Effect of acute meal and long-term intake of a Mediterranean Diet
providing different amounts of carbohydrates on physical performance
and biomarkers in non-professional strength athletes.
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Abstract

The study aims to evaluate the effect of an acute meal and long-term intake of Mediterranean
Diet (MD) on different parameters such as strength, physical performance, body composition
and blood markers in a group of non-professional athletes who practice a strength activity.
Thirteen volunteers completed two 8-week dietary interventions in a randomized, cross-over
design. Also an acute study was performed. Subjects received a MD High in carbohydrates,
characterised by at least 5 portions of pasta/week and an average 55-60% of daily energy
derived from carbohydrates, versus a MD reduced in carbohydrates, with less than 2 portions
of pasta/week and an average of 40-45% of daily energy provided by carbohydrates. Before
and after treatments numerous markers of physical performance but also anthropometrical
and hematochemical parameters were evaluated. Results shed in light that increasing total
carbohydrates intake, as typically in the MD, does not negatively affect physical performance,
body composition and strength.
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Introduction

The Mediterranean Diet (MD) is one of the most studied dietary patterns, however its
application in sport nutrition context has received very little attention (Griffiths et al. 2022).
Carbohydrates, which are the main source of energy for the body, in the Mediterranean diet
can cover up to 60% of the total energy intake (favouring complex carbohydrates and fiber-
rich foods) (Luca et al. 2014). During the last decades the importance of nutrition for physical
performance and recovery has been highlighted, with the role of carbohydrates being of
special interest, but at the same time often demonized because some common wisdom
supports the idea that high carbohydrate intake can promote excess energy and weight gain
(Faidon and Bettina 2021). In addition, body composition is often strictly monitored by both
athletes and non-athletes subjects considering it a key factor for physical performance but also
for aesthetic reasons.

While several studies explored the role of carbohydrates with recommendations for ingestion
pre-, intra-, and post exercise period for endurance training, there is less evidence about the
role of carbohydrates feeding on strength training (ST) performance with nutrition
recommendations very often focusing mainly on protein intake (Thomas et al. 2016; King et
al. 2022).

Dietary carbohydrates are stored in the liver and skeletal muscle as glycogen, which is
degraded during exercise to obtain glucose to produce energy necessary for muscle
contraction (Richter and Hargreaves 2013).

Specifically, during high-intensity exercise of short duration, the energy required for muscle
contraction is mainly derived from the breakdown of phosphocreatine (PCr) and glycogen to
lactate (Hargreaves and Spriet 2020). It is worth nothing that a resistance exercise session leads
to a depletion of glycogen levels by approximately ~24-40 %, and consequently there is
significant evidence indicating that the performance of prolonged sustained or intermittent
high-intensity exercise can be improved by implementing strategies that ensure a sufficient
supply of carbohydrates (Knuiman et al. 2015).

Conversely, if these carbohydrate stores are depleted, fatigue can set in, resulting in lower
work rates, impaired abilities in skills and concentration, and an increased perception of
tiredness (Thomas et al. 2016).

Furthermore, the glycogen does not serve only as energy storage, but it revests a role also in
the regulation of various important cell signalling pathways of oxidative phenotype, insulin
sensitivity, contractile processes, protein degradation, and autophagy (Philp et al. 2012).
Despite the recognized importance of carbohydrates, it is observed that some types of athletes
tend to consume less carbohydrates than recommended, avoiding dietary guidelines based
on the principles of the Mediterranean diet (Spendlove et al. 2015; Burke et al. 2003;
Gogojewicz et al. 2020). This pattern consists of large amount of cereal based products (with
preference to wholegrain), vegetables and fruits, legumes, extra virgin olive oil, nuts and seeds
and a moderate intake of dairy products, fish and meat. A medium to low adherence to this
pattern even in the Mediterranean countries is widely reported and it has been suggested that
younger subjects and those practicing strength activities tend to move away from the model
mainly reducing the intake of carbohydrate-rich products (eg, pasta dishes).

Considering that most of the studies that have assessed the effects of carbohydrates
manipulation in strength trained subjects have focused on ketogenic diets, it remains to be
investigated how the amount of carbohydrates in a Mediterranean style diet could influence
the strength and physical performance (Cholewa et al. 2019).



Consequently, the aim of the present study is to evaluate the effect of an acute and long-term
intake of a traditional high-carbohydrate (HCMD) versus a reduced-carbohydrate (RCMD)
diet, characterised by different portions of pasta, on different parameters such as physical
performance, body composition and blood markers by conducting a crossover randomized
trial in a group of non-professional sport athletes who practice a strength activity.

Materials and Methods

Participants, eligibility criteria

Volunteers were recruited within the students and staff of different degrees of Sports Sciences
of the University of Milan. To be included in the trial, subjects had to practice strength training
activity for at least one year with a total IPAQ questionnaire score > 700 MET to be between
20 and 45 years old, and to have a body mass index between 18 and 30 kg/m?.

