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Abstract
Background & Aims: Maternal early pregnancy lipid profile might influence 
offspring’s lipids and glycaemic control, through an increased offspring’s 
fat percentage. This explorative study investigates whether maternal early 
pregnancy lipid profile is associated with offspring’s lipids and glycaemic 
control independently of offspring’s fat percentage and if these associations 
are mediated by offspring’s fat percentage. Possible sex differences in these 
associations are also examined. 

Methods: 1133 mother-child pairs of the prospective ABCD-study were included. 
Maternal non-fasting lipids were collected in early pregnancy: triglycerides, 
total cholesterol (TC), Apolipoprotein A1 (ApoA1), Apolipoprotein B (ApoB) and 
free fatty acids (FFA). Fasting triglycerides, TC, high density lipoprotein (HDL), 
low density lipoprotein (LDL), glucose and C-peptide were assessed in offspring 
aged 5-6 years and HOMA2-IR was calculated. 

Results: After adjustment for covariates, strongest associations were found 
between maternal TC and offspring’s TC (boys β=0.141; 95%CI:0.074-0.207; girls 
β=0.268; 95%CI:0.200;0.336) and LDL (boys β=0.114; 95%CI:0.052;0.176; girls 
β=0.247; 95%CI:0.181-0.312, maternal ApoB and offspring’s TC (boys β=0.638; 
95%CI:0.311-0.965; girls β=1.121; 95%CI:0.766-1.475) and LDL (boys β=0.699; 
95%CI:0.393-1.005; girls β=1.198; 95%CI:0.868-1.529), and maternal ApoA1 and 
offspring’s HDL (only boys β=0.221; 95%CI:0.101-0.341). No significant association 
was found between maternal lipids and offspring’s glycaemic control, and 
offspring’s fat percentage played no mediating role.

Conclusions: Maternal early pregnancy lipid profile is associated with offspring’s 
lipid profile in childhood, with overall stronger associations in girls. This study 
provides further evidence that lowering lipid levels during pregnancy might be 
beneficial for the long-term health of the offspring. 
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Introduction
There is increasing evidence that the origin of the development of many diseases in 
offspring can be found in intrauterine conditions related to maternal metabolism.1 
Maternal lipid profile is one of the metabolic compounds known to influence foetal 
developmental processes, such as foetal growth.2 Lipid metabolism changes in 
pregnancy: an accumulation of lipids in maternal tissue in the first and second 
trimester is followed by increased lipolysis in the last trimester resulting in maternal 
hyperlipidaemia.2 This alteration is necessary to improve the availability of essential 
metabolites for foetal growth and development.2 

Maternal lifestyle, like a fat-rich diet, lack of physical activity and high maternal 
prepregnancy body mass index (pBMI), can influence the lipid profile,3-5 resulting in 
hyperlipidaemia during pregnancy. Although placental transfer of lipid components 
is limited compared to glucose and amino acid transfer,2 several cohort studies 
reported a positive association between maternal serum triglycerides (TG) levels 
in the first,6 middle,7 and last 8 trimester of gestation and neonatal birth weight. 
High birth weight increases the risk of childhood overweight,9 and children with 
overweight and obesity are more likely to have an adverse lipid profile and glucose 
levels, possibly due to reduced insulin sensitivity.10 

Earlier research within our cohort showed that maternal free fatty acids (FFA), total 
cholesterol (TC) and apolipoprotein B (ApoB) during early pregnancy were associated 
with offspring’s body fat percentage and the risk for overweight at age 5-6 years.11 
Because high body fat percentage and overweight can lead to an adverse lipid 
profile and altered glycaemic control,10 it suggests that maternal lipids are indirectly 
associated with offspring’s lipid profile and glycaemic control in childhood (Figure  1). 
Maternal lipids in pregnancy may also program offspring’s lipid metabolism directly in 
utero, as van der Graaf et al. showed that offspring with familial hypercholesterolemia 
from the maternal side had significantly higher cholesterol, low density lipoprotein 
(LDL) and ApoB levels than offspring with familial hypercholesterolemia from the 
paternal side.12 Although animal studies did not examine associations with maternal 
lipid levels, a direct positive association was found between high-fat intake during 
pregnancy and offspring’s postnatal TC levels.13 A review of animal studies reported 
conflicting results concerning high-fat intake during pregnancy and glycaemic 
control.14 In addition, the association between maternal high-fat diet and offspring 
glycaemic control appears to be sex specific, although studies contradict each other 
as to which sex is more sensitive.15 
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To our knowledge the influence of maternal early pregnancy lipid profile on offspring’s 
lipid profile and glycaemic control has not been extensively investigated in humans. 
Therefore, the present study examines the association between maternal lipid levels 
in early pregnancy and offspring’s lipid profile and glycaemic control at age 5-6 
years and whether these associations differ by offspring’s sex. Furthermore, this 
study examines whether a possible association between maternal and offspring’s 
lipids and glycaemic control is directly programmed, or whether maternal lipids 
program offspring’s lipids and glycaemic control  indirectly through offspring’s fat 
percentage. This explorative study uses data from a large prospective cohort with 
multiple maternal and offspring’s lipids.

