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Abstract: Unhealthy dietary habits and sedentarism coexist with a rising incidence of excess weight
and associated comorbidities. We aimed to analyze the dietary and drinking patterns of patients with
excess weight, their main characteristics, plausible gender differences and impact on cardiometabolic
risk factors, with a particular focus on the potential contribution of beer consumption. Data from
200 consecutive volunteers (38 ± 12 years; 72% females) living with overweight or class I obesity
attending the obesity unit to lose weight were studied. Food frequency questionnaires and 24 h recalls
were used. Reduced-rank regression (RRR) analysis was applied to identify dietary patterns (DPs).
Anthropometry, total and visceral fat, indirect calorimetry, physical activity level, comorbidities
and circulating cardiometabolic risk factors were assessed. Study participants showed high waist
circumference, adiposity, insulin resistance, dyslipidemia, pro-inflammatory adipokines and low anti-
inflammatory factors like adiponectin and interleukin-4. A low-fiber, high-fat, energy-dense DP was
observed. BMI showed a statistically significant (p < 0.05) correlation with energy density (r = 0.80) as
well as percentage of energy derived from fat (r = 0.61). Excess weight was associated with a DP low
in vegetables, legumes and whole grains at the same time as being high in sweets, sugar-sweetened
beverages, fat spreads, and processed meats. RRR analysis identified a DP characterized by high
energy density and saturated fat exhibiting negative loadings (>−0.30) for green leafy vegetables,
legumes, and fruits at the same time as showing positive factor loadings (>0.30) for processed foods,
fat spreads, sugar-sweetened beverages, and sweets. Interestingly, for both women and men, wine
represented globally the main source of total alcohol intake (p < 0.05) as compared to beer and
distillates. Beer consumption cannot be blamed as the main culprit of excess weight. Capturing the
DP provides more clinically relevant and useful information. The focus on consumption of single
nutrients does not resemble real-world intake behaviors.

Keywords: overweight; obesity; dietary pattern; alcoholic beverages; beer; adiposity; gender differences;
cardiometabolic risk factors

1. Introduction

A dramatic increase in obesity prevalence has been witnessed in the last decades [1–5].
The World Health Organization (WHO) recognizes that currently 39% of the world’s pop-
ulation presents overweight, while 13% is living with obesity [6]. Similar demographic
trends are observed in Spain, with an estimated prevalence of overweight of 39.3% and
obesity of 21.6% in Spanish adults aged 25–64 years [7,8]. Noteworthily, excess weight is an
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independent risk factor for type 2 diabetes (T2D), cardiovascular diseases (CVD), hyper-
tension, non-alcoholic fatty liver, dyslipidemia, and certain cancers, among others [9,10].
Thus, excess weight and its accompanying comorbidities embody one of the main health
problems worldwide [11,12].

Unhealthy dietary habits and sedentarism coexist with the rising incidence of over-
weight, obesity, the associated comorbidities and chronic disease [13–15]. After decades
of proposed policies, obesity prevalence has not been successfully decreased. Despite the
knowledge of obesity as a chronic, treatable disease, its management still faces challenges
regarding the most adequate treatment approach [16]. In this context, nutrition, among
others, is a key element in health and disease with a maintained caloric imbalance between
energy expenditure and intake over time promoting the development of obesity [17,18].
The diverse components that influence total energy expenditure (TEE) include thermic
effect of food (TEF), resting energy expenditure (REE) and physical activity [19,20]. While
sophisticated techniques like doubly labelled water or direct calorimetry can be applied
to measure TEE, they are mainly being carried out for research purposes [21,22]. In the
clinical setting, however, REE can be determined by indirect calorimetry, which combined
with physical activity level (PAL) assessment can inform about TEE [23].

Dietary interventions systematically offered during decades to lose weight have lacked
patient experience, thereby being vastly ineffective in the long term. Lifestyle choices and
in particular dietary changes are often seen as something that people living with obesity
(PlwO) should improve by themselves, representing one of the lacunae in management.
Traditionally, emphasis has been placed on avoiding particularly detrimental foods. Over-
consumption of energy based on nutrient-poor, energy-dense foods and drinks reportedly
elevates the risk of excess body weight and also increases the risk of obesity comorbidi-
ties [24]. Noteworthily, these dietary and drinking patterns rely on regional and cultural
beliefs, as do some unsupervised weight-loss attempts. In Spain, people attempting to
lose weight usually eliminate bread and beer from their diets, since these food items are
popularly considered as the main culprits of excess weight. However, this belief has not
been supported by scientific evidence specifically addressing this question.

In this context, we hypothesized that the excess energy intake cannot be blamed on
a single food item like beer. Therefore, the rationale of the present study relied on the
fact that capturing the multiple dietary options comprising a dietary pattern (DP) is key
for better understanding energy imbalance in excess weight. To that end, we aimed to
analyze the dietary and drinking patterns of patients with excess weight to decipher their
main characteristics and the potential existence of gender differences and their impact on
cardiometabolic risk factors, with a particular focus on the potential contribution of beer
consumption. This information will enable the possibility of establishing more evidence-
based dietary recommendations based on actual DPs to achieve a more holistic body weight
regulation rather than condemning single foods.

2. Materials and Methods
2.1. Patient Selection and Study Design

This one-arm, open-label, exploratory, cross-sectional study collected momentary data
from 200 consecutive male and female White patients with overweight or class I obesity
attending the Endocrinology and Nutrition Department of the University of Navarra Clinic
to lose weight. Criteria for inclusion consisted of being of either gender, a non-smoker,
aged between 18–65 years, having a body mass index (BMI) between 25.0–35.0 kg/m2, not
taking medication, and having no psychiatric pathology. All subjects involved in the study
provided informed consent. Criteria for exclusion included other severe systemic diseases
unrelated to excess weight, infections or inflammatory processes, cancer, or marked nephro-
or hepatopathy, other than metabolic-associated fatty liver disease, pregnancy or lactation,
being vegetarian, vegan, or persons with special dietary requirements. The sample pop-
ulation thus represents a homogeneous study group comprised of the habitual patients
attending our department and clinic who share a common ethnic, cultural and socioeco-
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nomic background. In this line, neither physical activity nor lifestyle factors accounted as
potential confounders due to the shared sedentarism and daily living style habits. This is a
substudy of the trial registered with ClinicalTrials.gov, number NCT01055626. The study
design was accepted from a scientific and ethical point of view by the Ethical Committee
of the Hospital, receiving approval number 30/2006 further updated in number 2020.041.
All procedures conformed to the guidelines of the Declaration of Helsinki as well as its
subsequent revisions; the research protocol was approved by the Universidad de Navarra’s
Ethical Committee (protocol 2020.041).

2.2. Anthropometry, Body Composition and Resting Energy Expenditure Determination

To obtain the BMI, weight was measured in kg with a 0.1 kg precision and height
was determined in meters with a Harpenden stadiometer (Holtain Ltd., Crymych, UK).
To measure waist circumference (WC), a non-elastic tape was placed on the midaxillary
line at the midpoint between the rib cage and the iliac crest. In order to ensure uniformity
in anthropometric measurements and to limit interobserver variability, anthropometric
measurements were obtained by the same researcher with the ISAK (International Soci-
ety for the Advancement of Kinanthropometry) certification. Total percent body fat was
determined using the Bod-Pod®, based on air-displacement plethysmography (Life Mea-
surements, Concord, CA, USA) applying the equation of Siri, as described before [25].
Air-displacement plethysmography reportedly closely agrees with hydrodensitometry, or
underwater weighing, traditionally considered the gold standard [26]. Trunk fat and vis-
ceral adiposity were quantified by abdominal bioimpedance using a Tanita AB-140 device
(Tanita Corp., Tokyo, Japan), as previously reported [27]. Trunk fat includes both subcu-
taneous and intra-abdominal adipose tissue, while visceral fat is expressed in arbitrary
units, which, as indicated by the manufacturer, multiplied by 10 equates to the visceral
adiposity area assessed by computed tomography expressed in cm2. Blood pressure was
determined in a semi-sitting position with a sphygmomanometer at the non-dominant
arm at at least 3 different time intervals to obtain the mean following a 5 min rest. After a
12 h fasting period, production of carbon dioxide and consumed oxygen were measured
at thermoneutrality by indirect calorimetry (Vmax29, SensorMedics Corporation, Yorba
Linda, CA, USA) to determine REE [23]. A validated questionnaire [28] was applied to
estimate the physical activity level (PAL) to obtain the TEE of all study participants.

