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Abstract: This study aimed to examine the association of Mediterranean diet (MD) adherence and
MD components with health-related quality of life (HRQoL) in pregnant women from Spain and
Sweden. A total of 138 pregnant women from Spain (age: 32.9 & 4.6 years old) and 302 pregnant
women from Sweden (age: 31.3 £ 4.1 years old) were included. MD adherence was assessed with
the Mediterranean food pattern (i.e., a MD index) at the 14-16th gestational weeks. HRQoL was
assessed with the Spanish and Swedish versions of the 36-item Short-Form Health Survey (SF-36 and
RAND-36, respectively) at the 14-16th and 34-37th gestational weeks. A greater MD adherence was
associated with better physical functioning, bodily pain, vitality, emotional role, and mental health
in cross-sectional associations (2nd trimester) in the Spanish sample (all p < 0.05). Furthermore, a
greater MD adherence was associated with lower bodily pain in both Spanish and Swedish samples
(both p < 0.05) in the 3rd trimester. The associations of MD adherence with pain seem to be explained
by a greater intake of fiber, fish, fruits, nuts, and legumes (all p < 0.05). A greater MD adherence,
driven by a higher intake of fiber, fish, fruits, nuts, and legumes, was associated with lower pain
throughout pregnancy in both Mediterranean and non-Mediterranean populations.

Keywords: diet; Mediterranean; mental health; pregnancy; pregnant women; Short-Form Health
Survey 36

1. Introduction

Health-related quality of life (HRQoL) is a concept determining the self-perception of
health-related physiological, psychological, and social constructs [1]. Previous evidence
showed that pregnant women may experience a decrease in their HRQoL throughout
pregnancy [2,3]. This HRQoL reduction might have clinical consequences as it is associated
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with both maternal and infant health (e.g., maternal postpartum mental health and the
psychomotor development of the infant) [4,5].

The Mediterranean diet (MD) is a traditional dietary pattern historically prevalent in
Mediterranean regions of Southern Europe, characterized by a substantial consumption of
vegetables, legumes, fruits, nuts, cereals, and olive oil, along with a low intake of saturated
fats, a moderate consumption of fish, and limited quantities of dairy products, meat, and
poultry [6]. The MD has been recognized as one of the healthiest dietary patterns in
Europe [6]. Adherence to the MD has been linked to enhanced health-related quality of
life (HRQoL) among non-pregnant adults, both by observational [7-10] and intervention
studies [11]. However, the correlation between adherence to the MD and its specific
components (e.g., fruits, vegetables, whole grains, and fish) and HRQoL during pregnancy
has yet to be explored. This inquiry is particularly significant considering the observed
departure of pregnant women from the Mediterranean dietary pattern [12,13], even in
Mediterranean regions such as Spain.

Most of the research on the benefits of a MD has been conducted in Mediterranean
countries (e.g., Spain, Italy, and Greece). Yet its benefits in non-Mediterranean countries,
if confirmed, might help inform policymakers to develop policies to promote the MD
worldwide. The studies examining the benefits of a MD in non-Mediterranean countries
showed that adhering to a MD was associated with lower cardiovascular disease incidence
and mortality in the UK [14], lower mortality rates among Australian adults [15], as well as
lower risk for Parkinson’s disease and depression in Swedish middle-aged women [16,17].
However, there are a limited number of studies directly comparing the effects of the Mediter-
ranean diet in different contexts, i.e., non-Mediterranean countries versus Mediterranean
countries. Variations in cultures and societies make it difficult to compare the MD indices
across countries and, thus, to compare the benefits of this dietary pattern. Investigating the
same index, used consistently in a Mediterranean and a non-Mediterranean region, would
provide internal consistency to shed light on that hypothesis. Additionally, MD benefits go
beyond cardiovascular health, and they could be especially useful in specific periods of
life, such as pregnancy, as this period is characterized by substantial physiological and psy-
chological changes. Therefore, we aimed to investigate the associations of MD adherence
with HRQoL in a Mediterranean population (i.e., pregnant women from Spain) and in a
non-Mediterranean population of pregnant women (i.e., pregnant women from Sweden),
assessing MD adherence in a consistent manner. The findings of this study could provide
valuable insights into the potential benefits of following a MD during pregnancy, even in
different cultural and geographical contexts.

2. Materials and Methods
2.1. Study Design and Participants

This study included data from two projects: the GESTAtion and FITness project
from Spain (GESTAFIT, hereinafter Study 1) and the HealthyMoms trial from Sweden
(hereinafter Study 2).

2.1.1. Study 1

These are secondary analyses from the GESTAFIT project, where a concurrent exercise
intervention (i.e., aerobic plus strength training) from the 17th gestational week (g.w.) until
birth was conducted [18]. Participants were recruited during the first gynecologist routine
visit (at the 12th g.w.) at “San Cecilio” and “Vigen de las Nieves” University Hospitals
in Granada, Spain. A total of 159 Spanish pregnant women met the inclusion—exclusion
criteria (Supplementary Table S1) and signed a written informed consent. Among them, a
total of 138 women who had valid data on sociodemographic characteristics, MD adherence,
and HRQoL at the 16th g.w. were included in the present study.
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2.1.2. Study 2

These are secondary analyses from the HealthyMoms mHealth-based randomized
controlled trial [19,20]. In short, the intervention group used the HealthyMoms smart-
phone application in addition to standard care. Participants were recruited for this study
during the first routine visit to the maternity clinics in Linkdping, Norrkoping, and Mo-
tala in Sweden. A total of 305 Swedish women met the inclusion—exclusion criteria
(Supplementary Table 51) and were included in this study. Among them, a total of 302
had valid data on MD adherence and HRQoL at the 14th g.w. and were included in the
present study.