Exclusion criteria included: presence of neurological, vascular and/or musculoskeletal
disorders; drug therapy influencing cardiopulmonary and/or neuromuscular responses;
smoking; menstrual cycle irregularity up to 3 months before the start of the study;
vegan/vegetarian eating patterns or use of supplements with impact on variables under study.
This study was conducted according to the Declaration of Helsinki with procedures approved
by Ethics Committee of the University of Milan, Italy (Opinion n. 9/22, 27-01-2022). Written
informed consent was obtained from all subjects before participation.

Study design

Long term intervention

Subjects enrolled completed two 8-week dietary interventions in a randomized, cross-over
design (Figure 1). The interventions consisted in a traditional High-Carbohydrate
Mediterranean diet (HCMD), characterised by 55-60% of daily energy derived from
carbohydrates, or a Reduced-Carbohydrate Mediterranean diet (RCMD), with 40-45% of daily
energy provided by carbohydrates. Between the two dietary interventions a 6-week wash-out
period, consisting of habitual diet, was applied. The RCMD pattern was selected by
considering the food habits of the target group and a percentage of carbohydrates at the lowest
level of the reference intake defined in the Italian dietary recommendations (Luca et al. 2014).
Characteristics of participants were determined before and after each intervention period and
included the assessment of strength performance parameters, anthropometric measurements
and collection of blood samples. In addition, the assessment of International Physical Activity
Questionnaires (IPAQ), was conducted in order to monitor the level of activity between the 2
treatments.

Short term intervention

Before and after each long-term intervention, a short term protocol was performed in which
participants repeated strength performance tests in two separate days after consuming a high-
carbohydrate or reduced-carbohydrate isocaloric standard meal two hours before the tests.
The meals with lower carbohydrate content contained higher protein amounts simulating
what was generally consumed by this target group. Fat intake was matched in the two meals.
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Figure 1. Study design. HCMD: High carbohydrate Mediterranean diet; RCMD: Reduced
carbohydrate Mediterranean diet.

Dietary interventions

Evaluation of dietary habits of participants

Following the enrolment, participants were asked to provide information on their habitual
diet through an individual interview and by recording a 7-day food diary. An evaluation of
the energy intake and nutrient composition of their diets was performed through Metadieta®
software (Me.te.da srl, S. Benedetto del Tronto, Italy). The data obtained were used to optimize
the subsequent dietary interventions also trying to improve dietary instructions.

Long term intervention

For the long-term study, two isocaloric dietary interventions were designed based on the
energy requirements and nutrient needs of the subjects involved.

Specifically, in the HCMD about 55-60 % of total daily energy was provided by carbohydrate,
while in the RCMD it was settled at about 40-45 % of total daily energy. As regards protein, it
was ensured that both dietary patterns could enable a positive nitrogen balance in these
physically active subjects. Thus 15-18% and 18-22 % of total daily energy intake by protein
was ensured by the HCMD and RCMD respectively, while fat intake was the remaining part
(about 25-35 % daily energy). Average of daily protein intake was assessed in both groups
from 1.2 to 1.4 g/kg/die.

Based on the type of intervention, indications on the portions and daily frequencies of
consumption of the different sources of carbohydrates were developed and the same was
performed for the other food categories following the Italian Dietary Guidelines (CREA 2018).
Volunteers were provided with personalised suggestions on how to follow the dietary
instruction based on what registered through the 7-day dietary records. During the HCMD
subjects were also instructed to consume pasta (both standard and whole grain) at least 5
times per week to increase the adherence to the Italian Mediterranean dietary pattern.

In the RCMD treatment the frequency of consumption of pasta was fixed at a maximum of
twice per week. To ensure adherence to the treatments, volunteers received a wide range of



free products in each intervention period such as standard and whole grain pasta, crackers,
bread and biscuits.

Short term intervention based on acute HC versus RC meal
In the short-term study, participants executed strength performance tests after the
consumption of a HC or a MC standard meal two hours before the tests. The battery tests were
performed after 2 hours and data collection were recorded.
Standard meals were isocaloric (650 Kcal) and had the following composition:

e HC meal: 59% carbohydrate, 11% protein, 30% fat (provided by a pasta meal)

e MC meal: 45% carbohydrate, 25% protein, 30% fat (provided by a bresaola ham

sandwich)

The performance tests were repeated in two different days at baseline and after each 8-week
dietary intervention.
Subjects were asked to record food products consumed the day before the first experimental
day and to repeat the same pattern of consumption before the subsequent experimental days.

Evaluation of dietary compliance

Regular interviews and dietary evaluations were performed in order to verify compliance
with dietary instructions. Specifically, three-day dietary records, capturing three weekdays
and a weekend day, were filled during the trial to assess the adherence to both dietary
interventions (in overall 12 days of recording). Corrective recommendations were provided
to the subjects if the energy intake and/or macronutrient composition were not aligned with
the intervention protocol.

Assessment of strength performance tests
After a standardized warm-up by pedaling on a cycle ergometer for 5 minutes, the subjects
performed the following strength assessment tests.

