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Abstract

Background—Childhood obesity has become a public health challenge globally. Existing 

studies have indicated a potential link between maternal dietary macronutrient compositions and 

subsequent weight changes in their offspring during early childhood, although few studies have 

been conducted through early adulthood.

Objective—We aim to investigate the relationship between maternal macronutrient intake before 

or during pregnancy and offspring body weight from late childhood till early adulthood.

Corresponding author Qi Sun, M.D., D.Sc., Associate Professor in the Departments of Nutrition and Epidemiology, Director 
of the Nutritional Biomarker Laboratory, Associate Professor of Medicine, Faculty Affiliate in the Department of Epidemiology, 
qisun@hsph.harvard.edu, Mailing Address: Harvard School of Public Health, Bldg 2, Room 323, 655 Huntington Ave, Boston, MA 
02115. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

Disclaimers
The authors declare that they have no conflicts of interest related to this study.

Declaration of interests
The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper.

HHS Public Access
Author manuscript
Am J Clin Nutr. Author manuscript; available in PMC 2026 April 01.

Published in final edited form as:
Am J Clin Nutr. 2025 April ; 121(4): 843–852. doi:10.1016/j.ajcnut.2025.01.032.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods—We included 5,715 children from the Growing Up Today Study 2 (GUTS2; mean 11.8 

years old at baseline in 2004) born to 4,731 mothers who participated in the Nurses’ Health Study 

II (NHSII) during 1989-1995. Diet during or before pregnancy was assessed using a validated food 

frequency questionnaire (FFQ) in 1991 and 1995. Age- and sex-specific body mass index (BMI) 

were used to define overweight and obesity in childhood and adolescence. Multivariable linear and 

log-binomial regression models with generalized estimating equations were used to evaluate the 

associations of interest.

Results—The mean (SD) maternal macronutrients percent energy intake during pregnancy were 

19.3% (3.1) for protein, 51.2% (6.6) for carbohydrates, and 30.8% (5.0) for total fat. For diet 

during pregnancy, after multivariate adjustment for maternal and offspring risk factors, compared 

with the lowest quartile, the highest quartile of trans fatty acid consumption was associated with a 

0.20 unit (95% CI: 0.00, 0.40) increase in BMI z-score without a significant linear trend (P-trend 

= 0.06). A positive association with BMI z-score was also observed for total fat intake (β: 0.21; 

95% CI: 0.05, 0.36; P-trend = 0.02) when replacing total carbohydrate, and vice versa (β: −0.24; 

95% CI: −0.40, −0.08; P-trend = 0.02 for total carbohydrate intake). For diet before pregnancy, 

none of the macronutrients were associated with offspring BMI z-score or the risk of overweight 

or obesity.

Conclusions—Higher fat, especially trans fat intake, during pregnancy was positively associated 

with higher body weight among offspring. Other macronutrients from various food sources were 

not associated with the offspring weight. Overall, these data suggest that, apart from trans fatty 

acids, other macronutrient composition of maternal diet may have minimal impact on offspring 

body weight in this well-nourished population.
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Introduction

Childhood obesity has become a public health challenge globally, with increasing prevalence 

in the US[1]. Compared with normal weight, overweight or obesity during childhood 

and adolescence increases the risk of adverse cardiometabolic outcomes, including 

elevated blood pressure, dyslipidemia and insulin resistance before adulthood[2]. Childhood 

overweight or obesity is also strongly associated with adverse health outcomes in adulthood, 

contributing to the development of cardiovascular disease[3,4], metabolic syndrome[5,6] and 

cancer[7]. Preventive strategies are essential in addressing the rising incidence of childhood 

overweight and obesity, thereby mitigating the long-term chronic disease outcomes.

Growing evidence has indicated a potential link between maternal diet during pregnancy 

and subsequent weight changes in their offspring during childhood[8-10]. Observational 

studies have explored the association between maternal macronutrient intake and offspring 

body composition, and the results were inconsistent. Some studies showed that higher 

animal protein, sugar and saturated fatty acids intake during pregnancy was associated with 

increased adiposity during early childhood through age 6[11,12], while others reported no 

or inverse associations [9,13]. No research has yet been conducted to explore maternal 
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intake of macronutrients and by various food sources in relation to long-term weight gain of 

offspring through early adulthood.

