Public Health Nutrition

oL

Public Health Nutrition: 24(6), 1296—-1303

Pre-pregnancy BMI is associated with offspring body

doi:10.1017/81368980020005285

composition in adulthood before adiposity-related disorders: a

retrospective cohort

llana Eshriqui!, Angélica Marques Martins Valente?, Luciana Dias Folchetti®,

Bianca de Almeida-Pititto# and Sandra Roberta G Ferreira® *

'Graduation Program in Public Health Nutrition, School of Public Health, University of Séo Paulo, Séo Paulo, Brazil:
2Graduation Program in Epidemiology, School of Public Health, University of Sdo Paulo, Sdo Paulo, Brazil: 3School of
Public Health, University of Sdo Paulo, Séo Paulo, Brazil: “Department of Preventive Medicine, Federal University of
S&o Paulo, Sdo Paulo, Brazil: Department of Epidemiology, School of Public Health, University of Sdo Paulo, Av.

Dr. Arnaldo 715, Sao Paulo 01246-904, Brazil

Submitted 17 August 2020: Final revision received 10 November 2020: Accepted 17 December 2020: First published online 28 December 2020

Abstract

Objective: To investigate the association between maternal pre-pregnancy BMI and
offspring body composition in adulthood.

Design: Retrospective cohort. Undergraduates of nutrition or nutritionists were
recruited at the baseline of the Nutritionists’ Health Study between 2014 and
2017. Maternal pre-pregnancy BMI and current life aspects were self-reported
through online questionnaires. Three body compartments were dual-energy
x-ray absorptiometry-determined. The following variables were obtained: body
fat (%), fat mass index (FMD) (kg/m?), android-to-gynoid fat ratio, visceral adipose
tissue (VAT) (cm?), appendicular skeletal muscle mass index (ASMI) (kg/m?), total
bone and femur mineral content (g) and density (g/cm?). Linear regression
adjusted according to directed acyclic graphs recommendation was performed.
Setting: Sao Paulo, Brazil.

Participants: Healthy non-pregnant women (aged 20-45 years) (72 150).

Results: Median age and BMI were 22years (IQR=20, 29) and 22-3 kg/m?
(IQR = 20-4, 25-3), respectively. Pre-pregnancy BMI > 25 kg/m? was reported by
14-7 % of mothers. In fully adjusted models, maternal pre-pregnancy BMI was asso-
ciated with their daughters’ body fat % (f=0-31; 95% CI 0-0004, 0-63), FMI
(f=0-17; 95% CI 0-03, 0-30), android-to-gynoid ratio (f=0-01; 95 % CI 0-004,
0-02) and VAT (f=0-09; 95% CI 0-02, 0-16), but not with total bone density
(f=0-001; 95% CI -0-:003, 0-006) and content (f=7-13; 95% CI —4-19, 18-46).
Direct association with ASMI was also detected, but lost statistical significance
when participants whose mothers were underweight were excluded.
Conclusions: Maternal pre-pregnancy BMI was directly associated with offspring
general and visceral adiposity but seems not to be associated with bone mass.
Results reinforce importance of avoiding excess of maternal adiposity, as an
attempt to break the vicious cycle of obesity transmission.
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Obesity is a worldwide public health problem and affects
around 12 % of adults. Prevalence rates are higher in the
female sex, and especially for those at childbearing age,
obesity represents a great concern?. Excessive body adi-
posity in early pregnancy has been associated with several
gestational complications, contributing to maternal mor-
bidity and infant mortality®>®, as well as to increased risk
of CVD.

*Corresponding author: Email sandrafv@usp.br

As far as the offspring is concerned, maternal pre-
pregnancy BMI was shown to be associated with adiposity
later in life, resulting in a ‘vicious cycle of obesity’*®.
Genetic components could partly explain this associa-
tion®, but it is known that epigenetic mechanisms, through
metabolic programming during the first 1000 d of life, play
an important role on this issue'®!". Maternal lifestyle,
mainly related to dietary intake habits, may influence
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offspring behaviours and risk for outcomes®'?. In this con-
text, our group found that maternal pre-pregnancy BMI
was associated with offspring adherence to a processed
and prudent dietary pattern in adulthood?.

