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The relationship of flavonoid 
intake during pregnancy 
with excess body weight and 
gestational diabetes mellitus
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ABSTRACT
Objective: To investigate the relationship of flavonoid intake during pregnancy with maternal 
excessive body weight and gestational diabetes mellitus (GDM). Subjects and methods: A cross-
sectional study was conducted among 785 adult women in singleton pregnancies, and data were 
collected at the time of the oral glucose tolerance test. For the body mass index (BMI) classification 
according to the gestational age, the criteria of Atalah was used, and the diagnosis of GDM was based 
on the World Health Organization of 2014. Two 24-hour dietary recalls were obtained, and the usual 
intake was determined by the Multiple Source Method. Adjusted multinomial logistic regression was 
used to investigate the relationship of the flavonoids with overweight and obesity, and adjusted 
non-conditional logistic regression for the relationship of the flavonoids with GDM. Results: The 
mean (SD) age of the women was 28 (5) years, 32.1% were overweight, 24.6% were obese and 17.7% 
were diagnosed with GDM. The median (P25, P75) of total flavonoid intake was 50 (31,75) mg/day. 
Considering the eutrophic women as the reference, the pregnant women with a higher total flavonoid 
intake [OR 0.62 (95% CI 0.38; 0.96)] and anthocyanidin intake [OR 0.62 (95% CI 0.40; 0.99)] were less 
likely to be obese when compared to the women with lower intakes. No association of the flavonoids 
intake with overweight or GDM was found. Conclusion: A very low intake of flavonoids was observed. 
The data suggest that the intake of foods naturally rich in total flavonoids and anthocyanidin has a 
beneficial role regarding obesity among pregnant women. Arch Endocrinol Metab. 2019;63(3):241-9
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INTRODUCTION

M aternal excess weight is a relevant risk factor for 
deleterious maternal and fetal health outcomes 

in the short- and long-term (1,2) and is the main 
determinant of gestational diabetes mellitus (GDM) 
(3). Globally, it is estimated that approximately 16% 
of pregnant women are affected by hyperglycemia (3). 
Therefore, investigations into factors with potential 
protective effects for the disease are of paramount 
importance. 

Evidence suggests that diets composed of plant-rich 
foods high in bioactive compounds, such as flavonoids, 
have a protective role for type 2 diabetes mellitus (DM) 
(4) and obesity (5). Flavonoids belong to the group of 
polyphenols and are classified into six subclasses: flavan-
3-ols, anthocyanidins, flavonols, flavanones, flavones 
and isoflavones (6). In vitro and in vivo studies have 
demonstrated that flavonoids have anti-inflammatory 

and antioxidant properties (7), with a high potential 
for modulation of the intestinal microbiota (8) and the 
inflammatory response induced by excess weight (9). It 
has been suggested that flavonoids can act in glycemic 
homeostasis through several mechanisms: inhibiting 
glucose absorption; stimulating insulin secretion by 
pancreatic β cells; favoring the modulation of glucose 
release by the liver; and acting on the improvement 
of the action of insulin receptors and absorption of 
glucose by the tissues (6). 

Epidemiological studies indicate an inverse 
relationship between flavonoid intake and adiposity 
indicators (10-13). Hughes and cols. (14) observed 
an increase in the body mass index (BMI) over the 
years among women with lower intakes of flavonols, 
flavones and catechins. In a study conducted with 
2,734 adult twins, it was found that a higher habitual 
intake of flavonoids, including anthocyanins, flavan-3-ols,  
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flavonols and proanthocyanidins, was associated with 
a lower percentage of body fat mass, regardless of 
confounding factors (12).

Epidemiological studies conducted in the United 
States and Europe suggest a protective effect of dietary 
flavonoids for the development of DM, regardless of 
confounding factors (4,15-17). European cohort data 
suggest a lower incidence of DM among individuals with 
higher habitual flavonoid intake (16). In the United 
States, cohort findings corroborate this hypothesis 
(17). In a dose-response analysis of a meta-analysis of 
prospective studies, Liu and cols. (4) concluded that 
the intake of 500 mg/day of flavonoids was associated 
with a 5% reduction in the risk of DM.

During pregnancy there is a profound 
transformation in the intestinal microbiota of women 
that may interfere with the absorption and metabolism 
of flavonoids (18). Although investigations in vitro 
and in animal models suggest a potential protective 
effect of flavonoids for GDM (6), no epidemiological 
studies were found that investigated the relationship 
of the intake of these compounds in pregnancy with 
excess weight and GDM. The hypothesis of the present 
study was an inverse relationship between the intake of 
flavonoids with excess body weight and GDM. The aim 
of the present study was to investigate the relationship 
of intake of total flavonoids and subclasses during 
gestation with maternal excess weight and GDM. 