Figure 1. Schematic representation of the potential pathways/associations. 

ApoA1= apolipoprotein A1; ApoB= apolipoprotein B; FFA= free fatty acids; HDL= high density lipoprotein; 
HOMA2-IR= insulin resistance index; LDL= low density lipoprotein; TC= total cholesterol; TG= 
triglycerides
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Subjects and Methods

ABCD study

The current study was part of a large prospective population-based birth cohort, 
the Amsterdam Born Children and their Development (ABCD) study. The main goal 
of this study is to assess the extent to which maternal conditions during pregnancy 
and early-life conditions explain the child’s health at birth as well as in later life 
(http://www.abcd-study.nl). This study was conducted according to the guidelines 
laid down in the Declaration of Helsinki and all procedures involving human subjects 
were approved by the Central Committee on Research Involving Human Subjects, 
the Medical Research Ethics Committees of the participating hospitals, and the 
Registration Committee of the municipality of Amsterdam. Written informed consent 
was obtained from all subjects.

Study population and design

Between January 2003 and March 2004 all pregnant women in Amsterdam (n=12373) 
were approached to participate at their first visit to their obstetric care provider 
(Figure  2). Part of these women completed a questionnaire about lifestyle, medical 
history and socio-demographic characteristics at 16 weeks of gestation (IQR 12-20 
weeks) and gave an additional blood sample during routine blood collection in 
the prenatal visit. Women with unreliable lipid measurements (based on the HIL 
(haemolysis, icterus, lipemia) indices), or suffering from hepatitis B, thyroid disease 
or using lipid-altering medication were excluded, as were women with unknown 
gestational age at blood sampling. Only women with children who participated 
in the ABCD health check and of whose offspring we had overnight fasting blood 
samples collected at a mean age of 5.7 years were included. We excluded preterm 
born (<32 weeks) children and/or children with congenital anomalies or using lipid-
altering medication, as well as children lacking information on body fat percentage. 
Finally, the final study population consisted of 1133 mother-child pairs (Figure  2). 
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Maternal early pregnancy lipid profile

The independent variables included in this study consisted of the following maternal 
early pregnancy lipids: TC, apolipoprotein A1 (ApoA1), ApoB, TG and FFA. Maternal 
early pregnancy lipid levels were determined based on non-fasting blood samples 
collected at a median of 13 weeks of gestation (IQR 12-14 weeks). The method of lipid 
analyses is described in detail elsewhere.11

Figure 2. Flowchart of inclusion of the study population
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Offspring’s lipid profile and glycaemic control

At the health check at age 5-6 years, TG (mmol/L), TC (mmol/L), high density lipoprotein 
(HDL) (mmol/L), LDL (mmol/L), glucose (mmol/L) and C-peptide (nmol/L) were 
determined based on fasting capillary blood samples collected with an ambulatory 
collection kit (Demecal: Lab Anywhere, Haarlem, the Netherlands). Details on these 
analyses are reported elsewhere.16 Because of the detection limit of C-peptide from 
>0.34 nmol/L, 63.6% of the C-peptide levels were missing. Therefore, sex, age and 
body mass index of the children were used to predict the missing concentrations 
(below the detection limit of 0.34 nmol/L) with survival analyses. This analysis was 
conducted in R package applying a log-logistic distribution because it was most 
fitting, based on log likelihood. Glucose and C-peptide concentrations were used 
to quantify insulin resistance with the homeostatic model assessment (HOMA2-IR). 

