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Abstract

Background/objectives We investigated if breastfeeding duration and current dietary patterns (DP) were associated with
glucose and lipid metabolism biomarkers in women from the Nutritionist’s Health Study.

Subjects/methods This is a cross-sectional analysis of 200 healthy undergraduates and nutrition graduates aged <45 years.
Total [<6; 26 months] and predominant [<3; >3 months] breastfeeding were recalled using questionnaires. Diet were
assessed using a food frequency questionnaire. DP obtained by factor analysis by principal component were categorized into
tertiles of adherence (T1 = reference). Glucose and lipid biomarkers were categorized into tertiles (T1 + T2 = reference).
Logistic regression was applied considering minimal sufficient adjustment recommended by directed acyclic graphs.
Results Median (interquartile range) age and BMI were 23.0 (20.0; 28.5) years and 22.6 (20.7; 25.4) kg/m?, respectively.
Mean + SD values of glucose, LDL-c and HDL-c were 82.0 +9.0, 101.1 £29.6 and 54.4 + 12.4 mg/dL, respectively. Women
breastfed for <6 months had higher chance of being classified into T3 of insulin (OR =2.87; 95%CI = 1.28-6.40). Pre-
dominant breastfeeding <3 months was associated with insulin levels (OR =2.27; 95%CI = 1.02-5.02) and HOMA-IR
(OR =2.36; 95%CI=1.06—5.26). Breastfeeding was not associated with lipids. The Processed pattern was directly
associated with LDL-c (T3: OR 6.08; 95%CI 1.80-20.58; P-trend =0.004), while the Prudent pattern was inversely
associated with LDL-c (T3: OR 0.26; 95%CI 0.08-0.87; P-trend = 0.029) and LDL-c/HDL-c ratio (T3: OR 0.28; 95%CI
0.08-0.97; P-trend = 0.046).

Conclusion Early feeding could be a protective factor against insulin resistance development, while current DP were
associated with lipid profile. This evidence indicates that from early life until early adulthood, dietary habits might influence
women’s cardiometabolic risk profile.

Introduction
Supplementary information The online version of this article (https:// .. . . .
doi.org/10.1038/541430-019-0516-8) contains supplementary Glucose and lipid metabolism disturbances are important
material, which is available to authorized users. risk factors for cardiovascular disease, a major public health

problem worldwide [1]. Insulin resistance and increased
LDL-c should be monitored to prevent cardiovascular
events [2, 3]. In studies of risk factors for cardiovascular
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metabolic outcomes [13], assessment of dietary patterns at a
younger age could be more appropriate to investigate
whether modifiable dietary habits are associated with pre-
dictors of cardiometabolic disease, such as glucose and lipid
metabolism biomarkers.

Few studies used dietary patterns approaches to evaluate
this association in women during early adulthood
[5, 6, 14, 15]. Dietary patterns analysis considers interaction
and synergic effects of food groups and nutrients and has
been recommended in nutritional epidemiology to evaluate
associations with health outcomes [16, 17].

Cardiometabolic diseases programming starts early in
life, especially during the first 1000 days of life [18]. A
potential protective effect of breastfeeding against these
diseases has been investigated. Few studies on the asso-
ciation of early life feeding with glucose and lipid meta-
bolism biomarkers in adults have reported inconsistent
results [19-27]. Evidence of breastfeeding protection
against type 2 diabetes is consistent in high-income coun-
tries [25, 28, 29], but not in low- and middle-income
countries [21].

Once early life diet may affect glucose and lipid
metabolism, investigations in young adults are desirable
to prevent cardiovascular outcomes. Our hypothesis was
that longer breastfeeding as well as current adherence to
healthier dietary patterns were associated with a favorable
metabolic profile. By including young women, the
Nutritionist’s Health Study (NutriHS) offers a unique
opportunity to examine associations of breastfeeding
duration and current dietary patterns with glucose and
lipid biomarkers.

Subjects and methods

This is a sub-study of the NutriHS, which is a cohort con-
ducted with nonpregnant undergraduates and nutrition
graduates, approved by the Research Ethics Committee of
the School of Public Health of the University of Sdo Paulo,
Brazil [30]. Eligibility criteria were met by 1478 partici-
pants recruited between 2014 and 2017. For the purpose of
this sub-study, 101 men, 34 women >45 years, 2 with
diagnosis of cancer and 10 with diabetes were excluded,
resulting in 1331 women. Self-reported data were collected
at baseline using electronic structured questionnaires
(http://www fsp.usp.br/nutrihs/index.html) (Fig. 1).