Several studies reported an association of maternal pre-
pregnancy BMI and offspring adiposity in childhood“=",
but few were conducted in adults®!®, and none assessed
all body compartments including the visceral adipose tis-
sue (VAT). Increased VAT generates systemic inflammation
and has been considered a strong predictor of cardio-
vascular events, independent of BMI'¥. There is some evi-
dence that excessive visceral adiposity can deteriorate
metabolic profile even in apparently healthy non-obese
young adults'>| indicating that assessment of VAT in this
age group could be useful to anticipate detection of those
at-risk and the prevention of cardiometabolic disorders.

Associations of maternal pre-pregnancy BMI with
offspring fat-free mass in childhood®” and in early
adulthood® were less investigated and provided contro-
versial results. The Avon Longitudinal Study of Parents
and Children showed that maternal pre-gestational BMI
was directly associated with bone mass in infancy, but it
was mainly explained by child’s height and weight®. It
is unknown whether this association would be maintained
in adulthood. To the best of our knowledge, no study has
tested associations of maternal pre-pregnancy BMI with all
three body compartments of the offspring in apparently
healthy adults, using a reliable technique and software to
identify VAT. Dual-energy x-ray absorptiometry (DXA)
provides accurate measures of body composition and
advantages of low X-ray exposure, cost and scanning time
against computed tomography or MRI'7. We investigated
whether maternal pre-pregnancy BMI was associated with
offspring muscle, bone and adipose (general and visceral)
body compartments assessed by DXA in early adulthood
before adiposity-related disorders.

Materials and methods

This is a retrospective cohort of women who participated at
the baseline of the Nutritionists’ Health Study (NutriHS).
Briefly, the NutriHS is a cohort conducted in Sao Paulo,
Brazil, with non-pregnant undergraduates of Nutrition
courses or nutritionists (graduates) recruited between
2014 and 201799, All participants registered on the
NutriHS website, electronically signed the informed
consent term and answered structured questionnaires
regarding early life events and current aspects of health,
socio-economic background and lifestyle.

The sample of the present study was composed of
female participants aged 2045 years who agreed to attend
a face-to-face interview and to a body composition assess-
ment. To be eligible, women should not have diabetes or
cancer diagnoses nor exceed the limits of the densitometer
(1-87m and 201 kg). Those with missing information of
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maternal pre-pregnancy BMI (our main exposure) (72 51)
were excluded, resulting in a final sample of 150 apparently
healthy young women for the present study.

Before answering the early life events questionnaire
available on NutriHS website, participants were oriented
to ask for their mothers’ help, or to consult birth cards.
Maternal pre-pregnancy BMI was obtained as continuous
variable and further categorised as <25 or >25kg/m?.
Other maternal characteristics, such as age at conception
(£19, >19 and <35, 2>35years), education (<11,
>11 years), parity (0, >1 pregnancy), gestational diabetes
and smoking during pregnancy (no, yes), were obtained.
Information of delivery (vaginal, C-section) and birth
weight (<2-5, 2:5 and <4-0, >4-0 kg) were also collected.
Participant’s current life data, such as age, skin colour
(white, non-white), leisure physical activity practice (no,
yes), smoking habit (no, yes), family income (<6, >6 mini-
mum wages) and education level (undergraduates attend-
ing the first-half of nutrition courses, undergraduates
attending the second-half of nutrition courses, graduates),
were also obtained.

During visits to the university health care centre, weight
was measured using a digital scale (Filizola®) with 0-1 kg of
precision and height by a fixed stadiometer with 0-1 cm
precision. A flexible and inelastic tape was used to assess
waist circumference at the midpoint between the last rib
and the iliac crest. Body composition was assessed using
DXA by a researcher (A.M.M.V.) cettified by the Brazilian
Association of Bone and Osteometabolism. The equipment
(GE Lunar iDXA®) and software provide measurements
of the three body compartments (adipose, muscle and
bone), differentiating the VAT. Measurements obtained
were total fat (kg and %), android and gynoid fat (used
to calculate android-to-gynoid fat ratio), VAT (cm?), appen-
dicular skeletal muscle mass (kg) (ASM), total bone and
femur mineral content (g) and density (g/cm?). Fat mass
index and ASM index (kg/m?) were calculated dividing
total fat and ASM per squared height, respectively.
According to the manufacturer’s instructions, regions of
interest were determined manually and the densitometer
was routinely calibrated.

