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ABSTRACT

Background: The Mediterranean diet (MedDiet) is a dietary pattern effective in terms of
prevention of many diseases such as gestational diabetes mellitus (GDM). Recently, many
studies have paid attention to nutritional factors during pregnancy as a modifiable contri-
Uil 5 (EIDL) (15 Gestational diabetes;
Objective: to investigate associations of nutrients intakes and MedDiet pattern of eating with nutrients: Mediterranean
risk of GDM. diet
Subjects/Methods: This study conducted on N = 120; Pregnant women with GDM (n = 60)

and without controls (n = 60). The dietary habits were assessed by a dietary history method

and a validated food frequency questionnaire. We calculated a MedDiet score which mea-

sures the degree of adherence to a Med Diet.

Result: A low Med Diet score was found in pregnant women with and without gestational

diabetes in 46.7% and 38.8% of cases, respectively, with no significant difference. Our data

showed that the higher the adherence score to the MedDiet, the lower the fasting blood

glucose level and the plasma glucose 2 h post load. These findings concerned the two groups

studied (P < 1073). We also noted that controls had a significantly higher intake of legumes,

vegetables and fish. Monounsaturated fatty acids and saturated fatty acids consumption was

significantly higher in the control group (2.3 + 0.8 vs 1.7 + 0.7, P < 107°). GDM subjects

consumed significantly more dairy products and cereals (P < 1073). After adjustment for

confounders, no nutrient was associated with the risk of developing gestational diabetes

except vitamin D intake (OR 0.29 [0.15-0.54], P < 10~%) which had a protective effect.

Conclusion: Our study underlines the importance of adequate vitamin D intake during

pregnancy and suggests that the MedDiet may reduce the incidence of gestational diabetes.
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1. Introduction
shows that high dietary glycemic load was associated

Gestational diabetes is defined as a disorder of glu-
cose tolerance first recognized during pregnancy [1].
It affects 1-28% of all pregnancies depending on the
diagnostic threshold and the population studied [2,3].
Gestational diabetes mellitu (GDM) is associated with
poor pregnancy outcomes as well as increased risk of
longer-term morbidity for both mother and child [4].

Unmodifiable risk factors associated with GDM are
known such as maternal age, prior history of GDM,
family history of type 2 diabetes [5]. Identifying mod-
ifiable risk factors of GDM is needed for novel pre-
ventive strategies to avoid its associated adverse
health outcomes [6].

Some studies have paid attention to nutritional
factors during pregnancy as a modifiable contributor
to GDM risk [7,8]. The findings of these researches are
conflicting. High fiber intake is associated with lower
risk of GDM in two studies, but such relation is not
found in other studies [9,10]. A prospective study

with the development of GDM [10]. The role of fat
subtypes seems interesting, as saturated fat increases
risk of GDM polyunsaturated fat may have
a protective effect [11,12].

Observational studies showed that achieving
a healthier dietary pattern, such as Mediterranean
dietary pattern seem to lower the risk of developing
GDM [7,13]. In fact, MedDiet emphasizes consumption
of fruits, vegetables, legumes, whole grains and foods
rich in monounsaturated fatty acids (MUFAs), these
beneficial components might contribute to the pre-
ventive effects on GDM [14].

However, until this day there is no Tunisian
study who has investigated the relationship
between adherence to MedDiet and the preva-
lence of GDM. The aim of this study was to inves-
tigate associations of nutrients intakes and
Mediterranean diet (MedDiet) pattern of eating
with risk of GDM.
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2. Subjects and methods
2.1. Study population

This case-control study was conducted between
March 2018 and June 2018. Pregnant women with
(n = 60) and without (controls; n = 60) gestational
diabetes were recruited from the National Institute of
Nutrition. The two groups were matched for age and
socioeconomic status. Women with a known history
of diabetes (type 1 or 2), with metabolic or cardiovas-
cular diseases and pregnant women using drugs in
the long term were not included in the study. All
other pregnant women who underwent a 75 g-OGTT
at the 24th-32nd week of gestation were included.
The definition of GDM was based on the recommen-
dations of the International Association of the
Diabetes and Pregnancy Study Groups [15]. GDM
was diagnosed if one glucose value is equal to or
above any cutoff point: fasting =0.92 g/l;
1Th=18g/l;2h=1.53g/l

2.2. Data collection

We collected information about date of birth, family
history of diabetes mellitus, personal medical history
of GDM, pre-pregnancy weight (used to calculate pre-
pregnancy BMI) and physical activity. Weight and
height were measured. Weight gain was calculated
by subtracting pre-pregnancy weight from the last
measured weight and interpreted according to the
recommendations of the Institute of medicine [16].

