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ABSTRACT

Objective: To examine the associations of maternal and child overweight status across

multiple time-points with liver fat content in the offspring during young adulthood.

Design: Cohort study

Setting: ELEMENT Cohort in Mexico City

Population: Pregnant women with singleton births (n = 97)
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Methods: We quantified hepatic triglyceride content (liver fat content) by proton magnetic
resonance spectroscopy (1H MRS) and conventional T2-weighted MRIs (3T scanner) in 97
young adults from the ELEMENT birth cohort in Mexico City. Historical records of the
cohort were used as a source of pregnancy, childhood and adolescence anthropometric
informationy.overweight and obesity (OWOB) were defined. Adjusted structural equation
models were run to identify the association between OWOB in different life stages with

liver fat'eontent (log-transformed) in young adulthood.

Main Outcome: Maternal OWOB at the time of delivery was directly and indirectly

associated with the liver fat content in the offspring at young adulthood.

Results: Seventeen percent of the participants were classified as having NAFLD. We found
a strong association of OWOB between all periods assessed. Maternal OWOB at time of
delivery (B=1.97 95%CI 1.28, 3.05), and OWOB status in the offspring at young adulthood
(B=3.17495%CI 2.10, 4.77) were directly associated with the liver fat content in the
offspring. Also, maternal OWOB was indirectly associated with liver fat content through
offspring«@WOB status.

Conclusion: We found that maternal OWOB status is related to fatty liver content in the
offspring.as young adults, even after taking into account OWOB status and lifestyle factors

in the offSpring.

Funding, statement: This research was supported by CONACYT grant # 261063. NIH
RO1ES021446, NIH R01-ES007821, NIEHS/EPA P01ES022844, NIEHS P42-ES05947,
NIEHS Center Grant P30ES017885 and the National Institute of Public Health/Ministry of
Health of Mexico.

Key Words: liver fat content, maternal overweight, cohort

Tweetable abstract: There was an association between pre-pregnancy overweight and the

development of NAFLD in adult offspring.
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Introduction

Non-Alcoholic Fatty Liver Disease (NAFLD), defined as hepatic fat infiltration involving
more than 5% of the hepatocytes in the absence of high alcohol intake and other causes of
liver pathology !, is the most common cause of chronic liver disease in Western Countries 2
and may be a'precursor to other leading chronic diseases like type 2 Diabetes Mellitus 3-°.
Known as the f‘silent liver disease,” most individuals with NAFLD are asymptomatic, until
progressionsto.advanced stages of disease involving inflammation (Non-Alcoholic
steatohepatitis-NASH), fibrosis, cirrhosis, and ultimately in some cases, hepatocellular

carcinoma .

The worldwide prevalence of NAFLD is around 20% !, and in young adults, it has more
than deubled since the 1980s ® °, particularly among obese individuals '°. In Mexico, the
national prevalence of NAFLD is unknown; however, a 2006 study of asymptomatic
individuals from the general population reported a 17% prevalence !, with an expected
prevalenee ofup t026% in adults based on current obesity rates '> 13, Perhaps more concern
is the fact'that NAFLD is now on the rise at younger ages '4, reflecting, in part, the
childhood obesity pandemic and the relatively high intakes of energy-dense processed

foods and sugar-sweetened beverages!'>.

Some cohert:studies in developed nations have identified early risk factors for NAFLD,
includingiin utero exposure to maternal obesity '°, and childhood growth patterns '7-1°. Less
is known ofithese associations in developing countries undergoing the nutrition transition 2°
where rapid shifts in diet and lifestyle may further compound the long-term consequences
of obesogenic early life exposures. Thus, the goals of this study were to: (1) estimate liver

fat content and NAFLD prevalence, (2) assess the independent, cumulative and trans-
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generational effects of exposure to overweight/obesity (OWOB) across the life course from
the in utero period through young adulthood on liver fat content in a sample of young

adults in Mexico City, MX.

Methods

This study was conducted in a subsample of young adult offspring from the first birth
cohort of the Early Life Exposure in Mexico to Environmental 7oxicants (ELEMENT)
project. Details of the cohort are reported elsewhere 2!. In summary, between 1994 and
1995 a tetal’of 631 mothers were recruited at delivery, and their offspring have been
followed over time. Information from pregnancy (pre-preganancy self-reported weight and
parity), delivery (mother’s weight, birth weight, offspring sex) and up through four years
post-partums(breastfeeding practices, weight, length/height) were obtained from the
historicabrecords of the cohort. From 2008 to 2010, a subsample of 206 participants (from
the original 631) participated in a research visit during adolescence at approximately 14 to

16 years of age 2.

In 201672 young-adult visit (21 to 22 years of age) was conducted 23. Of the 206
participants who attended the previous visit, 55 did not respond, and 51 did not choose to
participate. Of the remaining 100, the present analysis included 97 participants with
completg'information key variables. At the young adult visit, participants were asked to
participate’in the assessment of liver fat content following a 10-hour fast. All subjects
provided written informed consent. Participants involvement in this study is described in

the supportingsinformation (Appendix S1).