To detect differences in proportions of glucose and lipid
biomarkers categories according to exposures, with a power
of 80% and a two-tailed level of significance of 5%, 124
participants were needed. A random subset of 200 partici-
pants had biomarkers levels determined. For seven partici-
pants, there was insufficient plasma sample for insulin
determination (Fig. 1).
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1,478 participants
Met eligibility criteria of NutriHS:
« To be a Nutrition undergraduate or Nutritionist
« Not pregnant

Exclusions:

e 101 male sex

e 34 women > 45 years

e 2 cancer diagnoses

o 10 diabetes mellitus diagnoses

1,331 eligible subjects for the present study
(exposures and outcomes available)

712 or 722 subjects with
information of exposures

.| 1 exclusion due to medication for
lipid or glucose metabolism control

200 subjects with glucose and
lipid biomarkers available

Fig. 1 Flow chart of inclusion and exclusion criteria

Retrospective cohort design was considered when
breastfeeding was the main exposure and a cross-sectional
analysis when current dietary patterns were exposures.

Before answering questionnaires about early life events,
participants consulted their mothers or birth cards. Early life
feeding was assessed considering total breastfeeding [<6;
>6 months (reference)] and predominant breastfeeding,
which refers to the age of introduction of formula, animal
milk or solid food [<3; 23 months (reference)]. Birthweight
and maternal characteristics, such as education level, pre-
pregnancy body mass index (BMI), and gestational diabetes
were also obtained.

Age, family income, graduation level (undergraduates
attending the first half or the second half of the nutrition
course; graduates/nutritionists), smoking habit, and alcohol
intake were assessed. Physical activity was evaluated using
the International Physical Activity Questionnaire [31] vali-
dated in Brazilians [32] and expressed as tertiles of METs
from moderate to vigorous-intensity activities (first + sec-
ond versus third tertile).

Dietary intake regarding the previous 12 months was
assessed using a validated food frequency questionnaire
[33]. Daily energy intake was estimated according to the
USDA National Nutrient Database for Standard Reference
[34]. Dietary patterns were identified by factor analysis by
principal component as previously described [35]. The four
dietary patterns (Processed, Prudent, Brazilian, and Lacto-
vegetarian) together explained 27% of diet variance. The
Processed pattern was characterized by high intake of salted
pastries, noodles, roots/soups, fried white meat, processed
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and pork meat, fast-food, snacks, industrialized sauces and
beverages, alcoholic beverages, and sweets. The Prudent
pattern was characterized by high intake of fruits, yogurt,
oats, nuts, vegetables, salad oil, salt, roots/soups, roasted
white meat, beef, eggs, brown rice, lentil, whole grain
bread, and tea. The Brazilian pattern was directly associated
with intake of white rice, bean, processed meat, beef, salt,
white bread, spreading fat, whole milk, and coffee, and
inversely associated with brown rice, lentil, and nuts. The
Lacto-vegetarian pattern was associated with high intake of
alcoholic beverages, brown rice, whole grain bread, oats,
spreading fat, cheese, and skimmed milk, and low intake of
animal protein sources, salad oil, salt, and white rice.
Dietary pattern scores were categorized into tertiles (first =
low; second = moderate; third =high adherence), having
the first as reference.

A random sub-sample of participants was invited to a
face-to-face interview. Weight was measured using a digital
scale with accuracy to the nearest 100 g and height using a
stadiometer with 0.1 cm of precision. Fasting plasma glu-
cose was determined by the glucose oxidase method and
insulin by immunofluorimetric assay (Monobind Inc., Lake
Forest, CA, USA). Insulin resistance was evaluated using
homeostasis model assessment (HOMA-IR) [36]. Total
cholesterol, HDL-c, and triglycerides were measured using
enzymatic colorimetric method and LDL-c estimated by
Friedewald formula [37]. LDL-c/HDL-c ratio was calcu-
lated. Biomarkers (outcomes) were categorized into tertiles
and the first two were grouped (reference), while the highest
was isolated (first 4+ second versus third tertile) considering
that our sample was within the near normal ranges.