2.3. Dietetic History and Nutritional Information

Information on dietary intake was collected by trained dietitians using 24 h recall
records together with a standardized dietary intake toolkit to help with quantification.
Interviews covered both workdays and weekends to ensure a proportional representation.
All types of drinks (including alcoholic beverages) and foods were registered, calculating
the size of portions with habitual brands, household estimates of package weights, and
where appropriate, also collecting ways of cooking [29]. Foods consumed in quantities over
15 g or one tablespoon were included. Mean intakes of the single macronutrients, specific
food groups and individual DPs were calculated across the 24 h recalls. While 24 h recalls
are more appropriate to gauge the eating patterns of a specific demography, food frequency
questionnaires (FFQs) are more appropriate for tracking individual dietary patterns. Foods
not consumed on a daily basis but still relevant to a person’s diet were captured via FFQs
that rely on a longer recall period. Bias in FFQs was minimized by conducting dietitian-led
interviews instead of self-reported questionnaires.

In order to develop the cluster analysis, the food group information needs to be obtained.
The 24 h recall data identified 16 food groups, which included eggs, dairy products and
milk, seafood and fish, meat, cold meats, legumes, cereals, starchy staples, leafy dark green
vegetables, roots and tubers, other vegetables, fruits, nuts and seeds, oils, fats and spreads,
sweets, and beverages. Mean dietary intake was obtained by the multiple-pass approach
applied, including the three-steps method, namely ‘quick listing’, ‘detailed food and beverage
describing’ and ‘final reviewing’, to enhance full and precise recalling to decrease respondent
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burden. Dietary adequacy was analyzed via individual diet diversity scores by means of sum-
ming the number of nine aggregated food groups (eggs, meats, fish, milk and dairy products,
starchy staples, vegetables, fruits, legumes, nuts and seeds) [30]. The actual complexities of the
general population’s eating habits can be better captured by DP analysis, as it accounts for the
interactive and synergistic effects of different nutrients and food groups [31,32]. Reduced-rank
regression (RRR) uses data-driven analysis of real-world eating behaviors aimed at identifying
DPs in food intake reports via the combination of current knowledge and plausible mecha-
nisms of diet-related disease [33]. Thereby, establishment of the relative relevance of a number
of nutrient-related mechanisms plausibly linking diet to weight or cardiometabolic risk can
be achieved by RRR [34]. The combination of nutritional information is important, since to
reliably assess diet–disease relations the within-person variability in dietary consumption
needs to be contemplated [35].

2.4. Blood Analyses

Anthropometric as well as body composition determinations were carried out on the
same day together with the blood extraction. To avoid plausible confounders based on
hormone rhythmicity, blood samples were taken in the morning after an overnight fast of
at least 10 h. An automated analyzer (Roche, Basel, Switzerland/Hitachi, Tokyo, Japan
Modular P800) was used to quantify plasma glucose [36]. An enzyme-amplified chemi-
luminescence assay (Immulite®, Diagnostic Products Corp., Los Angeles, CA, USA) was
used to measure insulin concentrations, as in prior studies [37,38]. Insulin sensitivity and
resistance were estimated via the quantitative insulin-sensitivity check index (QUICKI) [39]
and the homeostatic model assessment (HOMA) [40], respectively [41,42]. The lipid profile
was assessed via enzymatic spectrophotometric methods (Roche, Basel, Switzerland) for
triglyceride and total cholesterol determination [43]. Colorimetry (Beckman Synchron® CX
analyzer, Beckman Instruments, Ltd., Bucks, UK) was applied to determine high-density
lipoprotein (HDL-cholesterol), while low-density lipoprotein (LDL-cholesterol) was ob-
tained from the Friedewald formula. The ultrasensitive assay (Tina-quant® CRP, Roche,
Basel, Switzerland) was used to measure high-sensitivity C-reactive protein (CRP). The
Clauss method was applied to analyze circulating fibrinogen levels (Hemoliance®, In-
strumentation Laboratory, Barcelona, Spain). A fluorescence polarization immunoassay
(Axis Biochemicals ASA, Oslo, Norway) was used for homocysteine determination with
an IMX analyzer (Abbott, Abbott Park, IL, USA). An automated analyzer (Roche/Hitachi
Modular P800) analyzed aspartate aminotransferase (AST), alanine aminotransferase (ALT),
γ-glutamyltransferase (γ-GT), uric acid, and creatinine [44,45].

Targeted adipokines and cytokines were selected to reflect the impact on inflammation
of the DP identified. Furthermore, well-known cardiometabolic risk factors were also
included to evaluate the effects of excess weight. Determination of the circulating concen-
trations of pro-inflammatory adipo-cytokines and interleukines (IL) included leptin, which
works also as a lipostat, by quantification via a double-antibody radioimmunoassay method
(Linco Research, Inc., St. Charles, MO, USA) with 5.0% and 4.5% intra-and inter-assay coeffi-
cients of variation (CV), respectively [46]. An enzyme-linked immunosorbent assay (ELISA)
was applied for the determination of adiponectin, which operates as an insulin sensitizer
and cardioprotective factor (BioVendor, Brno, Czech Republic) with intra-and inter-assay
CVs of 6.7% and 7.8%, respectively. Chitinase-3-like protein 1 (YKL-40), osteopontin (OPN),
lipocalin-2 (LCN-2) and tenascin C (TNC) are well-known proinflammatory factors and
were assessed with commercially available ELISA kits of R&D systems (Minneapolis, MN,
USA) and IBL International GMBH (Hamburg, Germany), which exhibited the following
intra- and interassay CVs: 4.6% and 6.0% for YKL-40; 3.2 and 5.9% for OPN; 3.7% and
6.5% for LCN-2; 4.9% and 5.4% for TNC, respectively. A high-sensitivity ELISA kit was
used to measure TNF-α (no. HSTAA00D, R&D Systems, Minneapolis, MN, USA), which
also has relevant autocrine modulation, with intra- and inter-assay CVs of 5.0% and 5.7%,
respectively. Since some interleukins have proinflammatory effects while others exert anti-
inflammatory properties, representative cytokines of both of them were assessed. IL-1β
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concentrations were determined by ELISA (RAF052R, BioVendor), while IL-6 was analyzed
by ELISA (DY206-05, R&D Systems) with an intra-assay CV of 5.4% and an inter-assay
CV of 11.4%. Monocyte chemoattractant protein-1 (MCP-1) and IL-10 serum levels were
analyzed via the Human Quantikine® Immunoassay kits (R&D Systems), while IL-4 and
IL-8 were determined with ELISA commercial kits (Genzyme, Cambridge, MA, USA) and
all within-assay CV being less than 8%. Similarly, circulating concentrations of IL-32 were
assessed with an ELISA commercial kit (CUSABIO, College Park, MD, USA) yielding intra-
and interassay CVs < 8.0 and 10.0%, respectively.

2.5. Statistical Analyses

Mean ± standard errors of the mean (SEM) were used to present data. The Kolmogorov–
Smirnov test assessed the normal distribution while Levene’s test analyzed homogeneity
of variance. Student’s t tests were applied for comparison of two groups. ANOVA and
χ2 analysis, as pertinent, were carried out to analyze gender distribution differences, type
of alcoholic beverage and frequency distribution with categorical variables. Pearson’s
correlation coefficients (r) interrogated the correlations between anthropometric measures,
energy density and source. SPSS version 23 (SPSS, Chicago, IL, USA) was used for all
calculations. Because of the homogeneity of the study sample, the possibility of potential
confounders due to differences in race, ethnicity, lifestyle factors, educational level, and
socioeconomic background, among others, was not observed. Statistical significance was
established at 0.05.

The mean intakes of specific nutrients, individual food groups and DPs were analyzed
across the 24 h dietary assessment. Additionally to comparing reproducibility estimates
for consumption of food groups determined by the 24 h assessment as well as the FFQ,
the comparison with the rankings of usual food group intake was established. DPs were
derived from RRR in order to establish the linear function of food groups (as predictor
variables) via maximization of the explained response variation [34]. Different DPs were
derived from each analysis, encompassing the whole spectrum from the ‘more healthy’
to the ‘less healthy’ profile. No notable differences between the patterns derived from
percentage energy, adjusting weight for intake of total energy or directly using weight
values, were observed [47]. DP scores were considered in categorical and continuous
forms applying the Statistical Analysis System software version 9.4 (SAS Institute, Cary,
NC, USA). Analyses of weighted Pearson correlation evaluated the correlations between
DP scores and their subcomponents. DP z-scores were calculated for each participant by
the RRR model as a linear, weighted combination of all of their standardized food group
intakes with unique weights for each DP. Individual z-scores for each participant were
obtained for each DP derived, whereby a higher z-score corresponds to a higher adherence
to the DP identified. Thus, intake of foods with a negative factor loading decreased the
DP z-score, while consumption of foods with a positive factor loading increased the DP
z-score. Factor loadings ≤ −0.20 and ≥ 0.20 for food groups were significant and taken as
the more prominent negative and positive contributors to the DP z-scores, respectively.

