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ABSTRACT

OBJECTIVE: To investigate the consequences of weight loss in pregnancy on 
pregnancy outcomes and cardiometabolic profile in childhood.

DESIGN: Prospective birth cohort (ABCD study).

SETTING: Between 2003 and 2004 all pregnant women in Amsterdam were 
approached for study participation. 

POPULATION: 7818 pregnant women were included, of which 3165 consented to 
having their children examined at 5-6 years of age. In 1956 children fasting capillary 
blood samples were also taken.

METHODS: At antenatal booking, women answered questions about their pregnancy 
and whether they suffered from severe weight loss (SWL; >5 kg). Pregnancy details 
and outcomes were available through the obstetric caregiver.

MAIN OUTCOME MEASURES: At birth main outcome measures were prematurity (<37 
weeks) and birthweight. At follow-up, body mass index (BMI), blood pressure, glucose 
and lipids were assessed. 

RESULTS: SWL occurred in 6.8% of cases. Women with SWL had similar preterm 
birth rates compared with women without these complaints (adjusted OR 1.1, 95%CI 
0.7, 1.7). Birthweight (adjusted difference -31 g, 95%CI -76, 15) and BMI at 5-6 years 
of age (adjusted difference 0.2 kg/m2, 95%CI 0.0, 0.5) were similar in children born to 
mother with SWL and without SWL, but blood pressure was increased. For diastolic 
blood pressure this association was independent of confounders (adjusted difference 
1.4 mmHg, 95%CI 0.4, 2.4). Lipid and glucose levels were not significantly different 
between these groups. 

CONCLUSION: Early pregnancy weight loss, usually occurring as a manifestation of 
hyperemesis gravidarum, could have long-term consequences for offspring health. 
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INTRODUCTION

There is overwhelming evidence indicating that poor maternal nutrition during 
pregnancy has permanent detrimental effects on offspring health in later life.1 Animal 
studies2, 3 as well as long-term follow up of the adult offspring of women who had been 
pregnant during famine, implicate a broad range of effects, such as an increased risk 
of obesity, impaired glucose tolerance and cardiovascular disease.1,4-6 Adverse effects 
were most striking for offspring exposed to undernutrition during early gestation, 
and were independent of size at birth.7 This suggests that early gestation may be 
a particularly sensitive period for effects on cardiometabolic health in later life, in 
which sub-optimal maternal nutrition may affect developing fetal organs leading to 
permanent alterations in function which might be beneficial in the short term but not 
in the longer term.8 
At present, hyperemesis gravidarum (HG), a severe form of nausea and vomiting 
causing dehydration, electrolyte imbalances and significant weight loss,9 is a rare 
example of undernutrition in the Western world. HG affects 0.8-2% of pregnancies and 
has repeatedly been associated with poor pregnancy outcome, including prematurity 
and low birth weight.10-12 However, reports on possible long-term consequences of 
HG beyond the perinatal period are limited.10, 13, 14 Recently, Ayyavoo et al15 showed that 
insulin sensitivity in children of hyperemetic mothers is decreased, suggesting an 
increased risk for cardiometabolic disease in later life. 
In the present study, we aimed to investigate the hypothesis that weight loss in early 
pregnancy, often occurring as a manifestation of HG, affects cardiometabolic profile 
of 5- to 6-year-old children, in a large multi-ethnic cohort study.16 

METHODS

Study population
This study is part of the Amsterdam Born Children and their Development (ABCD) 
study. A detailed cohort profile is described elsewhere.16 The ABCD study is a large 
prospective, longitudinal birth cohort that was set up in 2003. Obstetric caregivers 
recruited pregnant women living in Amsterdam between January 2003 and March 
2004 to take part in the study. During the first phase, 12373 pregnant women were 
approached at their first antenatal check-up and 8266 responded to a questionnaire 
concerning lifestyle, health, environment, psychosocial stress and ethnic background. 
Information on pregnancy and neonatal outcomes was provided through the obstetric 
caregivers via linkage with the Dutch Perinatal Registry (PRN) and Youth Health Care 
Registration. Furthermore, a neonatal questionnaire was sent out 3 months postpartum 
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(phase 2). After 5 years, 6161 mothers were approached for follow-up of their child. 
Attrition of this follow-up number was largely due to untraceable addresses or 
migration. In all, 4488 mothers returned the questionnaire and gave informed consent 
for follow-up. This resulted in 3321 physical examinations and fasting blood samples 
were also taken in a subsample of 2108 children (phase 3). 
In this study we included 7818  mother-child pairs for whom information on weight 
loss was available; twin pregnancies and major congenital anomalies were excluded 
(see Figure 1). At follow-up, 3165 children who received physical examinations and 
1956 in whom blood samples were taken, were included. Children with diseases that 
could interfere with outcome measures (severe cardiac, pulmonary and immune 
system related diseases), as well as children in whom anthropometric measurements 
or non-fasting blood samples were not taken, were excluded. Information retrieved via 
the neonatal questionnaire was used to complete data on hypertension, diabetes and 
congenital anomalies retrospectively. For congenital anomalies, this was also done 
using the 5-year questionnaire. 

