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GENERAL INTRODUCTION
An adequate calcium intake during pregnancy can reduce morbidity and mortality for both 
mother and fetus. Calcium is necessary for fetal bone mineralization, and adequate intake of 
the mineral reduces risks of restricted intrauterine growth and low birth weight1-3. Maternal 
risks associated with an inadequate calcium intake include the development of pre-eclampsia 
(PE) and other hypertensive disorders1, 2. Hypertensive disorders complicate 3 to 10% of all 
pregnancies4, of which half associated with PE, annually resulting in approximately 30,000 
maternal deaths worldwide5. Although management of PE has improved, the only available 
curative treatment remains placental delivery. Thus, prevention is essential to lower disease 
burden.

Calcium plays a role in cardiovascular function, muscle contraction, bone health, and enzyme 
and hormone functioning6-8. During pregnancy, calcium demands increase due to the devel-
opment of the fetal skeleton. This increased requirement for calcium is met by an increased 
maternal intestinal absorption of calcium9, 10. Calcium absorption proceeds through both 
transcellular transport by calcitriol (vitamin D) and paracellular transport, with the letter 
accounting for most absorbed calcium in case calcium intake is adequate11.

Over 60 years ago, a notably low prevalence of PE was reported for Ethiopia where the diet 
contained high calcium levels.12. The hypothesis that dietary calcium could be of influence 
was strengthened by observations of low incidence of PE in Mayan Indians in Guatemala, who 
traditionally soaked their corn in lime before cooking13. Subsequent epidemiological, clinical 
and laboratory studies linked PE to calcium deficiency14. The explanatory mode of action is 
that low calcium intake may cause high blood pressure by stimulating either parathyroid 
hormone or renin release, thereby increasing intracellular calcium in vascular smooth muscle, 
and leading to vasoconstriction15. Calcium consequently reduces parathyroid release and 
intracellular calcium, and so reduces smooth muscle contractility. By a similar mechanism, 
calcium may also reduce uterine smooth muscle contractility and prevent preterm labour 
and delivery16. By lowering resistance index in uterine and umbilical arteries calcium affects 
uteroplacental blood flow17.

Recommended calcium intakes for pregnant women vary between countries from 900 to 
1200 mg/day18. The Dutch Health Council recommends a calcium intake of 1000 mg/day (Rec-
ommended Dietary Allowance, RDA) for individual adults, irrespective of sex or pregnancy 
status19. The Estimated Average Requirement (EAR) of 800 mg calcium per day is assumed to 
satisfy the needs of 50% of all pregnant women20.

An adequate calcium intake can be accomplished by means of diet and/or supplement use. 
Diet is usually the main contributor to calcium intake21. Although dairy products are the largest 
dietary contributor, an adequate intake is not easily achieved via diet alone. A calcium-rich 
beverage such as milk contains only 108 to 200mg calcium per 100 ml22. Other food sources 

rich in calcium include legumes, leafy greens, fish with soft bones (i.e. sardines and canned 
salmon), almonds, and calcium fortified food products. Consumption of hard water also con-
tributes to calcium intake23. Calcium intakes vary between populations due to food habits 
and accessibility of foods. In most disadvantaged populations dietary calcium intakes during 
pregnancy are alarmingly below recommended levels24. Dietary calcium intakes have been 
studied in developing countries in particular. A WHO survey demonstrated that 89% of nul-
liparous women had inadequate calcium intakes (<RDA), with lowest dietary calcium intakes 
in Africa and Asia25. Yet, it cannot be assumed that populations in high-income countries are 
not at risk. In a cohort of Dutch pregnant women, mean dietary calcium intake was 1108 mg/
day, with a standard deviation of 311 mg, indicating that one third of the women had an in-
adequate calcium intake (<RDA).

Supplemental calcium can be part of general multivitamins, prenatal vitamin or specific calci-
um supplements. The contribution of calcium-containing supplements to total calcium intake 
is typically low26, 27 and specific calcium supplements are used by 4-8% of the non-pregnant 
Dutch population27. The WHO currently recommends calcium supplementation as part of an-
tenatal care for women with an inadequate dietary calcium intake. To our knowledge, total 
calcium intake from both diet and supplement use has not been studied during pregnancy. 
Supplementation trials demonstrated that high-dose calcium supplementation (≥ 1 g/day) 
reduces the risk of pre-eclampsia and preterm birth, particularly for women with low calcium 
diets28. It is unknown whether advising calcium supplementation during pregnancy is (cost)
effective in Dutch pregnant women. Besides the efficacy of the intervention, cost-effectiveness 
is dependent on factors like current calcium status, targeted group, outcome incidence, uptake 
of the intervention, costs of the intervention and costs related to the outcome.

Antenatal micronutrient programs for supplementation deal with multiple challenges in 
uptake and adherence29-31. Low perceptions of severity of nutrient deficiencies and personal 
susceptibility have been demonstrated to be primary barriers to initiation of general micro-
nutrient supplement use among women of reproductive age32. According to the health belief 
model (HBM), the overall perceived threat of a condition is determined by a person’s beliefs 
about the seriousness of a health condition and how susceptible they are to that condition33. 
Reasons for adherence could result from the motivation towards protection. This protection 
motivation theory (PMT) derives from a perceived threat and the desire to avoid the potential 
negative outcome34. The decision to take protective action depends on the believe of existence 
of harm and that one is vulnerable to this harm34. Additionally, other factors – professional, 
social, economic, and organizational - influence the chance of success of the implementation 
of a care innovation35, 36. To optimize the implementation of strategies and interventions for 
change these factors should be explored and analyzed37.

Qualitative research is a useful tool in the identification of factors important for implementa-
tion38. Qualitative research broadly refers to a category of research approaches that produce 
findings without reliance on quantitative measurement or statistical analysis39. Qualitative 
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studies are often used to research phenomena that are difficult to quantify numerically40. 
This form of in-depth research aims to understand why people think, feel, react and behave 
in the way that they do. Although qualitative research is often thought to be the opposite to 
quantitative research, the approaches are in fact complementary. The combination of both 
methods, called mixed methods, is an ever more popular design in implementation research.

We have done a number of studies that shed more light on a number of open questions dis-
cussed above. These studies have been reported on in the current thesis. All studies were done 
within the framework of another study, the Expect Study. Therefore, before we summarize 
the content of the coming chapters, we will give some background information on the Expect 
Study.

OPTIMIZING OBSTETRIC CARE –  
THE LIMBURG OBSTETRIC CONSORTIUM 
AND THE EXPECT STUDY
At the beginning of the 21st century, perinatal mortality was substantially higher in the Neth-
erlands compared to other European countries41, 42. In response to that observation, a steering 
committee from the Dutch Health Ministry published recommendations to improve the Dutch 
obstetric health care system. This was followed by the establishment of a new ZonMW research 
programme: Pregnancy and Childbirth43. Two of the priorities of this programme were improv-
ing the risk selection of pregnant women, and integrating obstetric care. With funding from 
this programme, two projects started in the Dutch province of Limburg: 1) Formation of the 
Limburg Obstetric Consortium (LOC), a cooperation between all stakeholders in obstetrical 
care, with the intention to jointly reorganize and better integrate regional obstetric healthcare, 
and 2) The Expect Study, aimed at improvement of the risk selection during early pregnancy.

The LOC consists of representatives of midwives and gynecologists working in the Limburg 
region, as well as representatives of maternity care, Maastricht University and a manager. To 
standardize obstetric healthcare, the LOC created a uniform set of recommendations that 
included risk-based care pathways. In this way a system of integrated client-centered care 
was enabled, partly tailored to women’s individual risk profiles. Among the new recommenda-
tions was the recommendation to discuss, in early pregnancy, the importance of an adequate 
calcium intake during pregnancy and to advise pregnant women to increase calcium intake 
if deemed necessary.

The first part of the Expect Study, Expect Study I, was aimed at evaluating the validity of pub-
lished early-pregnancy obstetric prediction models. To this aim, 2614 women were enrolled 
in a multicenter prospective cohort study from 2013 to 201544. The objective of the second 
part of the Expect Study, the Expect Study II, was to evaluate the impact of the risk-based care 

paths assigned to women on the basis of prediction models that were selected on the basis of 
the validation study. The Expect Calculator, an online prediction tool, was created and made 
available for all obstetric caretakers in Limburg, embedding the externally validated prediction 
models and LOC’s risk-based care pathways. Impact on maternal and child outcomes as well 
as costs was evaluated in a before-after study, for which a second prospective multicenter 
cohort of 835 women was recruited. Having an almost similar recruitment and data collection 
procedure as Expect I, this cohort (Expect II cohort) enabled comparison of risk-based care 
with former care-as-usual. Since the LOC recommendation to counsel women on adequate 
calcium intake was introduced after recruitment for Expect I and before recruitment for Expect 
II, the two cohorts enabled comparison to evaluate the impact of this care innovation as well.

AIMS AND OUTLINE OF THIS THESIS
This thesis consists of two parts. The studies in the first part were performed during CAU, and 
those in the second part are concerned with the incorporation of calcium advice into routine 
early pregnancy counseling of pregnant women in Limburg.

PART 1 - CALCIUM INTAKE DURING CARE AS USUAL
Chapter 2 reports on a study estimating total daily calcium intake from diet and supplement 
use during early pregnancy in Dutch pregnant women.

Chapter 3 reports on a decision analysis of the impact of advising calcium supplementation 
(1000 mg/day) on the number of cases of PE and related health care costs to either 1) all Dutch 
women, 2) women with a low dietary calcium intake or 3) women with high risk of developing PE.

PART 2 – IMPLEMENTATION OF THE CALCIUM ADVICE FOR ALL PREGNANT 
WOMEN
Chapter 4 describes the protocol of the Expect impact study.

Chapter 5 reports on a study of calcium intakes from both diet and supplement use before and 
after the introduction of early-pregnancy counseling on calcium. Additionally, determinants 
of inadequate calcium intake in care as usual are identified.

Chapter 6 reports on a QUAN-QUAL mixed-methods study, identifying barriers and facilitators 
for an adequate calcium intake.

The final chapter, chapter 7, contains a general discussion of the main findings of the studies, 
their implications, and recommendations for further research.
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ABSTRACT

PURPOSE
Adequate calcium intake during pregnancy is of major importance for the health of both 
mother and fetus. Up to date evidence on the prevalence of inadequate calcium intake among 
pregnant women is sparse for Western countries, and it is unknown to what extent inadequate 
dietary calcium intake is adequately balanced by supplement use. The objective of this study 
was to estimate calcium intake from diet and supplement use during early pregnancy in The 
Netherlands.

METHODS
As part of the Expect cohort study 2,477 pregnant women (8-16 weeks of gestation) completed 
an online questionnaire including questions on baseline characteristics, the use of calcium 
containing supplements and a short Food Frequency Questionnaire (FFQ). Intake data were 
used to calculate median calcium intakes from diet, from supplements, and combined, and 
to compare these values with currently accepted requirement levels.

RESULTS
Forty-two percent of the pregnant women had a total calcium intake below the estimated 
average requirement of 800 mg/day. Median (interquartile range) calcium intake was 886 (611-
1213) mg/day. Calcium or multivitamin supplements were used by 64.8% of the women at 8 
weeks of gestation, with a median calcium content of 120.0 (60.0-200.0) mg/day. Prenatal 
vitamins were the most often used supplements (60.6%).

CONCLUSIONS
Forty-two percent of Dutch pregnant women have an inadequate calcium intake. Supplements 
are frequently used, but most do not contain sufficient amounts to correct this inadequate 
intake.

INTRODUCTION
Fetal growth places high demands on maternal calcium status1,2. Although part of the demand 
is met by means of increased intestinal calcium absorption3-5, adequate calcium intake by the 
mother remains important. Insufficient calcium intake poses risks to both fetus and mother. 
Fetal risks include restricted intrauterine growth, low birth weight, poor bone mineraliza-
tion and preterm birth, whereas maternal risks include hypertension and preeclampsia6,7. 
Several trials have shown beneficial effects of calcium supplementation in the prevention of 
preeclampsia 8-12.

Recommended calcium intake varies between countries from 900 to 1200 mg/day13,14. The 
World Health Organization (WHO) and the Food and Agriculture Organization (FAO) of the 
United Nations recommend a dietary intake of 1200 mg/day of calcium for pregnant women 
and 1000 mg/day for non-pregnant adults (19-50 years old)5,15. In the Netherlands, the rec-
ommended dietary allowance (RDA) is 1000 mg/day for all adults, irrespective of pregnancy 
status16.

Diet is the main contributor to total calcium intake17. Large differences in calcium intakes 
between countries have been linked with diversity in food habits and access to food18. A 
WHO survey showed dietary calcium intake to be inadequate (<1000 mg/day) among 89% of 
nulliparous pregnant women in developing countries18. In view of the good availability and 
affordability of dairy products in the Netherlands, calcium intake might be expected to be 
adequate, and likewise in other Western countries. Nevertheless, in a previous Dutch study 
among pregnant women, mean dietary calcium intake of Dutch pregnant women was found 
to be just above 1100 mg/day with a standard deviation of 31119, indicating that, assuming a 
normal distribution, one in every six women may have an intake below the estimated average 
requirement of 800 mg/day20.

Dietary calcium intake can be complemented with the intake of calcium containing food sup-
plements. The WHO currently recommends calcium supplementation as part of antenatal 
care for women with an inadequate dietary calcium intake to lower the risk of developing 
pre-eclampsia5. To our knowledge, only few studies analyzed total daily calcium intake from 
both food and supplement use21, 22. Moreover, these studies did not evaluate a large cohort in 
a Western country. It is also unclear to what extent calcium is advised or prescribed in Dutch 
clinical practice or how much elementary calcium is ingested from both diet and supplements 
by Dutch pregnant women. In a small survey, we found that 89% of the gynecologists (n=18) 
and 10% of the midwives (n=30) counsel their patients on calcium supplements. Most coun-
seling (74%) was directed, toward pregnant women at high risk for preeclampsia.

The main purpose of this study was to estimate total daily calcium intake from both food 
and supplement use among Dutch women during early pregnancy. To this end, we used data 
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from a population-based pregnancy cohort. Our study’s second purpose was to evaluate the 
calcium content of currently used supplements.