A random sub-sample (72 117) was submitted to a clinical
examination. Blood pressure was assessed in sitting posi-
tion after Smin resting using an automatic device
(Omron model HEM-712C®; Omron Health Care Inc.).
Systolic and diastolic blood pressure (mmHg) were
obtained in triplicate, and the mean value between the last
two measures was considered. After overnight fasting,
blood sample was collected for biomarkers determinations.
Glucose (mg/dD) was determined by the glucose oxidase
method; total cholesterol, HDL-cholesterol and TAG
(mg/dD by the enzymatic colorimetric method and LDL-
cholesterol were calculated by Friedewald formula®?.
High-sensitivity C-reactive protein and 25-hydroxyvitamin
D were measured by chemiluminescence assay (Elecsys
2012, Roche Diagnostics).
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Statistical analyses

The Kolmogorov—Smirnov test was used to verify normal
distribution of continuous variables, which were described
as mean (sp) or median (interquartile range). Categorical
variables were described as frequencies. Student’s ¢ test
or Mann—-Whitney U test was used to compare central dis-
tribution values of body composition measurements
according to maternal pre-gestational BMI categories.

The shapes of the associations between maternal pre-
pregnancy BMI and offspring body composition parameters
were illustrated with scatterplots (see online supplementary
material, Supplemental Figure S1). Linear regression models
were performed to verify the association between maternal
pre-pregnancy BMI (kg/m?) and body composition measure-
ments (outcomes). ASM index and VAT were log-transformed
for analyses. Model 1 was adjusted for maternal age, maternal
education and parity, according to the set of minimal sufficient
adjustments recommended by the directed acyclic graph
(DAG) (see online supplementary material, Supplemental
Figure S2). DAG is a causal graph, which consists of variables
(vertices/rectangle in Supplemental Figure S2) connected
with edges oriented by arrows, denoting a direct causal rela-
tionship, with no feedback loops. Complex hypothetical
situations, which could be represented by bi-directional
arrows, are simplified considering temporality of the associa-
tion and then replaced by unidirectional arrows. DAG
approach is not a statistical technique that estimates effect,
but considering a rigorous mathematical methodology, it sug-
gests subsets of covariates that should be included in tradi-
tional statistical approaches (minimal sufficient adjustment)
to potentially minimise the magnitude bias. Epidemiological
biases can be categorised as either lack of conditioning on
a common cause (confounding bias) or conditioning on a
common effect (or a descendant of the common effect;
known as selection bias or collider bias). DAG allows repre-
senting both situations. Thus, they are valuable tools for guid-
ing epidemiological analysis, once they help to translate a
causal hypothetical model into a statistical model in the light
of observed data®-??. We used an online and free access
software, named DAGitty, to construct the DAG of the present
study. Minimally sufficient adjustment set was outputted
instantly by DAGitty, reflecting any possible changes made
to the diagram®. Model 2 included variables considered in
model 1 plus height (for measurements of adiposity and bone
as outcomes).

Sensitivity analysis was performed to test possible
differences between our main results, with the whole
sample (72 150), and results considering: (i) the sub-sample
with clinical data available (72 117) (see online supplemen-
tary material, Supplemental Table 1a) or (i) participants
whose mothers reported maternal pre-pregnancy
BMI > 18-5kg/m? (n 139) (see online supplementary
material, Supplemental Table 1b).