SUBJECTS AND METHODS

Study design and population

A cross-sectional study conducted with 785 women, 
in singleton pregnancies, receiving prenatal care in 
the Public Health System of Ribeirão Preto, São 
Paulo state, Brazil (19). The recruitment of women 
was carried out by trained nutritionists, when the oral 
glucose tolerance test (OGTT) was performed, and all 
the pregnant women who attended these laboratories 
to carry out the OGTT, between 2011 and 2012, were 
invited to participate in the study. At the time of the 
assessment, neither the women nor the interviewer 
knew about the results of the OGTT. 

The study inclusion criteria were: age 20 years or 
over and pre-gestational body mass index 20 kg/m2 
or over. The exclusion criteria were: report of pre-
pregnancy diabetes; pregnant women with GDM 
screening prior to the 24th gestational week; twin 

pregnancy, report of use of glycemia altering drugs 
(such as glucocorticoids); and reports of diseases that 
alter habitual food consumption. Women with fasting 
blood glucose ≥126 mg/dL or ≥200 mg/dL two hours 
after glucose overload were considered to have prior 
DM and were subsequently excluded from the study.

A total of 1,446 women were contacted, however, 
19 women refused to participate in the study, 639 
were excluded according to the established criteria 
and three pregnant women presented incomplete data, 
giving a sample total of 785 women (19). Assuming a 
prevalence of 20% of GDM among women attended in 
the Brazilian Nation Health System, a sample size of 
512 individuals was necessary, with a margin of error 
of 5% (20). For the calculation of the gestational week 
(GW), the date of the last menstruation recorded on 
the medical card of the pregnant woman was used. The 
gestational age at the time of the interview ranged from 
24 to 39 weeks (70% of the women were between the 
24th and 28th GW, 21.5% between the 29th and 32nd GW 
and 8.5% ≥33 GWs).

The study was approved by the Research Ethics 
Committee of the School Health Center of the Ribeirão 
Preto Medical School (075/2015-CEP/CSE-FMRP-
USP) of the University of São Paulo. The pregnant 
women agreed to participate in the study by signing 
the informed consent form.

Classification of BMI according to gestational age

Data regarding weight (kg) and height (m) were 
obtained by trained nutritionists at the time of the 
OGTT using a digital scale (Tanita, model HS 302) 
and a portable stadiometer (Sanny, model ES 2040), 
respectively. The current BMI was calculated, with 
the criteria proposed by Atalah and cols. used for the 
classification of BMI according to gestational age (21). 
The criterion proposed by Atalah and cols. (21) was 
developed using data of Chilean women, and presents 
limitations to be used in Brazil. However, this criterion 
was adopted by the Brazilian Ministry of Health to 
evaluate pregnant women in the country (22). 

Diagnosis of gestational diabetes mellitus 

Blood samples were obtained after 12 hours of fasting, 
followed by the ingestion of a 75g glucose overload 
by the participants. Determination of fasting glycemia, 
one and two hours after overload, was performed 
using the glucose oxidase test. The diagnosis of GDM 
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was performed according to the criteria of the World 
Health Organization of 2014 (23), considering GDM 
if at least one of the glycemia values were altered in the 
women, at any stage of the gestation: fasting glycemia 
between 92 and 125 mg/dl; one hour after glucose 
overload ≥180 mg/dl; or glucose two hours after 
glucose overload between 153 and 199 mg/dl. 

Estimation of flavonoids from the usual diet

The food intake assessment was performed through 
two 24-hour dietary recalls on non-consecutive days, 
adopting the “multiple-pass” technique in three stages 
(24). The first 24-hour dietary recall was obtained 
at the time of the interview and the second through 
telephone contact, with at least seven days between 
replications, regardless the day of the week. The energy 
intake was estimated using the NutWin® software 
(Nutrition Support Program, Version 1.5, São Paulo, 
Brazil, 2002), adopting the database of the Brazilian 
Food Composition Table. For the estimation of total 
flavonoids and subclasses of most foods, the Brazilian 
Food Composition Table (TBCA-USP) (25,26) 
was used. For the estimative of flavonoids of foods 
without data on the TBCA, the USDA Database for 
the Flavonoid Content of Selected Foods was used 
(27). In the present study, the subclasses of flavonoids 
explored were: flavonols, flavones, flavanones, flavan-3-
ols and anthocyanidins. Isoflavones were not quantified 
due to low intake of food sources among the study 
participants.

To estimate the usual intake of flavonoids and 
subclasses in the diet the Multiple Source Method 
(MSM) was employed. The MSM is a statistical modeling 
program developed by the European Prospective 
Investigation into Cancer and Nutrition to estimate the 
usual diet (web-based https://msm.dife.de/) (28). The 
method estimates the usual intake of nutrients through 
three steps: 1. Estimation of probability of intake on a 
random day; 2. Estimation of usual intake on days of 
consumption, corrected for variability; 3. The product 
of the probability of intake (step 1) divided by the usual 
intake on the day of consumption (step 2) results in the 
usual intake. The MSM dispenses a high number of 24-
hour dietary recalls (or food records) replications (29). 
In the present study, the response rate for the second 
24-hour dietary recall was 62%, considered adequate 
for analysis using the MSM (30). In a previous study it 
was observed that the MSM was an adequate method to 
estimate the usual food intake during pregnancy (31).