SUBJECTS AND METHODS

STUDY POPULATION
Data were collected as part of the Expect study I, a prospective cohort study performed in the 
south eastern part of the Netherlands with the purpose of validating a number of first-trimes-
ter obstetric prediction models. Pregnant women were recruited in 36 midwifery practices 
and 6 hospitals between July 2013 and January 2015, with follow-up until December 2015. 
Eligibility criteria for the Expect study were: less than 16 weeks of gestation and a minimum 
age of 18 years. The Medical Ethical Committee of the Maastricht University Medical Centre 
evaluated the study protocol and declared that no ethical approval was necessary (MEC 13-
4-053). All participating women gave online informed consent.

Figure 2.1 shows the flowchart of the study population. For this study, we included only women 
that filled out the questionnaire at 8 weeks of gestation or later, allowing most women to have 
adapted their diet or started using supplements. On the basis of this restriction, 136 women 
had to be excluded. We also excluded one woman with missing values in all dietary questions. 
Finally, 2477 women were available for analysis.

DATA COLLECTION
Women were asked to complete an online questionnaire before 16 weeks of gestation (or a 
paper version if requested), containing questions about a range of variables including so-
cio-demographic characteristics, lifestyle, obstetric history, medical conditions and family 
history. Supplement use before and during pregnancy was asked for, focusing on folic acid, 
vitamin D, prenatal vitamins, general multivitamins and calcium preparations, as well as di-
etary intake of calcium and vitamin D.

DIETARY INTAKE
The Dutch FFQ-TOOLTM (FFQ = Food Frequency Questionnaire) was used for the selection of 
food products contributing to calcium and vitamin D intake21. For the present study we only 
focused on calcium intake. Based on food and nutrient intake data for 20-45 old (non-preg-
nant) women who participated in the Dutch National Food Consumption Survey 2007-2010 
(DNFCS 2007-2010) and food composition data from the Dutch Food Composition (NEVO) Table 
2010, that were embedded in the Dutch FFQ-TOOL™, we made the FFQ-TOOL select those food 
products that cumulatively covered >80% of the variance in calcium intake23. The selection 
procedure resulted in 18 food items, for which both the frequency of use (reference period: 
last month) and the average daily amount of use were asked: milk and buttermilk; yoghurt 
and fromage frais (with or without fruit); yoghurt drinks and other dairy beverages; chocolate 

milk; custard and pudding; Dutch cheese; non-Dutch cheese and cream cheese; cheese spread; 
bread spread (sub types: margarine; low-fat margarine; and butter); cooking fat (bake and fry 
products); and fish (subtypes: fat fish such as salmon, mackerel, eel and white harring; lean fish 
such as codfish, tilapia, panga fish and trout; white fish fillet; smoked or steamed fish; herring; 
and fish fingers. Milk, milk products and cheese were included in the questionnaire as major 
sources of calcium, bread spread, bake and fry products and fish as major sources of vitamin D.

Eligible pregnant woman (≤ 15+6 weeks of gestation, age ≥ 18 years)
Prenatal visit gynaecologist/ midwife.
Online informed consent n=2794

Excluded Expect Study I        n=180
Double registration (n=1)
Stopped a�er informed consent (n=30)
Miscarriage (n=38)
Abortion (n=19)
Withdrawal (n=2)
Loss to follow-up (n=7)
No information on outcome (n=83)

Cohort Expect Study I
n=2614 Pregnancy questionnaire + postpartum questionnaire/medical record

Excluded this study
Pregnancy questionnaire:
Gestational age < 8 weeks (n=136)
All dietary data missing (n=1)

Study population
n=2477

Figure 2.1 Inclusion flowchart

We chose to include questions on food products that cumulatively cover >80% of the variance 
in calcium intake and eliminate food products with small calcium contents. This consideration 
was made in order to encourage participants to complete the full questionnaire of the Expect 
study I. Covering the complete dietary calcium intake in this study was not feasible, as the FFQ 
was part of an intensive questionnaire containing several pregnancy related topics, with the 
purpose of validating a number of first-trimester obstetric prediction models. The food items 
in the questionnaire covered an estimated 62% of total absolute dietary calcium intake. In case 
dietary calcium intakes were either 0 mg/day or over 1750 mg/day, women were contacted to 
check whether any unintended errors were made. In the group of women with dietary intakes 
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above the tolerable upper level of 2500mg per day, 4 women reported correct intakes and 
the rest made an unintended error, which was corrected after contact with the participant. 
Since intakes <200mg calcium in the mostly Caucasian population of this study are relatively 
low, we checked whether exclusion of these outliers (dietary calcium intake <200mg, n=106) 
affected median dietary calcium intake and the percentage of total inadequate intake in an 
extra sensitivity analysis. 

SUPPLEMENTS
Questions on potential calcium containing supplements such as prenatal vitamins, general 
multivitamins and calcium supplements, were included for this study. We requested time and 
period of use (start of usage before and during pregnancy, when potentially stopped, current 
use), brand and any subtype, frequency of use per week, and amount of tablets per day.

Calcium was standardized to the elemental form in milligrams, based on the labels. We con-
tacted the manufacturers for clarification when the exact elementary amount of calcium in 
the supplement was unclear.

DATA ANALYSIS
Baseline characteristics were analyzed and presented as percentages. Missing values in the 
baseline characteristics of the Expect I cohort regarding education level (n=3) and body mass 
index (BMI) (n=5), were imputed using stochastic regression imputation based on predictive 
mean matching24.

We calculated individual daily dietary calcium intake by multiplying frequency of consumption 
by consumed amounts of all assessed food products and combining product intake (grams per 
day) with calcium content of each product according to the Dutch Food Composition Table of 
2010 (NEVO-online 2010)25 and DNFCS2007-201023). Missing frequency and amount values were 
imputed with the modal value of all valid values for the specific variable. To account for the 
incomplete coverage of the food frequency questionnaire we adjusted the estimated calcium 
intake values (estimated intake * 100/61.65). In this way, adjusted total calcium intakes were 
used in the analyses and presented in the results.

We calculated percentages of women using the different calcium containing supplements for 
each week of gestation. We calculated daily calcium intake from supplement use by combining 
frequency, amount of supplements and content of specific supplements among current users 
at 8 weeks of gestation. In case a participant used a supplement but did not know the exact 
(subtype) brand, the modal value was imputed. Median values of calcium supplement intake 
at 8 weeks of gestation were calculated.

Median values of total calcium intake, dietary calcium intake and calcium intake from sup-
plement use were calculated and presented in milligrams per day, with interquartile range 
(IQR). Total calcium intake was compared to the Recommended Dietary Allowance (RDA) of 

1000 mg/day and the Estimated Average Requirement (EAR) of 800 mg/day. An intake level of 
800 mg calcium is expected to satisfy the needs of 50% of all pregnant women26, 27. The EAR 
cut point method proposed by the Institute of Medicine (IOM) was used to assess the level of 
inadequacy in calcium intake in our population20, 28.

Analyses were performed using IBM SPSS Statistics version 23.

RESULTS

STUDY POPULATION
The baseline characteristics of the study population (n=2477) are shown in Table 2.1. Almost 
all women were of Caucasian origin, more than 80% of the women were aged 26 to 35 years, 
and 55% had a finished tertiary level of education. Half of the study population was nulliparous 
and 54% of the women had a normal pre-pregnancy BMI (20.0-24.9).

Table 2.1 Baseline characteristics of the study population

Characteristics N=2477*

Age (years)
18-25
26-30
31-35
>35

11%
43%
38%
9%

BMI before pregnancy
<20,0
20,0-24,9
25,0-29,9
>30,0

13%
54%
22%
11%

Ethnicity
Caucasian
Asian
Negroid
Hispanic
Mixed

97%
0.8%
0.1%
0.4%
2%

Parity
Nulliparity

51%

Level of education
Tertiary

55%

* Percentages do not always add up to 100% due to rounding.
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TOTAL CALCIUM INTAKE
Median (IQR) calcium intake was 886 (611-1213) mg/day. Forty-two percent of the women 
(n=1045) had a total calcium intake below the EAR and 60% (n=1489) did not meet the RDA of 
1000 mg calcium per day (Figure 2.2).

Figure 2.2 Calcium intake from diet and supplement use at 8 weeks of gestation

DIETARY CALCIUM INTAKE
Diet was the main contributor to total calcium intake (Figure 2.2). Almost all women (99.8%) 
used calcium-containing dietary products. Dietary calcium intake varied from a minimum of 
0 mg to a maximum of 4215.8 mg calcium per day. Median (IQR) dietary calcium intake was 
798mg/day (530-1113). Most contributing to dietary calcium intake were consumption of Dutch 
cheese (31%) and milk (27%).

Based on just food intake, 50% of the women had an intake below the EAR of 800 mg/day. 
In this group, 16% added enough calcium from supplements to their diet to reach the EAR.

SUPPLEMENT USE
Supplement use per category varied before and during early pregnancy (Figure 2.3). Before 
pregnancy, 29% of the women started the use of prenatal vitamins and at 8 weeks of gestation 
this type of supplements was used by 61%. On the other hand, the use of general multivitamins 
declined from 8% usage before pregnancy to 5% at 8 weeks of gestation. The use of specific 
calcium supplements did not show much variation. Supplements containing only calcium were 
used by only 1% of the women before pregnancy and 2% used them at 8 weeks of gestation.

Figure 2.3 Calcium containing supplement use per gestational age

CALCIUM CONTENT OF SUPPLEMENTS
Median (IQR) calcium intake from supplement use at 8 weeks of gestation was 120 mg/ day 
among users (60-200).

The median (IQR) calcium intake from prenatal vitamins at 8 weeks of gestation (61%) was 120 
mg/day (60-200). The calcium content of various calcium containing prenatal vitamins ranged 
from 60 to 326 mg calcium per tablet. Three of 23 prenatal vitamins did not contain calcium.

 For general multivitamins, the median (IQR) calcium intake was 103 mg/day (5-162) at 8 weeks 
of gestation. The content of the 66 reported general multivitamins ranged from 10 to 500 mg 
per tablet and eighteen reported general multivitamins did not contain any calcium.

The median (IQR) calcium intake from calcium supplements at 8 weeks of gestation (2%) was 
337 mg/day (214-508). The content of reported calcium supplements ranged from 240 to 1000 
mg calcium per tablet.

SENSITIVITY ANALYSIS
Exclusion of participants with dietary calcium intakes <200mg (n=106) resulted in a median 
(IQR) dietary calcium intake of 824 (570-1129) mg and a median (IQR) total calcium intake of 
906 (649-1229) mg per day. The percentage of women with a total calcium intake below the 
EAR was 40%, differing not much from the percentage in the total population.
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DISCUSSION

MAIN FINDINGS
We found that 42% of the population had a total calcium intake below the EAR of 800 mg 
calcium per day.

PREVIOUS FINDINGS ON CALCIUM INTAKE
The beneficial effects of an adequate calcium intake during pregnancy have been a topic of 
interest for quite a long time6, 7, 29-35. Dietary calcium intake during pregnancy has been mainly 
assessed among populations in developing countries, and lowest intakes were predominantly 
found in Asia and Africa18. A WHO systematic review from 2005 showed that the average dietary 
calcium intake in developed countries was below the RDA in half of the included studies18. More 
recent studies showed even higher proportions of inadequate calcium intake in women of re-
productive age in developed countries with inadequacy in more than half of the population31, 32.

Two previous studies have looked at calcium intake among women in the Netherlands. Among 
pregnant women from Rotterdam, mean dietary calcium level in the first trimester of preg-
nancy was found to be greater than results of our current study show, namely 1108 (sd, 311)18. 
Assessment of dietary calcium intakes in this study was done more extensively, by means of 
a modified FFQ containing 293 food items. On the assumption of a normal distribution of cal-
cium intakes, these figures would indicate that about one in every six women would have an 
intake below EAR, which is a lower proportion than found in our study. However, as observed 
in our study, intakes may be strongly right-skewed, implying a higher proportion of women 
with sub-EAR calcium intakes. Furthermore, the women included in the Rotterdam study had 
a more diverse ethnicity and data on supplement use are lacking.

In the Dutch National Food Consumption Survey 2007-2010, more than one-fourth of the 
women of reproductive age (age categories 19-30 and 31-50 years) did not reach the EAR of 
800 mg calcium per day by diet alone. Calcium-containing supplements were used by 4-8%23. 
These women were, however, from the general (non-pregnant) population, while pregnancy 
may cause nausea and changes in food choices36 possibly explaining the lower intake in our 
population. Next to this, while we cover 62% of total absolute dietary calcium intake with our 
inquired food items, the Food Consumption Survey included a more precise method, using 
two non-consecutive 24-hour dietary recalls. The differences in population and methods may 
have contributed to the <17%-difference in the amount of women with inadequate intake. 
Even though the used assessments for dietary calcium intake in the previously mentioned 
studies were more detailed and perhaps more accurate, our study points into the important 
direction of an inadequate calcium intake in a Western population. Additionally, to our knowl-
edge, the current study is the first one that assessed the complete calcium intake from both 
diet and supplement use in Dutch pregnant women.

IMPLICATIONS
We showed that dietary sources alone are insufficient to meet an adequate calcium intake in 
50% of the pregnant women. Ingestion of the amount of calcium necessary to reach the EAR 
is not easily achieved via diet alone31. Although dairy products are the largest contributor to 
calcium intake, 100 g milk contains only 108 to 200 mg calcium25. Changing dietary habits is 
challenging for many women, despite a presumed higher awareness of health issues during 
pregnancy37, 38.

Dietary intake can be complemented by supplements to achieve an adequate calcium intake. 
Supplement use will result in a higher prevalence of an adequate calcium intake32, 39. In the 
current study, 74% of our participants used multivitamin or calcium supplements. Morisset et 
al.40 demonstrated calcium containing supplements are being used by 73% of their study-pop-
ulation (n=1186), which is comparable to our study population. However, the calcium content 
of the most frequently used supplements - prenatal vitamins - is insufficient to complement 
the dietary calcium intake to a level that meets EAR. Remarkably, three of the 23 used prenatal 
vitamins did not contain any calcium. Moreover, the effectiveness of prenatal vitamins other 
than separate folic acid and vitamin D supplements has never been proven41. Because of the 
insufficient calcium content of most prenatal vitamins and multivitamins, it seems essential 
to advise the use of separate calcium supplements for pregnant women with an inadequate 
calcium intake. We recently showed that advising all pregnant women to use calcium sup-
plements can be expected to cause substantial reductions in the incidence of pre-eclampsia 
as well as related health care costs42. No major side effects have been described, but the 
tolerable upper level of 2500 mg calcium per day should be taken into account, since hyper-
calcemia could cause renal insufficiency, vascular and soft tissue calcification, hypercalciuria 
and kidney stones20, 23.

