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Abstract
The aim of the study is to determine the differences in dietary parameters (energy and nutrient intake, adherence to the Mediterranean diet and
consumption of food groups) in metabolically healthy overweight-obese (MHOO) v. metabolically unhealthy overweight-obese (MUOO)
middle-aged adults. A total of fifty-one middle-aged adults were classified as MHOO or MUOO. BMI and blood pressure were evaluated follow-
ing the recommendations. HDL, TAG and blood glycaemia were measured in blood samples. Blood pressure was also assessed. Dietary factors
were assessed through three 24-h recalls, a validated FFQ and the PREvención conDIetaMEDiterránea (PREDIMED) questionnaire. All variables
were evaluated between September and October 2016 and 2017. Our results showed that MHOO individuals registered a higher fish consump-
tion (P= 0·035) and higher compliance (lower consumption) in the commercial sweets and confectionery item of the PREDIMED questionnaire
(P= 0·036). No differenceswere noted in other dietary factors including energy and nutrient intake, consumption of other food groups and in the
PREDIMED total score. A near-significant trend toward significance was observed in nuts consumption, wine and fish items of the PREDIMED
questionnaire. In conclusion, higher fish consumption and a higher compliance in the commercial sweets and confectionery item of the
PREDIMED questionnaire were observed in MHOO middle-aged adults.
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The prevalence of obesity has increased worldwide, and it has
been estimated that by 2030 nearly 40 % of world’s population
will be overweight and one in five people will be obese(1).
Obesity is considered to be mostly caused by changes in the
so-called obesogenic environment such as the highly processed
food and the reduction in or replacement of physical activity(2).

Obesity is related to a higher prevalence of the metabolic
syndrome(3). The metabolic syndrome is a set of risk factors
for CVD and diabetes(4). These factors are dysglycaemia, high
blood pressure, raised TAG levels, low HDL-cholesterol levels
and obesity(4). However, it has been identified that some over-
weight/obese individuals showed a specific phenotype charac-
terised by a healthy metabolic profile, without risk factors and
with better cardiovascular prognosis(5). These metabolically
healthy but overweight-obese (MHOO) individuals might have
a lower risk of CHD, cerebrovascular diseases, metabolic dis-
eases and CVD, in opposite to metabolically unhealthy but over-
weight-obese (MUOO) individuals(5,6).

The major risk factors that contribute to the development of
an unhealthy metabolic profile and the metabolic syndrome are
insulin resistance, a high quantity of visceral adipose tissue and a

high waist circumference, among others(7). The main causes of
the metabolic syndrome are inadequate levels of physical activ-
ity and unhealthy dietary factors(8). In this sense, it has been
demonstrated that a Western diet pattern based on low intake
of fruits and vegetables and a high intake of saturated fat could
lead to the development of the metabolic syndrome, contribut-
ing to the promotion of a unhealthy metabolic profile(8).

The benefits of a healthy diet in the treatment of themetabolic
syndrome are largely known(9). Different dietary patterns such as
the Mediterranean diet, the Dietary Approaches to Stop
Hypertension diet and plant-based diets have demonstrated to
improve the metabolic syndrome and the profile(10–12).

In this sense, diet could influence the development of the
healthy or unhealthy phenotype. Previous studies demon-
strated that MHOO adolescents have higher adherence to the
Mediterranean diet(13), and MUOO adults adhere to pro-
inflammatory diet(14) compared with their counterparts.
However, Hankinson et al. did not find any dietary differences
between MHOO and MUOO adults(15). Evidence of dietary
differences between MHOO and MUOO middle-aged adults is
mixed. Therefore, the aim of the present study was to determine
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the differences in dietary parameters (energy and nutrient intake,
adherence to the Mediterranean diet and consumption of food
groups) in MHOO v. MUOO middle-aged adults.

