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Abstract: This study aimed to explore the nutritional profile of 608 women during the second trimester
of pregnancy, in terms of nutrient patterns, dietary quality and nutritional adequacy. Dietary data
were collected using a validated Mediterranean-oriented, culture-specific FFQ. Principal component
analysis was performed on 18 energy-adjusted nutrients. Two main nutrient patterns, “plant-origin”
(PLO) and “animal-origin” (ANO), were extracted. Six homogenous clusters (C) relative to nutrient
patterns were obtained and analyzed through a multidimensional methodological approach. C1, C5
and C6 scored positively on PLO, while C1, C2 and C3 scored positively on ANO. When dietary
quality was mapped on food choices and dietary indexes, C6 unveiled a group with a distinct image
resembling the Mediterranean-type diet (MedDiet Score = 33.8). Although C1–C5 shared common
dietary characteristics, their diet quality differed as reflected in the HEI-2010 (C1:79.7; C2:73.3;
C3:70.9; C4:63.2; C5:76.6). The appraisal of nutritional adequacy mirrored a “nutritional-quality
gradient”. A total of 50% of participants in C6 had almost 100% adequate magnesium intake, while
50% of participants in C4 had a probability of adequacy of ≤10%. Our methodological framework is
efficient for assessing the link between a posteriori dietary patterns and nutritional adequacy during
pregnancy. Given that macro- and micronutrient distributions may induce metabolic modifications
of potential relevance to offspring’s health, public health strategies should be implemented.

Keywords: maternal nutrition; nutrient patterns; dietary quality; nutritional status; nutritional
adequacy; principal component analysis; hierarchical cluster analysis; MedDiet Score; HEI-2010;
dietary glycemic index

1. Introduction

Pregnancy is an essential stage of the lifecycle, during which the in utero nutritional
environment is sensitive to the habitual diet of the mother [1]. Indeed, this critical period
of life is widely recognized as a key “window of opportunity” for linking early nutrition
with healthy living, growth and development [2–6]. However, in the context of the global
nutritional transition to increased consumption of energy-dense but nutrient-poor diets,
nutritional inadequacies during pregnancy are a common challenge even for the devel-
oped world [2,4,7–10]. Therefore, the assessment of dietary patterns and diet quality may
contribute to the development of public health strategies and preventive actions [11].

Indeed, dietary pattern analysis may serve as a valuable tool in exploring the potential
interactions and cumulative effects of food intake on pregnancy outcomes [7,12–17]. Pattern
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analysis can be conducted using the hypothesis-oriented or the data-oriented approach.
The hypothesis-oriented approach, also known as the a priori method, entails the use
of dietary quality indexes that measure adherence to a predefined dietary pattern by
exploring the balance between “beneficial” and “non-beneficial” per case components. On
the other hand, the data-oriented approach, or the a posteriori method, is an empirically
driven method summarizing the dietary intake of a population into dietary or nutrient
patterns, through statistical modeling techniques [7,18–21]. In fact, the a posteriori approach
contributes to unraveling the intrinsic complexity emerging from dietary data and displays
the unique features of diet which may not be captured by any predefined score [7,22]. At a
more immediate level, a posteriori dietary patterns provide insight into dietary behaviors
mirroring actual food or nutrient intake [7].

Scientific data offer sufficient evidence in this exciting aspect of public health and
nutritional epidemiology [14,15,18,23–26] since there is a cycle of passing “health capital”
from one generation to the next [9]. However, to the best of our knowledge, the link
between a posteriori dietary patterns and nutritional adequacy, at least during pregnancy,
is rather limited to food-based patterns [27,28] and has not been extensively documented
in the literature. Therefore, the aim of the present study was to explore the nutritional
profile of pregnant women, in a Mediterranean country, Greece. For the realization of this
project, the following sub-goals were targeted: (a) identification of a posteriori nutrient
patterns using principal component analysis (PCA); (b) definition of clusters related to
these patterns; (c) evaluation of clusters’ dietary quality, in terms of food consumption and
a priori dietary indexes; (d) appraisal of clusters’ nutritional adequacy levels.

2. Results
2.1. Identification of Nutrient Patterns

Principal component analysis was performed on 18 energy-adjusted nutrients, and
2 main nutrient patterns (factors) were retained, explaining 28.4% and 27.3% of the total
variance. The Kaiser–Meyer–Olkin (KMO) value was 0.785, verifying the good sampling
adequacy for the analysis, and Bartlett’s test was <0.001, indicating that the 18 nutrient
variables were correlated sufficiently for PCA to be conducted. The two extracted factors
were labeled according to the typical origin of the nutrients with higher loadings within
each factor, namely, the “plant-origin” factor and the “animal-origin” factor (Table 1).

The “plant-origin” factor was structured by folate, magnesium, potassium, thiamin,
vitamin B-6, copper, niacin and vitamin C. As shown in Table 1, the carbohydrates/fiber
variable had an opposite loading sign. The “animal-origin” factor consisted of phosphorus,
vitamin B-12, animal protein/plant protein, calcium, riboflavin, zinc, selenium and choles-
terol. The unsaturated (monounsaturated plus polyunsaturated)-to-saturated fatty acid
ratio ((MUFA + PUFA)/SFA) variable was negatively loaded on this factor.

2.2. Homogenous Groups of Participants

Hierarchical cluster analysis (HCA) was performed on the scores of the two factors
and revealed a six-group interpretable and statistically significant clustering of participants.
A total of 179 participants (29.4%) were in Cluster (C) 1, 33 (5.4%) in C2, 142 (23.4%) in C3, 67
(11.0%) in C4, 127 (20.9%) in C5 and 60 (9.9%) in C6. Both “plant-origin” and “animal-origin”
factors contributed almost equally to the formation of the clusters (R2 = 0.681, p < 0.001,
and R2 = 0.719, p < 0.001, respectively).