2.2. Sociodemographic Characteristics
Study 1 and 2

Pregnant women reported demographic and clinical information via questionnaires.
The women answered questions about their age, educational level, working status, weight
before pregnancy, and number of previous pregnancies lasting more than 30 weeks. Upon
entering this study, their height and weight were measured. Pre-pregnancy body mass
index (BMI) was calculated as reported weight (kg) prior to pregnancy divided by measured
height (m) at the 14-16th g.w. squared (kg/m?).

2.3. Health-Related Quality of Life
Study 1 and 2

The HRQoL of the participants was assessed using the Spanish [21] and Swedish [22]
versions of the Short-Form Health Survey 36 (SF-36). Scale scores for RAND-36 and SF-
36 are identical for six of the eight scales, whereas scoring algorithms for the pain and
general health scales are slightly different. However, Hays et al. demonstrated that the
correlation between the scales using the two different scoring algorithms was 0.99 in the
MOS study, indicating that the difference is negligible [23]. The SF-36 has been widely
employed in pregnant women [1,2,4,24,25] and comprises 36 items that are grouped into
eight domains: physical functioning, physical role, bodily pain, general health, vitality,
social functioning, emotional role, and mental health. The number of items varies from two
to ten between dimensions. The items are multiple-choice, with two to six answer options,
that are subsequently recategorized to be summed and transformed into scales ranging
from 0O (the worst possible health state) to 100 (the best possible state). This accounts for all
the subscales, with the pain score being reversed, where a higher score indicates lower pain.

2.4. Dietary Assessment
2.4.1. Study 1

Dietary habits were assessed at the 16th and 34th g.w. with a food frequency question-
naire validated for the Spanish non-pregnant adult population [26]. Women were asked
about the frequency of consumption of the different food groups (never or number of times
per day, week, month, or year).

2.4.2. Study 2

Dietary habits were assessed at the 14th and 37th g.w. with the web-based dietary
recall method Riksmaten FLEX, developed by the Swedish National Food Agency and
adapted for pregnant women [27]. Full details of the data collection and processing have
been provided previously [20]. Briefly, the method utilized 3-day, 24 h recalls [27], and the
reported intakes of foods and drinks were averaged per day. Participants were instructed
to report their dietary consumption for that day and the day before at their first log-in. To
ensure that registrations comprised both weekdays and weekend days, the third day was
automatically assigned to occur within 7 days of the first registration, on either a weekday
or a weekend day, depending on the day of the first registration [27].
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2.5. Mediterranean Diet Adherence
Study 1 and 2

With the data obtained from the food frequency questionnaire (Study 1) and the 3-day,
24 h recalls (Study 2), the Mediterranean food pattern [28] (i.e., a MD adherence index) was
constructed as previously described [29]. The Mediterranean food pattern is a quintile-
based sum score of eight food groups (olive oil, fiber, fruits, vegetables, fish, cereals, meat,
and alcohol). The total score ranges from 5 to 40. In the present study, alcohol consumption
was not considered because the women were pregnant. Therefore, the maximum score
ranges from 4 to 35, where higher scores indicate greater MD adherence. Participants were
classified as having high MD adherence if they had a score of >21 points in the MD score,
as previously classified in the Study 1 sample [30].

2.6. Statistical Analysis
Study 1 and 2

Descriptive statistics were summarized as mean (standard deviation) for quantitative
variables and frequency (%) for categorical variables, as appropriate. Differences in HRQoL
throughout pregnancy (i.e., from the 14-16th to the 34-37th g.w.) were compared by
the paired Student’s t-test. Associations between MD adherence, food group intake, and
HRQoL were evaluated through multiple linear regression analyses after adjusting for
age (years), parity (primipara or multipara), and educational level (high school or less or
university degree). We performed sensitivity analyses, additionally adjusting for physical
activity levels given their potential effect on HRQOL; however, the results remained
the same. Longitudinal analyses were additionally adjusted by baseline values (14-16th
g.w.), MD adherence changes (i.e., MD adherence at the 34-37th gestational week minus
MD adherence at the 14-16th gestational week), and group allocation (i.e., control or
intervention). All analyses were conducted using the Statistical Package for Social Sciences
(IBM SPSS Statistics for Windows, version 22.0, Armonk, NY, USA), and the level of
significance was set at p < 0.05.

3. Results

The clinical and sociodemographic characteristics of study participants are presented
in Table 1.

Table 1. Characteristics of the study samples at baseline (14-16th gestational week).

Study 1 Study 2
N Mean (SD) N Mean (SD)
Age at baseline (years) 138 329 (4.6) 302 31.3 (4.1)
Pre-pregnancy BMI (kg/ m?) 125 24.1 (4.3) 302 23.9 (3.8)
Pre-pregnancy BMI categories (11, %) N % N Y%
Underweight (<18.5 kg/m?) 4 32 6 2.0
Normalweight (18.5-24.9 kg /m?) 78 62.4 209 69.2
Overweight (25.0-29.9 kg/m?) 29 23.2 67 22.2
Obesity (>30 kg/m?) 14 11.2 20 6.6
Mediterranean diet adherence (14-16th g.w.)
High Mediterranean diet (1, %) 57 41.3 57 18.9
Mediterranean diet adherence (34-37th g.w.)
High Mediterranean diet (1, %) 52 47.7 59 221
Parity (n %)
Primipara 81 58.7 175 57.9
Multipara 57 413 127 42.1
Level of education (1 %)
High school or less 17 12.3 68 22.5
University degree 121 87.7 234 77.5

Descriptive statistics were summarized as mean (standard deviation) for quantitative variables and frequency (%)
for categorical variables, as appropriate. BMI, body mass index; G.W., gestational week.
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Lower scores in physical functioning, physical role, and bodily pain were observed in
the third trimester compared to the second trimester in both Spanish and Swedish popula-
tions (all p < 0.05) (Table 2). Furthermore, the Swedish sample improved energy/fatigue
and role-functioning/emotional scores in the 14th to 37th gestational weeks (both p < 0.05).

Table 2. Differences in health-related quality of life by gestational week.

