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Abstract
The aim of this study was to evaluate the association of dietary patterns (DP) with maternal adiposity indicators, leptin, adiponectin and insulin
concentrations during pregnancy. A prospective cohort of pregnant women followed up at the 5th–13th, 20th –26th and 30th–36th gestational weeks
and 30–40d postpartum was conducted in Rio de Janeiro. A FFQ was administered in the third trimester (30th–36th gestational weeks). The reduced
rank regression procedure was used to identify DP that explain response variables (dietary fibre and total fat) related to indicators of maternal
adiposity (postpartum weight retention and gestational weight gain (GWG) adequacy), and plasma leptin, adiponectin and insulin concentrations.
The associations between tertiles of DP and the outcomes were determined using logistic regression or longitudinal linear mixed-effect regression
models. The mean daily energy intake during pregnancy was 10104 (SD 3234)kJ (2415 (SD 773)kcal), and GWG was 11·9 (SD 4·2)kg. In all, 40% of
women presented pre-gestational overweight/obesity. Excessive GWG occurred in 34·7% of pregnant women and 56·6% were overweight/obese at
postpartum. The ‘common-Brazilian’ DP (characterised by higher intake of beans, rice and lower intake of fast food/snacks, candies/table sugar and
processed meats/bacon) was positively associated with adiponectin (β=1·07; 95% CI 0·17, 1·98). The ‘Western’ DP (characterised by higher intake of
fast food/snacks and processed meat/bacon and lower intake of noodles/pasta/roots/tubers and sodas) was negatively associated with adiponectin
(β= −1·11; 95% CI −2·00, −0·22) and positively associated with leptin concentrations (β=64·9; 95% CI 22·8, 107·0) throughout pregnancy. It may be
suggested that the ‘common-Brazilian’ is a healthy DP and beneficial for serum concentrations of adiponectin and leptin.
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Obesity prevalence has increased worldwide and according to
the WHO it is considered a global epidemic, reaching all popu-
lation groups, including pregnant women(1). Both overweight and
obese women have a higher risk of excessive gestational weight
gain (GWG) compared with normal-weight women(2). Excessive
GWG has been associated with undesirable pregnancy outcomes,
such as Caesarean delivery, fetal macrosomia, preterm delivery,
gestational diabetes and pre-eclampsia(2–4).
Although obesity is considered a multifactorial disorder, the

main determinant related to GWG seems to be positive energy
balance, that is high energy intake, found mainly in diets rich in
refined foods, sugar and saturated fats and poor in fibre (often
named as ‘Western diet’ or ‘fast food’), and a lifestyle char-
acterised by low levels of physical activity(5). The ‘Western diet’

is associated with overweight and obesity and possibly with
excessive GWG(5). These findings reinforce the efficacy of the
dietary patterns (DP) approach to assessing the overall diet,
which is more closely related to real consumption, as it does not
consider each food or nutrient in isolation(6). In this regard,
reduced rank regression (RRR) is a hybrid method that takes
into account the a priori knowledge of the relationship between
nutrient intakes and the outcome of interest, and also includes
a posteriori data-driven analysis(7).

Studies have investigated DP that may be associated with
GWG. A higher adherence to a ‘New Nordic diet’, composed
largely of healthy foods, was associated with 7% lower odds of
excessive GWG in 66 597 Norwegian pregnant women with
normal weight(8). In contrast, a higher adherence to a ‘fast

Abbreviations: DP, dietary patterns; GWG, gestational weight gain.
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food’ pattern was associated with a faster GWG (10th–40th
week)(9). However, another study found no significant associa-
tions between DP and total GWG after adjustment for
confounders(10).
During pregnancy, women are exposed to several physio-

logical adaptations, such as increased insulin resistance and
changes in hormone circulation at different stages of pregnancy,
including leptin and adiponectin, known as appetite-regulating
hormones(11). The literature has also shown that DP are asso-
ciated with leptin, adiponectin and insulin concentrations(12,13).
A ‘healthy’ DP may be positively associated with adiponectin
concentrations(12) and negatively with insulin resistance(14),
whereas an ‘unhealthy’ DP such as a ‘Western diet’ may be asso-
ciated with higher leptin concentrations among adults(13). Never-
theless, to the best of our knowledge, no studies have investigated
the relationship between DP and adipokines during pregnancy.
Considering the limited results regarding GWG and the lack

of the studies relating DP and the variation of adipokines and
insulin concentrations throughout pregnancy, the aim of this
study was to evaluate the association between the adherence
to derived DP and maternal adiposity indicators, leptin, adipo-
nectin and insulin concentrations during pregnancy among
healthy Brazilian pregnant women.