3. Dietary assessment
3.1. Dietary history method

The dietary habits were assessed by a dietary history
method that has been used and validated in previous
studies in the Mediterranean region [17]. The ques-
tionnaire was analyzed with ‘NUTRISOFT' software to
obtain a nutritional assessment including total caloric
intake and the distribution of macronutrients (fat,
protein and carbohydrate) and micronutrients
(Magnesium,Vitamins C). The daily intakes of vitamin
D, a-linolenic acid, linoleic acid, eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) were calcu-
lated manually based on the composition tables of
Ciqual 2012.

3.2. Food frequency questionnaire (FFQ)

A semi-quantitative validated questionnaire com-
pound of 134 items expressed as the number of
daily, weekly and monthly portion and considered
representative of the Tunisian food consumption
was used. For quantification of the amount con-
sumed, we used a validated manual including 380

food's photography commonly consumed in Tunisia
grouped into 5items: bread, vegetables, meats, grains,
fruits and sweet products. Each food was presented
with three portion sizes: small, medium and large
considered representative of the consumption of the
Tunisian population. The reference of the weight of
the food (A, B, C) are shown on each photo. Food
presentation in three sizes also provides intermediate
and extreme sizes, corresponding to seven different
sizes of food portions overall [18].

3.3. The score of adherence to the Mediterranean
diet (MDS)

To calculate this score, we have identified foods
derived from the FFQ data and nutrients from the
dietary history (MUFAs and saturated fatty acids
(SFAs)), which are the nine components of the
MedDiet as defined in the Washington Heights-
Inwood Columbia Aging Project (WHICAP) study [19].
Vegetables, fruits, legumes, cereals and bread, pasta,
rice; fish and seafood; meat, poultry; dairy products;
alcohol and ratio MUFAs/SFAs. The sub-scores were
assigned as previously proposed by Trichopoulou
et al. [20]: For the beneficia components of diet (vege-
tables, fruits, legumes, cereals, fish, MUFAs/SFAs ratio)
individuals whose consumption was greater than or
equal to the median received a score of 1 and zero for
others. Conversely, for the supposed deleterious com-
ponents (meat and dairy products), individuals whose
consumption was greater than or equal to the median
received a score of 0 and 1 for others. The total score
quantifying adherence to the MedDiet was calculated
by adding the binary scores awarded to nine compo-
nents in a way that the higher the score the greater
the adherence.

Adherence to the MedDiet was interpreted as, low
adherence (score = [0-3]), moderate adherence
(score = [4,5]), high adherence (score = [6-9]).

3.4. Statistical analysis

The statistical analysis was performed with STATA
Version 11.1 software. Quantitative variables were pre-
sented as mean + standard deviation. Quantitative
values and means were compared with parametric
Student’s t test. The univariate ANOVA was used to
compare the mean blood glucose and post load glu-
cose (2 h) in both strata based on the MedDiet score.
The multiple comparison test ‘Post hoc student -
Newman Keuls’ was used for pair wise comparison
(for fasting glucose and post load glucose).
Categorical variables were expressed as numbers
and percentages. Comparisons of qualitative values
and percentages were performed using the test Chi-
square. We used logistic regression to assess the
association between nutrient intakes and the



Table 1. Comparison of baseline characteristics between sub-
jects with and without GDM GDM: gestational diabetes
mellitus.

Control subjects, GDM, P (two-
Characteristics n =60 n =60 tailed)
Age (years) 312+ 57 312+ 57 NS

Pre- pregnancy 254 £ 381156 275 +4.194 =49 0.010.02
BMI (kg/m?)
Weight gain
(kg)

Family history of 18 65 <1073
diabetes (%)

Prior history of 0 30 0.01
GDM (%)

Physical activity

Sedentary (%) 33 67 0.01

Moderate (%) 68 37 0.03

Data are means * SD, Student’s t test
BMI: Body mass Index

development of GDM. The comparisons were done
after adjustment for age, pre-pregnancy BMI, family
history of type 2 diabetes, prior history of GDM, phy-
sical activity and weight gain during pregnancy.
P-value < 0.05 was considered significant.

3.5. Ethical approval

The study has been approved by the Ethic Committee
of the National Institute of Nutrition. The study pro-
tocol was conducted in accordance with the guide-
lines of the Declaration of Helsinki. Informed consent
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was obtained from all participants prior to their inclu-
sion in the study.

4, Results

The comparison between GDM subjects and controls
concerning baseline characteristics is presented in
Table 1. There was no significant difference in age
between GDM and control subjects. The average pre-
pregnancy BMI for GDM was significantly higher than
the control group (27.5 £ 4.1 vs 25.4 + 3.8; p = 0.01).
Weight gain, family history of diabetes, prior history of
GDM and physical activity were significantly higher in
women with GDM than in controls.