Study 1 (n = 109) 16th Gestational Week 34th Gestational Week p
Health-related quality of life

Physical functioning (0-100) 83.0 (13.7) 67.7 (19.2) <0.001
Physical role (0-100) 67.7 (24.1) 55.1 (23.7) <0.001
Bodily pain (0-100) 61.5(25.2) 53.4 (26.3) 0.001
General health (0-100) 77.3 (15.7) 78.1(18.1) 0.532
Vitality (0-100) 53.7 (17.2) 52.4 (17.5) 0.408
Social functioning (0-100) 78.8 (21.9) 76.5 (21.8) 0.327
Emotional role (0-100) 91.0 (14.6) 91.1 (15.5) 0.569
Mental health (0-100) 75.7 (14.0) 74.5 (15.8) 0.393

Study 2 (n = 273) 14th Gestational Week 37th Gestational Week P

Health-related quality of life

Physical functioning 90.4 (10.9) 59.2 (20.1) <0.001
Role-functioning/physical 68.9 (34.7) 33.8 (35.4) <0.001
Pain 85.6 (17.5) 64.1 (22.5) <0.001
General health 77.9 (16.1) 78.6 (15.9) 0.389
Energy/fatigue 48.2 (17.8) 51.5 (15.6) 0.002
Social functioning 84.1(19.3) 83.6 (19.5) 0.771
Role-functioning /emotional 85.4 (29.7) 89.4 (25.8) 0.047
Emotional well-being 79.7 (12.9) 81.1(11.2) 0.052

Values shown as mean (standard deviation). p values derived from paired Student’s t-test.

Cross-sectional associations of MD adherence with HRQoL in the 2nd trimester
(14-16th g.w.) are shown in Table 3. In the Spanish sample (Study 1), a greater MD
adherence was associated with better SF-36 physical functioning, vitality, emotional role,
and mental health ( ranging from 0.176 to 0.190, all p < 0.05), whereas no associations
were found between MD adherence and HRQoL in the Swedish sample.

Table 3. Cross-sectional associations of Mediterranean diet adherence with health-related quality

of life.
2nd Trimester 2nd Trimester
(Study 1) (n =138) (Study 2) (n = 302)
HRQoL B p B p
Physical functioning (0-100) 0.183 0.038 0.085 0.148
Physical role (0-100) 0.108 0.229 —0.070 0.233
Bodily pain (0-100) 0.136 0.116 0.006 0.924
General health (0-100) 0.153 0.088 0.095 0.108
Vitality (0-100) 0.190 0.031 —0.007 0.908
Social functioning (0-100) 0.119 0.188 0.032 0.582
Emotional role (0-100) 0.191 0.032 —0.073 0.220
Mental health (0-100) 0.176 0.049 —0.015 0.804
p values derived from multiple linear regression adjusted by age, parity, and educational level. HRQoL, health-
related quality of life.

Longitudinal associations of MD adherence in the 2nd trimester with HRQoL in the
3rd trimester are shown in Table 4. A greater MD adherence was associated with lower
bodily pain in both samples (3 ranging from 0.186 to 0.215, both p < 0.05). Otherwise, MD
adherence was not longitudinally associated with any of the other HRQoL components in
any of the study samples (Table 4).
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Table 4. Longitudinal associations of Mediterranean diet adherence with health-related quality
of life.

Diet at the 2nd and HRQoL Diet at the 2nd and HRQoL

at the 3rd at the 3rd
Trimester (Study 1) Trimester (Study 2)
(n =105) (n =263)
HRQoL B p B p

Physical functioning (0-100) 0.060 0.460 0.115 0.089
Physical role (0-100) 0.043 0.671 0.038 0.583
Bodily pain (0-100) 0.215 0.016 0.186 0.005
General health (0-100) 0.046 0.567 0.030 0.584
Vitality (0-100) 0.027 0.781 0.106 0.087
Social functioning (0-100) 0.167 0.084 0.022 0.750
Emotional role (0-100) 0.042 0.664 0.066 0.328
Mental health (0-100) —0.005 0.956 0.004 0.949

p values derived from multiple linear regression adjusted by age, parity, educational level, Mediterranean diet
adherence changes, baseline health-related quality of life, and group allocation.

Longitudinal associations of individual food groups with the pain dimension are shown
in Table 5. A greater intake of fiber and fruits was associated with lower bodily pain in
both Spanish and Swedish populations (3 ranging from 0.172 to 0.252, all p < 0.05). Further-
more, in the Spanish sample, a greater intake of fish was associated with lower bodily pain
(B =0.228, p = 0.020). In the Swedish sample, a greater intake of nuts and legumes was
associated with lower bodily pain (8 = 0.165, p = 0.011, and 3 = 0.155, p = 0.049, respectively).

Table 5. Longitudinal associations of food groups with pain throughout pregnancy.

Diet at the 2nd and HRQoL Diet at the 2nd and HRQoL

at the 3rd Trimester at the 3rd Trimester

(Study 1) (n = 105) (Study 2) (n = 263)

Pain B p B p
High glycemic foods (g/day) —0.092 0.335 —0.094 0.228
Olive oil (g/day) 0.250 0.070 —0.054 0.409
Fiber (g/day) 0.172 0.042 0.173 0.014
Fish (g/day) 0.228 0.020 0.147 0.082
Fruits (g/day) 0.252 0.006 0.202 0.003
Nuts (g/day) 0.202 0.118 0.165 0.011
Vegetables (g/day) 0.039 0.655 0.073 0.316
Legumes (g/day) 0.177 0.165 0.155 0.049
Meat and subproducts (g/day) —0.047 0.597 —0.057 0.425

p values derived from multiple linear regression adjusted by age, parity, educational level, Mediterranean diet
adherence changes, baseline health-related quality of life, and group allocation.

4. Discussion

Our results suggest that a greater MD adherence during pregnancy was associated
with lower bodily pain in both Mediterranean and non-Mediterranean populations. These
associations seem to be driven by a higher intake of fiber, nuts, legumes, fish, and fruits.

