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Abstract 

 

Background: Whereas weight or height at a given age are the results of the cumulative 

growth experience, growth velocities allows the study of factors affecting growth at given 

ages. Aim: to study the relationships between parental height and body mass index (BMI) and 

offspring’s height and weight growths during infancy and childhood. Study design: From the 

FLVSII population-based study, 235 parent-child trios belonging to 162 families examined in 

1999. Outcome measures: From medical records and previous FLVS examinations, child's 

height and weight history was reconstructed. Weight and height growth velocities from birth 

to seven years were estimated from a modelling of individual growth curve and correlated 

with parent’s body size in 1999. Results: Ponderal index and length at birth was significantly 

associated with maternal but not paternal BMI and height. In the first six months, height 

growth velocity was significantly associated with maternal stature (at three months:  

0.12±0.05 and 0.02±0.05 cm/mo for a 10 cm difference in maternal and paternal height 

respectively) and weight growth velocity with paternal BMI (at three months: 5.7±2.8 and 

1.9±2.3 g/mo for a difference of 1kg/m
2
 in paternal and maternal BMI respectively). Between 

two and five years, height growth velocity was more significantly associated with paternal 

height whereas weight growth velocity was more closely associated with maternal BMI. 

Conclusions: Early childhood growth is characterised by alternate periods associated 

specifically with maternal or paternal BMI and height. This novel finding should trigger the 

search for specific genetic, epigenetic or environmentally shared factors from the mothers and 

fathers. 



 

 

Introduction 

There is emerging evidence for periods during infancy and childhood during which children 

are more susceptible to develop fat mass [1, 2].
 
We recently reported results supporting the 

hypothesis of two critical windows in early childhood associated with an increased risk of 

obesity in adolescence: the first six months and from three to at least five years [2]. From six 

months to three years, weight growth velocity was only associated with height in adolescence. 

Determinants of weight and height growth specific to these periods need to be studied. A 

determinant consistently associated with children’s weight and body mass index (BMI) is 

parental BMI. It is therefore of interest to assess how parent-child associations develop during 

different periods. Researchers have been interested for a long time in the relationships 

between parental characteristics and weight during the offspring’s early life. In a study 

published in 1954, weight at birth and in early infancy were more correlated with maternal 

than paternal stature, but this difference disappeared before adulthood [3]. 

More recently, many studies have reported the relationships between maternal and sometimes 

paternal BMI with the offspring’s BMI at birth or older ages: 3 years [4]; 7.5 years [5]; 9 

years [6]. They concluded that there was a positive association between mother’s and 

offspring’s BMIs; there were differing results about the relationship with the father’s BMI. 

Anthropometric relationships between parents and children throughout childhood have been 

reported in the FLVS study [7]: BMI at birth was highly correlated with the mother's but not 

the father's BMI; correlations between offspring's and father's BMI were significant at two 

years. 

To our knowledge, few studies have reported relationships between parental anthropometry 

and weight growth during infancy and childhood [8, 9], and none considered both height and 



 

 

weight growth. The velocities allow to study factors affecting growth at given ages, whereas 

weight and height are the result of the prenatal and postnatal cumulative growth experience.  

We aimed at studying the relationships between parents’ BMI and height with both their 

offspring's weight and height growth velocities between birth and seven years.  

Population and Methods 

The subjects were recruited in Fleurbaix and Laventie, two neighbouring towns in northern 

France, with respectively 2488 and 4426 inhabitants in 1992, when the Fleurbaix-Laventie 

Ville Santé (FLVS) study started. The first part of the study (FLVS I), was a five-year follow-

up of children participating in a nutritional education program at school and included 579 

families [10]. 

The second part (FLVS II) was an epidemiological study on the determinants of weight 

change in the population. This study was proposed to the families who participated in the 

FLVS I study. Written consent was obtained from children and parents. The study was 

approved by the ethics committee of Lille (France) and the computer files were declared to 

the “Commission Nationale Informatique et Liberté”. We recruited and examined, between 

April and September 1999, 294 of the 393 families still living in these towns that could be 

contacted. All family members aged 8 years and over were examined at home in 1999 (1113 

individuals). In this analysis, we included 235 parent-child trios belonging to 162 families 

with available data on parents' BMI and children anthropometry (weight and length or height 

at birth, nine months, two years and weight and height growth velocities). Other trios were not 

included because for 180 children the number of measurements during childhood failed to 

meet the requirement for growth modelling (see below). Among the other trios, paternal 

measurements were missing for 55, maternal for 4 and offspring's at birth, nine or two years 

for 41. 