Methods

Study design and sample

The present study comprised a prospective cohort of pregnant
women followed up at the 5th–13th, 20th–26th, 30th–36th
gestational weeks and 30–40 d postpartum. The study was
conducted at a public healthcare centre located in Rio de
Janeiro, Brazil, between November 2009 and October 2011.
Those women who met the following eligibility criteria
(n 299) were invited to participate in this study: between 5 and
13 weeks of gestation at baseline, aged 20–40 years and free
from infectious and chronic diseases (except obesity).

Criteria for exclusions after the baseline clinical evaluation
consisted of the following: confirmed pre-gestational diagnosis
of infectious or chronic non-communicable diseases (except
obesity) (n 14), gestational week≥ 14 at the first visit (n 15),
multiple gestation (n 4), miscarriage or stillborn (n 30) and
missing the baseline interview (n 12). Thus, our sample in the
first trimester comprised 224 pregnant women.

For this study, we excluded fifty participants owing to moving
out of the study programme area (n 11), consent removal (n 4),
abandonment of prenatal care at the study unit (n 5), missing
the follow-up interview (n 9), without data of gestational dietary

75 excluded after the recruitment: 14 with a confirmed
pre-pregnancy diagnosis of infectious or chronic non-
communicable diseases, 15 advanced pregnancy
(≥14 weeks of gestation), 4 multiple gestation, 30
miscarriages/stillbirth, 12 missing the baseline interview

224 eligible to participate

50 excluded throughout study: 11 moved out of the programme,
4 removed the consent, 5 abandoned pre natal care,
9 missed the follow-up interview, 10 with no information
about FFQ, 11 self-reported blood glucose alterations, 1
with energy intake higher than 25 104 kJ (6000 kcal)

299 pregnant women
were recruited

173§
Participants in the 3rd
trimester (30th – 36th)

164‡
Participants in the 2nd
trimester (20th – 26th)

173†
Participants in the 1st
trimester (5th – 13th )

159|| completed the
postpartum period

173*
Participants eligibly for

dietary pattern derivation

9 missed the follow-up
interview

9 women returned to
the analyses

14 missed data of body
weight in the postpartum

Fig. 1. Process of recruitment and follow-up of pregnant women attending at a public prenatal care in Rio de Janeiro. * We considered only women with data of FFQ in
the third trimester and those who remained until the end this study. Moreover, we excluded women who had preterm birth to minimise analysis error. Total sample size
was based in the outcome with higher number of participants (gestational weight gain adequacy). † Leptin data missing= 2 (total sample=171); adiponectin data
missing= 2 and data outlier= 1 (total sample=170); insulin data missing= 3 and data outlier= 1 (total sample= 169; ‡ leptin data missing= 1 and data outlier= 1 (total
sample= 161); adiponectin data missing= 6 and data outlier= 1 (total sample= 157); insulin data missing= 1 and data outlier= 1 (total sample= 161); § leptin data
missing= 4 and data outlier= 1 (total sample= 168); adiponectin data missing= 5 and data outlier=1 (total sample= 167); insulin data missing= 5 and data outlier= 1
(total sample= 167); || total sample size for postpartum BMI and postpartum retention.
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intake at the third trimester (n 10) and with self-reported blood
glucose alterations during pregnancy (n 11). After these exclusions,
our baseline sample comprised 173 pregnant women (Fig. 1).

Dietary intake assessments

A FFQ was administered in the third trimester (30th–36th gesta-
tional weeks) to obtain information on the habitual diet of pregnant
women during the gestational period (last 6 months of pregnancy).
This questionnaire refers to a validated version of an FFQ

developed for the Rio de Janeiro adult population(15), composed
of eighty-two food items, including non-alcoholic and alcoholic
beverages, with eight frequency options (>3 times/d, 2–3 times/d,
1 time/d, 5–6 times/week, 2–4 times/week, 1 time/week,
1–3 times/month and never or hardly ever) and portion sizes
(described in household measures).
For this analysis, five items were excluded because the

consumption frequency was lower than 20% (lard, alcoholic
beverages (wine, beer and vodka)) or when the food items
were aggregated (dried meat/codfish). Thus, seventy-seven
foods items were aggregated into eighteen food groups on the
basis of similarities in their nutritional composition and the
particular dietary habits of these women.
The FFQ data were summarised to identify DP among

pregnant women – that is the frequency of intake was trans-
formed into daily frequency, and portion sizes into g or ml(16).
The daily amounts consumed (g/d or ml/d) of each food group
was obtained by multiplying the daily frequency by the portion
size, and were considered as predictive variables in the RRR
analysis. The Brazilian Food Composition Table was used as the
main nutrient database(17). The food items not found were
added from the US Department of Agriculture National Nutrient
Database for Standard Reference(18).
We applied the RRR procedure to identify DP related to

indicators of maternal adiposity (postpartum weight retention
and GWG adequacy) and plasma concentrations of leptin,
adiponectin and insulin. The RRR statistical procedure was used
to maximise the explained variation in two response variables
in the data set, representing a so-called a priori component,
as well as the variation in nineteen predefined food groups
(predictive variables), which composed the a posteriori compo-
nent(7). In the present study, the nutrient densities of dietary fibre
and lipid (fat) (grams of fibre and fat per total daily energy intake
(kJ (kcal))) were chosen as response variables owing to their
previously identified relationships with adiposity and plasma
concentrations of leptin, adiponectin and insulin(12,13).