2.3. Evaluation of Clusters’ Profile—A Multidimensional Approach

The clusters’ profile was analyzed through a multidimensional approach.

2.3.1. First-level Approach—Mean Nutrient Patterns’ Scores

The mean nutrient patterns’ scores of the six clusters are graphically illustrated in
Figure 1A. C1 had positive mean scores, both on the “plant-origin” and the “animal-
origin” factor, in contrast to C4, which demonstrated negative scores on both factors.
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As it is apparent from the visual inspection of Supplementary Figures S1 and S2, these
findings could be, in part, attributed to the “position” of the mean intake value of a
specific nutrient in each cluster, relative to the respective mean value in the total sample.
For instance, participants in C1 had, compared to the mean value of the total sample,
higher mean intakes for all nutrients that loaded positively on the two factors, except for
the carbohydrates/fiber and (MUFA + PUFA)/SFA ratios that loaded negatively on the
“plant-origin” and the “animal-origin” factor, respectively.

Figure 1. Mean nutrient patterns’ scores of “plant−origin” and “animal−origin” factors within
(A) and between (B) clusters (C1−C6). Different superscript letters over bars represent statis-
tical differences between clusters at p < 0.05; * according to Tukey’s test; ¥ according to the
Games−Howell test.
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Table 1. Rotated factor loading matrix and explained variances for the two major nutrient patterns
identified by PCA.

Plant-Origin Factor Animal-Origin
Factor

Folate 0.858
Magnesium 0.789

Potasium 0.718
Carbohydrates/Fiber −0.707

Thiamin 0.698
Vitamin B-6 0.613

Copper 0.584
Niacin 0.545

Vitamin C 0.527
Phosphorus 0.813
Vitamin B-12 0.811

Animal Protein/Plant Protein 0.772
Calcium 0.753

Riboflavin 0.726
Zinc 0.652

(MUFA + PUFA)/SFA −0.622
Selenium 0.597

Cholesterol 0.581

Variance explained (%) 28.4 27.3

Eigenvalues 5.119 4.909
For simplicity, absolute values of <0.5 are not shown in the table. PCA: principal component analysis; MUFA:
monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; SFA: saturated fatty acids.

Through the application of analysis of variance, as shown in Figure 1B, C6 had the
highest mean value in “plant-origin” factor scores (p < 0.001), while C2–C4 had the lowest
mean values. Regarding the “animal-origin” factor, the highest mean value was observed
in C2 (p < 0.001), whereas the lowest was observed in the cases of C4 and C5 (p < 0.001).

2.3.2. Second-Level Approach—Demographic/Anthropometric and Lifestyle Characteristics

Table 2 shows the demographic/anthropometric and lifestyle characteristics of the
participants in each cluster. No differences were recorded for maternal age, pre-pregnancy
body mass index (BMI), education and physical activity level among clusters. Given that
the majority of the pregnant women were non-smokers, a borderline important association
was observed between smoking during pregnancy and the six dietary clusters.

Table 2. Demographic/anthropometric and lifestyle characteristics of participants among the
six clusters.

C1
(n = 179)

C2
(n = 33)

C3
(n = 142)

C4
(n = 67)

C5
(n = 127)

C6
(n = 60) p-Value

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Maternal age (year) 36.7 (3.6) 35.9 (3.7) 36.4 (3.6) 36.2 (4.9) 36.7 (3.5) 36.4 (3.9) 0.864

Pre-pregnancy BMI 23.5 (3.6) 23.8 (5.2) 24.1 (5.2) 23.8 (5) 24.0 (4.4) 23.7 (4.3) 0.889

n (%) n (%) n (%) n (%) n (%) n (%)
Education
>12 years 86 (48.0) 15 (45.5) 76 (53.5) 34 (50.7) 68 (53.5) 25 (41.7)

0.614≤12 years 93 (52.0) 18 (54.5) 66 (46.5) 33 (49.3) 59 (46.5) 35 (58.3)

Physical activity level *
Low activity 127 (70.9) 27 (81.8) 112 (78.9) 60 (89.6) 101 (79.5) 46 (76.7)

0.194Moderate activity 39 (21.8) 5 (15.2) 23 (16.2) 3 (4.5) 21 (16.5) 10 (16.7)
High activity 13 (7.3) 1 (3.0) 7 (4.9) 4 (6.0) 5 (3.9) 4 (6.7)
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Table 2. Cont.

C1
(n = 179)

C2
(n = 33)

C3
(n = 142)

C4
(n = 67)

C5
(n = 127)

C6
(n = 60) p-Value

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Smoking during
pregnancy

Occasional or daily
smokers 20 (11.2) 5 (15.2) 27 (19.0) 15 (22.4) 21 (16.5) 3 (5.0)

0.039
Non-smokers 159 (88.8) 28 (84.8) 115 (81.0) 52 (77.6) 106 (83.5) 57 (95.0)

C: clusters; SD: standard deviation; BMI: body mass index. * As derived from the International Physical Activity
Questionnaire [29]. One-way Analysis of variance (ANOVA) was used for continuous variables; the chi-squared
test was used for categorical variables.

2.3.3. Third-Level Approach—Food Consumption and Dietary Indexes

The energy contribution of selected food groups in the six clusters is sketched in
Figure 2. Each radar chart depicts the median values of the 19 food groups under con-
sideration in each cluster. As such, a brief description of these plots will facilitate the
identification of the prominent features in each case.