Maternal characteristics at antenatal booking
Women self-reported via the pregnancy questionnaire whether they had lost more 
than 5 kg as compared with their pre-pregnancy weight. With this information we 
defined two groups. Group 1 consisted of women who suffered from severe weight 
loss (SWL; >5 kg). Group 2 consisted of women without SWL (reference group). Height 
and pre-pregnancy weight was also self-reported. From this we calculated maternal 
pre-pregnancy body mass index (pre-pregnancy BMI; kg/m2) and defined four BMI 
categories: Underweight (BMI<18.5), normal weight (BMI 18.5-24.9), overweight (BMI 
25.0-29.9) and obese (BMI ≥30.0).17

Outcome measures at birth
Pregnancy outcome measures were prematurity (birth 20 and 37 weeks’ gestation; 
spontaneous and iatrogenic preterm birth), birthweight in grams, Apgar score after 5 
minutes below 7,18 perinatal mortality defined as fetal death ≥20 weeks’ gestation or 
neonatal death within the first week of life, fetal sex (male/female) and miscarriage 
(pregnancy loss <20 weeks’ gestation). These outcome measures were obtained from 
the PRN and Youth Health Care Registration. 
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Phase 1

Analysis 1

Phase 2 Neonatal questionnaire
n = 4910

n = 3419 Lost to follow-up
(No permission, infant or maternal 

death, no address, migration)

n = 49 Excluded
Serious disease n = 4

No anthropometric or laboratory 
measurements anvailable n = 45

Pregnant women approached 
n = 12373

n = 448 Excluded
Reason for exclusion:  

multiple pregnancy n = 135
Congenital anomaly n = 133

No information on SWL n = 180

Anthropometric and BP 
measurements

n = 3165

Phase 3

Pregnancy questionnaire 
n = 8266

Details on pregnancy and 
outcome 
n = 7818

Analysis 2

Severe weight loss (SWL) 
n = 155

Fasting blood samples
n = 1956

n = 1875

n = 81

No severe weight loss (no SWL) 
n = 3010

No severe weight loss (no SWL) 
n = 7285

Severe weight loss (SWL) 
n = 533

5-year follow-up 
Questionnaire

n = 4338

n = 1124 Lost to follow-up
(No permission for health check, 

migration)

FIGURE 1. Flow diagram ABCD study and participant selection
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Outcome measures in childhood 
At 5-6 years of age, height was measured using a Leicester portable height measure 
(Seca, Hamburg, Germany) to the nearest millimetre and weight was determined to 
the nearest 100 g using a Marsden MS-4102 weighing scale (Marsden, The Weighing 
Company, Henly-on-Thames, Oxfordshire, UK) while children were only wearing 
their underwear. Systolic and diastolic blood pressure (SBP and DBP; mmHg) was 
measured using the Omron 705 IT (Omron Health care Inc, Bannockburn, IL, USA) with 
a small cuff and in supine position (50th percentile at 50th percentile of height, 93/54 
and 95/53 mmHg in 5-year old girls and boys, respectively).19 Blood pressure was 
measured twice and considered valid if the difference was <10 mmHg. Where there 
was a larger difference, a third measurement was taken. SBP and DBP were then 
calculated as the mean value of these two or three measurements.20 Fasting capillary 
blood was taken by finger prick collected in a validated kit developed for ambulatory 
purposes (LabAnywhere, Haarlem, the Netherlands).21 This was used for plasma 
glucose (mmol/l; reference 2-17 years 3.9-7.8 mmol/l),22 total cholesterol (mmol/l; 
reference 2-17 years <4.4 mmol/l),22 triglycerides (mmol/l; reference 2-17 years <1.0 
mmol/l),22 high-density lipoprotein (HDL; mmol/l; reference 2-17 years 1.0-1.5 mmol/l)22 
and low-density lipoprotein (LDL; mmol/l; reference 2-17 years <2.8 mmol/l).22 