Outcome-Variable: Quantification of liver fat in young adulthood

In ordexto'estimate the hepatic triglyceride content, we performed proton magnetic
resonance spectroscopy (1H MRS)?4, with the calculation of proton density fat fraction
(PDFF). PDFF, a standardized magnetic resonance (MR)-biased biomarker of steatosis, is
defined as the fraction of mobile protons (1H) derived from triglycerides relative to those

derived from water 2. A Philips Achieva 3.0 T MR-scanner (Philips Healthcare, Best, The
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Netherlands) was used for imaging. Conventional MR imaging was done prior to the
spectroscopy acquisition. The methodology to measure the fat fraction using 1H MRS was
previously described by our group 2. The protocol included plane localizers: transversal
T2w, Transversal T2w with fat saturation. A board certified radiologist (ERV) and a
biomedical,engineer who post-processed the information and gave the results, were

“blinded” about the participant’s BMI status.

Liver imageswere acquired with an 8-channel torso coil during a breath-hold. This breath-
hold was monitored with a respiratory belt. Two 30x30x30 mm voxels were selected within
normal liveptissue in the right lobe of the liver as described elsewhere?¢, avoiding the edge
of the liver and major blood vessels. The resonances used for calculation of the
triglycerides were water (peak at 4.7 ppm), methylene (CH2 peak at 1.3 ppm, and methyl
(CH3 speak at 0.9 ppm). The fat fraction in each pixel then was calculated using 1H MRS
as the ratio of the fat density to the total (fat and water) density. A detailed description of

the imagingrexamination and post-processing analysis has been described elsewhere 2928,

An example of the acquired images and spectra is depicted in Figure S1. In the analysis, we
assesseddiver fat content as continuous variable (log transformed), and as a dichotomous
NAFLD (yes/no) using a cut-off value of 5% hepatic fat fraction to define presence of
NAFLD?°.

Exposures.Variables: OWOB in mothers (pre-pregnancy and delivery), and OWOB
in offspring (childhood, adolescence and young adulthood)

Maternal OWOB. The Cohort’s historical records were used to obtain maternal information
including: self-reported pre-pregnancy weight, weight and height measured at the end of
pregnancys(using professional scales PAME, Puebla), which were used to calculate pre-
pregnancysbody mass index (BMI) and maternal BMI at delivery. Parity information was
categorized as first pregnancy; and breastfeeding practices, recorded as total months and
categorized as never breastfeeding vs at least one month during the first year postpartum.

Maternal BMI was classified as normal weight (<25kg/m?) and OWOB (> 25kg/m?) for
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pre-pregnancy and delivery®’, we did not include underweight (<18.5kg/m2) as none of the

participants fell in this category.

Offspring OWOB at different periods. Anthropometric measures of the participants during
preschool period were also captured (weight and stature, using a calibrated beam scale,
Model TD16.and infantometer, SECA) every six months from birth to four years of age.
This information was used to estimate weight for length/height Z score according to the
World Health"Organization (WHO) growth standard. We defined overweight status
between one to two years of age as weight-for-length z-score (WLZ) >2 SD, and from two

to four years-as weight-for-height z-score (WHZ) >2SD, in at least one time-measure 3!.

In adolescence, trained personnel measured weight and height using standard techniques.
Weight was measured using a digital scale (BAME 147 Mod 420; Catalogo Médico) and
read to the nearest 0.1 kg. Standing height was evaluated using a calibrated stadiometer
(BAME Mod#420; Catalogo Médico) and read to the nearest 0.5 cm. Body Mass Index
(BMI) was calculated as an age- and sex-specific Z score, and classified as OWOB > 1 SD
of the BMI Z-score 2.

In adulthood, weight and height were measured using a Tanita digital scale with a height
rod (model WB-3000m). Weight was recorded to the nearest 0.1kg and height to the nearest
0.5 cm. BMilywas calculated and classified as OWOB (for BMI >25kg/m?). All the

measurements were done by trained personnel.

Covariates: socio-demographic and lifestyle information in young adulthood

Demographic.characteristics, socioeconomic status (SES), smoking habits and alcohol
intake wererderived from validated questionnaires. The AMAI scale (Asociacion Mexicana
de Agencias,de Investigacion de Mercado) was used as an indicator of SES; and for the
analysis, we collapsed the 6-cathegories to 2 (very-low/low & medium/high), as the sample
has low variability in SES 33. We obtained information about alcohol intake from the

National Addiction Survey, and classified the individuals according to their habitual intake
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(daily-weekly, monthly, annually-never) 34. We used the same survey to gather information
on smoking habits, and classified individuals as non-smokers, past-smokers and active
smokers. We also administered a food frequency questionnaire 3> which was used to derive

total energy intake.

Statistical Analysis

We compared-ithe participant’s background characteristics, as well as their mother’s BMI
before pregnancy (self-reported) and at delivery with respect to NAFLD status (yes vs. no),
using thesappropriate statistical tests based on the distribution of the variables —1.e., two
sample T=test'or Median (IQR) and Kolmogorov Smirnov test for continuous variables and
Fisher’s Exactitest for categorical variables. These associations informed selection of

covariates for multivariable models.

Then, wesexplored the independent associations of maternal OWOB before and at the end
of pregnancyg‘and of participant’s OWOB at different life stages (childhood, adolescence
and young adulthood), with In-transformed liver fat content in adulthood using linear
regression'models; and with the diagnose of NAFLD with using logistic regression models.
All models were adjusted for mother's age and education, socioeconomic level of the

family, and participant’s sex, smoking, alcohol and energy intake.