The consumption of “white breads and cereals” differed among clusters, with the
minimum level, approximately equal to 6%, recorded for C6. On the contrary, C6 exhibited
the highest consumption of “whole breads and cereals”, while the respective consumption
value of this food group was equal to 0% for C3 and C4. The latter observation implies that
50% of C3 and C4, i.e., 71 and 33 participants, respectively, did not consume any whole-
grain products. Another point worth commenting on is that 50% of the participants in C2,
C3 and C4 consumed only “full-fat” dairy, while the respective proportion of women in C1
and C6 only consumed “low-fat” dairy. It is also important to note that the median value
for both “full-fat” and “low-fat” dairy in C5 was almost 0%, indicating that 64 participants
did not consume any milk and yogurt, regardless of the fat content. The pronounced
preference of the 50% of participants in C2, C3 and C4 for the “sweets” group is also worthy
of attention, as evidenced in Figure 2.

These initial observations were confirmed by the non-parametric comparison of the
distributions (Table 3, Figure 3, Supplementary Figure S3). Thus, data are presented not
only as median values, but also as measures of variability and, specifically, as the 25th and
75th percentiles, referred to as the interquartile range (IQR) (Table 3).

As depicted in Figure 3 and in accordance with the aforementioned findings, the
energy contribution from “whole breads and cereals”, “fruits and juices” and “nuts” was
higher in C6 compared to the other five clusters (Table 3, Figure 3). The energy contribution
of “vegetables” and “legumes” did not differ between C5 and C6 and was significantly
lower in C1–C4. On the other hand, participants in C6 reported a lower consumption
of “red meat” (median: 3.4%, IQR: 2.5–4.8%), compared to C1 and C2 (median: 4.5%,
IQR: 3.2–6.1%, and median: 5.3%, IQR:3.4–7.7%, respectively, Table 3, Figure 3). The
consumption of “sweets” in C6 was also low compared to that in other groups, i.e., C3
and C4. The aforementioned features of C6 led us to assume that this dietary pattern had
the highest nutritional quality under the conditions of this study. As expected, this was
confirmed by the application of the a priori approach, since C6 had the greatest mean
values of the MedDiet Score and Healthy Eating Index (HEI)-2010, and simultaneously the
lowest mean value of the dietary glycemic index (GI) (Table 4).

From the data in Table 3 and Figure 3, it can be found that the poorest diet quality
profile was reflected in the dietary behavior of participants in C4. This assumption can be
attributed to the high consumption of moderate components, such as refined grains and
empty calories (sweets and soft drink beverages). As such, the MedDiet Score (28.7 ± 3.2)
and the HEI-2010 mean value (63.2 ± 8.0) in C4 were statistically significantly lower
compared to the other clusters, while the estimated dietary GI was the highest (78.5 ± 4.2,
Table 4).
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Figure 2. Schematic representation of the percentages of energy contributions of selected food groups,
expressed as median values, in the six clusters (C1–C6).

Table 3. Selected food groups as percentages of total energy intake among the six clusters (C1–C6,
n = 608).

C1
(n = 179)

C2
(n = 33)

C3
(n = 142)

C4
(n = 67)

C5
(n = 127)

C6
(n = 60)

p-Value
Median
(IQR)

Median
(IQR)

Median
(IQR)

Median
(IQR)

Median
(IQR)

Median
(IQR)

White breads
and cereals 9.9 (2–15.5) 9.5 (1.1–13.6) 13.6 (9.3–16.7) 14.5 (11.3–16.7) 12.5 (1.9–16.9) 5.7 (0.6–14.4) <0.001

Whole breads
and cereals 5.5 (0.4–13.1) 3.4 (0.0–10.9) 0.7 (0.0–4.4) 0.0 (0.0–0.6) 2.1 (0–11.1) 10.4 (4.9–15.4) <0.001

Pasta, rice
and potatoes 6.6 (5.2–8.2) 7 (5.6–9.1) 8.0 (6.3–9.4) 7.3 (6.3–9.1) 7.3 (5.8–8.6) 6.8 (4.4–8.2) <0.001

Vegetables 2.9 (2.2–3.5) 2.6 (1.8–3.9) 2.9 (2.1–3.7) 2.7 (2.1–3.8) 3.5 (2.9–4.7) 3.4 (2.5–4.6) <0.001
Fruits and juices 9.2 (6.2–12.1) 6.3 (3.6–8.4) 6.2 (3.9–8.6) 5.8 (3.7–8.6) 8.9 (6.1–12.2) 11.1 (8.1–15.2) <0.001

Nuts 1.2 (0.0–3.5) 0.0 (0.0–1.1) 0.6 (0.0–2.2) 0.0 (0.0–2.0) 1.4 (0.0–4.3) 4.1 (0.1–8.4) <0.001
Low-fat dairy 5.6 (0.0–8.6) 0.0 (0.0–8.0) 0.8 (0.0–5.1) 0.0 (0.0–0.0) 0.6 (0.0–4.3) 5.7 (2.6–8.0) <0.001
Full-fat dairy 0.0 (0.0–7.5) 7.2 (0.0–15.4) 3.4 (0.0–8.3) 2.2 (0.0–6.0) 0.0 (0.0–4.3) 0.0 (0.0–3.2) <0.001

White cheese “feta” 6.6 (3.4–8.1) 7.2 (3.7–11.5) 5.5 (3.3–7.3) 3.3 (2.6–6.5) 3.4 (1.1–6.1) 3.3 (1.1–4.9) <0.001
Yellow cheese 2.4 (1.1–3.9) 2.5 (1.7–5.5) 2.2 (1.4–4.1) 2.0 (0.8–3.6) 1.9 (0.7–2.6) 2.0 (1.0–3.2) 0.007

Red meat 4.5 (3.2–6.1) 5.3 (3.4–7.7) 4.1 (2.9–5.3) 3.6 (2.3–5.0) 3.2 (2.2–4.3) 3.4 (2.5–4.8) <0.001
Meat products 0.5 (0.0–1.0) 0.2 (0.0–1.6) 0.5 (0.0–0.9) 0.4 (0.0–0.7) 0.4 (0.0–0.8) 0.1 (0.0–0.6) 0.282