 

 

In offspring, weight and height from birth until twelve years were available from the “Carnet 

de santé”, a booklet for parents and health practitioners recording the child’s health data 

(precision of the measurements unknown), and as part of the longitudinal follow-up of the 

children in the FLVS I and II studies since the children were between five and twelve years 

(weight was measured in light clothes to the nearest 0.1 kg and height to the nearest cm). We 

calculated the ponderal index at birth as weight in kg over cubic length in meters, and BMI at 

nine months and two years as weight in kg over square height in meter. These indices are 

generally uncorrelated to length or height (confirmed in our data set). 

In parents, anthropometric data were collected in 1999 by trained physicians during the FLVS 

II study. Weight was measured in light clothes to the nearest 0.1 kg, height to the nearest cm 

and BMI calculated. 

 Statistical analysis 

 We first estimated the weight and height growth velocities (a). Then, we used these 

velocities in models to test if there were differences between parents, and according to time 

(b). 

a. Weight and height growth velocities estimation 

The methodology used to estimate weight and height growth velocities has been described in 

detail elsewhere [2]. Measurements of weight and height from birth to twelve years allowed 

us modelling each child’s growth individually, using an adaptation of the Jenss growth curve 

model [11] by adding a squared-time coefficient: 

 
iiiiiii

ε+t)e+(dtc+tb+a=(t)y exp
2
 , where yi is the weight of the child i at age t, εi being 

the residual. The same model was found to also fit the height growth. 

The least-squares estimates were determined for each child using the SAS PROC NLIN. We 

included children with at least six measures available between birth and twelve years, two 



 

 

before two years and one after five years. The first derivative of the equation of the individual 

models calculated at selected age (0.25, 0.5, 1, 2, 3, 4, 5 and 7 years) gave the respective 

growth velocities. 

b. Descriptive and aetiological analyses 

General characteristics are given as means (SD) or geometric means [CI] for the parents' 

BMI. Differences between mother's and father's characteristics were tested using paired t-

tests. For children, all between gender comparisons used mixed effect models to take into 

account the family resemblance between brothers and sisters.  

We estimated the relative contribution of each parent’s height or BMI to the offspring's 

growth velocities by a multiple regression model at each selected age, including the parameter 

of both parents. The models took into account the family resemblance by introducing a 

random intercept and were additionally adjusted for mother’s age, child's gender, and 

gestational age when parameter was measured at birth.. We also tested whether the 

differential effect of parental measures at these selected age (age-dependence) was significant, 

by testing the interaction term between parent’s measures and age in a mixed model for 

longitudinal data: the variance-covariance structure which best fitted our data was an 

autoregressive heterogeneous one. 

Differences in relationships between boys and girls were tested by including in the models an 

interaction term with offspring’s gender. Finally, differences between father's and mother's 

contributions were tested by comparing the corresponding regression coefficients by a Wald 

test.  

BMI being independent of height at the population level, we reported the relationships with 

parents’ BMI rather than parents’ weight. 



 

 

Significance tests were two-sided and a p-value greater than 0.05 noted as non significant. We 

used SAS Software version 9.1. 

Results 

None of the anthropometric parameters of the 1999 FLVS II examination was significantly 

different in our study population between children included or not in the present analysis.  

1. General characteristics (table 1) 

In the 162 families, fathers had as expected higher weight, height and BMI than mothers. The 

122 male offspring had a mean birth weight of 3.39 kg ± 0.53 versus 3.35 kg ± 0.52 for the 

113 girls (p=0.14), and a mean birth length of 50.3 cm ± 2.3 versus 49.7 cm ± 2.3 in girls 

(p=0.003). The mean weight and height growth velocities at given ages during infancy and 

childhood are presented in figures 1A and 1B. Boys gained 0.67 ± 0.16 kg/mo at three 

months compared to 0.65 ± 0.13 kg/mo for girls (p=0.17). Three months height growth 

velocity was significantly greater in boys (p=0.02). After three months, there were no 

significant differences in height and weight growth velocities between boys and girls.  

2. Parent's BMI: relationship with offspring's BMI and weight growth velocities 

(figure 2) 

Parent's BMI was not significantly associated with either the offspring's height or height 

growth velocities (results not shown). Thus, the associations described above between parent's 

BMI and the offspring's weight growth are unlikely attributable to the offspring’s height 

growth.  