Covariates
Maternal confounders were maternal age, pre-pregnancy BMI, ethnicity (Western: 
Dutch, other Western versus non-Western: Surinamese, Antillean, Moroccan, Turkish, 
Ghanaian, other non-Western) based on the country of birth of the pregnant woman’s 
mother or father when the mother was Dutch, according to Statistics Netherlands,23 
length of secondary education (years) as a proxy for socioeconomic status (SES),24 
parity (nulliparous or multiparous), smoking during pregnancy (yes/no), diabetes 
mellitus (all types including diabetes gravidarum) and hypertension (pre-existing 
and pregnancy induced). Age, pre-pregnancy BMI, ethnicity, SES and smoking were 
based on the pregnancy questionnaire, and diabetes and hypertension were based on 
PRN, pregnancy and neonatal questionnaires. Potential child confounders were sex, 
gestational age at birth (days), birthweight, age and height at follow-up.

Data analysis
Baseline characteristics were assessed using chi-square an independent t-tests. For 
continuous outcome variables we used multivariate linear regression, reported in 
means with standard deviations (SD) and differences (β) with 95% confidence intervals 
(CI). Dichotomous outcome variables were analysed using logistic regression and are 
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reported in odds ratios (OR) with 95% CI (SPSS 19.0; SPSS Inc., Chicago, IL, USA). For 
pregnancy outcomes, we calculated crude values (model 1) and adjusted for neonatal 
(sex, gestational age at birth; model 2) and maternal confounders (parity, maternal 
age, maternal pre-pregnancy BMI, smoking, hypertension, diabetes, non-Western 
ethnicity, SES; model 3). All outcomes at follow-up were adjusted for age at follow-up, 
sex and height (model 1), after which we adjusted for birthweight and gestational age 
at birth (model 2), followed by adjustment for maternal age, maternal pre-pregnancy 
BMI, non-Western ethnicity, SES and maternal diabetes (model 3). Missing data were 
not imputed.

RESULTS

The study population consisted of 7818 pregnant women. In all, 533 women reported 
SWL (6.8%); the remaining 7285 women had no history of SWL (93.2%; reference 
group). Most women filled out the pregnancy questionnaire at the beginning of the 
second trimester, with a median of 16 weeks (inter quartile range 14-18 weeks). 
Table 1 shows maternal characteristics according to weight loss in early pregnancy. 
Women suffering from SWL were slightly younger than women in the reference 
group. Furthermore, women with SWL were significantly more often overweight and 
obese when compared with the reference group: 27.6 versus 15.8% for overweight 
and 15.1 versus 5.3% for obesity; crude OR (cOR) 2.0, 95% CI 1.6, 2.5 and cOR 3.0, 
95% CI 2.2, 3.9, respectively. After adjustment for maternal factors associated with 
overweight (age, non-Western ethnicity, SES), this association remained significant: 
adjusted OR (aOR) 1.6, 95% CI 1.3, 2.0 and aOR 2.2, 95% CI 1.6, 3.0, respectively. 
Additionally, diabetes was more prevalent among women with SWL (cOR 2.8, 95% 
CI 1.8, 4.2) than in the reference group and although this association was attenuated 
after adjustment for maternal pre-pregnancy BMI and non-Western ethnicity, the 
association remained statistically significant (aOR 1.9, 95% CI 1.2, 3.0). Maternal 
length of secondary education was shorter for women with SWL and the majority of 
these women were of non-Western origin when compared with the reference group. 
Table 2 shows the outcome of children according to whether their mothers had 
suffered from SWL. Prematurity rates were not significantly different after adjustment 
for maternal confounders (model 3: aOR 1.1, 95% CI 0.7, 1.7). This was also true for 
birthweight (model 3: β -31 g, 95% CI -76, 15).  
At follow-up, height, weight and blood pressure measurements were available for 
3165 children, of whom 155 had mothers with SWL (4.9%) and 3010 had mothers from 
the reference group (95.1%). Fasting blood samples were available for 1956 children 
whose parents gave informed consent, 81 (4.1%) and 1875 (95.9%) children per 
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group, respectively. As there was large attrition at follow-up, we compared maternal 
characteristics for the women who participated only in phase 1 with those who also 
participated in phase 3 to assess potential selection bias (see Supporting Information 
Table S1). On average, mothers who participated up to phase 3 were slightly older 
(31.9±4.6 versus 30.0±5.5 years), had higher SES (9.7±3.7 versus 8.0±4.1 years) 
and were less often of non-Western origin (36.4 versus 58.6%). Also maternal pre-
pregnancy BMI was slightly lower (22.9±3.8 versus 23.2±4.2 kg/m2).  