Biochemical analyses

Plasma adipokines and insulin concentrations were the
dependent variables in the present study. Blood samples were
collected between 06.50 and 07.50 hours, into Vacutainer®

tubes by a trained professional in all gestational trimesters
(weeks 5–13, 20–26 and 30–36) following a 12-h fasting period.
The samples were centrifuged (5000 rpm for 5min). Subse-
quently, the plasma was stored in tubes containing EDTA,
placed in cylinders containing liquid nitrogen, which were

transported weekly to a −80°C freezer where they were kept
until analysis.

Plasma adiponectin concentrations (μg/ml) were determined
using ELISA commercial kits (Millipore) with a sensitivity of
0·78 ng/ml. Measurements were made in duplicate and the
inter- and intra-assay CV were 9·9 and 6·7%, respectively.

Plasma leptin (ng/l) and insulin (μU/ml) concentrations were
measured using ELISA commercial kits with sensitivities of
0·5 ng/ml and 2 μU/ml, respectively.

The homoeostasis model of assessment of insulin resistance
(HOMA-IR) (insulin (μU/ml)× (glucose (mmol/l))/22·5) was
calculated and used as an indicator of insulin resistance(19).

Indicators of adiposity

Maternal body weight (kg) was measured at the three visits
during pregnancy and at the postpartum visit with an electronic
scale (Filizzola PL 150; Filizzola Ltda). Maternal height was
measured at the study baseline using a portable stadiometer
attached to the wall (Seca Ltda).

Indicators of adiposity were also considered as dependent
variables in this study, and were represented by the adequacy of
GWG, postpartum BMI and postpartum weight retention.

Pre-pregnancy BMI was calculated using weight and height
measured at baseline (weight (kg)/height(m2)) and was cate-
gorised as underweight, normal weight, overweight and obese
according to WHO criteria(20). GWG (kg) was calculated as the
difference between weight measured at the last prenatal visit
before delivery (gestational weeks 38–40) and the weight
measured at the first visit of study baseline (gestational weeks
5–13), and was classified according to the Institute of Medicine(21)

as insufficient, adequate or excessive. The recommendation is
that women should gain weight according to their pre-pregnancy
BMI – that is, those who were underweight, normal weight,
overweight or obese should gain between 12·5 and 18·0kg,
11·5 and 16·0kg, 7·0 and 11·5 kg and about 7·0kg, respectively.
Values below these intervals were considered insufficient, and
values above these intervals were considered excessive GWG.
The women were classified as excessive and insufficient/
adequate for analyses because the aim was to verify the asso-
ciation between DP and excessive GWG.

Postpartum weight retention (kg) was calculated as the
difference between weight measured at the postpartum visit
and the pre-pregnancy weight at the baseline. The postpartum
weight retention was then categorised in tertiles, considering
the first and second tertile (<4·4 kg) as low and the third tertile
(≥4·4 kg) as high risk of adiposity.

Postpartum BMI was considered as an indicator of post-
partum adiposity. This outcome was calculated based on
measures of maternal weight at 30–45 d postpartum and the
mean height at baseline (gestational weeks 5–13). The post-
partum BMI cut-off for overweight/obesity classification was
based on the WHO criteria (≥25 kg/m2)(22).

Assessment of covariates

A structured questionnaire was applied by trained interviewers
at baseline, to obtain the following variables: age (years), per-
capita family income (Brazilian currency – R$), education
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(years), marital status (married/stable partnership or single),
smoking habit (no/yes), alcohol consumption (no/yes), parity
(0/≥1) and first trimester leisure physical activity (no/yes).
Current breast-feeding practice (no/yes) was obtained at the
postpartum visit.

Statistical analyses

The RRR procedure was used to identify DP during pregnancy
using procedure partial least square (PROC PLS) from Statistical
Analysis System (SAS) University Edition software (version 9.4;
SAS Institute)(23).
The sample size for the current study was estimated based on

the assumption that dietary analysis requires at least five sub-
jects for each food group when the FFQ has >15 food
items(24,25). The analysis aggregated eighteen food groups to
identify the DP during pregnancy. Therefore, the minimal
required sample size was set to 90 (5× 18) pregnant women.
The number of subjects analysed in this study was consistent
with the method requirements.
Data distribution was performed using the Shapiro–Wilk test.