GeneralizedsStructural Equation Model (GSEM) is an extension of generalized linear
models that allowed us to model direct and mediated effects that are expressed in a multiple
equation system where outcome variables could be of any type (continuous or categorical
variables)’¢. We used a GSEM to assess the cumulative effects of maternal OWOB and
offspring OWOB during early life on NAFLD risk. Our hypothesis was that maternal pre-
pregnancysOWOB increases the possibility of excess gestational weight gain and thus,
maternal'OWOB at the end of pregnancy. Maternal obesity, in turn, increases risk of
OWOB in her offspring across the life course. Given that obesity is a key risk factor of
NAFLD, the inter-generational nature of excess adiposity will likely be related to higher
percentage of liver fat and NAFLD. (Figure 1).
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The specification of paths, and the selection of the variables that were included based on an
a priori conceptual framework. The root mean square error of approximation (RMSEA)
was used to evaluate the goodness-of-fit, where a value <0.9 was considered acceptable. In
this analysis, we assessed In-transformed liver fat content as a continuous outcome via
linear regression. The estimate of interests were exponentiated beta estimates and 95%
confidencerintervals (CI) from the linear regression models, and odds ratios (OR) and 95%

CI from'the"logistic regression models (OWOB).

Finally, te assess the possibility of selection bias, we compared delivery characteristics
(mother,i€: age, schooling; and offspring, ie: birth weight, length) of participants included

in analytical sample vs. the original cohort.

All the analyses were performed in STATA 15 statistical software.

Funding

This researchiwas supported by CONACYT grant # 261063. NIH RO1ES021446, NIH
RO1-ES007821, NIEHS/EPA PO1ES022844, NIEHS P42-ES05947, NIEHS Center Grant
P30ES017885 and the National Institute of Public Health/Ministry of Health of Mexico.

Results

The main characteristics of the participants are described in table 1. About half of the
participants were male (55%), at delivery they presented a mean weight of 3,093gr (7.2%
presented lowsbirth weight) and a mean gestational age of 39 weeks. Twenty-eight percent
of Mother s participants started the pregnancy with overweight/obesity (BMI>25kg/m2)
and at delivery, 59% presented this condition.

Median liver fat content was 1.4% (IQR 2.9), and 17% (n = 17) of participants had
NAFLD. Participants with NAFLD had mothers who were more likely to be OWOB at
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delivery (83% vs. 55%, p=0.03), and were themselves more likely to have been OWOB
during adolescence (59% vs. 19%, p=0.01) and young adulthood (94% vs. 31%, p<0.01) in
comparison to their healthy counterparts. When comparing the analytical sample with the
original cohort, we found no differences on the variables evaluated except from mother’s
education (almost one year more in the analytical sample, Table S1), so we used this

variable'in the adjusting of the models.

At the young=adult visit, the average age was 21.4 years (+0.5); 51% were classified as
being at very-low/low socioeconomic status and 44% were active smokers. Forty-eight
percent reported that they consumed alcohol once per year or not at all, and 20% consumed
alcohol on‘a weekly/daily basis, no difference were found on alcohol intake between those
with and without NAFLD. None of the participants reported consumption of more than 20
g of alcohol per day (more than 2 and 3 servings per day men and women respectively).
Table 2 shows the association of OWOB variables at different stages with In-transformed
liver fat content as well as with odds of NAFLD. Participants whose mothers were OWOB
(>25kg/m?) at' delivery had more posibility (OR=4.16, p=0.05]) of having NAFLD. The
relationship strengthened with a later life stages of being OWOB (at the MRS time).

GSEM results are shown in table 3, maternal pre-pregnancy OWOB increases the
likelihood of maternal OWOB at delivery almost two times (OR: 1.79; 95% CI: 1.51-2.14).
The subsequent possibility of offspring’s OWOB during childhood (before 4 years of age)
was six times'that of participant’s whose mothers presented OWOB at delivery, as
comparéd with those born to women in the normal weight BMI category at delivery
(OR:6.02; 95% CI: 1.12-32.30). Moreover, these same participants who were OWOB
before 4_years of age had almost seven times greater odds of being OWOB during
adolescence (OR: 6.83; 95% CI: 1.12-24.24), compared to those classified as normal
weight by4years of age. Finally, being OWOB vs. normal weight during adolescence was
a strong determinant of staying OWOB in adulthood (OR: 23.82; 95% CI: 6.06-93.53).

Finally, we found that OWOB in both the mothers as well as the participants themselves

was directly associated with higher liver fat content. Participants whose mothers were
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OWOB at delivery presented a higher average liver fat content, than those whose mothers
were classified as normal BMI (exp(P) 1.97; 95%CI: 1.28, 3.05). OWOB in adulthood was
also cross-sectional associated with higher percentage of liver fat content (exp(p) 3.17;

95%CI: 2.10, 4.7700).

Discussion

Main Findings

To our knowledge, this is the first study in a Mexican population of young adults to
investigate life course associations of exposure to maternal and offspring OWOB from the
in utero period onward on offspring liver fat content in young adulthood. Our estimations
through the GSEM documented the influence of maternal OWOB on offspring OWOB, as
well as thesinfluence of childhood OWOB in adolescence and finally in young adulthood,

which is‘éonsistent with previous findings from other cohort studies 37-40.

We found that 17% of the participants presented with the more than 5% of liver fat fraction
consideredte,be NAFLD?°, which is consistent with what has been reported for this age
ranged®!, We.identified OWOB as a determinant (directly and indirectly) related to the
development of NAFLD among offspring in adulthood. This finding is highly relevant in a
country likesMexico where more than 70% of women at reproductive age present
overweight orobesity?’; furthermore, around 30% of women are expected to start

pregnancy with a BMI>30kg/m242.