Methods

Participants

A total of fifty-one Caucasian middle-aged adults were included
in the present study (41·2 % women; 53·2 (SD 5·5) years). A
total of 14·8 % participants were current smokers. Participants
were selected from the cohort of the FIT-AGEING study
(ClinicalTrials.gov ID: NCT03334357)(16). The study was
approved by the Ethics Committee on Human Research at the
University of Granada and ‘Servicio Andaluz de Salud’ (CEI-
Granada; 0838-N-2017), and all participants signed an informed
consent. The study protocol and experimental design were
applied in accordance with the last revised ethical guidelines
of the Declaration of Helsinki. Inclusion criteria were to be sed-
entary (< 20 min of moderate-intensity physical activity on
3 d/week over the last 3 months), and to have a stable weight
over the last 6 months. All participants reported to be free of dis-
ease, were not pregnant or were not lactating women, were not
taking any medication and/or did not have a major illness that
would limit the ability to perform the training programme. All
data were collected between September and October 2016
and 2017.

Participants were classified as MHOO or MUOO(5). Individuals
were classified asMHOO if they had a BMI≥ 25 kg/m2 and did not
met any of the following criteria: (i) serum TAG concentration
≥ 1·71 mmol/l, (ii) HDL-cholesterol concentration < 10·4 mmol/l
for men and < 13mmol/l for women, (iii) systolic blood
pressure≥ 130mmHg or diastolic blood pressure≥ 85mmHg
and (iv) serum fasting glucose level> 5·55 mmol/l. MUOO
individuals were characterised as having a BMI≥ 25 kg/m2 and
at least one of the above-mentioned risk factors.

Blood sample collection

We collected blood samples from the antecubital vein after 12 h
of nocturnal fasting. Serum samples were immediately centri-
fuged and stored in −80°C freezer until their analyses. All partic-
ipants were requested to abstain from drugs and/or caffeine, to
eat an established dinner before sampling and to not do any
physical activity of moderate intensity (24 h before) and/or vig-
orous intensity (48 h before). Glucose, insulin, HDL, total choles-
terol and TAG were measured using specific reagents by
Beckman Coulter Diagnostics. All the samples were processed
in an analyser (Beckman Coulter AU5832). Insulin was analysed
by UniCel Dxl 600 (Beckam Coulter). Homoeostasis model
assessment index(17) and LDL-cholesterol were calculated(18).
All samples were collected and processed in the Hospital PTS
of Granada (Spain).

Blood pressure measurement

The blood pressure was measured with an automatic monitor
(Omrom® HEM 705 CP; Health-care Co.) following the recom-
mendations of the European Society of Cardiology (on the right

arm, with the participants in a supine position and after 10 min
of rest)(19). It was measured twice and the mean calculated.

Dietary assessment

We included different tools in order to evaluate dietary outcomes
by a precise way. To assess dietary factors, we used three 24-h
recalls collected on non-consecutive days, a previously validated
semi-quantitative 100-item FFQ(20) and the PREvención con
DIeta MEDiterránea (PREDIMED) questionnaire(21). All ques-
tionnaires were administered face to face by a qualified and
experimented research dietitian.

Energy and macronutrient intake were assessed using the
average of the three 24-h recalls conducted on non-consecutive
days (one weekend day included), which has previously dem-
onstrated to determine energy intake within 8–10 % of actual
energy intake(22). We used coloured photographs of different
portion sizes of food to help to estimate the quantity of food
consumed(23). The interviews were meal-sequence based and
involved a detailed assessment and description of the food
consumed. Dietary intake from the 24-h recalls was analysed
for energy and macronutrient content using the EvalFINUT®
software, which is based on US Department of Agriculture
and ‘Base de Datos Española de Composición de Alimentos’
databases.

Dietary energy density of food and beverages (excluding
drinking water) was calculated as the total energy intake (kJ/d)
divided by the total weight of daily food intake (g/d)(24).

Food serving consumption was assessed using the FFQ. For
each FFQ food item, a commonly used portion size was
described (slices, cups, teaspoons, etc.), and the participants
were asked how often they had consumed that unit on average
over the last 3 months. Emphasis was added to ensure that the
answers were related to the long-term dietary factors and not to
recent dietary changes. Each FFQ food item was converted into
servings, considering the standard portion weight of each FFQ
food item collected in the own questionnaire (amount con-
sumed/weight of portion).