Squat jump (S]) and Countermovement Jump (CM])

The study examined the peak heights attained during squat jumps (SJ) and countermovement
jumps (CM]J) utilizing an infrared device (OptoJump, Microgate, Bolzano, Italy). During the
SJ, participants were directed to stand, flex their knees to approximately 90°, and execute a
jump while minimizing any preparatory movement, maintaining a 2-second pause at each
phase. For the CM]J, participants were instructed to stand, lower themselves to a knee flexion
of their choosing, and immediately jump. Arms remained placed on the hips for both SJ and
CM] tests. Participants were instructed to avoid knee flexion before landing in both jump
types, controlled visually by the operator. Each participant performed three attempts for each
jump, with a two-minute passive rest interval between attempts, and the peak height was
recorded for data analysis (Coratella et al. 2018).

Elbow Flexor maximum voluntary contraction

The Elbow flexor maximum voluntary contraction (BICEPS) was evaluated by determining
the highest value from three maximum isometric flexions of the dominant arm held for 3
seconds. The arm was positioned on an ergometer with an elbow angle set at 115°,
maintaining the hand midway between pronation and supination, and securing the wrist
firmly to a metal plate using a Velcro® strap (Velcro Industries Inc., Willemstad, Netherlands
Antilles). To stabilize the trunk and shoulder, both were firmly fixed at a 90° angle by an



external support. Participants were instructed to concentrate on engaging the elbow flexor
muscles while avoiding any rotational movement of the trunk and/or shoulder during
contraction. Force output was recorded from a calibrated load cell (mod SM-1000 N, Interface,
Crowthorne, UK) while Force signal was amplified (mod. ASE16, LiSin, Turin, Italy), filtered
(bandwidth of 0-5 Hz) and stored at a sampling rate of 10 kHz on a personal computer after
A/D conversion (mod. UM150, Biopac System, California). Each participant performed three
elbow flexor maximum voluntary contraction, with a two-minute passive rest interval between
attempts, and the highest value was recorded for data analysis (Ce et al. 2015).

Handgrip (HG)

Handgrip was recorded during isometric contractions from the finger flexor muscles of the
dominant arm. The force test was conducted on a purposely designed ergometer (Limonta et
al. 2015) consisting of two cylinders, one fixed and connected to a load cell (Interface, SM-
2000 N, Scottsdale, AZ, United States, linear from 0 to 2,000 N), and the other connected to the
fingers at an adjustable distance from the other cylinder (Esposito et al. 2009). The distance
between the cylinders was set so that each participant could exert her/his most forceful hand
grip. The hand was positioned with the fixed cylinder between the thumb and the second
finger, and the adjustable cylinder positioned and blocked at the level of the second finger
phalanges. The forearm was kept midway between pronation and supination, with the elbow
flexed 90 degrees on a fixed support. Each participant performed three handgrip maximum
voluntary contraction, with a two-minute passive rest interval between attempts, and the
highest value was recorded for data analysis. (Ce et al. 2020)

Knee-extension maximum voluntary contraction (KE MVC)

The MVC of the knee extensors was measured unilaterally on dominant limb with the
participants lying supine with the knee flexed at 90° and firmly secured at the ankle with a
Velcro® strap (Velcro Industries Inc., Willemstad, Netherlands Antilles) to a load cell (model
SM-2000 N operating linearly between 0 and 2000 N; Interface, Crowthorne, UK) for force
signal detection. The hips were kept extended at 0° and secured by a Velcro® strap to the
ergometer. After a standardized warm-up (10 2-s contractions at 50% MVC as determined
during the familiarization session, followed by 10 2-s contractions at increasing intensity
interspersed by 1 min each), three MVC attempts were performed and the participants were
instructed to push as fast and as hard as they could for 4s. Each MVC attempt was
interspersed by at least 2 min of passive recovery. The force signal was driven to an A/D
converter (model UM 150 Biopac; Biopac Systems Inc., Goleta, CA, USA), sampled at 1000 Hz,
and stored on a personal computer. The maximum force recorded during the MVC was
entered into data analysis. (Ce et al. 2022)

Anthropometric evaluations

A physician with long-term experience as an anthropometrist took the anthropometric
measurements following international guidelines (Lohman et al. 1988). Body weight was
measured to the nearest 100 g with a column scale and with participants wearing only light
underwear, which was performed after bladder emptying. Body height was measured to the
nearest 0.1 cm using a vertical stadiometer. BMI was calculated as weight (kg)/height (m)2
and overweight and obesity were classified following the NIH guidelines (National Institutes
of Health 1998). Waist (WC) circumference was measured with a non-stretch tape to the
nearest 0.5 cm at the midpoint between the last rib and the iliac crest. Skinfold thicknesses



were measured using a Holtain Tanner/Whitehouse Skinfold Calliper (Holtain Ltd.). Four
skinfolds were measured: biceps, triceps, subscapular, and suprailiac. Each skinfold was
measured three times and the mean was used for analysis. When the thickness of a skinfold
was >40 mm, it was put as missing in the dataset as it was not measurable. Body density was
estimated using the most appropriate Durnin and Womersley’s formula (Durnin et al. 1974),
depending on the measurable skinfolds. Body fat (BF, %) was estimated from body density
using Siri’s formulas (Siri et al. 1961).

Biochemical analyses

Fasting venous blood samples were drawn with the participants seated. Blood was collected
and handled under strictly standardized conditions.

