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Abstract: Limited data is available on the sex differences and individual responses of cardiometabolic
parameters adjusted with potential confounders (i.e. sex, age, baseline values) after a longer term
Mediterranean diet (MedD) and high intensity interval training (HIIT) in obese subjects. The objective
of this study was to compare the effects of nine-month MedD counseling and supervised HIIT on
cardiometabolic risk factors and individual responses in obese women (n = 99) and obese men (n = 35).
Body composition (body mass, fat mass, lean body mass, waist circumference), cardiorespiratory
fitness (METs), and cardiometabolic risk factors (blood pressure, blood sample variables) were
measured at baseline and after nine months of a program combining MedD and HIIT two to three
times a week. When adjusted with sex, age, and baseline values, obese women similarly improved
their body composition, METs, and cardiometabolic risk factors vs. obese men. The proportion of
responders according to clinical cutoff levels were the same in obese women and men. A longer
MedD and HIIT intervention similarly improves body composition, cardiometabolic risk factors,
and individual responses in obese women and men, even after adjustment of confounders (sex, age,
baseline value).

Keywords: lifestyle intervention; Mediterranean diet; high intensity interval exercise training; sex
difference; obesity; physical activity

1. Introduction

Between 1975 and 2016, the prevalence of obesity in the world nearly tripled, making
it the second leading cause of preventable death [1]. Obesity is associated with impor-
tant comorbidities, such as cardiovascular diseases, type 2 diabetes, stroke, hypertension,
osteoarthritis, and certain types of cancer [2]. The Mediterranean diet (MedD) reduces
cardiovascular events and is effective for long-term reductions of body mass in over-
weight/obese subjects [3,4]. Combining MedD to a high intensity interval training (HIIT)
showed greater improvement in cardiometabolic parameters vs. MedD alone in adults with
metabolic syndrome or obesity [5,6]. Combined lifestyle intervention mostly used caloric
restriction diet with moderate intensity aerobic exercise, and sex difference responses in
cardiometabolic parameters were poorly studied in obese men vs. women [7]. Limited data
is available on the sex differences and individual responses of cardiometabolic parameters
adjusted with potential confounders (i.e., sex, age, baseline values) after a longer term
MedD and HIIT in obese men and women. We aimed to compare sex differences and
individual responses to a nine-month MedD and HIIT program for cardiometabolic risk
factors in women and men with obesity.
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2. Materials and Methods
2.1. Patients

This retrospective study was conducted at the cardiovascular prevention and rehabili-
tation center (ÉPIC) of the Montreal Heart Institute, and data from a nine-month MedD
and supervised HIIT program were analyzed. This clinical program was on a voluntary
basis and participants were paying for the program [6]. This study was approved by the
Research Ethics and New Technology Development Committee of the Montreal Heart
Institute. Data from 99 obese women and 35 obese men were retrospectively analyzed at
baseline and at the end of the nine-month intervention. Thus, inclusion criteria at baseline
were age >18 years and obesity defined as fat mass percentage >25% for men and >35% for
women [6] (see the Inclusion—Exclusion section of the Supplemental Text for details).

2.2. Measurements

All participants underwent a complete clinical evaluation, including measurement
of height, body mass, waist circumference, body composition (Tanita, model 418C, Tokyo,
Japan), blood analysis, resting electrocardiogram, and a symptom-limited maximal exercise
treadmill test at baseline and at nine months of program [6] (see the Measurements section
of the Supplemental Material Text for details).

2.3. Lifestyle Intervention Program
2.3.1. HIIT and Resistance Training Program

All participants performed supervised HIIT and resistance training consisting of two
to three supervised sessions per week for 60 min for each session. The intensity of HIIT
was prescribed according the estimation of the peak power output from the METs value as
previously described [6] (see the HIIT and Resistance Program section of the Supplemental
Text for details).

2.3.2. Mediterranean Diet Counseling Intervention (MedD)

All participants underwent ten individual meetings with a dietician in our center.
We obtained data on eating habits and motivation, and provided the principles of the
MedD during the first visit. The aim of this MedD was to meet the Canadian Guidelines
(2000–2400 kcal/day), and it was adapted to each participant without severe restriction
(see the Mediterranean Diet Nutritional Counselling section of the Supplemental Text for
details). Clinically successful responders were defined according to significant clinical
cutoff conferring health and/or prognosis benefits in the obese population. Indeed, a
5% body mass loss is frequently reported to lead to health benefits, while a 5 cm waist
circumference loss is associated to a 9% reduced relative risk for total mortality [8,9].
Furthermore, a 5 mm Hg reduction in SBP was chosen, and is associated with a 7%
reduction in total mortality [10]. In addition, a cardiorespiratory fitness (METs) increase of
5% was chosen as a positive response threshold to aerobic training in inactive men and
women [11].