3. Results
3.1. Study Cohort Characteristics

The first 200 participants attending the Endocrinology and Nutrition Department
for weight loss exhibited a mean age of 38 ± 12 years with a majority of females (72%).
This finding is in agreement with males and females exhibiting different behaviors and
attitudes as regards weight perception, with males being less likely to perceive themselves
as overweight than females [48]. Moreover, this misperception translates into males being
less likely than females to seek advice for weight loss [49]. The anthropometric and clinical
characteristics of study participants are summarized in Table 1. Participants belonged to
both the overweight and obesity categories, exhibiting a mean BMI within class I obesity
accompanied by a high WC together with an elevated total and visceral adiposity. Al-
though the mean baseline glycemia was within the normal range, the high HOMA index
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evidenced that it was achieved at the expense of a high insulin resistance accompanied
by a low insulin sensitivity, as indicated by the QUICKI index. Participants had a normal
hepatic and renal function. Mean blood pressure, both systolic and diastolic, were within
the normal range. As expected with the high adiposity of the participants, metabolic
alterations consistent in dyslipidemia, elevated proinflammatory adipokines like leptin,
osteopontin, lipocalin 2, tenascin C, YKL-40, TNF-α, MCP-1, IL-1β, and IL-32, as well as
high circulating concentrations of cardiometabolic risk factors like CRP, von Willebrandt
factor, homocysteine and fibrinogen together with low anti-inflammatory adipokines like
adiponectin and cytokines such as interleukin-4, were observed.

Table 1. Anthropometric and clinical characteristics of the study participants.

Variables Mean ± SEM
(n = 200)

Sex (males/females) 56/144
Age (years) 38 ± 12
BMI (kg/m2) 32.2 ± 3.5
Body fat (%) 40.0 ± 4.3
Visceral adiposity (a.u.) 13.9 ± 3.7
WC (cm) 97 ± 15
Systolic BP (mm Hg) 131 ± 16
Diastolic BP (mm Hg) 85 ± 10
Glucose (mg/dL) 98 ± 17
Insulin (µU/mL) 11.9 ± 3.5
HOMA-IR 2.87 ± 0.91
QUICKI 0.330 ±0.044
Triglycerides (mg/dL) 103 ± 10
Total cholesterol (mg/dL) 208 ± 22
HDL-cholesterol (mg/dL) 53 ± 8
LDL-cholesterol (mg/dL) 130 ± 9
Free fatty acids (mEq/L) 0.5 ± 0.1
Creatinine (mg/dL) 0.80 ± 0.11
Uric acid (mg/dL) 4.5 ± 0.2
Urea (mg/dL) 12.4 ± 1.3
ALT (UI/L) 19 ± 7
AST (UI/L) 25 ± 8
AP (UI/L) 66 ± 9
GGT (UI/L) 28 ± 9
Leptin (ng/mL) 36.5 ± 6.1
Adiponectin (µg/mL) 6.7 ± 2.1
Osteopontin (ng/mL) 68.8 ± 9.4
Lipocalin 2 (ng/mL) 70.2 ± 3.6
Tenascin C (ng/mL) 63.1 ± 3.7
YKL-40 (ng/mL) 36.0 ± 4.4
TNF-α (pg/mL) 6.37 ± 3.52
MCP-1 (pg/mL) 486 ± 200
IL-1β (pg/mL) 5.15 ± 1.02
IL-4 (ng/mL) 3.41 ± 1.18
IL-6 (pg/mL) 4.42 ± 0.79
IL-8 (pg/mL) 4.31 ± 1.25
IL-10 (pg/mL) 6.52 ± 2.38
IL-32 (pg/L) 10.5 ± 2.3
CRP (mg/L) 5.3 ± 2.7
vW Factor Ag (%) 133 ± 28
Homocysteine (µmol/L) 8.72 ± 0.79
Fibrinogen (mg/dL) 286 ± 25

BMI, body mass index; a.u., arbitrary units; WC, waist circumference; BP, blood pressure; HOMA-IR, homeostasis
model assessment—insulin resistance; QUICKI, quantitative insulin sensitivity check index; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; AP, alkaline phosphatase; Gamma-GT, gamma-glutamil transferase;
YKL-40, chitinase 3-like protein-1; TNF-α, tumor necrosis factor alpha; MCP-1, monocyte chemotaxis protein 1;
IL, interleukin; CRP, C reactive protein; vW factor Ag, von Willebrand factor antigen.
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3.2. Energy Imbalance, Dietary and Drinking Patterns

Globally, participants exhibited an excess energy intake over expenditure. Further-
more, gender-specific differences were observed, with men showing a significantly higher
(p < 0.05) intake of calories derived from alcohol than women. However, energy intake
derived from alcohol was not high (2.9 and 4.5% of total energy intake for females and
males, respectively) showing that this was not the main factor explaining the energy imbal-
ance between intake and expenditure (Table 2). This was further corroborated, as 5% of the
participants attending the Department for weight loss were nondrinkers. The minimal and
maximal values show the wide range in intake of both females and males.

Table 2. Total caloric intake derived from alcohol consumption.

Energy
Females Males

Stat. Sign.
Mean Minimum Maximum Mean Minimum Maximum

Total energy intake (TEI) (kcal/d) 2252 1219 3562 2494 1915 4158 *

EI from alcohol (kcal/d) 73 0 430 96 0 482 *

EI from alc. (% of total) 2.9 0 12.1 4.5 0 15.4 *

EI from alc, energy intake from alcohol. Data are presented as mean followed by minimum and maximum values
in brackets. Stat. sign., statistical significance; * p < 0.05 assessed by Chi-square (χ2) analysis.

Interestingly, for both women and men, wine represented globally the main source of
total alcohol intake (p < 0.05), as compared to beer and distillates (Table 3). This pattern
was maintained in female participants that had either less than one drink per week or
5–7 drinks per week, whereas in males having less than 1 drink per week beer was the
main type of alcoholic beverage. Data in low- and high-frequency consumption provide
clinically interesting information. As expected, the proportion of males consuming beer was
significantly higher (p < 0.05) than that of women in global terms, while females consumed
significantly more (p < 0.05) wine than men without significant differences between sexes
regarding liquors and distilled spirits.

Table 3. Proportion of total alcohol intake according to type of beverage and frequency of consumption.

Type of Beverage
Females Frequency (Drinks/Week) Males Frequency (Drinks/Week)

Stat. Sign.
(%) <1 5–7 (%) <1 5–7

Beer 18.8 23.7 13.8 # 41.0 48.0 § 38.6 *

Wine 69.3 § 52.6 § 79.4 § 46.3 31.6 51.0 § *

Distillates 11.9 23.7 6.9 # 12.7 § 20.3 § 10.5 # ns

Distillates, liquors and distilled spirits. Data are presented as mean percentage values. Stat. sign., statistical
significance; Chi-square (χ2) analysis was applied to determine differences in gender and categorical variables; ns,
non-significant for gender; p < 0.05 assessed by χ2 for * gender, § type of beverage and # frequency of consumption.

Figure 1 shows the macronutrient distribution derived from the total energy intake
for both males and females obtained during the dietetic history. Both genders exhibited
an inadequate intake resulting from a high intake of fats and a low intake of complex
carbohydrates as compared to healthy dietary recommendations.

The intake of sugar-sweetened beverages was above the optimal intake for both males
and females. In addition, the energy consumption of healthy foods was suboptimal in
the cohort studied (Tables 4 and 5). Noteworthily, frequency of intake of specific foods
in relation to the frequency of consumption of alcoholic drinks per week yields valuable
information as regards the impact of healthy and unhealthy food groups. Men exhibited
generally a higher consumption of both unhealthy and healthy foods than women. Over-
weight and obesity were both associated with a DP low in vegetables, legumes and whole
grains at the same time as being high in sweets, sugar-sweetened beverages, spreads, and
processed meats (Figure 2). RRR analysis identified a DP characterized by high energy
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density and saturated fat exhibiting negative loadings (>−0.30) for green leafy vegetables,
legumes, and fruits at the same time as showing positive factor loadings (>0.30) for pro-
cessed foods, fat spreads, sugar-sweetened beverages, and sweets (Figure 3). A low-fiber,
high-fat, energy-dense DP was observed in the study participants. BMI showed a statisti-
cally significant (p < 0.05) correlation with energy density (r = 0.80) as well as percent of
energy derived from fat (r = 0.61), while positive high factor loadings significantly (p < 0.05)
related to adverse biomarkers profiles.
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Table 4. Global proportion of participants with a low intake of foods in relation to frequency of
alcoholic drinks per week.

Diet Poor in

Females
Freq. (Drinks/Week)

Males
Freq. (Drinks/Week) Stat. Sign.