Blood samples were collected into vacuum tubes containing silicon for serum and tubes
containing EDTA K3 as anticoagulant for haemachrome analysis. Serum total and LDL
cholesterol, triglycerides, HDL cholesterol, total proteins, total bilirubin, iron, glucose, uric
acid, creatinine, and liver enzymes such as alanine transaminase, aspartate transaminase, and
g-glutamyltransferase

were measured by enzymatic-colorimetric methods. C-reactive protein (CRP) was determined
by a nephelometric high-sensitivity CRP. Erythrocyte, white blood cell, and platelet counts;
hemoglobin concentrations; mean cell volumes; and mean cell hemoglobin concentrations
were measured with the use of a Coulter automated cell counter.

Statistical analysis

The sample size for this study was estimated from G*Power 3.0.10 software. Using an « of
0-05, statistical power of 0-95 and data from a previous study, it was estimated that 13 subjects
would be sufficient to detect a 20 % difference in back squat performance between trials
(Naharudin et al. 2020).

Statistical analyses were performed using SPSS version 28.0 (SPSS Inc.,Chicago, IL), Statistical
significance was set a priori at p < 0.05. Normality and absence of large outliers were verified
by using the Shapiro-Wilks test, observing the normality plots, and residual plots. Descriptive
statistics were calculated for all variables as mean and standard deviation.

Repeated measure analysis of variance (ANOVA) was utilized to assess all investigated
outcomes time, treatment, and interaction effects. A paired samples t-test was used to analyse
differences in acute effects between the two dietary interventions.

Results

Recruitment phase workflow

Of the 21 initial eligible subjects, 3 declared lack of interest in participating to the study for
personal reasons after the first phase of recruitment. A total of 18 participants were finally
enrolled in the study. Five subjects did not complete the whole study protocol due to illness
(n=2), injuries (n=2) and personal reasons (n=1). Finally, 13 subjects completed the entire
intervention study.



Baseline characteristics of the participants

Baseline characteristics of the participants (9 males and 4 females) are shown in Table 1. The
mean age was 25.8 + 4.2 years old and the mean BMI was 24.1 + 2.7 kg/m? while the body fat
percentage was 20.0 + 6.4 %. As regards dietary intake at baseline, participants consumed a
mean of about 2100 Kcal per day provided by about 47% carbohydrates, 19% proteins (1.3
g/kg/die) and 34% fat (data not shown).

Table 1. Participants characteristics at baseline.

Variables Participants (n=13)
Mean = SD
Age (years) 25.8+4.2
Weight (kg) 71.5+12.8
Height (cm) 171.6 £8.2
BMI (kg/m?) 241+26
Arm circumference (cm) 320+38
Waist circumference (cm) 79.1+£11.8
Thigh circumference (cm) 521+3.6
Calf circumference (cm) 38.5+2.1
Bicipital SKF (mm) 89+6.1
Tricipital SKF (mm) 14.0+5.7
Subscapular SKF (mm) 12.3+49
Suprailiac SKF (mm) 179 +£6.0
Thigh SKF (mm) 19.1+6.7
Calf SKF (mm) 9.8+5.6
Body fat (%) 200+64
METs/week (IPAQ) 2919 + 1386

*Data are presented as Means + SD. BMI: Body mass index; SKF: Skinfold; METs: Metabolic equivalent tasks.

Long-term intervention

Strength performance parameters

In table 2 data on physical performance registered before and after each intervention are
reported. No statistically significant differences in the parameters evaluated were found
before and after HCMD while a reduction in biceps strength was found after RCMD
intervention. Specifically, elaborations of results through repeated measure ANOVA showed

a statistically significant decrease (P=0.002) of biceps strength in RCMD group with respect to



HCMD, i.e. -3.66 kg (IQR= -5.72; -1.5). Changes after HCMD or RCMD in squat jump,
countermovement jump, handgrip, and elbow flexor maximum voluntary contraction did not
differ significantly.

Analysis of blood markers

Pre- and post- intervention fasting blood biomarkers are shown in table 3. The two 8-week
dietary interventions did not significantly affect the biochemical markers under analysis,
except for Mean Corpuscular Volume (MCV) and Mean Platelet Volume (MPV). In particular,
no statistically significant change overtime was reported after RCMD while a significant
increase of MCV (P=0.028) and a decrease of MPV (P=0.004) was found following HCMD,
however, the variations were within the normal range and considered as physiological
fluctuations.

Anthropometric and body composition measurements

In Table 4 are reported the anthropometric measures before and after each treatment. No
differences were registered in terms of weight and body mass index.

A significant decrease of the arm circumference was observed following the RCMD (P < 0.05)
while no significant changes were observed after the HCMD treatment. However, time for
treatment interaction did not reveal a statistically significant difference (P > 0.05).

Bicipital skinfold and percentage of FM significantly decreased after the HCMD compared to
baseline while no effect was registered following the RCMD. Specifically, in HCMD the
Bicipital SKF showed a decrease of -0,91 cm (-1,74; -0,07) and the FM% showed a decrease of
-0,91 (-1,74; -0,07). The other parameters under evaluation did not show differences post
intervention either within or between groups.

Short term effect after acute meal HC versus RC

Strength performance parameters

The strength and performance parameters after the acute ingestion of the HC meal and RC
meal meals are displayed in Table 5.