To fill this knowledge gap, we investigated prospective associations between maternal 

macronutrient intake, including macronutrients from various food sources during peri-

pregnancy period and body mass index (BMI) z-score in offspring from middle-childhood 

into early adulthood. We hypothesized that animal proteins, refined carbohydrates, and 

saturated and trans fats are associated with higher body weight, whereas the opposite 

associations exist for plant proteins, whole grain carbohydrates, and cis unsaturated fats. 

We also examined the risk of developing childhood overweight and obesity as a secondary 

outcome.

Method

Design and study population

In 1989, 116,430 registered female nurses aged 25 to 42 years, were enrolled into the 

Nurses’ Health Study II (NHSII) through returning a questionnaire assessing medical 

history, lifestyle, etc [14]. Similar, biennial questionnaires were administered to update 

participants’ characteristics. In 1991 and every four years thereafter, diet was assessed in the 

NHSII by a validated food frequency questionnaire (FFQ) [15,16].

In 2004, 17,280 children of NHSII female participants between the ages of 8 and 15 (year of 

birth in 1989-1996) were invited to participate in the Growing Up Today Study 2 (GUTS2) 

study. Of these, baseline questionnaires were completed for 10,918 children in 2004, and 

follow-up questionnaires were administered in 2006, 2008 and 2011. Since there were no 

offspring BMI or BMI z-score data in the GUTS2 2013 cycle, the end of follow-up was set 

to be 2011 in this study. For the current analysis, we examined the association of NHSII 

mothers’ macronutrients intake before and during pregnancy with offspring body weight 

outcomes trajectory, respectively. The inclusion and exclusion criteria for participants before 

and during pregnancy were presented in Supplementary Figures 1-2. Finally, the “during-

pregnancy analysis” included 2,868 mothers and 3,049 children, while the “pre-pregnancy 

analysis” included 2,697 mothers and 2,903 children. The sample size for this study was 

determined based on the availability of data within the study period. Of note, since the 

current analyses were restricted to participants largely free of chronic diseases at baseline, 

the findings from the current study may not be generalized to populations with the diseases. 

The baseline characteristics for participants during and before pregnancy were shown in 

Table 1 and Supplementary Table 1, respectively.

NHSII and GUTS2 studies were approved by the Human Subjects Committee of the Harvard 

T.H. Chan School of Public Health, and the Institutional Review Board of Brigham and 

Women’s Hospital. Return of the NHSII and GUTS2 questionnaires implied informed 

consent.

Assessment of macronutrients intake during peri-pregnancy period

The assessment of maternal macronutrient intake during peri-pregnancy period was 

conducted with a validated semiquantitative FFQ. This FFQ, administered in 1991 and 1995, 
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collected detailed information on the frequency and portion sizes of over 130 different food 

items consumed in the preceding year. Nutrient intakes were then calculated by multiplying 

the frequency of each food item consumption by its nutrient content, and the nutritional 

contributions from all items were summed to provide an overall intake assessment [15-17]. 

The amount of macronutrient intake was computed by multiplying the relative frequency 

that each food item consumed by the macronutrient content of the specific portion size, 

using United States Department of Agriculture and Harvard University Food Composition 

Database[18,19]. We computed the percentage of energy intake from each macronutrient 

by multiplying the amount of the macronutrient (grams) by its energy content per gram 

(calories/gram), and then dividing this by the total energy intake (calories) reported in the 

FFQ. We further derived participants’ intake of total protein, animal protein, vegetable 

protein, dairy protein, total carbohydrate, carbohydrate from whole grains, carbohydrate 

from refined grains, total fat, saturated fatty acids (SFA), monounsaturated fatty acids 

(MUFA), trans fatty acids (TFA), and polyunsaturated fatty acids (PUFA).

