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Anthropometry is a technique implemented for the scientific study of the measurements of the 

human body.  Over the years anthropometric measurements have become an important tool for 

clinicians and scientists in health assessment of the foetal development and growth1. One of the 

main parameters used in anthropometry to study the impact of the foetal growth through different 

phases of pregnancy include that of the parental and the foetal body mass index (BMI) which is 

believed to affect the baby's growth, development, and birth weight2.  

 Birth weight is also one of the important factors affecting the foetal anthropometric 

measurements and any abnormality is strongly associated with the morbidity and even mortality 

of the infant. A low birth weight of a neonate can be linked to impaired overall growth and 

development of the baby and overweight can be related to severe complications of the child 

during delivery3. Foetal and offspring overweight can be also related to obesity in children in 

later life3,4.  

 Apart from the weight of the neonate, factors such as the maternal height, weight, 

metabolic rate are also important anthropometric parameters related to the growth and 

development of the foetus5. Small and selected studies6-11 have suggested that pre-pregnancy BMI 

(pre-BMI) and weight during the gestation period of the mother are important factors that predict 

the outcome of the foetal weight and its development. 

 Normally it is gestational weight, which is indicative of both nutritional status and tissue 

development whereas pre-BMI only reflects the nutritional status12. However, the relationship 

between the two is still not clearly established including that of the maternal BMI and other 

anthropometric parameters related to the foetal growth and development in pregnancy2.  

 An early pioneering study13 involving anthropometric measures of the aborted human 

foetus collected ethically from all the trimesters was conducted by Mukherjee et al. They found 

the weight of the liver decreased with increase in gestational period whereas organs such as 

lungs increased in their size with increase in the gestational period13,14. The adrenal glands in the 

first trimester remain larger than the kidneys, however, after 12 weeks of gestation the kidney 

outweighs the adrenal gland. 

 The group was unable to detect any thymus tissue at 8 weeks of gestation in smaller 

foetuses. However, they could detect the presence of the thymus gland in larger foetuses 

weighing more than 5g between the first and second trimesters’ period. In 28 weeks old foetuses, 

the thymus could be easily detected indicating that with an increase in the gestational week, the 

thymus becomes observable because of its increase in weight and size15. In case of sexual organs, 

the growth and development of the testes were not uniform. However, a trend was observed 

where there was a decrease in the weight of the testes with an increase in the gestational period 



in the male foetuses and a similar pattern was also observed in case of the ovaries in female 

foetuses13.  

 

Relationship between the parental BMI and the anthropometric development of the foetus : 

 Most of the studies conducted are based on the relationship of birth weight as an 

important anthropometric parameter and its measure of the foetal growth and development16. Ay 

et al2, for the first time examined the relationship of maternal anthropometrics with the foetal 

growth and development at various stages of pregnancy through a large cohort study.  They 

showed that maternal pre-BMI gestational weight and height has an influence on the foetal 

growth and development starting from mid-pregnancy onwards. These maternal parameters can 

be associated with the small and large size of the infants and are related to an increasing 

gestational age. The findings of the study were independent of the social factors such as the 

socio-economic condition and lifestyle of the mother. Studies pertaining to the timing of the 

anthropometric development of the foetus have been focused mainly on the birth weight and 

foetal growth. However, third-trimester studies till date remains inconclusive17-21.  

 Factors such as diabetes or insulin resistance have a strong effect on the high maternal 

pre-BMI and weight gain and can lead to increased foetal glucose and an increased birth weight 

along with a risk of cardiometabolic disorder21. Maternal nutritional status is also an important 

criterion that can be strongly associated with the pre-BMI and the outcome of the fetal weight22. 

However, further studies are important to prove this exclusively including the maternal 

anthropometric mechanisms which affect the foetal growth2.  

 Another important study23 was conducted in Pune to find out the relationship of BMI and 

height on 557 pregnancies with foetal age between 17 and 29 weeks of gestation and observed 

through ultrasound method. The group reported that parental height was positively associated 

with an increase in the foetal head circumference and femur length. In case of higher BMI rates 

in mothers, ultrasound images showed that the foetus in utero had a smaller head circumference 

at 17 weeks and it increased during the time of birth. In mothers having lower BMI rates, head to 

foetal body ratio was observed to be large at 17 weeks. The placental volume was also depended 

on the maternal BMI and the paternal height23. 