The adherence to the traditional MedDiet was assessed using
the 14-point questionnaire of adherence to the MedDiet used
and validated in the PREDIMED trial(21). The PREDIMED ques-
tionnaire includes twelve questions related to frequency intake
of key foods and two questions related to specific dietary habits
of the MedDiet. Each question scores 0 or 1 point. The global
score ranges from 0 to 14, where 0 point= null adherence and
14 points= complete adherence to the MedDiet.

All dietary outcomes were evaluated in a quiet, bright and
spacious room in the Instituto Mixto Universitario Deporte
y Salud of the University of Granada (Spain).

Anthropometric measurements and body composition
assessment

Weight and height were measured using an electronic scale
(model 799; Electronic Column Scale) and the BMI calculated
(kg/m2). Lean mass, fat mass and visceral adipose tissue were
evaluated by dual-energy X-ray absorptiometry (Discovery Wi;
Hologic, Inc.) following the manufacturer’s recommendations.
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Statistical analysis

The sample size and power calculations are made based on the
data of a randomised control trial (The FIT-AGEING project(16);
ClinicalTrials.gov ID: NCT03334357). The principal aim of the
FIT-AGEING study was to determine the effect of different train-
ing modalities on health-related parameters (i.e. body composi-
tion among others) in sedentary healthy adults. The sample size
and the power of the studywere based on the data of a pilot sam-
ple (n 30). We considered different health-related parameters
(i.e. body composition among others) and differences between
pre- and post-treatment in order to assess the sample size
requirements for the one-way ANOVA. A sample size of sixty-
eight participants was predicted to provide statistical power of
80 %, considering a type I error of 0·05. Therefore, assuming a
maximum loss of 25 %, we decided to recruit eighty participants.

Visual check of histograms, Q–Q and box plots were used to
verify the distribution of all variables. The descriptive parameters
are reported as means and standard deviations.

Independent-samples t tests were used to study the differences
in body composition and blood parameters between MHOO
and MUOO.

One-way ANOVA was used to test the differences between
MHOO and MUOO in dietary parameters. The χ2 test was used
to examine the difference between MHOO and MUOO in the
compliance of the PREDIMED items.

One-way ANCOVA was used to study the differences
between MHOO and MUOO in dietary parameters, adjusting
by sex, age and energy intake.

The analyseswere conducted using the Statistical Package for
Social Sciences (SPSS, version 25.0, IBM SPSS Statistics; IBM

Corporation), and the level of significance was set at < 0·05.
Graphical presentations were prepared using GraphPad Prism
5 (GraphPad Software).

Results

Table 1 shows the characteristics of the study participants. There
were no differences between MHOO and MUOO participants in
the body composition variables.

No significant differences were observed in energy intake
(Fig. 1(a)), fat intake (Fig. 1(b)), protein intake (Fig. 1(c)), carbo-
hydrate intake (Fig. 1(d)), fibre intake (Fig. 1(e)) and dietary
energy density (Fig. 1(f)) between MHOO and MUOO (all
P≥ 0·352). These results remained after including sex, age and
energy intake in the model (Table 2; all P> 0·313).

The SFA, MUFA, PUFA and cholesterol fatty acid intake were
similar between groups (Fig. 1; all P≥ 0·119). These findings
persisted when sex, age and energy intake were included in
the model (Table 2; all P ≥ 0·107).

MHOO individuals had a higher fish consumption compared
with MUOO individuals (Table 3; 7·6 (SD 2·9) v. 5·8 (SD 2·7) serv-
ings/week; P= 0·035), which remained after including sex
(F= 4·731, P= 0·033, η2= 0·091), age (F= 4·778, P= 0·034,
η2= 0·091) and energy intake (F= 4·681, P= 0·036, η2= 0·092)
as the covariates (Table 4). MUOO individuals had a higher nut
consumption compared with MHOO individuals (Table 3;
5·8 (SD 3·9) v. 3·3 (SD 3·8) servings/week; P= 0·047), which was
attenuated after including sex (F= 3·967, P= 0·052, η2= 0·078),
age (F= 3·984, P= 0·052, η2= 0·078), energy intake (F= 3·460,
P= 0·069, η2= 0·071) as the covariates (Table 4). No differences
were observed in other food group consumption betweenMHOO
and MUOO individuals (Table 3; all P ≥ 0·105).