Offspring’s fat percentage

During the health check at age 5-6 years, body fat percentage was measured by 
arm-to-leg bioelectrical impedance analysis (Bodystat 1500 MDD machine; Bodystat 
Inc., Douglas, UK). For this analysis, calculations based on equations adapted from 
Lohman et al. and Kushner et al. were used.17 

Covariates

Maternal age (years; continuous), pBMI (kg/m2; continuous), smoking behaviour 
during pregnancy (yes/no), alcohol intake during pregnancy (yes/no), education level 
(years after primary school; continuous) and ethnicity (Dutch, Turkish, Moroccan, other 
Western and other non-Western) were obtained from the pregnancy questionnaire. 
Ethnicity was defined by the country of birth of the mother of the pregnant woman. 
Information on maternal hypertension [none/pre-existent hypertension/gestational 
hypertension, based on the International Society for the Study of Hypertension 
in Pregnancy guidelines (www.isshp.com)] was obtained by combining records 
of the Dutch perinatal register (PRN) and the pregnancy questionnaire. Parity 
(primiparous/multiparous) and sex of the child were available from the Youth 
Health Care Registration. Data on the duration of exclusive breastfeeding (no 
breastfeeding, <1 month, 1-3 months, > 3 months) was obtained from the infancy 
questionnaire 3 months after birth and Youth Health Care records and completed 
with, retrospectively, the 5-year questionnaire. The following variables with regard 
to offspring at age 5-6 years were included: screen time hours a day (continuous), 
saturated fat intake (g/day; continuous) and dietary fibre intake (g/day; continuous). 
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Screen (television and computer) time in hours a day was reported in the 5-year 
questionnaire. Saturated fat and fibre intake were available from a validated self-
administered food frequency questionnaire (FFQ)18 completed two weeks before the 
health check. Missing data on covariates were imputed by a multiple imputation 
procedure using all covariates included in the present study: maternal education 
level (0.4%), pBMI (5.4%), duration of breastfeeding (0.8%), screen time hours (5.6%), 
saturated fat (7.8%) and dietary fibre intake (7.8%). No adjustment was made for 
birth weight, because this was considered as an intermediate between maternal 
lipid profile and offspring’s lipid profile and glycaemic control.6-10

Data analysis

Baseline characteristics of the study population are described for boys and girls 
separately. To investigate associations between the independent maternal lipids 
and the offspring’s lipids and the three glycaemic control characteristics, linear 
regression was used. Since the residuals in offspring’s TG, C-peptide and HOMA2-IR 
were not normally distributed, the Box-Cox method in R Package was used to find 
appropriate transformations. TG was natural log transformed, and C-peptide and 
HOMA2-IR were both transformed to the power of -1. Potential non-linearity was 
examined in R with a likelihood ratio test using restricted cubic splines. Non-linear 
associations were found between two maternal lipids (TG and ApoA1) and offspring’s 
HDL. We considered these associations as linear, since this is more comprehensible 
and the non-linear approach gave only slightly different results. Three models were 
developed to examine the associations. Model 1 was adjusted for gestational age 
at blood sampling, and offspring’s sex and age at the health check. Model 2 was 
additionally adjusted for maternal age, ethnicity, pBMI, smoking during pregnancy, 
parity, alcohol use during pregnancy, hypertension, education level, duration of 
breastfeeding, offspring’s saturated fat intake, fibre intake, and screen time. In 
model 3 offspring’s fat percentage was added to assess the influence of this potential 
mediator on the associations. Effect measure modification by sex was tested on an 
additive scale by adding an interaction term with sex to model 3. The mediating 
role of fat percentage was further tested with the mediation analysis by Preacher 
and Hayes.19,20 A bootstrapping approach (resampling rate 10,000) was used to 
estimate a confidence interval for the regression coefficient of the mediated effect 
(Figure  1: path a*b) for all maternal lipids combined with an individual outcome 
variable. These analyses were adjusted for all variables in model 2, thereby also 
taking potential confounders in the association between offspring’s fat percentage 
and offspring’s lipid profile and glycaemic control into account. Mediation of 
offspring’s fat percentage was present if the confidence interval indicated statistical 
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significance. All analyses were conducted with the SPSS version 21.0 and R package 
version 3.0.3. A p-value of <0.05 was considered statistically significant. 

Results

Study population

The final study population consisted of 1133 mother-child pairs predominantly of Dutch 
origin (73%). Mean (SD) maternal age during pregnancy was 32.3 (4.2) years and mean 
(SD) pBMI 22.8 (3.6) kg/m2. Their children (49% boys) were on average 5.7 years at the 
health check. Compared to the non-response group, mothers included in this study 
were more often of Dutch origin, multiparous and smoked and drank alcohol more 
often during pregnancy and breastfed their children longer (Supplementary table 1).  
Compared with girls (n=573), boys (n=560) had mothers with slightly higher TC, ApoB 
and FFA levels, and had higher glucose, but lower TC, LDL and TG levels themselves. 
Moreover, boys had a slightly higher intake of saturated fat and fibre, and spent 
more time looking at screens (Table 1).