Offspring’s BMI as endpoint. Mother's BMI was significantly associated with ponderal 

index at birth (figure 2A). A difference of 1 kg/m
2
 in mother's and father's BMI was 



 

 

associated with a difference in ponderal index of 0.097 ± 0.04 kg/m
3
 (p=0.01) and 0.046 ± 

0.05 kg/m
3
 (p=0.34) respectively. Both parental BMIs were associated with the offspring's 

BMI at nine months (difference of 0.055 ± 0.03 kg/m
2
 and 0.069 ± 0.03 kg/m

2
 in the child's 

BMI per kg/m
2
 in the mother's (p=0.04) and father’s BMI (p=0.04) respectively).  

Offspring weight growth velocity as endpoint. Offspring weight growth velocity at three 

months was more strongly associated with the father's BMI (figure 2B: 5.7 ± 2.8 g/mo per 

kg/m
2
 in father's BMI and 1.9 ± 2.3 g/mo per kg/m

2
 in mother's BMI). Between six months 

and three years, parental BMIs were not associated with the offspring's weight growth 

velocity. At older ages, both parental contributions increased, more rapidly for the maternal 

contribution. These associations between father's or mother's BMI and offspring weight 

growth velocity were age-dependant (p-for-interaction with age=0.08 and 0.001 respectively). 

Although interaction with offspring's gender was not significant, we observed that from three 

years onward, maternal contribution seemed preponderant in girls (supplementary figures). At 

seven years, the difference of the contributions between the two parents reached 2.9 ± 2.3 

g/mo for 1 kg/m
2
 (p=0.22) in girls and 0.13 ± 2.2 g/mo for 1 kg/m

2
 (p=0.95) in boys.  

3. Parental stature: relationship with offspring's height and height growth velocities 

(figure 3) 

Offspring’s length as endpoint. The offspring's birth length and height during infancy and 

childhood were significantly and positively associated with the mother's height over the whole 

period and with the father's height only at two years (figure 3A). At nine months, the test for a 

difference between maternal and paternal contribution was close to significance (p=0.08).  

Offspring height growth velocity as endpoint. The mother's height was more strongly 

associated with the offspring’s height growth velocity in the first six months of life than 

father’s height (figure 3B: 0.12 ± 0.05 cm/mo at three months for a 10 cm difference in 



 

 

mother's height and 0.02 ± 0.05 cm/mo for 10 cm difference in father's height). At one year, 

the height growth velocity was not associated with parental stature. From two to five years, 

height growth was strongly associated with the father's height, whereas significant 

associations with the mother's height reappeared at four years and its effect remained much 

smaller than those with father's height (p-for-difference in contributions at three and four 

years=0.02 and 0.08 respectively). These associations between father's or mother's height and 

height growth velocity were age-dependant (p-for-interaction with age=0.13 and 0.02 

respectively). In girls, at seven years the contribution of maternal height re-increases, 

becomes significantly higher than paternal contribution (supplementary figures) and 

significantly higher than in boys (p for interaction with offspring's gender =0.006). 

Discussion 

Height and ponderal index at birth were significantly associated with maternal but not 

paternal height and BMI. In the first six months of life, height growth velocity was associated 

with maternal stature and weight growth velocity with paternal BMI. Between two and five 

years, the reverse was observed: height growth velocity was more significantly associated 

with paternal height whereas weight growth velocity was more closely associated with 

maternal BMI.  

Many authors highlighted the importance of parental determinants in the height and weight of 

their offspring [3, 12-14]. Height and weight mirror multiple convergent genetic, 

environmental and hormonal interactions. However, it is currently admitted that height is 

mainly determined by genetic aspects in the absence of prolonged deficit in energy intake [15, 

16]. Weight might be less heritable than height, even if genetic factors are probably still 

preponderant during at least infancy and childhood [17]. 



 

 

The mother's contribution to the offspring’s length at birth probably reflects both genetic 

factors and the intra-uterine constraint. After birth, it is thought that the height growth 

velocity adjusts towards a genetically predicted trajectory [18]. However, our data show that 

the parental influences on the offspring's postnatal height growth seem to follow a differential 

pattern over time. There were stronger associations between the mother's height and the 

child's height growth velocity in the first months of life and stronger associations with the 

father's height after two years. If one admits that genes account for most of these associations, 

these mirroring patterns could reveal an underlying biological mechanism in growth 

regulation involving an alternating influence of maternal and paternal genes. Imprinting is 

well demonstrated in genes involved in the control of growth
 
[19]

 
and offers a potential 

mechanism behind our findings. For example, over-expression of paternal alleles in the IGF2 

gene in Beckwith-Wiedemann syndrome which results in a marked acceleration of bone 

growth in infancy and early childhood
 
[20]

 
is in accordance with the stronger association 

between height growth velocity with father’s than mother’s height after two years in our 

results. A shared environment hypothesis (food intake, physical activity) between parents and 

offspring, enhancing the offspring’s height growth during specific periods is less plausible. 