(%) <1 5–7 (%) <1 5–7

Fib. and cer. 71.4 § 70.2 79.5 74.8 § 76.3 65.8 ns

Vegetables 66.8 § 61.3 72.0 71.0 § 74.8 53.7 # ns

Salads 55.2 § 57.5 53.1 69.4 § 68.6 63.1 *

Legumes 87.3 § 85.4 89.6 85.3 § 88.7 83.6 ns

Fruits 20.0 15.2 24.1 # 39.2 39.0 38.5 *

Fish 60.2 63.6 57.8 68.1 67.8 60.0 ns

Fib. and cer., Fiber and cereals; Freq., Frequency. Data are presented as mean percentage values. Stat. sign., statistical
significance; Chi-square (χ2) analysis was applied to determine differences in gender and categorical variables; ns,
non-significant for gender; p < 0.05 assessed by χ2 for * gender, § type of beverage and # frequency of consumption.

Table 5. Global proportion of participants with elevated intake of foods in relation to frequency of
alcoholic drinks per week.

Diet High in
Females

Fre. (Drinks/Week)
Males

Freq. (Drinks/Week) Stat. Sign.
(%) <1 5–7 (%) <1 5–7

Sweets 93.1 § 92.4 91.7 79.6 § 80.3 82.1 *

Solid fats 76.5 75.3 77.2 77.8 79.0 75.4 ns

Ch./cold mts 49.9 § 50.6 § 48.8 § 83.4 § 81.2 84.7 *

Sug.-sw. bev. 80.7 § 80.2 81.0 81.2 § 80.3 83.6 ns

Solid fats, butter and margarine; Ch./cold mts, cheese/cold meats; Sug.-sw. bev., sugar-sweetened beverages.
Data are presented as mean percentage values. Stat. sign., statistical significance; Chi-square (χ2) analysis was
applied to determine differences in gender and categorical variables; ns, non-significant for gender; p < 0.05
assessed by χ2 for * gender, § type of beverage.
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Figure 2. Radial plot illustrating the differences between males and females in the intake of some
of the main elements characterizing dietary pattern. The different radial lines (0–100) indicate the
percentage of study participants exhibiting on the right side of the graph a poor intake of fibers and
cereals, vegetables, salads, legumes, fruits and fish, whereas on the left side the graph reflects the
percentage of study participants showing a high intake of sugar-sweetened beverages, cheese, butter
and fat spreads, and sweets.
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4. Discussion

The present study provides evidence about the anthropometric and cardiometabolic
profile of patients with excess weight of this cohort. The detailed nutritional information
gathered within the experimental design combining 24 h recalls, FFQs and RRR anal-
ysis allows the detailed description of their quantitative and qualitative characteristics.
Macronutrient analysis highlighted the high energy intake coming from fats at the expense
of a low consumption of complex carbohydrates. Noteworthily, excess weight was asso-
ciated with a DP low in vegetables, legumes, whole grains and fruits at the same time as
being high in sweets, sugar-sweetened beverages, fat spreads, and processed foods. RRR
analysis identified a DP characterized by high energy density and saturated fat exhibiting
negative loadings (>−0.30) for green leafy vegetables, legumes, and fruits at the same
time as showing positive factor loadings (>0.30) for processed foods, fat spreads, sugar-
sweetened beverages, and sweets. A high intake of sugar-sweetened beverages was shown
in both males and females. Interestingly, high intakes of low-fiber bread, confectionery,
chocolate, butter and added sugars, together with low intakes of vegetables and fresh fruits,
conform to DPs that have been associated with a higher T2D incidence, in particular in
PlwO and among younger people [24]. Similarly, an obesity-related DP has been prospec-
tively associated with an elevated risk of CVD, an increased incidence of site-specific and
overall cancers as well as all-cause mortality [50–52]. Likewise, higher consumption of
ultra-processed food (UPF) in prospective cohort studies reportedly increases the risk of
obesity and obesity-related outcomes [53]. Higher UPF consumption is inversely associated
with vegetable, fruit, legume and seafood intake. Taken together, these findings show that
the DP, more strongly than individual foods, impacts health outcomes.

As regards alcohol consumption, men exhibited a higher intake of calories derived
from alcohol than women, which was in line with previously reported findings [54]. Whilst
gender-specific differences were observed, in both cases, the energy intake derived from
alcohol was not high, thereby demonstrating that it was not the main factor driving the
energy imbalance between intake and expenditure. In fact, some studies have observed
that PlwO exhibited lower rates of alcohol consumption as compared to the general popu-
lation [55,56] showing that the higher the BMI, the lower the alcohol intake, probably in
relation to overeating competing at brain-reward sites with alcohol [56,57]. This contrasts,
however, with rodent studies in which some neuropeptides increased consumption of both
high-fat foods and alcohol [58,59]. Noteworthily, frequency and quantity of consumption
define hazardous drinking as well as its association with morbidity [60–62]. In this con-
text, attention has been drawn to the relevance of drinking patterns and type of alcoholic
beverages consumed, since some profiles of frequency and amount are associated with
higher BMIs [63–67]. In our study, irrespective of gender, wine represented globally the
main source of alcoholic beverages, with sugar-sweetened intake being above the optimal
level in both genders. It was observed that beer intake was more frequent among people
with a lower alcohol consumption frequency (<1 d/week) as compared to participants
with a higher alcohol consumption frequency (5–7 d/week). In this respect, some authors
suggest that in terms of contribution to body weight regulation, no relationship between
alcohol intake and body weight exists [68,69]. However, via analyses of 5-year changes
in alcohol consumption in relation to 5-year changes in WC and BMI, other authors have
identified that the association of alcohol intake with measures of obesity is complex [70].
Thus, while in females intake of wine and distillates/mixed drinks exhibited contrasting
associations with changes in WC and BMI, in males weekly alcohol consumption reduction
with a special emphasis on stopping excessive intake could have beneficial effects on WC
and BMI management. Of note, mean alcohol volume intake may mask the relationship
between amount and frequency with health outcomes [63,71]. In the last years, an increase
in alcohol consumption in adult females has been observed, thereby narrowing the gen-
der gap [54]. Additionally, in spite of drinking less than men, women can reach higher
circulating alcohol concentrations, thus experiencing more hazardous effects. However,
except for hypertension risk, no gender-related effects of alcohol intake on coronary heart
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disease and stroke risk have been identified [62]. While the relationship is relatively linear
between alcohol intake and hypertension for males, for women it does have a J shape,
further evidencing the complexity of the gender-specific differences in alcohol intake. In
this context, a higher adherence to a healthy beverage index reportedly minimizes the risk
of metabolic alterations [72].

Suboptimal diets reportedly account for chronic disease development and more mor-
tality globally than any other risks [3,18,73–77]. In the case of overweight and obesity, the
focus of people pursuing weight loss has traditionally been on restricting single food items,
which are blamed for leading to excess weight. In this respect, cultural beliefs frequently
only blame beer [78], perpetuating conjectures and presumptions of unsubstantiated beliefs
in the obesity domain [79]. Our study provides evidence that focusing on dietary and
drinking patterns better captures the individual’s reality. Undoubtedly, in a complex activ-
ity like eating in which multiple homeostatic and hedonic factors are involved, focusing on
a single item that can be blamed as the main culprit of excess weight represents a simplistic
approach [80,81]. Data show that quantifying food consumption by both grams or binary
variables yielded meaningful DPs, with each method providing different advantages; while
weight accounts for food amount consumed, binary intake preferentially describes general
food choices, which are potentially easier to be modified and therefore useful in public
health settings [47]. In this context, governments should learn from their earlier policy
failures [82] to prioritize policies that make minimal demands on individuals and have the
potential for a population-wide reach so as to maximize their potential for equitable im-
pacts. Moreover, policies should be proposed in ways that readily lead to implementation
and evaluation.

Strengths of the study include the detailed patient phenotyping, the combination
of tools aimed at achieving realistic nutritional information, and the experience of the
research team in the field, which ensures reproducible study conditions. Our results
provide clinically useful information relevant for therapeutic purposes. Given that foods
are not consumed in isolation, identification of DPs based on actual eating behaviors yields
more valuable interpretation and understanding of the diet-related causes of excess weight
to help in the management of patients. Capturing the real DPs will help to develop a
better understanding of the complexity of intake and to build trust in order to deliver
effective evidence-based health interventions. Nonetheless, the present work also has some
limitations. One potential limitation of the present study pertains to the generalizability
to other populations, since the research was carried out in the homogeneous sample
population attending our Department for weight loss, thereby overturning the potential
effect of confounding factors such as race, ethnicity, educational level, cultural beliefs,
lifestyle factors and socioeconomic status, among others. However, this aspect may be
also viewed as a strength, since the sample homogeneity ensures the lack of potential
confounders. The findings would need to be confirmed in other populations in order to
determine potential ethnic or race-specific differences as regards DPs, body composition
and associations with the cardiometabolic risk factors.