HRQoL is a conceptualization reflecting an individual’s physical and mental well-
being and has emerged as an essential consideration in the prevention and treatment of
diseases [31]. HRQoL deteriorates in women over the course of pregnancy [2,24,32]. This
study found that physical functioning, physical role, and bodily pain worsened through-
out gestation (Study 1), whereas energy/fatigue and role-functioning /emotional scores
improved (Study 2), which is highly in agreement with previous evidence reporting that
physical domains decline [2,24] and mental domains improve as pregnancy progresses [24].

Previous literature [33] has reported an association between MD adherence and
HRQoL, suggesting that this dietary pattern may be beneficial for HRQoL in the non-
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pregnant adult population, whereas others did not observe such an association [34]. This
study sets a promising area of research as it seems that adhering to a MD during preg-
nancy may improve an important physical symptom of the pregnancy, bodily pain. This
observation is corroborated with data from two studies conducted in different settings,
the GESTAFIT study in Spain and the HealthyMoms trial in Sweden, thus involving a
Mediterranean and a non-Mediterranean region. Further research should confirm this
observation, and trials should investigate the hypothesis of whether greater MD adherence
during pregnancy actually reduces bodily pain symptoms by the end of the pregnancy, as
well as extend the question to other physical symptoms.

Apart from the MD, there are indeed other studies that have investigated the adherence
to other dietary patterns in relation to pregnancy health outcomes. A study conducted by
Miura et al. [35] showed that following a “Japanese” dietary pattern, characterized by the
intake of foods such as rice, miso soup, Japanese wheat noodles, cereals, beans, vegetables,
fruits, meats, Japanese tea, vegetable juice, and 100% fruit juice, and also by a low intake
of milk, was associated with poor mental and physical HRQoL in pregnant women in
the first trimester of gestation. Moreover, a medium-high intake of an “unbalanced”
dietary pattern, characterized by a high intake of grain cereals, bottled tea, bottled coffee,
and carbonated drinks, and a low intake of green and yellow vegetables, fruits, and
green tea, was associated with poorer physical and mental HRQoL. Furthermore, a study
that included 144 pregnant women in the first trimester of gestation showed that proper
nutritional habits that take into consideration the type of food consumed (wholegrain
bread, vegetables, or fruit) were strongly correlated with all aspects of HRQoL in pregnant
women with high General Index of Intensity of Health Behaviours [36]. Nonetheless,
neither diet quality nor dietary patterns were considered [36]. However, in these previous
studies [35,36], HRQoL was only assessed during the first trimester of pregnancy. In the
present study, we explored the associations between MD adherence and HRQoL from the
early 2nd to the late 3rd trimester, gaining insights on the associations of a healthy dietary
pattern (in this case, the MD) with HRQoL along the pregnancy course. Moreover, we
also studied the different food groups that comprise the Mediterranean dietary pattern,
finding that a higher intake of fiber, fish, fruits, nuts, and legumes was associated with
better HRQoL during pregnancy. Our findings point out the promotion of the intake of
fruit, fiber, fish, and nuts during pregnancy to produce an improvement in bodily pain at
the end of the pregnancy.

One of the most accredited hypotheses is that a MD is positively associated with
better overall health status and a reduced risk of major chronic diseases because of its high
content of different beneficial compounds, such as antioxidants (largely present in leafy
vegetables and fruits), dietary fiber, polyunsatured fatty acids (mainly from fish and nuts),
and monounsatured fatty acids (olive oil) [33,37]. A recent study has offered interesting
indications on this issue by highlighting a major role played by dietary antioxidants in
explaining the relationship between a MD and HRQoL [33]. Epidemiological studies have
confirmed a correlation between diet and depression, pointing out the importance of a
diet rich in antioxidants and other essential compounds typical of a MD in reducing the
risk of depression, which may explain its positive effects in improving mental health [38].
Regarding physical health and pain, there are several biological and physiological mecha-
nisms that could explain the beneficial effects of a MD pattern, such as reduced low-grade
chronic inflammation, coagulation markers, and improved endothelial function [39-41].
In fact, several foods or substances with functional properties have been studied for their
anti-inflammatory effects and/or their possible treatment of pain, such as omega-3 present
in fish oil [42] and several flavonoids in fruits [43]. Nociceptors are activated by inflam-
matory mediators; however, when they are constantly exposed to these mediators (i.e., a
state of chronic inflammation), peripheral and central sensitization occur, leading to pain
chronification [41]. In this regard, our findings about pain are in agreement with the current
literature that attributes the Mediterranean diet as having anti-inflammatory and analgesic
effects [40].
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Cross-sectionally, we found differences in the associations of MD adherence with
HRQoL in the Spanish and Swedish samples. Differences in context, nutritional habits,
public health systems, and populations make it impossible to draw a coherent explanation
of what might be driving these different associations. However, when looking at a similar
period of life, pregnancy, it was interesting that the associations of MD adherence with
pain were consistent in both populations. Therefore, a MD may attenuate the experience
of bodily pain, especially in the third trimester of pregnancy, when women generally
experience a deterioration in HRQoL. As a result, the benefits of MD adherence might be
transferable to non-Mediterranean countries.