TABLE 1. Maternal characteristics and pregnancy outcomes

SWL No SWL Total n % missing 

Maternal characteristics
n 533 7285 7818

Age (years; mean±SD) 28.2±5.8* 30.9±5.1 7818 0

BMI categories (kg/m2; %) 7018 10.2

Underweight (BMI<18,5) 4.9* 5.0

Normal weight (BMI 18.5-24.9) 52.5* 73.6

Overweight (BMI 25,0-29,9) 27.5* 16.0

Obese (BMI≥30.0) 15.0* 5.6

Diabetes, all types (%) 4.9* 1.8 7818 0

Diabetes gravidarum (%) 3.4* 1.0

Hypertension (%) 13.8 12.3 7046 9.9

Smoking (%) 7.3 9.6 7809 0.1

Maternal sec. education (years; mean±SD) 6.5±4.1* 8.9±4.0 7749 0.9

Etnicity (%) 7818 0

Non-Western 77.7* 47.6

Western 22.3* 52.4

Nulliparous (%) 55.2 55.7 7818 0

NVP (%) 86.2* 45.7 7801 0.2

Antiemetic medication (%) 24.2* 4.1 7807 0.1

Pregnancy outcomes

Miscarriage (%) 1.4 0.7 7645 2.2

n** 526 7238 7764

Female fetus (%) 51.4 49.6 7594 1.5

Preterm birth <37 weeks (%) 7.2 5.6 7591 2.2

Birthweight (gr;  mean±SD) 3323±645* 3434±589 7547 2.8

Apgar <7 (%)*** 2.5 1.5 6348 18.2

Perinatal mortality (%) 1.6 0.8 7600 2.2

BMI: body mass index; NVP: nausea and vomiting in pregnancy; SWL: severe weight loss. *P<0.05. 
**Miscarriages excluded. ***Fetal death (ante/durante partu) excluded
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Maternal characteristics according to whether a blood sample from the child was taken 
in phase 3 has been assessed in Supporting Information Table S2. Again, mothers of 
children that had their blood sample taken were slightly older, of higher SES and less 
often of non-Western ethnicity.

TABLE 2. Linear and logistic regression for SWL and pregnancy outcome. ‘No SWL’ is reference 
group