Statistical analyses

Categorical variables were described as absolute and rela-
tive frequencies. Kolmogorov—Smirnov test was used to
verify normal distribution of continuous variables, descri-
bed as mean (standard deviation), or median (interquartile
range).

Logistic regression was performed to estimate odds ratios
(OR) and 95% confidence interval of being classified into
the third tertile of biomarkers. Confounding variables were
selected according to minimal sufficient adjustment sets
recommended by Direct Acyclic Graphs (DAG), con-
structed using the Daggity software [38] (Supplementary
Figs. 1 and 2). When breastfeeding was the main exposure,
models were adjusted for maternal education and birth-
weight. Adjustment for gestational diabetes was indicated,
but since only three cases were present, these were excluded
(Supplementary Fig. 1). When dietary pattern was the main
exposure, three models were performed: model 1 con-
sidered the four dietary patterns and energy intake; model 2
adding adjustments for age, moderate-to-vigorous physical

activity, smoking habit, frequency of alcohol intake, total
breastfeeding duration, and birthweight as suggested by the
DAG (Supplementary Fig. 2); model 3 adding BMI to test a
possible mediation effect (data not shown). Linear P-trend
across tertiles of patterns was estimated. All models showed
goodness-of-fit according to Hosmer-and-Lemeshow test (p
value > 0.05).

Significance was considered at a level of 5%. Analyses
were performed using Stata Statistical Software (release 12,
2011, StataCorp LP, College Station, TX).

Results

The sub-sample of 200 women had median values (inter-
quartile range) of age of 23.0 (20.0; 28.5) years, BMI of 22.6
(20.7;25.4) kg/m2 and energy intake of 9188 (7447; 11,943)
kJ/day [2195 (1779; 2853) kcal/day]. Except for lower fre-
quencies of graduates and alcohol intake in the sub-sample,
other characteristics did not differ from the entire NutriHS
sample (Table 1), assuring reasonable representativeness.
Most participants of the sub-sample were undergraduates
(96%), did not smoke nor consume alcohol and had normal
BMI. Approximately 81% were born with adequate weight
and a quarter was breastfed for <6 months or had pre-
dominant breastfeeding for <3 months.

Mean or median values of glucose and lipid metabolism
biomarkers of the entire sample were within the normal
ranges. Looking at the highest tertiles, only mean value of
LDL-c (133.8+21.2mg/dL) was slightly above the
recommendation (Table 2).

Women breastfed for <6 months had a higher chance to
be classified into the third tertile of insulin (OR = 2.87; 95%
CI 1.28; 6.40). Predominant breastfeeding <3 months was
also associated with insulin levels (OR = 2.27; 95%CI 1.02;
5.02) and HOMA-IR (OR =2.36; 95%CI 1.06; 5.26).
Birthweight showed to be a confounder on these associa-
tions, since macrosomia was directly associated with insulin
levels and HOMA-IR. Breastfeeding was not associated
with lipid biomarkers. Maternal education <11 years was
inversely associated with the offspring’s HDL-c during
adult life (Table 3).

Table 4 shows associations between three major dietary
patterns identified and metabolic biomarkers, considering
adjustment for variables of current and early life (model 2).
Significant association of total breastfeeding duration with
insulin was maintained independently of current dietary
patterns (OR =4.18; P =0.003). Considering predominant
breastfeeding duration instead of total breastfeeding, its
association with HOMA-IR was also maintained (OR =
2.57; P=0.038). The Processed pattern was directly
associated with LDL-c (P-trend = 0.004) and participants
with moderate adherence to this pattern had a higher chance
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Table 1 Main characteristics of the entire eligible NutriHS sample and
of the sub-sample for whom biomarkers were determined