Our findings.align with previous cross-sectional and cohort studies that had demonstrated
the association of maternal obesity and NAFLD with larger samples %443, Previous
studies have'shown that maternal BMI is directly correlated with neonatal
intrahepatocellular lipid content 4446, a phenomenon that can be attributed to the fact that
obese mothersy as compared to normal weight women, mobilize increased nutrient (glucose
and fatty acids) availability to the fetus 7. This may present a challenge for the fetus in

early pregnancy (first trimester) as excess of nutrients are not stored in the form of
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subcutaneous fat until the third trimester) *®. Instead, excess fuels made available to the

fetus result in fat accumulation in fetal hepatocytes 4°.

We also_found a strong a positive and direct association between the participants’ current
BMI status.and liver fat content. These findings align with those of a systematic review 3,
and a recent cohort study which detected 3 times greater odds of NAFLD in midlife among
those'with*high BMI during adolescence ' and with other reports that showed an increase
in the severityof hepatic steatosis in adolescents with higher BMI 2. The mentioned
associations were independent of the lifestyle covariates like smoking, energy and alcohol

intake.

It is also important to note that we did not find a difference by sex in liver fat content,
which is surprising given a study in adolescents >3 and several population-based studies
reporting higher NAFLD prevalence among men than women 3*>7, However, our finding is
consistentswith a previous study that found equal amounts of liver fat in adult men and

women 8

Strengths'and Limitations

There are some limitations to the present study. First, there was a possible selection bias as
the participants were selected as a convenience sample from the overall ELEMENT cohort,
howeverthewonly statistically different variable was mother’s education and was not
associatedstesthe outcome. Second, the self-report of pre-pregnancy weight could possibly
underestimate the role of pre-pregnancy BMI on overweight at delivery. However previous
studies that haye used the same approach have shown that this self-reported variable can be
useful for screening and for discerning associations with health outcomes>® . Lastly, the
small sample size in this analysis did not allow us to run a logistic model using NAFLD as
the outcome: The power estimation for a sample of 97 required a minimum prevalence of
30% and'the.observed prevalence in this sample was 17% (as expected for this age group).
Nevertheless, we were able to detect associations with the continuous variable (liver fat

content).
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One strength of this study is the rich data on historical exposure variables, which allowed
us to assess the influence of pregnancy, childhood and adolescent weight status on liver fat
content in early adulthood. Our method of liver fat assessment (1H MRS to measure the
liver fat fraction) has been previously validated and is currently the best best non-invasive

method to.quantify fat within the liver 2°.

Interpretation

Dietary andlifestyle modifications, like weight control, are currently the main method for
treatment of NAFLD, especially in youth ¢!. The determinants of liver fat content that we
identifiedsinsthis study point towards potential avenues for early interventions. The strong
association of maternal overweight with offspring liver fat fraction during early adulthood
points to the pessible beneficial effect of achieving a healthy weight and weight gain during
pregnancy on offspring metabolic health. The pregnancy period constitutes a window of
opportunity for prevention of non-communicable diseases since most pregnant women
attend antenatal care and are in contact with the healthcare system (in Mexico 98.4% of
pregnant'women attend antenatal care) during their pregnancy®?. It is also a unique
opportunity to identify women at high risk and make lifestyle changes as women are often

highly metivated, especially when they perceive associated benefits to their offspring®3: ¢4,

Finally, public health actions that promote weight control throughout life need to be

reinforced asia way to prevent complications related to obesity as NAFLD.

Conclusion

We found that maternal OWOB status is related to fatty liver content in the offspring as
young adults, even after taking into account OWOB status and lifestyle factors in the
offspring. Encouraging overweight women to make a lifestyle changes before pregnancy
that resultan“adequate weight control could subsequently prevent chronic diseases in the

offspring:

This article is protected by copyright. All rights reserved



Disclosure of interests

The authors:declare that they have no conflicts of interest. Completed disclosure of interest

forms are,available to view online as supporting information.

Contribution to authorship

AC, MHA; MMTR, DK, KEP and HH conceived and designed the study; LLV, AC, EARV
participatedim'the data collection; AM, WP conducted the statistical analyses; JAR, WP,
HH, and"A€-interpreted the results; AC, AM, WP, HH wrote the article. All authors have

been involved in the production of the article, and have approved the final version.

Details of‘ethics approval

Written infermed consent was obtained from all the participants. The project protocol was
reviewed and approved by the Ethics in Research Committee of the National Institute of
Public Health, Mexico, and by the Institutional Review Board of the University of
Michigan.that also supported this research. Approved project by the Research and Ethics
committee of'the National Institute of Public Health on June 15" 2016 with the ID-project
CI: 1377;'and by the Biosafety committee of the National Institute of Public Health on June
13th 2016 with the ID-project CB: 1368.

Funding

This specific.research was funded by CONACYT grant # 261063. The ELEMENT
pregnancy.and birth cohort was established and has received continuous support from U.S.
NIH ROLES021446, NIH RO1-ES007821, NIEHS/EPA PO01ES022844, NIEHS P42-
ES05947, NIEHS Center Grant P30ES017885 and the National Institute of Public
Health/Ministry of Health of Mexico.

This article is protected by copyright. All rights reserved



The data used to support the findings of this study are available from the corresponding

author upon request.

Acknowledgements

We thank the fieldwork team: Ana Benito, Cristina Sanchez, Jorge Zufiiga-Ramirez, Maria

Guadalupe Rodriguez, Obed Barriga, Rubén Valencia.