STRENGTHS & LIMITATIONS
Our study provides an overview of calcium intake levels by pregnant women based on not just 
diet but also supplement use. A major strength of our study is the large sample size of 2477 
participants. In our population, women of Caucasian origin were somewhat overrepresented 
and more than half of the population had a high educational level, which corresponds to the 
composition of the population of Dutch women in their thirties43. A previous Canadian study 
showed that calcium intake was lower in women with lowest educational levels40, so the over-
representation of high educated women in our study may have led to an underestimation of 
the total percentage of women with an inadequate intake.

A few limitations of our study should be addressed. Firstly, since there is no biochemical assay 
to display the nutritional calcium status, we had to depend on questionnaires. Repeated di-
etary recalls or records might have been considered as more accurate approaches for food 
intake assessment. However, this method would not be achievable in a large cohort. Nev-
ertheless, the FFQ method is widely used for food product and nutrient intake assessment, 
and although its main strength is in the ranking of individuals according to their intakes of 
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frequently used foods and nutrients it is also considered a feasible tool to gain insight in the 
percentage of inadequate intake in a large population44. Secondly, our assessment of dietary 
calcium intake included only those products with highest contribution to their calcium content 
in order to minimize the load of the questionnaire. Moreover, the selected products inquired 
in our questionnaire contributed to more than 60 percent of all dietary calcium intake and we 
recalculated total calcium intake to 100%45. This selection procedure probably has resulted in 
an underestimation of dietary calcium intake, requiring adjustment40. The 5 most contributing 
food products to dietary calcium intake that were not inquired in our study were bread (3.9%), 
water (3.7%), cooked or stir fried vegetables (3.5%), coffee (2.2%) and tea (1.6%). Even though 
the contribution of these food products to total calcium intake is limited and already covered 
in the recalculation from 61.65 to 100%, we compared our methods to the methods used in a 
more extensive FFQ. In order to ensure that our methods estimated the correct total calcium 
amount, we applied our methods to the data of pregnant women from an older birth cohort 
study (N=2855)46. Thirty-nine from the 213 food items from the KOALA-FFQ were comparable 
to the food items we inquired in our study. Total calcium intake based on the 39 food items was 
strongly correlated to calcium intake based on the complete KOALA-FFQ (Pearson’s r = 0.95). 
Women who did not consume food products inquired in our questionnaire were contacted and 
have a recalculated total dietary calcium intake of 0 mg, while they may have consumed other 
calcium containing products. However, sensitivity analysis did not show large differences after 
exclusion of outliers. Thirdly, recall may not have been optimal as dietary intake was inquired 
for the month prior to filling in the questionnaire. Lastly, there may have been intra-individual 
variation in food intake which was not covered by the applied measurement procedure. Food 
intake may vary over time and perhaps especially during pregnancy as women may experience 
sickness in early pregnancy. However, previous evidence showed that calcium intake from 
supplement use does not differ much across trimesters47.

CONCLUSION
Our study provides insight in calcium intake from both diet and supplement use during early 
pregnancy. We found that 42% of the pregnant population had an inadequate total calcium 
intake. Efforts to reach an adequate calcium intake are recommendable for all women with 
inadequate calcium intakes. We advise further research into barriers and facilitators for ob-
taining an adequate calcium intake during pregnancy. Additionally, research into risk indica-
tors for an inadequate calcium intake could be useful in order to implement directed health 
promotion to target groups.
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ABSTRACT

INTRODUCTION
Adequate calcium intake during pregnancy is important in the prevention of pre-eclampsia. 
A substantial proportion of pregnant women do not meet the recommended daily calcium 
intake, even in developed countries. Nonetheless, calcium supplementation is not routinely 
advised to pregnant women in most countries. We aimed to predict the impact of advising 
pregnant women to use calcium supplements (1000 mg/day) on the number of cases of pre-ec-
lampsia prevented and related health care costs.

METHODS
By use of a decision-analytic model, we assessed the expected impact of advising calcium 
supplementation to either (1) all pregnant women, (2) women at high risk of developing 
pre-eclampsia, or (3) women with a low dietary calcium intake compared with current care. 
Calculations were performed for a hypothetical cohort of 100,000 pregnant women living in 
a high-income country, although input parameters of the model can be adjusted so as to fit 
other settings.

RESULTS
The incidence of pre-eclampsia could be reduced by 25%, 8%, or 13% when advising calcium 
supplementation to all pregnant women, women at high risk of pre-eclampsia, or women with 
a low dietary calcium intake, respectively. Expected net financial benefits of the three scenar-
ios were of €4,621,465, €2,059,165, or €2,822,115 per 100,000 pregnant women, respectively.

DISCUSSION
Advising pregnant women to use calcium supplements can be expected to cause substantial 
reductions in the incidence of pre-eclampsia as well as related health care costs. It appears 
most efficient to advise calcium supplementation to all pregnant women, not subgroups only.

INTRODUCTION
Calcium supplementation is a promising intervention for the prevention of pre-eclampsia 
(PE). A meta-analysis of 13 randomized controlled trials (RCT) comprising 15,730 pregnant 
women, showed an overall reduction of 55% in the risk of PE among women receiving calcium 
supplements (>1000 mg/day) from the second half of pregnancy to delivery as compared to 
women receiving placebo supplements (risk ratio (RR), 0.45; 95% confidence interval (95% 
CI), 0.31-0.65)1. The risk reduction was more pronounced among women with an increased 
risk of hypertensive disorders (RR 0.22, 95% CI 0.12-0.42, five trials) and among women with a 
low dietary calcium intake (mean intake <900 mg/day) (RR 0.36, 95% CI 0.20-0.65, eight trials).

Calcium supplementation of 1000 mg/day (elemental) costs about 50 euros per pregnancy2,3. 
Side effects are uncommon and usually mild1,4. Despite its documented protective effect, rel-
ative cheapness, and safety, calcium supplementation is still not part of standard antenatal 
care in most countries. The World Health Organization recommends calcium supplementation 
as part of antenatal care in populations where calcium intake is low5.

Recommended calcium intake for pregnant women varies between 900 and 1200 mg/day, 
depending on the country6,7. Actual intake among pregnant women often doesn’t meet the 
recommendation, even in countries with sufficient availability and affordability of calcium-rich 
foods8. For instance, in a recent Dutch pregnancy cohort study, mean maternal dietary calcium 
intake was 1108 mg/day with a standard deviation of 311 mg, indicating that more than one-
third of the women had an intake below 1000 mg/day9. The contribution of calcium-containing 
supplement use to total daily calcium intake is low10,11.

Although adequate calcium intake through calcium-rich foods should be encouraged, avail-
able experimental evidence implies that calcium supplementation, either among all pregnant 
women or selected subgroups, could yield important health gains. Other factors, however, 
also contribute to the eventual success of implementing calcium supplementation in antenatal 
care. These include the size of the target population, the incidence of PE, the percentage of 
women already taking calcium supplements, and the uptake of the intervention.

As to financial impact, costs of calcium supplements and savings due to prevented cases of 
PE should be taken into account.

The aim of this study was to predict the impact of advising pregnant women to use calcium 
supplements (1000 mg/day) on the number of cases of PE prevented and related health care 
costs.
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METHODS

ANALYTICAL MODEL
We assessed the expected impact of advising calcium supplementation (1000 mg/day), from 
20 weeks of pregnancy to delivery, to (1) all pregnant women, (2) women at high risk of de-
veloping PE, or (3) women with a low dietary calcium intake (<900 mg/day). We designed a 
simple decision-analytic model for the comparison of these three scenarios with current care 
(Figure 3.1)12. The patient population was a hypothetical cohort of 100,000 pregnant women 
living in a high-income country such as the Netherlands. Variables used in the model were the 
following: size of the target population, incidence of PE, efficacy of calcium supplementation 
during pregnancy, estimated number of women currently using calcium supplements, expect-
ed compliance with the advice, cost of one case of PE (in-hospital costs for both mother and 
baby from diagnosis of PE until discharge from hospital after delivery), and cost of calcium 
supplements per pregnancy.

The model was developed in Microsoft Excel and is available as supplementary material.

Figure 3.1 Decision tree comparing current care with advising calcium supplementation (1000 mg/day) 
to different scenarios in the prevention of pre-eclampsia. PE = pre-eclampsia. Legend: The decision tree 
illustrates the comparison of current care with advising calcium supplementation (1000 mg/day) to (1) 
all pregnant women, (2) women at high risk of developing pre-eclampsia, or (3) women with a low dietary 
intake (<900 mg/day) in the prevention of pre-eclampsia

DATA SOURCES
We obtained base-case values and reported ranges of the relevant input parameters from 
published literature and government reports.

Where no specific evidence was available, we employed conservative estimates based on 
related information from the literature or input from clinical experts.

The eligible population modeled reflects the Dutch pregnant population. No data source was 
available for the number of women at high risk of developing PE, as this is also dependent 
on the definition of high risk. We made a conservative estimate based on interviews with 
Dutch obstetricians. The number of pregnant women with a low dietary calcium intake was 
estimated on data from a Dutch birth cohort study and data from the Dutch National Food 
Consumption Survey among women of reproductive age9,11. The incidence of PE was obtained 
from a nationwide Dutch cohort study, as the Dutch perinatal registry (Perined) has no reli-
able data about the exact incidence of PE13. PE incidence data among women at high risk of 
developing PE and women with low dietary calcium intake were acquired from international 
literature studies1,14,15. The effect sizes of calcium supplementation in the prevention of PE 
in the different target populations were obtained from the most recently published system-
atic review1. The number of pregnant women currently using calcium supplements during 
pregnancy was estimated on the basis of data from the Dutch National Food Consumption 
Survey among women of reproductive age, survey among pregnant women in Australia, and 
interviews with Dutch obstetricians11,16. No data source was available on the uptake of the 
advice to use calcium supplements during pregnancy as this is no recommendation yet in 
Dutch obstetric care. We made a conservative estimate based on Dutch data about the use 
of folic acid supplementation during pregnancy17,18 For calculating the financial impact out-
comes, in-hospital cost of one case of PE was derived from a review containing an economic 
evaluation of tests and treatments on PE14. Cost of calcium supplements per pregnancy was 
obtained from Care Institute Netherlands which calculates drug costs based on the actual 
Pharmacy Purchase Price2.

The values and sources of all clinical and financial input parameters are summarized in Table 
3.1.

OUTCOME MEASURES
With the model, we calculated the changes in health outcomes between the new scenarios and 
current care in terms of absolute reduction, relative reduction, and number needed to advise. 
The absolute reduction was defined as the difference in the number of cases of PE between 
the new scenario and current care, and relative reduction as the percentage difference in in-
cidence of PE between the new scenario and current care. The number needed to advise was 
calculated as the average number of pregnant women that need to be advised to use calcium 
supplements in the new scenario to prevent one case of PE compared with current care.
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The financial impact of prevented cases of PE in the new scenario compared to current care 
was calculated by multiplying the absolute reduction by unit cost of one case of PE. The extra 
cost of calcium supplements was defined as the additional cost of calcium supplements in 
the new scenario compared to current care. The net financial impact was calculated from a 
public payer’s perspective by subtracting extra cost of calcium supplements from the financial 
impact of prevented cases of PE. Financial quantities were expressed in euros (€). No discount-
ing was applied to either costs or clinical outcomes. Time horizon, in line with the timing used 
in the meta-analysis, spanned the 20th weeks of pregnancy until discharge of mother or child 
from hospital after delivery1.

SENSITIVITY ANALYSIS
One-way sensitivity analyses were performed for each scenario to evaluate the impact of 
variations of values of model input parameters on the absolute reduction and net financial 
impact. Input parameters were varied one at a time within a plausible range around the base-
case value based on literature review or realistic assumptions. Ranges used for the sensitivity 
analyses are presented in Table 3.1. The results of the sensitivity analyses were plotted in 
tornado diagrams using R version 3.2.3.
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RESULTS

BASE-CASE
Table 3.2 presents the expected number of PE prevented and related health care costs for the 
three scenarios compared to current care in a hypothetical cohort of 100,000 pregnant women.

Table 3.2 The expected impact on prevented cases of pre-eclampsia and related health care costs of 
advising calcium supplementation during pregnancy – a comparison of three scenarios with current care

Current 
care

Scenarios – Advising calcium 
supplementation to:

(1)
All 

pregnant 
women 

(n=100,000)

(2)
Pregnant 

women at high 
risk of pre-
eclampsia
(n=10,000)

(3)
Pregnant 

women with 
a low dietary 

calcium intake 
(n=25,000)

Cohort

Number of pregnant women (n) 100,000 100,000 100,000 100,000

Users of calcium supplements (n) 5,000 50,000 9,500 16,250

Cases of pre-eclampsia (n) 3,000 2,237 2,746 2,624

Clinical impact cases of pre-eclampsia

Absolute reduction (n) 763 254 376

Relative reduction (%) 25 8 13

Number needed to advise (n) 131 39 66

Financial impact

Cost savings from prevented cases of pre-
eclampsia

€6,871,465 €2,284,165 €3,384,615

Extra cost of calcium supplements €2,250,000 €225,000 €562,500

Net financial impact +€4,621,465 +€2,059,165 +€2,822,115

In current care, PE complicates 3% of all pregnancies (3000/100,000). The base-case analysis 
indicated that if calcium supplementation is advised to all pregnant women (n=100,000) (sce-
nario 1), 763 cases of PE will be prevented (i.e. relative reduction of 25%). The estimated net 
financial benefit (savings minus costs of calcium supplements) was €4,621,465 per 100,000 
pregnant women. If calcium supplementation is advised to subpopulations of pregnant women 
at high risk of PE (scenario 2) or pregnant women with a low dietary calcium intake (scenario 
3), an estimated 254 and 376 cases of PE will be prevented, respectively, and estimated net 
benefits amount to €2,059,165 and €2,822,115. The numbers needed to advise is lowest in 
scenario 2 and highest in scenario 1.