Covariables 

Information on age (years), education (years of study), 
smoking (never smoked, ex-smoker and current 
smoker), practice of physical activity (minutes/week 
of walking and physical exercise), parity, family history 
of diabetes and history GDM in previous pregnancies 
were obtained through a structured questionnaire at the 
time of the interview during the OGTT. Pre-gestational 
weight was calculated based on data recorded on the 
obstetric monitoring card of the pregnant woman.

Statistical analysis

The study population was characterized using the mean 
(SD) and median (P25, P75) values for the continuous 
descriptive variables, while the categorical variables 
were expressed as frequencies. The dietary intake data 
were log transformed, and T Student test and ANOVA 
with post-hoc of Bonferroni were used to investigate 
differences in the estimated flavonoids of pregnant 
women according to glycemic homeostasis and the 
BMI categories, respectively.

The MSM was used to estimate the usual intake 
of total flavonoids and subclasses. For inclusion in the 
models, the estimate of flavonoids was transformed 
into its natural logarithm and adjusted for total energy 
through the residual method. The data were later 
categorized into intake tertiles. 

Multinomial logistic regression models were used to 
evaluate the relationship between total flavonoids and 
subclasses (in tertiles) and the BMI categories according 
to gestational week, considering the eutrophic women 
as the reference. In the analysis, 31 women with 
low weight according to the gestational week were 
excluded. The following variables were considered 
in the adjusted models: age (years), education (years 
of study), gestational week at the time of interview, 
smoking (never smoked, ex-smoker, current smoker), 
practice of physical activity (minutes/week), parity 
(number of children) and total energy of the diet (log-
transformation, kcal/day). 

Adjusted logistic regression models were used 
to estimate the relationship of dietary content of 
flavonoids and subclasses with GDM, adjusted for age 
(years), education (years of study), gestational week 
at the time of the interview, smoking (never smoked, 
ex-smoker, current smoker), practice of physical 
activity (minutes/week of walking and exercise), parity 
(number of children) pre-gestational BMI (kg/m2), 
current BMI (kg/m2), family history of diabetes (yes/
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no), history of GDM (yes/no) and total dietary energy 
(log-transformation, kcal/day).  

The significance level was set at p<0.05 and all 
statistical analyses were performed using the SPSS 
software (Version 24.0, SPSS Inc. Woking, Surrey, UK).

RESULTS

Among the 785 study participants, 17.7% were 
diagnosed with GDM, and 56.7% had excessive body 
weight. The age of the women ranged from 20 to 45 
years and the education level between zero and 15 years 
of study (Table 1).

It was observed that the drinks and foods that 
contributed the most to the intake of total flavonoids 
of the pregnant women’s diet were: mate tea, beans, 
oranges, chocolate powder and orange juice, as 
presented in Table 2. 

The median (P25, P75) of total flavonoids of the 
pregnant women was 50 (31, 75) mg. Women with 
adequate BMI reported a higher intake of anthocyanidin 
and flavan-3-ol, when compared with those classified 
with obesity. Moreover, pregnant women with 

Table 1. Sociodemographic, anthropometric and lifestyle characteristics 
of the pregnant women. Ribeirão Preto, SP, 2011-2012. n = 785

Maternal characteristics Frequency (n%)

Current GDMa

History of GDM in previous pregnancies 

139 (17.7)

34 (4.3)

Family history of diabetes 205 (26.1)

BMI classification (kg/m2)b

Low weight 31 (3.9)

Eutrophic

Overweight

309 (39.4)

252 (32.1)

Obese 193 (24.6)

Smoking

Never smoked 624 (79.5)

Ex smoker

Current smoker 

90 (11.5)

71 (9.0)

Mean (SD)

Age (years) 27.6 (5.5)

Gestational age at time of interview 27.7 (3.2)

Education (years of study) 9.2 (2.7)

Pre-gestational BMI (kg/m2) 25.9 (5.0)

Parity 1.2 (1.2)

Median (P25; P75)

Physical activityc 40 (0; 140)

a According to World Health Organization criteria. (22)
b Classification of current BMI according to gestational week. (21)
c Minutes per week of walking and physical exercise.