Current life Entire sample Sub-sample with P value®
characteristics n (%) n=1131 biomarkers
n =200
Age (years)
<19 252 (22.3) 34 (17.0) 0.170
>19-34 792 (70.0) 146 (73.0)
>35 87 (1.7) 20 (10.0)
Graduation level
First-half 547 (49.3) 104 (52.0) 0.011
undergraduates
Second-half 442 (39.9) 88 (44.0)
undergraduates
Graduates 120 (10.8) 8 (4.0)
Smoking habit
No 1069 (96.4) 189 (94.5) 0.203
Yes 40 (3.6) 11 (5.5)
Alcohol intake
Never 761 (68.6) 126 (63.0) 0.045
<1 time/week 190 (17.1) 49 (24.5)
21 time/week 158 (14.3) 25 (12.5)
Family income (number of minimum wages)®
<6 714 (70.7) 120 (64.8) 0.271
6-10 181 (17.9) 41 (22.2)
>10 115 (11.4) 24 (13.0)
Self-reported body mass index (kg/m?)
<18.5 66 (6.0) 14 (7.0) 0.738
>18.5 and <25.0 760 (68.5) 132 (66.0)
>25.0 283 (25.5) 54 (27.0)
Early life events
Maternal education (years)
<11 296 (44.8) 81 (41.1) 0.354
211 364 (55.2) 116 (58.9)
Prepregnancy body mass index (kg/m?)
<18.5 25 (6.9) 10 (6.9) 0.209
>18.5 and <25.0 245 (68.1) 110 (75.3)
225.0 90 (25.0) 26 (17.8)
Gestational diabetes
No 663 (99.2) 195 (98.5) 0.322
Yes 5(0.8) 3 (1.5)
Birthweight (kg)
<25 68 (12.0) 22 (12.0) 0.982
>2.5 and <4.0 461 (81.3) 148 (80.9)
24.0 38 (6.7) 13 (7.1)
Breastfeeding (months)
<6 170 (31.2) 45 (26.5) 0.241
26 375 (68.8) 125 (73.5)
Predominant breastfeeding (months)
<3 146 (27.0) 44 (23.9) 0413
>3 395 (73.0) 140 (76.1)

4P value refers to chi-squared test

°One minimum wage is equivalent to 724.0 Brazilian real (or US$
212.9)

to be classified into the third tertile of plasma glucose (P =
0.007) and LDL-c/HDL-c ratio (P=0.032), although a
linear trend was not found. The Prudent pattern was asso-
ciated with a lower chance of classification into the highest
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tertiles of LDL-c (P-trend = 0.029) and LDL-c/HDL-c ratio
(P-trend = 0.046). Participants with moderate adherence to
the Prudent pattern had a lower chance to be classified into
the third tertile of triglyceridemia (P = 0.043) and plasma
glucose (P =0.033), but such associations were not dose-
response since were not significant for those with the
highest adherence. Participants with moderate adherence to
the Brazilian pattern had a lower chance to be classified into
the highest tertile of LDL-c (P =0.003; P-trend = 0.326),
while high adherence to this pattern seemed to be directly
associated with insulin levels (P-trend =0.005) and
HOMA-IR (P-trend =0.003) (Table 4). The Lacto-
vegetarian pattern had the lowest explained variance (not
shown in table); this was associated with HDL-c (T3: OR =
0.36; 95%CI=0.13; 0.97; P-trend =0.044) and LDL-c/
HDL-c ratio (T3: OR =3.82; 95%CI=1.27; 11.49; P-
trend = 0.017). BMI was not considered a mediating factor,
since its inclusion in the model 2 did not change any effect
size (OR changed <10%) and the statistical significance was
maintained (except for the association between moderate
adherence to the Prudent pattern and triglycerides).

Discussion

In this study of young women, both early feeding and
current dietary patterns were associated with glucose and
lipid metabolism biomarkers. A relevant aspect was to focus
on the female sex that has been less investigated in litera-
ture. The inverse association of longer breastfeeding with
insulin levels and HOMA-IR suggests that breastfeeding
could exert a protective effect against insulin resistance later
in life. High adherences to the Prudent and Processed
patterns in adulthood were inversely and directly associated
with an unfavorable lipid profile, respectively. This indi-
cates that dietary habits since early life until present time
might influence the cardiometabolic risk profile of young
women even when their biomarkers are still within the near
normal ranges.