Participants repeated sport tests in two different days before and after each long-term
intervention period, after consuming a low or a high carbohydrate isocaloric standard meal
as previously reported. Consequently, for each subject four different conditions for each type
of meal have been analysed. The results obtained after the consumption of the HC meal and
the RC meal were compared. The analysis performed did not show any statistically significant
differences in squat jump, counter movement jump, biceps, handgrip and elbow flexor
maximum voluntary contraction following the HC and RC meals.



Table 2. Effects of 8-week HCMD or RCMD interventions on strength performance parameters. Data (before and after interventions and changes over the
treatments) are reported as mean and standard deviation.

Parameter HCMD HCMD HCMD HCMD RCMD RCMD After RCMD RCMD p-Value between
Baseline After 8 Changes p-Value Baseline 8 weeks Changes p-Value groups (time for
Mean + SD weeks Mean (C.L (within Mean + SD Mean + SD Mean (C.L (within treatment)
Mean + SD 95%) group) 95%) group)
SJ (cm) 28.99 £ 6.45 29.16 £6.96 0.17 (-0.62; 0.651 29.42+5.84 29.38 £5.53 -0.05 (- 0.917 0.542
0.96) 1.00; 0.90)
CMJ (cm) 32.28 £7.69 31.75 £7.84 -0.53 (- 0.280 3221+7.23 33.14 £6.85 0.93 (-0.61; 0.211 0.237
1.55; 0.49) 2.47)
BICEPS (kg) 28.57+9.01 29.03 £8.77 0.45 (-0.93; 0.490 32.09 28.43 £9.51 -3.66 (- 0.002* 0.039*
1.83) +11.53 5.72; -1.59)
HG (kg) 40.95 £ 8.03 41.45 +£7.85 0.51 (-1.13; 0.513 39.87 £8.96 40.07 £8.75 0.20 (-1.20; 0.756 0.197
2.15) 1.61)
KE MVC 714.28 729.11 14.84 (- 0.114 719.00 719.81 0.81 (- 0.966 0.99
(N) +194.61 +194.88 4.16; +218.40 +199.65 40.23;
33.84) 41.84)

High carbohydrate; MC: Moderate carbohydrate; S]: Squat jump; CM]J: Counter Movement Jump; BICEPS: Elbow Flexor maximum voluntary contraction; HG:
Handgrip; KE MVC: Knee-extension maximum voluntary contraction. C.I. 95%: confidence of interval 95%



Table 3. Pre- and post- intervention fasting blood biomarkers in HCMD and RCMD. Data (before and after interventions) are reported as mean and standard
deviation.



HCMD baseline HCMD 8 weeks p-Value HCMD HCMD baseline HCMD 8 weeks p-Value RCMD p-Value Time for treatment
variables Mean * sd Mean * sd (within group) Mean + sd Mean * sd (within group) Between groups
WBC (4,3-10 10"3 /ul) 6.18 +1.02 6.66 +1.59 0.202 6.18 £1.01 6.17 £1.66 0.961 0.319
RBC 1076 /ul 4.89 +0.50 4.87 +0.58 0.749 4.85+0.50 4.94 +0.52 0.066 0.133
HGB g/dL 14.80 + 1.44 14.84 +1.60 0.807 13.96 + 1.63 14.28 +1.68 0.029 0.175
HCT % 43.25+3.72 43.29£4.14 0.936 41.66 £4.23 42.18 +4.35 0.196 0.436
MCV (80 - 96 fl) 88.65+3.76 89.14 +4.06 0.085 85.95+3.10 85.45 +3.38 0.143 0.028*
MCH (27 - 34 pg) 30.31+1.70 30.54 +1.66 0.14 28.77 £1.43 28.89 +1.40 0.058 0.476
MCHC (32 - 36 g/dl) 34.20 +0.67 34.27 £0.70 0.65 33.48 £0.70 33.82+0.66 0.039 0.21
Rdw (10,5 - 14,5 %) 11.23 +0.39 10.99 + 0.66 0.198 11.30 = 0.53 11.01 +£0.48 0.02 0.795
Plt (140 - 440 103 /ul) 289.40 + 62.52 278.60 +44.77 0.365 272.83 +68.05 253.17 +59.79 0.059 0.549
Pet (0,1 - 0,36 %) 0.16 £ 0.04 0.15+0.03 0.03* 0.17 £ 0.04 0.16 +0.03 0.133 0.65
MPV (5,4 - 10,4 fl) 5.59 +0.85 5.18 £ 0.80 0.014* 6.32£0.85 6.45+0.87 0.22 0.004*
Pdw (10 - 18,1 103 /ul) 17.42 +0.51 17.49 +0.64 0.769 15.58 +1.14 15.64 +1.08 0.685 0.965
ALT (U/L) 20.73 +11.16 19.73 + 6.55 0.732 16.73 +5.46 20.86 +12.83 0.192 0.224
AST (U/L) 21.23+7.65 20.58 + 6.09 0.791 17.92 +5.15 21.02 +8.08 0.172 0.252
CHOL (mg/dL) 159.77 + 58.10 164.67 +33.43 0.784 157.92 +29.73 157.75 +24.33 0.962 0.778
Creatinine (mg/dL) 0.94+0.13 0.96 + 0.15 0.586 0.95+0.14 0.94 £0.15 0.674 0.488
CRP (mg/L) 0.73+0.71 1.60 +2.01 0.135 1.24+1.48 5.09 +11.39 0.272 0.386
GGT (U/L) 19.28 +7.52 18.14 +8.27 0.054 17.78 + 6.68 17.35 + 6.61 0.563 0.443
Glucose (mg/dL) 92.58 +4.52 94.17 +4.63 0.426 91.25+6.14 90.75 + 8.74 0.82 0.476
HDL-C (mg/dL) 61.33 +13.47 60.17 + 14.69 0.568 59.17 £11.29 55.83 +13.82 0.056 0.4
LDL-C (mg/dL) 109.25 + 33.53 100.17 +30.72 0.278 95.50 + 31.56 97.25+25.17 0.646 0.23
TG (mg/dL) 74.50 +29.74 76.08 + 27.69 0.842 71.92 +26.72 75.17 +26.05 0.646 0.874
Uric Acid (mg/dL) 5.36+1.25 5.37+1.29 0.971 5.06 +0.86 5.08 +1.32 0.933 0.963
BUN (mg/dL) 34.33+4.21 32.08 +7.82 0.382 35.50 + 6.96 35.42+9.42 0.975 0.55
Insulin (uU/ml) 7.83+4.26 7.52+.33 0.773 8.60 +3.01 7.75+3.53 0.541 0.752

