytona analyzer (Randox Laboratories, MA, USA). Total
cholesterol (mmol/L), triglycerides (mmol/L), and high-density li-
poprotein cholesterol (HDL-c) (mmol/L) were measured by the
AEROSET/ARCHITECT c8000 System (Abbott, Chicago, IL, USA). Low
density lipoprotein cholesterol (LDL-c) was calculated using the
Friedewald formula [24].
2.5. Dietary, physical activity and psychological assessment

Before entry to the study, dietary habits were assessed through a
semi-quantitative food frequency questionnaire and the quality of
the background diet was assessed through the MedDietScore that
assesses adherence to the Mediterranean dietary pattern [25]. The
range of the diet score is 0e55, with higher values indicating
greater adherence to the Mediterranean diet. At every visit, a 24 h
recall was completed. Both the 24 h recalls and the 7-day weighed
food records, administered for estimating the carbohydrate to in-
sulin ratio, were analyzed using Diet Analysis Plus software
(version 6.1, ESHA Research, OR, USA). The database was exten-
sively modified to include new foods and recipes. Physical activity
of the participants was assessed through a validated questionnaire
[the Athens Physical Activity Questionnaire (APAQ)] [26]. This
questionnaire collects the previous week's self-reported physical
activity and examines the time spent in light, moderate, high
cio Grilled chicken
with boiled
vegetablesþ11 ml
extra virgin olive oil

Baked giant beansþ11 ml
extra virgin olive oil

Pasticcioþ 11 ml
extra virgin olive oil

498 601 893
305 395 605
25 34 68
4 9 5
21 35 49
49 20 42
6 31 8



Table 2
Subject characteristics at baseline.a.

Age (y) 35.0 ± 8.9
Sex, male/female (n) 9/11
Duration of Diabetes (y) 16.7 ± 10.9
Carbohydrates to insulin ratio (g: insulin units) 9.1 ± 3.9
Smoking, yes (%) 15
Years of education 14.9 ± 3.0
MedDiet Score (0e55) 29.6 ± 4.3
Anthopometrics
Body mass index (kg/m2) 27.3 ± 4.9
Waist circumference (cm) 86.7 ± 13.6
Hip circumference (cm) 106.9 ± 8.2
PAL 1.35 ± 0.23
Psychological assessment
Zung self-rating depression scale (20e80) 37.7 ± 8.4
Zung self-rating anxiety scale (20e80) 35.7 ± 6.2
Biochemical variables
Glycated Hemoglobin A1c (%) 7.5 ± 1.3
Total cholesterol (mmol/L) 4.3 ± 0.6
LDL (mmol/L) 2.4 ± 0.4
HDL (mmol/L) 1.6 ± 0.4
Triglycerides (mmol/L) 0.8 ± 0.3

Abbreviations: MedDiet: Meditteranean Diet; PAL: Physical Activity Level; LDL: Low
Density Lipoprotein; HDL: High Density Lipoprotein.

a Values are Means ± SD.

E. Papakonstantinou et al. / Clinical Nutrition ESPEN 31 (2019) 48e55 51
intensity activities and sleep. Based on the metabolic equivalents of
all activities, the mean daily energy expenditure and the physical
activity level (PAL) were estimated. The reason behind estimating
habitual diet and physical activity was to ensure that participants
would not change their typical dietary and physical activity pat-
terns, which could possibly have an impact on the glycemic
response. The study dietitians monitored these data and counseled
participants if needed.

At every visit, participants filled out the Zung self-rating
depression scale [27] and the Zung self-rating anxiety scale [28]
in order to evaluate the physiological and psychological state of
the participants and to ensure that participants would not have
additional factors influencing their blood glucose response,
including intense psychological distress, depression or anxiety.
Each questionnaire comprises of 20 questions. The value range of
each questionnaire is between 20 and 80, with higher values
indicating worse psychological state and higher stress and the
lower values better psychological state and lower stress,
accordingly.

2.6. Anthropometric measurements

Height (cm) was measured at baseline. Body weight (kg), waist
circumference (cm) and hip circumference (cm) were measured at
every visit to ensure body weight stability. BMI (kg/m2) was
calculated.