Some limitations need to be highlighted. Firstly, given the observational design of
the present study, a clear cause—effect identification is not possible. As a result, we cannot
determine whether a healthier diet affects HRQoL or, on the contrary, whether a poorer
HRQoL leads to unhealthy dietary behaviors. Secondly, the participants were enrolled in
an exercise intervention (Study 1) and an mHealth-based intervention (Study 2) that might
affect our findings regarding the 34-37th g.w. However, we included group allocation as a
confounder in our longitudinal analyses to account for the possible effect of the intervention
conducted within the GESTAFIT and Healthymoms projects on these outcomes. The
two distinct studies compared in this manuscript employed different methods for collecting
dietary data. Study 1 utilized a FFQ, while Study 2 utilized three 24 h dietary recalls.
Discrepancies between the two studies may arise from the differing types of data collection
methods. Additionally, the study sample might not be representative of the Spanish or
Swedish pregnant populations; therefore, the external validity of our findings should be
investigated in future studies. There were no diagnosed comorbidities that might drive
the associations with the bodily pain domain. Nonetheless, residual confounding might
still be driving part of the associations, as it may occur in any observational design. Our
associations seem to exhibit a statistically small effect size, approximately 0.2 standard
deviations. Nonetheless, it remains uncertain whether this magnitude of effect translates
into clinical relevance, which warrants further investigation in future studies. Several
strengths of this study are worth considering. A detailed definition of the intake of foods
and drinks and a valid assessment of MD adherence were employed. Furthermore, the
measurement tool employed to assess HRQoL, despite not being a pregnancy-specific tool,
is widely valid and reliable [44]. Additionally, HRQoL was assessed at multiple time points
(i.e., 2nd and 3rd trimesters) and assessed using valid and reliable dietary assessment
methods, which guarantees the quality of the index.

5. Conclusions

A greater MD adherence was associated with lower pain throughout gestation in
both Mediterranean and non-Mediterranean populations. Specifically, a greater intake of
fiber, fish, fruits, nuts, and legumes seemed to explain these associations. Our findings
may emphasize the importance of improving MD adherence during pregnancy in future
community and population-based programs or policies to improve HRQoL throughout
pregnancy, considering both Mediterranean and non-Mediterranean contexts. Given the
limited number of studies available, further research is warranted to explore the impact
of maternal healthy dietary habits on HRQoL during pregnancy and investigate causality
and its mechanisms. These findings could support the implementation of nutritional
interventions during pregnancy that promote greater adherence to the MD and ultimately
enhance maternal HRQoL and fetal well-being.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390 /nu16050718/s1, Table S1: Inclusion and exclusion criteria
in the GESTAFIT and Healthymoms projects.


https://www.mdpi.com/article/10.3390/nu16050718/s1

Nutrients 2024, 16, 718 9of 11

Author Contributions: M.E.-A.: conceptualization, methodology, formal analysis, validation, investi-
gation, data curation, visualization, writing—original draft preparation, writing—review and editing;
J.S.: validation, investigation, data curation, writing—review and editing; ].H.M.: validation, formal
analysis, visualization, writing—review and editing; E.S.: validation, investigation, writing—review
and editing; M.H.: validation, investigation, writing—review and editing; N.M.-J.: validation, investi-
gation, writing—review and editing; L.B.-G.: validation, investigation, writing—review and editing;
V.A.A.: conceptualization, methodology, validation, resources, data curation, writing—review and
editing, project administration, funding acquisition; M.L.: conceptualization, methodology, validation,
resources, data curation, writing—review and editing, project administration, funding acquisition All
authors have read and agreed to the published version of the manuscript.

Funding: This study was partially funded by the Regional Ministry of Health of the Junta de
Andalucia (PI-0395-2016), by the University of Granada, Excellence actions: Units of Excellence,
Unit of Excellence on Exercise and Health (UCEES), and by the Junta de Andalucia, Consejeria de
Conocimiento, Investigacién y Universidades, and the European Regional Development Fund (ERDF),
REE. SOMM17/6107 /UGR. MFA was additionally funded by the Spanish Ministry of Education,
Culture, and Sports (Grant number FPU17/03715). This study is included in the thesis of an MFA
enrolled in the Doctoral Program in Nutrition at the University of Granada. The Swedish study was
primarily funded by the Swedish Research Council (2016-01147).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Clinical Research Ethics Committee of Granada, Government of
Andalusia, Spain (code: GESFIT-0448-N-15). The Regional Ethical Review Board in Linkoping,
Sweden (ref: numbers 2017/112-31 and 2018/262-32) approved this study.

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
this study.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request. The data are not publicly available
due to their containing information that could compromise the privacy of research participants.

Acknowledgments: We are grateful to the staff of the GESTAFIT project for recruiting participants
and their teamwork in obtaining the assessments. We are also grateful for the ample cooperation and
participation of all the pregnant women recruited in this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Marchetti, D.; Carrozzino, D.; Fraticelli, F.; Fulcheri, M.; Vitacolonna, E. Quality of Life in Women with Gestational Diabetes
Mellitus: A Systematic Review. |. Diabetes Res. 2017, 2017, 7058082. [CrossRef]

2. Dodd, ].M.; Newman, A.; Moran, L.J.; Deussen, A.R.; Grivell, RM.; Yelland, L.N.; Crowther, C.A.; McPhee, A.].; Wittert, G.;
Owens, J.A,; et al. The effect of antenatal dietary and lifestyle advice for women who are overweight or obese on emotional
well-being: The LIMIT randomized trial. Acta Obstet. Gynecol. Scand. 2016, 95, 309-318. [CrossRef]

3.  Marin-Jiménez, N.; Baena-Garcia, L.; Coll-Risco, I.; Flor-Alemany, M.; Castro-Pifiero, J.; Aparicio, V.A. Influence of a Concurrent
Exercise Training Program on Health-Related Quality of Life During Advanced Pregnancy: The GESTAFIT Project. Sports Health
2023, 19417381231189730. [CrossRef]

4. Lagadec, N.; Steinecker, M.; Kapassi, A.; Magnier, A.M.; Chastang, J.; Robert, S.; Gaouaou, N.; Ibanez, G. Factors influencing the
quality of life of pregnant women: A systematic review. BMC Pregnancy Childbirth 2018, 18, 455. [CrossRef]

5. Ibanez, G.; Blondel, B.; Prunet, C.; Kaminski, M.; Saurel-Cubizolles, M.-]. Prevalence and characteristics of women reporting poor
mental health during pregnancy: Findings from the 2010 French National Perinatal Survey. Rev. Epidemiol. Sante Publique 2015, 63,
85-95. [CrossRef] [PubMed]