Table 2. Contribution of foods and beverages to the intake of total 
flavonoids and subclasses of the pregnant women. Ribeirão Preto, SP, 
2011-2012. n = 785 

Food and beverages Contribution (%)

Total flavonoids

Mate tea 45.0

Beans (brown) 11.0

Oranges 8.0

Chocolate powder 7.0

Orange juice 6.0

Others 23.0

Anthocyanidins

Açaí 34.0

Grapes (purple) 33.0

Strawberries 8.0

Plums 5.0

Blackberries 5.0

Others 15.0

Flavan-3-ols

Chocolate powder 49.0

Apples 19.0

Bananas 16.0

Chocolate 6.0

Mangos 2.0

Others 8.0

Flavanones

Oranges 49.0

Orange juice 39.0

Tangerines 10.0

Lemons 1.0

Wine (red) 0.1

Others 0.9

Flavones

Spring onions 56.0

Chicory 15.0

Watermelon 7.0

Pumpkin 6.0

Grapes (purple) 4.0

Others 12.0

Flavonols

Mate tea 69.0

Beans (brown) 16.0

Arugula 3.0

Apples 3.0

Lettuce 1.0

Others 8.0
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Table 3. Median (P25; P75) intake of total flavonoids and subclasses according to the glycemic homeostasis and BMI categories of the pregnant women. 
Ribeirão Preto, SP, 2011-2012

Glycemic homeostasisa (n = 785) BMI classificationb (n = 754)

All women
(n = 785)

Normal
(n = 646)

GDM 
(n = 139) 

Adequate
(n = 309)

Overweight 
(n = 252)

Obesity
(n = 193)

Total Flavonoids 50.0 (31.0; 75.0) 51.0 (31.9; 75.1) 47.3 (29.7; 77.3) 57.2 (33.4; 80.9) 49.0 (32.2; 73.3) 45.4 (28.7; 65.0)

Anthocyanidins 1.9 (0.8; 4.7) 1.9 (0.8; 4.6) 1.9 (0.7; 5.7) 2.2 (0.9; 6.2) 1.8 (0.8; 4.7) 1.7 (0.6; 3.9)c,d 

Flavan-3-ols 7.8 (2.8; 15.2) 7.9 (2.8; 15.2) 7.3 (2.8; 14.4) 8.5 (3.0; 16.0) 8.0 (2.3; 15.9) 6.7 (2.4; 13.0)c,d

Flavanones 2.3 (1.6; 4.2) 2.3 (1.6; 4.1) 2.2 (1.5; 15.7) 2.4 (1.6; 21.6) 2.1 (1.5; 3.2) 2.4 (1.8; 4.1)c,e

Flavones 0.3 (0.2; 0.6) 0.3 (0.2; 0.6) 0.4 (0.2; 0.7) 0.3 (0.2; 0.6) 0.3 (0.2; 0.5) 0.3 (0.2; 0.5)

Flavonols 24.8 (18.4; 31.9) 24.9 (18.7; 31.7) 24.4 (16.5; 32.8) 25.6 (19.2; 33.1) 24.6 (19.0; 31.1) 24.1 (16.6; 31.5)

a According to the WHO criteria. (22)
b According to the criteria of Atalah. (21) A total of 31 women with low weight according to gestational age were excluded in this analysis.
c p < 0.05; according to ANOVA. Variables were log transformed prior to the analysis.
d Mean difference between women with adequate BMI, when compared with women classified with obesity.
e Mean difference between women with adequate BMI, when compared with women classified with overweight.

adequate BMI reported a higher intake of flavanones, 
when compared with those classified with overweight. 
However, no significant difference was observed 
according to the glycemic homeostasis (Table 3).

In adjusted multinomial logistic regression models, 
it was observed that the women classified in the 
third tertile of the total flavonoid and anthocyanidin 
estimate had a lower chance of obesity when compared 
to the women in the first tertile. A direct association 
between the second tertile of flavanones and obesity 
was observed, however this association was not verified 
for the third tertile (Table 4).

Table 5 presents the results of the relationship of the 
estimate of total flavonoids from the usual diet and their 
subclasses with GDM. In adjusted logistic regression 
models, no association was observed.

DISCUSSION

In the present study, an inverse association of the 
estimate of the usual intake of total flavonoids and 
anthocyanidins with obesity during gestation was 
observed, regardless of confounding factors. The 
women with higher intakes of total flavonoids and 
anthocyanidins had a 39% and 38% lower chance, 
respectively, of being classified as having obesity when 
compared to the women with lower intakes. However, 
there was no association between dietary flavonoids 
and overweight or GDM, probably due to the very low 
intake of flavonoids observed in the study population. 
No previous epidemiological studies were found that 
investigated the relationship between dietary flavonoids 
during pregnancy and maternal excess weight or GDM.

A direct association between the second tertile 
of flavanones and obesity was observed. To our 
knowledge, no published data show a detrimental effect 
of flavanones on weight control, and this relationship 
probably results from chance.

The median estimate of total flavonoids in the usual 
diet of the present study (50 mg) was similar to that 
previously reported among Brazilian adults (55 mg) 
(32), however, it was much lower than that reported 
among European adults (246 mg) (16). In the Brazilian 
study conducted in the city of São Paulo, SP, the main 
sources of dietary flavonoids were citrus fruits, juices 
and beans (32); in the present study, the main sources 
were mate tea, beans and oranges. Worldwide, the 
main sources of flavonoids are the fruits, vegetables, 
and wine. In the present study, the median (P25, 
P75) intake of fruits and vegetables were 67 (38, 136)  
g/day and 78 (52, 112) g/day, respectively, and the 
red wine was rarely consumed (data not shown), which 
could partly explain the very low intake of flavonoids 
observed.