References

1. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al. The diagnosis and
management of nonalcoholic fatty liver disease: Practice guidance from the American
Association for the Study of Liver Diseases. Hepatology 2018;67:328-357.

2. Day CP..Non-alcoholic fatty liver disease: a massive problem. Clin Med (Lond)
2011;11:176-8.

3. TarghenG, Bertolini L, Padovani R, Rodella S, Tessari R, Zenari L, et al. Prevalence of
nonalcoholic fatty liver disease and its association with cardiovascular disease among type
2"diabetic patients. Diabetes Care 2007;30:1212-8.

4, Machado M, Marques-Vidal P, Cortez-Pinto H. Hepatic histology in obese patients
undergoing bariatric surgery. ) Hepatol 2006;45:600-6.

5. Anstee|QM, Targher G, Day CP. Progression of NAFLD to diabetes mellitus, cardiovascular
disease or cirrhosis. Nat Rev Gastroenterol Hepatol 2013;10:330-44.

6. Targher G, Marchesini G, Byrne CD. Risk of type 2 diabetes in patients with non-alcoholic
fattysliver disease: Causal association or epiphenomenon? Diabetes Metab 2016;42:142-
56.

7. Brunt EM. Pathology of nonalcoholic fatty liver disease. Nat Rev Gastroenterol Hepatol
2010;7:195-203.

8. MradRA, Merjaneh N, Mubarak G, Lopez R, Zein NN, Alkhouri N. The increasing burden of
nonalcoholic fatty liver disease among young adults in the United States: A growing

epidemic. Hepatology 2016;64:1386-7.

This article is protected by copyright. All rights reserved



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Welsh JA, Karpen S, Vos MB. Increasing prevalence of nonalcoholic fatty liver disease
among United States adolescents, 1988-1994 to 2007-2010. J Pediatr 2013;162:496-500
el.

Xanthakos SA, Jenkins TM, Kleiner DE, Boyce TW, Mourya R, Karns R, et al. High Prevalence
of Nonalcoholic Fatty Liver Disease in Adolescents Undergoing Bariatric Surgery.
Gastroenterology 2015;149:623-34 e8.

Lizardi-Cervera J, Laparra DI, Chavez-Tapia NC, Ostos ME, Esquivel MU. [Prevalence of
NAFLD.and metabolic syndrome in asymtomatics subjects]. Rev Gastroenterol Mex
2006;71:453-9.

Lopez-Velazquez JA, Silva-Vidal KV, Ponciano-Rodriguez G, Chavez-Tapia NC, Arrese M,
Uribe M, et al. The prevalence of nonalcoholic fatty liver disease in the Americas. Ann
Hepatol 2014;13:166-78.

Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, et al. Global burden of
NAFLD and NASH: trends, predictions, risk factors and prevention. Nat Rev Gastroenterol
Hepatol 2018;15:11-20.

Doycheva |, Watt KD, Alkhouri N. Nonalcoholic fatty liver disease in adolescents and young
adults: The next frontier in the epidemic. Hepatology 2017;65:2100-2109.

Aburto'TC, Pedraza LS, Sanchez-Pimienta TG, Batis C, Rivera JA. . Discretionary Foods Have
a'High:Contribution and Fruit, Vegetables, and Legumes Have a Low Contribution to the
Total Energy Intake of the Mexican Population. J Nutr 2016;146:1881S-7S.

Bellatorre A, Scherzinger A, Stamm E, Martinez M, Ringham B, Dabelea D. Fetal
Qvernutrition and Adolescent Hepatic Fat Fraction: the Exploring Perinatal Outcomes in
Children Study. J Pediatr 2018;192:165-170 el.

Ayonrinde OT, Olynyk JK, Marsh JA, Beilin LJ, Mori TA, Oddy WH, et al. Childhood adiposity
trajectories and risk of nonalcoholic fatty liver disease in adolescents. J Gastroenterol
Hepatol 2015;30:163-71.

Ayonrinde OT, Adams LA, Mori TA, Beilin LJ, de Klerk N, Pennell CE, et al. Sex differences
between parental pregnancy characteristics and nonalcoholic fatty liver disease in
adoleseents. Hepatology 2018;67:108-122.

Stewart MS, Heerwagen MJ, Friedman JE. Developmental programming of pediatric
nonalcoholic fatty liver disease: redefining the"first hit". Clin Obstet Gynecol 2013;56:577-
90.

This article is protected by copyright. All rights reserved



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Barquera SC, |.; Hernpandez, L.; Pedroza-Tobias, A. Estado Nutricio en Adultos. Encuesta

Nacional de Salud y Nutricién, medio camino 2016.

Perng W, Tamayo-Ortiz M, Tang L, Sanchez BN, Cantoral A, Meeker JD, et al. Early Life
Exposure in Mexico to ENvironmental Toxicants (ELEMENT) Project. BMJ Open
2019;9:e030427.

Huang'S;Hu H, Sanchez BN, Peterson KE, Ettinger AS, Lamadrid-Figueroa H, et al.
Childhood Blood Lead Levels and Symptoms of Attention Deficit Hyperactivity Disorder
(ADHD): A Cross-Sectional Study of Mexican Children. Environ Health Perspect
2016;124:868-74.

Cantoral A, Contreras-Manzano A, Luna-Villa L, Batis C, Roldan-Valadez EA, Ettinger AS, et
al"Dietary Sources of Fructose and Its Association with Fatty Liver in Mexican Young
Adults. Nutrients 2019;11.