Insulin concentrations did not have a normal distribution.
Therefore, it was log-transformed before analysis. The char-
acteristics of pregnant women were described using means and
standard deviations for the continuous variables and absolute (n)
and relative frequencies (%) for the categorical data.
χ2 Tests were used to compare indicators of adiposity, whereas

ANOVA was used to compare adipokines and insulin con-
centrations at each trimester according to tertiles of adherence to
DP. The comparison between the trimesters within each tertile of
adherence to DP was analysed using repeated-measures ANOVA.
Crude and adjusted OR and 95% CI were estimated through

logistic regression to assess the associations between tertiles of
DP and excessive GWG, postpartum overweight/obesity and
high postpartum weight retention.
We performed linear mixed-effect (LME) regression models

to evaluate the association between DP during pregnancy
and adipokines, and insulin concentrations. The LME models
were adjusted for confounders selected by biological plausi-
bility and statistical significance (P< 0·2) in the bivariate
analysis for each of the three outcomes. These models
accommodate time-dependent and time-independent covari-
ates, and allow for unbalanced time intervals(26). The gesta-
tional age (weeks) was included in LME models as a random
and fixed effect to adjust for the overall and individual varia-
tions in the adipokines and insulin concentrations over time and
according to tertiles of DP. All other covariates were analysed as
fixed effects.
Comparisons between the subjects retained at postpartum

and those lost to follow-up between baseline and postpartum
were performed. We compared the following variables:
women’s age, GWG, HOMA-IR, daily energy intake during
pregnancy, pre-pregnancy BMI, per-capita family income,
education, leptin, adiponectin, insulin, postpartum BMI, GWG
adequacy, marital status, smoking habit, alcohol consumption,
parity and first trimester leisure physical activity. The Student’s
t test was used to compare continuous variables and χ2 test to
compare categorical variables. Data processing and analysis

were performed using the software STATA version 12.0(27).
A P value<0·05 was considered significant.

Ethical approval

The Maternity Hospital (protocol no.: 0023.0.361.000-08) and
the Institute of Psychiatry (protocol no.: 0012.0.249.000-09)
research ethics committees, both from the Rio de Janeiro
Federal University, approved the present study. All participants
signed a term of consent freely and spontaneously, detailing
all procedures to be carried out, according to the Brazilian
Resolution 466/2012.

Results

Women who were lost to follow-up were more likely to con-
sume alcohol (41·7 v. 17·4%, P= 0·039) and reported more
years of education in comparison with those who completed
the study (10·3 v. 8·5 years, P= 0·046) (online Supplementary
Table S1).

At baseline, the pregnant women had a mean age of
26·7 (SD 5·5) years, 24·9 (SD 4·3) kg/m2 of pre-pregnancy BMI
and 8·6 (SD 2·9) years of education. The mean daily energy
intake during pregnancy was 10 104 (SD 3234) kJ (2415
(SD 773) kcal) and the mean GWG was 11·9 (SD 4·2) kg.
Excessive GWG was observed among 34·7% (n 60) pregnant
women and the third tertile of postpartum weight retention
corresponded to a weight gain higher than 4·4 kg. Postpartum
overweight/obesity was observed in 56·6% (n 90) of the par-
ticipants (Table 1).

Two DP were identified. The first was labelled ‘common-
Brazilian’ and was characterised by higher intakes of beans, rice
and lower intakes of fast food/snacks, candies/table sugar and
processed meats/bacon. This DP was positively correlated with
fibre density and negatively with lipid density. The second DP
was named ‘Western’ and was characterised by higher intakes
of fast food/snacks and processed meat/bacon and lower
intakes of noodles/pasta/roots/tubers and sodas. The ‘Western’
DP was positively correlated with fibre and lipid density
(Table 2).

Postpartum BMI, postpartum weight retention and GWG
adequacy did not differ according to tertiles of adherence to the
identified DP in the current study (online Supplementary
Table S2).

There were no significant differences in the means of adi-
ponectin, leptin and insulin concentrations according to the
tertiles of adherence to DP (online Supplementary Table S3).

In the adjusted logistic regression analysis women with
medium adherence to the ‘Western’ DP presented higher risk of
excessive postpartum BMI than women with lower adherence
(medium v. low tertile of adherence, OR 2·80; 95% CI 1·18,
6·67) (Table 3). In the adjusted logistic models involving adip-
osity indicators, the pre-pregnancy BMI was also included.
However, DP remained unassociated (data not shown).

In the multiple adjusted longitudinal analyses, the highest
adherence to the ‘common-Brazilian’ DP was directly associated
with adiponectin concentrations (β= 1·07; 95% CI 0·17, 1·98).
The highest adherence to the ‘Western’ DP was negatively
associated with adiponectin throughout pregnancy (high v. low

Adipokines and dietary patterns 323

https://doi.org/10.1017/S0007114517003580  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114517003580


tertile of adherence β= − 1·11; 95% CI −2·00, −0·22). Further-
more, the highest adherence to the ‘Western’ DP was directly
associated with leptin concentrations during pregnancy

(β= 64·9; 95% CI 22·8, 107·0) (Table 4). We did not find
statistically significant associations between any of the three DP
and insulin concentrations.