Given the effect of flavonoids on the maintenance of 
pancreatic β-cell function and insulin sensitivity [6], one 
of the hypotheses of the present study was an inverse 
relationship between their intake and GDM, which was 
not confirmed. It should be noted that many of the 
epidemiological studies that have verified a protective 
effect of flavonoids for DM were conducted in Europe 
(15,16), where the habitual intake of these compounds 
is much higher than that found among the pregnant 
women included in the present study, which could 
partially explain the controversial findings. In the study 
by Tresserra-Rimbau and cols. (15), it was verified that 
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Table 5. The relationship between dietary flavonoid intake during pregnancy and gestational diabetes mellitus. Ribeirão Preto, SP, 2011-2012. n = 785 

1st tertile 2nd tertile 3rd tertile p

Total flavonoids

Median (mg/day) 26.33 50.33 88.32

Odds Ratio (95%CI)a 1.00 (Ref.) 0.75 (0.46; 1.21) 1.11 (0.69; 1.78) 0.68

Anthocyanidins

Median (mg/day) 0.58 1.91 7.06

Odds Ratio (95%CI)a Ref. 1.13 (0.70; 1.83) 1.17 (0.72; 1.89) 0.52

Flavan-3-ols

Median (mg/day) 2.41 7.83 17.99

Odds Ratio (95%CI)a Ref. 1.07 (0.67; 1.71) 0.84 (0.51; 1.37) 0.49

Flavanones

Median (mg/day) 1.38 2.24 24.31

Odds Ratio (95%CI)a Ref. 0.78 (0.48; 1.28) 1.11 (0.69; 1.78) 0.66

Flavones

Median (mg/day) 0.15 0.32 0.75

Odds Ratio (95%CI)a Ref. 1.02 (0.62; 1.69) 1.56 (0.97-2.52) 0.06

Flavonols

Median (mg/day) 15.94 24.85 35.30

Odds Ratio (95%CI)a Ref. 0.68 (0.68; 1.10) 0.97 (0.61; 1.54) 0.89

a Logistic regression models adjusted for: age (years), education (years of study), gestational week at the time of interview, history of GDM (yes/no), family history of DM (yes/no), smoking (never 
smoked, ex-smoker and current smoker), practice of physical activity (minutes/week of walking, running or exercise), number of children, pre-gestational BMI (kg/m2), current BMI (kg/m2) and total 
dietary energy (log-transformation, kcal/day).

Table 4. Association of dietary flavonoid intake during pregnancy with excess weight and obesity. Ribeirão Preto, SP, 2011-2012. n = 754a 

1st tertile
2nd tertile 3rd tertile

Odds Ratiob 95%CI Odds Ratiob 95%CI

Total Flavonoids

Median (mg/day) 26.29 50.44 89.29

Overweight 1.00 (Ref.) 1.21 0.80; 1.85 0.75 0.49; 1.13

Obesity Ref. 1.27 0.81; 1.99 0.61 0.38; 0.96

Anthocyanidins

Median (mg/day) 0.58 1.93 7.06

Overweight Ref. 0.85 0.56; 1.30 0.75 0.50; 1.31

Obesity Ref. 1.01 0.65; 1.58 0.62 0.40; 0.99

Flavan-3-ols 1.00

Median (mg/day) 2.41 7.82 17.99

Overweight Ref. 1.23 0.81; 1.88 1.05 0.69; 1.60

Obesity Ref. 0.89 0.57; 1.40 0.72 0.46; 1.14

Flavanones Ref.