** WBC White Blood Cells, RBC Red Blood Cells, Hb Hemoglobin, Het Hematocrit, MCV Mean Corpuscular Volume, HDL High-Density Lipoprotein, LDL Low-Density
Lipoprotein, TG Triglycerides, BUN buildup of nitrogenous products, PLT Platelets, AST Aspartate Transaminase, ALT Alanine Transaminase, gGT gamma Glutamyl
Transferase. Bold denotes statistical significance <0.05



Table 4. Effects of 8-week HCMD or RCMD interventions on anthropometric and body composition parameters. Data (before and after interventions) are
reported as mean and standard deviation.

HCMD baseline HCMD baseline HCMD 8 weeks p-Value HCMD RCMD baseline RCMD 8 weeks p-Value RCMD p-Value Time for treatment
Mean * sd Mean * sd (within group) (within group) Mean * sd Mean * sd (within group) Between groups

Weight (kg) 71.75+12.16 71.60 +11.94 1 71.62 +12.80 71.19 £12.28 0.24 0.433
BMI (kg/m?) 24.21 £2.50 24.23 +2.60 0.888 24.15 £2.67 24.01 +2.54 0.258 0.379
Arm circumference (cm) 31.48 £3.68 31.37 £3.33 0.592 31.92 £3.88 31.31 £3.65 0.006* 0.091
Waist circumference (cm) 79.22 +11.46 79.12 +10.98 0.899 79.18 +11.88 78.56 +11.54 0.028* 0.531
Thigh circumference (cm) 53.40 £3.80 52.87 £3.48 0.21 52.32 #3.53 51.85 £3.37 0.055 0.908
Bicipital SKF (mm) 10.15 +6.00 9.25 +5.62 0.035* 8.99 +6.15 8.63 +£5.55 0.237 0.267
Tricipital SKF (mm) 14.85 +6.09 13.81 +4.78 0.101 14.24 +5.58 13.40 +4.37 0.14 0.802
Subscapular SKF (mm) 13.75 +5.86 13.85 £5.95 0.782 12.06 £5.11 11.85+4.78 0.647 0.59
Suprailiac SKF (mm) 20.01 £8.35 18.95 +9.04 0.259 17.92 +6.23 17.28 +5.67 0.079 0.665
Thigh SKF (mm) 18.80 +6.00 19.22 +6.30 0.73 20.05 +6.59 19.92 +6.66 0.742 0.634
Calf SKF (mm) 14.317.09 14.18 +5.60 0.88 9.93 +5.55 9.58 +4.92 0.31 0.827
Body fat SKF (%) 21.19 +6.80 20.60 +6.86 0.032* 20.03 +6.43 19.69 +6.01 0.173 0477

*

Data are presented as Means + SD. BMI: Body mass index; SKF: Skinfold.



Table 5. Short term effect after acute meal HC and RC on strength performance parameters.

Variables HC meal RC meal p Value
Mean = SD Mean = SD

SJ (cm) 28.94 +5.82 28.78 +5.67 0.890

CMJ (cm) 31.97 +7.32 31.78 +7.04 0.897

Biceps (kg) 29.33+9.57 29.76 +9.84 0.824

HG (kg) 40.83 +7.80 40.48 + 8.38 0.830

KE MVC (N) 721.20 +195.76 708.18 +191.62 0.758

*Values are mean + SD. Mean difference changes between the two conditions are expressed as Mean (Confidence
Interval 95%).

High carbohydrate; MC: reduced carbohydrate; SJ: Squat jump; CMJ: Counter Movement Jump; BICEPS: Elbow
Flexor maximum voluntary contraction; HG: Handgrip; KE MVC: Knee-extension Maximum voluntary
contraction.