 As mentioned before, pre-BMI is an important parameter and marker for nutrition, energy 

and tissue development23. In the above study, further, the group of clinicians found a positive 

correlation between the paternal height and placental volume at around 17 weeks of foetal 

development although the direct role of maternal BMI on the 17 weeks’ foetus was found to be 

negative. Better maternal nutrition is thought to provide the mother with a higher BMI which 

helps in the placental development in early pregnancy resulting in a greater foetal development 

in the final gestational phases24. Similarly like Goldenberg et al25, the study further found a 

positive relationship with head circumference growth in the 29 weeks to birth interval.  



 A study by Zoya et al26, showed a weak association of maternal BMI with respect to the 

sex of the first-trimester foetus. They showed maternal BMI was related to the female foetus 

rather than the male foetus and may be sex-dependent in nature. Other factors that can influence 

the impact of maternal BMI on birth weight of the foetus include maternal age, ethnicity, 

gestational diabetes mellitus and insulin resistance, education and environmental factors, 

hypertension including genetics27,28.  

 Until recently the relationship of BMI and its significant influence on the developing 

foetus was unknown. Studies2,29-31 and observations have come to acknowledge the fact that 

maternal weight, BMI including that of the foetus plays an important role in determining the 

foetal growth and development. 

 Recently the significance of paternal BMI and dietary behaviour in animal studies have 

also shed light into the fact that paternal obesity including BMI can affect the offspring in a 

gender dependant manner32. Chen et al32, in one such pioneer study observed that paternal BMI 

during the time of conception can be sex dependent and can influence the male but not the 

female foetus through mechanisms hitherto unknown. However, the above cannot be exclusively 

confirmed as of yet due to very few studies relating to paternal BMI and its relationship with the 

foetal development33.  

Importance of BMI in foetal growth: 

 BMI is one of the important parameters used along with other measures such as waist 

circumference, waist to hip and height ratio, subcapsular thickness as a part of the classification 

of overweight, obesity although it fails to account for the overall fat distribution. It is also an 

important predictor to assess the healthy outcome of a baby. BMI can be directly correlated to 

neonate obesity, preterm birth complications, shoulder dystocia and other complications34.  

Nonetheless BMI still is an important factor that influences the growth and development of the 

foetus on a more general basis35.  

 In third world countries where maternal nutrition has a profound effect on the foetal 

growth and development during pregnancy, the anthropometric parameter such as intra-uterine 

growth (IUG) chart alone is not enough to assess the level of foetal malnutrition. BMI which is 

based on weight to length ratio is further an effective and sensitive method to assess the level of 

malnutrition36. As pregnancy is an important period for the foetal growth and development, any 

metabolic changes like maternal weight gain due to diabetes, dyslipidaemia or weight loss due to 

chronic infections and diseases can affect the foetal health and development. Foetal macrosomia, 

limited or stunted growth of the foetus, pre-term delivery of the offspring are often the result of 

maternal pre-BMI dysregulation37. Hence, maternal pre-BMI can be an effective tool in poor 

countries to anticipate and predict neonatal health complications apart from nutritional care37.  

 Glucose being one of the major energy substrates, has shown to cross the placenta via 

facilitated diffusion mechanism but no evidence is present to show the foetomaternal placental 

exchange of insulin38-40. In a proposed model of diabetic pregnancy of Pederson it was presumed 



that excess maternal glucose can pass through the blood-placental barrier and result in 

stimulation of endogenous foetal insulin production in the developing foetus rather than direct 

foetomaternal insulin exchange41. There are studies39,40, supporting this model where a positive 

correlation between the cord C peptide along with insulin production and weight of the infant has 

been shown. This exchange of excess glucose probably can be associated with the insulin 

resistance of the mother and thereby linking the role of maternal BMI in controlling the level of 

the excess glucose production and its placental exchange leading to upregulation of foetal insulin 

secretion and production of bigger babies42. 