6.  Willett, W.C,; Sacks, E,; Trichopoulou, A.; Drescher, G.; Ferro-Luzzi, A.; Helsing, E.; Trichopoulos, D. Mediterranean diet pyramid:
A cultural model for healthy eating. Am. J. Clin. Nutr. 1995, 61, 14025-1406S. [CrossRef] [PubMed]

7. Galilea-Zabalza, I.; Buil-Cosiales, P.; Salas-Salvadd, J.; Toledo, E.; Ortega-Azorin, C.; Diez-Espino, J.; Vazquez-Ruiz, Z.; Zomefio,
M.D,; Vioque, J.; Martinez, J.A.; et al. Mediterranean diet and quality of life: Baseline cross-sectional analysis of the PREDIMED-
PLUS trial. PLoS ONE 2018, 13, €0198974. [CrossRef] [PubMed]

8. Henriquez Sanchez, P.; Ruano, C.; de Irala, J.; Ruiz-Canela, M.; Martinez-Gonzalez, M.A.; Sanchez-Villegas, A. Adherence to the
Mediterranean diet and quality of life in the SUN Project. Eur. J. Clin. Nutr. 2012, 66, 360-368. [CrossRef] [PubMed]

9.  Pano, O.; Sayon-Orea, C.; Gea, A.; Bes-Rastrollo, M.; Martinez-Gonzalez, M.A.; Martinez, J.A. Nutritional Determinants of Quality

of Life in a Mediterranean Cohort: The SUN Study. Int. J. Environ. Res. Public Health 2020, 17, 3897. [CrossRef] [PubMed]


https://doi.org/10.1155/2017/7058082
https://doi.org/10.1111/aogs.12832
https://doi.org/10.1177/19417381231189730
https://doi.org/10.1186/s12884-018-2087-4
https://doi.org/10.1016/j.respe.2015.02.023
https://www.ncbi.nlm.nih.gov/pubmed/25841615
https://doi.org/10.1093/ajcn/61.6.1402S
https://www.ncbi.nlm.nih.gov/pubmed/7754995
https://doi.org/10.1371/journal.pone.0198974
https://www.ncbi.nlm.nih.gov/pubmed/29912978
https://doi.org/10.1038/ejcn.2011.146
https://www.ncbi.nlm.nih.gov/pubmed/21847137
https://doi.org/10.3390/ijerph17113897
https://www.ncbi.nlm.nih.gov/pubmed/32486373

Nutrients 2024, 16, 718 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

Pérez-Tasigchana, R.F; Leén-Mufioz, L.M.; Lépez-Garcia, E.; Banegas, ].R.; Rodriguez-Artalejo, E.; Guallar-Castillon, P. Mediter-
ranean diet and health-related quality of life in two cohorts of community-dwelling older adults. PLoS ONE 2016, 11, e0155171.
[CrossRef]

Landaeta-Diaz, L.; Ferndndez, ].M.; Da Silva-Grigoletto, M.; Rosado-Alvarez, D.; Gémez-Gardufio, A.; Gémez-Delgado, F; Lopez-
Miranda, J.; Pérez-Jiménez, F.; Fuentes-Jiménez, F. Mediterranean diet, moderate-to-high intensity training, and health-related
quality of life in adults with metabolic syndrome. Eur. J. Prev. Cardiol. 2013, 20, 555-564. [CrossRef]

Jardi, C.; Aparicio, E.; Bedmar, C.; Aranda, N.; Abajo, S.; March, G.; Basora, J.; Arija, V.; the ECLIPSES Study Group. Food
Consumption during Pregnancy and Post-Partum. ECLIPSES Study. Nutrients 2019, 11, 2447. [CrossRef]

Villar-Vidal, M.; Amiano, P.; Rodriguez-Bernal, C.; Santa Marina, L.; Mozo, L.; Vioque, ].; Navarrete-Munoz, E.M.; Romaguera, D.;
Valvi, D.; Fernandez Samoano, A.; et al. Compliance of nutritional recommendations of Spanish pregnant women according to
sociodemographic and lifestyle characteristics: A cohort study. Nutr. Hosp. 2015, 31, 1803-1812. [CrossRef]

Tong, T.Y.N.; Wareham, N.]J.; Khaw, K.-T.; Imamura, F.; Forouhi, N.G. Prospective association of the Mediterranean diet with
cardiovascular disease incidence and mortality and its population impact in a non-Mediterranean population: The EPIC-Norfolk
study. BMC Med. 2016, 14, 135. [CrossRef] [PubMed]

Kouris-Blazos, A.; Gnardellis, C.; Wahlqvist, M.L.; Trichopoulos, D.; Lukito, W.; Trichopoulou, A. Are the advantages of the
Mediterranean diet transferable to other populations? A cohort study in Melbourne, Australia. Br. |. Nutr. 2007, 82, 57-61.
[CrossRef] [PubMed]

Yin, W.; Lof, M.; Chen, R.; Hultman, C.M.; Fang, F; Sandin, S. Mediterranean diet and depression: A population-based cohort
study. Int. ]. Behav. Nutr. Phys. Act. 2021, 18, 153. [CrossRef]

Yin, W.; Lof, M.; Pedersen, N.L.; Sandin, S.; Fang, F. Mediterranean Dietary Pattern at Middle Age and Risk of Parkinson’s
Disease: A Swedish Cohort Study. Mov. Disord. 2021, 36, 255-260. [CrossRef] [PubMed]

Aparicio, V.A.; Ocon, O.; Padilla-Vinuesa, C.; Soriano-Maldonado, A.; Romero-Gallardo, L.; Borges-Cosic, M.; Coll-Risco, I.;
Ruiz-Cabello, P.; Acosta-Manzano, P,; Estevez-Lopez, F.; et al. Effects of supervised aerobic and strength training in overweight
and grade I obese pregnant women on maternal and foetal health markers: The GESTAFIT randomized controlled trial. BMC
Pregnancy Childbirth 2016, 16, 290. [CrossRef]