Discussion

To our knowledge, the present study is the first evaluating the acute and long-term effect on
physical performance of a Mediterranean diet providing different amounts of carbohydrates,
introduced also through pasta dishes, since it is a good source of slow digestible starch
affecting glycemic response in a favourable manner when compared with other cereal foods
(Vanhatalo et al. 2022; Dodi et al. 2023). Overall, the main finding of this study support the
notion that, in the context of a balanced dietary approach such as the Mediterranean diet, a
high carbohydrate intake does not negatively affect performance parameters nor body
composition in non-professional strength athletes. On the contrary, we documented an
improved biceps strength following the 8-week HCMD with respect to the RCMD treatment
and this result was accompanied by a reduction of the biceps circumference found only after
the RCMD (within group difference). Results obtained are also interesting considering that
eating behaviour in this type of physically active subjects are characterised by a general
reduced carbohydrate intake both when selecting the meals before the physical training and
the overall diet as we also documented. For this reason, we evaluated the impact of the two
dietary models in an acute and chronic condition.

Short term effect after acute HC vs. RC meal

In our study, the two isocaloric meals providing different amounts of carbohydrates (45% vs.
59% energy) and proteins (11% vs. 25% energy) did not produce any statistically significant
differences in physical performance evaluated through squat jump, countermovement jump,
biceps, handgrip and elbow flexor maximum voluntary contraction. The amount of
carbohydrates introduced in the 2 conditions was respectively around 1.0 g and 1,4 g CHO/kg
body weight while protein was higher than 15 g per meal.



Overall, our results do not support the advantage or disadvantage of consuming a pre-test
meal with high or reduced carbohydrate content since the strength performance was not
affected by the different intake of carbohydrates or protein consumed 2 hours before.

One explanation of the lack of acute effect of carbohydrates amount on strength performance
could be that strength training only partially depletes whole-muscle glycogen, especially in
lower-volume training (Henselmans et al. 2022).

The impairment of neuromuscular function is typically observed when the glycogen stores
are reduced to a level of 250-300 mmol/kg dry weight a threshold that generally is not reached
during strength training workouts (Jrtenblad et al. 2011; Henselmans et al. 2022).

Therefore, the number of repetitions done in the present study could have not been sufficient
to exhaust muscle glycogen to affect the strength performance. In addition, the participants
rested for 36 hours before each test. Consequently, it is expected that their muscle glycogen
levels were high before the consumption of the meal.

Moreover, the intermittent nature of strength training exercise allows the aerobic system to
contribute a considerable portion of the workout’s total energy expenditure during rest
periods through the oxidation of fatty acids (Henselmans et al. 2022).

Previous studies evaluated the effect of acute ingestion of carbohydrate on strength trained
subjects, but most of them involved supplementation and the higher-carbohydrate conditions
resulted also in a higher intake of energy. Despite the lack of an isocaloric control, the results
of previous studies agreed with our results, showing no effects of the acute carbohydrate
intake on performance (Wilburn et al. 2020; Fayh et al. 2007; Kulik et al. 2008; Baty et al. 2007;
Dalton et al. 1999).

An interesting effect of the acute ingestion of carbohydrates was described by Naharudin et
al., who reported significant more repetition to failure in bench press and squat after the
consumption of a pre-exercise breakfast meal (1.5 g CHO/kg body weight) compared to
placebo in subjects in fasted state (Bin et al. 2019). Another trial demonstrated that also during
exercise the consumption of carbohydrate in fasting state determined a significantly higher
total bench press volume compared to non-caloric placebo (Laurenson and Dubé 2015). Also,
Welikonich et al, observed that the number of repetitions in multiple sets of leg press was
significantly greater in the CHO (0.81 g/kg of body weight) and CHO-PRO conditions (0.65
g/kg CHO, ~14 g PRO) compared to the non-caloric placebo (Welikonich 2010).

Therefore, the acute ingestion of carbohydrates could exert an ergogenic effect in specific
circumstances, such as fasted training and higher training volumes (Henselmans et al. 2022).
However, it is not excluded that the performance effects of pre-resistance exercise energy or
carbohydrate intake could be caused by psychological reasons rather than metabolic factors
as suggested by Naharudin et al, who compared a high-carbohydrate breakfast meal with a
texture and taste matched placebo breakfast and a water control (Naharudin et al. 2020).

In our study, the comparison of the two isocaloric meals allowed to investigate the effect of
carbohydrates avoiding the potential psychological factors which can determine the ergogenic
effect of the meal (i.e. due to the awareness of having consumed energy before the tests)
(Naharudin et al. 2020).

Finally, the meal with RCMD was higher in proteins because of the presence of bresaola ham.
Presence of animal proteins in a low caloric meal could module the glucose absorption
because ileal passage delayed. This mechanism seems to be primarily involved in the
effectiveness of HCMD in short term (Mariotti et al. 2000).



Long term effect of HCMD vs RCMD

The other primary objective of the current study was to compare the effect of consuming an
8-week HCMD versus a RCMD on both strength performance outcomes and different
biochemical and anthropometric markers.