2.7. Statistical analysis

Data distribution was tested using kernel density plots. Nor-
mally distributed continuous variables are presented as mean
values ± standard error of themean (SEM), unless otherwise stated.
Differences in baseline continuous variables were evaluated using
analysis of variance (ANOVA) for normally distributed continuous
variables, KruskaleWallis test for skewed continuous data, Pearson
chi square test for categorical variables. Between treatments,
analysis of variance (ANOVA) for a 2 � 2 crossover study was
conducted for each outcome of interest. In a 2 � 2 design we as-
sume that there are no group effects since a complete randomiza-
tion process was followed for treatment allocation. The models
included the factors “subject” (id), “sequence” for inter-subject
variation, and “period” & “treatments” to account for intra-
subject variability. Time x test meal interaction was evaluated.
According to sample size calculation, a total of 13 volunteers was
necessary to achieve 80% power, at a two-sided 0.05 significance
level, for detecting a clinical difference of 25 (SD 30) mg/dL in mean
blood glucose difference between treatments (mixed meal with
and without the addition of olive oil). Statistical significance was
determined to be p < 0.05. All analyses were performed using SPSS
software (version 20.0, SPSS Inc., USA).

3. Results

3.1. Participants' characteristics

The mean age of study participants (9 men and 11 women;
Table 2) was 35.0 ± 8.9 years and the mean BMI 27.3 ± 4.9 kg/m2.
The diabetes duration was 16.7 ± 10.9 years and they had accept-
able blood glucose control (HbA1c 7.5 ± 1.2%). Their total daily in-
sulin dose was 42.2 ± 11.0 IU and their mean calculated
carbohydrate (g) to rapid insulin (units) ratio was 9.1 ± 3.9 g to 1 IU.

All participants had a moderate adoption of the Mediterranean
diet (mean MedDiet Score 29.6 ± 4.3). Participants had below
average score in self-rating depression and anxiety levels
throughout the study (Data not shown). BMI, waist and hip
circumferences, subjective stress and PAL remained stable
throughout the study (Data not shown, all p > 0.05).
3.2. Meal insulin dose

As determined based on the individual insulin to carbohydrate
ratio and the carbohydrate grams reported on the food labels of
meals, the same insulin dose was administered before meal con-
sumption, without considering the addition of extra virgin olive oil.
3.3. Glycemic response

The effectiveness of the carbohydrate counting method in
achieving the targeted 2 h postprandial blood glucose levels was
high for all test meals and ranged from 85 to 90% when consumed
without added extra virgin olive oil (Table 3). When extra virgin
olive oil was added to meals, the aforementioned percentages were
reduced from 85% to 70% for pasticcio meal; from 90% to 80% for the
grilled chicken with boiled vegetables meal; and from 85% to 75%
for the baked giant beans meal, however these reductions were not
significant (all p > 0.05) (Table 3). Regarding mild asymptomatic
hypoglycemic events, there were few recorded episodes (chicken
with boiled vegetables: 2 out of 20 without added olive oil and 4
out of 20 with added olive oil; baked giant beans: 1 out of 20
without added olive oil and 2 out of 20 with added olive oil; pas-
ticcio: 1 out of 20 without added olive oil and 1 out of 20 with
added olive oil). No significant differences in the number of epi-
sodes of hypoglycemia between the three meals were observed
when meals were consumed without or with added olive oil.

No significant differences were observed on fasting glucose
concentrations between the test meals, without and with the
addition of olive oil (p for all >0.05; Fig. 1aec). There was a sig-
nificant main effect of meal on mean blood glucose concentrations
and on 0e3 h iAUC for blood glucose (p ¼ 0.04 and p ¼ 0.04,
respectively). Addition of 11 ml of extra virgin olive oil increased
significantly the postprandial blood glucose response only for the
pasticcio meal (p < 0.05), but did not significantly influence the
overall blood glucose profile for the meals grilled chicken with
boiled vegetables and giant baked beans (all p > 0.05; Fig. 1aec).
Compared to pasticcio without the addition of olive oil, higher



Table 3
Blood glucose evaluation after the consumption of three mixed meals without and with the addition of 11 ml extra virgin olive oil in adults with type 1 diabetes on intensive
insulin therapy (N ¼ 20).

Pasticcio
WITHOUT
olive oil

Pasticcio
WITH olive oil

P-value Chicken vegetables
WITHOUT olive oil

Chicken vegetables
WITH olive oil

P-value Baked Giant
Beans WITHOUT
olive oil

Baked Giant
Beans WITH
olive oil

P-value

Preprandial capillary blood
glucose (mg/dL)

102.8 ± 6.9 109.7 ± 6.5 NS 114.7 ± 7.9 111.2 ± 6.1 NS 105.3 ± 5.5 107.6 ± 7.6 NS

Mean blood glucose (mg/dL) 119.0 ± 4.6 132.3 ± 5.5 0.04 114.7 ± 5.5 115.3 ± 7.5 NS 129.3 ± 5.4 129.8 ± 7.1 NS
Peak blood glucose (mg/dL) 48.8 ± 8.7 67.5 ± 12.1 NS 32.4 ± 5.2 37.9 ± 8.1 NS 55.2 ± 9.1 52.7 ± 12.1 NS
Peak time blood glucose (min) 108 ± 12.8 126 ± 13.3 NS 107 ± 13.8 108.9 ± 15.8 NS 106.5 ± 10.5 97.5 ± 11.1 NS
0e180 min iAUC for blood

glucose (mg*min/dL)
3804 ± 794 5748 ± 1230 0.08 1820 ± 488 2489 ± 725 NS 5244 ± 1024 5374 ± 1632 NS