Table 1. Characteristics of the participants (mother and child) divided into the sex of the 
offspring (total=1133). 
  Boys (n=560) Girls (n=573)

N/ mean %/SD N/ mean %/SD

Maternal characteristics

Age (years) 32.3 4.2 32.3 4.1

Body mass index (kg/m2) 22.8 3.5 23.0 3.7

Ethnicity

Dutch 398 71.1 425 74.2

Turkish 14 2.5 10 1.7

Moroccan 29 5.2 16 2.8

Non-western 41 7.3 55 9.6

Western 78 13.9 67 11.7

Education after primary school (years) 10.2 3.6 10.3 3.4

Parity (Primiparous) 313 55.9 318 55.5

Hypertension

none 508 90.7 496 86.6

pre-existent 13 2.3 19 3.3

pregnancy-induced 39 7.0 58 10.1
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  Boys (n=560) Girls (n=573)

N/ mean %/SD N/ mean %/SD

Alcohol consumption (Yes) 159 28.4 192 33.5

Smoking (Yes) 44 7.9 42 7.3

TC (mmol/L) a 5.00 0.81 5.11 0.82

ApoA1 (g/L) a 1.59 0.22 1.59 0.22

ApoB (g/L) a 0.73 0.17 0.76 0.16

TG (mmol/L) a 1.34 0.49 1.38 0.53

FFA (mmol/L) a 0.30 0.16 0.32 0.16

Offspring’s characteristics around birth

Gestational age at birth (days) 279.8 11.4 279.8 10.2

SDS birth weight b 1.03 0.13 1.03 0.12

Breastfeeding:

< 1  month 121 21.7 126 22.2

1-3 months 143 25.7 140 24.7

≥  3 months 293 52.6 301 53.1

Offspring’s characteristics at age 5-6 years

Age (years) 5.7 0.5 5.7 0.5

Fat percentage 18.9 5.6 21.0 5.7

Saturated fat intake (g/day) 20.9 5.9 19.0 5.5

Fibre intake (g/day) 16.7 4.1 15.3 3.9

Screen time hours a day 1.4 1.0 1.3 0.9

TC (mmol/L) 3.93 0.63 4.17 0.69

HDL (mmol/L) 1.31 0.30 1.30 0.31

LDL (mmol/L) 2.21 0.59 2.46 0.66

TG (mmol/L) c 0.60 0.40-0.70 0.60 0.50-0.80

Glucose (mmol/L) 4.63 0.52 4.47 0.45

C-peptide (nmol/L) c 0.35 0.27-0.38 0.33 0.28-0.39

HOMA2-IR c 0.70 0.60-0.80 0.70 0.60-0.80

Table 1 - Continued

SD, standard deviation; TC, total cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; TG, 
triglycerides; FFA, free fatty acids; SDS, standard deviation score.
a) Standardized for gestational age at blood sampling.
b) A value of 1 means the 50th percentile of the Dutch reference.
c) On account of the absence of normality, the median and IQ range are given.
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Maternal lipids and offspring’s lipids 

Table 2 shows the results of the linear regression analyses conducted to examine 
the association between maternal lipids and offspring’s lipids. The betas are given 
separately for boys and girls as significant interactions (p<0.05) were found in the 
associations between maternal TC and offspring’s TC and LDL, maternal ApoA1 and 
offspring’s TG, maternal ApoB and offspring’s TC and LDL, and maternal TG and 
offspring’s HDL. In model 1, positive associations were found between maternal TC 
and offspring’s TC (boys and girls), offspring’s LDL (boys and girls) and offspring’s 
TG (only girls). Furthermore, maternal ApoA1 was positively associated with 
offspring’s TC (only girls), offspring’s HDL (only boys) and offspring’s TG (only girls). 
Other positive associations were found between maternal ApoB and offspring’s 
TC (boys and girls), offspring’s LDL (boys and girls) and offspring’s TG (boys and 
girls). Finally, maternal TG were also positively associated with offspring’s TC (only 
girls), offspring’s LDL (only girls) and offspring’s TG (boys and girls). Adjusting for 
the covariates in model 2 minimally altered the results of model 1, with the exception 
of the association between maternal ApoB and offspring’s TG, which became non-
significant. 

Maternal lipids and offspring’s glycaemic control

Table 3 presents the associations between maternal lipids and offspring’s glucose, 
C-peptide and HOMA2-IR. Table 3 does not distinguish between boys and girls, as 
no significant interactions (p>0.05) were found in the associations. No significant 
associations were found between maternal lipids and offspring’s glycaemic control 
parameters. 