Roldan-Valadez E, Favila R, Martinez-Lopez M, Uribe M, Mendez-Sanchez N. Imaging
techniques for assessing hepatic fat content in nonalcoholic fatty liver disease. Ann
Hepatol 2008;7:212-20.

KinnersS, Reeder SB, Yokoo T. Quantitative Imaging Biomarkers of NAFLD. Dig Dis Sci
2016;61:1337-47.

Roldan-Valadez E, Favila R, Martinez-Lopez M, Uribe M, Rios C, Mendez-Sanchez N. In vivo
3T spectroscopic quantification of liver fat content in nonalcoholic fatty liver disease:
Correlation with biochemical method and morphometry. J Hepatol 2010;53:732-7.

Nasr.P, Forsgren MF, Ignatova S, Dahlstrom N, Cedersund G, Leinhard OD, et al. Using a 3%
Proton/Density Fat Fraction as a Cut-Off Value Increases Sensitivity of Detection of Hepatic
Steatosis, Based on Results From Histopathology Analysis. Gastroenterology 2017;153:53-
55 e7.

Yokoo T, Shiehmorteza M, Hamilton G, Wolfson T, Schroeder ME, Middleton MS, et al.
Estimation of hepatic proton-density fat fraction by using MR imaging at 3.0 T. Radiology
2011;258:749-59.

Szczepaniak LS, Nurenberg P, Leonard D, Browning JD, Reingold JS, Grundy S, et al.
Magnetic resonance spectroscopy to measure hepatic triglyceride content: prevalence of
hepatic steatosis in the general population. Am J Physiol Endocrinol Metab 2005;288:E462-
8.

This article is protected by copyright. All rights reserved



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Guelinckx I, Devlieger R, Beckers K, Vansant G. Maternal obesity: pregnancy complications,
gestational weight gain and nutrition. Obes Rev 2008;9:140-50.

de Onis M. WHO Child Growth Standards: Length/height-for-age, weight-for-age, weight-
for-length, weight-forheight and body mass index-for-age: Methods and development.
Geneva: WHO Multicenter Growth Reference Study Group: World Health Organization
(WHO), 2006.

de.Onis;M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development of a WHO
growth.reference for school-aged children and adolescents. Bull World Health Organ
2007;85:660-7.

AMAL. Asociacidon Mexicana de Agencias de Investigacién de Mercado.

National Addictions Survey, Alcohol Report: Secretaria de Salud; Instituto Nacional de
SaludPublica, 2011.

Denova-Gutierrez E, Ramirez-Silva |, Rodriguez-Ramirez S, Jimenez-Aguilar A, Shamah-Levy
T, Rivera-Dommarco JA. Validity of a food frequency questionnaire to assess food intake in
Mexican adolescent and adult population. Salud Publica Mex 2016;58:617-628.
Schumacker SEL, R. G. Beginner's Guide to Structural Equation. Routledge: Taylor & Francis
Group;2010.

Oken EjTaveras EM, Kleinman KP, Rich-Edwards JW, Gillman MW. Gestational weight gain
andrchild adiposity at age 3 years. Am J Obstet Gynecol 2007;196:322 e1-8.

Stamnes Kopp UM, Dahl-Jorgensen K, Stigum H, Frost Andersen L, Naess O, Nystad W. The
associations between maternal pre-pregnancy body mass index or gestational weight
change during pregnancy and body mass index of the child at 3 years of age. Int J Obes
(Lond) 2012;36:1325-31.

Whitaker RC. Predicting preschooler obesity at birth: the role of maternal obesity in early
pregnafcy. Pediatrics 2004;114:e29-36.

Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting obesity in young
adulthood from childhood and parental obesity. N Engl J Med 1997;337:869-73.
Schwimmer JB, Deutsch R, Kahen T, Lavine JE, Stanley C, Behling C. Prevalence of fatty liver
in children and adolescents. Pediatrics 2006;118:1388-93.

Hinkle SN, Sharma AJ, Kim SY, Park S, Dalenius K, Brindley PL, et al. Prepregnancy obesity
trends among low-income women, United States, 1999-2008. Matern Child Health J
2012;16:1339-48.

This article is protected by copyright. All rights reserved



43.

44,

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

Brumbaugh DE, Friedman JE. Developmental origins of nonalcoholic fatty liver disease.
Pediatr Res 2014;75:140-7.

Brumbaugh DE, Tearse P, Cree-Green M, Fenton LZ, Brown M, Scherzinger A, et al.
Intrahepatic fat is increased in the neonatal offspring of obese women with gestational
diabetes. J Pediatr 2013;162:930-6 e1.

Ayonrinde OT, Oddy WH, Adams LA, Mori TA, Beilin LJ, de Klerk N, et al. Infant nutrition
and.maternal obesity influence the risk of non-alcoholic fatty liver disease in adolescents. J
Hepatol 2017;67:568-576.

Modi N, Murgasova D, Ruager-Martin R, Thomas EL, Hyde MJ, Gale C, et al. The influence
of maternal body mass index on infant adiposity and hepatic lipid content. Pediatr Res
2011;70:287-91.

Schaefer-Graf UM, Graf K, Kulbacka I, Kjos SL, Dudenhausen J, Vetter K, et al. Maternal
lipidstas strong determinants of fetal environment and growth in pregnancies with
gestational diabetes mellitus. Diabetes Care 2008;31:1858-63.

Bernstein IM, Goran MI, Amini SB, Catalano PM. Differential growth of fetal tissues during
the second half of pregnancy. Am J Obstet Gynecol 1997;176:28-32.