The comparison of foodstuff groups characterizing
the MedDiet as described previously is shown in Table
2. Controls had a significantly higher intake of
legumes, vegetables and fish. The MUFAs to
SFAs ratio was significantly higher in the control
group (23 + 0.8 vs 1.7 = 0.7, P < 1073). Whereas
GDM subjects consumed significantly more dairy pro-
ducts and cereals (P < 1073).

Figure 1 illustrates that a low score of adherence to
the MedDiet was found in 38% of the control group
and 47% of subjects with GDM. Adherence to the
MedDiet was moderate in half of pregnant women
of the control group and 37% of subjects with GDM.
However, there was no significant difference

Table 2. Comparison of various foodstuffs intake of mediterranean diet between subjects with and

without GDM.

Mean intake Control subjects GDM P (two-tailed)
Vegetables (g/w) 796.9 + 365.7 584.2 + 372.2 0.002
Fruits (g/w) 11295 + 4474 1321.7 + 989.8 NS
Legumes (g/w) 63.2 + 67.9 28.0 + 38.8 0.001
Cereals (g/w) 21129 £+ 625.1 2785.6 £ 3739 <1073
Fish (g/w) 136.2 + 128.0 49.9 + 41.2 <1073
MUFAs/SFAs 23+08 1707 <1073
Meat (g/w) 313.8 + 1259 3424 + 117.7 NS
Dairy products (g/w) 1540.7 + 542.3 2793.5 + 608.4 <1073

Data are means * SD, Student’s t test
MUFAs: monounsaturated fatty acids
SFAs: saturated fatty acids

60%
50%
40%
30%
20%
10%

0%
Score 0-3

H Controls

Score 4-5

Score 6-9

GDM

Figure 1. Distribution of the study population according to the mediterranean diet score.
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Table 3. Means of fasting blood glucose and plasma glucose post load according to the Mediterranean diet score.

Low score Moderate score High score
Gestational diabetes group Parameters [0-3] [4,5] [6-9] P
Fasting blood glucose (g/l) 1.25 + 0.30 P* 1.08 + 0.12¢ 091 +0.12 % <1073
Plasma glucose 2 h post load 1.76 + 0.18 b+ 1.65 + 0.10 ¢ 1.53 + 0.12 S** <1073
(9/1)
Control group Fasting blood 0.88 + 0.09 °* 0.80 + 0.06 ¢ 0.77 + 0,09 <1073
glucose (g/1)
Plasma glucose 143 +0.15 b* 111 +021¢ 1.04 + 0.09 S** <1073
2 h post load
g/

Data are means = SD, ® ANOVA Test

3post hoc student — Newman Keuls Test for pair wise comparison. "Comparison between low and moderate score. “Comparison between low and high

score. “Comparison between moderate and high score.
*p < 0.05, **<107°

concerning the adherence to the med Diet between
the two groups. Means of fasting blood glucose and
plasma glucose post load according to the MedDiet
score are presented in Table 3. Our data shows that
the higher the adherence score to the MedDiet, the
lower the fasting blood glucose level and the plasma
glucose 2 h post load. These findings concerned the
two groups studied (P < 1073). The pair wise compar-
ison showed that mean fasting blood glucose was
significantly higher in subjects who had low score to
the Med diet comparing to those with a moderate
(P < 0.05 for GDM and control groups) or high scores
(P < 0.05 for GDM and control groups). Similarly, the
average levels of plasma glucose 2 h post load were
significantly higher in low adherence to the MedDiet
compared to moderate and higher adherences for
both groups. However, we found no differences in
the averages of fasting blood glucose and glucose
2 h post load levels by comparing women with a mod-
erate score with those having a high score in the two
groups

Table 4 shows the reported dietary intake data of
the two groups. The control subjects displayed
a significantly higher fat intake than those with GDM
(P = 0.007). However, women with GDM had a signifi-
cantly higher intake of SFA, and lower consumptions
of monosaturated fatty acid, n-6 fatty acid, eicosapen-
taenoic acid (EPA) and docosahexaenoic (DHA) com-
pared to control subjects group. Furthermore, we
found that vitamin D intake was lower in women
with GDM than in controls (23 + 2.1 pg/j vs
6.3 £33 ug/j, P < 1073).

Multivariate logistic regression analysis of the rela-
tionship between nutrient intakes and the develop-
ment of GDM are shown in Table 5. After adjustment
for confounders, the only nutrient who remained sig-
nificantly protective against GDM was vitamin
D intake (OR 0.29 [0.15-0.54], P < 107>).