Mediating role of offspring’s fat percentage

Adjusting for offspring’s fat percentage (model 3) minimally altered the effect size of 
the associations between maternal lipids and offspring’s lipid levels and glycaemic 
control parameters. Moreover, there was no evidence for a mediating role of 
offspring’s fat percentage in these associations when the indirect effect was tested 
according to the approach of Preacher and Hayes. In addition, in this analysis no 
association was found between maternal lipids and offspring’s fat percentage (data 
not shown).
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Offspring’s lipids

TC (mmol/l) HDL (mmol/l) LDL (mmol/l) Ln(TG) (mmol/l)

Maternal 
lipids β 95%CI β 95%CI β 95%CI β 95%CI

TC (mmol/l)

boy (n=543)

M1 a 0.140 0.075-0.205*** 0.028 -0.004-0.059 0.119 0.058-0.179*** 0.028 -0.017-0.073

M2 b 0.141 0.074-0.207*** 0.025 -0.008-0.057 0.115 0.053-0.177*** 0.016 -0.030-0.063

M3 c 0.141 0.074-0.207*** 0.025 -0.007-0.058 0.114 0.052-0.176*** 0.015 -0.031-0.062

girl (n=561)

M1 0.266 0.200-0.332*** 0.010 -0.021-0.042 0.252 0.189-0.315*** 0.062 0.022-0.102**

M2 0.268 0.200-0.336*** 0.017 -0.015-0.048 0.247 0.181-0.312*** 0.057 0.016-0.099**

M3 0.268 0.200-0.336*** 0.017 -0.015-0.048 0.247 0.181-0.312*** 0.057 0.015-0.098**

ApoA1 (g/l)

boy (n=517)

M1 0.152 -0.097-0.401 0.234 0.117-0.350*** -0.027 -0.261-0.206 -0.080 -0.250-0.091

M2 0.096 -0.158-0.349 0.219 0.099-0.339*** -0.086 -0.324-0.151 -0.088 -0.261-0.086

M3 0.094 -1.160-0.347 0.221 0.101-0.341*** -0.091 -0.328-0.146 -0.092 -0.265-0.081

girl (n=548)

M1 0.368 0.107-0.630** 0.083 -0.037-0.203 0.191 -0.056-0.437 0.257 0.102-0.412**

M2 0.313 0.041-0.586* 0.106 -0.017-0.229 0.106 -0.151-0.364 0.218 0.058-0.378**

M3 0.313 0.040-0.586* 0.106 -0.017-0.229 0.106 -0.151-0.364 0.218 0.058-0.378**

ApoB (g/l)

boy (n=524)

M1 0.516 0.200-0.833** -0.086 -0.239-0.066 0.632 0.337-0.928*** 0.219 <0.001-0.438*

M2 0.641 0.314-0.967*** -0.076 -0.236-0.084 0.709 0.403-1.015*** 0.170 -0.057-0.397

M3 0.638 0.311-0.965*** -0.071 -0.231-0.089 0.699 0.393-1.005*** 0.159 -0.068-0.385

girl (n=550)

M1 1.050 0.710-1.390*** -0.084 -0.244-0.076 1.132 0.816-1.449*** 0.248 0.040-0.456*

M2 1.121 0.767-1.475*** -0.066 -0.231-0.100 1.198 0.868-1.528*** 0.251 0.035-0.467*

M3 1.121 0.766-1.475*** -0.066 -0.232-0.100 1.198 0.868-1.529*** 0.251 0.035-0.467*

TG (mmol/l)

boy (n=543)

M1 -0.013 -0.122-0.096 -0.042 -0.094-0.010 0.016 -0.085-0.117 0.095 0.021-0.169*

M2 0.002 -0.111-0.116 -0.050 -0.105-0.005 0.031 -0.074-0.137 0.097 0.020-0.174*

M3 0.003 -0.111-0.116 -0.048 -0.103-0.006 0.030 -0.076-0.135 0.095 0.018-0.172*

Table 2. Linear regression model of the association between maternal early pregnancy 
lipids and offspring’s lipids at age 5-6 years.
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Offspring’s lipids

TC (mmol/l) HDL (mmol/l) LDL (mmol/l) Ln(TG) (mmol/l)

Maternal 
lipids β 95%CI β 95%CI β 95%CI β 95%CI

girl (n=561)

M1 0.123 0.016-0.230* 0.004 -0.045-0.052 0.113 0.010-0.216* 0.086 0.024-0.149**

M2 0.127 0.014-0.240* 0.001 -0.050-0.051 0.118 0.010-0.227* 0.094 0.028-0.159**

M3 0.128 0.015-0.242* <0.000 -0.051-0.050 0.119 0.011-0.228* 0.096 0.030-0.161**

FFA (mmol/l)

boy (n=491)