Chang,GQ, Gaysinskaya V, Karatayev O, Leibowitz SF. Maternal high-fat diet and fetal
programming: increased proliferation of hypothalamic peptide-producing neurons that
increase risk for overeating and obesity. J Neurosci 2008;28:12107-19.

Rinella ME. Nonalcoholic fatty liver disease: a systematic review. JAMA 2015;313:2263-73.
VVanWagner LB, Khan SS, Ning H, Siddique J, Lewis CE, Carr JJ, et al. Body mass index
trajectaries in young adulthood predict non-alcoholic fatty liver disease in middle age: The
CARDIA cohort study. Liver Int 2018;38:706-714.

Ayonrinde OT, Olynyk JK, Beilin LJ, Mori TA, Pennell CE, de Klerk N, et al. Gender-specific
differences in adipose distribution and adipocytokines influence adolescent nonalcoholic
fatty'liver disease. Hepatology 2011;53:800-9.

Sehwimmer JB, McGreal N, Deutsch R, Finegold MJ, Lavine JE. Influence of gender, race,
and ethnicity on suspected fatty liver in obese adolescents. Pediatrics 2005;115:e561-5.
ClarkdyM, Brancati FL, Diehl AM. The prevalence and etiology of elevated aminotransferase

levels in the United States. Am J Gastroenterol 2003;98:960-7.

This article is protected by copyright. All rights reserved



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Lazo M, Hernaez R, Eberhardt MS, Bonekamp S, Kamel |, Guallar E, et al. Prevalence of
nonalcoholic fatty liver disease in the United States: the Third National Health and
Nutrition Examination Survey, 1988-1994. Am J Epidemiol 2013;178:38-45.

Ruhl CE, Everhart JE. Determinants of the association of overweight with elevated serum
alanine aminotransferase activity in the United States. Gastroenterology 2003;124:71-9.
Schneider AL, Lazo M, Selvin E, Clark JM. Racial differences in nonalcoholic fatty liver
disease;in the U.S. population. Obesity (Silver Spring) 2014;22:292-9.

Westerbacka J, Corner A, Tiikkainen M, Tamminen M, Vehkavaara S, Hakkinen AM, et al.
Womenand men have similar amounts of liver and intra-abdominal fat, despite more
subcutaneous fat in women: implications for sex differences in markers of cardiovascular
risk: Diabetologia 2004;47:1360-9.

DieseldC, Eckhardt CL, Day NL, Brooks MM, Arslanian SA, Bodnar LM. Gestational weight
gainrand the risk of offspring obesity at 10 and 16 years: a prospective cohort study in low-
income women. BJOG 2015;122:1395-402.

Han E, Abrams B, Sridhar S, Xu F, Hedderson M. Validity of Self-Reported Pre-Pregnancy
Weightjand Body Mass Index Classification in an Integrated Health Care Delivery System.
Paediatr Perinat Epidemiol 2016;30:314-9.

GiorgiowV, Prono F, Graziano F, Nobili V. Pediatric non alcoholic fatty liver disease: old and
new:concepts on development, progression, metabolic insight and potential treatment
targets. BMC Pediatr 2013;13:40.

Heredia-Pi |, Servan-Mori E, Darney BG, Reyes-Morales H, Lozano R. Measuring the
adequacy of antenatal health care: a national cross-sectional study in Mexico. Bull World
Health Organ 2016;94:452-61.

Lindgvist M, Lindkvist M, Eurenius E, Persson M, Mogren I. Change of lifestyle habits -
Motivation and ability reported by pregnant women in northern Sweden. Sex Reprod
Healthc'2017;13:83-90.

Olander EK, Smith DM, Darwin Z. Health behaviour and pregnancy: a time for change. J

Reprod Infant Psychol 2018;36:1-3.

This article is protected by copyright. All rights reserved



Table 1. Characteristics of the analytical sample comparing pregnancy, childhood, adolescence

and young-adulthood related to the presence of offspring NAFLD

All non-NAFLD NAFLD
n=97 n=80 n=17 p
n (%)
Maternal:
Pre-pregnancy BMI classification
Normal (%) 58 (67.44) 47 (66.20) 11 (73.33)
Overweight/Obesity (%) 28 (32.56) 24 (33.8) 4 (26.67) 0.76
BMI classificatiomiat delivery
Normal (%) 39 (39.80) 36 (45.00) 3(16.67)
Qverweight/Obesity (%) 59 (60.20) 44 (55.00) 15 (83.33) 0.03
Offspring, at.birth
Birth Weighta(gr)* 3,093 (398.10) 3,075 (416.08) 3,178 (394.79) 0.3
Low birth weight (<2500gr) (%) 7.2 8.7 0.0 0.2
Gestationalages(weeks)* 39.4 (1.3) 39.1(1.4) 39.4 (1.1) 0.3
Sex (% male) 53 (54.64) 44 (55.00) 9 (52.94) 0.5
Infant
Breastfeeding
Total (months)** 8.35 (7.89) 8.53(8.06) 7.47 (7.181) 0.9
Never Breastfed (%) 21 (21.65) 18 (22.5) 3(17.65)
Breastfed (%) 76 (78.350) 62 (77.50) 14 (82.35) 0
Offspring, Childhood
Being overweight/obese before 4 years of
age
No (%) 82 (84.54) 70 (87.5) 12 (70.59)
Yes (%) 15 (16.16) 10 (12.50) 5(29.41) 0.08
Offspring, Adolescence
Being overweight/ebese
No (%) 72 (74.23) 65 (81.25) 7(41.18)
Yes (%) 25 (25.77) 15 (18.75) 10(58.82) 001
Offspring, Young adulthood (at the time of
MRS)
Age (years)* 21.4 (0.5) 21.4 (0.5) 21.4 (0.5) 0.9
Being overweight/abese
No (%) 56 (57.73) 55 (68.75) 1(5.88)
<0.01
Yes (%) 41 (42.27) 25 (31.25) 16 (94.12)