2.4. Statistical Analysis

All data are expressed as mean ± standard deviation (SD) or in a number and per-
centage. Clinical characteristics, cardiometabolic risk factors, and cardiorespiratory fitness
were compared between sex groups using two-way ANOVA (group × time) with repeated
measure (time) (Table 1). A chi squared test was used to compare proportion of responders
over women and men (Table 2). A paired student t-test was used to compare intragroup
changes. A one-way ANCOVA was conducted to compare the effectiveness of the inter-
vention (based on the change between post-intervention and pre-intervention data) in
cardiometabolic risk factors on sex while controlling for age and baseline values (Figure 1).
Baseline clinical characteristics, cardiometabolic risk factors, and cardiorespiratory fitness
were compared between obese women and men using a student t-test (Supplementary Ma-
terials Table S1). For this, homoscedasticity, normality, and absence of interaction between
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the sex variable and baseline measurement checks were carried out and the assumptions
met. All statistical tests were two-sided and conducted at a 0.05 significance level. Statisti-
cal analyses were performed with the use of Stata SE 15.1 (StataCorp LP, College Station,
TX, USA).
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Table 1. Clinical characteristics, cardiometabolic risk factors, and cardiorespiratory fitness before and after the nine-month lifestyle intervention in obese women and men.

Women n = 99 Men n = 35

Pre Post Pre Post ANOVA

Mean ± SD Mean ± SD p Mean ± SD Mean ± SD p Time Group Interaction

Age (years) 49.38 ± 7.53 63.17 ± 4.68
Metabolic Syndrome (%) * 42.4% 42.9%

Anthropometric
characteristics

Height (cm) 161.5 ± 6.17 174.6 ± 6.2
Weight (kg) 91.80 ± 14.25 87.07 ± 14.10 <0.001 110.04 ± 18.37 104.03 ± 17.35 <0.001 <0.001 <0.001 0.138

BMI (kg/m2) 35.28 ± 5.19 33.19 ± 4.98 <0.001 35.95 ± 5.01 33.89 ± 4.71 <0.001 <0.001 0.559 0.476
Waist size (cm) 107.71 ± 11.70 102.03 ± 11.75 <0.001 120.03 ± 12.31 108.54 ± 21.07 <0.001 <0.001 <0.001 0.007
Fat Mass (%) 45.16 ± 4.92 42.64 ± 5.25 <0.001 33.49 ± 4.39 31.08 ± 5.37 <0.001 <0.001 <0.001 0.564
Fat Mass (kg) 41.92 ± 10.82 37.06 ± 9.77 <0.001 37.40 ± 10.20 32.40 ± 9.87 <0.001 <0.001 0.015 0.242

Fat Free Mass (kg) 49.75 ± 5.39 48.63 ± 5.18 <0.001 72.77 ± 10.04 70.33 ± 9.98 <0.001 <0.001 <0.001 0.006
Fat Mass Trunk (%) 42.82 ± 5.20 40.21 ± 5.59 <0.001 36.09 ± 3.74 33.69 ± 5.72 <0.001 <0.001 <0.001 0.691
Fat Mass Trunk (kg) 21.05 ± 5.38 18.60 ± 4.84 <0.001 22.04 ± 4.87 19.57 ± 5.78 <0.001 <0.001 0.464 0.314

Blood pressure
SAP (mmHg) 130.46 ± 12.63 125.21 ± 11.79 <0.001 139.37 ± 12.60 131.82 ± 12.62 0.019 <0.001 <0.001 0.703
DAP (mmHg) 81.55 ± 7.68 77.60 ± 5.99 <0.001 83.14 ± 7.48 80.45 ± 5.73 0.058 <0.001 0.026 0.355

MAP (mmHg) * 97.85 ± 7.97 93.47 ± 6.96 <0.001 101.89 ± 7.86 97.58 ± 6.61 0.014 <0.001 <0.001 0.689

Lipid and glucose profile
Total cholesterol (mmol/L) 5.04 ± 0.97 4.87 ± 0.98 0.060 4.98 ± 1.30 4.71 ± 1.07 0.109 0.027 0.669 0.825

HDL chol. (mmol/L) 1.34 ± 0.32 1.36 ± 0.30 0.414 1.18 ± 0.27 1.28 ± 0.33 0.002 0.003 0.045 0.029
LDL chol. (mmol/L) 3.07 ± 0.80 2.92 ± 0.87 0.061 3.11 ± 1.21 2.86 ± 1.01 0.085 0.021 0.926 0.733

Triglycerides (mmol/L) 1.40 ± 0.65 1.28 ± 0.60 0.046 1.52 ± 0.55 1.29 ± 0.70 0.030 0.004 0.464 0.412
TG/HDL 1.16 ± 0.76 1.03 ± 0.64 0.011 1.38 ± 0.64 1.15 ± 0.91 0.056 0.002 0.179 0.538

Glycemia (mmol/L) 5.42 ± 0.92 5.18 ± 0.65 0.002 5.63 ± 1.04 5.38 ± 0.52 0.233 0.008 0.094 0.651