SENSITIVITY ANALYSIS
One-way sensitivity analyses performed for the different scenarios are illustrated in Figure 
3.2. The results indicated that calcium supplementation during pregnancy is both clinically 
and financially beneficial within all plausible ranges. The strongest influence was found for 
the number of users of calcium supplements in the new scenarios and the efficacy of the use 
of calcium supplements. In scenario 2 and 3, results were additionally influenced by the size 
of the subpopulation, with larger impacts in case of larger target populations.

DISCUSSION

MAIN FINDINGS
The results of our decision analysis indicate that advising calcium supplementation to all 
pregnant women, pregnant women at high risk of PE, or pregnant women with a low dietary 
calcium intake can be expected to reduce the incidence of PE by 25%, 8%, or 13%, respectively. 
Expected net financial benefits are €4,621,465, €2,059,165, or €2,822,115 per 100,000 pregnant 
women. Although clinical and financial benefits may vary with varying parameter estimates, 
it is implausible that effects will be reversed.

STRENGTHS AND LIMITATIONS
Translation of efficacious preventive interventions to clinical practice remains a challenge19. 
Randomized controlled trials may not represent real-world conditions, and do not by them-
selves yield sufficient information for inference on the population impact of implementing an 
intervention. Decision analysis, combining evidence from efficacy studies with that of various 
other sources, is necessary in order to provide insight to caregivers, budget holders, policy 
makers, and health insurance companies as to whether an efficacious intervention is attractive 
for implementation.
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Figure 3.2 Tornado diagrams of one-way sensitivity analyses results for prevented cases of pre-eclampsia 
and net financial impact, per 100,000 pregnant women. Legend: The vertical line in the center of the chart 
represents the prevented cases of pre-eclampsia or net financial impact for the base-case values. The 
bars show the variation of input parameters within plausible ranges

Other researchers have estimated the clinical and financial impact of diagnostic or preventive 
interventions to reduce pregnancy complications14,20-24. Meads et al. (2008) also considered the 
cost-effectiveness of calcium supplementation in the prevention of PE, but under less realistic 
assumptions, namely that in current care no pregnant women use calcium supplements and 
that the uptake of the intervention would be 100%.

We recognize that although we have used the best evidence for obtaining accurate input 
values, our analysis is limited by the availability and quality of existing evidence. We derived 
the effect estimate of calcium supplementation from a high GRADE systematic review1. As the 
authors of that review noted, overall effects may be overestimated due to stronger effects 
found in smaller studies (which predominantly included high-risk women), or publication bias. 
Also, different effects of calcium supplementation may be expected across populations with 
different baseline levels of calcium intake. However, as evidenced by our sensitivity analysis, 
even more modest effects can be expected to yield considerably favourable effects on pop-
ulation health as well as economic outcomes.

For the few parameters for which no evidence was available, we attempted to take account 
for the uncertainty by staying conservative when determining the base case values, so as 
not to obtain overoptimistic results. We also performed sensitivity analyses, the results of 
which did not reveal a dependency of the conclusions on variation of the input values within 
all plausible ranges.

We did not take into account investments for implementation of the intervention. Therefore, 
the expenditure is expected to be higher depending on the extent of the efforts, particularly 
in the first years of implementation. On the other hand, we also did not consider long-term 
costs for mother and child due to PE (e.g., costs related to neurodevelopmental impairment of 
children born preterm or to cardiovascular disease in the mother), as these are problematic to 
quantify25-27. Including these costs would have made the economic benefits of the intervention 
more favourable.

Our cost calculations were made from a public payer’s perspective, implying that we assumed 
that women prepared to use calcium supplements would receive a prescription from their 
health care provider. Assuming that pregnant women would have to pay for calcium supple-
ments themselves would, with equal uptake, lead to higher benefits from the perspective of 
the public payer. For the estimation of the expected uptake of the calcium advice, we made 
use of the rate of folic acid use in the periconceptional period in the Netherlands, which inter-
vention is currently not financially reimbursed by health insurance companies. As prescription 
and reimbursement is expected to improve uptake rates, and higher uptake will lead to higher 
economic and health benefits (see Figure 3.2), our results probably give a conservative picture 
of expected effects.
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INTERPRETATION
Our results provide support for the idea that advising the use of calcium supplements to 
pregnant women can bring about important health effects on population level. Besides, it 
can reduce health care costs.

We calculated the expected impact from a high-income perspective, using values specific for 
the Dutch situation. Comparable results can be expected for other high-income countries. In 
low-income countries, particularly those in which inadequate dietary calcium intake is more 
prevalent or baseline risk of PE is higher, health and economic effects may be more favour-
able8,28,29. Our model can be used for the calculation of country-specific effects by making use 
of local point estimates and plausible ranges.

Reaching an adequate calcium intake through calcium-rich foods should be primarily encour-
aged. However, women may not be prepared to consume the daily amount of foods necessary 
to reach an adequate intake. For example, to take in 1000 mg of elementary calcium by milk 
only, at least four glasses (200 ml each) have to be consumed. Trials of behavioural interven-
tions to increase maternal dietary calcium intake have shown mixed results30.

In view of our results, it seems efficient to advise using calcium supplements to all pregnant 
women. Women who are not part of defined subgroups then can also profit from the inter-
vention, and no individual dietary calcium intake or risk of PE has to be estimated. Although 
the number needed to advise is higher in the overall pregnant population as compared to 
subgroups, this seems acceptable as calcium supplementation is a non-invasive, well toler-
ated, and – provided that it is used prudently - safe intervention. Recent studies among the 
elderly have raised concerns that high-dose calcium supplementation might increase the risk 
of cardiovascular disease31-33. Available evidence remains, however, inconclusive. Moreover, 
most pregnant women will stop using the supplements after delivery and therefore use it for 
only a short period of time.

The specific dose of supplemental calcium needed to reduce the risk of PE is unknown and 
probably dependent on the dietary intake of calcium. Low-dose calcium supplementation 
(<1 g/day) has shown a reduction in the risk of PE in some studies, but evidence is limited and 
more high-quality trials are needed1. Until more evidence is available, supplementation of 1000 
mg/day is recommendable, keeping an eye on the upper level of 2500 mg/day1,5-7. Effects of 
calcium supplementation could be further enhanced if combined with vitamin D, as calcium 
absorption occurs principally via an active transcellular vitamin D-dependent process34,35.

Although our results indicate that favourable economic and health effects can be obtained 
even with suboptimal uptake of the intervention, a challenge remains to effectively implement 
the intervention in health care practice36,37. Implementation efforts require that attention be 
paid to accessibility, affordability, acceptability, and adherence to the intervention from a 
patient’s, care providers’, and organizational point of view. Implementation strategies for 

low-income countries have major challenges compared to high-income countries, such as 
limited accessibility to antenatal care and economic issues38,39.

Facilitators for implementation of calcium supplementation are good tolerance, absence 
of adverse effects, and the expectation that it can be implemented by different health care 
providers with moderate levels of training and expertise1,4. Uncertain but important factors 
are the extent to which antenatal care providers are effective in changing pregnant women’s 
behavior, and whether or not calcium supplements are covered by health insurers. Research is 
needed on facilitators and barriers in the implementation of calcium supplementation among 
pregnant women.

CONCLUSION
In conclusion, our results indicate that advising calcium supplements to pregnant women can 
be expected to cause substantial reductions in the incidence of PE as well as related health 
care costs. Largest impact is expected from calcium supplementation advice to all pregnant 
women, not subgroups only.
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ABSTRACT

BACKGROUND
Recently, validated risk models predicting adverse obstetric outcomes combined with risk-de-
pendent care paths have been made available for early antenatal care in the southeastern 
part of the Netherlands. This study will evaluate implementation progress and impact of the 
new approach in obstetric care.

OBJECTIVE
The objective of this paper is to describe the design of a study evaluating the impact of imple-
menting risk-dependent care. Validated first-trimester prediction models are embedded in 
daily clinical practice and combined with risk-dependent obstetric care paths.

METHODS
A multicentre prospective cohort study consisting of women who receive risk-dependent care 
is being performed from April 2017 to April 2018 (Expect Study II). Obstetric risk profiles will be 
calculated using a Web-based tool, the Expect prediction tool. The primary outcomes are the 
adherence of healthcare professionals and compliance of women. Secondary outcomes are 
patient satisfaction and cost-effectiveness. Outcome measures will be established using Web-
based questionnaires. The secondary outcomes of the risk-dependent care cohort (Expect II) 
will be compared with the outcomes of a similar prospective cohort (Expect I). Women of this 
similar cohort received former care-as-usual and were prospectively included between July 
1, 2013 and December 31, 2015 (Expect I).

RESULTS
Currently women are being recruited for the Expect Study II and a total of 300 women are 
enrolled.

CONCLUSIONS
This study will provide information about the implementation and impact of a new approach 
in obstetric care using prediction models and risk-dependent obstetric care paths.

TRIAL REGISTRATION
Netherlands Trial Registry (NTR): NTR4143

INTRODUCTION
Perinatal mortality plays a pivotal role in the quality assessment of perinatal care 1. In devel-
oped countries the main causes of perinatal mortality are small-for-gestational-age infancy 
(SGA), preterm birth (PTB), and asphyxia 2,3. Pre-eclampsia (PE) is an important cause for both 
SGA and induced PTB 4. Risks of asphyxia and birth injuries are increased among infants that 
are large-for-gestational-age (LGA) 5, which in turn is strongly associated with gestational di-
abetes mellitus (GDM) 6. Thus, PE, GDM, PTB, SGA, and LGA are all directly or indirectly related 
to perinatal mortality.

A number of interventions have shown to be effective in the prevention of adverse pregnancy 
outcomes, such as low-dose aspirin treatment in case of PE 7-9, adequate management of GDM 
10,11, and progesterone administration in women at risk of spontanous PTB 12. Besides calcium 
supplementation, most of these interventions are not suitable for all pregnant women, be-
cause of either possible adverse effects, patient burden, or costs. Early prediction of obstetric 
risks may therefore help healthcare professionals in designing intervention strategies based 
on women’s individual risks.

Recently, we performed an external validation study of first trimester prediction models pre-
dicting the risk of PE, GDM, PTB, SGA and LGA (the Expect Study I) 13,14. The Expect Study I iden-
tified clinically useful prediction models for PE and GDM. The Limburg Obstetric Consortium 
(LOC), midwives and gynaecologists of the southeastern part of the Netherlands developed 
care pathways, i.e., basic antenatal care for women at low risk and additional risk-dependent 
care for women with elevated risks of PE, GDM, PTB, SGA, or LGA. The LOC agreed to implement 
the risk models predicting PE and GDM, in order to identify women at increased risk of these 
outcomes, and to offer these women risk-dependent care.

The current protocol describes the design of a multicentre prospective cohort study (Expect 
Study II) evaluating the implementation progress of using these prediction models combined 
with tailored care paths for PE and GDM.

The primary aims of the Expect Study II are to measure adherence to the new risk-dependent 
care guidelines by healthcare professionals and compliance of pregnant women who received 
recommendations. The secondary aims are to evaluate its impact upon patient satisfaction 
and cost-effectiveness. Secondary aims will be studied by comparing these outcomes of the 
Expect II cohort with the Expect I cohort.
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METHODS

STUDY DESIGN AND RECRUITMENT
In April 2017, the Expect prediction tool was introduced. The Expect prediction tool was de-
veloped to enable individual risk assessment during early pregnancy regarding the risks of 
PE, GDM, PTB, SGA, and LGA. Validated models selected by the LOC to predict PE and GDM 
have been incorporated into this tool (study submitted by Meertens et al). Risk assessment 
of spontaneous PTB, SGA and LGA is achieved using the revised LOC guidelines 15. For nullip-
arous women, the prediction tool comprises 14 variables concerning anthropometric data, 
relevant medical history, and family history. For multiparous women the tool enquires six 
more variables, all concerning the women’s obstetric history.

The Expect prediction tool is a Web-based form, which calculates the estimated risk profiles. 
This tool was made available for healthcare professionals via the Expect study website (https://
www.zwangerinlimburg.nl) for implementation in daily obstetric care. Besides the estimated 
risks of adverse pregnancy outcomes, the tool provides recommendations for tailored antena-
tal care based on personalized risks (i.e., risk-dependent care). In addition, patient information 
brochures relevant to the patient’s risk profile will be automatically generated. The health care 
professionals can use this tool during one of the pregnant woman’s antenatal visits before 16 
weeks of pregnancy. Using a shared decision approach, the appropriate risk-dependent care 
path with corresponding preventive measures and check-ups will be selected.

In order to implement risk-dependent care successfully, midwives and gynaecologists are 
encouraged to use the Expect prediction tool by representatives of the LOC. The Expect pre-
diction tool is introduced by email to all obstetric healthcare professionals in the region. Fur-
thermore, oral presentations will be given at every hospital and at local midwifery meetings. 
Additionally, the hospitals and midwifery practices are contacted regularly by phone and in 
person to evaluate the Expect prediction tool.

The midwives and gynaecologists play a central role in enrolling pregnant women into the 
Expect Study II, by asking women whether they are interested in receiving further information 
about participating in the Expect Study II. Almost every pregnant woman is eligible for our 
study. The exclusion criteria are (1) maternal age <18 years, (2) documented multiple pregnan-
cy, and (3) ≥16 weeks of gestation at intake. The eligibility criteria are identical to those of the 
Expect Study I cohort 13. Eligible women agreeing to participate are asked to give informed 
consent and to complete 4 Web-based surveys at enrolment, 24 weeks and 34 weeks of ges-
tation, and 6 weeks after due date.

A personal link to the first online survey will be sent immediately after enrolment. If the survey 
was not accessed or incomplete, two automatic reminders will be sent by email at 3-day in-
tervals for surveys one to three and at 6-day intervals for the postpartum survey. In case of 

non-response, women will be contacted by phone (provided that a correct phone number is 
available). If women report PTB at the beginning of survey two or three, they will automatically 
be redirected to the postpartum survey.

 The medical ethical committee of Maastricht University Medical Centre (MUMC+) evaluated the 
study protocol and declared that the study did not fall within the scope of the Dutch Medical 
Research Involving Human Subjects Act (WMO) (METC-17-4-057).