5. Conclusions

The focus on consumption of single nutrients does not resemble real-world intake
behaviors. As hypothesized, capturing the DP provides more clinically relevant and useful
information. The obtained data can provide useful information for strategic approaches to
improve the effectiveness of obesity policies. Healthcare practitioners should be encouraged
to offer dietary policies that focus on the promotion of diet components for which non-
optimal intakes are evident, rather than only targeting individual or specific food items.
The evidence provided in the present study can help to broaden and implement policy
decision making for obesity management with DP modification, yielding more long-term
benefits in terms of sustainability and feasibility of interventions.



Nutrients 2023, 15, 4824 12 of 15

Author Contributions: Conceptualization, G.F. and A.M.; methodology, M.A.-A., P.Y.-E., L.O., C.M.P.,
M.G.-G., P.A., J.E., C.S., A.M. and G.F.; investigation, M.A.-A., P.Y.-E., L.O., C.M.P., M.G.-G., P.A.,
J.E., C.S., A.M. and G.F.; formal analysis, M.A.-A., P.Y.-E., L.O., C.S. and G.F.; writing—original draft
preparation, G.F.; writing—review and editing, M.A.-A., P.Y.-E., L.O., C.M.P., M.G.-G., P.A., J.E., C.S.,
A.M. and G.F.; supervision, G.F. and A.M.; project administration, G.F.; funding acquisition, A.M.
and G.F. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by the “Centro de Información Cerveza y Salud”, Spanish Institute
of Health ISCIII (Subdirección General de Evaluación and Fondos FEDER project PI22/00745) and
CIBEROBN. The funding organization had no role in data collection, analysis and interpretation,
manuscript writing or the decision to submit it for publication.

Institutional Review Board Statement: All procedures carried out followed the Declaration of
Helsinki as well as its subsequent revisions. The study design was accepted from a scientific and
ethical point of view by the Ethical Committee of the Hospital receiving approval number 30/2006
further updated in number 2020.041, approval date: 22 July 2020.

Informed Consent Statement: All participants in the study provided written informed consent.

Data Availability Statement: The data presented in this study are available upon reasonable request
from the corresponding author. The data are not publicly available due to privacy restrictions.

Acknowledgments: The technical assistance of Sonia Romero is gratefully acknowledged. We also
thank the valuable collaboration of all the staff of the Department of Endocrinology and Nutrition of
the University of Navarra Clinic.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

Abbreviations

ALT: alanine aminotransferase; AST: aspartate aminotransferase; AP: alkaline phosphatase; BMI:
body mass index; BP: blood pressure; CRP: C reactive protein; CV: coefficient of variation CVD: car-
diovascular diseases; DP: dietary pattern; ELISA: enzyme-linked immunosorbent assay; FFQs: food
frequency questionnaires; Gamma-GT: gamma-glutamil transferase; HOMA-IR: homeostasis model
assessment—insulin resistance; IL: interleukin; ISAK: International Society for the Advancement of
Kinanthropometry; LCN-2: lipocalin-2; MCP-1: monocyte chemotaxis protein 1; OPN: osteopon-
tin; PAL: physical activity level; PlwO: people living with obesity; QUICKI: quantitative insulin
sensitivity check index; REE: resting energy expenditure; RRR: reduced-rank regression; TEE: total
energy expenditure; TEF: thermic effect of food; TNC: tenascin C; T2D: type 2 diabetes; TNF-α: tumor
necrosis factor alpha; YKL-40: chitinase 3-like protein-1; vW factor Ag, von Willebrand factor antigen;
WC: waist circumference; WHO: World Health Organization.

References
1. Frühbeck, G.; Gómez-Ambrosi, J. Control of body weight: A physiologic and transgenic perspective. Diabetologia 2003, 46, 143–172.

[CrossRef]
2. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from

1975 to 2016: A pooled analysis of 2416 population-based measurement studies in 128.9 million children, adolescents, and adults.
Lancet 2017, 390, 2627–2642. [CrossRef] [PubMed]

3. GBD 2017 Diet Collaborators. Health effects of dietary risks in 195 countries, 1990–2017: A systematic analysis for the Global
Burden of Disease Study 2017. Lancet 2019, 393, 1958–1972. [CrossRef]

4. GBD 2019 Diseases & Injuries-Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories, 1990–2019:
A systematic analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1204–1222. [CrossRef] [PubMed]

5. Catalán, V.; Avilés-Olmos, I.; Rodríguez, A.; Becerril, S.; Fernández-Formoso, J.A.; Kiortsis, D.; Portincasa, P.; Gómez-Ambrosi, J.;
Frühbeck, G. Time to consider the “exposome hypothesis” in the development of the obesity pandemic. Nutrients 2022, 14, 1597.
[CrossRef]

6. World Health Organization. Fact Sheet: Obesity and Overweight. Available online: http://www.who.int/mediacentre/
factsheets/fs311/en/ (accessed on 9 June 2021).

https://doi.org/10.1007/s00125-003-1053-4
https://doi.org/10.1016/S0140-6736(17)32129-3
https://www.ncbi.nlm.nih.gov/pubmed/29029897
https://doi.org/10.1016/S0140-6736(19)30041-8
https://doi.org/10.1016/S0140-6736(20)30925-9
https://www.ncbi.nlm.nih.gov/pubmed/33069326
https://doi.org/10.3390/nu14081597
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/


Nutrients 2023, 15, 4824 13 of 15

7. Gutiérrez-Fisac, J.L.; Guallar-Castillón, P.; León-Munoz, L.M.; Graciani, A.; Banegas, J.R.; Rodríguez-Artalejo, F. Prevalence of
general and abdominal obesity in the adult population of Spain, 2008–2010: The ENRICA study. Obes. Rev. 2012, 13, 388–392.
[CrossRef]

8. Talukdar, D.; Seenivasan, S.; Cameron, A.J.; Sacks, G. The association between national income and adult obesity prevalence:
Empirical insights into temporal patterns and moderators of the association using 40 years of data across 147 countries. PLoS
ONE 2020, 15, e0232236. [CrossRef]

9. Heymsfield, S.B.; Wadden, T.A. Mechanisms, pathophysiology, and management of obesity. N. Engl. J. Med. 2017, 376, 254–266.
[CrossRef] [PubMed]

10. Frühbeck, G.; Busetto, L.; Dicker, D.; Yumuk, V.; Goossens, G.H.; Hebebrand, J.; Halford, J.G.C.; Farpour-Lambert, N.J.;
Blaak, E.E.; Woodward, E.; et al. The ABCD of obesity: An EASO Position Statement on a diagnostic term with clinical and
scientific implications. Obes. Facts 2019, 12, 131–136. [CrossRef] [PubMed]

11. de Heredia, F.P.; Gómez-Martínez, S.; Marcos, A. Obesity, inflammation and the immune system. Proc. Nutr. Soc. 2012, 71, 332–338.
[CrossRef]

12. Yárnoz-Esquiroz, P.; Olazarán, L.; Aguas-Ayesa, M.; Perdomo, C.M.; García-Goñi, M.; Silva, C.; Fernández-Formoso, J.A.;
Escalada, J.; Montecucco, F.; Portincasa, P.; et al. ‘Obesities’: Position statement on a complex disease entity with multifaceted
drivers. Eur. J. Clin. Investig. 2022, 52, e13811. [CrossRef] [PubMed]

13. Cooremans, K.; Geuens, M.; Pandelaere, M. Cross-national investigation of the drivers of obesity: Re-assessment of past findings
and avenues for the future. Appetite 2017, 114, 360–367. [CrossRef] [PubMed]

14. Mozaffarian, D. The White House Conference on hunger, nutrition, and health—A new national strategy. N. Engl. J. Med. 2022,
387, 2014–2017. [CrossRef] [PubMed]

15. Perdomo, C.M.; Frühbeck, G.; Escalada, J. Impact of nutritional changes on nonalcoholic fatty liver disease. Nutrients 2019, 11, 677.
[CrossRef]

16. Perdomo, C.M.; Cohen, R.V.; Sumithran, P.; Clément, K.; Frühbeck, G. Contemporary medical, device, and surgical therapies for
obesity in adults. Lancet 2023, 401, 1116–1130. [CrossRef] [PubMed]

17. Hill, J.O.; Wyatt, H.R.; Peters, J.C. Energy balance and obesity. Circulation 2012, 126, 126–132. [CrossRef]
18. Shan, Z.; Wang, F.; Li, Y.; Baden, M.Y.; Bhupathiraju, S.N.; Wang, D.D.; Sun, Q.; Rexrode, K.M.; Rimm, E.B.; Qi, L.; et al. Healthy

eating patterns and risk of total and cause-specific mortality. JAMA Intern. Med. 2023, 183, 142–153. [CrossRef]
19. Hall, K.D.; Heymsfield, S.B.; Kemnitz, J.W.; Klein, S.; Schoeller, D.A.; Speakman, J.R. Energy balance and its components:

Implications for body weight regulation. Am. J. Clin. Nutr. 2012, 95, 989–994. [CrossRef]
20. Soares, M.J.; Müller, M.J. Resting energy expenditure and body composition: Critical aspects for clinical nutrition. Eur. J. Clin.