Determination of diet during versus before pregnancy

To align the dietary assessments with the pregnancy at issue, we used FFQ return date and 

the child’s date of birth to determine whether the diet was relevant to the period before 

pregnancy or during pregnancy. Specifically, we subtracted 38 weeks or roughly 9.5 months, 

from the offspring's birth date to determine the date of conception. We subtracted the 

FFQ return date by 12 months to determine the beginning of the time window of dietary 

reporting. If the conception date occurred after the start of the dietary assessment and the 

child's birthday fell after the FFQ was returned, the dietary assessment was considered to 

include the early stage of pregnancy. Conversely, if conception occurred after the start of 

the dietary assessment but the birthday preceded the FFQ return, the dietary assessment 

reflected the full pregnancy period. Finally, if conception occurred before the dietary 

assessment began, but the birthday was after this start date and before the FFQ return, 

then the assessment was viewed as capturing the latter part of pregnancy. Details are shown 

in Supplementary Figure 3. To determine diet before pregnancy, if the conception date was 

after the 1991 FFQ return date and before the diet start date of 1995 FFQ, and the children’s 

birthday was between the 1991 and 1995 return dates, we used 1991 FFQ for diet before 

pregnancy. If the conception date and children’s birthday were both after 1995 FFQ return 

date, we used 1995 FFQ for diet before pregnancy.

Assessment of maternal and offspring covariates

Data on maternal covariates and risk factors for childhood obesity were obtained 

from the NHSII biennial questionnaires in 1989, 1991, 1993 and 1995[19], and 2009 

NHSII pregnancy[20] questionnaires, and included: age at delivery, race/ethnicity, spouse 

educational attainment, BMI before pregnancy, alcohol intake before pregnancy (0 g/

day, 0-5 g/day, 5-15 g/day, >15 g/day), smoking status (never smoke, past smoker, 

current smoker), physical activity (0-9 MET- hours/week, 9-27 MET hours/week, >27 

MET hours/week), parity (0, 1, 2, 3, 4+ children, missing), pregnancy complications 

(gestational diabetes mellitus, pre-eclampsia, gestational hypertension, cesarean delivery), 

and diet quality as assessed by the Alternative Healthy Eating Index (AHEI) score. The 

categorization of smoking, alcohol intake, and parity was consistent with approaches 
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commonly used in previous studies [10,21,22]. The physical activity levels were categorized 

into tertiles of MET-hours per week. Data on offspring covariates were obtained from 

the 2004 GUTS2 baseline questionnaire and included sex, birth weight, gestational age, 

and cumulative average AHEI score during follow-up. These covariates were considered 

because they are important maternal predictors of childhood body weight status and may 

also correlate with mothers’ dietary preferences.

Assessment of offspring overweight/obesity

BMI of offspring was computed as self-reported weight (kg) divided by self-reported height 

(m2). Self-reported weight and height have been shown to be reasonably accurate in children 

and adolescents, as described in previous studies [23,24]. We computed BMI z-scores by 

using the Centers for Disease Control (CDC) growth charts, as described previously[25]. 

Multiple imputation was performed to impute missing BMI data in the GUTS2 cohort 

using the SAS PROC MI procedure and five imputation datasets were generated using 

the same imputation method[22]. The predictor variables included the offspring’s valid 

body mass index assessments at baseline and during follow-up, as well as age and sex. 

Validity of the imputations has been demonstrated previously, and the measured and imputed 

BMI values were strongly correlated[22]. Overweight and obesity status in childhood and 

adolescence (<18 years), as a secondary outcome, was defined using age- and sex- specific 

BMI thresholds described by the International Obesity Task Force[26].