5. Discussion

In the present study, there was no significant differ-
ence concerning the adherence to the MedDiet
between the two groups. In contrary Zhang et al. in

2006 have shown that adherence to a diet rich in
fruits, vegetables, poultry and fish was associated
with reduction of GDM risk when compared to
a diet high in red and processed meat [21].
Another study showed that adherence to the
MedDiet was associated with a 24% lower risk of
GDM [6]. An observational study reported that the
incidence of gestational diabetes was lower among
women with a high adherence to the MedDiet com-
paring them to those with low adherence [17].
A recent case control study reported that partici-
pants in the highest tertile of Med diet had 80%
lower risk for GDM compared with those in the low-
est tertile (P = 0.006) [22].

Our data shows that the higher the adherence
score to the MedDiet, the lower the fasting blood
glucose level and the plasma glucose 2 h post load
in the two groups. These results are supported by
several cross-sectional and interventional studies
that emphasized reduction in fasting blood glu-
cose and decrease in insulin resistance by the
adoption of a MedDiet [23-26]. The study of
Karamanos et al. showed that fasting plasma glu-
cose and blood glucose an hour and two hours
after a 75-g OGTT were negatively correlated with
the score of the MedDiet (p < 0.001) [17]. Many
components of The MedDiet can explain its bene-
fits. This diet is rich in MUFAs due to the abundant
use of olive oil for cooking or dressing salads,
polyphenols, natural antioxidants, fiber and low in
saturated fats and high glycemic index carbohy-
drates. Adherence to this diet may reduce GDM
risk by improving systemic oxidative stress [27].

Our data showed that the daily intakes of fat,
MUFA, n-6 fatty acids, EPA, DHA, P/S ratio and
vitamin D had a protective effect against the
development of gestational diabetes. In contrast,
we found that daily intakes of SFA and sucrose
significantly increased the risk of gestational dia-
betes. However, multivariate analysis showed that
after adjustment for several covariates no nutrient
was associated with risk of developing gestational
diabetes, except vitamin D that kept its protective
effect. Similar results were observed in a study
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Table 5. Adjusted® associations of nutrient intake with the
risk of gestational diabetes among the participants.
OR Cl 95% P

1.00 [0.99-1.00]
0.98 [0.85-1.14]
0.82 [0.66-1.01]
1.77 [0.82-3.84]
0.99 [0.99-1.00]
1.05 [0.97-1.10]
1.00 [0.98-1.03] NS
]
]
]
]
]

Daily intake

Energy (kCal)

Total fat (%TEI)
n-6 fatty acid (g/d)
n-3 fatty acid (g/d)
Cholesterol (mg/d)
Carbohydrates (%TEI)
Sucrose (g/d)
Protein (%TEIl)
Fiber (g/d)
Magnesium (mg/d)
Vitamin C (mg/d)
Vitamin D (ug/d)

Logistic regression analysis

“Covariates included in the model were: maternal age, pre-pregnancy
BMI, weight gain during pregnancy, previous gestational diabetes,
family history of diabetes and physical activity.

TEI: total energy intake — ClI: confidence intervals

1.25 [0.91-1.70
1.07 [0.96-1.19
0.99 [0.97-1.00
1.00 [0.99-1.01
0.29 [0.15-0.54

which have shown that nutrients including lipids,
carbohydrates, SFA, MUFA, PUFA, n-6 fatty acids,
EPA, DHA, and fiber were not linked to GDM risk
after adjustment for age, ethnicity, pre-pregnancy
BMI, previous history of gestational diabetes,
family history of type 2 diabetes and smoking dur-
ing pregnancy [28]. In contrary, two case control
studies showed that diet high in total fat and
saturated fat and low in polyunsaturated fat was
associated with the risk of GDM [11,12]. Saldana
et al. in 2004 noted that higher total fat intake
increases the risk of GDM, while carbohydrates
effect was protective [29]. In a prospective cohort
study, dietary glycemic load was positively related
to GDM risk [10]. Controls consume significantly
more vitamin D than cases. Insufficient intake of
vitamin D can lead to hypovitaminosis D. Aljanahi
et al. in 2020 showed that vitamin D dietary intake
is higher among controls compared to GDM group
[30]. Few studies have examined the association
between spontaneous vitamin D intake and gesta-
tional diabetes risk. However, many trials have
examined the link between hypovitaminosis
D and gestational diabetes. Many studies reported
that the rate of 25 (OH) D was significantly lower
in women with gestational diabetes comparing
them to normoglycemic subjects [31,32]. Recently
a meta-analysis reported a significant association
between vitamin D deficiency and an increased risk
of GDM. The results of this study showed that
women with vitamin D deficiency had a 26%
greater risk of developing GDM than those with
normal serum vitamin D concentrations (OR: 1.26;
95% Cl: 1.13, 1.41) [33].

In conclusion, our study underlines the impor-
tance of adequate vitamin D intake during preg-
nancy and suggests that the MedDiet may reduce
the incidence of gestational diabetes. However,
further interventional studies will be needed to
affirm this relationship.
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