We showed significant differences in the percentage of pos-
itive score in the commercial sweets and confectionery item of
the PREDIMED questionnaire between MHOO and MUOO indi-
viduals (Table 5; 100 v. 72·2 %; P= 0·036), which remained after
including sex (P= 0·036), age (P= 0·036) and energy intake
(P= 0·039) as the covariates (Table 6). No differences were
observed in the remaining items of the PREDIMEDquestionnaire
and in the PREDIMED total score between MHOO and MUOO
individuals (Table 5; all P ≥ 0·055).

All previous analyses were adjusted by cardiorespiratory
fitness, muscular fitness and physical activity levels of the partic-
ipants. No differences were found when we included the above-
mentioned variables in the models (data not shown).

Discussion

The present study shows that the MHOO individuals registered a
higher fish consumption compared to the MUOO individuals,
independently of sex, age and total energy intake. Moreover,
a higher compliance (lower consumption) in the commercial
sweets and confectionery item of the PREDIMED questionnaire
was observed in the MHOO individuals compared with the
MUOO individuals, independently of sex, age and total energy
intake. However, no differences were noted in other dietary fac-
tors including energy and nutrient intake, other food group

Table 1. Descriptive characteristics of participants
(Mean values and standard deviations)

MHOO (n 15) MUOO (n 36)

Mean SD Mean SD P *

Age (years) 53·4 5·8 53·2 5·5 0·868
Body composition parameters
Weight (kg) 83·3 15·8 81·7 12·0 0·373
Height (cm) 168·0 169·4 12·5 9·5 0·668
BMI (kg/m2) 29·3 2·8 28·4 2·7 0·307
Lean mass (kg) 46·4 14·3 46·4 10·9 0·991
Fat mass (kg) 35·7 6·7 32·7 7·9 0·215
Fat mass (%) 43·2 9·4 40·5 9·1 0·361
Visceral adipose tissue
mass (g)

1025·0 352·9 947·9 339·1 0·481

Blood parameters
Total cholesterol (mmol/l) 54·7 10·3 52·0 7·0 0·358
HDL (mmol/l) 16·6 3·2 13·7 2·7 0·002
LDL (mmol/l) 33·0 9·2 32·4 6·1 0·820
TAG (mmol/l) 1·1 0·3 1·7 0·7 < 0·001
Glucose (mmol/l) 4·9 0·3 5·4 0·7 0·002
Insulin (μIU/ml) 7·9 3·5 9·1 6·5 0·490
HOMA index 1·7 0·8 2·3 2·0 0·321
Systolic blood pressure
(mmHg)

115·9 11·1 133·8 14·8 < 0·001

Diastolic blood pressure
(mmHg)

73·6 7·8 85·4 11·2 0·001

MHOO, metabolically healthy overweight-obese; MUOO, metabolically unhealthy
overweight-obese; HOMA, homoeostatic model assessment for insulin resistance.
* P value obtained from independent-samples t test.
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consumption and in the PREDIMED total score. A near-significant
trend toward significancewas observed in nut consumption,wine
and fish items of the PREDIMED questionnaire.

It is well known that consumption of fish and other
sea-derived products are related to lower risk of the metabolic
syndrome and other cardiometabolic diseases(25). A previous
meta-analysis found that the incidence of the metabolic syn-
drome is reduced by 6 %with an increment of one serving/week
of fish consumption(25). In this sense, previous studies have
suggested that high fish consumption was associated with lower
TAG levels, higher HDL-cholesterol levels and lower risk of the
metabolic syndrome in Norwegian middle-aged adults(26) and in
Norwegian adults of 26–70 years(27). High fish consumption was
also associated with lower waist circumference, lower TAG
levels, higher HDL-cholesterol levels and lower risk of the
metabolic syndrome in a 13-year follow-up study from the
above-mentioned cohorts(28). This relationship could be

explained by different potential mechanisms based on the fish
nutrient contents. Fish are rich in n-3 long-chain PUFA (EPA
and DHA), proteins, taurine, vitamin D, vitamin B, iodine and
Se(26,28). These nutrients have anti-inflammatory properties(28),
reduce abdominal obesity(28), improve blood lipid profile(28),
have hypotensive effects(28) and induce fatty acid oxidation(26),
these effects are independent of the type of fish (lean or fatty)
consumed(26–28). Therefore, the intake of the above-mentioned
nutrients found in fish and sea-derived products could develop
a better metabolic profile independent of the BMI status(29).