Poultry 1.9 (1.6–2.5) 2.0 (1.1–2.8) 1.8 (1.4–2.7) 1.7 (1.1–2.4) 1.7 (1.2–2.3) 1.8 (1.3–2.4) 0.383
Egg 0.5 (0.2–1.4) 0.5 (0.3–1.6) 0.5 (0.2–1.4) 0.2 (0.0–0.5) 0.4 (0.0–1.1) 0.4 (0.0–1.4) <0.001

Seafood 2.4 (1.4–3.4) 2.5 (1.4–4.1) 1.9 (1.2–2.9) 1.3 (0.0–2.2) 1.6 (0.8–2.5) 2.3 (1.4–3.0) <0.001
Legumes 2.5 (1.6–3.4) 2.0 (0.0–3.1) 2.9 (1.9–3.6) 2.8 (2.1–3.9) 3.4 (2.5–4.6) 3.3 (2.3–5.0) <0.001
Sweets 3.6 (1.6–7.7) 7.7 (1.4–8.8) 7.3 (4.6–9.6) 8.3 (4.0–12.0) 4.8 (2.4–7.7) 3.4 (1.4–5.3) <0.001

Soft drink beverages 0.0 (0.0–0.5) 0.0 (0.0–0.5) 0.0 (0.0–1.0) 0.4 (0.0–2.9) 0.0 (0.0–0.9) 0.0 (0.0–0.1) 0.002
“Ready-to-eat” 1.5 (0.8–1.8) 1.6 (0.0–2.8) 1.5 (0.0–3.0) 1.6 (1.3–3.2) 1.5 (0.0–2.7) 1.1 (0.0–1.6) 0.002

IQR: interquartile range, i.e., 25th percentile value (lower quartile)–75th percentile value (upper quartile). The
Kruskal–Wallis test was used to test the differences in distributions among clusters.
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Figure 3. Comparison of energy contributions of selected food groups among the six clusters (C1–C6).
Statistical significance was assessed at α = 0.05 (p ≤ 0.05) using the Mann–Whitney U test.

Table 4. Dietary indexes among the six clusters (C1–C6, n = 608).

MedDiet Score HEI-2010 Dietary GI

Median Mean (SD) p-Value Median Mean (SD) p-Value Median Mean (SD) p-Value

C1 32.0 31.8 (3.2) b

<0.001

79.6 79.7 (8.4) b

<0.001

76.0 75.6 (3.9) b,c

<0.001

C2 31.0 30.6 (5.1) b 72.8 73.3 (8.9) c,d 73.8 74.1 (4.0) c

C3 30.0 30.5 (3.1) b 71.2 70.9 (7.9) d 76.4 76.4 (3.9) b

C4 29.0 28.7 (3.2) c 63.7 63.2 (8.0) e 78.6 78.5 (4.2) a

C5 32.0 31.9 (3.7) b 75.8 76.6 (7.6) b,c 76.7 76.6 (4.0) a,b

C6 34.0 33.8 (3.3) a 86.0 85.2 (6.3) a 74.6 74.0 (4.4) c

HEI-2010: Healthy Eating Index 2010; GI: dietary glycemic index; SD: standard deviation. Different superscript
letters represent statistically significant differences at p < 0.05, according to one-way ANOVA and Tukey’s test.

2.3.4. Fourth-Level Approach—Nutritional Adequacy

The point and interval estimates (95% bias-corrected and accelerated bootstrap con-
fidence intervals, BCas CI) for the nutritional adequacy in each cluster are presented in
Figure 4. The most striking points emerging from Figure 4 relate to: (a) the high degree of
nutritional adequacy (>90%) that was achieved in all clusters for protein, carbohydrates, vi-
tamin B-12, phosphorus and copper; (b) the low level of folate adequacy that was recorded
in all clusters; (c) the overall low to moderate degree of adequacy in C4; (d) the overall
higher nutritional adequacy of C6 compared to the other clusters.
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Figure 4. Point estimates and bootstrap confidence intervals (BCa CI) for the nutritional adequacy (%)
in each cluster (C). Nutritional adequacy was assessed with the probability approach. For nutrients
with *, adequacy was estimated with the EAR cut-point method.

In order to unravel the extent of nutritional adequacy, the percentile distribution of the
probability of adequacy is provided in Table 5 and Supplementary Table S1. For nutrients
with an established AI, i.e., fiber and potassium, or without a standard deviation (SD) of
requirement, i.e., calcium, the detailed descriptive statistics are presented in Table 6.
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Table 5. Percentile distribution of the probability of adequacy for selected micronutrients.

Magnesium Zinc Copper

P10 P25 P50 P75 P90 P10 P25 P50 P75 P90 P10 P25 P50 P75 P90

C1 12 32 65 95 100 90 98 100 100 100 99 100 100 100 100
C2 1 8 28 60 83 85 96 100 100 100 53 84 98 100 100
C3 1 4 17 60 96 67 81 95 100 100 93 98 100 100 100
C4 0 2 10 34 79 12 40 77 97 100 80 98 100 100 100
C5 5 19 69 95 100 30 62 90 99 100 100 100 100 100 100
C6 34 78 97 100 100 83 97 100 100 100 100 100 100 100 100

Selenium Thiamin Riboflavin

P10 P25 P50 P75 P90 P10 P25 P50 P75 P90 P10 P25 P50 P75 P90

C1 100 100 100 100 100 96 100 100 100 100 100 100 100 100 100
C2 100 100 100 100 100 38 69 99 100 100 100 100 100 100 100
C3 98 100 100 100 100 48 88 99 100 100 98 100 100 100 100
C4 39 87 100 100 100 27 56 97 100 100 25 77 99 100 100
C5 54 97 100 100 100 74 99 100 100 100 40 95 100 100 100
C6 97 99 100 100 100 100 100 100 100 100 100 100 100 100 100