M1 -0.219 -0.556-0.119 -0.033 -0.194-0.128 -0.204 -0.517-0.110 0.041 -0.189-0.270

M2 -0.169 -0.516-0.178 -0.008 -0.176-0.160 -0.219 -0.542-0104 0.002 -0.235-0.239

M3 -0.177 -0.524-0.171 -0.004 -0.172-0.164 -0.232 -0.555-0.090 -0.008 -0.244-0.229

girl (n=526)

M1 0.074 -0.296-0.444 0.064 -0.103-0.231 -0.059 -0.407-0.289 -0.014 -0.233-0.205

M2 0.085 -0.304 -0.474 0.050 -0.125-0.224 -0.032 -0.400-0.335 0.048 -0.180-0.276

M3 0.083 -0.307-0.472 0.053 -0.122-0.228 -0.032 -0.400-0.336 0.043 -0.185-0.271

Table 2 - Continued

TC, total cholesterol; HDL , high density lipoprotein; LDL , low density lipoprotein; Ln(TG), natural log 
transformed triglyceride levels ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; TG, triglycerides; FFA, 
free fatty acids;
a) M1: adjusted for gestational age at blood sampling and child’s sex and age.
b) M2: adjusted for model 1 + maternal age, parity, ethnicity, smoking, hypertension, alcohol intake, 

years of education, pre pregnancy BMI, duration of breastfeeding, screen time hours, saturated fat 
intake and dietary fibre intake.

c) M3: adjusted for model 2+ fat percentage.
* p<0.05, ** p<0.01, ***p<0.001
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Offspring’s glycaemic control

Glucose (mmol/l) C-peptide-1 (nmol/L) HOMA2-IR-1

Maternal 
lipids

β 95%CI β 95%CI β 95%CI

TC (mmol/l) (n=1104  d /n=831  e)

M1 a -0.008 -0.043-0.027 0.011 -0.041-0.063 0.005 -0.021-0.032

M2 b -0.005 -0.041-0.030 0.018 -0.035-0.071 0.008 -0.019-0.035

M3 c -0.007 -0.042-0.029 0.023 -0.027-0.074 0.011 -0.015-0.037

ApoA1 (g/l) (n=1065  d  /n=811  e)

M1 -0.028 -0.160-0.103 -0.103 -0.299-0.092 -0.048 -0.147-0.051

M2 -0.018 -0.153-0.117 -0.140 -0.340-0.060 -0.069 -0.171-0.032

M3 -0.021 -0.156-0.114 -0.126 -0.318-0.066 -0.062 -0.159-0.035

ApoB (g/l) (n=1074  d  /n=818  e)

M1 -0.020 -0.193-0.153 0.075 -0.182-0.332 0.035 -0.096-0.165

M2 -0.028 -0.206-0.151 0.164 -0.102 -0.429 0.082 -0.052-0.217

M3 -0.034 -0.212-0.145 0.188 -0.065-0.442 0.095 -0.034-0.225

TG (mmol/l) (n=1104  d  /n=831  e)

M1 0.018 -0.038-0.073 <0.000 -0.086-0.087 0.003 -0.041-0.047

M2 0.011 -0.047-0.069 0.030 -0.059-0.119 0.018 -0.028-0.063

M3 0.013 -0.045-0.070 0.013 -0.073-0.099 0.009 -0.034-0.053

FFA (mmol/l) (n=1017  d  /n=775  e)

M1 0.047 -0.135-0.229 -0.094 -0.368-0.181 -0.039 -0.179-0.100

M2 -0.011 -0.200-0.177 -0.026 -0.310-0.259 0.003 -0.141-0.147

M3 -0.019 -0.207-0.170 0.029 -0.244-0.302 0.030 -0.108-0.168

Table 3. Linear regression model of the association between maternal early pregnancy 
lipids and offspring’s glycaemic control at age 5-6 years.

HOMA2-IR, insulin resistance index; TC, total cholesterol; ApoA1, apolipoprotein A1; ApoB, 
apolipoprotein B; TG, triglycerides; FFA, free fatty acids.
a) M1: adjusted for gestational age at blood sampling and child’s sex and age.
b) M2: adjusted for model 1 + maternal age, parity, ethnicity, smoking, hypertension, alcohol intake, 

years of education, pre pregnancy BMI, duration of breastfeeding, screen time hours, saturated fat 
intake and dietary fibre intake.

c) M3: adjusted for model 2+ fat percentage.
d) sample size for analyses with offspring’s glucose.
e) sample size for analyses with offspring’s C-peptide and HOMA2-IR.
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Discussion
This explorative study examined the association between maternal lipid profile 
during early pregnancy and offspring’s lipid profile and glycaemic control at age 5-6 
years, and the mediating role of offspring’s fat percentage in this association. We 
found sex-specific associations between maternal early pregnancy lipid profile and 
offspring’s lipid profile in childhood with, in general, stronger associations in girls. 
There was no indication that maternal early pregnancy lipid profile was associated 
with offspring’s glycaemic control. Also, offspring’s fat percentage had no mediating 
role in these associations. 