Statistical analysis

We used data from GUTS2 questionnaires from 2004 through 2011. In the current 

study, offspring were followed up from return of the 2004 GUTS2 questionnaire to the 

end of follow-up in 2011. To evaluate the association between maternal macronutrients 

intake before and during pregnancy and offspring BMI z-scores trajectory, multivariable 

linear regression models with generalized estimating equations (GEE) were used to 

compute mean BMI z-score change and its 95% confidence intervals (95% CIs). The 

GEE approach, utilizing an unstructured correlation matrix, accounted for the pattern of 

dependence between repeated BMI z-scores measured from the same child. The models also 

accounted for the clustering of offspring from the same mother. Multivariable log-binomial 

regression models with GEE were used to examine the relationship between maternal 

macronutrients intake and the risk of offspring overweight or obesity during follow-up, 

with the specification of an exchangeable correlation structure. We also examined interaction 

terms between each macronutrient and time scale, which was modeled as 1 to 4 to represent 

the four time points of outcome measurements. Since the interaction terms were not 

significant, we subsequently focused on the regression coefficients of macronutrient terms, 

which reflected the impact of macronutrient intake on the overall, long-term trajectory of 

offspring weight.

The multivariable linear and log-binomial regression were adjusted for maternal age 

at delivery, offspring age, offspring sex, pregnancy complications (gestational diabetes, 

preeclampsia, gestational hypertension, cesarean delivery), maternal race, maternal AHEI 

score, maternal physical activity, highest level of education completed by spouse, gestational 

age of offspring, parity, maternal alcohol intake, and maternal smoking status. In addition, 
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each macronutrient model was mutually adjusted for other macronutrients and maternal total 

caloric energy intake. Median values of each macronutrient intake category were modeled as 

a continuous variable to examine the linear trend.

We built isocaloric models so that the regression coefficient of a macronutrient represents 

the association of substituting the macronutrient for another macronutrient. For example, 

when we evaluated total protein intake in relation to the BMI z score, we considered total 

energy intake and total carbohydrate intake but left total fat intake out of the model so 

that the coefficient of total protein reflected the association of substituting total protein 

for the same energy from fat intake. Similarly, we used isocaloric substitution models to 

assess the impact on offspring BMI z-score trajectories when substituting MUFA from 

plants for MUFA from animals, vegetable protein for animal protein, PUFA for SFA, and 

carbohydrates from whole grains for carbohydrates from refined grains. The selection of 

reference macronutrients for the substitution models was based on practical and clinically 

relevant considerations. For the analysis of birthweight, we used the isocaloric multivariable 

generalized linear model to assess the association between each macronutrient and offspring 

birthweight change. In a sensitivity analysis, based on the multivariable models described 

above, we further adjusted for offspring cumulative average AHEI score during follow-up to 

describe the relationship between maternal macronutrients during pregnancy and offspring 

BMI z-score trajectory. Several secondary analyses were performed to assess the robustness 

of our primary findings. Stratified analyses were based on maternal weight status before 

pregnancy (lean (<25kg/m2); overweight or obese (≥25kg/m2)) and offspring sex (male/

female).

All analyses were performed separately in the five imputation datasets, and results were 

aggregated using the SAS PROC MIANALYZE procedure to derive composite estimates of 

associations and their 95% CIs. Statistical analyses were performed with the use of SAS 

version 9 for UNIX (SAS Institute Inc, Cary, NC) and R version 3.5.2. All statistical tests 

were 2-sided and significance was defined as P < 0.05.

Results

Baseline characteristics of the 3049 offspring and their 2868 mothers considered for the 

analysis of associations of diet during pregnancy were described in Table 1. Participants 

were on average 32.4 years old at the delivery, largely lean before pregnancy (68.0% BMI 

< 25), and mostly never smoked (67.8%) before pregnancy. More female participants were 

overweight or obese before pregnancy if their total protein and fat intake were in the highest 

quartile (21.1% for total protein; 19.6% for total fat) during pregnancy. More individuals 

smoked in the group with the lowest quartile of energy intake from total carbohydrate 

compared to the highest quartile (29.9% compared with 21.1%). The offspring population 

included more female offspring (52.8%) than male. The mean (SD) maternal macronutrients 

percent energy intake during pregnancy were 19.3% (3.1) for protein, 51.2% (6.6) for 

carbohydrates, and 30.8% (5.0) for total fat. (Table 1).