Women who had shorter breastfeeding exhibited a higher
chance of higher insulin levels and HOMA-IR, which could
be interpreted as decreased insulin sensitivity. Plasma glu-
cose of our participants was unable to differentiate subsets
according to the breastfeeding duration. These findings are
in line with a meta-analysis, which reported that breastfed
infants showed lower insulin levels and lower chance of
type 2 diabetes later in life, but mean glucose was not dif-
ferent from bottle-fed subjects [28]. Our study was also in
agreement with others involving adolescents, in which
exclusive breastfeeding in the first 3 months of life was
inversely associated with insulin levels and HOMA-IR but
not with plasma glucose [39], or adults from developed [20]
and middle-income countries [21]. Middle-aged participants
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Table 2 Mean (standard

. . Entire sample 3rd tertile

deviation) or median

(interquartile range) values of n Mean (SD) n Mean (SD) Minimum-maximum

glucose and lipid metabolism

biomarkers of the entire sample Glucose (mg/dL)* 200 82.0 (9.0) 70 91.8 (5.5) 86.0-116.0

of NutriHS participants and Insulin (UIL)" 193 87(63-122) 65 13.5 (12.2-15.8) 10.4-82.5

those classified in the third b

tertile Homa-IR 192 1.7 (1.2-2.5) 64 2.8 (2.5-3.5) 2.1-17.3
Total cholesterol (mg/dL)° 200 173.9 (34.8) 67 212.6 (21.4) 186.0-281.0
HDL-c (mg/dL)* 200  54.4 (12.4) 70  68.0 (8.6) 58.0-94.0
LDL-c (mg/dL)* 199 101.1 (29.6) 68 133.8 (21.2) 109.0-207.0
Triglycerides (mg/dL)> 200  82.0 (58.0-110.0) 67 128.0 (110.0-154.0) 100.0-495.0

*To convert mg/dL glucose to mmol/L, multiply mg/dL by 0.056

®Values described as median (interquartile range)
“To convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.0259

To convert mg/dL triglycerides to mmol/L, multiply mg/dL by 0.0113

of the Dutch Famine Cohort, who were exclusively
breastfed before leaving the maternity hospital, showed
lower fasting glucose, insulin and proinsulin levels com-
pared to those who were bottle-fed [19]. As far as we know,
few studies have investigated associations of breastfeeding
duration with biomarkers of glucose metabolism or diabetes
incidence in healthy adults, and inconsistent results have
been reported [24, 29].

Our suggestion of a protective role of longer breastfeed-
ing duration against insulin resistance has biological plau-
sibility. Human milk has lower energy and protein content
than conventional formulas, which could contribute to lower
insulin like growth factor-1 concentration and prevent
accelerated growth during childhood, known to be asso-
ciated with metabolic diseases later in life [40, 41]. Also,
human milk contains hormones involved in energy balance
and insulin sensitivity, such as leptin and adiponectin [42].
In addition to breastfeeding, intra-utero conditions—reflec-
ted by the birthweight—may be also important for associa-
tions of glucose metabolism disturbances in adulthood.

The lack of association between breastfeeding and lipid
biomarkers in our study agrees with previous studies
[24, 25, 27], but differs from others [19, 26]. Another
possible link between breastfeeding and metabolic dis-
turbances in adulthood could be dietary habits [35, 43],
which in turn were associated with glucose and lipid bio-
markers [5-8, 44]. Our group previously reported an asso-
ciation of breastfeeding duration with adherence to the
Prudent pattern [35]. We verified that although both
breastfeeding and current dietary patterns were associated
with glucose and lipid biomarkers, it seemed to affect pre-
ferentially one or another metabolic pathway. We speculate
that early feeding could be associated with the development
of glucose metabolism disturbance, while current diet could
be associated with abnormal lipid profile.

It is important to emphasize that although the Brazilian
pattern has been directly associated with insulin levels and

HOMA-IR in our fully adjusted models (Model 2), con-
fidence intervals seemed to be affected considering all the
confounders. Thus, these results should be interpreted with
caution, considering that not seem to be accurate; and that
the Brazilian diet was previously inversely associated with
cardiometabolic risk factors [5].

We verified that our Prudent pattern was inversely
associated with LDL-c¢ and LDL-c/HDL-c ratio, thus
indicating a favorable lipid profile. On the other hand,
adherence to the Processed pattern was directly asso-
ciated with LDL-c. Although our cross-section design
does not allow inferring causality, these significant
associations in young women, without cardiometabolic
diseases, are suggestive of a role of diet in lipid profile.
As the FFQ used refers to the previous year consumption,
bias of reversal causality is less likely. Considering that
dietary habits are modifiable in face of nutritional coun-
selling, we highlight the relevance of monitoring lipid
biomarkers before middle age, when preventive measure
could be more effective.