Niacin Vitamin B-6 Vitamin C

P10 P25 P50 P75 P90 P10 P25 P50 P75 P90 P10 P25 P50 P75 P90

C1 82 95 99 100 100 38 88 98 100 100 68 100 100 100 100
C2 51 66 95 99 100 20 59 83 99 100 0 1 100 100 100
C3 44 71 90 98 100 17 32 63 93 100 3 76 100 100 100
C4 13 32 80 94 99 2 7 35 81 99 0 35 100 100 100
C5 56 79 93 99 100 11 32 73 99 100 98 100 100 100 100
C6 91 99 100 100 100 65 82 99 100 100 100 100 100 100 100

P: percentile; k-percentile is the k% of individuals in each cluster that is below the respective probability of
adequacy, e.g., in the case of magnesium, almost 18 participants in C1 (P10) had a probability of adequacy below
12%; C: cluster; number of participants in each cluster: C1 (n = 179), C2 (n = 33), C3 (n = 142), C4 (n = 67), C5
(n = 127), C6 (n = 60).

Table 6. Percentile distribution of usual intake and percentage of “adequate” population for fiber,
potassium and calcium.

Fiber Intake (AI = 28 g/d)
Percentage of “Adequate” Population *

P10 P25 P50 P75 P90

C1 18 21 24 26 29 18.4
C2 11 16 17 19 24 0.0
C3 15 18 20 22 25 4.9
C4 16 17 20 23 25 4.5
C5 20 22 25 30 33 35.4
C6 24 27 30 33 38 66.7

Potassium Intake (AI = 2.9 g/d)

P10 P25 P50 P75 P90

C1 2.8 3.0 3.3 3.6 3.9 87.2
C2 2.5 2.7 3.0 3.3 3.5 69.7
C3 2.4 2.7 2.9 3.3 3.6 59.2
C4 2.3 2.4 2.7 3.0 3.3 38.8
C5 2.6 2.8 3.2 3.6 3.9 68.5
C6 2.9 3.1 3.5 3.8 4.2 93.3

Calcium Intake (EAR = 800 mg/d)

P10 P25 P50 P75 P90

C1 884 985 1134 1274 1441 95.5
C2 908 1108 1272 1492 1657 97.0
C3 718 868 1005 1127 1303 83.8
C4 600 701 832 947 1038 59.7
C5 570 724 839 1018 1170 59.1
C6 760 906 983 1146 1297 88.3

AI: adequate intake; * percentage of population with intakes above the estimated average requirement (EAR)/AI;
P: percentile; k-percentile is the k% of individuals in each cluster that are below the respective nutrient intake, e.g.,
in the case of potassium, almost 18 participants in C1 (P10) had an intake below 2.8 g/d; C: cluster; number of
participants in each cluster: C1 (n = 179), C2 (n = 33), C3 (n = 142), C4 (n = 67), C5 (n = 127), C6 (n = 60).



Metabolites 2022, 12, 395 10 of 21

Probability of Adequacy

The probability of adequacy recorded for magnesium in C6 ranged from 34% (P10) to
100% (P90) (Table 5). However, even from the P50, participants had almost 100% adequate
intakes. By contrast, the extent of adequacy in C4 ranged from 0% (P10) to 79% (P90),
while 50% of the participants (≤P50) were identified as a high-risk group, since the level of
adequacy at P50 was 10%. A low level of adequacy was also observed at P50 in C3 (17%).

The percentile distribution of adequacy in the case of vitamin B-6 was also indicative
of the different nutritional status of the participants. A total of 50% of the participants
(≥P50) in C1 and C6 had almost 100% adequate vitamin B-6 intake. On the other hand,
this probability in C4 was equal to 35%, while the adequacy obtained at P10 unraveled
“hidden” high-risk groups of participants (P10: 2%).

EAR Cut-Point Method

Differences in the level of adequacy were also recorded when the EAR cut-point
method was applied for fiber, potassium and calcium (Table 6). In the case of fiber, it
is apparent from Table 6 that C2–C4 had the lowest level of adequacy (0–4.9%), since
individuals in these clusters did not meet the adequate intake (AI) value (28 g/d) even
at P90. In contrast, in C6, the AI was met between P25 and P50, and therefore a higher
level of adequacy was observed (66.7%). A high level of adequacy was also observed in
C6 for potassium (93.3%). In fact, the AI value (2.9 g/d) was met at P10. As it is also
presented, different levels of adequacy were also recorded in the case of calcium. In fact,
participants in C1 and C2 demonstrated a high level of adequacy (>95%), while in C4 and
C5, a moderate level was recorded, approximately equal to 59%.

3. Discussion

In the present study, we assessed the nutritional profile of 608 pregnant women in
a Mediterranean country, Greece. Two nutrient patterns labeled as “plant-origin” and
“animal-origin” factors were extracted using PCA. The application of HCA to individuals’
factor scores classified the participants into six distinct clusters. Our framework of the
methodology proved to be efficient and useful for assessing the link between a posteriori
nutrient-based patterns and nutritional adequacy during pregnancy.

3.1. Commentary on Issues of Importance in This Study
3.1.1. Methodological Design

Exploratory factor analysis is a statistical method that allows for deriving empirical
dietary patterns and has been extensively employed as a tool for the assessment of ma-
ternal diet during pregnancy [7,23,24,26,30–33]. This data-driven technique reduces the
dimensionality of dietary variables to a few components [34]; nevertheless, the natural
interpretability of the derived factors depends on several subjective and arbitrary decisions.
The key aspects of these could be examined under the following two headings: (a) the
input dietary variables and their preprocessing, and (b) the statistical criteria for model
selection [13,22,35–39].