Median (mg/day) 1.39 2.25 24.36

Overweight Ref. 1.19 0.79; 1.79 0.67 0.44; 1.02

Obesity Ref. 2.17 1.36; 3.47 1.24 0.77; 1.98

Flavones 1.00

Median (mg/day) 0.15 0.32 0.75

Overweight 1.00 1.19 0.79; 1.79 0.88 0.58; 1.32

Obesity 1.00 1.10 0.71; 1.73 0.84 0.54; 1.33

Flavonols 1.00

Median (mg/day) 15.82 24.82 35.25

Overweight 1.00 1.21 0.80; 1.83 0.85 0.56; 1.31

Obesity 1.00 0.65 0.41; 1.03 0.75 0.49; 1.17

a 31 women with low weight according to the gestational week were excluded in this analysis.
b Multinomial logistic regression models, considering the eutrophic women as the reference, adjusted for: age (years), gestational week at the time of interview, education (years of study), smoking (never 
smoked, ex-smoker and current smoker), physical activity (minutes/week of walking, running or physical exercise), number of children and total energy of the diet (log-transformation, kcal/day).
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the protective effect of flavonoids in relation to DM 
was observed among individuals with a flavonoid intake 
higher than 425 mg/day when compared to those who 
reported a median intake of 291 mg/day. In a secondary 
analysis of data from the Nurses Health Study, women 
with a median intake of 718 mg/day of total flavonoids 
had a lower risk of DM when compared to women with 
a median intake of 105 mg/day (17). In a meta-analysis 
of prospective studies it was concluded that intake of 
500 mg/day of flavonoids would be necessary for a 5% 
reduction in DM risk, ten times higher than the median 
intake found in the study population (4). However, the 
flavonoids intake by the pregnant women was sufficient 
to detect an inverse association with obesity. 

The inverse association between anthocyanidins 
in the diet of pregnant women and obesity verified in 
the present study corroborates the findings of recent 
epidemiological studies (11,13,17). In secondary 
analyses of data from the National Health and Nutrition 
Examination Survey (NHANES 2007-2010 and 2007-
2012) in the United States, it was observed that adult 
individuals with higher intake of anthocyanidins had 
a 14% lower chance of having high BMI and waist 
circumference when compared to individuals with lower 
intakes (10), with an inverse association with BMI also 
found (33). In the analysis of data from the Harvard 
cohort studies, there was a greater chance of weight 
maintenance in individuals with high anthocyanidin 
intake when compared to participants with low intake 
over a four-year monitoring period (13). 

Experimental studies suggest that the intake of 
anthocyanidins may contribute to weight control 
through its modulatory effect on neuropeptide Y and 
the Y-butyric amino acid receptor in the hypothalamus, 
thus acting on appetite control (34). However, in the 
present study, the inverse association between flavonoids 
and obesity was independent of the total energy intake, 
as found in previous epidemiological studies (10-12). 
It has also been suggested that flavonoids can act to 
reduce visceral fat accumulation and hyperglycemia by 
inhibiting pancreatic lipase activity and by reducing 
intestinal lipid absorption (35). Furthermore, recent 
studies suggest that anthocyanidin exerts a modulating 
effect on the intestinal microbiota, contributing to the 
control of obesity [8].

The present study pioneered the investigation 
of the relationship between flavonoid intake during 
pregnancy and maternal excess weight and GDM 
using an epidemiological design. Another strength 

of the study is that the data were collected by trained 
nutritionists. The estimation of the flavonoid intake 
was based on two 24-hour dietary recalls and the 
estimate of usual intake was performed using the 
MSM. For the estimation of the flavonoid content of 
most foods the data determined in Brazilian studies 
was used. The cross-sectional design constituted the 
main limitation of the study, however, at the time of 
the interview neither the women nor the interviewers 
knew the result of the OGTT, reducing the chance of 
information bias. Since there is no data on food content 
of other phenolic compounds available in Brazil, other 
classes of polyphenols were not determined. The main 
sources of flavonoids are also rich in other components 
with antioxidant capacity, which were not estimated in 
the present study. No data on biomarkers of flavonoid 
intake was available. In addition, under-reporting of 
food consumption may have occurred. In addition, 
due to the lack of information about weight gain in 
the first trimester of gestation, it was not possible to 
investigate the relationship between flavonoid intake 
and gestational weight gain. The adoption of the 
criterion proposed by Atalah and cols. (21) for the 
classification of BMI according to gestational age in 
Brazilian pregnant women is controversial (36), but 
we do not know another classification available for this 
population. In addition, this criterion is recommended 
by the Ministry of Health for the evaluation of pregnant 
women in the country (22). Due to some evidence for 
a negative effect of polyphenols in fetal constriction of 
the ductus arteriosus, intervention studies promoting 
the intake of flavonoids conducted with pregnant 
women are not recommended (37).

In conclusion, a low intake of flavonoids was found 
among the pregnant women, however, in sufficient 
quantity to detect an inverse association of total 
flavonoids and anthocyanidin with obesity. There was 
no association between dietary flavonoids and GDM. 
However, observational studies conducted among 
populations with a higher usual intake of flavonoids are 
needed to elucidate their relationship with GDM. 

Acknowledgments and funding: National Council for Scientific 
and Technological Development (CNPq: 302498/2015-0 and 
472221/2010-8), Coordination for the Improvement of Higher 
Education Personnel (CAPES), Foundation for Support to Te-
aching, Research and Assistance of the Hospital das Clínicas of 
the Ribeirão Preto Medical School of the University of São Paulo 
(FAEPA) and University of São Paulo (USP), Brazil.  

Disclosure: no potential conflict of interest relevant to this article 
was reported.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

248

Flavonoid intake and gestational diabetes

Arch Endocrinol Metab. 2019;63/3  

REFERENCES
1. Godfrey KM, Reynolds RM, Prescott SL, Nyirenda M, Jaddoe VW, 

Eriksson JG, et al. Influence of maternal obesity on the long-term 
health of offspring. Lancet Diabetes Endocrinol. 2016;5(1):53-64.