Recently, the Rhea Cohort also found associations between maternal TC and LDL 
and offspring’s TC in models corrected for maternal covariates and sex.21 Correcting 
for birth weight (amongst others) attenuated these significant associations. 
We chose not to correct for birth weight since it is an intermediate factor in the 
studied associations, but correction for birth weight would not have altered our 
results (results not shown).6-10 The associations in the Rhea Cohort were no longer 
significant after corrections, although the estimates of the beta coefficients did not 
markedly decrease. Therefore, the study sample in the Rhea Cohort might simply 
have been underpowered with 249 mother-child pairs. Similar associations as ours 
were earlier found between maternal lipids during pregnancy and offspring’s lipids 
measured in cord blood.22 Cord TG levels were positively related with maternal TG 
levels and negatively with maternal HDL, but this study did not differentiate between 
boys and girls. The association between maternal and offspring TG is in line with our 
study; however, in girls, we found a positive association between maternal ApoA1 
and offspring’s TG. Moreover, an animal study found higher cholesterol levels in male 
offspring of dams fed a high-fat diet during pregnancy and lactation.13 

Although we found no association between maternal lipids and offspring’s glycaemic 
control, animal studies found conflicting results. Exposure to a high-fat diet in utero 
and/or lactation were both positively13 and negatively15 associated with offspring’s 
insulin resistance (HOMA IR).

Underlying mechanisms

First, shared genetic or environmental factors could explain part of our associations, 
as these were mainly found between high biochemically linked lipid substrates. 
Studies on twins showed that the heritability of lipid levels is around 60%.23 Although 
we were unable to correct for shared genetic background, we tried to account for 
shared environmental factors by correcting for ethnicity, socioeconomic status, 
sedentary behaviour, and saturated fat and fibre intake. 
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Second, intra-uterine mechanisms could play a role as animal studies showed 
that offspring of dams fed a high-fat diet during pregnancy had increased insulin 
levels, as well as pancreatic remodelling and change of pancreatic β-cell function.24 

Subsequently, altered insulin sensitivity is associated with dyslipidaemia,10 which, in 
turn, may cause hepatic alteration with more disruption of lipid levels.25 We found 
no association between maternal lipids and offspring’s glycaemic control. However, 
the age of our children (5-6 years) might be too young to detect effects of decreased 
insulin sensitivity on lipid levels. Moreover, the animal models only investigate the 
impact of maternal high-fat diet during pregnancy and not the impact of maternal 
lipid profile on changes in offspring’s metabolism. More research on which maternal 
substrates change as a consequence of a high-fat diet and cause these alterations 
in the offspring will provide more insight into the underlying mechanism. In addition, 
the results from animal studies cannot directly be translated to the human situation.

Although we found no evidence for the programming of offspring’s lipids through 
glycaemic control, sex differences indicate a programming factor in the association 
between maternal and offspring’s lipids. Sex differences are also reported in many 
human and animal studies which examined a relationship between a certain intra-
uterine exposure and a health aspect of the offspring.26 There is increasing evidence 
that this is due to a different placental function between boys and girls, caused by 
differences in gene expression in response to maternal metabolic status.27 However, 
the exact mechanism behind the sex differences in placental function and the 
response in later life remains unclear. 

Increased fat percentage is associated with altered lipid levels,28 probably through 
increased insulin resistance.10 It is reported that maternal lipids are associated 
with increased offspring’s fat percentage in childhood.11 However, in this study, fat 
percentage did not mediate the association between maternal and offspring’s lipids. 
This might be a result of the adjustment made for pBMI, which is directly associated 
with both maternal lipid profile and offspring’s fat percentage, independent of 
maternal lipid levels.11

Strengths and limitations 

This study was embedded in a large community-based cohort with a long follow-up 
time and a wide range of maternal and offspring’s lipid substrates. The wide range 
of available characteristics allowed correcting for many potential confounders and 
covariates to minimize bias.
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However, this study also has some limitations. First, although maternal lipid levels 
did not differ between the response and non-response groups, selection bias might 
have occurred as our final study population consisted of women that were older, 
higher educated, more often from Dutch origin and smoked less, but drank more 
alcohol during pregnancy compared to the non-response group (Supplementary 
table 1). This selective inclusion of a slightly ‘healthier’ study population may have 
led to an underestimation of the results, because of less variation in offspring’s lipids 
and glycaemic control. 