Smoking
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Never
Past smoker
Active smoker
Alcohol intake
Never/Annually
Monthly
Weekly/daily
Socioeconomic Status
Very-Low/Low
Medium/High
Energy intake (Kcal/d)**

14 (14.43)
40 (41.24)
43 (44.33)

47 (48.45)
30 (30.93)
20 (20.62)

49 (50.52)

48 (49.48)
2,811.2
(1,956 - 3670)

14 (17.5)
33 (41.25)
33 (41.25)

38 (47.5)
23 (28.75)
19 (23.75)

11(64.71)
6 (35.29)
2,814.3

(2,029- 3,927)

0(0)
7(41.18)
10 (58.82)

9(52.94)
7(41.18)
1(5.88)

38(47.50)
42(52.50)
2,443.9

0.1

0.2

0.3

0.8

(1,887 — 3,358)

Maternal BMI classification: Normal (<25kg/m2), Overweight (>25 kg/m2); Childhood overweight >2SD of the WHZ-score

(WHO 2006); Adolescence and adult overweight/obese (>25kg/m2)

* Mean (SD), two sample T-test
** Median (IQR), Kolmogorov Simonov test

Exact-Fisher test for categorical variables

Table 2. Association between OWOB at different stages and liver fat (log transformed) or Odds

Ratio of having NAFLD

Liver fat
NAFLD**
content*
p P OR p

Maternal pre-pregnancy Overweight/Obesity 0.15 0.61 0.49 0.32
Maternal.Overweight/Obesity at delivery 0.72 <0.01 4.16 0.05
Childhood Overweight/Obesity 0.23 0.51 2.70 0.19
Adolescence Overweight/Obesity 1.02 <0.01 6.03 <0.01
Young=Adulthood Overweight/Obesity 1.29 <0.01 33.68 <0.01

*Linear regression model

** Logistic regression model

Models adjusted by mother's age & education, sex, socioeconomic level, smoking alcohol

andwenergy intake.

Maternal Overweight (>25 kg/m2); Childhood overweight >2SD of the WHZ-score (WHO

2006) before 4 years of age; Adolescent and adult overweight/obesity (>25kg/m?2)
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Table 3.;Association’s coefficients estimated from a Generalized Structural Equation

model of OWOB at different time periods and liver fat content

OR (95%ClI)

Predictors

Pre-pregnancy overweight/obesity

Normal ref.
Overweight/Obesity at
Overweight/Obesity 1.79%(1.51-2.14)
delivery
Mother’s First pregnancy 1.29*%(1.06-1.58)
Mother’s Years of schooling 1.02 (0.99-1.05)
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Mother’s Age

1.02(1.01-1.03)

Overweight/Obesity

before 4 years of age

Overweight/Obesity at delivery
Normal
Overweight/Obesity
Breast feeding
Never Breastfed
Breastfed
Sex
Female
Male
Mother’s Years of schooling

Mother’s Age

ref.

6.02*(1.12-32.30)

ref.

0.91(0.82-1.01)

ref.

3.98(0.92-17.20)
1.11 (0.90-1.36)
0.92 (1.00-1.03)

Overweight/Obesity at

Adolescence

Overweight/Obesity before 4 years of age
Normal
Overweight/Obesity
Sex
Female
Male
Mother’s Years of schooling

Mother’s Age

ref.

6.83*%(1.12-24.24)

ref.

0.98(0.34-2.84)
1.03 (0.88-1.22)
1.08(0.98-1.19)

Overweight/Obesity at

Young Adulthood

Overweight/Obesity at Adolescence
Normal
Overweight/Obesity
Sex
Female
Male
Mother’s Years of schooling

Mother’s Age

ref.

23.82*%(6.06-93.53)

ref.

1.05(0.38-2.88)
0.89 (0.75-1.05)
1.03(0.92-1.11)

Liver fat content (log)

Overweight/Obesity at delivery
Normal
Overweight/Obesity
Overweight/Obesity at Young Adulthood
Normal
Overweight/Obesity
Sex
Female
Male
Alcohol intake
Never/Annually
Monthly
Weekly/daily
Smoking
Never

Past smoker
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ref.

1.97%(1.28-3.05)

ref.

3.17%(2.10-4.77)

ref.

1.25(0.81-1.94)

ref.
0.97(0.59-1.60)
0.92(0.52-1.66)

ref.

1.30(0.69-2.46)



Active smoker
Socioeconomic Status

Very-Low / Low

Medium/ High
Energy intake
Mother’s Years of schooling

Mother’s Age

1.89%(1.01-3.69)

ref.

1.26(0.82-1.95)
1.00(0.99-1.00)
0.94 (0.88-1.01)
1.00(0.99-1.05)

*2p<0.05
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Figure 1. Generalized Structural equation model of maternal and child overweight/obesity and
its association with liver fat content (only statistically significant coefficients/odds ratio are

presented in the figure, for more detail please see table 3)
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