Discussion

The present study has three main findings. First, women with
the highest adherence to the ‘common-Brazilian’ DP presented
higher adiponectin concentrations throughout pregnancy.
Second, women with the highest adherence to the ‘Western’
DP presented lower adiponectin concentrations throughout
pregnancy, and, third, women with highest adherence to
the ‘Western’ DP had higher leptin concentrations during
pregnancy.

A ‘common-Brazilian’ DP similar to that derived in this study
can be considered a healthy pattern because it has been shown
to be a protective factor for overweight and obesity(28). The
‘common-Brazilian’ DP derived here is characterised by high
intakes of beans, rice and low intakes of fast food/snacks,

Table 1. Characteristics of pregnant women in a public health centre in
Rio de Janeiro, Brazil, 2009–2012
(Mean values and standard deviations; numbers and percentages)

Characteristics n Mean SD

Continuous variables
Age (years) 173 26·7 5·5
Gestational weight gain (kg) 173 11·9 4·2
HOMA-IR* 168 1·2 0·8
Daily energy intake during pregnancy (kJ) 723 10 104 3234
Daily energy intake during pregnancy (kcal) 173 2415 773
Pre-pregnancy BMI (kg/m2) 173 24·9 4·2
Per-capita family income (R$)† 169 524·3 316·1
Education (years) 173 8·6 2·9
Leptin (ng/l)
First trimester 171 194·4 116
Second trimester 162 318·5 190
Third trimester 168 308·6 204

Adiponectin (µg/ml)
First trimester 170 5·80 3·2
Second trimester 157 6·77 5·0
Third trimester 167 5·90 3·6

Log-insulin
First trimester 169 1·53 0·6
Second trimester 162 1·67 0·6
Third trimester 167 1·85 0·6

Categorical variables n %

Pre-pregnancy BMI‡
Low/normal 103 59·54
Overweight/obesity 70 40·46

Postpartum BMI‡
Low/normal 69 43·40
Overweight/obesity 90 56·60

Postpartum weight retention (kg)§||¶
Low (<4·4) 106 66·7
High (≥4·4) 53 33·3

Gestational weight gain adequacy**
Low/normal 113 65·3
Excessive 60 34·7

Marital status††
Married or stable partnership 138 79·8
Single 35 20·2

Smoking habit††
No 162 93·6
Yes 11 6·4

Alcohol consumption††
No 140 80·9
Yes 33 19·1

Parity (number of parturitions)††
0 66 38·1
≥1 107 61·9

1st trimester leisure physical activity
No 163 95·9
Yes 7 4·1

HOMA-IR, homoeostasis model assessment of insulin resistance.
* HOMA-IR= fasting glucose (mmol/l) × fasting insulin (μU/ml)/22·5).
† Brazilian currency: USD $1 dollar=R$ 1·71 reais.
‡ The cut-off points for pre-pregnancy and postpartum BMI classification of

overweight/obesity were according to World Health Organization(22) (≥25 kg/m2).
§ Variables with missing information: fourteen missing values for postpartum weight

retention and postpartum BMI.
|| Weight at 30–45d postpartum.
¶ The postpartum weight retention was classified in low and high according to the first

and second tertiles (<4·4kg) and third tertile (≥4·4 kg), respectively.
** Gestational weight gain adequacy was classified according to the Institute of

Medicine(21) recommendations.
†† Refers to baseline information.

Table 2. Food groups comprising the simplified dietary pattern, their
mean intake by pregnant women and factor loadings (n 186)

Factor loadings

Food groups Common-Brazilian Western

Rice 0·30† −0·04
Spreading fat −0·04 0·10
Bread −0·10 0·02
Noodles, pasta, roots and tubers 0·09 −0·27†
Fast food and snacks −0·43† 0·46†
Beans 0·65† 0·52†
Cakes and cookies/crackers −0·14 0·06
Dairy products −0·08 0·02
Green vegetables and legumes 0·16 0·16
Fruits and fruit juices 0·10 −0·15
Fish and chicken 0·03 −0·17
Meats, giblets and eggs −0·12 0·19
Processed meats and bacon −0·23† 0·38†
Vegetable spices 0·13 0·10
Candies and table sugar −0·28† 0·14
Coffee 0·09 −0·15
Sodas −0·16 −0·30†
Tea −0·04 0·08

Explained variation (%)

Predictive variables 7·82 4·11
Accumulated percentage (%) 7·82 11·94

Response variables
FD (g/kJ) 77·49 11·27
LD (g/kJ) 50·34 17·35
FD+LD (g/kJ) 63·91 14·31
Accumulated percentage 63·91 78·23