Henriksson, P.; Sandborg, J.; Blomberg, M.; Alexandrou, C.; Maddison, R.; Silfvernagel, K.; Henriksson, H.; Leppanen, M.H.;
Migueles, ].H.; Widman, L.; et al. A Smartphone App to Promote Healthy Weight Gain, Diet, and Physical Activity During
Pregnancy (HealthyMoms): Protocol for a Randomized Controlled Trial. JMIR Res. Protoc. 2019, 8, e13011. [CrossRef]
Sandborg, J.; Soderstrom, E.; Henriksson, P.; Bendtsen, M.; Henstréom, M.; Leppédnen, M.H.; Maddison, R.; Migueles, ].H.;
Blomberg, M.; Lof, M. Effectiveness of a Smartphone App to Promote Healthy Weight Gain, Diet, and Physical Activity during
Pregnancy (HealthyMoms): Randomized Controlled Trial. JMIR mHealth uHealth 2021, 9, €26091. [CrossRef]

Alonso, J.; Prieto, L.; Ant6, ].M. The Spanish version of the SF-36 Health Survey (the SF-36 health questionnaire): An instrument
for measuring clinical results. Med. Clin. 1995, 104, 771-776.

Ohlsson-Nevo, E.; Hiyoshi, A.; Norén, P.; Moller, M.; Karlsson, J. The Swedish RAND-36: Psychometric characteristics and
reference data from the Mid-Swed Health Survey. J. Patient-Rep. Outcomes 2021, 5, 66. [CrossRef] [PubMed]

Ware, J.E.J. SF-36 health survey update. Spine 2000, 25, 3130-3139. [CrossRef] [PubMed]

Chang, S.-R.; Chen, K.-H.; Lin, M.-L; Lin, H.-H.; Huang, L.-H.; Lin, W.-A. A repeated measures study of changes in health-related
quality of life during pregnancy and the relationship with obstetric factors. J. Adv. Nurs. 2014, 70, 2245-2256. [CrossRef] [PubMed]
Romero-Gallardo, L.; Soriano-Maldonado, A.; Océn-Hernandez, O.; Acosta-Manzano, P.; Coll-Risco, I.; Borges-Cosic, M.; Ortega,
EB.; Aparicio, V.A. International Fitness Scale-IFIS: Validity and association with health-related quality of life in pregnant women.
Scand. ]. Med. Sci. Sports 2020, 30, 505-514. [CrossRef] [PubMed]

Mataix, J.L.; Martinez de Victoria, E.; Montellano, M.A.; Lopez, M.; Aranda, P.L. Valoracion del Estado Nutricional de la Comunidad
Autonoma de Andalucia; Consejeria de salud: Madrid, Spain, 2000.

Moraeus, L.; Lemming, E-W.; Hursti, U.-K.K.; Arnemo, M.; Sipinen, J.P.; Lindroos, A.-K. Riksmaten Adolescents 2016-17:
A national dietary survey in Sweden—Design, methods, and participation. Food Nutr. Res. 2018, 62, 1381. [CrossRef] [PubMed]
Martinez-Gonzalez, M.A.; Fernandez-Jarne, E.; Serrano-Martinez, M.; Marti, A.; Martinez, ]J.A.; Martin-Moreno, ].M. Mediter-
ranean diet and reduction in the risk of a first acute myocardial infarction: An operational healthy dietary score. Eur. . Nutr.
2002, 41, 153-160. [CrossRef] [PubMed]

Flor-Alemany, M.; Nestares, T.; Alemany-Arrebola, I.; Marin-Jiménez, N.; Aparicio, V.A. Influence of Dietary Habits and
Mediterranean Diet Adherence on Sleep Quality during Pregnancy. The GESTAFIT Project. Nutrients 2020, 12, 3569. [CrossRef]
De La Flor Alemany, M.; Migueles, ].H.; Acosta-Manzano, P.; Marin Jimenez, N.; Baena Garcia, L.; Aparicio, V.A. Assessing the
Mediterranean diet adherence during pregnancy: Practical considerations based on the associations with cardiometabolic risk.
medRxiv 2022. [CrossRef]

Azupogo, E; Seidu, J.A.; Issaka, Y.B. Higher vegetable intake and vegetable variety is associated with a better self-reported
health-related quality of life (HR-QoL) in a cross-sectional survey of rural northern Ghanaian women in fertile age. BMC Public
Health 2018, 18, 920. [CrossRef]

Sahrakorpi, N.; Koivusalo, S.B.; Stach-Lempinen, B.; Eriksson, ].G.; Kautiainen, H.; Roine, R.P. “The Burden of Pregnancy”; heavier
for the heaviest? The changes in Health Related Quality of Life (HRQoL) assessed by the 15D instrument during pregnancy and
postpartum in different body mass index groups: A longitudinal survey. Acta Obstet. Gynecol. Scand. 2017, 96, 352-358. [CrossRef]


https://doi.org/10.1371/journal.pone.0151596
https://doi.org/10.1177/2047487312445000
https://doi.org/10.3390/nu11102447
https://doi.org/10.3305/nh.2015.31.4.8293
https://doi.org/10.1186/s12916-016-0677-4
https://www.ncbi.nlm.nih.gov/pubmed/27679997
https://doi.org/10.1017/S0007114599001129
https://www.ncbi.nlm.nih.gov/pubmed/10655957
https://doi.org/10.1186/s12966-021-01227-3
https://doi.org/10.1002/mds.28314
https://www.ncbi.nlm.nih.gov/pubmed/33078857
https://doi.org/10.1186/s12884-016-1081-y
https://doi.org/10.2196/13011
https://doi.org/10.2196/26091
https://doi.org/10.1186/s41687-021-00331-z
https://www.ncbi.nlm.nih.gov/pubmed/34347192
https://doi.org/10.1097/00007632-200012150-00008
https://www.ncbi.nlm.nih.gov/pubmed/11124729
https://doi.org/10.1111/jan.12374
https://www.ncbi.nlm.nih.gov/pubmed/24617652
https://doi.org/10.1111/sms.13584
https://www.ncbi.nlm.nih.gov/pubmed/31650582
https://doi.org/10.29219/fnr.v62.1381
https://www.ncbi.nlm.nih.gov/pubmed/30186087
https://doi.org/10.1007/s00394-002-0370-6
https://www.ncbi.nlm.nih.gov/pubmed/12242583
https://doi.org/10.3390/nu12113569
https://doi.org/10.1101/2022.09.20.22280165
https://doi.org/10.1186/s12889-018-5845-3
https://doi.org/10.1111/aogs.13068

