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Editorial 

Traditionally, the Indian society has pre-defined roles for mothers as guardians of the health and well-being of their families, especially their offspring. Though outwardly flattering, this has often led to the common societal perception that mothers are responsible for all health-related issues in their children. It is ironic that recent advances in non-communicable disease (NCD) research provide evidence that a mother’s role is crucial in determining the health of her progeny. In this context, the paper by Corsi and colleagues [1] prompts one to reflect on some important epidemiological as well as social issues that relate to the inter-generational transmission of disease risk in the global perspective.    
Since the inception of the developmental origins hypothesis as one of the explanations for the sudden rise in the prevalence of type 2 diabetes and other NCDs, especially in low- and middle-income countries such as India [2], the number of studies exploring the role of maternal intra-uterine environment on offspring NCD risk has increased greatly. While the influence of intra-uterine factors on fetal development and future health is generally accepted, its long-term implications for adult disease are yet to be fully understood. The relationship is particularly prone to confounding as individuals are exposed during their lifecourse to a host of life-style and environmental factors that may be more directly and strongly related to disease occurrence. These factors themselves may be determined by the physical environment and population-specific socio-cultural practices, which are likely to change often in the long interval between birth and the onset of disease. As the prevalence of NCDs like type 2 diabetes and cardiovascular disease continues to rise, it is imperative to identify these lifecourse factors in order to develop preventive strategies. The study by Corsi et al [1] suggests that future research in this area needs to be more holistic than being increasingly minimalistic.    
Corsi and colleagues [1] analyse a large nationally-representative data set from India and report that maternal body mass index (BMI) was not more predictive of offspring BMI than that of paternal BMI. They argue that a similarity in effect size precludes a major contributing role of maternal intra-uterine environment to offspring adiposity. They suggest that offspring adiposity is influenced by multiple extra-uterine factors, including genes, shared environment and socio-cultural practices. However, they observed a stronger relationship between maternal BMI and offspring BMI when standardized BMIs were used as continuous variables, and when comparing deciles in a continuous model. These observations raise the possibility of a significant maternal, though not necessarily intra-uterine, effect. This association was especially apparent at higher levels of maternal BMI, suggesting that the relationships between parental and offspring adiposity are more nuanced and may depend on maternal body size. It is of relevance that a greater body size in this context does not necessarily denote obesity but may reflect better nutrition. It is possible that the associations with maternal (intra-uterine) factors are of greater relevance where the mother has a certain level of nutrition. The authors acknowledge that the measurements are contemporaneous; examining the relationship using maternal adiposity measures before conception and during pregnancy may be more appropriate to understand intra-uterine influences. Prospective studies in India set up specifically to explore the long-term implications of intra-uterine factors on offspring growth and subsequent NCD risk factors suggest a prominent role for maternal nutrition and gestational hyperglycemia. The present study is a timely reminder that intra-uterine and extra-uterine factors are not mutually exclusive, but act in tandem to influence the development of NCD risk factors. 
Studies that specifically disentangle intra-uterine and extra-uterine influences on offspring disease risk are scarce in India. It would be of interest if high-quality epidemiological studies in India and other countries attempt to revisit their data to compare maternal and paternal effects. More inter-disciplinary research to understand the interaction between biological and socio-cultural influences in the development of NCDs should be encouraged.  Women in transitioning populations such as India experience a double burden of micronutrient deficiencies and increasing obesity and gestational diabetes mellitus. Offspring of both groups are at greater risk of impaired fetal growth and future NCDs [3]. In this context, it is notable that Corsi et al’s study observed a strikingly stronger association of maternal BMI on offspring birth weight (~50g increase in birth weight per SD increase in maternal BMI) than paternal BMI (~14g per SD) [1]. As birth size is a predictor of childhood and subsequent BMI, the role of the intra-uterine environment cannot be ignored in this context. Applying appropriate study designs and methodology to elucidate the mechanisms underlying the inter-generational transmission of obesity and NCDs needs further thought. Observational studies are generally fraught with confounding factors, and the observed associations have been ascribed to residual confounding in many studies exploring inter-generational transmission of NCDs. Future studies in this area should therefore consider more conclusive approaches such as randomized controlled trials and Mendelian randomization studies, where the variants of a gene related to the exposure of interest are tested in association with the outcome, to understand causality. 
The paper also raises some social issues relating to gender-bias. Son preference is a well-known fact in India, and this has been thought to adversely influence the health of girl children. Notwithstanding this common cultural observation, the prevalence of childhood undernourishment is comparable between boys and girls in India [4]. In the current study, the associations of maternal BMI was similar in boys and girls, however the association between father-daughter was marginally stronger than the father-son association. Though this may be a chance finding, it can be construed that fathers may ‘prefer’ daughters over sons. Such observations suggest complex interactions between socio-cultural practices and biological factors which may differ in different populations

Finally, the overall social implications of attributing offspring disease outcomes to either intra-uterine or extra-uterine environmental factors should be considered. The knowledge that maternal factors before, during, and after pregnancy influence the long-term health of the offspring has prompted the scientific community to highlight the importance of improving the nutritional status and general well-being of young women. At the same time, there is a danger that these findings place increased burden on mothers and even young women, holding them ‘responsible’ for the disease that their unborn children may develop several decades later. In a recent commentary, Richardson and colleagues warn the scientists working in this area that the media and lay society may oversimplify selective research findings to particularly blame the mothers [5]. This may result in young women being made to feel guilty if they do not conform to ‘societal’ expectations. Conversely, it may also be possible that studies that do not find a major contributory role for maternal factors negatively impact public health policies related to women’s health, particularly in poorer settings where resources are scarce. Caution needs to be exercised in interpreting and presenting research findings in this sensitive area. 
In conclusion, while this study suggests that the intra-uterine environment is less relevant than the extra-uterine environment in influencing offspring health status, it is possible that the relationship is more complex and nuanced. The intra-uterine influence may be more influential at a certain level of maternal nutrition, especially around the time of conception. The possible interaction between intra and extra-uterine factors needs further investigation, ideally using more robust study designs that will enable a better understanding of causality. 
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