As far as the input dietary variables are concerned, Lovegrove et al. [20] suggested
that food items, food groups, nutrients or combinations can be used in all exploratory meth-
ods. Although extensive research has been carried out on the identification of maternal
food-based patterns [23,24,26], the nutrient-based patterns are not very common [7]. Foods
may indeed be easier to translate into public health recommendations [22], but a “nutri-
ent approach”, mirroring synergic effects and interactions [22,40], may provide valuable
information regarding the potential underlying mechanisms that link maternal diet and
offspring health [7]. Furthermore, nutrients are universal and independent of sociocultural
and geographic influences, facilitating comparisons between populations [22,36,41,42]. To-
wards this direction, the first step in our methodology was to generate nutrient patterns. For
the entry of variables into the factor analysis, and consistent with previous studies [7,22,43],
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we chose to consider energy-adjusted nutrient intakes, to mitigate the dominating effect of
those nutrients with the largest variance.

In terms of the statistical criteria used for model selection, the proportion of the
total variance explained by our two retained factors was comparable to that recorded in
previous studies on nutrient patterns [7,40,44]. Furthermore, similar factor structures and
nomenclatures have been reported in the literature [36,40,42,44].

3.1.2. Dietary Patterns and Nutritional Adequacy

To the best of our knowledge, research on maternal nutrient-based patterns is limited.
Therefore, the critical assessment of our results was performed against published data
obtained by maternal food-based patterns.

Participants in C6 tended to create a group with distinct dietary features—higher
contribution from core foods of the Greek cuisine—and a distinct image resampling of
the “Mediterranean”-, “Health Conscious”- or “Prudent”-type diet [27,30,31,39,45–48];
however, the assessment of dietary behavior became more complicated in C1–C5. Although,
at first glance, women in C1–C5 shared common dietary characteristics with the previously
identified patterns of the “Occidental”-, “Western”-, “Processed”- or “Unhealthy”-type
diet [17,27,30,31,45–48], the diet quality differed among these clusters, as reflected overall
in the a priori indexes calculated herein. The pronounced preference of participants in
C3 and C4 for sweets and soft drink beverages was also in agreement with the “Snack-
type” pattern identified in Greek adult women by Karageorgou et al. [49]. From a general
perspective, our findings verify the evidence that adult populations in the Mediterranean
region may exhibit healthier dietary behaviors even when some typical characteristics of a
“Western”-type diet are evident [49,50]. As such, the mean value of HEI-2010 in C4 was
higher than the threshold of 59, which represents a rather poor diet quality [51].

The potential of the a posteriori pattern analysis to assess the nutritional adequacy of
pregnant women has been demonstrated in previous studies based on foods [27,28,30,52–54].
In accordance with our results, McGowan et al. [27] recorded greater nutritional adequacy
among women in the “Health conscious” group compared to an “Unhealthy” pattern. In
the same line, Grieger et al. [53] suggested that the adoption of a “high-fat/sugar/take-
away” pattern, in the preconception period, is likely to reflect a poor nutritional status during
pregnancy. In contrast, Cano-Ibáñez et al. [30] reported that a Mediterranean dietary pattern,
based on legumes, vegetables, nuts, olive oil and whole cereals, may be related to adequate
intakes of fiber, folate, vitamins D and E, calcium and iodine.

3.1.3. Metabolic Aspects

The unique role of vitamins and minerals in enzymes (acting as co-factors) and tran-
scription factors, during all stages of cell growth and differentiation, suggests that mi-
cronutrient imbalance could evoke alterations in maternal and fetal metabolism [55]. For
instance, deficiencies in B-complex vitamins, which serve as coenzymes in the release of
energy from macronutrients, may have an impact on cellular growth and nerve tissue de-
velopment [56,57]. Furthermore, the synergistic action of methyl-donor nutrients, i.e., folate
and vitamin B-12, is essential for the methylation of DNA, RNA, protein neurotransmitters
and phospholipids. Hence, inadequate intake of these nutrients may increase the risk of
miscarriage and fetal malformation [57–59].

In this context, the multifactorial benefits of the Mediterranean-type diet on pregnancy
outcomes and offspring health have been well documented in a large and growing body
of literature [2,3,12,14,15,23,25,60]. In fact, the superiority of this pattern is not limited
to the appropriate “nutritional adequacy profile” but further expands towards a strong
correlation with a low intake of proinflammatory nutrients, such as refined sugars, starches
and SFA [30,53,61]. Abnormal glucose tolerance during pregnancy and long-term maternal
hyperglycemia related to the consumption of starchy food items and sugar-based confec-
tionary may result in alterations in the in utero environment, influencing fetal growth and
development [62–65]. A recent study conducted by our research group [66] suggested that
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even small fluctuations in carbohydrate quality may be associated with significant shifts in
the fetal environment that are reflected in the amniotic fluid “fingerprint”. Specifically, it
was found that dietary patterns with different GIs, but similar total carbohydrate intakes,
may be associated with a different glucose flux. Furthermore, different macronutrient
distributions and micronutrient nutriture may induce metabolic modifications linked to
amino acid metabolism and the citric acid cycle [66]; this metabolic switch may, in turn,
be associated with fetal body composition, which may potentially be related to offspring’s
risk of future disease [67,68].

4. Materials and Methods
4.1. Study Population
4.1.1. Participants

A total of 673 women with singleton pregnancy, during the 2nd trimester, were
invited to participate while visiting the 1st Department of Obstetrics and Gynecology,
Papageorgiou General Hospital, Thessaloniki, Greece. All subjects gave their informed
consent for inclusion before they participated in the study. The study was conducted
according to the guidelines of the Declaration of Helsinki and approved by the Bioethics
Committee of the Medical School, Aristotle University, Thessaloniki, Greece (A19479—
26 February 2008).

4.1.2. Exclusion Criteria

The exclusion criteria for the study population are described in detail in a previ-
ous publication [56]. Briefly, of the initial population (n = 673) enrolled in the present
investigation, 48 women were excluded due to insufficient dietary information, medical
complications and inconsistent answers. Furthermore, 17 participants with biologically im-
probable intakes (caloric intake greater than 3500 kcal per day) [69,70] were also excluded.
Consequently, 608 women were finally included in the study.