Blood glucose <180 mg/dl at
120 min, N (%)

17 (85) 14 (70) 18 (90) 16 (80) 17 (85) 15 (75)

Data are means ± SEM. Episodes of hypoglycemia are presented as actual number. Means of meals without and with the addition of extra virgin olive oil were compared by
using 2 � 2 crossover ANOVA for factor “treatment”, period and sequence of treatment; p-values < 0.05 were considered as significant. Abbreviations: iAUC, incremental area
under the curve; NS: not statistically significant.
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blood glucose concentrations were observed after the consumption
of pasticcio with the addition of olive oil elicited at 150 min and
180 min (p ¼ 0.03 and p ¼ 0.01, respectively; Fig. 1a). Mean blood
glucose concentrations were significantly higher after consumption
of pasticcio with the addition of olive oil compared to pasticcio
without the addition of olive oil (p ¼ 0.04; Table 3). At 3 h post-
prandial, glucose concentrations tended to be higher compared to
baseline after consumption of pasticcio without added extra virgin
olive oil, although it did not reach statistical significance (p¼ 0.051;
Fig. 1a). At 3 h postprandial, glucose concentrations were signifi-
cantly higher compared to baseline after consumption of pasticcio
with added extra virgin olive oil (p ¼ 0.009; Fig. 1a). Accordingly,
blood glucose 0e3 h iAUC tended to be higher after the pasticcio
with added extra virgin olive oil meal compared to that without
added olive oil (p ¼ 0.08; Table 3).

The glycemic response produced after the consumption of
grilled chicken with boiled vegetables did not differ when
consumed without and with the addition of olive oil (all p > 0.05;
without addition of olive oil
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4. Discussion

In the present study we confirmed the effectiveness of the
carbohydrate counting method after the consumption of 3 typical
Greek mixed meals with varied macronutrient profiles,
mimicking real life conditions in adults with T1D on intensive
insulin therapy with multiple insulin injections using pen. The
meals were consumed without and with the addition of extra
virgin olive oil. Adding small amounts of dietary fat to low fat
meals did not significantly alter the postprandial response in the
first 3 h. However, the added small amount of extra virgin olive
oil caused a sustained increase in postprandial blood glucose
concentrations only to the high energy density meal (i.e. the
pasticcio meal) which had also the highest fat content of the test
meals (49 g of fat).

Achievement of within targeted threshold postprandial blood
glucose levels in T1D is a complex issue, because blood glucose
concentrations are significantly influenced by multiple factors such
as preprandial blood glucose levels, timing and mode of insulin
administration, insulin sensitivity, insulin units, exercise, stress,
other medications and illness [29]. The effectiveness and efficiency
of the carbohydrate counting method in T1D are well established
[3,5,30,31].When the individualized carbohydrate to insulin ratio is
accurately estimated, the likelihood for on target insulin doses
ranges between 50.1% and 98.5% [32]. In our study, the calculation
of the premeal insulin dose was based on the amount, but not the
type, of carbohydrates and was proven sufficient for achieving on
target postprandial blood glucose levels in nearly 80% of the cases.
Moreover, use of the carbohydrate counting method is associated
withminimal incidence of hypoglycaemia, as shown in our study as
well as in others [3,4,7,8]. In contrast, one study reported increased
frequency (nearly 36%) of hypoglycemic episodes (blood glucose
<70mg/dl) when rapid insulin units were added for dietary protein
and fat vs only 10% for carbohydrates alone [18].