Model 1 Model 2 Model 3

β/OR 95% CI β/OR 95% CI β/OR 95% CI

Preterm birth (<37wks)* 1.3 0.9; 1.9 1.3 0.9; 1.9 1.1 0.7; 1.7

Birthweight (gr) -111*** -164; -58 -58** -98; -18 -31 -76; 15

Apgar <7 1.7 0.9; 3.4 1.5 0.7; 3.0 1.2 0.5; 3.0

Perinatal mortality 1.9 0.9; 4.0 0.9 0.3; 3.1 0.7 0.1; 3.9

TABLE 3. Child characteristics and laboratory results at follow-up 

SWL No SWL Total n % missing

Child characteristics

n 155 3010 3165

Age (years; mean±SD) 5.9±0.6*, 5.7±0.5 3165 0

Females (%) 52.9 49.5 3165 0

Height (cm; mean±SD) 118.5±6.4* 116.7±5.7 3158 0.2

Weight (kg; mean±SD) 23.1±5.0* 21.2±3.3 3156 0.3

BMI (kg/m2; mean±SD) 16.3±2.3* 15.5±1.5 3156 0.3

SBP (mmHg; mean±SD) 102±9* 99±7 3112 1.7

DBP (mmHg; mean±SD) 60±8* 57±6 3103 2.0

Laboratory results

n 81 1875 1956

Glucose (mmol/l; mean±SD) 4.6±0.6 4.6±0.5 1956 0

Cholesterol (mmol/l; mean±SD) 4.1±0.9 4.1±0.7 1956 0

Triglycerides (mmol/l; mean±SD) 0.67±0.47 0.65±0.29 1956 0

HDL (mmol/l; mean±SD) 1.3±0.3 1.3±0.3 1956 0

LDL (mmol/l; mean±SD) 2.4±0.9 2.3±0.6 1956 0

BMI: body mass index; DBP: diastolic blood pressure; HDL: high-density lipoprotein; LDL: low-density 
lipoprotein; SBP: systolic blood pressure; SWL: severe weight loss. *P<0.05.

In Table 3, child characteristics at follow-up are shown. After adjustment for maternal 
confounders, BMI of children born to mothers with SWL was not significantly increased 
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compared to the reference group (model 3: β 0.2 kg/m2, 95% CI 0.0, 0.5; see Table 
4). Both systolic and diastolic blood pressure were slightly higher in children born 
to mothers with SWL compared to children from the reference group (SBP 102±9 
versus 99±7 mmHg, P<0.001; DBP 60±8 versus 57±6 mmHg, P<0.001). Although 
slightly attenuated, DBP remained significantly higher after adjustment for both child 
and maternal confounders (model 3: β 1.4 mmHg, 95% CI 0.4, 2.4). Fasting glucose and 
lipid measures were not significantly different between children born to mothers with 
SWL and their peers born to mothers from the reference group (Table 5). 

TABLE 4 Linear regression for SWL and BMI and blood pressure of 5-year old children. ‘ No 
SWL’ is reference group

Model 1 Model 2 Model 3

β 95% CI β 95% CI β 95% CI

BMI (kg/m2)* 0.7*** 0.5; 1.0 0.7*** 0.5; 0.9 0.2 0.0; 0.5

SBP (mmHg) 2.3*** 1.2; 3.5 2.3*** 1.1; 3.4 1.0 -0.3; 2.2

DBP (mmHg) 2.6*** 1.6; 3.6 2.5*** 1.5; 3.4 1.4** 0.4; 2.4

CI: confidence interval; BMI: body mass index; DBP: diastolic blood pressure; SBP: systolic blood pressure; 
SWL: severe weight loss. Model 1: adjusted for age at follow-up, sex and child height; Model 2: adjusted for 
model 1, birthweight, gestational age at birth; Model 3: adjusted for model 2, maternal age, pre-pregnancy 
BMI, maternal diabetes, non-Western ethnicity, SES. *Model 1 without child height. **P<0.05. ***P<0.001.

TABLE 5. Linear regression for SWL glucose and lipid profile of 5-year old children. ‘ No SWL’ 
is reference group

Model 1 Model 2 Model 3

β 95% CI β 95% CI β 95% CI

Glucose (mmol/l) 0.03 -0.08; 0.14 0.03 -0.08; 0.14 -0.01 -0.12; 0.11

Total cholesterol (mmol/l) 0.03 -0.12; 0.18 0.04 -0.11; 0.20 0.08 -0.08; 0.24

Triglycerides (mmol/l) 0.02 -0.05; 0.08 0.02 -0.05; 0.09 0.03 -0.04; 0.10

HDL (mmol/l) 0.02 -0.05; 0.09 0.02 -0.05; 0.09 0.05 -0.02; 0.12

LDL (mmol/l) 0.06 -0.09; 0.20 0.05 -0.09; 0.20 0.05 -0.10; 0.20

CI: confidence interval; HDL: high-denisity lipoprotein; LDL: low-density lipoprotein; SWL: severe weight 
loss. Model 1: adjusted for age at follow-up, sex and child height. Model 2: adjusted for model 1, birthweight, 
gestational age at birth; Model 3: adjusted for model 2, maternal age, pre-pregnancy BMI, maternal diabetes, 
non-Western ethnicity, SES.
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DISCUSSION

Main findings
To our knowledge this is the first study to report on body composition, blood pressure, 
glucose and lipid levels of offspring born to mothers suffering from severe weight 
loss during the first half of gestation. We found that these children had a tendency 
to lower birth weight and higher BMI, and blood pressure was slightly raised at 5-6 
years of age. For diastolic blood pressure this association was independent of child 
and maternal characteristics. 