TAILORED-CARE PATHS
The LOC consists of midwives (n=9), gynaecologists (n=9), professionals in maternity care (n=2), 
researchers (n=3), and an independent chairperson. They meet four to five times annually and 
represent the University medical school, midwifery academy, all hospitals, and roughly 80% 
(n=90) of the midwives of the province. The midwives and gynaecologists of the LOC revised 
the content of obstetric care. We will briefly describe the most important changes regarding 
antenatal care compared to former care-as-usual, which has been observed during Expect 
Study I. All women will receive basic antenatal care. In the new tailored care paths, recommen-
dations about calcium and vitamin D supplementation are emphasized for all women and an 
additional ultrasound for foetal growth assessment at 32 weeks of pregnancy is introduced 
as part of basic antenatal care.

An overview of the care pathways is provided in Table 4.1. Additional risk-dependent care for 
women with a mildly elevated risk of PE comprises the recommendation of preventive aspirin 
treatment, 80-100 mg aspirin daily from 12 weeks up to 36 weeks of pregnancy. Obstetric 
care for women with a substantial risk of PE additionally comprises of extended blood tests, 
blood pressure measurements every 2 weeks from 14 weeks up to 40 weeks of gestation, and 
2 additional ultrasounds for foetal growth measurements.

Women with a history of GDM are advised to have an oral glucose tolerance test (OGTT) at 16 
and 26 weeks of pregnancy. Women with a mildly elevated risk are advised to have an OGTT 
at 24 weeks of pregnancy. Furthermore, in both cases, women will receive two additional 
ultrasounds for foetal growth measurements in addition to basic antenatal care.

OUTCOME MEASURES AND MEASUREMENT
The primary outcomes are healthcare professionals’ adherence to key recommendations 
and compliance of the women involved in the study. Adherence is defined as the proportion 
of women that actually received the key recommendations they should have received from 
their healthcare professional according to the LOC guidelines. Adherence will be analysed 
regarding recommendations of adequate vitamin D (yes or no) and calcium intake (yes or no) 
for all women, preventive aspirin treatment (yes or no) for women with elevated PE risks, and 
OGTT (yes or no) for women with elevated GDM risks.
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Compliance is defined as the proportion of women whom comply with the LOC recommenda-
tions they have received (yes, no or partially). Compliance will be analysed regarding: adequate 
vitamin D (10 microgram per day) and calcium (1,000 milligram per day) intake, preventive 
aspirin treatment, and OGTT.

The secondary outcomes are patient satisfaction and cost-effectiveness. These secondary 
outcomes of Expect Study II will be compared to the outcomes of Expect Study I.

Patient satisfaction will be measured by validated patient satisfaction questionnaires. The 
Patient Satisfaction Questionnaire Short Form (PSQ-18) will be incorporated in antepartum 
surveys two and three. In the postpartum survey, patient satisfaction will be assessed by 
the Pregnancy and Childbirth Questionnaire (PCQ) 16. The PCQ is validated for Dutch women 
who recently gave birth and addresses three topics: women’s satisfaction with the health-
care professional during pregnancy, health education, and satisfaction with the healthcare 
professional during labour. Furthermore, Truijens et al showed the PCQ is sensitive to pick 
up effects regarding patient satisfaction due to simulation-based obstetric team training 17.

In order to perform cost-effectiveness calculations, we will calculate two incremental cost-ef-
fectiveness ratios (ICERs). The first ICER expresses the healthcare costs per one neonatal 
composite outcome prevented. The neonatal composite outcome is defined as perinatal death 
within seven days after birth, asphyxia (Apgar score <7 after 5 minutes), admission to a neonatal 
intensive care unit (NICU) within 28 days after birth, SGA (birthweight <2.3 weight percentile), 
and very preterm birth (birth before 32 completed weeks of pregnancy) 13. The second ICER 
will express the healthcare cost per one maternal gained Quality Adjusted Life Year (QALY).

DATA COLLECTION
For the primary outcomes, we will use the data collected for the Expect Study II. For the 
secondary outcomes, when comparing the effects of risk-dependent care with former care-
as-usual, the outcomes of the Expect Study II will be compared with the outcomes of the 
Expect Study I. For this reason, the survey intervals and the questions regarding the secondary 
outcomes are similar between the two studies.

In the Expect Study II, data will be collected using the Expect prediction tool, comprising wom-
en’s personal risk profile, and Web-based patient surveys. A structured overview of patient 
enrolment and data collection for the Expect Study II is shown in Figure 4.1.

The first survey addresses the following topics: (1) recommendations and information given 
by health healthcare professionals, (2) women’s intention to comply with these recommen-
dations, (3) dietary intake of calcium and vitamin D sunlight exposure, and (4) vitamin and 
mineral supplement usage.

The second and third surveys are comparable to each other and will address the following 
topics: (1) patient satisfaction, (2) women’s state anxiety, (3) maternal quality of life, (4) chang-
es in vitamin and mineral supplement usage, and (5) healthcare resource use.

In order to document the nature and volume of healthcare resource used, women will be asked 
to record all visits to midwives, hospitals, and other care institutions. Furthermore, questions 
related to medication use, hospital admission, diagnostic and medical procedures, and the 
delivery will be asked. To minimize patient recall problems, information regarding the usage 
of health care resources will be requested at three intervals (surveys two, three and four) 
during the study period.

Survey four, the postpartum survey, addresses obstetric outcomes, compliance of health-
care recommendations, and the topics mentioned in survey two and three. Furthermore, this 
survey also contains questions regarding the healthcare consumption related to the neonate.

SAMPLE SIZE
According to the results of the validation study (Expect I), we expect approximately 30% of 
women to have an elevated estimated risk of PE, the obstetric complication with the lowest 
incidence (article submitted by Meertens et al). Furthermore, an adherence of 70% and a 
compliance of approximately 40% is expected for the recommended aspirin treatment. This 
will result in approximately 21% and 12% respectively of the general population having an 
elevated risk of PE. In order to estimate these percentages with a precision of approximately 
4% the required sample size is estimated at 400 participants 18.
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STATISTICAL ANALYSIS
Missing values will be handled by imputation. Stochastic regression imputation with predic-
tive mean matching as the imputation model will be used to prevent biased results based on 
complete case analysis only 19.

Adherence will be calculated by the proportion of women who reported to have received the 
LOC recommendations regarding adequate vitamin D and calcium intake, preventive aspirin 
treatment, and OGTT. Answers of participants will be linked to their estimated risk profile 
based on the Expect prediction tool.

Compliance will be analysed by calculating the proportion of women who complied with the 
recommendations received from their healthcare professional regarding aspirin treatment, 
OGTT, vitamin D, and calcium intake. Vitamin D is analysed based on supplement intake and 
sunlight exposure. Calcium intake is determined by calculating the daily intake from diet and 
supplement use. Dietary intake will be estimated using answers from a selection of questions 
from the Dutch National Food Frequency Questionnaire tool 20. These questions address food 
products that cumulatively cover >80% of the variance in calcium intake 21. Total intake of 
both nutrients will be compared with the recommended intake by the LOC (1000 milligram 
calcium per day and 10 microgram of vitamin D per day) in order to determine compliance to 
these recommendations.

The secondary outcomes, patient satisfaction and cost-effectiveness, will be analysed by 
comparing Expect Study II with the outcomes of former care-as-usual (Expect Study I). Patient 
satisfaction scores will be analysed using multiple linear regression.

For the economic evaluation, we will use a health care perspective according to the Dutch 
guidelines for cost calculations 22. A time horizon of approximately eleven months, from onset 
of pregnancy up to six weeks post-partum, will be applied. Maternal quality of life will be 
evaluated using the Europol EQ-5D-3L and EQ VAS (Europol Visual Analogue Scale) questions, 
which are incorporated, in the surveys. The EQ-5D-3L and EQ VAS are standardized question-
naires used worldwide to assess quality of life. Maternal QALYs will be calculated using the 
corresponding utility scores based on the Dutch population 23,24. All costs will be expressed 
as 2017 Euros and if necessary cost prices will be transformed to 2017 Euros using the Dutch 
Consumer Price Index 25. Bootstrap- and standard sensitivity analyses will be performed to 
quantify the uncertainty regarding the cost-effectiveness outcomes.

RESULTS
Currently, women are being recruited for the Expect Study II and a total of 300 women are en-
rolled. We expect to achieve our goal of 400 participants during April 2018 and postpartum data 
collection will be finished by March 2019. As a result, first study results are expected in 2019.

Figure 4.1 Flowchart of participant enrolment and data collection of the Expect Study II. Whether or 
not a woman participates to the Expect Study II does not affect the health care women receive during 

their pregnancy.

DISCUSSION
This paper describes the protocol of an impact study regarding the implementation of exter-
nally validated prediction models combined with risk-based care pathways in obstetric care. 
Prediction models are becoming increasingly popular in medicine 26. Although the number of 
prediction models being published has increased tremendously in recent years, the number 
of external validation studies remains small 26. Furthermore, performances of models pre-
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dicting adverse pregnancy outcomes and the efficacy of preventive interventions for these 
outcomes are generally documented separately 8,27,28. Impact studies, describing the effect of 
using prediction models in daily practice combined with preventive interventions relevant to 
the estimated risk are nearly non-existent 26. To the best of our knowledge, no impact studies 
using prediction models in general obstetric practice have been published.

The strengths of our design are the multicentre prospective data collection and the similarity 
of both cohorts. Recruitment in multiple centres, hospitals and midwife clinics, improves the 
probability of collecting a representative sample of the obstetric population. This is essential in 
the Netherlands, since most pregnant women receive antenatal care by midwives at outpatient 
clinics 29. Furthermore, optimal measurement of the outcomes is achieved by prospective data 
collection 30. Finally, because the two cohorts are kept as similar as possible, we are able to 
accurately compare the former care-as-usual with the new risk-dependent care.

Some limitations of the design must also be noted. First, since the comparison of secondary 
outcomes of Expect II with those of Expect I is essentially a before-and-after comparison, time 
trends in the outcomes can theoretically influence results. In the interpretation of the results, 
we will take such trends into account, e.g., by looking at trends in the studied outcomes from 
other regions in the Netherlands.

A second possible limitation of our study is that several outcomes will solely be based on 
participant questionnaires. Potential recall bias, however, is limited due to the prospective 
design and the usage of four questionnaires at limited intervals. Additionally, questionnaires 
have been shown to be a valid method of data collection regarding perinatal outcomes and 
medication exposure during pregnancy 31,32. In the questionnaires we urge respondents to 
answer honestly and emphasize that all answers will be treated confidentially and will not 
influence the care provided by their obstetric health care professional. Furthermore, the ad-
ditional procedures recommended in the risk-dependent care path are all subject to a shared 
decision-making process between woman and healthcare professional. As a result, we expect 
there is currently no taboo regarding the compliance with given recommendations.

We hypothesize that risk-dependent care results in early detection or prevention of obstetric 
adverse events and can thus reduce prevalence of neonatal adverse events. However, due 
to low prevalence rates of approximately 5%, large cohorts (approximately two times 6,800 
participants) are necessary in order to achieve sufficient power to detect a reduction of at 
least 20% 18. Therefore, the influence of risk-dependent care on the incidence of the neonatal 
composite outcome will be analysed using registry data of the region. Moreover, to achieve 
the desired effects of risk-dependent care, it first needs to be implemented successfully. Thus, 
implementation should first lead to behavioural changes for both health care professionals 
and pregnant women.
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ABSTRACT

OBJECTIVE
To evaluate the effect of incorporating calcium advice into early pregnancy counseling on 
calcium intake during pregnancy in the Netherlands.

METHODS
A multicenter prospective before-after cohort study was conducted introducing risk-based 
care including calculating individual pre-eclampsia risk. Part of the intervention was to incor-
porate calcium advice into routine counseling. We calculated individual daily calcium intake 
and adequacy of calcium intake (≥1000 mg/day) at 16, 24 and 34 weeks of pregnancy. We 
performed a multiple logistic regression adjusting for covariates to identify any differences 
in the risk of inadequate calcium intake between RC and CAC.

RESULTS
In regular care (RC, 2013-2015, n=2477) 60% had inadequate calcium intake, compared to 
49% during calcium advice care (CAC, 2017-2018, n= 774) (aOR 0.75, 95% CI 0.64-0.88). Specific 
calcium supplements were used by 2% and 29% in RC and CAC, respectively (OR 25.1, 95%-CI 
17.8 – 36.0). Determinants of an inadequate calcium intake were lower age (aOR per additional 
year 0.96, 95% CI: 0.94-0.98), nulliparity (aOR 1.22, 95% CI: 1.03 – 1.45) and non-Caucasian 
origin (aOR 1.83, 95% CI 1.09-3.09). In CAC, risk of inadequate intake decreased with increasing 
predicted pre-eclampsia risk, which was a trend reversal compared to RC.

CONCLUSION
Incorporating calcium advice into early pregnancy counseling was shown to lead to a decrease 
in the risk of inadequate calcium intake during pregnancy, but still inadequate intake in half of 
the women suggesting the need for further study on improving implementation. Awareness 
of individual increased PE risk had positive effect on calcium intake.

INTRODUCTION
An adequate calcium intake during pregnancy is of major importance for health of both mother 
and child1-5. Recommended calcium intake for pregnant women varies between countries 
from 900 to 1200 mg/day6. In most low-income populations, dietary calcium intakes during 
pregnancy are alarmingly below these recommendations7, and even in high-income countries, 
a substantial proportion of pregnant women fail to meet calcium recommendations by diet8.

The World Health Organization currently recommends calcium supplementation as part of 
antenatal care for women with an inadequate dietary calcium intake9. Calcium supplement 
use during pregnancy is low-risk and relatively inexpensive. Advising all pregnant women to 
use calcium supplements can be expected to cause substantial reductions in the incidence 
of pre-eclampsia (PE) and related health care costs10. However, none of the currently avail-
able over-the-counter prenatal vitamin supplements contain a clinical significant amount of 
calcium. We have recently shown that the majority of Dutch pregnant women do not meet 
the Dutch Recommended Dietary Allowance (RDA) of 1000mg/day from the combination of 
diet and supplement use11. Further efforts to optimize calcium intake during pregnancy are 
therefore desirable.

In 2016, to promote adequate calcium intake, gynecologists and midwives in the southeastern 
region of the Netherlands started counseling all pregnant women on the importance of an 
adequate calcium intake and to advise ingesting at least 1000 mg calcium per day12. Other care 
innovations included calculation of women’s individual PE risk in first trimester and discussing 
the possibility of prophylactic use of low dose aspirin13, 14. In this paper we evaluated whether 
calcium intakes from both diet and supplement use changed among pregnant women in this 
area, in comparison with the preceding period. To this aim, we measured calcium intake from 
both diet and supplement use during pregnancy by means of questionnaires, both before and 
after the implementation of the calcium advice. In addition to evaluate changes in intake, we 
aimed to identify determinants of inadequate calcium intake in the pre-intervention period, 
which could be used in targeted prevention. Lastly, we evaluated whether adequacy of calcium 
intake in the pre-intervention and intervention period was associated with calculated PE risk.