Correlation between the dietary
pattern scores and the response

variables

FD (g/kJ) 0·88** 0·33**
LD (g/kJ) −0·70** 0·41**

FD, fibre density; LD, lipid density.
** Pearson’s correlation statistically significant (P<0·001).
† The dietary pattern labels were informed by the food groups/items; factor

loadings> |0·20| are indicated. All factor loadings contributed to the dietary patterns
scores.
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meats/giblets/eggs and processed meats/bacon. Furthermore,
it is inversely correlated with dietary fat density and directly
correlated with fibre density, the beans being the food item with
the highest loading attributed for this pattern. However, we
found no association between our ‘common-Brazilian’ DP and
the indicators of adiposity, such as excessive GWG and post-
partum overweight/obesity occurrence. In contrast, Drehmer
et al.(29) found negative associations between daily fibre con-
sumption and occurrence of obesity among 370 Brazilian
pregnant women and observed that those who did not reach
the daily recommendation of fibre intake (28 g) (DRI, 2002) had
a 30% higher risk of postpartum obesity compared with those
who did reach the recommendation. These authors also
showed that the highest contribution of fibre intake came from
beans. It is possible that our failure to find an association is
owing to our relatively small sample size.
Maternal leptin concentrations increase during normal

pregnancy and decrease near delivery(30), as observed in the
current study. Recent studies have shown that higher leptin
concentrations have been associated with pre-eclampsia(31) and
greater adiposity in the mother(32,33) in neonates(34). Adipo-
nectin concentrations usually decrease from the beginning to
the second half of pregnancy(5). However, in the current study
we did not find significant changes in this biomarker con-
centration throughout pregnancy(35). In contrast, we found an

inverse association between insulin and adiponectin con-
centrations in the first trimester (data not shown). It has been
suggested that low adiponectin concentrations may affect
glucose intolerance by increasing insulin resistance and/or
β-cell dysfunction(36). Moreover, studies have shown that
lower concentrations of adiponectin are associated with
adverse maternal clinical outcomes(6), overweight and
obesity(7).

The ‘common-Brazilian’ DP in this study was positively
associated with adiponectin concentrations. This is an adipo-
kine that has anti-atherosclerotic, anti-diabetic and anti-
inflammatory properties(37). This result is in agreement with a
study conducted in 1922 women from the Nurses’ Health Study,
which showed that higher adherence to a healthy DP was
positively associated with adiponectin concentrations – that is
women classified in the highest quintile of adherence to this DP
presented higher median adiponectin concentrations than
women in the lowest quintile (5·71 v. 4·34 μg/ml, respec-
tively)(38). Furthermore, another study found that non-pregnant
diabetic women without history of CVD who showed higher
adherence to a ‘Mediterranean’ diet (high intakes of whole
grains, monounsaturated fats, fruit and vegetables, and low
intakes of red meat, saturated fats and sweets) had higher
adiponectin concentrations than those with lower adherence
(6·88 v. 5·54 μg/ml)(39).

Table 3. Logistic regression between tertiles of adherence to dietary patterns and gestational adiposity outcomes
(Odds ratios and 95% confidence intervals)

Model 1 Model 2

Dietary patterns* OR 95% CI P† OR 95% CI P†

Excessive gestational weight gain‡§||
Common-Brazilian

Medium adherence 0·73 0·34, 1·57 0·429 0·76 0·33, 1·71 0·512
High adherence 0·75 0·34, 1·62 0·468 0·74 0·32, 1·72 0·491

Western
Medium adherence 1·33 0·61, 2·91 0·467 1·37 0·59, 3·18 0·455
High adherence 1·43 0·66, 3·12 0·359 1·33 0·57, 3·11 0·502

Postpartum overweight/obesity¶**††
Common-Brazilian

Medium adherence 0·73 0·34, 1·60 0·438 0·59 0·25, 1·42 0·244
High adherence 0·64 0·30, 1·40 0·268 0·60 0·25, 1·46 0·266

Western
Medium adherence 2·24 1·02, 4·89 0·043 2·80 1·18, 6·67 0·020
High adherence 1·41 0·65, 3·04 0·379 1·48 0·62, 3·50 0·368

Higher postpartum weight retention‡‡§§||||
Common-Brazilian

Medium adherence 0·86 0·38, 1·93 0·730 1·02 0·36, 2·91 0·958
High adherence 0·89 0·39, 2·01 0·780 1·74 0·60, 5·01 0·301

Western
Medium adherence 2·02 0·90, 4·52 0·085 2·12 0·74, 6·05 0·159
High adherence 0·93 0·39, 2·19 0·874 1·32 0·44, 3·97 0·616