In our study, most participants and their mothers before
pregnancy had normal BMI and the association of dietary
patterns with glucose and lipid biomarkers did not seem to
be BMI-mediated. We speculate that the role of BMI as a
mediating factor could be different in samples composed of
older participants and with higher prevalence of obesity and
comorbidities. Evidences suggest that maternal adiposity
could contribute to explain the inter-generational transmis-
sion of obesity [45, 46]. Previous findings of the NutriHS
showed positive association between maternal pre-
pregnancy BMI and DXA-determined general and central
adiposity measures of their daughters during adulthood
(unpublished data), which could deteriorate the cardiome-
tabolic profile later in life. Without disregarding a genetic
component, we suggest that environmental factors should
be contributing to explain these associations. We previously
reported that maternal prepregnancy BMI was also
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Table 3 Odds ratios (OR 95%CI) of being classified into the third tertile of glucose and lipid biomarkers according to breastfeeding duration in
women from the NutriHS, Sdo Paulo, Brazil

Glycemic biomarkers

Plasma glucose

Insulin

HOMA-IR

Crude

Multiple*

Crude

Multiple*

Crude

Multiple*

Model 1

Total Breastfeeding” <6 months
Low birthweight

Macrosomia

Maternal education <11 years
Model 2

Predominant breastfeeding®
<3 months

Low birthweight
Macrosomia

Maternal education <11 years

1.03 (0.50; 2.14)
1.85 (0.75; 4.60)
1.39 (0.43; 4.48)
0.60 (0.32; 1.12)

1.27 (0.62; 2.59)

0.91 (0.42; 2.00)
2.42 (0.83; 7.07)
2.26 (0.63; 8.11)
0.52 (0.25; 1.05)

1.03 (0.47; 2.25)

1.97 (0.76; 5.11)
2.27 (0.63; 8.12)
0.57 (0.29; 1.15)

2.33 (1.11; 4.88)
1.31 (0.49; 3.53)
2.85 (0.90; 8.98)
1.00 (0.54; 1.86)

1.89 (0.92; 3.88)

2.87 (1.28; 6.40)
0.56 (0.14; 2.24)
5.13 (1.36; 19.37)
1.07 (0.51; 2.26)

2.27 (1.02; 5.02)

1.01 (0.35; 2.88)
5.27 (1.41; 19.71)
0.76 (0.37; 1.55)

1.43 (0.68; 3.02)
1.30 (0.48; 3.49)
2.81 (0.89; 8.89)
0.85 (0.45; 1.58)

2.00 (0.97; 4.15)

1.58 (0.71; 3.52)
0.96 (0.28; 3.31)
4.91 (1.32; 18.26)
0.86 (0.41; 1.79)

2.36 (1.06; 5.26)

1.02 (0.36; 2.93)
5.63 (1.49; 21.19)
0.69 (0.33; 1.41)

Lipid biomarkers

Triglycerides

HDL-c

LDL-c

Crude

Multiple*

Crude

Multiple*

Crude

Multiple?

Model 1

Total breastfeeding” <6 months
Low birthweight

Macrosomia

Maternal education <11 years
Model 2

Predominant breastfeeding®
<3 months

Low birthweight
Macrosomia
Maternal education <11 years

0.84 (0.40; 1.75)
0.29 (0.08; 1.03)
1.58 (0.50; 4.95)
0.93 (0.50; 1.70)

0.74 (0.35; 1.57)

0.94 (0.43; 2.05)
0.25 (0.05; 1.15)
1.47 (0.42; 5.13)
0.91 (0.46; 1.81)

0.98 (0.44; 2.17)

0.30 (0.08; 1.10)
1.68 (0.48; 5.92)
0.79 (0.40; 1.56)

1.03 (0.50; 2.10)
1.49 (0.60; 3.68)
0.54 (0.14; 2.04)
0.51 (0.27; 0.95)

1.21 (0.60; 2.43)

1.07 (0.50; 2.29)
1.44 (0.49; 4.22)
0.80 (0.20; 3.27)
0.47 (0.23; 0.94)

1.08 (0.50; 2.31)

1.50 (0.58; 3.87)
0.81 (0.20; 3.28)
0.48 (0.25; 0.95)