4.2. Data Collection
4.2.1. Demographic/Anthropometric and Lifestyle Characteristics

Demographic/anthropometric and lifestyle characteristics were collected through
personal interviews prior to the antenatal appointment [71]. Pre-gestational body mass
index was calculated as weight (in kilograms) divided by standing height (in meters)
squared [72]. The physical activity status was evaluated using the short version of the
International Physical Activity Questionnaire [29].

4.2.2. Dietary Assessment, Nutrient Intake and Dietary Indexes

Usual maternal dietary intake was assessed using a Mediterranean-oriented, culture-
specific food frequency questionnaire (FFQ), previously developed and validated for the
pregnant population [71]. Data collection was conducted through personal interviews
by a registered dietician or a well-trained interviewer. An appropriate Microsoft Excel
database was designed for the conversion of participants’ responses into dietary data [71].
The nutrient density approach (intake per 1000 kcal) [70] was adopted in order to mitigate
the dominating effect of those nutrients with the largest variance [7,22,43]. Furthermore,
the ratios of carbohydrates to fiber, animal to plant protein and (MUFA + PUFA) to SFA
were calculated.

In order to evaluate the dietary quality in terms of food consumption, the 221 food
items of the FFQ [71] were summarized into 19 selected food groups.

Adherence to the Mediterranean diet was also evaluated using the Mediterranean Diet
Score (MedDiet Score) proposed by Panagiotakos et al. [73]. Taking into account that our
study population included pregnant women, we modified the index in two ways: (a) milk
and dairy products were presumed to be protective components [3,23], and (b) alcohol
intake was excluded, as it is not recommended during pregnancy [74]. As such, there were
10 included components (out of the initial 11 components), and given that each component
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is awarded a minimum score of 0 and a maximum score of 5, the potential total score
ranged between 0 and 50 (the initial scale ranged between 0 and 55). Higher values were
indicative of closer adherence to the Mediterranean diet [73].

The HEI-2010 total score was estimated as described by Guenther et al. [75], using the
Food Patterns Equivalents Database (FPED) 2013–2014 [76]. Alcohol intake was omitted
from the component of empty calories [77]. Twelve nutrient density components were
summed into an overall score of a 100-point scale since no other modification was carried
out [75]. Only the total score was used for further analyses. The higher the overall score,
the higher the dietary quality [75].

As a measure of carbohydrate quality, the dietary GI was estimated according to Hu
et al. [78]. Glycemic index values of the different foods were obtained from published
international tables [79], using white bread as the standard reference.

4.3. Methodological and Statistical Design

The framework of the methodology of the current study was based on the work of
Vasilopoulou et al. [80] and is illustrated briefly in Figure 5. For the extraction of nutrient
patterns, PCA, with varimax rotation of the factorial axes, was performed. Hierarchical
cluster analysis was conducted in order to identify homogenous groups of participants
relative to nutrient patterns. The nutritional profiles of the derived groups of participants
were analyzed further following a four-dimensional approach (A–D) as Figure 5 presents.

Figure 5. Framework of the methodology adopted in the current study.

4.3.1. Principal Component Analysis

Principal component analysis was based on the correlation matrix of 18 energy-
adjusted nutrient variables (Figure 5). The factorability of the intercorrelation matrix
was tested with the KMO index and Bartlett’s test for sphericity. Nutrient patterns were
labeled and interpreted according to the nutrients with an absolute value factor loading of
≥0.5. Finally, each participant received a factor score for each nutrient pattern.

4.3.2. Hierarchical Cluster Analysis

Hierarchical cluster analysis was based on the nutrient factor scores derived from
the previously applied PCA analysis (Figure 5) [81,82]. Clusters were structured using
Ward’s criterion [83], while the squared Euclidian distance was used as a dissimilarity
index [82] between the pregnant women. Visual inspection of the dendrogram (not shown)
indicated that participants were discriminated into three to six groups; however, a six-
cluster structural layout was the best interpretable solution.

The contribution of each nutrient pattern in the cluster construction was evaluated by
examining the magnitude and the statistical significance of the corresponding coefficients of
determination R2 computed from a series of one-way ANOVAs [84]; within this statistical
approach, cluster membership was considered as the independent variable, and nutrients’
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pattern scores as the dependent variables. The value of R2 is indicative of the percentage of
variance of the examined nutrients’ pattern scores explained by the differences between the
clusters [82]. In the frame of one-way ANOVA, R2 is computationally and conceptually
equivalent to the “Eta-squared” (η2) index, a measure of the independent variable’s—the
cluster membership in the present study—effect size [85]. Eta-squared is calculated by
the formula η2 = R2 = (SSBetween clusters/SSTotal), where SS indicates the corresponding sum
of squares.

4.3.3. Statistical Comparisons among Clusters regarding Demographic/Anthropometric
Features and Dietary Quality

In order to facilitate readership, the numbering of tables as presented in the Results
section is highlighted at the appropriate position herein.

Statistical comparisons among the clusters were conducted in terms of demographic/
anthropometric, lifestyle and dietary characteristics (nutrient pattern scores, food con-
sumption and dietary indexes, Figure 5A–C). Differences among clusters relative to the
qualitative variables were examined using the chi-squared test (Table 2).

The homogeneity of variance among clusters was examined using Levene’s test.
Parametric one-way ANOVA followed by Tukey’s test for multiple pairwise comparisons
among mean values was conducted (Tables 2 and 4, Figure 1). In the case of deviations from
the homogeneity assumption, we performed Welch’s ANOVA, followed by the Games–
Howell test for pairwise comparisons of mean values [86] (Figure 1).