Statistical significance was considered at the level of 5 %.
Stata statistical software version 12.0 (release 12, 2011,
StataCorp LP) was used for analyses.
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Results

One hundred and fifty participants had body composition
assessed by DXA. Median age was 22 years (interquartile
range 20-29 years), and mean values of blood pressure,
plasma glucose and lipids biomarkers, as well as C-reactive
protein and 25-hydroxyvitamin D were within normal
ranges. Most participants were undergraduates (89-3 %)
and reported white skin colour (73-:3%) (Table 1). The
majority had normal weight (64:0 %), 6-7 % were under-
weight, 22 % overweight and 7-3 % had obesity.

Regarding maternal characteristics and early life events,
most mothers had at least 11 years of education (65-3 %).
Excessive pre-pregnancy weight was reported by 14-7 %.
Frequencies of gestational diabetes and smoking during
pregnancy were 1-4 and 2-7 %, respectively. A slight pre-
dominance (53-:3%) of vaginal delivery was reported,
and most participants were born with adequate weight
(84-5 %) (Table D).

Measurements of the three body compartments are
shown in Table 2. Higher mean values of VAT, android-
to-gynoid ratio and fat mass index were verified in partici-
pants whose mothers had excessive pre-pregnancy BMI
compared with those with eutrophic mothers before preg-
nancy. ASM index and bone compartment measurements
did not differ according to maternal pre-pregnancy BML

Maternal pre-pregnancy BMI was directly associated
with all adiposity measurements of their daughters
(Table 3). Both, measurements of general adiposity, such
as percentage of body fat (= 0-31; P=0-050) and fat mass
index (f=0-17; P=0-015), and of central adiposity, such
as VAT (f=0:09; P=0-011), as well as android-to-gynoid
ratio (f=0-01; P=0-005), showed increasing values as
maternal pre-pregnancy BMI increased. Maternal pre-
pregnancy BMI was also associated with ASM index
(f=0-007; P=0-039), but not with any bone compartment
measurements. Results did not change after adjustment for
height (model 2), nor in sensitivity analysis performed con-
sidering only the participants with clinical data available
(n  117) (see online supplementary  material,
Supplemental Table 1a). Sensitivity analysis was also per-
formed excluding participants whose mothers reported
maternal pre-pregnancy BMI lower than 18-5kg/m?
(n 11) (see online supplementary material, Supplemental
Table 1b). The only change was the loss of the statistical
significance of the previous association detected with
appendicular skeletal muscle mass index.

Discussion

Principal findings of the study

A detailed and accurate evaluation of the three body com-
partments was performed at early adulthood when cardio-
metabolic profile is still normal. In a sample of 150
apparently healthy young women, using DXA, our findings
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Table 1 Currentand early life characteristics of Nutritionists’ Health
Study (NutriHS) participants included in the present study (n 150)
and their mothers’ data

Mean or sDor

n %
Current life characteristics
Age (years)
Median 22
Interquartile range 20, 29
BMI (kg/m?)

Median 22-3
Interquartile range 204, 25-3
Waist circumference (cm) 77-4 9-3

Systolic blood pressure (mmHg)* 107 11
Diastolic blood pressure (mmHg)* 71 8
Fasting plasma glucose (mg/dl)* 83 9
LDL-cholesterol (mg/dl)* 98 27
HDL-cholesterol (mg/dl)* 55 12
TAG (mg/dl)*
Median 82
Interquartile range 55,117
C-reactive protein (mg/l)t 3.0 1.7
25-Hydroxyvitamin D (nmol/l)* 265 115
Skin colour
White 110 73-3
Non-white 40 267
Leisure physical activity practice
No 79 57.7
Yes 58 42.3
Current smoking habit
No 129 92-8
Yes 10 7-2
Graduation in nutrition
First-half undergraduate 65 43-3
Second-half undergraduate 69 46-0
Graduate 16 107
Family income (number of minimum
wages)t
<6 83 59.7
>6 56 40-3
Early life and Mother’s characteristics
Maternal age (years)
<19 8 5-3
>19 and <35 123 82.0
>35 19 12.7
Maternal education (years)
<11 52 34.7
>11 98 65-3
Maternal parity
73 48-7
>1 77 51-3
Maternal pre-pregnancy BMI (kg/m?)
<18-5 (underweight) 11 7-3
>18-5 and <25-0 (normal weight) 117 78-0
>25-0 (overweight/obese) 22 14.
Gestational diabetes
No 145 98-6
Yes 2 1.4
Smoking during pregnancy
No 143 97-3
Yes 4 2.7
Birth weight (kg)
<25 16 10-8
2.5 and <4-0 125 845
>4.0 7 4.7
Type of delivery
Vaginal 80 53-3
C-section 70 467
*n117.
tn111.