Second, insulin resistance was obtained by means of an indirect method, the 
HOMA2-model, and based on C-peptide. We had to impute 63.6% of the C-peptide 
levels since they were under the detection limit of 0.34. Sensitivity analyses with non-
imputed C-peptide levels showed about the same results with also no evidence for 
an association when adjusted for all covariates (data not shown).

Third, maternal lipid levels were determined based on one blood sample, taken in 
a non-fasting state randomly during the day; this could have resulted in a distorted 
maternal lipid profile. However, a large Danish study in adults showed that, in 
contrast to TG and TC, ApoA1 and ApoB did not alter after normal food intake.29 In 
addition, high correlations (range: 0.90-0.99; p<0.001) were found between fasting 
and postprandial TG and TC.30 Furthermore, in normal conditions the foetus is also 
exposed to non-fasting maternal lipids for most of the day. 

Finally, in this study, multiple tests were applied. Because we considered our analyses 
to be explorative, we did not apply the Bonferroni correction. Some statistical 
significant findings might therefore be the result of a type 1 error. However, our 
associations between maternal TC and ApoB and offspring’s’ TC and LDL were quite 
strong with remarkable sex differences (Table 2). Our results are a first indication 
that girls might be more affected by the maternal lipid profile. Further studies with 
specific attention for sex differences in the associations are necessary to confirm this 
hypothesis.

Conclusion

This explorative study shows an association between maternal lipid levels during 
early pregnancy and offspring’s lipid levels in childhood, with stronger associations 
in girls. No evidence was found for associations with offspring’s glycaemic control, 
or for a mediating role of offspring’s fat percentage. Additional research is required 
to determine to what extent genetic and environmental factors play a role. When 
our results are confirmed and maternal lipids have the potential to programme the 
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foetus for future metabolic health, this information can be used in preconception 
counselling to motivate women to adhere a healthy lifestyle before pregnancy. 
This should be directed at dietary advises and physical activity programmes to 
optimize the maternal lipid profile. Additional research is needed to develop effective 
interventions to reach this goal, but will eventually help to optimize offspring’s health 
from the earliest age onwards.
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  Response (n=1133) Non-response (n=2124) a

N/ mean %/SD N/ mean %/SD Significance b

Maternal characteristics

Age (years) 32.3 4.2 30.4 4.9 p<0.001

Body mass index (kg/m2) 22.9 3.6 22.8 3.7 p=0.734

Ethnicity p<0.001

Dutch 823 72.6 1257 59.2

Turkish 24 2.1 102 4.8

Moroccan 45 4.0 160 7.5

Non-western 96 8.5 346 16.3

Western 145 12.8 257 12.1

Education (years after primary school) 10.3 3.5 9.0 3.8 p<0.001

Parity (Primiparous) 631 55.7 1263 59.5 p=0.040

Hypertension p=0.818

none 1004 88.6 1868 87.9

pre-existent 32 2.8 60 2.8

pregnancy-induced 97 8.6 196 9.2

Alcohol consumption (Yes) 351 31.0 495 23.3 p<0.001

Smoking (Yes) 86 7.6 225 10.6 p=0.006

TC (mmol/L)c 5.06 0.82 5.08 0.89 p=0.536

ApoA1 (g/L) c 1.59 0.22 1.59 0.23 p=0.516

ApoB (g/L) c 0.75 0.17 0.76 0.18 p=0.239

TG (mmol/L)c 1.36 0.51 1.38 0.54 p=0.405

FFA (mmol/L) c 0.31 0.16 0.32 0.17 p=0.167
Offspring’s characteristics

Sex (Boys) 560 49.4 1021 48.1 p=0.462

Gestational age at birth (days) 279.8 10.8 279.4 10.6 p=0.340

SDS birth weight 1.03 0.13 1.01 0.13 p<0.001

Breastfeeding: p<0.001

< 1  month 247 22.0 512 26.9

1-3 months 283 25.2 587 30.8

≥  3 months 594 52.8 804 42.3

Supplementary Table 1. Maternal and offspring’s characteristics of the participants in the 
present study (response group) compared with the non-response group (total n=3257).

SD, standard deviation; TC, total cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; TG, 
triglycerides; FFA, free fatty acids; SDS, standard deviation score.
a) Non-response= children approached for the health check and met the inclusion criteria, but 

excluded due to non-response, non-fasting blood levels or no fat percentage available.
b) Comparisons were made with independent sample t-tests or Mann Whitney (non-parametric) tests 

for continuous data and chi-square for categorical data.
c) Standardized for gestational age at blood sampling