Nutr. 2018, 72, 1208–1214. [CrossRef]
21. Kenny, G.P.; Notley, S.R.; Gagnon, D. Direct calorimetry: A brief historical review of its use in the study of human metabolism

and thermoregulation. Eur. J. Appl. Physiol. 2017, 117, 1765–1785. [CrossRef]
22. Westerterp, K.R. Exercise, energy expenditure and energy balance, as measured with doubly labelled water. Proc. Nutr. Soc. 2018,

77, 4–10. [CrossRef] [PubMed]
23. Lam, Y.Y.; Ravussin, E. Indirect calorimetry: An indispensable tool to understand and predict obesity. Eur. J. Clin. Nutr. 2017,

71, 318–322. [CrossRef] [PubMed]
24. Biltoft-Jensen, A.; Matthiessen, J.; Hess Ygil, K.; Christensen, T. Defining energy-dense, nutrient-poor food and drinks and

estimating the amount of discretionary energy. Nutrients 2022, 14, 1477. [CrossRef]
25. Gomez-Ambrosi, J.; Gallego-Escuredo, J.M.; Catalan, V.; Rodriguez, A.; Domingo, P.; Moncada, R.; Valenti, V.; Salvador, J.; Giralt,

M.; Villarroya, F.; et al. FGF19 and FGF21 serum concentrations in human obesity and type 2 diabetes behave differently after
diet- or surgically-induced weight loss. Clin. Nutr. 2017, 36, 861–868. [CrossRef] [PubMed]

26. Fields, D.A.; Higgins, P.B.; Radley, D. Air-displacement plethysmography: Here to stay. Curr. Opin. Clin. Nutr. Metab. Care 2005,
8, 624–629. [CrossRef] [PubMed]

27. Gomez-Ambrosi, J.; Gonzalez-Crespo, I.; Catalan, V.; Rodriguez, A.; Moncada, R.; Valenti, V.; Romero, S.; Ramirez, B.; Silva, C.;
Gil, M.J.; et al. Clinical usefulness of abdominal bioimpedance (ViScan) in the determination of visceral fat and its application in
the diagnosis and management of obesity and its comorbidities. Clin. Nutr. 2018, 37, 580–589. [CrossRef] [PubMed]

28. Johansson, G.; Westerterp, K.R. Assessment of the physical activity level with two questions: Validation with doubly labeled
water. Int. J. Obes. 2008, 32, 1031–1033. [CrossRef] [PubMed]

29. Wrieden, W.L.; Barton, K.L.; Cochrane, L.; Adamson, A.J. Calculation and Collation of Typical Food Portion Sizes for Adults Aged
19–64 and Older People Aged 65 and Over; Final Technical Report to the Food Standards Agency; Food Standards Agency: London,
UK, 2006; Volume 5.

30. Kennedy, G.; Ballard, T.; Dop, M.E. Guidelines for Measuring Household and Individual Dietary Diversity; Food and Agriculture
Organization of the United Nations: Rome, Italy, 2013.

31. Hu, F.B. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol. 2002, 13, 3–9. [CrossRef]
[PubMed]

32. Newby, P.K.; Tucker, K.L. Empirically derived eating patterns using factor or cluster analysis: A review. Nutr. Rev. 2004,
62, 177–203. [CrossRef] [PubMed]

https://doi.org/10.1111/j.1467-789X.2011.00964.x
https://doi.org/10.1371/journal.pone.0232236
https://doi.org/10.1056/NEJMra1514009
https://www.ncbi.nlm.nih.gov/pubmed/28099824
https://doi.org/10.1159/000497124
https://www.ncbi.nlm.nih.gov/pubmed/30844811
https://doi.org/10.1017/S0029665112000092
https://doi.org/10.1111/eci.13811
https://www.ncbi.nlm.nih.gov/pubmed/35514242
https://doi.org/10.1016/j.appet.2017.04.010
https://www.ncbi.nlm.nih.gov/pubmed/28412311
https://doi.org/10.1056/NEJMp2213027
https://www.ncbi.nlm.nih.gov/pubmed/36440891
https://doi.org/10.3390/nu11030677
https://doi.org/10.1016/S0140-6736(22)02403-5
https://www.ncbi.nlm.nih.gov/pubmed/36774932
https://doi.org/10.1161/CIRCULATIONAHA.111.087213
https://doi.org/10.1001/jamainternmed.2022.6117
https://doi.org/10.3945/ajcn.112.036350
https://doi.org/10.1038/s41430-018-0220-0
https://doi.org/10.1007/s00421-017-3670-5
https://doi.org/10.1017/S0029665117001148
https://www.ncbi.nlm.nih.gov/pubmed/28724452
https://doi.org/10.1038/ejcn.2016.220
https://www.ncbi.nlm.nih.gov/pubmed/27848941
https://doi.org/10.3390/nu14071477
https://doi.org/10.1016/j.clnu.2016.04.027
https://www.ncbi.nlm.nih.gov/pubmed/27188262
https://doi.org/10.1097/01.mco.0000171127.44525.07
https://www.ncbi.nlm.nih.gov/pubmed/16205463
https://doi.org/10.1016/j.clnu.2017.01.010
https://www.ncbi.nlm.nih.gov/pubmed/28187933
https://doi.org/10.1038/ijo.2008.42
https://www.ncbi.nlm.nih.gov/pubmed/18392036
https://doi.org/10.1097/00041433-200202000-00002
https://www.ncbi.nlm.nih.gov/pubmed/11790957
https://doi.org/10.1111/j.1753-4887.2004.tb00040.x
https://www.ncbi.nlm.nih.gov/pubmed/15212319


Nutrients 2023, 15, 4824 14 of 15

33. Hoffmann, K.; Schulze, M.B.; Schienkiewitz, A.; Nöthlings, U.; Boeing, H. Application of a new statistical method to derive
dietary patterns in nutritional epidemiology. Am. J. Epidemiol. 2004, 159, 935–944. [CrossRef]

34. Lazarova, S.V.; Jessri, M. Associations between dietary patterns and cardiovascular disease risk in Canadian adults: A comparison
of partial least squares, reduced rank regression, and the simplified dietary pattern technique. Am. J. Clin. Nutr. 2022, 116, 362–377.
[CrossRef] [PubMed]

35. Carter, J.L.; Lewington, S.; Piernas, C.; Bradbury, K.; Key, T.J.; Jebb, S.A.; Arnold, M.; Bennett, D.; Clarke, R. Reproducibility of
dietary intakes of macronutrients, specific food groups, and dietary patterns in 211 050 adults in the UK Biobank study. J. Nutr.
Sci. 2019, 8, e34. [CrossRef] [PubMed]

36. Frühbeck, G.; Catalán, V.; Rodríguez, A.; Ramírez, B.; Becerril, S.; Salvador, J.; Colina, I.; Gómez-Ambrosi, J. Adiponectin-leptin
ratio is a functional biomarker of adipose tissue inflammation. Nutrients 2019, 11, 454. [CrossRef]

37. Frühbeck, G.; Alonso, R.; Marzo, F.; Santidrián, S. A modified method for the indirect quantitative analysis of phytate in foodstuffs.
Anal. Biochem. 1995, 225, 206–212. [CrossRef] [PubMed]

38. Moreno-Navarrete, J.M.; Escote, X.; Ortega, F.; Serino, M.; Campbell, M.; Michalski, M.C.; Laville, M.; Xifra, G.; Luche, E.;
Domingo, P.; et al. A role for adipocyte-derived lipopolysaccharide-binding protein in inflammation- and obesity-associated
adipose tissue dysfunction. Diabetologia 2013, 56, 2524–2537. [CrossRef] [PubMed]

39. Katz, A.; Nambi, S.S.; Mather, K.; Baron, A.D.; Follmann, D.A.; Sullivan, G.; Quon, M.J. Quantitative insulin sensitivity check
index: A simple, accurate method for assessing insulin sensitivity in humans. J. Clin. Endocrinol. Metab. 2000, 85, 2402–2410.
[CrossRef]

40. Matthews, D.R.; Hosker, J.P.; Rudenski, A.S.; Naylor, B.A.; Treacher, D.F.; Turner, R.C. Homeostasis model assessment: Insulin
resistance and β-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia 1985, 28, 412–419.
[CrossRef] [PubMed]

41. Gayoso-Diz, P.; Otero-González, A.; Rodriguez-Alvarez, M.X.; Gude, F.; García, F.; De Francisco, A.; Quintela, A.G. Insulin
resistance (HOMA-IR) cut-off values and the metabolic syndrome in a general adult population: Effect of gender and age: EPIRCE
cross-sectional study. BMC Endocr. Disord. 2013, 13, 47. [CrossRef]