The known relationship between offspring’s ponderal index at birth and maternal but not 

paternal BMI is in accordance with the hypothesis of a preponderant impact of the maternal 

intra-uterine environment on fetal weight growth. The nutritional status of the mother before 

and during pregnancy, her metabolism and her dietary intake during pregnancy will determine 

the amount of glucose, oxygen and other nutrients the foetus will receive via the placenta [21, 

22]. 

In this context, genetic traits for weight growth, inherited from the mother or the father, may 

show up more frankly after birth [21, 23]. In our study, paternal BMI was correlated with the 



 

 

offspring's early postnatal weight growth contrasting with the absence of association with 

birthweight. These relationships had already been highlighted in distinct studies [9, 24, 25] 

Consequently, paternal and maternal contributions to the offspring’s BMI was similar at nine 

months. Unlike the study from Griffiths et al [9], the mother's BMI did not significantly 

contribute to the child weight growth velocity in the first three years of life. Our results 

concur with the observation that the relationship between body weight of mothers and their 

offspring’s weight is weaker during the first two years of life than at birth [26]. The postnatal 

preponderant influences of the fathers’ BMI would unlikely be explained by environmental 

factors shared with the offspring during early infancy, but rather by paternal genes, which 

could not be expressed in utero for reasons such as maternal constraint or because they 

influence food intake behaviour. An interesting hypothesis has been advanced from the 

studies of human disorders of imprinted genes suggesting that alleles of paternal origin, 

expressed in infants, have been selected to favor more intense suckling than those of maternal 

origin [20]. In particular, children with Prader-Willi syndrome – caused by defect of a 

paternally expressed allele – experience a poor suck and failure to thrive in infancy. Therefore 

alleles of paternal origin may have a specific effect on offspring growth during the suckling 

periods which fits well with our observation of preferential association with paternal than 

maternal BMI in the fist months of life.  

Maternal BMI was associated with the child’s weight growth velocity from three years 

onwards. It is tempting to speculate that there is an increasing influence of shared 

environment and behaviours from three years onward. It has been shown that parents play a 

role in the eating behaviour of their offspring [27]. Preferences for a fatty diet have been 

related to parental adiposity [28]. One could expect a preponderant role of the mothers, who 

usually spend more time with their children than fathers in shaping the eating behaviour of 

their child. However, a stronger association of the offspring’s BMI or weight growth rate with 



 

 

the mother's BMI compared to the father's BMI is not consistently found [4]. Such 

discrepancies might be dependant on the relative involvement (eg time spent) of the father 

compared to the mother across the studies, and on the offspring's gender. In our study, the 

contribution of the mother’s BMI was significantly higher in girls than in boys. 

Our results about the association between parental BMI and the child’s weight growth 

velocity can also be considered in the context of our previous finding of two periods where 

weight growth velocity predicts fat mass in adolescence [2]. The first period – the first six 

months of life – is more related to paternal BMI, which suggests a role for genetic factors. 

The second period – from three years onwards – is related to both parents’ BMI. It is 

noteworthy that during the intermediate period where growth velocity was not related to fat 

mass in adolescence, there was also no significant contribution of the parents’ BMI. 

A first limitation of our study is that parental measurements were performed during the FLVS 

II study in 1999, when the offspring was already 8-17 years old. However, there is a high 

tracking of BMI during adulthood. Adjusting for the offspring’s age at the date of parental 

measurements did not change the results. Obviously, this limitation does not concern 

relationships with height which, given the parents’ age, should not change between their 

child’s birth and the examination. Secondly, our sample, while being large enough to 

highlight relationships between parental and child characteristics, may not be powerful 

enough to highlight all differences between the mother-child and the father-child 

relationships, nor interactions with offspring's gender. However, stratification by gender 

allowed us to point out the significantly stronger contributions of the mother than the father to 

their daughter’s weight and height growth velocities from five years onwards. Thirdly, we did 

not have data to test for a difference of the parental contributions according to whether the 

children were breastfed or not. 



 

 

A first strength is the quality of the parental data, measured by trained clinicians, whereas 

other epidemiological studies often use reported data, particularly for the fathers. Secondly, 

the growth model allowed us to study the dynamic aspect of the relationships between 

parents’ and children’s characteristics: whereas measurements at given ages reflect the 

cumulative past growth experience, including the prenatal period, weight and height growth 

velocities are instantaneous estimates at given time points and enable identification of effects 

at specific periods.  