2. Hanson M, Gluckman P, Bustreo F. Obesity and the health of fu-
ture generations. Lancet Diabetes Endocrinol. 2016;4(12):966-67.

3. International Diabetes Federation. IDF Diabetes Atlas. 8th ed. 
Brussels: IDF; 2017.  

4. Liu YJ, Zhan J, Liu XL, Wang Y, Ji J, He QQ. Dietary flavonoids 
intake and risk of type 2 diabetes: a meta-analysis of prospective 
cohort studies. Clin Nutr. 2014;33(1):59-63.

5. Azzini E, Venneria E, Ciarapica D, Foddai MS, Intorre F, Zaccaria 
M, et al. Effect of red orange juice consumption on body compo-
sition and nutritional status in overweight/obese female: a pilot 
study. Oxid Med Cell Longev. 2017;2017:1-9. 

6. Santangelo C, Zicari A, Mandosi E, Scazzocchio B, Mari E, Morano 
S, et al. Could gestational diabetes mellitus be managed through 
dietary bioactive compounds? Current knowledge and future per-
spectives. Br J Nutr. 2016;115(7):1129-44.

7. Anhê FF, Desjardins Y, Pilon G, Dudonné S, Genovese MI, Lajolo 
FM, et al. Polyphenols and type 2 diabetes: A prospective review. 
Pharma Nutr. 2013;1:105-14.

8. Jamar G, Estadella D, Pisani LP. Contribution of anthocyanin-rich 
foods in obesity control through gut microbiota interactions. Bio 
Factors. 2017;43(4):507-16.

9. Bastos DHM, Rogero MM, Arêas JAG. Mecanismos de ação de 
compostos bioativos dos alimentos no contexto de processos 
inflamatórios relacionados à obesidade. Arq Bras Endocrinol 
Metab. 2009;53(5):646-56.

10. Sebastian RS, Wilkinson Enns C, Goldman JD, Moshfegh AJ. Di-
etary flavonoid intake is inversely associated with cardiovascular 
disease risk as assessed by body mass index and waist circum-
ference among adults in the United States. Nutrients. 2017;9(8).

11. Vernarelli JA, Lambert JD. Flavonoid intake is inversely associ-
ated with obesity and C-reactive protein, a marker for inflamma-
tion, in US adults. Nutr Diabetes. 2017;7(5):e276.

12. Jennings A, MacGregor A, Spector T, Cassidy A. Higher dietary 
flavonoid intakes are associated with lower objectively measured 
body composition in women: evidence from discordant monozy-
gotic twins. Am J Clin Nutr. 2017;105(3):626-34.

13. Bertoia ML, Rimm EB, Mukamal KJ, Hu FB, Willett WC, Cassidy A. 
Dietary flavonoid intake and weight maintenance: three prospec-
tive cohorts of 124086 US men and women followed for up to 24 
years. BMJ. 2016;352:i17.

14. Hughes LAE, Arts ICW, Ambergen, T, Brants HAM, Dagnelie PC, 
Goldbohm RA, et al. Higher dietary flavone, flavonol, and cat-
echin intakes are associated with less of an increase in BMI over 
time in women: a longitudinal analysis from the Netherlands Co-
hort Study. Am J Clin Nutr. 2008;88:1341-52.

15. Tresserra-Rimbau A, Guasch-Ferré M, Salas-Salvadó J, Toledo 
E, Corella D, Castañer O, et al. Intake of total polyphenols and 
some classes of polyphenols is inversely associated with diabe-
tes in elderly people at high cardiovascular disease risk. J Nutr. 
2016;146(4):767-77.

16. Zamora-Ros R, Forouhi NG, Sharp SJ, González CA, Buijsse B, 
Guevara M, et al. Dietary intakes of individual flavanols and fla-
vonols are inversely associated with incident type 2 diabetes in 
European populations. J Nutr. 2014;144(3):335-43.

17. Wedick NM, Pan A, Cassidy A, Rimm EB, Sampson L, Rosner B, et 
al. Dietary flavonoid intakes and risk of type 2 diabetes in US men 
and women. Am J Clin Nutr. 2012;95(4):925-33.

18. Santangelo C, Vari R, Scazzocchio B, Filesi C, Masella R. Man-
agement of reproduction and pregnancy complications in ma-
ternal obesity: Which role for dietary polyphenols? Biofactors. 
2013;40(1):79-102. 

19. Barbieiri P, Nunes JC, Torres AG, Nishimura RY, Zuccolotto DC, 
Crivellenti LC, et al. Indices of dietary fat quality during mid-
pregnancy is associated with gestational diabetes. Nutrition. 
2016;32(6):656-61.

20. Trujillo J, Vigo A, Reichelt A, Duncan BB, Schmidt MI. Fasting plas-
ma glucose to avoid a full OG TT in the diagnosis of gestational 
diabetes. Diabetes Res Clin Pract. 2014;105(3):322-6.