 

Conclusion: 
 It can be concluded that the maternal BMI plays a profound role and can be good 

indicators of birth weight and development of the fetus43. Apart from the risk factors associated 

with the delivery of a preterm and overweight baby, maternal BMI can be also an important 

indirect predictor of mothers at risk of delivering abnormal weight babies in developing and poor 

countries44,45. Also, nutrition plays a major role in foetal and maternal well being42. Increased risk 

of negative pregnancy outcomes like pre-term birth, low birth weight, IUGR, small for 

gestational age (SGA) have shown to be associated with lower maternal pre-BMI46,47.  However, 

BMI alone can't be an important anthropometric measurement factor for understanding the 

growth and development of the foetus. For a more detail understanding of the intra-uterine foetal 

growth, other important factors like maternal height, weight, metabolic rate, total body water, 

and foetal body density should be also considered5,48. 

 

References: 

1. Gorstein J, Akré J. The use of anthropometry to assess nutritional status. World Health Stat 

Q1988;41:48-58. 

2. Ay L, Kruithof CJ, Bakker R, Steegers EAP, Witteman JCM, Moll HA, et al. Maternal 

anthropometrics are associated with fetal size in different periods of pregnancy and at birth. The 

Generation R Study. Br J Obstet Gynaecol 2009;116:953-63. https://doi.org/10.1111/j.1471-

0528.2009.02143.x 

3. Weiss JL, Malone FD, Emig D, Ball RH, Nyberg DA, Comstock CH, et al. Obesity, obstetric 

complications and cesarean delivery rate-a population-based screening study. Am J Obstet Gynecol 

2004;190:1091-7. 

4. Stotland NE, Caughey AB, Breed EM, Escobar GJ. Risk factors and obstetric complications associated 

with macrosomia. Int J Gynaecol Obstet 2004;87:220-6. 

5. Rasmussen KM, Yaktine AL, editors. Composition and components of gestational weight gain: 

physiology and metabolism. In: Institute of Medicine (US) and National Research Council (US) 

Committee to Reexamine IOM Pregnancy Weight Guidelines; Weight Gain during Pregnancy: 

Reexamining the Guidelines. Washington DC: National Academies Press, 2009.  

6. Brown JE, Murtaugh MA, Jacobs DR Jr, Margellos HC. Variation in newborn size according to 

pregnancy weight change by trimester. Am J Clin Nutr 2002;76:205-9. 

7. Jensen DM, Damm P, Sorensen B, Molsted-Pedersen L, Westergaard JG, Ovesen P, et al. Pregnancy 

outcome and prepregnancy body mass index in 2459 glucose-tolerant Danish women. Am J Obstet 

Gynecol 2003;189:239-44. 



8. Rode L, Hegaard HK, Kjaergaard H, Moller LF, Tabor A, Ottesen B. Association between maternal 

weight gain and birth weight. Obstet Gynecol 2007;109:1309-15. 

9. Thorsdottir I, Birgisdottir BE. Different weight gain in women of normal weight before pregnancy: 

postpartum weight and birth weight. Obstet Gynecol 1998;92:377-83. 

10. Abrams BF, Laros RK Jr. Prepregnancy weight, weight gain, and birth weight. Am J Obstet 

Gynecol1986;154:503-9. 

11. Strauss RS, Dietz WH. Low maternal weight gain in the second or third trimester increases the risk 

for intrauterine growth retardation. J Nutr 1999;129:988-93. 

12. Larciprete G, Valensise H, Vasapollo B, Altomare F, Sorge R, Casalino B, et al. Body composition 

during  normal pregnancy: reference ranges. Acta Diabetol 2003;40:S225-32. 

13. Bhattacharya N, Stubblefield PG, editors. Chapter No 6, Anthropometric measurement of the human 

fetus.   Human Fetal Growth and Development, First and Second Trimesters. Switzerland: Springer 

International Publishing, 2016: 978-3-319-14: 67-83. 