In the case of extreme deviations of the data from the normality and homogene-
ity of variances, the non-parametric Kruskal–Wallis (KW) test followed by a series of
pairwise Mann–Whitney (MW) tests was used to highlight cluster differences (Table 3,
Figure 3). In all non-parametric tests (KW, MW) and the chi-squared test, the observed
significance level (p-value) was computed with the Monte Carlo simulation method, utiliz-
ing 10,000 random samples. This method leads to safe inferential conclusions even in cases
where the methodological assumptions of the previously mentioned tests are not satisfied.

The significance level in all hypothesis testing procedures was predetermined at
α = 0.05 (p ≤ 0.05). Quantitative data are presented as means and SD values, while qualita-
tive data are presented as percentages. For food intakes and dietary indexes, median values
are also provided. All statistical analyses were performed using IBM SPSS v.27.0 (SPSS Inc.,
Chicago, IL, USA) enhanced with the module Exact Tests (for the implementation of the
Monte Carlo simulation method).

4.3.4. Appraisal of Nutritional Adequacy

Nutritional adequacy (Figure 5) was estimated for the following 17 nutrients: protein, car-
bohydrate, fiber, thiamin, riboflavin, niacin, vitamin B-6, folate, vitamins B-12 and C, calcium,
phosphorus, magnesium, potassium, zinc, copper and selenium (Supplementary Table S2).
For the assessment of nutritional adequacy, the Dietary Reference Intakes (DRIs) values pro-
posed by the Institute of Medicine (IOM) were used [87–90]. Normal distribution was checked
using skewness and kurtosis. All nutrients satisfied the assumption of normality in each
cluster [90,91].

The appraisal of nutritional adequacy was performed using the probability approach
or, where this was not applicable, the EAR cut-point method.

Probability Approach

In the case of nutrients with an established EAR and SD of the requirement, the
probability approach proposed by Beaton was evaluated [92]. Specifically, the probabil-
ity approach was performed on the following nutrients: protein, carbohydrate, thiamin,
riboflavin, niacin, vitamin B-6, folate, vitamins B-12 and C, phosphorus, magnesium,
zinc, copper and selenium. Calcium was excluded due to the absence of the SD of the
requirement [88,90] (Supplementary Table S2).
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To assess the probability of adequacy for the usual intake of each nutrient, the
NORM.DIST function of MS Excel was applied, using the EAR and the SD of the require-
ment as parameters [90]. The adequacy of the participants in each cluster was calculated as
the average of individual probabilities and expressed as a percentage (%) [89,93].

EAR Cut-Point Method

For nutrients with an established AI, i.e., fiber and potassium, the nutritional adequacy
was estimated using the EAR cut-point method [94]. The adequacy of calcium was also
assessed using this method (Supplementary Table S2).

Usual intake values for the aforementioned nutrients were taken as whole numbers
or rounded to the appropriate decimals, depending on the AI or EAR values. The level of
adequacy was measured, calculating the proportion of individuals with intakes above the
AI/EAR.

Interval Estimates

In order to provide a better estimation of actual adequacy, interval estimations on
the final estimates were calculated by the application of the bootstrap method [56,95,96].
As such, 95% BCa bootstrap CIs [96] were calculated around the final estimates of the
probability approach and the EAR cut-point method. Each bootstrap run was based on
500 resampling circles [56].

5. Conclusions

The assessment of nutritional status across different populations is important for the
development of public health strategies and preventive actions.

The aim of the present study was to assess the link between a posteriori dietary patterns
and nutritional adequacy. Towards obtaining accurate, high-quality and reliable dietary
data, in the present study, we: (a) adopted a Mediterranean-oriented semi-quantitative
FFQ, developed by our research group and validated for the pregnant population; (b) ac-
complished the dietary recording via personal interviews by a registered dietician or
a well-trained interviewer and used the “precise frequency” version [71]; (c) recruited
608 participants, a sample size large enough to further strengthen our findings.

Based on the proposed framework, the application of PCA revealed two distinct
patterns. Relative to these patterns, the 608 pregnant women were classified into six ho-
mogenous clusters. Among them, a group with a distinct image resembling that of the
Mediterranean-type diet (C6, Figure 6) was unveiled when dietary quality was reflected in
food choices and a priori indexes. For the realization of our ultimate goal, a robust method-
ology to identify “hidden” high-risk groups of participants was implemented [56]. As such,
the appraisal of nutritional adequacy indicated that participants in C6 (Figure 6) were more
likely to have adequate nutrient intakes compared to participants in the other clusters.

Considering pregnancy as a unique window of opportunity to promote balanced
dietary behaviors and improve both maternal and offspring health, the insights gained
from this study may be of assistance to the design and implementation of public health
strategies well suited to the pregnant population.

At this point, it should be emphasized that, although the current study was conducted
on pregnant women, the proposed framework of the methodology could be applied to
several different population groups.
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Figure 6. Summarized conclusions of the present study. Principal component analysis (PCA) (A). Hierarchical cluster analysis (HCA) (B). Dietary quality in terms of
food choices (C) and dietary indexes (D). Appraisal of nutritional adequacy (E).
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Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/metabo12050395/s1. Figure S1: Mean intake of nutrients with
absolute factor score ≥ 0.5 in “Plant origin” factor, among the six clusters (C1–C6) and in total sample;
Figure S2: Mean intake of nutrients with absolute factor score ≥ 0.5 in “Animal origin” factor, across
the six clusters (C1–C6) and in total sample; Figure S3: Comparison of energy contribution of selected
food groups across the six clusters (C1–C6); Statistical significance was assessed at α = 0.05 (p ≤ 0.05)
using the Mann–Whitney U test; Table S1: Percentile distribution of probability of adequacy for
macronutrients, phosphorus, folate and vitamin B-12; Table S2: Applied methods for estimating the
nutrient adequacy for the macro- and micronutrients under study.
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