1.36 (0.66; 2.77)
1.34 (0.54; 3.36)
0.58 (0.15; 2.21)
1.17 (0.64; 2.13)

1.30 (0.63; 2.65)

1.17 (0.55; 2.52)
1.98 (0.69; 5.70)
0.41 (0.08; 2.02)
1.52 (0.77; 3.00)

1.23 (0.57; 2.63)

1.29 (0.50; 3.35)
0.42 (0.08; 2.05)
1.39 (0.71; 2.70)

“Multiple Model 1 (total breastfeeding as main exposure) and 2 (predominant breastfeeding as main exposure) were adjusted by birthweight
(reference category 2.5 and <4.0 kg) and maternal education (reference category 211 years)

PReference category total breastfeeding >6 months

“Reference category predominant breastfeeding >3 months

associated with offspring’s adherence to the Prudent and
Processed patterns [35]. Thus, we reinforce the importance
of obesity prevention before conception in attempt to
minimize a vicious cycle of body weight accumulation and
its comorbidities.

In agreement with our results, in young Finnish women,
a health-conscious pattern similar to our Prudent pattern,
was inversely associated with total cholesterol and LDL-c
and this was unaffected by BMI adjustment [14]. In the
same study, a pattern characterized by traditional foods
(sausage, pork meat, and potatoes) also present in our
Processed pattern, was directly associated with LDL-c, as in
ours, and with insulin levels. It is important highlight that
dietary patterns differ according to socioeconomic and
cultural characteristics and might not be reproducible
among different populations [17]. To the best of our
knowledge, in young Brazilian women, only one study
previously examined dietary patterns and its association
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with metabolic biomarkers. In line with our results, the
Common-Brazilian pattern was inversely associated with
LDL-c, and also with other lipid particles [5].

Our Prudent pattern resembles the Dietary Approach to
Stop Hypertension, which has been inversely associated
with cardiovascular risk [15, 47]. High intakes of fruits,
vegetables, nuts, and whole grains in these patterns should
have contributed to high dietary fiber and phytochemicals
contents, known to be beneficial to risk factors such as
LDL-c [48]. On the other hand, a combination of unheal-
thier dietary habits in our Processed pattern (high intake of
processed meats, simple carbohydrates, fried foods and
alcoholic beverages) could explain to the deleterious asso-
ciation found [49].

A strength of our study refers to peculiarities of parti-
cipants, who had nutrition knowledge to manage tools to
assess diet and may be conscious about the relevance of
providing good quality data, enhancing chances of
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Table 4 Odds ratio (OR 95%CI) of being classified into the third tertile of glucose and lipid metabolism biomarkers according to dietary patterns

adherence in women from the NutriHS, Sao Paulo, Brazil

Dietary patterns Glycemic biomarkers

(T1 = reference) Plasma glucose Insulin HOMA-IR

Processed Model 1* Model 2° Model 1* Model 2° Model 1* Model 2°

T2 3.01 (1.32; 6.87) 4.18 (1.49; 11.72) 0.79 (0.36; 1.75) 0.92 (0.32; 2.61) 1.41 (0.63; 3.16) 2.04 (0.70; 5.94)
T3 2.21 (0.84; 5.81) 3.14 (0.90; 10.90) 1.07 (0.45; 2.58) 1.86 (0.55; 6.25) 1.44 (0.58; 3.57) 2.21 (0.60; 8.09)
P-trend® 0.106 0.072 0.874 0.316 0.434 0.231

Prudent

T2 0.49 (0.21; 1.15) 0.32 (0.11; 0.91) 0.97 (0.42; 2.24) 2.58 (0.85; 7.84) 0.86 (0.37; 2.00) 1.67 (0.55; 5.04)
T3 0.68 (0.26; 1.78) 0.53 (0.16; 1.72) 1.16 (0.46; 2.89) 2.91 (0.85; 9.94) 1.17 (0.46; 2.95) 3.19 (0.90; 11.32)
P-trend® 0.435 0.293 0.753 0.088 0.745 0.073