42. Tahapary, D.L.; Pratisthita, L.B.; Fitri, N.A.; Marcella, C.; Wafa, S.; Kurniawan, F.; Rizka, A.; Tarigan, T.J.E.; Harbuwono,
D.S.; Purnamasari, D.; et al. Challenges in the diagnosis of insulin resistance: Focusing on the role of HOMA-IR and Tryglyc-
eride/glucose index. Diabetes Metab. Syndr. Obes. 2022, 16, 102581. [CrossRef] [PubMed]

43. Sabater, M.; Moreno-Navarrete, J.M.; Ortega, F.J.; Pardo, G.; Salvador, J.; Ricart, W.; Frühbeck, G.; Fernández-Real, J.M. Circulating
pigment epithelium-derived factor levels are associated with insulin resistance and decrease after weight loss. J. Clin. Endocrinol.
Metab. 2010, 95, 4720–4728. [CrossRef]

44. Catalán, V.; Gómez-Ambrosi, J.; Rodríguez, A.; Ramírez, B.; Rotellar, F.; Valentí, V.; Silva, C.; Gil, M.J.; Fernández-Real, J.M.;
Salvador, J.; et al. Increased levels of calprotectin in obesity are related to macrophage content: Impact on inflammation and effect
of weight loss. Mol. Med. 2011, 17, 1157–1167. [CrossRef] [PubMed]

45. Rodríguez, A.; Gómez-Ambrosi, J.; Catalán, V.; Rotellar, F.; Valentí, V.; Silva, C.; Mugueta, C.; Pulido, M.R.; Vázquez, R.;
Salvador, J.; et al. The ghrelin O-acyltransferase-ghrelin system reduces TNF-α-induced apoptosis and autophagy in human
visceral adipocytes. Diabetologia 2012, 55, 3038–3050. [CrossRef] [PubMed]

46. Muruzábal, F.J.; Frühbeck, G.; Gómez-Ambrosi, J.; Archanco, M.; Burrell, M.A. Immunocytochemical detection of leptin in
non-mammalian vertebrate stomach. Gen. Comp. Endocrinol. 2002, 128, 149–152. [CrossRef] [PubMed]

47. Smith, A.D.; Emmett, P.M.; Newby, P.K.; Northstone, K. Dietary patterns obtained through principal components analysis: The
effect of input variable quantification. Br. J. Nutr. 2013, 109, 1881–1891. [CrossRef] [PubMed]

48. Lemon, S.C.; Rosal, M.C.; Zapka, J.; Borg, A.; Andersen, V. Contributions of weight perceptions to weight loss attempts:
Differences by body mass index and gender. Body Image 2009, 6, 90–96. [CrossRef] [PubMed]

49. Pagoto, S.L.; Schneider, K.L.; Oleski, J.L.; Luciani, J.M.; Bodenlos, J.S.; Whited, M.C. Male inclusion in randomized controlled
trials of lifestyle weight loss interventions. Obesity 2012, 20, 1234–1239. [CrossRef] [PubMed]

50. Calder, P.C.; Ahluwalia, N.; Brouns, F.; Buetler, T.; Clement, K.; Cunningham, K.; Esposito, K.; Jönsson, L.S.; Kolb, H.; Lansink, M.;
et al. Dietary factors and low-grade inflammation in relation to overweight and obesity. Br. J. Nutr. 2011, 106, S5–S78. [CrossRef]

51. Maimaitiyiming, M.; Yang, H.; Zhou, L.; Zhang, X.; Cai, Q.; Wang, Y. Associations between an obesity-related dietary pattern and
incidence of overall and site-specific cancers: A prospective cohort study. BMC Med. 2023, 21, 251. [CrossRef]

52. Maimaitiyiming, M.; Yang, H.; Li, H.; Xu, C.; Li, S.; Zhou, L.; Zhang, X.; Wang, Y. The association of obesity-related dietary
patterns and main food groups derived by reduced-rank regression with cardiovascular diseases incidence and all-cause mortality:
Findings from 116,711 adults. Eur. J. Nutr. 2023, 62, 2605–2619. [CrossRef]

53. Dicken, S.J.; Batterham, R.L. The role of diet quality in mediating the association between ultra-processed food intake, obesity
and health-related outcomes: A review of prospective cohort studies. Nutrients 2021, 14, 23. [CrossRef]

54. White, A.M. Gender differences in the epidemiology of alcohol use and related harms in the United States. Alcohol Res. 2020,
40, 1–3. [CrossRef]

55. Mannisto, S.; Uusitalo, K.; Roos, E.; Fogelholm, M.; Pietinen, P. Alcohol beverage drinking, diet and body mass index in a
cross-sectional survey. Eur. J. Clin. Nutr. 1997, 51, 326–332. [CrossRef] [PubMed]

56. Kleiner, K.D.; Gold, M.S.; Frost-Pineda, K.; Lenz-Brunaman, B.; Perri, M.G.; Jacobs, W.S. Body mass index and alcohol use.
J. Addict. Dis. 2004, 23, 105–118. [CrossRef]

https://doi.org/10.1093/aje/kwh134
https://doi.org/10.1093/ajcn/nqac117
https://www.ncbi.nlm.nih.gov/pubmed/35511218
https://doi.org/10.1017/jns.2019.31
https://www.ncbi.nlm.nih.gov/pubmed/31723428
https://doi.org/10.3390/nu11020454
https://doi.org/10.1006/abio.1995.1145
https://www.ncbi.nlm.nih.gov/pubmed/7762782
https://doi.org/10.1007/s00125-013-3015-9
https://www.ncbi.nlm.nih.gov/pubmed/23963324
https://doi.org/10.1210/jcem.85.7.6661
https://doi.org/10.1007/BF00280883
https://www.ncbi.nlm.nih.gov/pubmed/3899825
https://doi.org/10.1186/1472-6823-13-47
https://doi.org/10.1016/j.dsx.2022.102581
https://www.ncbi.nlm.nih.gov/pubmed/35939943
https://doi.org/10.1210/jc.2010-0630
https://doi.org/10.2119/molmed.2011.00144
https://www.ncbi.nlm.nih.gov/pubmed/21738950
https://doi.org/10.1007/s00125-012-2671-5
https://www.ncbi.nlm.nih.gov/pubmed/22869322
https://doi.org/10.1016/S0016-6480(02)00072-2
https://www.ncbi.nlm.nih.gov/pubmed/12392688
https://doi.org/10.1017/S0007114512003868
https://www.ncbi.nlm.nih.gov/pubmed/22950853
https://doi.org/10.1016/j.bodyim.2008.11.004
https://www.ncbi.nlm.nih.gov/pubmed/19188102
https://doi.org/10.1038/oby.2011.140
https://www.ncbi.nlm.nih.gov/pubmed/21633403
https://doi.org/10.1017/S0007114511005460
https://doi.org/10.1186/s12916-023-02955-y
https://doi.org/10.1007/s00394-023-03177-x
https://doi.org/10.3390/nu14010023
https://doi.org/10.35946/arcr.v40.2.01
https://doi.org/10.1038/sj.ejcn.1600406
https://www.ncbi.nlm.nih.gov/pubmed/9152684
https://doi.org/10.1300/J069v23n03_08


Nutrients 2023, 15, 4824 15 of 15

57. Volkow, N.D.; Michaelides, M.; Baler, R. The neuroscience of drug reward and addiction. Physiol. Rev. 2019, 99, 2115–2140.
[CrossRef] [PubMed]

58. Leibowitz, S.F. Regulation and effects of hypothalamic galanin: Relation to dietary fat, alcohol ingestion, circulating lipids and
energy homeostasis. Neuropeptides 2005, 39, 327–332. [CrossRef]

59. Karatayev, O.; Barson, J.R.; Carr, A.J.; Baylan, J.; Chen, Y.W.; Leibowitz, S.F. Predictors of ethanol consumption in adult Sprague-
Dawley rats: Relation to hypothalamic peptides that stimulate ethanol intake. Alcohol 2010, 44, 323–334. [CrossRef] [PubMed]

60. MacKillop, J.; Agabio, R.; Feldstein Ewing, S.W.; Heilig, M.; Kelly, J.F.; Leggio, L.; Lingford-Hughes, A.; Palmer, A.A.; Parry, C.D.;
Ray, L.; et al. Hazardous drinking and alcohol use disorders. Nat. Rev. Dis. Primers 2022, 8, 80. [CrossRef] [PubMed]

61. Marcos, A.; Serra-Majem, L.; Pérez-Jiménez, F.; Pascual, V.; Tinahones, F.J.; Estruch, R. Moderate consumption of beer and its
effects on cardiovascular and metabolic health: An updated review of recent scientific evidence. Nutrients 2021, 13, 879. [CrossRef]

62. Piano, M.R.; Thur, L.A.; Hwang, C.L.; Phillips, S.A. Effects of alcohol on the cardiovascular system in women. Alcohol Res. 2020,
40, 12. [CrossRef] [PubMed]