MHOO individuals have a higher compliance in the commer-
cial sweets and confectionery item of the PREDIMED question-
naire (≤ 2 servings/week). A previous study conducted in adults
of 19–70 years demonstrated that a higher consumption of
energy-dense snacks (i.e. biscuits, cakes, candies and choco-
lates) could be a dietary risk factor for the development of the
metabolic syndrome(30). Commercial sweets and confectionery
are rich in added sugars, and their consumption is associated
with dyslipidaemia, insulin resistance, CVD and type 2 diabetes
and increases the risk of metabolic diseases(31), independent of
the weight or the total energy intake(31). Commercial sweets and
confectionery are themain sources of trans-fatty acids(32). Trans-
fatty acid intake influences blood lipids and lipoprotein
levels(32), increases systemic inflammation(32), dysregulates
endothelial function(32), increases adiposity(32) and disrupts
glucose–insulin homoeostasis(32), increasing, therefore, the
prevalence of the metabolic syndrome(32,33). In addition, com-
mercial sweets and confectionery have a high content of refined
flours, which are associated with insulin resistance and the
metabolic syndrome in adults(34).

In terms of the remaining dietary factors, our results are not in
accord with previous studies that observed that (i) a high adher-
ence to theMediterranean diet pattern protected against themet-
abolic syndrome(35), mainly due to the higher consumption of
olive oil, fruits, vegetables, legumes and nuts(35); (ii) a high fruit
intake was negatively associated with the prevalence of the met-
abolic syndrome(36), due to their high content in soluble fibre that
reduces insulin secretion and regulates blood lipids(36); (iii) a low
saturated fat intake was negatively associated with the preva-
lence of themetabolic syndrome(36), due to the fact that saturated
fat increases visceral adipose tissue and dysglycaemia and

Table 2. Differences between metabolically healthy and unhealthy overweight-obese adults in energy and nutrient intake*

Model 1 Model 2 Model 3

F P η2 F P η2 F P η2

Energy (kJ/d) 0·187 0·667 0·004 0·217 0·643 0·005 – – –
Fat (g/d) 0·008 0·929 0·000 0·026 0·874 0·001 0·097 0·756 0·002
Protein (g/d) 0·018 0·894 0·000 0·023 0·881 0·000 0·158 0·693 0·003
Carbohydrates (g/d) 0·255 0·616 0·006 0·284 0·597 0·006 0·072 0·790 0·002
Fibre (g/d) 1·041 0·313 0.024 0·785 0·381 0·018 0·873 0·356 0·021
Dietary energy density (kJ/g) 0·078 0·781 0.002 0·092 0·762 0·002 0·042 0·839 0·001
SFA (g/d) 0·090 0·765 0.002 0·122 0·729 0·003 0·012 0·912 0·000
MUFA (g/d) 0·520 0·475 0.011 0·347 0·559 0·007 0·810 0·373 0·017
PUFA (g/d) 0·805 0·374 0.017 0·584 0·449 0·013 1·882 0·177 0·039
Cholesterol (g/d) 2·560 0·116 0.053 2·474 0·123 0·051 2·702 0·107 0·055

* Values obtained from ANCOVA adjusting by sex (model 1); age (model 2); energy intake (model 3).