Table 2 shows the association between maternal macronutrients intake during pregnancy 

and offspring BMI z-score trajectory during childhood till adulthood. In the multivariable 
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analysis, in substitution of carbohydrate intake, comparing to the lowest quartile, the highest 

quartile of trans fatty acid consumption during pregnancy was associated with a 0.20 unit 

(95% CI: 0.00, 0.40; P-trend = 0.06) increase in BMI z-score. A similar relationship was 

observed for total fat intake [β: 0.21 (95% CI: 0.05, 0.36; P-trend = 0.02], but not for 

other fatty acid consumption. Replacing total fat, the highest quartile energy from total 

carbohydrate take was associated with a 0.24 unit decrease (95% CI: −0.40, −0.08; P-trend = 

0.02) of BMI z-score. The relationship was attenuated for carbohydrate from refined grains 

[β: −0.17 (95% CI: −0.34, 0.00; P-trend = 0.05)]. Other macronutrients, including total 

protein, protein from animals, vegetables or dairy products were not associated with the 

outcome, either. Additionally, none of the macronutrients before pregnancy was associated 

with childhood BMI z-score trajectory (Table 3).

Supplementary Figure 4 presents the intake of each macronutrient before and during 

pregnancy, respectively, in relation to the risk of overweight or obesity in offspring. 

Of note, the highest quartile energy intake from trans fatty acids during pregnancy was 

associated with 59% increase (95% CI: 4%, 143%; P-trend = 0.048) in the risk of offspring 

overweight or obesity. Intakes from other macronutrients, before or during pregnancy, was 

not associated with the risk of overweight or obesity from middle childhood till adulthood.

Subgroup analyses were performed to investigate whether the associations between maternal 

macronutrients intake during pregnancy and offspring BMI z-score trajectory differed by 

overweight status before pregnancy and offspring sex. The relationship between maternal 

trans fatty acid intake during pregnancy and offspring BMI z-score remained significant 

among female offspring (β: 0.26; 95% CI: 0.00, 0.51; P-trend = 0.06). The pattern of 

associations for trans fat was similar, although none of the associations achieved statistical 

significance by overweight status before pregnancy, which was probably due to reduced 

power in subgroup analyses (Supplementary Figure 5-6). Other macronutrient subgroups 

were not significantly associated with BMI Z-score trajectory across offspring sex or 

overweight status before pregnancy and the association were not modified by these two 

subgroups, either.

For birthweight analysis, in substitution of total fat, the highest quartile of dairy protein 

intake before pregnancy was associated with 0.07 kg (95% CI: 0.01, 0.12; P-trend = 0.01) 

increase in birthweight. Similarly, the 4th quartile total fat energy intake was associated 

with 0.05 kg increment in offspring birthweight [β: 0.05 (95% CI: 0.00, 0.11; P-trend = 

0.13)]. While in substitution of total fat, the association reversed for the highest quartile 

carbohydrates from refined grain and birthweight [β: −0.09 (95% CI: −0.16, −0.02; P-trend 

< 0.01)] (Supplementary Table 2). No macronutrients consumed during pregnancy was 

associated with birthweight (Supplementary Table 3).

No significant associations were observed for substituting carbohydrate from whole grains 

for carbohydrate from refined grains, MUFA from plants for MUFA from animals, PUFA for 

SFA or protein from vegetables for protein from animals either before or during pregnancy 

(Supplementary Table 4). In the sensitivity analysis, based on the multivariable model, the 

relationship between top quartile trans fatty acid intake during pregnancy and offspring BMI 
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z-score persisted (β: 0.20 (95% CI: 0.00, 0.40; P-trend = 0.06) after we further adjusted for 

offspring AHEI score during follow-up (Supplementary Table 5).