$One minimum wage is equivalent to 724-0 Brazilian real (or US$ 212.9).
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indicated a direct association between maternal pre-
pregnancy BMI and measurements of offspring adiposity,
both general (fat mass index and percentage of bod fat)
and central (android-to-gynoid ratio and VAT) fatness. A
weaker direct association with muscle compartment was
also identified, but it was statistically significant only when
underweight mothers were considered. Maternal pre-
pregnancy BMI was not associated with offspring bone
compartment.

Strengths and limitations

This is the first study to evaluate the association between
maternal pre-pregnancy BMI and visceral adiposity of
the young adult offspring. Several clinical data confirmed
that our sample had not adiposity-related disorders, repre-
senting a unique opportunity to investigate usefulness of
body composition measurements even before the occur-
rence of metabolic diseases. The use of a DXA equipment
able to identify VAT is a strength of our study, considering
that accumulation of this particular tissue is involved in the
pathophysiology of the most important public health prob-
lem nowadays.

Another strength was related to statistical analyses
including adjustments oriented by DAG. This approach
has been valued due to its adequacy to test associations
of interest minimising confounding bias and avoiding over
adjustments that might introduce bias®?2?%, Another advan-
tage of using the minimal sufficient adjustment suggested
by DAG regards to increased statistical efficiency of the
analysis (with fewer covariates in the model, there are more
dp@0-22),

Although there is possibility that women could self-
report pre-pregnancy weight with reasonable accuracy
almost 30vyears later®”, the recall of maternal pre-
pregnancy BMI implies recall bias that should be consid-
ered a limitation of the present study. Additionally, our
small and homogenous sample, composed of young, appa-
rently healthy and educated women (and their mothers),
implies limitation regarding external validity; that is, gener-
alisation of our results to different samples with different
characteristics is not appropriate. Majority of participants’
mothers seems to be healthier when get pregnant; thus,
memory (self-reported early life data could lead to misclas-
sification) and selection bias should be considered as lim-
itations of the current study. Especially, the frequency of
mothers who reported gestational diabetes was lower in
our study (1-4 %) compared with other Brazilian studies
conducted in 90’s®> and 00’s??, in which prevalence rates
were 2-4 and 2:9 %, respectively. Similarly, the frequency of
maternal pre-pregnancy overweight/obesity was lower in
the present study (14-7 %) compared with others, in which
prevalence was around 45 %2027,

Although external validity is a concern in our study,
internal validity could be reasonably assured due to the
accurate method for outcomes assessment and to the
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Table 2 Means and sb of body composition measurements according to maternal pre-pregnancy BMI (n 150)

Maternal pre-pregnancy BMI (kg/m?)

Total <25 (n 128) >25 (n 22)

Variables Mean SD Mean SD Mean SD P*
Visceral adiposity tissue (cm®) 0-041

Median 104-00 85-00 164-50

Interquartile range 39-00, 255-00 34-00, 253-002 81.00, 393-00°
Android-to-gynoid fat ratio 0-78 0-18 0.77 0-182 0-87 0-13° 0-005
Body fat (%) 3377 6-37 33-41 6-59 35-90 4-46 0-090
Fat mass index (kg/m?) 7-93 2.70 773 2.642 9.06 2.81° 0-033
Appendicular skeletal muscle mass index (kg/m?) 0-253

Median 6-23 6-25 6-18

Interquartile range 5.79, 6-72 5.72, 6-68 5.99, 7-38
Total bone mineral content (g) 2280-99 265-80 2272-64 262-24 2329-18 287-11 0-359
Femur mineral content (g) 29-41 375 29-39 3-85 29-56 3-20 0-840
Total bone mineral density (g/cm?) 113 0-09 113 0-09 114 0-10 0-666
Femur mineral density (g/cm?) 1.01 0-13 1-02 0-13 1.01 0-09 0.729

abMean values within a row with unlike superscript letters were significantly different (P < 0-05).