HOMA-IR, homoeostasis model assessment of insulin resistance.
* The low tertile of adherence to dietary patterns was considered as the reference category.
† P value from logistic regression models.
‡ Gestational weight gain adequacy was classified according to the Institute of Medicine(21) recommendations.
§ Normal/low gestational weight gain adequacy was considered as reference.
|| Model 1 was unadjusted; model 2 was adjusted for pre-pregnancy BMI, parity (number of parturition) and HOMA-IR.
¶ The cut-off for pre-pregnancy BMI classification of overweight/obesity was according to World Health Organization(22) (≥25 kg/m2).
** Normal postpartum BMI (<25 kg/m2) was considered as reference.
†† Model 1 was unadjusted; model 2 was adjusted for postpartum weight retention, breast-feeding and HOMA-IR.
‡‡ Higher postpartum weight retention was classified as the third tertile (≥4·4 kg) of gestational weight retention.
§§ The first/second tertile of gestational weight retention was considered as reference.
|||| Model 1 was unadjusted; model 2 was adjusted for maternal pre-pregnancy BMI, breast-feeding and gestational weight gain.
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It has been observed that total fibre intake among overweight
and obese adults(40) and in diabetes-free women(41) was posi-
tively associated with adiponectin concentrations. The ‘com-
mon-Brazilian’ DP derived in the present study has a high fibre
density, which could be an explanation for the direct associa-
tion between this pattern and adiponectin concentrations.
A possible mechanism for this association is that a diet low in
fibre and with a high glycaemic index may increase blood
glucose concentrations and at the same time decrease adipo-
nectin concentrations by influencing the regulation of adipo-
nectin expression in adipocytes(42,43).
In the present study, we did not find the association between

the ‘common-Brazilian’ DP and glucose (data not shown) and
insulin concentrations during pregnancy. In another study,
a high-fat diet was associated with elevated plasma insulin
concentrations and with fat cell hypertrophy, which may induce
leptin resistance(44).
A healthy DP may be inversely associated with insulin resis-

tance(13), whereas a processed DP has an important role in leptin
concentration regulation that may be due to change in insulin
secretion, but in this study we did not find significant results
between ‘common-Brazilian‘ DP and insulin concentrations.
Many mechanisms act concomitantly on the metabolism. The
organism can receive insults that stimulate and others that reduce
insulin production, which both can cause a balance or an
imbalance in the secretion of this hormone, depending on the
stimulus that is most present at the moment. In particular, during
pregnancy, insulin exerts a crucial role owing to the need of

energy substratum to fetus and varies greatly throughout preg-
nancy. That way the associations may be attenuated(45,46).

In the present study, a direct association of the highest
adherence to the ‘Western’ DP with leptin concentrations was
found. It is important to note that although the ‘Western’ DP had
a correlation with lower soda intake, which would be a pro-
tective factor, it was directly correlated with higher intakes of
fast food/snacks and processed meat/bacon, food items con-
sidered as risk factors for metabolic and chronic non-
communicable diseases(5). Possibly the sum of harmful factors
from this DP exceeds the protection factor attributed to the low
consumption of soda exclusively, as we identified an inverse
association of this DP with adiponectin and a positive association
with leptin. Furthermore, we found a positive correlation between
this DP and dietary lipid (fat) density, and total fat intake has been
associated with this biomarker in other studies(11). Leptin is an
adipokine that is directly related to body adiposity and insulin
resistance and has been associated with the occurrence of
metabolic syndrome(47). Several studies have investigated the
association between DP and leptin concentrations(12,48). In this
context, a cross-sectional analysis from the Health Professionals
Follow-up Study conducted with 466 men revealed that the
‘Western’ DP, considered as ‘unhealthy’ (characterised by higher
consumption of red meats, processed meat, French fries, high-fat
dairy products, sweets and refined grains), was positively corre-
lated with leptin concentrations (r 0·28, P< 0·0001) after adjust-
ment for some confounders, although the association lost
significance after adjustment for BMI(48).

Table 4. Longitudinal associations of tertiles of adherence to gestational dietary patterns with adipokines and insulin during pregnancy
(β-Coefficients and 95% confidence intervals)

Model 1 Model 2

Dietary patterns* β 95% CI P† β 95% CI P†

Adiponectin (µg/ml)‡
Common-Brazilian

Medium adherence 0·17 −0·70, 1·06 0·698 0·87 −0·06, 1·81 0·069
High adherence 0·43 −0·45, 1·32 0·335 1·07 0·17, 1·98 0·020

Western
Medium adherence −0·63 −1·51, 0·25 0·094 −0·64 −1·50, 0·21 0·140
High adherence −0·93 −1·81, −0·05 0·038 −1·11 −2·00, −0·22 0·015