Discussion

In our study, we prospectively examined the association between maternal macronutrients 

intake before and during pregnancy and offspring BMI z-score and overweight/obese risk 

during childhood through early adulthood. The primary findings are that, in substitution 

of carbohydrate intake, total and trans fatty acid intake during pregnancy was associated 

with higher offspring BMI z-score and higher risk of offspring overweight/obesity. Intake 

of other macronutrients before pregnancy, including the macronutrients from different food 

sources, was not significantly associated with offspring BMI z-score or overweight/obesity 

risk. Notably, higher intake of dairy protein and total fat before pregnancy was associated 

with increased birthweight, while the intake of carbohydrates from refined grains showed 

an inverse association. These associations were independent of established and potential risk 

factors of childhood obesity. The findings also largely persisted by offspring sex although 

the associations for boys were weaker.

Previous studies have evaluated the association between maternal fat intake during 

pregnancy and offspring weight change. Concordant to our study, a prospective cohort study 

in Spain showed that, the highest quartile of trans fatty acid intake was associated with 1.13 

– 2.21 fold increased risk of offspring overweight or obesity at age 4 to 5[27]. Ekaterina 

et al. found that high maternal total fat intake during pregnancy was associated with 0.9 

kg/m2 increase in BMI and 4.0 cm increase in waist circumferences among male offspring 

at age 20 [28]. These studies evaluated offspring weight at a specific age. In contrast, our 

study incorporated four-time outcome measurements, spanning from age 12 till 18 years 

old, to capture the overall trajectory of offspring weight change over the late childhood 

period. In contrast to Ekaterina et al., we found that the positive association between trans 
fatty acid intake during pregnancy and BMI z-score in offspring was significant among 

female offspring. Animal studies on prenatal programming have also shown that female 

offspring's weight and metabolism are more significantly impacted by a maternal high-fat 

diet [29,30], possibly due to differences in sex hormones or insulin regulation[31]. Our study 

also found a marginally-significant inverse association between refined grain carbohydrate 

intake and offspring BMI z-score trajectory, which is contrary to our hypothesis. A study 

by Zhu et al. reported that higher refined grain intake during pregnancies among mothers 

with gestational diabetes mellitus (GDM) was associated with increased BMI z-scores and 

higher obesity risk among offspring at age 7 [32]. In contrast, Meinila et al.[33] found 

that higher carbohydrate intake during pregnancy was associated with lower offspring body 

fat mass or percentage at 5 years. The reasons underlying the discrepancy between the 

current and previous studies are unknown, although GDM may interact with carbohydrate 

intake on modulating the offspring body weight[34]. Our study is also among the first 

to comprehensively examine other macronutrients from different food sources during peri-

pregnancy period, and long-term weight change trajectories in offspring. Clearly, more 

evidence is needed to further substantiate the body of evidence regarding macronutrient 

compositions of maternal diet in relation to childhood weight change.
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In the current study, we did not observe associations between trans fat intake and 

birthweight, although it is worth noting that an analysis in the Project Viva showed that 

each 1% increment in energy from total trans fatty acid consumption during the second 

trimester was associated with 0.29 unit increase in fetal growth measured by birthweight-

for-gestational age z score (BWGAZ) [35]. We used the direct birthweight measurement, 

which is a familiar measure and commonly used in clinical practice, making it easier for 

clinicians and policy makers to understand the clinical significance the association found in 

this study. We nevertheless found positive associations between dairy protein, total fat intake 

and birthweight. Concordant with our findings, a Danish cohort study showed that higher 

protein from dairy products is associated with 65g increment in mean birthweight[36]. 

A prospective cohort study embedded in the Generation R showed the highest quintile 

dairy protein intake is associated with 115g birthweight increase, with significant linear 

trend[37]. In accordance to our findings for total fat intake, a population study conducted in 

Minnesota and Oklahoma revealed that each standard deviation (SD) increase in maternal 

total fat intake was positively associated with 0.84% increment of infant body fat [38]. 