Regarding the effects of dietary protein and fat on postprandial
glucose concentrations, there are still a lot of conflicting opinions
and data. Even the official Diabetes Associations seem to take
different stands on this issue with the American Diabetes Associ-
ation suggesting that “individuals who consume meals containing
more protein and fat than usual may also need to make mealtime
insulin dose adjustments to compensate for delayed postprandial
glycemic excursions” [4] and the U.K. Diabetes Association sug-
gesting that “considering the strength of the current evidence and
the magnitude of the effect of fat and protein on postprandial
glucose, more evidence is needed to justify routine prioritization of
fat and protein counting in clinical practice” [3]. Briefly, some
intervention studies suggest that dietary protein does not increase
blood glucose concentrations within 2e3 h postprandially [22,33];
but it may increase the duration of postprandial hyperglycemia
[13,14,22,34], others have shown that meals containing between 28
and 57 g of protein produce significantly higher postprandial gly-
cemic excursions and insulin requirements 2e5 h postprandially
compared to standard meals [34e37]; whereas Paterson et al. [15]
recently showed a dose-dependent and bi-phasic effect of protein
on postprandial glycemic control. Regarding the effects of fat on
glycemic response, some studies have suggested that dietary fat,
alone or in combination with protein, may cause acute insulin
resistance [17], an initial decreased glycemic response [16] and a
delayed sustained hyperglycemia 3e6 h post-meal consumption
[13,17,22,34], whereas recently, also the fat quality was explored in
an RCT demonstrating that the addition of 37 g of extra virgin olive
oil to high glycemic index meals, attenuated the early (up to 3 h)
postprandial glucose response observed, when these meals were
consumedwith either a low fat content (8 g extra virgin olive oil) or
43 g of butter [38].
Accordingly, mixed meal studies have produced inconclusive
and conflicting results with meals such as pizza, carbonara and fast
food items (i.e. hamburger and fries), with some showing that these
meals require higher [17,18,39e41], than anticipated by carbohy-
drate counting alone, rapid insulin units, others showing lower
[20,42] than anticipated rapid insulin units and the rest showing
that carbohydrate counting alone is a sufficient and efficient
method [17,20,42]. In our study, the meals used varied in terms of
both protein (protein range 20e49 g) and fat (range 10e38 g,
without the addition of olive oil) to explore the effectiveness of
counting within a range of protein and fat content and fat content
was further increased with the addition of olive oil leading up to a
greater range of fat intake (22e49) g. According to our results, the
addition of a small amount of fat affected only the glucose response
after the consumption of the high energy density, already high in
fat (49 g per typical portion serving) and protein (42 g per typical
portion serving), meal (pasticcio), suggesting that there might be a
fat or even energy threshold after which fat exerts an increased
glucose response. It may then be that only very high intakes of non-
carbohydrate calories coming from fat and protein induce the
sustained or delayed hyperglycemia and not dietary fat and protein
per se, particularly when these are consumed in smaller amounts.
The pasticcio meal is close, fat and protein wise, to the pizza and
carbonara meals [20,41,42]. Furthermore, in our study grilled
chickenwith boiled vegetables had the highest protein content (i.e.
49 g) however blood glucose levels were within the anticipated
limits during the 3 h postprandial period.Whether this was noticed
because no extra insulin is needed for protein or to the differential
insulin needs between starchy and non-starchy carbohydrates (as
in the case of boiled vegetables in this meal), remains to be
elucidated.

The strengths of this study include the randomized, crossover
design. Moreover, we tested the effectiveness of the carbohydrate
counting method using meals typical of the Greek cuisine and tried
to further explore the effects of a small amount of added extra
virgin olive oil in these meals on the acute glycemic response as per
the carbohydrate counting method guidelines. Among the limita-
tions of the study one could mention that the 3 h blood glucose
recordings is not long enough to detect the full effect of dietary
protein and/or fat on induced hyperglycemia beyond the 3 h in-
terval. Furthermore, it would have been preferable if we had
measured plasma glucose concentrations using an automated
analyzer instead of self-monitored blood glucose measurements.
Moreover, test sessions where the participant experienced hypo-
glycaemia were terminated immediately so that the hypoglycemic
episode could be treated appropriately. In these cases, the last
recorded blood glucose value was carried forward. Alternatively,
we could have chosen to assume a consistent gradient in blood
glucose concentrations over the remainder of the recording period.
However, imputing any value for missing data raises doubts about
the generalizability of the findings. Although we tried to control for
several factors known to affect blood glucose levels (i.e. stress,
exercise, illness) and the crossover design of the study also
contributed to that; remaining confounding factors cannot be ruled
out.

In conclusion, the results of our study confirmed the effective-
ness of the carbohydrate counting method in achieving on-target
postprandial blood glucose concentrations within a 3 h period af-
ter consumption of mixed meals with various macronutrient con-
tent. Adding small amounts of dietary fat to low fat meals did not
significantly alter the postprandial response in the first three hours,
however, no conclusions can be drawn about high fatmeals, protein
or longer timeframes. Based on the current results and the relevant
literature, whether adding dietary protein and fat to the puzzle of
premeal insulin calculation, is clinically meaningful to patients
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with T1D, remains obscure. Instead, frequent blood glucose testing
every 2e3 h postprandial for patients on multiple injection
schemes, as suggested by many scientific associations, should be
recommended.
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