Leptin (ng/l)§
Common-Brazilian

Medium adherence −30·46 −73·02, 12·09 0·161 −16·40 −53·09, 20·10 0·377
High adherence 4·04 −38·70, 46·79 0·853 13·03 −23·75, 49·81 0·488

Western
Medium adherence 19·50 −22·56, 61·58 0·363 12·30 −29·10, 53·90 0·559
High adherence 64·51 22·26, 106·76 0·003 64·90 22·80, 107·00 0·002

Log-insulin||
Common-Brazilian

Medium adherence −0·017 −0·14, 0·18 0·837 0·044 −0·11, 0·20 0·587
High adherence −0·036 −0·20, 0·12 0·667 −0·031 −0·19, 0·12 0·701

Western
Medium adherence −0·053 −0·21, 0·10 0·521 −0·080 −0·23, 0·08 0·332
High adherence 0·075 −0·09, 0·23 0·366 0·040 −0·12, 0·20 0·625

* The low tertile of adherence to dietary patterns was considered as the reference category.
† P value from linear mixed-effect regression models.
‡ Adiponectin: model 1 was unadjusted; model 2 was adjusted for age (years), per-capita family income (R$), pre-pregnancy BMI (kg/m2), smoking habit

(yes/no), parity (number of parturition), current leisure physical activity (yes/no).
§ Leptin: model 1 was unadjusted; model 2 adjusted for age (years), pre-pregnancy BMI (kg/m2), education (years), smoking habit (yes/no), parity (number

of parturition), 1st trimester leisure physical activity (yes/no) and homoeostasis model assessment.
|| Log-insulin: model was unadjusted; model 2 adjusted for age (years), per-capita family income (R$), parity (number of parturition), marital status (married

or stable partnership/single), pre-pregnancy BMI (kg/m2) and alcohol consumption (yes/no).
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There are several limitations that pertain to this study. A well-
known limitation of longitudinal studies refers to the follow-up
losses. However, losses were not high (22·8%) and happened
mostly at random, besides schooling and alcohol intake. Other
limitations are inherent to the instrument used to measure
food intake (FFQ), owing to memory bias, under- and
over-estimation influenced by the individual capacity to recall
the frequency and to quantify retrospectively the food con-
sumed(49). In this study, we did not use an FFQ specifically
validated for Brazilian pregnant women, because at the time the
study was performed (2008–2011) there was no FFQ
available. However, this FFQ received a relative validation for
Brazilian pregnant women(50). This validation was performed
with Brazilian pregnant women who attended four public
health units. There is no gold standard method regarding
dietary assessment. That way, a relative QFA validation
occurs when it is compared with a more accurate method, as
the 24-h recall and food records for example. The FFQ
was applied and one 24-h recall was used to compare the
nutrient intake estimates. To minimise these limitations, our
interviewers received specific training to administer the FFQ
and followed standardised procedures. Another limitation of
this study is the absence of the oral glucose tolerance test exams
during pregnancy for the diagnosis of gestational diabetes
mellitus. However, women who self-reported some blood
glucose alteration were excluded from the current analysis.
Furthermore, the study was conducted in a primary healthcare
unit; that is, in this type of general practice just low-risk preg-
nant women are consulted. High-risk pregnant women are
referred to specific medical care. In addition, the participants in
the present study did not report the use of any medications
affecting metabolism.
Our study also has important strengths. First, the use of a

robust statistical method to identify DP with potential to be
associated with health outcomes should be highlighted.
The RRR method has strengths that should be highlighted in
epidemiological studies with aetiological aims, such as the
present one. The RRR method allows evaluation of dietary
habits considering variability in food intake, as well as in
intermediary variables related to the outcome(s) of interest,
usually nutrients or biomarkers. This method is more specific
than others more commonly used to identify DP, such as the
principal component analysis, which explain only the variability
in food intake. For this reason the sets of food groups that
represent each DP identified by RRR have greater potential to
be associated with the health outcomes of interest(7). A second
strength of this study was the use of LME regression models, a
statistical procedure that takes into account the longitudinal
nature of the data. Third, the analyses were adjusted for
important confounders. Last, to the best of our knowledge, this
is the first study that has investigated the association between
DP and adiponectin and leptin concentrations evaluated
throughout pregnancy.

Conclusion

Our study revealed that higher adherence to the ‘common-
Brazilian’ DP was positively associated with adiponectin

concentrations. Moreover, higher adherence to the ‘Western’
DP was negatively associated with adiponectin and positively
associated with leptin concentrations throughout pregnancy,
respectively. We suggest that the ‘common-Brazilian’ pattern
seems to contribute to the beneficial serum concentrations of
adipokines among healthy Brazilian pregnant women. Given
the scarcity of studies evaluating this relationship and the
importance of the issue, there is a need for research involving
pregnant women in different countries and cultures, as well as
the use of more accurate instruments for the identification of
DP, thus providing further evidence on this topic.
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