
54

overweight in childhood and early adulthood is associated with parental Body mass index and perinatal risk factorsTambalis et al

volume 20, issue 2, APRil - JuNe 2021volume 20, issue 2, APRil - JuNe 2021

(preeclampsia - hypertension and proteinouria or 
eclampsia-preeclampsia plus convulsions), as well as 
any history of diabetes or hypertension and whether 
they had diabetes or hypertension during pregnancy. 
Also, mothers were asked if they smoked during 
pregnancy, and if so, the number of cigarettes smoked 
daily and if they consumed alcohol during pregnancy, 
and how many glasses of alcohol they consumed per 
week as well as which, if any, narcotic drugs they took.

Study approval
The study was approved by the Bioethics Com-

mittee of Harokopio University. Oral approval was 
obtained from all mothers who agreed to participate 
in the study and written. Informed consent was 
obtained from those participants who took part in 
the validation process of the study.

Statistical Analysis
Continuous variables were presented as mean 

values ± standard deviations (SD) given that they 
were normally distributed (as examined by the use 
of histograms and P-P plots). Categorical variables 
were presented as frequencies. The chi-square test 
evaluated associations between the categorical vari-
ables and the Student’s t test were applied to evaluate 
differences in mean values of normally distributed 
variables. In order to assess the potential relation-
ships between parental BMI (as continuous variables) 
with offspring’s BMI in several ages we applied 
linear regression analysis taking into consideration 
several covariates (offspring’s sex, gestational age, 
nationality, area of living, mode of delivery, preg-
nancy on time, educational status, exercise during 
pregnancy, gestational diabetes and hypertension, 
alcohol consumption during pregnancy and smoking 
during pregnancy). Prior to that, every possible effect 
modification between the proposed risk factors and 
the confounders was examined, but all interaction 
terms were not statistical significant (p-values>0.05). 

Furthermore, aiming to assess the potential effect 
of perinatal characteristics on offspring’s BMI sta-
tus (normalweight vs. overweight/obese) binary 
logistic regression analyses was implemented and 
OR with the corresponding 95% CI was calculated, 
while controlling for confounding. The Hosmer and 
Lemeshow’s goodness-of-fit test was calculated in 
order to evaluate the model’s goodness-of-fit and 
residual analysis was implicated using the dbeta, the 
leverage, and Cook’s distance D statistics in order 
to identify outliers and influential observations. 
Discriminant analysis was applied to investigate the 
strength of each component concerning the outcome. 
All analyses were performed using the SPSS version 
23.0 software for Windows (SPSS Inc., Chicago, IL, 
USA). Statistical significance level from two-sided 
hypotheses was set at the 5% level (p≤0.05)

Results
A percentage of 3.3% of mothers did not agree 

to participate in the current study, while of those 
participated, a proportion of 3.5% did not have a 
full set of data. Paternal, maternal, and offspring 
characteristics of the study sample are presented 
in Table 1. Results from linear regression analysis 
revealed that maternal pre-pregnancy BMI, maternal 
BMI at the end of pregnancy and paternal BMI were 
positively associated with offspring’s birth weight 
and BMI at age of 2, 8-9 and 15-25 years (Table 2, 
Model 1), in unadjusted models (all P-values<0.05). 
For example, each kg/m2 increase in mppBMI was 
associated with a 0.18 kg/m2 increase in offspring 
BMI at the age of 8-9 years (95% CI: 0.08 to 0.28, 
P<0.001). The associations remained significant after 
adjustment for children’s sex, gestational age, moth-
er’s nationality and area of living, mode of delivery, 
pregnancy on time, educational status, and exercise 
during pregnancy, gestational diabetes, gestational 
hypertension, alcohol consumption and smoking 
during pregnancy (Table 2, Model 2). Hierarchical 

OffspRing ChaRaCteRistiCs
Males, n (%) 2686 (52.4%)
Females, n (%) 2439 (47.5%)
Age (years) 8.5 (0.5)
Birth Weight, Kg 3.33 (0.5)
BMI at Birth, Kg/m2 12.6 (1.7)
BMI at Age 2 (infant), Kg/m2 16.5 (2.4)
BMI at Age 8 years, Kg/m2 17.6 (3.0)
BMI at follow-up (15-25-y-old), Kg/m2 22.6 (3.5)

MateRnal ChaRaCteRistiCs
Maternal Age at Pregnancy, (years) 27.9 (4.8)
Greek nationality, n (%) 4792 (93.5)
Gestational age (weeks) 39.2 (1.6)
Pregnancy in vitro, n (%) 52 (1.3)
Bedtime during pregnancy, n (%) 80 (1.6)
Parity before, n (%)  2528 (49.7)
BMI in first visit, Kg/m2 22.5 (3.2)
BMI in last visit, Kg/m2 27.8 (3.9)
BMI at follow-up, Kg/m2 26.0 (4.5)
Gestational weight gain (GWG), Kg 14.3 (3.5)

eduCatiOnal status
Basic (≤6 years) (%) 23.4
Secondary (≤12 years) (%) 44.4
Higher (> 12 years) (%) 32.2

physiCal aCtivity levels
Never, n (%) 3303 (64.5)
Moderate, n (%) 858 (16.7)
Sometimes/often, n (%) 966 (15.8)
Breastfeeding (months) 3.2 (4.0)
Smoking during pregnancy, n (%)
  Yes 588 (11.5%)
  No 4537 (88.5%)
Alcohol consumption, n(%)
  Yes 476 (9.3%)
  No 4649 (90.7%)

588 (11.5)

Drugs during pregnancy, n (%) 6 (0.2)
Alcohol consumption during pregnancy, n(%) 476 (9.3)
Diabetes during pregnancy, n (%)
  Yes 588 (11.5%)
  No 4537 (88.5%)
Alcohol consumption, n(%)
  Yes 476 (9.3%)
  No 4649 (90.7%)

97 (1.9)

Hypertension during pregnancy, n(%) 118 (2.3)

paRental ChaRaCteRistiCs
BMI, Kg/m2 27.7 (3.7)
Educational status
Basic (≤6 years) (%) 31.8
Secondary (≤12 years) (%) 40.8
Higher (> 12 years) (%) 27.4

Table 1. Characteristics of the studied sample of parents and their offspring. 

binary logistic regression analysis was applied to 
explore the independent effect of several perinatal 
characteristics (e.g. maternal pre-pregnancy BMI 
status, GWG, paternal BMI status, breastfeeding, type 
of conception, gestational age, hypertension, smoking, 
diabetes and alcohol consumption during pregnancy) 
on offspring’s overweight (normalweight vs. over-
weight/obese). The initial univariate analysis (Table 
3, Model 1) showed that mother’s overweight/obesity 
before pregnancy was associated with 2.03 (95%CI: 
1.75, 2.36) and 2.20 (95%CI: 1.86, 2.60)-times higher 
odds of the offspring being overweight/obese at 
the age of 8-9 years and 15-25 years, respectively. 
Moreover, paternal overweight/obesity, excess GWG, 

not breastfeeding, smoking during pregnancy and 
gestational diabetes and gestational hypertension 
were also associated with increased odds of off-
spring’s overweight/obesity in childhood. When all 
predictors included in the analysis (Table 3, Model 
2), the previous findings did not alter significantly 
(with the exception of gestational diabetes), while, 
after additional adjustment for offspring’s sex, birth 
weight, maternal age at pregnancy, nationality, area 
of living and educational status, and pregnancy on 
time and mode of delivery (Table 3, Model 3), the 
results remained statistically significant.

Discriminant analysis was conducted to evalu-
ate whether the perinatal predictors could bet-