METHODS

STUDY POPULATION
We used data of two prospective cohorts of pregnant women that were previously used for 
validating and evaluating the impact of first trimester obstetric prediction models15, 16. Women 
enrolled in the validation study (Expect Study I, 2013-2015) received ‘regular care’ (RC), where-
as women enrolled in the impact study (Expect Study II, 2017-2018) received ‘calcium advice 
care’ (CAC), meaning obstetric caregivers agreed to give women the advice to gain an adequate 
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calcium intake. Detailed descriptions of these studies have been published elsewhere. Briefly, 
women aged 18 years and older and having a singleton pregnancy were recruited at their first 
prenatal visit (<16 weeks of gestation), in the south eastern region of the Netherlands. Study 
information and questionnaires were provided in Dutch. Finally, data of 3251 women were 
available for analysis; 2477 women in RC and 774 women in CAC. A flowchart of the study is 
provided in figure 5.1.

 Figure 5.1 Flowchart of the study population

DATA COLLECTION
Data collection was similar for both cohorts. After providing informed consent, women re-
ceived an online questionnaire (baseline, <16 weeks of gestation) regarding, among other 
things, diet and supplement use and the healthcare services the women received from their 
midwife or gynecologist during the first visits. Additional questionnaires were taken in Expect 
Study II (CAC) at 24 and 34 weeks of gestation. These included questions on health care, de-
livery and changes in supplement use.

DIETARY INTAKE
We based dietary calcium intake on a selection of food products contributing to calcium and 
vitamin D. We described the selection of these food products extensively elsewhere11. In short: 
the selection procedure resulted in 18 food items, for which both the frequency of use (refer-

ence period: last month) and the average daily amount of use were asked: milk and buttermilk; 
yoghurt and cottage cheese (with or without fruit); yoghurt drinks and other dairy beverages; 
chocolate milk; custard and pudding; Dutch cheese; non-Dutch cheese and cream cheese; 
cheese spread; bread spread (sub types: margarine; low-fat margarine; and butter); cooking 
fat (bake and fry products); and fish (subtypes: fat fish such as salmon, mackerel, eel and white 
herring; lean fish such as codfish, tilapia, pangasius fish and trout; white fish fillet; smoked 
or steamed fish; herring; and fish fingers. We included milk, milk products and cheese in the 
questionnaire as major sources of calcium, bread spread, bake and fry products and fish as 
major sources of vitamin D. We included the food items in the first questionnaire and these 
covered an estimated 61.65% of total absolute dietary calcium intake.

SUPPLEMENTS
We included questions regarding supplements which might contain calcium such as prenatal 
vitamins, general multivitamins and calcium supplements in the baseline questionnaire in RC 
and all questionnaires during CAC. We requested duration and period of use (start of usage 
before and during pregnancy, when potentially stopped, current use), brand and any subtype, 
frequency of use per week, and amount of tablets per day.

We standardized calcium to the elemental form in milligrams, based on the labels. We con-
tacted the manufacturers for clarification when the exact elementary amount of calcium in 
the supplement was unclear.

STATISTICAL ANALYSIS
Baseline characteristics were presented as percentages or means with standard deviations. 
We imputed missing values in the baseline characteristics of the Expect II cohort regarding 
level of education (n=3) using the modal value. We calculated individual daily dietary calcium 
intake by multiplying frequency of consumption by consumed amounts of all assessed food 
products and combining product intake (grams per day) with calcium content of each product 
according to the Dutch Food Composition Table of 2010 (NEVO-online 2010)17 and DNFCS2007-
201018. To account for the incomplete coverage of the food frequency questionnaire we ad-
justed the estimated calcium intake values (estimated intake * 100/61.65). We used adjusted 
total calcium intakes in the analyses and presented these in the results. We calculated daily 
calcium intake from supplement use by combining frequency, amount of supplements and 
content of specific supplements. In case a participant used a supplement but did not know 
the exact (subtype) brand, we imputed the modal value. We calculated total calcium intakes 
in milligrams per day from the combination of diet and supplement use. We compared total 
calcium intake to the Recommended Dietary Allowance (RDA) of 1000 mg/day as well as the 
Estimated Average Requirement (EAR) of 800 mg/day end. The RDA of 1000 mg calcium per day 
is considered to be adequate for 97.5% pregnant women27. An intake level of 800 mg calcium 
is expected to satisfy the needs of 50% of all pregnant women26.
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To compare calcium intakes in RC and CAC, we performed a logistic regression analysis without 
and with adjustment for the following covariates: age (continuous), Body Mass Index (BMI: <20, 
≥20-<25, ≥25-<30 and ≥30), parity (nulliparous, multiparous), ethnicity (Caucasian, other) and 
level of education (primary, secondary vocational, secondary general, tertiary university of 
applied sciences and tertiary university). We compared intake at baseline in RC with intake 
at 24 weeks of gestation in CAC; we chose not to use intake values at baseline in CAC, since 
women were usually advised to start calcium supplementation at the beginning of the 2nd 
trimester (13-14 weeks of gestation), potentially weeks after baseline. Since calcium was not 
advised during RC, we assumed that the measurements in first trimester (women of 8-16 
weeks of gestation) were representative. We undertook additional analyses to evaluate the 
legitimacy of these choices.

We considered possible determinants of inadequate calcium intake by performing a multiple 
logistic regression on the RC data, adjusting for the same covariates as previously mentioned. 
We chose to consider determinants in RC only since, during this period, care providers and 
pregnant women were still not influenced by the outcomes of the PE risk prediction model13, 15.

Proportions of women with inadequate calcium intake (<1000 mg/day) during RC and CAC 
were plotted using the estimated risk for PE as a continuous variable13, 15. A nonparametric 
local weighted regression (lowess) regression was applied to fit the curves19. We evaluated 
the trend of risk of calcium intake inadequacy by risk of PE for each period by including risk 
of PE (in %) as a variable in logistic regression. PE-risk for women in RC was calculated after 
completion of the Expect Study I; women were therefore not specifically alerted to PE risk 
based on this model during RC.

We calculated mean (± standard deviation, SD) values of total, dietary and supplemental cal-
cium intake, and presented them in milligrams per day for RC and CAC (<16 weeks, 24 weeks 
and 34 weeks of gestation). We calculated amount and percentages of women using specific 
calcium supplements during RC and CAC (<16 weeks, 24 weeks and 34 weeks of gestation). All 
analyses were performed using IBM SPSS Statistics version 23 and SAS version 9.4M7.

ETHICAL APPROVAL
The Medical Ethical Committee of the Maastricht University Medical Centre declared that no 
ethical approval was necessary for the Expect Study I and II (MEC-13-4-053 and MEC-17-4-057, 
respectively). All participating women gave informed consent.

RESULTS
Data of 3251 women were available for analysis; 2477 women received regular care (RC, Expect 
I cohort) and 774 women were part of the calcium advice care (CAC) cohort (Expect II). Baseline 
characteristics are presented in table 1. The cohorts did not substantially differ with respect 
to age and BMI; the CAC cohort, however, contained a slightly larger proportion of Caucasian 
and multiparous women as compared to the RC cohort. Furthermore, the proportion of women 
with high educational levels was slightly overrepresented in the CAC cohort in comparison 
to the RC cohort.

Table 5.1 Baseline characteristics of the study population (n=3251)

Characteristics Regular Care 
(n=2477)1

Calcium 
Advice Care 
(n=774)1

Age, years (mean ± SD) 30.2 ± 3.9 30.7 ± 4.0

Body Mass Index before pregnancy, kg/m2 (mean ± SD) 24.2 ± 4.3 24.5 ± 4.4

Ethnicity
Caucasian, n (%)
Other, n (%)

2401 (96.9)
76 (3.1)

757 (97.8)
17 (2.2)

Parity
Nulliparous, n (%)
Multiparous, n (%)

1265 (51.1)
1212 (48.9)

384 (49.6)
390 (50.4)

Level of education
Primary, n (%)
Secondary vocational, n (%)
Secondary general (MBO), n (%)
Tertiary (University of applied sciences), n (%)
Tertiary (University), n (%)

9 (0.4)
143 (5.8)
973 (39.3)
944 (38.1)
408 (16.5)

4 (0.5)
37 (4.8)
266 (34.4)
325 (42.0)
142 (18.4)

SD, Standard Deviation
1 Percentages do not always add up to 100% due to rounding

TOTAL CALCIUM INTAKE
Total mean calcium intake was 949.8 mg/day in RC and 1070.9 mg/day in CAC (difference, 120.1 
mg/day [95%CI 78.7 - 163.5, p<0.0001). Women in CAC were significantly less likely to have an 
inadequate calcium intake (<1000 mg/day) as compared to RC (49% and 60%, respectively; 
aOR 0.75, 95% CI 0.64-0.88, Table 5.2). Intakes were <800mg/day (EAR) in 42% and 36% in RC 
and CAC, respectively. Results of the logistic regression did not materially change after setting 
the cut-off to 800 mg/day. Total calcium intake during pregnancy in CAC increased from first 
to second trimester (mean difference, 49 mg/day [95% CI 33-64]) and remained stable from 
second to third trimester (mean difference -2 mg/day [95% CI -14 – 10]) (Table 5.3).
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Table 5.2 Inadequate calcium intakes (<1000 m/d) during Regular Care versus Calcium Advice Care 

(n=3251)

Total 
amount per 
category (n)

Amount of 
inadequate 
Calcium 
Intake (n)

Percentage 
inadequate 
calcium 
intake (%)

Crude Odds 
Ratio [95% 
CI]

Adjusted 
Odds Ratio 
[95% CI]1

Regular Care 2477 1489 60.1 1 (ref) 1 (ref)

Calcium Advice 
Care2

726 359 49.4 0.74  
[0.63 – 0.87]

0.75 
[0.64 – 0.88]

CI, Confidence Interval
1 Corrected for covariates age, Body Mass Index, parity, ethnicity and level of education
2 at 24 weeks of gestation

Table 5.3 Calcium intake, total and from individual sources

Regular Care,
n=2477 (mg/d)

Calcium Advice 
Care <16 weeks,
n=774 (mg/d)

Calcium Advice 
Care 24 weeks,
n=726 (mg/d)

Calcium Advice 
Care 34 weeks,
n=688 (mg/d)

Total calcium intakes

Mean ± SD total 
calcium intake

949.8 ± 489.7 1006.9 ± 568.2 1070.9 ± 581.8 1065.3 ± 597.3

Calcium intakes from diet

Mean ± SD 
calcium intake 
from diet

860.8 ± 468.3 803.0 ± 494.9 - -

Calcium intakes from supplements1

Mean ± SD 
calcium intake 
from prenatal 
vitamins

127.1 ± 99.3 140.7 ± 97.0 135.3 ± 98.1 130.5 ± 90.8

Mean ± SD 
calcium intake 
from general 
multivitamins

128.2 ± 248.8 129.1 ± 115.2 82.8 ± 92.4 78.8 ± 90.7

Mean ± SD 
calcium intake 
from calcium 
supplements

395.4 ± 296.4 596.4 ± 313.1 533.5 ± 302.8 550.4 ± 315.9

SD, Standard Deviation
1 Calculated for users of the specific supplements only.

CALCIUM INTAKE FROM INDIVIDUAL SOURCES
Mean calcium intake from diet at baseline was 861 mg/day in RC and 803 mg/day in CAC (Table 
5.3). Mean calcium intake from multivitamin supplements (prenatal vitamins and general 
multivitamins) did not differ much between RC and CAC, also when the analysis was confined 
to users of such supplements. Multivitamin supplements were taken by 70% of the women in 
RC at baseline, and in CAC by 72% at baseline, 74% at 24 weeks, and 71% at 34 weeks. Calcium 
intake from prenatal vitamins did not change much over time, neither in all women or in users 
only. Calcium intake from general multivitamin supplements showed a decrease during preg-
nancy. Specific calcium supplements were taken by 2% of the women in RC at baseline, and in 
CAC by 17% at baseline, 29% at 24 weeks, and 29% at 34 weeks (OR for CAC (at 24 weeks) versus 
RC: 25.1 [95%-CI 17.8 – 36.0]). Mean calcium intake from these supplements in all women was 
9 mg/day in RC, and 101, 155, and 158 mg/day at baseline, 24 weeks and 34 weeks in CAC (all 
differences between RC and CAC being significant at <0.0001 level). Corresponding figures for 
users only were 396, 596, 534, and 550 mg/day.

DETERMINANTS FOR INADEQUATE CALCIUM INTAKE IN RC
Factors significantly associated with an inadequate calcium intake were age, parity, educa-
tional level, and ethnicity (table 4). The risk of having an inadequate calcium intake decreased 
with increasing age (aOR 0.96, 95% CI: 0.94-0.98). Nulliparous women had a higher risk of an 
inadequate calcium intake (aOR 1.22, 95% CI: 1.03 – 1.45). Having a secondary general level 
of education went along with a decreased risk of inadequate calcium intake as compared to 
tertiary education (aOR 0.79, 95% CI 0.65 – 0.95). Women with non-Caucasian ethnicities were 
more likely to have an inadequate calcium intake compared to women with the Caucasian 
ethnicity (aOR 1.83, 95% CI 1.09-3.09).

5



84 85Counseling pregnant women on calciumCHAPTER 5

Ta
bl

e 
5.

4 
Th

e 
as

so
ci

at
io

n 
of

 in
ad

eq
ua

te
 c

al
ci

um
 in

ta
ke

s (
<1

00
0 

m
g/

d)
 d

ur
in

g 
Re

gu
la

r C
ar

e 
w

ith
 a

ge
, B

od
y 

M
as

s I
nd

ex
, p

ar
ity

, e
th

ni
ci

ty
 a

nd
 le

ve
l o

f e
du

ca
tio

n,
 lo

gi
st

ic
 

re
gr

es
si

on
 (n

=2
47

7)

To
ta

l 
am

ou
nt

 p
er

 
ca

te
go

ry
 (n

)

Am
ou

nt
 o

f 
in

ad
eq

ua
te

 
Ca

lc
iu

m
 In

ta
ke

 (n
)

Pe
rc

en
ta

ge
 

in
ad

eq
ua

te
 

ca
lc

iu
m

 in
ta

ke
 (%

)

Cr
ud

e 
O

dd
s R

at
io

[9
5%

 C
I]

Ad
ju

st
ed

 O
dd

s R
at

io
 

[9
5%

 C
I]

Ag
e 

(p
er

 a
dd

iti
on

al
 y

ea
r)

-
-

-
0.