14.Chaudhuri A. Embryonic development of human liver and its future implications. In: Bhattacharya N, 

Stubblefield PG, editors. Human Fetal Growth and Development, First and Second Trimesters. 

Switzerland: Springer International Publishing, 2016:978-3-319-14:333.  

15.Bodey B, Kaiser HE. Development of Hassall's bodies of the thymus in humans and other vertebrates 

(especially  mammals) under physiological and pathological conditions: immunocytochemical, electron 

microscopic and in vitro observations. In vivo 1997; 11:61-85. 

16. Dunger DB, Ong KK. Endocrine and metabolic consequences of intrauterine growth retardation. 

Endocrinol Metab Clin North Am 2005;34:597-615. 

17. Brown JE, Murtaugh MA, Jacobs DR, Margellos HC. Variation in newborn size according to 

pregnancy weight change by trimester. Am J Clin Nutr 2002;76:205-9. 

18. Abrams B, Selvin S. Maternal weight gain pattern and birth weight. Obstet Gynecol 1995;86:163-9. 

19. Hickey CA, Cliver SP, McNeal SF, Hoffman HJ, Goldenberg RL. Prenatal weight gain patterns and 

birth weight among nonobese black and white women. Obstet Gynecol 1996;88:490-6. 

20. Li RHJ, Habicht JP. Timing of the influence of maternal nutritional status during pregnancy on fetal 

growth. Am J Hum Biol 1999;10:529-39. 

21. Scholl TO, Hediger ML, Ances IG, Belsky DH, Salmon RW. Weight gain during pregnancy in 

adolescence: predictive ability of early weight gain. Obstet Gynecol 1990;75:948-53. 

22.Tan HC, Roberts J, Catov J, Krishnamurthy R,  Shypailo R,  Bacha F. Mother's pre-pregnancy BMI is 

an important determinant of adverse cardiometabolic risk in childhood. Pediatr Diabet 2015. 

doi.org/10.1111/pedi.12273 cited by: 22 419-26. PMC. Web 1 May 2018. 

23. Wills AK. Maternal and paternal height and BMI and patterns of fetal growth: The Pune Maternal 

Nutrition Study. Early Hum Dev 2010: 86.9: 535-40. PMC. Web 26 Apr. 2018. 

24. Parlee SD, MacDougald OA. Maternal nutrition and risk of obesity in offspring: the Trojan horse of 

developmental plasticity. Biochim Biophys Acta 2014;1842:495-506. 

25. Goldenberg RL, Davis RO, Cliver SP, Cutter GR, Hoffnan HJ, Dubard MB, et al. Maternal risk 

factors and their influence on fetal anthropometric measurements, Am J Obstet Gynecol 

1993;168:1197-205. 

26. Zoya T, Farnaz J, Asghar Z, Zohre K, Reza SG, Mitra M. Relationships of the first trimester maternal 

BMI with new-born anthropometric characteristics and Visfatin Levels throughout pregnancy. Int J 

Med Res Health Sci 2017; 6: 17-23. 

27. Nydjie P, Budd GM, Polansky M. Exploring relationships among maternal BMI, family factors, and  

concern for child's weight. J Child Adolesc Psychiatr Nurs 2010;23.4:223-30. 



28. Savitz DA, Stein CR, Siega-Riz AM, Herring AH. Gestational weight gain and birth outcome in 

relation to pre-pregnancy body mass index and ethnicity. Ann Epidemiol 2011; 21:78-85. 

29. Dubé MC, Morisset AS, Tchernof A, Weisnagel J. Impact of a mother's weight history on her 

offspring. J Obstet Gynaecol Can 2012;34:34-8. 

30. Knight B, Shields BM, Turner M, Powell RJ, Yajnik CS, Hattersley AT. Evidence of genetic 

regulation of fetal longitudinal growth. Early Hum Dev 2005;81:823-31. 

31. Griffiths LJ, Dezateux C, Cole TJ. Differential parental weight and height contributions to offspring 

birthweight and weight gain in infancy. Int J Epidemiol 2007;36:104-7. 