Maternal dietary pattern with higher total fat proportion was also associated with higher 

birthweight in Norwegian mother-child dyads [39]. However, in our study, we found that 

the pre-pregnancy dietary macronutrient composition was associated more strongly with 

birthweight than macronutrient composition during pregnancy. Potential reasons underlying 

the different findings between previous and the current study are unknown, although it is 

likely that long-term dietary practices may have stronger impact on maternal metabolic 

health, which may lead to differential placenta development[40] and fetal growth in early 

gestation[41]. The rapid development of early embryo largely relies on maternal nutrient 

status, which may have a significant impact on birthweight[42,43]. Nevertheless, more data 

are needed to further elucidate these associations.

It is still unclear about the exact mechanisms through which trans fatty acids intake during 

pregnancy may impact long-term children’s growth. Trans fatty acid has shown to be 

associated with dyslipidemia, endothelial dysfunction, insulin resistance, all-cause mortality 

and coronary heart disease[44,45]. Both human and animal studies showed that excessive 

trans fatty acid intake during pregnancy may result in greater fetal growth. The association 

may be explained by that trans fatty acid may impair the placental transfer of n-3 fatty 

acids and disrupt of their metabolism, thereby increasing the risk of overweight and diabetes 

in offspring[46]. Feeding studies in mice demonstrated that higher and prolonged trans 
fatty acid intake during gestation led to increased tumor necrosis factor-α (TNF-α) and 

resistin gene expression in offspring adipose tissue, as well as compromised mitochondrial 

bioenergetics and lipid metabolism in the liver, which were associated with reduced insulin 

sensitivity and a higher risk of obesity[47,48]. In summary, trans fatty acid intake during 

pregnancy has been linked to impaired fetal growth, insulin resistance, and increased risk 

of obesity in offspring, potentially due to disruptions in placental fatty acid transfer and 

metabolism.

Our study had several strengths. This is the first study to comprehensively investigate 

the association between macronutrient intake from various food sources during the peri-

pregnancy period and its impact on birthweight, long-term offspring weight changes, and 

the risk of overweight/obesity. The large sample size increased the power of our analyses. 
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We also extended the offspring follow-up beyond early childhood into late-childhood and 

adolescence, providing new insight into how maternal macronutrient intake affected long-

term offspring growth trajectory till adulthood. Besides, the detailed pregnancy and nutrition 

intake information were acquired by using validated questionnaires, and the information 

on maternal and offspring lifestyle allowed us to conduct comprehensive analyses. We 

used four-time outcome measurements and accounted for the correlation between each 

measurement, which enabled us to better interpret the average weight change trajectory of 

offspring during late childhood. Additionally, we employed a percentage energy substitution 

model, which helped mitigate confounding by total energy intake and facilitated the 

translation of our findings into future macronutrient composition recommendations for 

females of reproductive age.

There are also some limitations. The FFQ did not specifically inquire about diet during 

pregnancy, and we used questionnaire return date and offspring birthday to distinguish the 

diet intake time frame to approximate the maternal intake during or before pregnancy. These 

may introduce misclassifications of diet at different periods surrounding pregnancy, although 

it was suggested that dietary patterns change little from before to during pregnancy[49]. 

Since the NHSII participants were mostly Caucasians and registered nurses, our results 

may not be generalizable to other race/ethnic groups and people with inadequate health 

literacy. Another limitation was that we used self-reported weight and height to estimate 

the overweight or obesity status among offspring, while there was a slight tendency of 

underreporting weight and height in US young adolescents[24]. Although self-reported 

measurements were reliable to predict obesity-related outcomes as reported before[50], 

given the prospective study design, such non-differential misclassification will likely lead 

to the attenuation of the association of interest. Furthermore, we lacked more detailed 

information about offspring body composition measures. Lastly, we cannot exclude the role 

of residual or unmeasured confounding in our findings.

Conclusions

In this well-nourished mother-child cohort, we found that trans fatty acid intake during 

pregnancy was positively associated with higher offspring BMI z-score and the risk of 

developing overweight or obesity from middle childhood to adulthood, independent of 

child’s diet. Other macronutrients were not significantly associated with higher body weight 

or the risk of overweight or obesity. Further research is needed to replicate our findings and 

examine other dietary components that may have significant impact on offspring growth.
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