95
 [0

.9
3 

– 
0.

97
]

0.
96

 [0
.9

4 
– 

0.
98

]

Bo
dy

 M
as

s I
nd

ex
 

<2
0

 
≥2

0 
- <

25
 

≥2
5 

- <
30

 
≥3

0

33
1

13
33

55
3

26
0

20
3

77
6

34
5

16
5

61
.3

58
.2

62
.4

63
.5

1.
14

 [0
.8

9 
– 

1.
46

]
1 

(r
ef

)
1.

19
 [0

.9
7 

– 
1.

46
]

1.
25

 [0
.9

5 
– 

1.
64

]

1.
12

 [0
.8

7 
– 

1.
44

]
1 

(r
ef

)
1.

21
 [0

.9
8 

– 
1.

49
]

1.
26

 [0
.9

5 
– 

1.
67

]

Pa
rit

y
 

N
ul

lip
ar

ity
 

M
ul

tip
ar

ity

12
65

12
12

80
3

68
6

63
.5

56
.6

1.
33

 [1
.1

3 
– 

1.
57

]
1 

(r
ef

)
1.

22
 [1

.0
3 

– 
1.

45
]

1 
(r

ef
)

Et
hn

ic
ity

 
Ca

uc
as

ia
n

 
O

th
er

24
01

76
14

33
56

59
.7

73
.7

1 
(r

ef
)

1.
89

 [1
.1

3 
– 

3.
17

]
1 

(r
ef

)
1.

83
 [1

.0
9 

– 
3.

09
]

Le
ve

l o
f e

du
ca

tio
n

 
Pr

im
ar

y
 

Se
co

nd
ar

y 
vo

ca
tio

na
l

 
Se

co
nd

ar
y 

ge
ne

ra
l (

M
BO

)
 

Te
rt

ia
ry

 (U
ni

ve
rs

ity
 o

f a
pp

lie
d 

sc
ie

nc
es

)
 

Te
rt

ia
ry

 (U
ni

ve
rs

ity
)

9 14
3

97
3

94
4

40
8

8 91 57
1

58
6

23
3

88
.9

63
.6

58
.7

62
.1

57
.1

4.
9 

[0
.6

1 
– 

39
.1

1]
1.

07
 [0

.7
4 

– 
1.

54
]

0.
87

 [0
.7

2 
– 

1.
10

]
1 

(r
ef

)
0.

81
 [0

.6
4 

– 
1.

03
]

4.
25

 [0
.5

2 
– 

34
.5

2]
0.

93
 [0

.6
4 

– 
1.

35
]

0.
79

 [0
.6

5 
– 

0.
95

]
1 

(r
ef

)
0.

86
 [0

.6
8 

– 
1.

09
]

CI
, C

on
fid

en
ce

 In
te

rv
al

INADEQUATE CALCIUM INTAKE IN RELATION TO RISK OF PRE-ECLAMPSIA
Risk of inadequate calcium intake tended to rise with higher PE risk categories during RC and 
decrease with higher PE risk categories in CAC (Figure 5.2). Respective ORs per additional risk 
percent were 1.04, 95% CI 1.01 – 1.07) and 0.96 (95% CI 0.93 – 1.00).

Figure 5.2 Estimated pre-eclampsia risks and percentage of inadequate calcium intake (<1000 mg/d) by 

women receiving Regular Care or Calcium Advice Care

DISCUSSION

MAIN FINDINGS
Our results indicate that in CAC versus RC calcium intake improved, with an absolute decrease 
of 11% in the probability of having an inadequate intake after the introduction of counselling 
on calcium. The intake of specific calcium supplements increased from 2 to 29%, while the 
use of other multivitamin supplements remained comparable to use in the pre-intervention 
period. We identified age, nulliparity, and the non-Caucasian ethnicity as risk factors of in-
adequate calcium intake, while medium-low level of education predicted a decreased risk of 
an inadequate calcium intake. In CAC, risk of inadequate intake decreased with increasing 
predicted risk of PE, which was a trend reversal in comparison to RC.

PREVIOUS FINDINGS
This study is the first to evaluate the effects of active counseling on calcium during early 
pregnancy on subsequent calcium intake in a Western country. Efforts to increase calcium 
intake have been taken in low- and middle-income countries (LMIC)20-23. Described adherence 
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is high (about 80%), but settings are substantially different in LMIC compared to high income 
countries (HIC). Moreover, specific calcium supplements were distributed and methodological 
considerations to be raised concern small sample size, short follow-up period, no calculated 
dietary calcium intake or dietary intake based on estimated national averages.

Although the effect of the care innovation on mean calcium intake was moderate, literature 
on effects of other campaigns to improve intakes of other micronutrients during or before 
pregnancy suggests that very strong effects should not be anticipated. Antenatal micronu-
trient programmes face challenges in adherence24, 25. Even following various public folic acid 
awareness campaigns, less than 50% of women take folic acid periconceptionally26. In a recent 
adherence study on folic acid and iodine supplementation 38% of the women were found to 
meet supplementation recommendations27 In our study, use of specific calcium supplements 
rose from 2% to 29%. Our data show that over time, the amount of specific calcium supplement 
users increased to up to 35% in the third of the population that was included latest, supporting 
the expectation that the uptake of the care innovation will improve even more in time.

In the general population, postmenopausal women, vegetarians and amenorrheic women 
were found to be at increased risk of inadequate calcium intake28. Young age has been demon-
strated as risk factor for inadequate micronutrient intake in general and calcium intake was 
especially low among adolescents and younger women29-31. This is in line with our observations 
and other findings in the Dutch population. In the Dutch Food Consumption Survey 2007-2010 
young women and adolescents were found to have lower mean calcium intakes compared to 
older women18. Maternal education and Socio-economic Status (SES) have been shown to be 
positively related to intake of micronutrients and dietary quality in general30] [32. We found no 
clear association for maternal education, although medium-low educational level strikingly 
went along with a lower probability of an inadequate calcium intake. Our finding of a higher 
risk of inadequacy of calcium intake in women of non-Caucasian ethnicity appears to be in line 
with that of a study demonstrating that African-American pregnant women more often had 
an inadequate calcium intake compared to Caucasian women (OR 3.15, 95% CI: 1.07 – 9.27). 
However, the group of women of non-Caucasian ethnicity in our study was very small and had 
a mix of ethnicities. Nulliparity has not been previously described as risk factor for calcium 
intake during pregnancy and needs replication in future studies.

IMPLICATIONS
Since beneficial effects on morbidity and mortality can be expected, costs are low (about 50 
euro per pregnancy10, 33) and side-effects are uncommon, optimizing calcium intakes during 
pregnancy seems feasible and can have worldwide impact1-4, 10, 33-36. This study demonstrates 
the first results after the incorporating calcium intake advice in early pregnancy counselling 
for all pregnant women.

Knowledge on risk factors regarding inadequate calcium intake can be useful in targeted strat-
egies. Judging by our results, it might be efficient to concentrate efforts to younger women, 

nulliparous women, and women of non-Caucasian ethnicity. Furthermore, risk calculation may 
help in pinpointing groups who have best chances to benefit from improved calcium intake. 
In our study, calcium advice was not specifically given to women with a high calculated risk 
of PE, but the results show that adequacy of calcium intake improves with increasing risk 
estimates, indicating that, in CAC, women took the risk into account in their behaviour. This 
may be exploited in the further development of calcium intake encouragement strategies.

In order to improve uptake, barriers and facilitators for better counseling and uptake of cal-
cium advice should be identified. This may be achieved by means of qualitative research in-
volving focus group interviews with (pregnant) Western women and care professionals, or 
similar designs.

STRENGTHS & LIMITATIONS
This study, the first to evaluate the effect of early-pregnancy counseling on calcium on intake 
of calcium during pregnancy in a Western country, featured a prospective design and cohorts 
of considerable size that were similar with respect to baseline characteristics. These charac-
teristics are beneficial to validity and precision of the results. Nevertheless, some possible 
limitations deserve attention. We chose to compare intake at baseline in RC with intake at 
24 weeks of gestation in CAC, and therefore not to use intake values at baseline in CAC, since 
women were usually advised to start calcium supplementation at the beginning of the 2nd tri-
mester (13-14 weeks of gestation), potentially weeks after baseline. Since, in RC, calcium was 
not routinely discussed, we assumed that intakes in the first trimester (women of 8-16 weeks 
of gestation) were representative for the remainder of pregnancy. We have several indications 
supporting the validity of our approach. During CAC, in line with expectation, total calcium 
intake increased from the first to the second trimester, and then remained stable. The same 
went for the use of specific calcium supplements. On the other hand, and in line with expecta-
tion, during CAC, calcium intake from prenatal vitamins and general multivitamins remained 
steady through all trimesters of pregnancy, which makes it plausible that such was also the 
case in RC (although we did not measure calcium intake beyond 13-14 weeks).

Another limitation may be that we assumed unchanged dietary habits during pregnancy. Food 
intake may vary over time. Women may experience nausea in early pregnancy and dietary 
cravings in the development of their pregnancy, as a result of which dairy product intake 
may increase37. Furthermore, since the advice to improve calcium intake was given during 
first trimester and supplement intakes increased during second trimester, women who chose 
to optimize their intake by means of diet may have done so later on. Therefore, we may have 
underestimated the increase in calcium intake from diet and differences between CAC and 
RC may have been larger in reality. However, ingestion of the amount of calcium necessary to 
reach the AI is not easily achieved via diet alone38 and changing dietary habits has proven to 
be challenging for many women39, 40.
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Since there is no biochemical assay to display the nutritional calcium status, we had to depend 
on questionnaires to estimate calcium intake. Our methods for the estimation of calcium 
intake are identical to our previously published methods during RC11. Even though repeated 
dietary recalls might have been considered as more accurate approaches for food intake 
assessment, this method would not be achievable in a large cohort. Nevertheless, the FFQ 
method is widely used for food product and nutrient intake assessment, and although its main 
strength is in the ranking of individuals according to their intakes of frequently used foods and 
nutrients it is also considered a feasible tool to gain insight in the percentage of inadequate 
intake in a large population41.

CONCLUSION
Incorporating calcium advice into early pregnancy counseling can lead to a decrease in the risk 
of inadequate calcium intake during pregnancy. Although the effect that we observed in mean 
calcium intake was moderate, is was more pronounced among women with an increased risk 
of PE, who may benefit most from improved calcium intake. Further improvement may result 
from targeting risk groups for low calcium intake and qualitative studies elucidating barriers 
and facilitators for better counseling and uptake of calcium advice.
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GENERAL DISCUSSION
The studies described in this thesis were concerned with calcium intake during pregnancy. In 
the first part of this thesis, we described calcium intake from both diet and supplement use 
during regular care – a situation when calcium was not regularly discussed by obstetric care-
givers (Chapter 2). We also performed a decision analysis on the (cost)effectiveness of different 
calcium supplementation strategies for the prevention of pre-eclampsia (PE) (Chapter 3). The 
chapters in the second part dealt with several aspects of implementing calcium advice into 
routine early pregnancy care. After describing the design of a study in which the introduction 
of calcium advice was embedded (Chapter 4), we report on the outcomes of this before-after 
study with respect to calcium intake (Chapter 5). Barriers and facilitators of calcium intake 
during pregnancy were identified in a mixed-methods study (Chapter 6). This chapter provides 
an overview of the main findings and their implications, as well as methodological consider-
ations and recommendations for further research.

MAIN FINDINGS AND THEIR RELATION TO 
THE LITERATURE
CALCIUM INTAKE DURING REGULAR CARE
We estimated total calcium intake in Dutch women during early pregnancy (Chapter 2). We 
found that 60% of the pregnant population had an inadequate total calcium intake and did 
not meet the Recommended Dietary Allowance (RDA). The median calcium intake was 886 
(interquartile range 611-1212) mg/day. Specific calcium supplements were used by only 2% of 
the population. Even though multivitamin supplements were frequently used, their calcium 
content was insufficient to complement dietary calcium intake and achieve RDA for calcium. 
The beneficial effect of calcium during pregnancy has been a topic of interest for quite a long 
time1-7. However, to our knowledge actual total calcium intake during pregnancy has not been 
studied from both diet and supplement use before. Dietary calcium intake during pregnancy 
has mainly been assessed in developing populations, and lowest intakes were predominantly 
found in Asia and Africa8. Evidence from developed countries suggests high levels of inade-
quate dietary calcium intake during pregnancy as well5, 8-10. The results of a previous study from 
the Netherlands (reporting only means and standard deviations) indicated that about one in 
every three women might have a dietary calcium intake below the Recommended Dietary 
Allowance (RDA) of 1000 mg/day, in line with the findings of our study.

IMPACT OF ADVISING CALCIUM SUPPLEMENTATION
Trials on behavioural interventions to increase maternal dietary calcium intake have shown 
mixed results11. We performed a decision analysis to provide insight whether advising calcium 
supplementation could be a (cost-)effective intervention for implementation in Dutch antenatal 
care (Chapter 3). Advising calcium supplementation of 1000 mg/day to all pregnant women, 

women at risk for PE or women with low dietary calcium intakes was found to expectedly 
reduce incidence of PE with 25%, 8% or 13% respectively. Expected net financial benefits 
were €4,621,465, €2,059,165, or €2,822,115 per 100,000 pregnant women, respectively. We 
recognize that although we used the best evidence for accurate input values, our analysis is 
limited by the availability and quality of existing evidence. We derived the effect estimate of 
calcium supplementation from a high GRADE systematic review12. As was noted by the authors 
of this review, overall effects might be overestimated due to publication bias or stronger effects 
found in smaller studies (which predominantly included high-risk women). Furthermore, as 
baseline intake of calcium varies across populations, the effect of calcium supplementation 
can be expected to vary as well. The translation of efficacious preventative interventions to 
clinical practice remains challenging13. The cost-effectiveness of calcium supplementation in 
the prevention of PE was previously considered by Meads et al (2008), but under less realistic 
assumptions, namely that in regular care no pregnant women used calcium supplements and 
that the uptake of the intervention would be 100%14.