21. Atalah SE, Castillo CL, Castro RS, Aldea AP. Propuesta de um nue-
vo estándar de evaluación nutricional em embarazadas. Rev Med 
Chile. 1997;125(12):1429-36.

22. Brasil. Ministério da Saúde, Secretaria de Atenção à Saúde, De-
partamento de Atenção Básica. Atenção ao pré-natal de baixo 
risco. Brasília (DF); 2012 [citado 8 out 2018]. (Série A. Normas e 
Manuais Técnicos) (Cadernos de Atenção Básica, 32). Available 
in: http://bvsms.saude.gov.br/bvs/publicacoes/ cadernos_aten-
cao_basica_32_ prenatal.pdf. Accessed in: 2 Apr. 2019.

23. World Health Organization. Diagnostic criteria and classification 
of hyperglycemia first detected in pregnancy: a World Health Or-
ganization Guideline. Diabetes Res Clin Pract. 2014;103:341-63.

24. Johnson RK, Soultanakis, RP, Matthews DE. Literacy and body 
fatness are associated with underreporting of energy intake in 
US low-income using the multiple-pass 24-hour recall: A doubly 
labeled water study. J Am Diet Assoc. 1998;98(10):1136-40. 

25. Universidade de São Paulo (USP). Tabela Brasileira de Com-
posição de Alimentos (TBCA). Food Research Center (FoRC). 
Tabelas Complementares favonoides. Versão 6.0. São Paulo, 
2017. Available in: http://nware.com.br/tbca/wp-content/up-
loads/2017/10/Tabelas_complementares-Flavonoides.pdf. Ac-
cessed in: 2 Apr. 2019.

26. Menezes EW, Santos NC, Giuntini EB, Dan MCT, Genovese MI, 
Lajolo FM. Brazilian flavonoid database: Application of quality 
evaluation system. J Food Compost Anal. 2011;24(4):629-36.

27. Bhagwat S, Haytowitz DB. USDA Database for the Flavonoid Con-
tent of Selected Foods – Release 3.2. Maryland: US Department 
of Agriculture; 2015.

28. Harttig U, Haubrock J, Knuppel S, Boeing H; EFCOVAL Consor-
tium. The MSM program: web-based statistics package for esti-
mating usual dietary intake using the Multiple Source Method. 
Euro J Clin Nutr. 2011;65(Suppl 11):S87-91.

29. Haubrock J, Nöthlings U, Volatier JL, Dekkers A, Ocké M, Harttig 
U, et al. Estimating usual food intake distributions by using the 
multiple source method in the EPIC-Potsdam Calibration Study. J 
Nutr. 2011;141(5):914-20.

30. Verly E Jr, Castro MA, Fisberg RM, Marchioni DM. Precision of 
usual food intake estimates according to the percentage of in-
dividuals with a second dietary measurement. J Acad Nutr Diet. 
2012;112(7):1015-20.

31. Sartorelli DS, Barbieri P, Perdoná GC. Fried food intake estimated 
by the multiple source method is associated with gestational 
weight gain. Nutr Res. 2014;34(8):667-73. 

32. Miranda AM, Steluti J, Fisberg RM, Marchioni DM. Dietary in-
take and food contributors of polyphenols in adults and el-
derly adults of Sao Paulo: a population-based study. Br J Nutr. 
2016;115(6):1061-70.

33. Kim K, Vance TM, Chun OK. Greater flavonoid intake is associ-
ated with improved CVD risk factors in US adults. Br J Nutr. 
2016;115(8):1481-8.

34. Badshah H, Ullah I, Kim SE, Kim TH, Lee HY, Kim MO. Anthocya-
nins attenuate body weight gain via modulating neuropeptide 
Y and GABAB1 receptor in rats hypothalamus. Neuropeptides. 
2013;47(5):347-53.

35. Takahashi A, Shimizu H, Okazaki Y, Sakaguchi H, Taira T, Suzuki T, 
et al. Anthocyanin-rich phytochemicals from Aronia Fruits inhibit 
visceral fat accumulation and hyperglycemia in high-fat diet-in-
duced dietary obese rats. J Oleo Sci. 2015;64(12):1243-50.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

249

Flavonoid intake and gestational diabetes

Arch Endocrinol Metab. 2019;63/3 

36. Kac G, Nucci LB, Spyrides MH, Duncan BB, Schmidt MI. Evalu-
ation of the ability of a Latin American gestational weight curve 
to predict adverse pregnancy outcomes. Int J Gynaecol Obstet. 
2009;106(3):223-6.

37. Hahn M, Baierle M, Charão MF, Bubols GB, Gravina FS, Zielinsky 
P, et al. Polyphenol-rich food general and on pregnancy effects: a 
review. Drug Chem Toxicol. 2017;40(3):368-74.