Cardiorespiratory fitness
METs 8.06 ± 1.37 9.15 ± 1.43 <0.001 9.19 ± 1.80 10.72 ± 2.09 <0.001 <0.001 <0.001 0.016

.
VO2 peak (mL/min/kg

FFM)
51.08 ± 7.35 56.46 ± 6.91 <0.001 48.35 ± 8.55 54.44 ± 7.93 <0.001 <0.001 0.067 0.987

* Metabolic syndrome: according to NCEP ATP III criteria [6]; mean arterial pressure: (SAP + 2 × DAP)/3. BMI: body mass index. SAP/DAP: systolic/diastolic arterial pressure.
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Table 2. Proportion of responders (in %) after the nine-month lifestyle intervention in obese women
and men according to the cutoffs defined (see Materials and Methods section).

Proportion of Responders (%)
Regarding Defined Cutoff Women Men p-Value

METs improvement > 5% 73.8% 81.8% 0.414
Body mass loss > 5% 46.7% 48.5% 0.902

Waist size reduction > 5cm 45.5% 68.6% 0.067
SBP reduction > 5mm Hg 57.3% 54.3% 0.821

3. Results

Women were significantly younger compared to men (p < 0.001) (Table 1). Clinical
characteristics, cardiometabolic riks factors, and cardiorespiratory fitness before and after
the nine-month lifestyle intervention in obese women and men are presented in Table 1.
The proportion of metabolic syndrome is comparable between men and women (42%
for each group, p = 0.964). After the intervention, both groups significantly improved
cardiorespiratory fitness, body composition, and arterial blood pressure.

The proportion of responders according to clinical cutoff levels were the same in the
two groups (Table 2).

The individual changes in cardiorespiratory fitness (METs), mean arterial blood pres-
sure, body mass, fat mass, waist size, and fat-free mass (adjusted for sex, age, and baseline
values) are presented in Figure 1 (violin box).

4. Discussion

The main findings of this study were that: (1) a lifestyle intervention combining MedD
and HIIT was as effective in the improvement of certain main cardiometabolic risk factors
(body and fat mass, blood pressure, triglycerides, glycemia, normalized

.
VO2 peak) in obese

women as it was in men. (2) In addition, when adjust with potential confounders (age, sex,
and baseline values) that influence most baseline values, our lifestyle intervention (HIIT and
MedD) similarly improved cardiometabolic risk factors (body mass, fat mass, free fat mass,
waist size, blood pressure, METs) in obese women and men. (3) The prevalence of clinical
responders (in %) to the intervention was similar in obese women and men. The originality
of our work is in the sex comparison of the effects of combining MedD and HIIT (nine
months) on cardiometabolic risk factor parameters in obese women and men, which has
not been studied previously. In particular, individual response and responder proportion
(according to clinical cutoff) of obese men and women after this lifestyle intervention has
not been studied. In addition, we have taken into account the initial potential confounders
between women and men (age, sex, and baseline values of body composition).

Previous intervention studies on sex differences in body composition changes have
used a caloric restriction diet with physical activity (either recommended or supervised),
with various durations (four to 18 months) [7]. Most of the studies were performed in
overweight adults [7,12–17], and three in obese adults [18–20]. Overweight men generally
lose more weight (in absolute value) vs. women after these interventions [11–16], due to
their higher initial values [7,12]. When expressed in %, a higher [12,17] or similar loss [15]
was reported for body mass and fat mass in overweight or obese men vs. women. Obese
men can either lose more body and fat mass (global, regional in kg) [20] or a similar amount
vs. women after these interventions [19]. Our results on fat mass agree with the last cited
study [19] in obese subjects, with no sex differences in adiposity reduction (subcutaneous
and visceral) after diet and exercise. Men generally have more lean body mass and women
more fat mass proportionally. Regionally, men accumulate more fat mass in the abdomen
area and women more in the hips and thighs [21], putting men at a higher cardiometabolic
risk. Regarding blood pressure and fitness, obese women and men responded similarly to
our intervention, in agreement with previous studies [6,12,22].
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Our study has some limitations, as it was not designed to compare the sex differences,
and our groups were not of equal number, with a larger number of obese women than men.
Our observational retrospective design had no sedentary control group. Furthermore, data
on adherence to the Mediterranean diet was not collected, and therefore, the contribution
of diet and/or exercise to cardiometabolic risk factor improvement cannot be addressed.
However, the exercise adherence was shown to be around three sessions/week, which
is quite a modest dose of exercise training [6]. The participants were mostly women that
paid for this lifestyle program, and were probably more motivated and had a higher
socioeconomic status compared to the general obese population. In conclusion, a longer
MedD and HIIT intervention similarly improves body composition, cardiometabolic risk
factors, and individual responses to clinical cutoff in obese women and men, even after
adjustment of confounders (sex, age, baseline value).

Supplementary Materials: The following are available online at https://www.mdpi.com/2673-416
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