63. Breslow, R.A.; Smothers, B.A. Drinking patterns and body mass index in never smokers: National Health Interview Survey,
1997–2001. Am. J. Epidemiol. 2005, 161, 368–376. [CrossRef]

64. Kerr, W.C.; Greenfield, T.K.; Tujague, J.; Brown, S.E. A drink is a drink? Variation in the amount of alcohol contained in beer, wine
and spirits drinks in a US methodological sample. Alcohol. Clin. Exp. Res. 2005, 29, 2015–2021. [CrossRef] [PubMed]

65. Kerr, W.C.; Greenfield, T.K.; Tujague, J. Estimates of the mean alcohol concentration of the spirits, wine, and beer sold in the
United States and per capita consumption: 1950 to 2002. Alcohol. Clin. Exp. Res. 2006, 30, 1583–1591. [CrossRef] [PubMed]

66. Tujague, J.; Kerr, W.C. Energy intake estimates of respondent-measured alcoholic beverages. Alcohol Alcohol. 2009, 44, 34–41.
[CrossRef] [PubMed]

67. Lukasiewicz, E.; Mennen, L.I.; Bertrais, S.; Arnault, N.; Preziosi, P.; Galan, P.; Hercberg, S. Alcohol intake in relation to body
mass index and waist-to-hip ratio: The importance of type of alcoholic beverage. Public Health Nutr. 2005, 8, 315–320. [CrossRef]
[PubMed]

68. Pirola, R.C.; Lieber, C.S. The energy cost of the metabolism of drugs, including ethanol. Pharmacology 1972, 7, 185–196. [CrossRef]
69. Kromhout, D. Energy and macronutrient intake in lean and obese middle-aged men (the Zutphen study). Am. J. Clin. Nutr. 1983,

37, 295–299. [CrossRef] [PubMed]
70. Butler, J.L.; Gordon-Larsen, P.; Steffen, L.M.; Shikany, J.M.; Jacobs, D.R.J.; Popkin, B.M.; Poti, J.M. Associations of 5-year changes

in alcoholic beverage intake with 5-year changes in waist circumference and BMI in the Coronary Artery Risk Development in
Young Adults (CARDIA) study. PLoS ONE 2023, 18, e0281722. [CrossRef] [PubMed]

71. Room, R. Measuring drinking patterns: The experience of the last half century. J. Subst. Abus. 2000, 12, 23–31. [CrossRef]
72. Rasaei, N.; Hosseininasab, D.; Shiraseb, F.; Gholami, F.; Noori, S.; Ghaffarian-Ensaf, R.; Daneshzad, E.; Clark, C.C.T.; Mirzaei,

K. The association between healthy beverage index and healthy and unhealthy obesity phenotypes among obese women: A
cross-sectional study. Int. J. Clin. Pract. 2022, 2022, 7753259. [CrossRef]

73. Newby, P.K.; Muller, D.; Hallfrisch, J.; Qiao, N.; Andres, R.; Tucker, K.L. Dietary patterns and changes in body mass index and
waist circumference in adults. Am. J. Clin. Nutr. 2003, 77, 1417–1425. [CrossRef] [PubMed]

74. Villegas, R.; Yang, G.; Gao, Y.T.; Cai, H.; Li, H.; Zheng, W.; Shu, X.O. Dietary patterns are associated with lower incidence of type 2
diabetes in middle-aged women: The Shanghai Women’s Health Study. Int. J. Epidemiol. 2010, 39, 889–899. [CrossRef] [PubMed]

75. Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov, S.; Abbafati, C.; Abera, S.F.; et al.
Global, regional, and national prevalence of overweight and obesity in children and adults during 1980–2013: A systematic
analysis for the Global Burden of Disease Study 2013. Lancet 2014, 384, 766–781. [CrossRef] [PubMed]

76. Kimokoti, R.W.; Millen, B.E. Nutrition for the prevention of chronic diseases. Med. Clin. N. Am. 2016, 100, 1185–1198. [CrossRef]
77. Sweetman, A.K.; Carter, J.; Perez-Cornago, A.; Gao, M.; Jebb, S.A.; Piernas, C. Dietary pattern adherence in association with

changes in body composition and adiposity measurements in the UK Biobank study. Obes. Res. Clin. Pract. 2023, 17, 233–241.
[CrossRef] [PubMed]

78. Bergmann, M.M.; Schutze, M.; Steffen, A.; Boeing, H.; Halkjaer, J.; Tjonneland, A.; Travier, N.; Agudo, A.; Slimani, N.;
Rinaldi, S.; et al. The association of lifetime alcohol use with measures of abdominal and general adiposity in a large-scale
European cohort. Eur. J. Clin. Nutr. 2011, 65, 1079–1087. [CrossRef] [PubMed]

79. Casazza, K.; Brown, A.; Astrup, A.; Bertz, F.; Baum, C.; Brown, M.B.; Dawson, J.; Durant, N.; Dutton, G.; Fields, D.A.; et al.
Weighing the evidence of common beliefs in obesity research. Crit. Rev. Food Sci. Nutr. 2015, 55, 2014–2053. [CrossRef] [PubMed]

80. Bellisle, F.; McDevitt, R.; Prentice, A.M. Meal frequency and energy balance. Br. J. Nutr. 1997, 77 (Suppl. S1), S57–S70. [CrossRef]
[PubMed]

81. Bellisle, F. Edograms: Recording the microstructure of meal intake in humans-a window on appetite mechanisms. Int. J. Obes.
2020, 44, 2347–2357. [CrossRef] [PubMed]

82. Theis, D.R.Z.; White, M. Is Obesity Policy in England Fit for Purpose? Analysis of Government Strategies and Policies, 1992–2020.
Milbank Q. 2021, 99, 126–170. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1152/physrev.00014.2018
https://www.ncbi.nlm.nih.gov/pubmed/31507244
https://doi.org/10.1016/j.npep.2004.12.022
https://doi.org/10.1016/j.alcohol.2010.05.002
https://www.ncbi.nlm.nih.gov/pubmed/20692550
https://doi.org/10.1038/s41572-022-00406-1
https://www.ncbi.nlm.nih.gov/pubmed/36550121
https://doi.org/10.3390/nu13030879
https://doi.org/10.35946/arcr.v40.2.12
https://www.ncbi.nlm.nih.gov/pubmed/32766021
https://doi.org/10.1093/aje/kwi061
https://doi.org/10.1097/01.alc.0000187596.92804.bd
https://www.ncbi.nlm.nih.gov/pubmed/16340459
https://doi.org/10.1111/j.1530-0277.2006.00190.x
https://www.ncbi.nlm.nih.gov/pubmed/16930221
https://doi.org/10.1093/alcalc/agn081
https://www.ncbi.nlm.nih.gov/pubmed/18845529
https://doi.org/10.1079/PHN2004680
https://www.ncbi.nlm.nih.gov/pubmed/15918929
https://doi.org/10.1159/000136288
https://doi.org/10.1093/ajcn/37.2.295
https://www.ncbi.nlm.nih.gov/pubmed/6823892
https://doi.org/10.1371/journal.pone.0281722
https://www.ncbi.nlm.nih.gov/pubmed/36888592
https://doi.org/10.1016/S0899-3289(00)00038-9
https://doi.org/10.1155/2022/7753259
https://doi.org/10.1093/ajcn/77.6.1417
https://www.ncbi.nlm.nih.gov/pubmed/12791618
https://doi.org/10.1093/ije/dyq008
https://www.ncbi.nlm.nih.gov/pubmed/20231261
https://doi.org/10.1016/S0140-6736(14)60460-8
https://www.ncbi.nlm.nih.gov/pubmed/24880830
https://doi.org/10.1016/j.mcna.2016.06.003
https://doi.org/10.1016/j.orcp.2023.05.008
https://www.ncbi.nlm.nih.gov/pubmed/37230811
https://doi.org/10.1038/ejcn.2011.70
https://www.ncbi.nlm.nih.gov/pubmed/21559044
https://doi.org/10.1080/10408398.2014.922044
https://www.ncbi.nlm.nih.gov/pubmed/24950157
https://doi.org/10.1079/BJN19970104
https://www.ncbi.nlm.nih.gov/pubmed/9155494
https://doi.org/10.1038/s41366-020-00653-w
https://www.ncbi.nlm.nih.gov/pubmed/32843712
https://doi.org/10.1111/1468-0009.12498

	Introduction 
	Materials and Methods 
	Patient Selection and Study Design 
	Anthropometry, Body Composition and Resting Energy Expenditure Determination 
	Dietetic History and Nutritional Information 
	Blood Analyses 
	Statistical Analyses 

	Results 
	Study Cohort Characteristics 
	Energy Imbalance, Dietary and Drinking Patterns 

	Discussion 
	Conclusions 
	References