Nutrients 2024, 16, 718 11 of 11

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Bonaccio, M.; Di Castelnuovo, A.; Bonanni, A.; Costanzo, S.; De Lucia, F.; Pounis, G.; Zito, F.; Donati, M.B.; de Gaetano, G.;
Tacoviello, L. Adherence to a Mediterranean diet is associated with a better health-related quality of life: A possible role of high
dietary antioxidant content. BMJ Open 2013, 3, e003003. [CrossRef]

Barchitta, M.; Maugeri, A.; Magnano San Lio, R.; Quattrocchi, A.; Degrassi, F.; Catalano, F.; Basile, G.; Agodi, A. The Effects of Diet
and Dietary Interventions on the Quality of Life among Breast Cancer Survivors: A Cross-Sectional Analysis and a Systematic
Review of Experimental Studies. Cancers 2020, 12, 322. [CrossRef]

Miura, K.; Takamori, A.; Hamazaki, K.; Tsuchida, A.; Tanaka, T.; Origasa, H.; Inadera, H.; the Japan Environment and Children’s
Study Group. Dietary patterns during pregnancy and health-related quality of life: The Japan Environment and Children’s Study.
PLoS ONE 2020, 15, €0236330. [CrossRef]

Krzepota, J.; Sadowska, D. Associations between health behavior habits and quality of life outcomes in pregnant women:
A preliminary investigation in Polish sample. Cent. Eur. |. Sport Sci. Med. 2015, 3, 45-53.

Serra-Majem, L.; Bes-Rastrollo, M.; Roman-Vifias, B.; Pfrimer, K.; Sanchez-Villegas, A.; Martinez-Gonzalez, M.A. Dietary patterns
and nutritional adequacy in a Mediterranean country. Br. J. Nutr. 2009, 101, 521-528. [CrossRef]

Jacka, EN.; Mykletun, A.; Berk, M. Moving towards a population health approach to the primary prevention of common mental
disorders. BMC Med. 2012, 10, 149. [CrossRef] [PubMed]

Chrysohoou, C.; Panagiotakos, D.B.; Pitsavos, C.; Das, U.N.; Stefanadis, C. Adherence to the Mediterranean diet attenuates
inflammation and coagulation process in healthy adults: The ATTICA Study. J. Am. Coll. Cardiol. 2004, 44, 152-158. [CrossRef]
[PubMed]

Esposito, K.; Marfella, R.; Ciotola, M.; Di Palo, C.; Giugliano, F.; Giugliano, G.; D’Armiento, M.; D’Andrea, E.; Giugliano, D.
Effect of a mediterranean-style diet on endothelial dysfunction and markers of vascular inflammation in the metabolic syndrome:
A randomized trial. JAMA 2004, 292, 1440-1446. [CrossRef] [PubMed]

Elma, O.; Yilmaz, S.T.; Deliens, T;; Coppieters, 1; Clarys, P; Nijs, J.; Malfliet, A. Do Nutritional Factors Interact with Chronic
Musculoskeletal Pain? A Systematic Review. J. Clin. Med. 2020, 9, 702. [CrossRef]

Hershman, D.L.; Unger, ].M.; Crew, K.D.; Awad, D.; Dakhil, S.R.; Gralow, J.; Greenlee, H.; Lew, D.L.; Minasian, L.M.; Till, C,;
et al. Randomized Multicenter Placebo-Controlled Trial of Omega-3 Fatty Acids for the Control of Aromatase Inhibitor-Induced
Musculoskeletal Pain: SWOG S0927. J. Clin. Oncol. 2015, 33, 1910-1917. [CrossRef] [PubMed]

Shen, W.; Xu, Y.; Lu, Y.-H. Inhibitory effects of Citrus flavonoids on starch digestion and antihyperglycemic effects in HepG2 cells.
J. Agric. Food Chem. 2012, 60, 9609-9619. [CrossRef] [PubMed]

Patel, A.A.; Donegan, D.; Albert, T. The 36-item short form. . Am. Acad. Orthop. Surg. 2007, 15, 126-134. [CrossRef] [PubMed]

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/10.1136/bmjopen-2013-003003
https://doi.org/10.3390/cancers12020322
https://doi.org/10.1371/journal.pone.0236330
https://doi.org/10.1017/S0007114509990559
https://doi.org/10.1186/1741-7015-10-149
https://www.ncbi.nlm.nih.gov/pubmed/23186355
https://doi.org/10.1016/j.jacc.2004.03.039
https://www.ncbi.nlm.nih.gov/pubmed/15234425
https://doi.org/10.1001/jama.292.12.1440
https://www.ncbi.nlm.nih.gov/pubmed/15383514
https://doi.org/10.3390/jcm9030702
https://doi.org/10.1200/JCO.2014.59.5595
https://www.ncbi.nlm.nih.gov/pubmed/25940724
https://doi.org/10.1021/jf3032556
https://www.ncbi.nlm.nih.gov/pubmed/22958058
https://doi.org/10.5435/00124635-200702000-00007
https://www.ncbi.nlm.nih.gov/pubmed/17277259

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Study 1 
	Study 2 

	Sociodemographic Characteristics 
	Health-Related Quality of Life 
	Dietary Assessment 
	Study 1 
	Study 2 

	Mediterranean Diet Adherence 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