Strengths and limitations
This is a large prospective cohort study, and anthropometric and blood pressure 
data are collected by trained research assistants. However, questions such as pre-
pregnancy weight and weight loss >5 kg were self-reported without objective weight 
measurements taken. There is evidence that self-reported weight and BMI are slightly 
underestimated, whereas height is overestimated,25 although we do not know its 
implication for self-reported weight loss, or whether self-reported weight loss would 
be over- or underestimated by overweight and obese women, who are more often 
reporting SWL in this study. That said, the threshold of a 5-kg weight loss is high and 
because questions were asked at the time symptoms would have occurred, the risk 
of recall bias is low. Furthermore, we suggest that SWL might be used as a proxy 
for HG, although we were uninformed about the presence of ketonuria and hospital 
admissions because of HG, both often used when defining HG-patients. This could 
explain the higher rate of women with SWL (6.8%) that we used as a proxy for HG, 
although McCarthy et al26 found a similar prevalence in their prospective cohort and 
there is also evidence that HG is largely underreported.12, 27 In addition, antiemetic 
medication was used by 24.2% of women with SWL versus 4.1% of women without 
SWL, suggesting that they suffered much more often from nausea and vomiting in 
pregnancy. Unfortunately, selective loss to follow-up was present, as in most cohort 
studies. Mothers who participated in the follow-up were slightly older, of higher 
SES and less often of non-Western origin. However, adjustment has been made for 
these confounders and a healthier population at follow-up would possibly cause an 
underestimation of effects, which is considered more appropriate than overestimation. 
Selective loss to follow-up of SWL cases has limited our statistical power for childhood 
outcomes. Lastly, there is always a possibility for residual confounding in cohort 
studies, despite adjustment for many confounders.
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Interpretation
Characteristics of women suffering from SWL largely resembled previously published 
data on women with HG.10, 12, 28, 29 The relationship between both under- and overweight 
and HG has already been described30-32 but without defining weight loss. Our data 
suggest that overweight and obese women are more likely to experience SWL. HG has 
repeatedly been associated with a modest decrease in birthweight.10, 33, 34 In our study, 
birthweight was not clearly reduced among children born to women with SWL. And 
although prematurity rate was not significantly higher among women with SWL, there 
was an attenuating effect of gestational age at birth on both birthweight and Apgar 
score <7, suggesting that these children are born slightly earlier. This is also reflected 
in the OR of 1.3,  resembling the OR reported by Veenendaal et al10 in a meta-analysis on 
prematurity after HG. The association between maternal weight loss and adverse birth 
outcome has been described more often. A small study found an association between 
maternal weight loss >5% and low birth weight35 and others concluded that adverse 
neonatal outcome was related to low maternal weight gain during pregnancy.29, 33, 36 In 
these studies it was not clear whether low maternal weight gain was based on early 
pregnancy weight loss, but it might well be, because HG seldom persists beyond the 
second trimester.9 
At 5-6 years of age, children born to mothers with SWL during pregnancy had slightly 
higher BMI and systolic blood pressure, yet this seemed largely explained by maternal 
factors. However, the rise in diastolic blood pressure was independent of these 
confounders. In our baseline model, we adjusted blood pressure for age, gender and 
height.19 We did not adjust for BMI of the child because childhood obesity may be in the 
causal pathway. However, when we included the child’s BMI in our models, the effect 
sizes attenuated only slightly and remained statistically significant. Fasting plasma 
glucose and lipid levels were not significantly altered in children born to mothers with 
SWL in pregnancy. This would suggest that cardiometabolic health of these children 
is not clearly affected. A recent study on glucose homeostasis in children (4-11 years 
of age) of HG-mothers revealed similar findings in that glucose and lipid levels were 
not changed but insulin sensitivity was reduced,15 which could also mean that altered 
glucose metabolism needs more time to develop.
There is a growing body of evidence that maternal undernutrition can program 
offspring physiology. In humans, the Dutch Famine Birth Cohort demonstrated a two-
fold increase of coronary heart disease after malnutrition in early gestation,1 and animal 
studies have shown that undernutrition in pregnancy causes altered cardiovascular 
response.37-39 In addition, the role of an unbalanced nutritional intake of both macro- and 
micronutrients is increasingly acknowledged.40 Protein restriction during pregnancy 
is associated with an increased blood pressure in later life in rats,41 as is a decreased 
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protein to carbohydrate ratio in humans,42 although folic acid supplementation can 
reverse raised blood pressure caused by protein restriction.43 One of the mechanisms 
proposed is that the availability of micronutrients may affect methylation patterns, 
leading to long lasting epigenetic changes.44 Furthermore, maternal undernutrition in 
ewes during early gestation resulted in more adipose tissue in their fetuses at term. 
This response was independent of size at birth or maternal food intake in late gestation, 
and suggests that adiposity in later life may be a direct consequence of adaptations in 
the endocrine sensitivity of fetal adipose tissue.45, 46 Another pathway could be through 
maternal anxiety, stress and depressive symptoms, which are thought to be associated 
with HG.26 Maternal depression increases the risk of prematurity and low birth weight, 
potentially through dysregulation of the hypothalamic-pituitary-adrenocortical axis, 
stimulating the release of stress hormones.47 Recent findings suggest a link between 
depressive symptoms in early pregnancy and increased placental glucocorticoid 
regeneration and sensitivity, linking maternal prenatal depression via placental biology 
with adverse offspring outcomes.48 This study shows that weight loss >5 kg during 
the first half of gestation, possibly due to impaired nutritional intake in patients with 
nausea and vomiting, and potentially also exposure to maternal stress, could play a 
role in programming the offspring with an unfavourable cardiometabolic profile. 