Data obtained seem to support a negative impact of the 8-week RCMD on the maximum
isometric strength (MVC) of the biceps brachial muscle while such reduction was not observed
after HCMD. Parallelly, a decrease in the arm circumference was also reported following
RCMD providing further substantiation to the hypothesis.

Most of the previous studies that have explored the effects of different carbohydrate intakes
focused on comparison with ketogenic diet and generally they did not find significant benefits
of carbohydrate manipulation on strength-training performance and strength development
(Greene et al. 2018; Gregory et al. 2017; Paoli et al. 2021; Durkalec-Michalski et al. 2021; Vidi¢
et al. 2021).

In this regard, our results are partially in line with those found in the work by Vargas-Molina
etal., in which a ketogenic diet did not produce significant changes in the upper body strength
of trained women compared with the significant improvement obtained following a higher
CHO condition.

In our study the other strength parameters analysed did not vary after both dietary
interventions. One possible explanation for the lack of different effects on such parameters
may be due to the amount of carbohydrates provided by the RCMD since it could have been
sufficient to cover requirements by fast twitch muscle fibers, which are preferentially used
during high-intensity exercise (Gollnick et al. 1973).

In line with our study, Van Zant et al. evaluated the effects of 3-week medium-carb low-fat
diet and high-carb low-fat diet in a group of strength trained subjects and showed no
differences in knee extension and flexion peak torque, bench press 1 RM and bench repetitions
(Van Zant et al. 2002).

Regarding the impact on blood markers, our study showed that the HCMD and RCMD did
not determine significant differences overtime on lipid and glycaemic profile, nor liver and
renal function. No significant differences were also detected in haematological parameters,
except for mean platelet volume (MPV) and mean corpuscular volume (MCV).

The MPV exhibited a slight but significant decrease overtime after the HCMD compared to
the RCMD intervention. Generally, an increased MPV is considered an independent risk
factor for acute myocardial infarction or muscle disruption and it is also common that MPV
can increase after a resistance or endurance training session (Martin et al. 1991; Sadeghi et al.
2014; Lippi et al. 2014). Overall, the difference between treatments was limited and, in both
arms, the pre- and post- mean of MPV was near to the lower limit of the reference range.

As regards the MCV, it increased significantly in the HCMD compared to the RCMD, but no
interaction between treatments overtime was reported. The MCV measures the average size
and volume of red blood cells and it can be affected by several nutritional factors, such as a
mild deficiency of folate or vitamin Bi2 can determine an increase, while an iron deficiency can
cause a decrease. Overall, both the diets were defined in order to cover nutritional needs and
avoid micronutrient deficiencies, however we did not evaluate such nutritional markers. It is
worth noting that an increase of MCV is often found in endurance athletes, and a similar trend
appears to occur also in strength trained subjects (Nader et al. 2020; Spodaryk 1993; Hu et al.
2008; Yang et al. 2018).



Concerning the anthropometrical characteristics and body composition, no statistically
significant differences in weight, BMI, circumferences, skinfolds, and fat mass were recorded
comparing the two 8-week dietary interventions. However, it is also interesting that a reduced
body fat and bicipital skinfold was evidenced within the HCMD treatment, while a decrease
in arm circumference was found following the RCMD. Note that these differences are very
small and biologically irrelevant, as well as consistent with normal intra- and inter-operator
measurement errors (Stomfai et al. 2011).

The evidence regarding modifications in body composition because of high-carb diets are still
inconclusive and an active matter of debate. The inconsistent results could be attributed to
variations in the duration of the diets, different definitions of high and moderate carbohydrate
diets, and the diverse populations that were studied (Wachsmuth et al. 2022).

Overall, it seems that fundamental aspects directing final effects of a dietary pattern on
physical performance and body composition are those related with the adequacy of the diet
in terms of energy and capacity to cover individual nutritional needs (e.g. in terms of protein
and micronutrients in the case of active people) more than the macronutrient distribution.
However, our study contributes, among the others, supporting the important role of
traditional high carbohydrate Mediterranean patterns, including also pasta dishes, in
promoting optimal/adequate physical fitness and body composition in non-professional
straight trained athletes. These results should be widely communicated in order to limit the
increased tendency towards low-carbohydrate and often unbalanced diets in the sport
settings.

Limitations of this study include the small sample size and the impossibility to perform also
a gender-specific analyses, the self-report of several variables (e.g. food intake and physical
activity), the use of skinfold calipers to estimate fat mass (Clasey et al. 1999).

Moreover, it would have been useful to have additional data for body composition, such as
fat free mass, and for blood markers, such as vitamin B12, iron and folate.

In conclusion, the results of the present study show that different amounts of carbohydrate
intake do not negatively affect, both in acute and long-term, strength performance. In
addition, also the long exposure to a HCMD or a RCMD do not promote significant differences
on body composition and blood markers, even if better outcomes for body composition were
found following HCMD.

Considering our findings and those of previous studies, the current trend of strength trained
subjects to consume less sources of carbohydrates seems not to be supported by a real benefit
on sport performance (Spendlove et al. 2015; Wardenaar et al. 2017). For this reason and in
light of our results, future studies are needed to further establish dietary intake
recommendations according to specific sport activities.
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