In conclusion, we have shown successive periods from birth to seven years, during which the 

growth in weight and height have preferential and successive associations with either paternal 

or maternal body size. It is tempting to parallel this finding with the current knowledge on 

growth physiology in infancy, where growth hormone independent stimuli control growth in 

prenatal and early postnatal life, followed by a take-over by growth hormone dependent 

mechanisms [18]. The recent hypotheses raised from the analysis of human disorders of 

imprinted genes offers another conceptual framework for the interpretation of our results [20]. 

Our results should trigger the search for specific genetic, epigenetic or shared environmental 

factors from the mother and the father that influence childhood growth and thus have major 

implications for further studies of height and weight growth regulation, including genetic 

studies. 

 



 

 

FIGURE LEGENDS: 

1A: Mean weight growth velocities (and SD) in boys and girls at different ages between birth 

and seven years. 

1B: Mean height growth velocities (and SD) in boys and girls at different ages between birth 

and seven years. 

2A: Coefficients of a multiple regression model for each age (and 95% confidence intervals) 

corresponding to the increase in offspring’s ponderal index at birth or BMI at nine months and 

two years for a 1 kg/m
2
 increase in father’s or mother’s BMI. Models included parent’s BMIs, 

mother’s age, offspring’s gender, gestational age when model included birth measurements 

and took into account the family resemblance. 

2B: Coefficients of a regression model for each selected age (and 95% confidence intervals) 

corresponding to the increase in offspring’s weight growth velocity at different ages between 

3 months and 7 years for a 1 kg/m
2
 increase of in father’s or mother’s BMI. Models included 

parent’s BMIs, mother’s age, offspring’s gender and took into account the family 

resemblance. 

3A: Coefficients of a multiple regression model for each age (and 95% confidence intervals) 

corresponding to the increase in offspring’s length at birth, nine months and 2 years for a 10 

cm increase in father’s or mother’s height. Models included parent’s heights, mother’s age, 

offspring’s gender, gestational age when model included birth parameters and took into 

account the family resemblance. 

3B: Coefficients of a multiple regression model for each age (and 95% confidence intervals) 

corresponding to the increase in offspring’s  height growth velocity at different ages between 

3 months and 7 years for a 10 cm increase in father’s or mother’s height. Models included 

parent’s heights, mother’s age, offspring’s gender and took into account the family 

resemblance. 
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Parents’ and offspring’s characteristics (mean ± SD or geometric mean [95% CI]) 

Parents 
a Fathers Mothers  

N 162 162  

Age (y) 43.8 ± 4.9 41.8 ± 4.4  

Weight (kg) 80.3 ± 12.0 64.6 ± 11.8  

Height (m) 1.76 ± 0.04 1.63 ± 0.06  

BMI (kg/m
2
) 

b 
25.6 [19.7 – 33.2] 23.8 [17.2 – 33.1]  

Offspring 
c Boys Girls p 

N=235 122 113 0.56 

Gestational age (wk) 38.7 ± 1.9 39.0 ± 1.6 0.52 

Birth weight (kg) 3.39 ± 0.53 3.35 ± 0.52 0.14 

Birth length (cm) 50.3 ± 2.3 49.7 ± 2.2 0.003 

Birth ponderal index (kg/m
3
) 26.4 ± 2.6 27.1 ± 2.5 0.07 

Weight (kg) at 9 months 8.92 ± 1.0 8.55 ± 1.0 0.0003 

Height (cm) at 9 months 72.1 ± 2.7 70.7 ± 3.0 <0.0001 

BMI (kg/m
2
) at 9 months 17.2 ± 1.6 17.1 ± 1.7 0.46 

Weight (kg) at 2 years 12.6 ± 1.7 12.1 ± 1.4 0.001 

Height (cm) at 2 years 87.6 ± 3.4 86.0 ± 3.3 0.0003 

BMI (kg/m
2
) at 2 years 16.4 ± 1.8 16.3 ± 1.4 0.46 

Age (years) at last examination 10.3 ± 1.4 10.3 ± 1.3 0.96 

Weight (kg) at last examination 34.1 ± 8.2 34.8 ± 8.6 0.49 

Height (cm) at last examination 141.8 ± 9.6 141.8 ± 10.9 0.99 

BMI (kg/m
2
) at last examination 16.7 ± 2.6 17.0 ± 2.6 0.35 

 

a All differences between parents highly significant (p<0.0001) by paired comparisons 

b Geometric mean [95% CI] 

c Comparisons between boys and girls adjusting for family 
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SUPPLEMENTARY FIGURES 
 

S1A: Same legend as Figure 2B in boys    S1B: Same legend as Figure 2B in girls 

 

    
 

 

S2A: Same legend as Figure 3B in boys    S2B: Same legend as Figure 3B in girls 

 

    