Table 3. Participants’ intake and consumption of different food groups
(Mean values and standard deviations)

MHOO
(n 15)

MUOO
(n 36)

Mean SD Mean SD P *

Vegetables (servings/d) 3·5 1·5 3·0 1·5 0·355
Fruits (servings/d) 3·3 2·9 2·7 1·4 0·303
Dairy products (servings/d) 1·7 0·9 2·0 1·0 0·445
Olive oil (servings/d) 2·9 0·9 2·6 0·5 0·102
Cereals (servings/d) 2·8 1·0 3·1 0·8 0·235
Eggs (servings/week) 3·2 1·6 3·0 0·9 0·686
White meat (servings/week) 2·2 1·5 2·2 1·4 0·943
Red meat (servings/week) 2·9 1·5 2·2 1·5 0·168
Processed meat (servings/week) 5·4 2·8 4·6 2·4 0·293
Fish (servings/week) 7·6 2·9 5·8 2·7 0·035
Legumes (servings/week) 1·3 1·1 1·8 1·2 0·181
Nuts (servings/week) 3·3 3·8 5·8 3·9 0·047
Vegetable oils (servings/week) 0·3 0·4 0·3 0·7 0·836
Margarine (servings/week) 0·8 1·8 1·0 2·0 0·738
Butter (servings/week) 0·8 1·9 0·7 1·7 0·871
Sweets (servings/week) 5·6 5·5 6·3 6·2 0·698
Alcoholic beverages (servings/week) 7·3 6·2 8·0 7·3 0·752
Soft drinks (servings/week) 3·2 5·2 1·9 2·8 0·262

MHOO, metabolically healthy overweight-obese; MUOO, metabolically unhealthy
overweight-obese.
* P values from one-way ANOVA.
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(iv) energy-restricted diets and moderate-high-protein diets
protected against the prevalence of the metabolic syndrome(37),
due to the decrement of abdominal obesity, the regulation of
blood lipids and glucose levels(37). The lack of accordance with
previous studies in the remaining dietary factors might be due to
the small sample size that may fail to detect meaningful

differences between groups or the different nationalities of the
previous study(36).

The main weakness of the present study is the cross-sectional
design, which does not allow to identify any causal association.
Additionally, the study sample was constituted by sedentary
middle-aged adults (45–65 years), thus we cannot extrapolate
our results to younger and/or physically active individuals.
And lastly, we did not differ between lean and fatty fish and this
differentiation could be a determinant of the association found.

In conclusion, our study showed that the MHOO individ-
uals registered a higher fish consumption compared with
the MUOO individuals, independent of sex, age and total
energy intake. Moreover, a higher compliance in the

Table 4. Differences between metabolically healthy and unhealthy overweight-obese adults in food group consumption*

Model 1 Model 2 Model 3

F P η2 F P η2 F P η2

Vegetables (servings/d) 0·695 0·409 0·015 0·833 0·366 0·017 0·838 0·365 0·018
Fruits (servings/d) 0·857 0·359 0·018 1·048 0·311 0·021 1·197 0·280 0·025
Dairy products (servings/d) 0·452 0·505 0·009 0·573 0·453 0·012 0·491 0·487 0·011
Olive oil (servings/d) 2·714 0·106 0·054 2·685 0·108 0·053 2·729 0·105 0·056
Eggs (servings week) 0·134 0·716 0·003 0·166 0·685 0·003 0·182 0·672 0·004
White meat (servings/week) 0·021 0·886 0·000 0·006 0·939 0·000 0·246 0·622 0·005
Red meat (servings/week) 2·568 0·116 0·051 2·014 0·162 0·040 2·306 0·136 0·048
Processed meat (servings/week) 1·332 0·254 0·028 1·084 0·303 0·023 1·604 0·212 0·034
Fish (servings/week) 4·799 0·033 0·091 4·778 0·034 0·091 4·681 0·036 0·092
Legumes (servings/week) 2·013 0·162 0·040 1·808 0·185 0·036 2·441 0·125 0·050
Nuts (servings/week) 3·967 0·052 0·078 3·984 0·052 0·078 3·460 0·069 0·071
Vegetable oils (servings/week) 0·030 0·864 0·001 0·044 0·835 0·001 0·012 0·914 0·000
Margarine (servings/week) 0·223 0·639 0·005 0·096 0·758 0·002 0·089 0·767 0·002
Butter (servings/week) 0·045 0·833 0·001 0·035 0·853 0·001 0·110 0·742 0·002
Sweets (servings/week) 0·113 0·739 0·002 0·169 0·683 0·004 0·027 0·870 0·001
Alcoholic beverages (servings/week) 0·019 0·892 0·000 0·122 0·729 0·003 0·003 0·955 0·000
Soft drinks (servings/week) 1·312 0·258 0·027 1·234 0·272 0·025 1·842 0·181 0·038

* Values obtained from ANCOVA adjusting by sex (model 1); age (model 2); energy intake (model 3).