32. Chen YP, Xiao XM, Li J, Reichetzeder C, Wang ZN, Hocher B. Paternal body mass index 

(BMI) is associated with offspring intrauterine growth in a gender dependent manner. PLoS One 

2012:7.5;e36329. PMC.Web.30Apr.2018. 

33. Ng SF, Lin RC, Laybutt DR, Barres R, Owens JA, Murris MJ. Chronic high-fat diet in fathers 

programs -cell dysfunction in female rat offspring. Nature 2010;467:963-6. 

34. Luciana Vieira A, Grunebaum A, Alexandra Satty BA, Katherine Sapra J. Fetal ultrasound parameters 

predict the neonatal body mass index. Obstet Gynecol 2014;123:101S-2S. doi: 

10.1097/01.AOG.0000447447.39668.38. 

35. Yalcin BM, Sahin EM, Yalcin E. Which anthropometric measurements is most closely related to 

elevated blood pressure? Fam Pract 2005; 22:541-7. https://doi.org/10.1093/fampra/cmi043 

36. Kamath MK; Rao SS, Shenoy RD. Assessment of fetal malnutrition by body mass index and intra 

uterine growth curves: a comparative study. Int J Contemporary Pediatr 2016;3:773-7. 

doi:http://dx.doi.org/10.18203/2349-3291.ijcp20161415. 

37. Darku ED, Clifford A Jr, Darku MK. Effect of anthropometry and dyslipidaemia on birth weight. 

Open Access Library J 2017; 4: e3733. https://doi.org/10.4236/oalib.1103733. 

38. Kalhan SC, Schwartz R, Adam PAJ. Placental barrier to human insulin I125 in Insulin dependent 

diabetic mothers. J Clin Endocrinol Metab 1975;40:139. 

39. Stanley KP, Fraser RB, Milner M, Bruce C. Cord insulin and C-peptide distribution in an unselected 

population. Br J Obstet Gynaecol 1992;99:512-8. 

40. Godfrey KM, Hales CN, Osmond C, Barker DJP, Taylor KP. Relation of cord plasma concentrations 

of proinsulin, 32-33 split proinsulin, insulin and C-peptide to placental weight and the baby's size and 

proportions at birth. Early Hum Dev 1996; 46:129-40. 

41. Retnakaran R1, Ye C, Hanley AJ, Connelly PW, Sermer M, Zinman B, et al. Effect of maternal 

weight, adipokines, glucose intolerance and lipids on infant birth weight among women without 

gestational diabetes mellitus. Can Med Assoc J 2012;184.12:1353-60. PMC. Web 1 May 2018. 

42. Soltani-KH, Bruce C, Fraser R. Observational study of maternal anthropometry and fetal insulin. Arch 

Dis Child Fetal Neonatal Ed 1999; 81: F122-4. 

43. Li N, Liu E, Guo J, Pan L, Li B, Wang P, et al. Maternal prepregnancy body mass index and 

gestational weight gain on pregnancy outcomes. PLoS One 2013; Dec 20, 2013: e82310. web 1 May 

2018. 

44. Golditch IM, Kirkman K. The large fetus, management and outcome. Obstet Gynecol 1978; 52:26-30. 

45. Langer O, Berkus MD, Huff RW, Samueloof A. Shoulder dystocia: should the fetus weighing greater 

than or equal to 4000 grams be delivered by cesarean section? Am J Obstet Gynecol 1991;165:831-7. 

46. Liu Y, Dai W, Dai X, Li Z. Pre-pregnancy body mass index and gestational weight gain with the 

outcome of pregnancy: a 13-year study of 292,568 cases in China. Arch Gynecol Obstet 2012;286: 

905-11. 

47. Li N, Liu E, Guo J, Pan L, Li B, Wang P, et al. Maternal pre-pregnancy body mass index and 

gestational weight gain on offspring overweight in early infancy. PLoS One 2013;8: e77809.  



48. Parsons TJ, Power C, Manor O. Foetal and early life growth and body mass index from birth to early 

adulthood in 1958 British cohort: longitudinal study. BMJ 2001; 323:1331-5. 