Brazilian

T2 0.56 (0.24; 1.31) 0.45 (0.17; 1.20) 1.05 (0.47; 2.37) 2.30 (0.79; 6.74) 0.95 (0.42; 2.18) 1.84 (0.63; 5.41)
T3 1.83 (0.68; 4.88) 2.20 (0.68; 7.13) 1.42 (0.56; 3.60) 6.70 (1.79; 25.12) 1.81 (0.70; 4.67) 7.78 (2.01; 30.13)
P-trend® 0.229 0.188 0.459 0.005 0.221 0.003

Lipid biomarkers

LDL-c HDL-c

LDL-¢/HDL-c Triglycerides

Processed Model 1* Model 2° Model 1* Model 2°

Model 1* Model 2° Model 1* Model 2°

T2 1.68 (0.71; 3.96)  2.11 (0.75; 5.93) 0.89 (0.41; 1.93) 0.66 (0.26; 1.69) 1.63 (0.72; 3.68) 3.12 (1.10; 8.82) 0.93 (0.42; 2.07) 0.89 (0.35; 2.27)
T3 4.93 (1.86; 13.06) 6.08 (1.80; 20.58) 1.42 (0.59; 3.43) 1.48 (0.50; 4.39) 1.59 (0.62; 4.05) 2.05 (0.59; 7.20) 1.39 (0.57; 3.42) 1.24 (0.41; 3.76)
P-trend®  0.001 0.004 0.439 0.478 0.333 0.261 0.470 0.700

Prudent

T2 0.71 (0.30; 1.65)  0.18 (0.06; 0.58) 0.81 (0.36; 1.87) 1.00 (0.36; 2.74) 0.59 (0.26; 1.37) 0.21 (0.07; 0.64) 0.36 (0.15; 0.87) 0.35 (0.13; 0.97)
T3 0.33 (0.12; 0.89) 0.26 (0.08; 0.87) 1.71 (0.68; 4.30) 2.30 (0.74; 7.16) 0.37 (0.14; 0.97) 0.28 (0.08; 0.97) 1.04 (0.42; 2.55) 0.85 (0.29; 2.47)
P-trend®  0.029 0.029 0.253 0.151 0.044 0.046 0.933 0.768

Brazilian

T2 0.32 (0.13; 0.76)  0.21 (0.07; 0.58) 0.84 (0.39; 1.80) 0.93 (0.38; 2.31) 0.58 (0.25; 1.34) 0.44 (0.16; 1.19) 1.16 (0.52; 2.60) 1.08 (0.43; 2.69)
T3 0.72 (0.28; 1.89)  0.56 (0.18; 1.77)  0.60 (0.23; 1.52) 0.74 (0.24; 2.27) 0.92 (0.36; 2.35) 0.58 (0.18; 1.89) 1.30 (0.50; 3.38) 1.19 (0.39; 3.62)
P-trend®  0.508 0.326 0.280 0.599 0.863 0.367 0.592 0.753

*Model 1 was adjusted for energy intake (kcal/day)

®Model 2 was adjusted for energy intake (kcal/day); physical activity (1st+ 2nd/3rd MET tertiles), age (<19/219 and <35/235 years), smoking
habit (no/yes), alcohol intake (never/<1 x /week/ 21 x /week), total breastfeeding duration (<6 months/>6 months) and birthweight (<2 kg/>2.5 and

<4.0kg/ >4 kg)

“Refers to P for linear trend across dietary pattern tertiles

reliable answers. On the other hand, the specificity of our
sample of highly educated young women does not allow
us to generalize our findings to samples with different
characteristics. The use of DAGs was also strength, since
it minimizes insufficient or over adjustments [38]. As far
as we know, no previous study used DAG to investigate
associations of early and current dietary habits with
metabolic outcomes.

A limitation of this study refers to the cross-sectional
design, which makes it impossible to assess temporality and
causality. Regarding the association between early feeding
and biomarkers, the retrospective cohort design could imply
in recall bias of breastfeeding duration, which could
represent a limitation of our study. Nonetheless, it was
reported that breastfeeding duration can be accurately
recalled 20 years later [50].

Conclusions

Both early feeding and current dietary habits were asso-
ciated with biomarkers of glucose and lipid metabolism of
young women, suggesting that they could influence risk of
metabolic disturbances. It is possible that longer breast-
feeding may confer protection against insulin resistance in
adult life. Eating habits were associated with lipid profile
even in young and healthy women. Further investigations
with prospective design in early adulthood are needed.
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