*Refers to Mann-Whitney U test or Student’s t test.

inclusion of an educated sample with skills to manage
research tools and aware of the relevance of scientific
research, that enhanced chances of reliable answers and
good quality of reported data.

Results in the context of what is known

The direct association between maternal pre-pregnancy
BMI and offspring adiposity agreed with previous studies
that also assessed body composition using indirect meth-
ods, such as DXA and air-displacement plethysmography
in childhood“72?® We found three studies assessing off-
spring adiposity in adulthood, but only one considered
maternal pre-pregnancy BMI®, while the others assessed
maternal weight at early or late pregnancy'®*”. One of
them was conducted with 276 adults in Scotland whose
skinfold-estimated body fatness was predicted by maternal
early pregnancy BMI'®. Similar to our findings, a Swedish
study assessed body composition of 226 participants aged
19-21years using DXA and identified that maternal
pre-pregnancy BMI was directly associated with fat mass
of daughters, but not sons. However, VAT measurement
was not available®.

The association between maternal pre-pregnancy BMI
and offspring central adiposity in young adult women,
expressed by the VAT volume and the android-to-gynoid
ratio in our study, had not been reported, but agrees with
studies conducted with children in the USA“®. The latter
studies verified that offspring of overweight or obese moth-
ers had higher visceral adiposity compared with children
born to women with pre-pregnancy BMI lower than
25 kg/m?.

In contrast to others, we highlight that our sample
included a low proportion of participants with overweight
or obese mothers before pregnancy and still such associa-
tions were present, suggesting being maintained until
adulthood. It could be argued that the epigenetic impact

of mothers’ adiposity on their offspring occurs in a con-
tinuum during the life cycle of their daughters.

We reinforce that participants of our study had on aver-
age normal BMI and were apparently healthy, that is,
without disturbances of glucose and lipid metabolism,
low-grade inflammation or vitamin D deficiency. It is
known that vitamin D contributes to reduce inflammation,
which has an important role for cardiometabolic disease
development®?, Normal mean values of C-reactive protein
and 25-hydroxyvitamin D support that our sample is at low
cardiometabolic risk. Even so, findings suggest that general
and visceral fat contents could be impacted by maternal
adiposity. Thus, our study calls attention to the importance
of nutritional care during the pre-gestational period.
Avoiding maternal weight excess at conception should
contribute to preventing increase of offspring visceral adi-
posity, which is known to be an important trigger of insulin
resistance and cardiometabolic diseases"'*!'>. We empha-
sise these aspects against the current scenario of worldwide
prevalence of overweight women of 38 % and even higher
in Brazil®V, favouring a vicious cycle of obesity
transmission.

Intergenerational transmission of body adiposity has
been explained by three main mechanisms. First, by a
genetic component, considering a report that around
60 % of fat mass may be hereditable®®. Second, by epige-
netic mechanisms, that is, maternal adiposity could induce
adaptive response during pregnancy that is a period of
plasticity. According to the Developmental Origins of
Health and Disease, this period comprises the first thou-
sand days of life, starting at conception. Developmental
Origins of Health and Disease proposes that insults during
this period (e.g. fetal overnutrition) might trigger epigenetic
changes, such as DNA methylation, resulting in phenotypic
alterations that could increase the risk of disease develop-
ment later in life'’333% The third mechanism refers to
common environmental factors, transmitted from mother
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young women. These findings reinforce the relevance of
nutritional care for women at childbearing age (especially
when planning pregnancy) as an attempt to prevent
excess of maternal adiposity during pregnancy and the
propagation of the vicious cycle of obesity to offspring.
Interventions in early life must be prioritised once it shows
potential to drive favourable health trajectories with less
effort, compared with actions aiming change of habits
in later life.
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