Table 5. Participants’ response frequency of food items included in the
PREvención con DIeta MEDiterránea (PREDIMED) questionnaire*
(Percentage positive scores; mean values and standard deviations)

Questions in the PREDIMED
questionnaire

MHOO
(n 15) (%

positive score)

MUOO
(n 36) (%

positive score) P†

(1) Use of extra virgin olive oil
as main culinary lipid

100 100 –

(2) Extra virgin olive oil> 4
tablespoons

86·7 75·0 0·199

(3) Vegetables ≥ 2 servings/d 66·7 55·6 0·354
(4) Fruits≥ 3 servings/d 26·7 30·6 0·845
(5) Red/processed meats < 1/d 73·3 83·3 0·924
(6) Butter, cream,

margarine < 1/d
100 100 –

(7) Soda drinks< 1/d 73·3 80·6 0·726
(8) Wine glasses≥ 7/week 33·3 13·9 0·093
(9) Legumes ≥ 3/week 26·7 27·8 1·000
(10) Fish/seafood≥ 3/week 33·3 13·9 0·093
(11) Commercial sweets and

confectionery≤ 2/week
100 72·2 0·036

(12) Tree nuts ≥ 3/week 46·7 55·6 0·650
(13) Poultry more than

red meats
80·0 86·1 0·783

(14) Use of sofrito sauce
≥ 2/week

60·0 80·6 0·159

PREDIMED total score 0·334
Mean 9·5 8·9
SD 1·5 1·9

MHOO, metabolically healthy overweight-obese; MUOO, metabolically unhealthy
overweight-obese.
* Data are presented as percentage of positive score of the question.
† P values from χ2 analysis and one-way ANOVA.

Table 6. Differences between metabolically healthy and unhealthy
overweight-obese adults in PREvención con DIeta MEDiterránea
(PREDIMED) items and total score*

Model 1 Model 2 Model 3

P P P

(1) Use of extra virgin olive oil as main
culinary lipid

– – –

(2) Extra virgin olive oil> 4 tablespoons 0·199 0·199 0·222
(3) Vegetables ≥ 2 servings/d 0·354 0·354 0·419
(4) Fruits≥ 3 servings/d 0·845 0·845 0·736
(5) Red/processed meats < 1/d 0·924 0·924 0·843
(6) Butter, cream, margarine < 1/d – – –
(7) Soda drinks< 1/d 0·726 0·726 0·647
(8) Wine glasses≥ 7/week 0·093 0·093 0·195
(8) Wine glasses≥ 7/week 0·093 0·093 0·195
(9) Legumes ≥ 3/week 1·000 1·000 0·736
(10) Fish/seafood≥ 3/week 0·093 0·093 0·195
(11) Commercial sweets and

confectionery≤ 2/week
0·036 0·036 0·039

(12) Tree nuts≥ 3/week 0·650 0·650 0·576
(13) Poultry more than red meats 0·783 0·783 0·720
(14) Use of sofrito sauce≥ 2/week 0·159 0·159 0·304
PREDIMED total score 0·348 0·331 0·373

* Values obtained from χ2 analysis adjusting by sex (model 1); age (model 2); and
energy intake (model 3).
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commercial sweets and confectionery item of the PREDIMED
questionnaire was observed in the MHOO individuals com-
pared with the MUOO individuals, independent of sex, age
and total energy intake. Longitudinal studies with fish-type
differentiation are required to establish causal association.
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Fig. 1. Dietary intake in metabolically healthy overweight-obese (black plots) and metabolically unhealthy overweight-obese (grey plots) individuals. Data are means
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