CONCLUSION

At 5-6 years of age, children born to women with self-reported SWL had higher 
blood pressure when compared with their peers. Although only slight changes in 
cardiomatabolic profile were found at this age, early pregnancy weight loss, usually 
occurring as a manifestation of HG in our urban western setting, could have long-term 
consequences on offspring health. Interestingly, initial treatment of HG is often based 
on rehydration instead of nutritional support. Consequently, an intervention among 
women with HG aimed at nutritional support in order to prevent weight loss may offer 
a method for improving offspring health and requires investigation. 
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SUPPORTING INFORMATION TABLE S1. Maternal characteristics according to participation in 
only phase 1 or also phase 3

Phase 1 Phase 3 P-value*

n 4664 3165

Age (years; mean±SD) 30.0±5.5 31.9±4.6 <0.001

BMI (kg/m2; mean±SD) 23.2±4.2 22.9±3.8 0.002

Diabetes, all types (%) 2.1 1.8 0.24

Hypertension (%) 12.6 12.2 0.63

Smoking (%) 9.8 8.9 0.20

Maternal secondary education (years; mean±SD) 8.0±4.1 9.7±3.7 <0.001

Non-Western ethnicity (%)  58.6 36.4 <0.001

Nulliparous (%) 55.8 55.4 0.75

SWL (%) 8.3 4.9 <0.001

NVP (%) 49.2 47.3 0.10

BMI: Body Mass Index; NVP: Nausea and vomiting in pregnancy; SWL: severe weight loss. *Independent 
t-test for continuous and chi-square for dichotomous variables

SUPPORTING INFORMATION TABLE S2. Maternal characteristics in phase 3 according to 
fasting blood sample of child

No fasting blood 
sample

Fasting blood 
sample P-value* 

n 1956 1209

Age (years; mean±SD) 31.2±4.9 32.2±4.4 <0.001

BMI (kg/m2; mean±SD) 22.8±3.9 23.0±3.8 0.21

Diabetes, all types (%) 2.0 1.6 0.47

Hypertension (%) 11.8 12.4 0.59

Smoking (%) 9.6 8.6 0.29

Maternal secondary education (years; mean±SD) 9.4±3.8 10.0±3.6 <0.001

Non-Western ethnicity (%)  41.8 33.1 <0.001

Nulliparous (%) 56.1 55.0 0.56

SWL (%) 6.1 4.1 0.01

NVP (%) 50.6 45. 0.004

BMI: Body Mass Index; NVP: Nausea and vomiting in pregnancy; SWL: severe weight loss. *Independent 
t-test for continuous and chi-square for dichotomous variables
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