CALCIUM INTAKE AFTER INTRODUCTION OF COUNSELING ON CALCIUM 
IN ROUTINE EARLY PREGNANCY CARE
We were the first to evaluate the effects of active counseling on calcium during early preg-
nancy on subsequent calcium intake. Our results indicated that calcium intake moderately 
improved, with an absolute risk reduction of 11% in inadequate calcium intake (Chapter 5). 
The effect was more pronounced among women with an increased risk of pre-eclampsia, who 
may benefit most from improved calcium intake. Literature on effects of other campaigns to 
improve intakes of other micronutrients during or before pregnancy suggests that very strong 
effects should not be anticipated15-18. The intake of specific calcium supplements nevertheless 
increased from 2 to 29%, while use of other multivitamin supplements remained comparable 
to use before the start of the calcium advice era, as expected. We identified lower age, nullipar-
ity and non-Caucasian origin as risk factors for inadequate calcium intake during pregnancy, 
while medium-low level of education predicted a decreased risk of an inadequate calcium 
intake. Lower age and non-Caucasian origin as risk factors for inadequate calcium intake are 
in line with findings from other studies19-23. Previous studies have shown a positive association 
of maternal education with intake of micronutrients and dietary quality in general23, 24. Such a 
trend was not observable in our data. Nulliparity has not been previously described as a risk 
factor for calcium intake during pregnancy and needs replication in future studies.

IDENTIFICATION OF BARRIERS AND FACILITATORS FOR ADEQUATE CAL-
CIUM INTAKE DURING PREGNANCY
After the introduction of incorporating calcium advice into early pregnancy counseling, most 
women reported to have received the advice. Most of the women that said to have received 
the advice were initially positive intentioned to optimize calcium intake, and overall they had 
significantly less inadequate calcium intakes compared to women who did not receive the 
advice. Less than 2% of women discontinued the use of calcium supplements, and since pre-
liminary results show still 49% of women have an inadequate calcium intake25, the focus should 
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be on initiation: the actual start of uptake of the calcium advice, which can be supported by 
responding to barriers and facilitators that were identified. Identified facilitators correspond 
with the health belief model and result from the motivation towards protection and avoiding 
potential negative outcome26, 27. Making the calcium intake part of a daily routine may facilitate 
adherence, which is in line with strategies for medication management28, 29. Non-official media 
channels were mostly used for information, contrary to current recommendation30. Need for 
reminders was reported repeatedly and, therefore, reminders will probably have a positive 
effect on the intended behavior31. Behavioral capability – the ability to perform a behavior 
through essential knowledge and skills - seems to be limited32. Women find it advisable to 
be guided step by step on the practical manner of calcium use (i.e. diet and/or supplements, 
how much, where to buy, when to take in) and to be explained what the reasons for calcium 
use are, enlarging both how-to and principles knowledge33. Women expect better uptake of 
the calcium advice when using shared decision making34 with emphasis on autonomy35. Fur-
thermore, the novelty of the advice makes it no topic of discussion in the social environment 
and creates uncertainties among some pregnant women, but perhaps also among healthcare 
professionals. An adequate calcium intake should become a new normal, like folic acid, of 
which knowledge increased greatly since the 1995 national health campaign in our country36. 
Financial costs, finally, are not expected to form a barrier.

METHODOLOGICAL CONSIDERATIONS
In this paragraph a number of methodological considerations related to the studies described 
in this thesis are discussed, alongside with their potential influence on the results.

STUDY POPULATION AND DATA COLLECTION
Data from both the Expect Study I (Regular Care, RC) and II (Calcium Advice Care, CAC) were 
used in for the research in this thesis. The diversity of participating midwifery centers, as well 
as hospitals, in combination with the broad inclusion criteria should have ensured a popula-
tion as unselected as possible. However, women of Caucasian ethnicity were overrepresented 
and a higher than average percentage of women were highly educated. Since impaired health 
literacy is correlated to non-adherence and impaired outcomes, our results may therefore give 
an overly positive picture of the effects of calcium advice37, 38.

Using multiple web-based surveys, a user-friendly method of data collection in the current 
digital era, optimized data quality by minimizing missing data39-41. However, self-reported 
data may have been influenced by answers in a socially desirable manner leading to overly 
positive results42. On the other hand, women reporting non-use of calcium are likely to speak 
the truth. The potential overestimation of usage rates due to self-report may be limited since 
all recommendations were subject to a shared decisional process of counselling. Besides social 
desirable responses, self-report is also prone to recall problems. Recall problems may have 

been at stake in both our questionnaires and the interviews. By timing questionnaires shortly 
after antenatal intake the influence of recall problems was minimized.

Recruitment of participating women was not fully similar in both cohorts, since, in Expect II, 
usage of the Expect Calculator by the obstetric caregiver was necessary for inclusion. Even 
though the Expect Calculator was developed for usage in the general population, risk pre-
diction-enthousiastic healthcare professionals may have been somewhat overrepresented, 
particularly shortly after the introduction of the prediction tool. In an earlier study, potential 
selection bias by this mechanism was tested by restricting analysis (of both the Expect I and 
the Expect II cohort) to care professionals that used the calculator and thus recruited par-
ticipants to the Expect II cohort. This did not have any meaningful influence on the results43. 
Additionally, inclusion criteria for both cohorts were identical, leading to similar baseline 
characteristics.

DIETARY CALCIUM INTAKE ASSESSMENT
A methodological feature worth discussing is the assessment of calcium intake. Since there are 
no reliable biomarkers of calcium intake, estimation of calcium intake is dependent on dietary 
assessment44. Food frequency questionnaires (FFQ) are a common method to assess dietary 
intake in large epidemiological studies because of low patient burden and costs compared to 
repeated dietary recalls and food records, which may be most accurate to assess food intake45, 

46. A comprehensive FFQ for calcium was not feasible in the Expect Study, as assessment of 
diet was not the primary aim of the study and the questionnaire would become too long 
otherwise. Consequently, a selection of food products was included in the questionnaire, 
covering cumulatively >80% of the variance in calcium intake47. The selected food products 
covered an estimated 62% of the absolute dietary calcium intake. Dietary intake was therefore 
mathematically adjusted to 100%, by dividing measured intake by 0.62. This method may have 
resulted in an underestimation of actual dietary calcium intake, since a previous Canadian 
study showed that calcium intake was lower in women with lowest educational levels and 
highly educated women were somewhat overrepresented in our population48.

The fact that we assumed unchanged dietary habits during pregnancy in both cohorts is a 
limitation. Food intake may vary over time. Women might experience nausea in early pregnan-
cy and dietary cravings in the development of their pregnancy, among which dairy product 
intake may increase49. Since the advice to improve calcium intake was given during the first 
trimester and supplement intakes increased during the second trimester, women who chose 
to optimize their intake by means of diet may have done so later on. Therefore, we may have 
underestimated the increase in calcium intake from diet and differences between CAC and 
RC may have been larger in reality. However, ingestion of the amount of calcium necessary to 
reach the AI is not easily achieved via diet alone5 and influencing or changing dietary habits 
has proven to be challenging for many women50, 51.
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STUDY DESIGN
Our study design to compare RC to CAC is in essence a ‘before-after comparison’. Such com-
parisons are vulnerable to trends over time in the outcomes studied. Although small trends 
in the use of calcium-containing supplements or the composition of multivitamin supple-
ments cannot be excluded, we find it unlikely that the important change in mean calcium 
intake and use of calcium supplements is attributable to time trends to a large extent. For 
the design of the Expect Study, in which our calcium study was embedded, we chose not to 
perform a randomized study on the level of patient or care professional, since such a design 
would be susceptible to ‘contamination’: patients in RC could also acquire knowledge on the 
benefits of calcium during pregnancy or obstetric caretakers may unintentionally hint at the 
importance of calcium.

All obstetric caretakers in our region committed themselves to implementation of calcium 
advice by mutual agreement. Nevertheless, it could have been the case that in the CAC cohort 
women were in particular recruited by enthusiastic, above-average adherent obstetric care-
takers. This may have led to an overoptimistic picture of the implementation effects. On the 
other hand, the widespread use of the online prediction tool utilized in Expect Study II and 
thus, the CAC cohort, as well as the fact that most women received obstetric care from mul-
tiple professionals during their pregnancy, will have limited the bias. Additionally, the inclu-
sion criteria for both cohorts were identical. A sensitivity-analysis for health outcomes in the 
overarching Expect Study was performed with restricted data of women enrolled by obstetric 
centres that recruited women for both cohorts. This did not yield materially different results, 
reducing the likelihood that results on health outcomes and calcium intake were solely at-
tributable to a difference in involved obstetric caretaker43.

Although a standardized explorative framework was used for the identification of facilitators 
and barriers in our qualitative study, there are some limitations to this design. First, the discus-
sions during the interviews are prone to interpretation bias. To reduce this bias, all interviews 
were coded by two independent coders with different backgrounds and differences were listed 
and discussed afterwards. Second, since influencing factors were identified using a qualitative, 
explorative method, no quantitative conclusions can be justified by this method. However, 
this study is an important first step into acquiring knowledge on experiences of patients who 
have received care during the new calcium advice during pregnancy. Third, we may have ex-
perienced recall bias. This may be based on the tendency of humans to answer desirably since 
they reported in the questionnaire to have stopped or never to have used calcium supplements 
and said to have adhered to the use of calcium supplements in the interviews. It is advisable 
for future research to shorten the time period between the experience of calcium advice care 
and the interview as much as possible. Still, the acquired data are valuable since more women 
were interviewed per category and interviews were continued until saturation of the data. 
Lastly, professionals were not interviewed and barriers and facilitators in their experiences 
may be valuable as well in order to further improve the implementation of the advice.

IMPLICATIONS
For 67% of the women during regular care dietary sources were insufficient to accomplish an 
adequate calcium intake. Reaching an adequate intake through calcium-rich foods could be 
primarily encouraged. However, women may not be able to consume the amount of dietary 
products necessary to achieve an adequate intake. Even though dairy products are the largest 
contributor to dietary calcium intake, 100 g of milk contains only 108 to 200 mg of calcium52. 
Moreover, changing dietary habits is challenging for many women, despite a presumed higher 
awareness of health issues during pregnancy50, 53.

Calcium supplementation is one of the interventions that can be used to prevent adverse 
pregnancy outcomes. Supplementation of at least 1000 mg/day during pregnancy lowers the 
risk of developing PE or gestational hypertension, particularly among women with low dietary 
calcium intake or increased risk for the development of a hypertensive pregnancy disorder12. 
Our decision analysis showed that advising calcium supplementation to all pregnant women 
is most (cost-)effective. In addition, no individual dietary calcium intake or PE risk has to be 
calculated, and women who are not part of defined subgroups could benefit from the inter-
vention. Advising calcium supplements in general is acceptable as it is non-invasive, well 
tolerated and – if used prudently – safe intervention12, 54.

To evaluate the effect of the recommendation to advice an adequate calcium intake to preg-
nant women, a comparison with experiences with recommending other micronutrients in 
pregnancy can be made. Such insights can be obtained from folic acid. An increased intake 
of folic acid in the periconceptional period reduces the risk of neural tube defects by at least 
50%55. Like calcium, folic acid was once no major topic of discussion. But the 1995 mass-me-
dia Dutch health campaign to promote the use of folic acid supplements by women planning 
a pregnancy changed this36. The percentage of women using folic acid increased from 4.8% 
before the campaign to 21% one year after the campaign56. Globally, fewer than 50% of women 
appear to take folic acid supplements periconceptionally16. The mutual agreement among 
obstetric caregivers to advice an adequate calcium intake has now yielded a similar increase 
of specific calcium supplement use and a decrease in inadequate calcium intake.

Even though it is most (cost)effective to advise calcium supplementation of 1000 mg/day to 
all pregnant women, it is important to know which women can benefit most from the calci-
um intake advice in order to pay extra attention to their calcium intake. Target groups are: 
a) positive intentioned women who did not initiate sufficient improvement of calcium intake 
(>1000 mg/day), b) women at risk for an inadequate calcium intake during pregnancy: young, 
nulliparous and/or non-Caucasian and c) women at increased risk of developing PE. The last 
category has been demonstrated to have increased calcium intake after obstetric caretakers 
started to counsel patients actively on calcium.57.
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In order to improve calcium intake, it is crucial to optimize circumstances by first implement-
ing the calcium advice in guidelines and raising awareness. Even in the mainly Caucasian 
population of the Netherlands, calcium intake during pregnancy is inadequate25, 58. In other 
populations, despite international recommendations, these numbers are likely to be much 
higher and impact on improvement of implementation can be major5, 8, 9, 59, 60. Reference values 
for calcium intake during pregnancy vary internationally (900 to 1200 mg/d)61 and if obstetric 
guidelines mention them, the advice is not very practically formulated, which hampers imple-
mentation. During care as usual, calcium generally was not a topic of interest, either inside or 
outside the consultation room. Still, after counselling on calcium by the obstetric caregiver, 
results from the social domain show calcium is not discussed by women in the social setting. 
Even the NICE guidelines, for instance, do not mention calcium in antenatal care62.Currently, 
the first step in raising awareness has been taken, since the Dutch committee for Obstetrics 
and Gynaecology (NVOG) recently agreed to incorporate the calcium recommendation during 
pregnancy in national guidelines63. However, in the Dutch healthcare system, midwives might 
play a more important role than gynecologists in advising calcium since most women (87%) 
in the Netherlands start antenatal care with a primary midwife64. The calcium advice from 
their organization (KNOV) currently makes a distinction between women with and without 
risk factors for PE or other hypertensive disorders. The first group are advised to optimize 
calcium intake via diet or supplements, taking the tolerable upper limit into account. The 
second group are advised to consult the Dutch official nutritional website (‘Voedingscentrum’) 
to check their calcium intake. This advice could benefit from concretization as our qualitative 
study indicated30. Enlarging how-to and principles knowledge by concretezation can result in 
positive attitudes towards the calcium advice65.

RECOMMENDATIONS FOR FUTURE RESEARCH
The studies in this thesis provide deeper insight in calcium intake during pregnancy, risk 
groups for low calcium intake, barriers and facilitators for uptake of calcium advice, and po-
tential strategies for improvement of calcium intake during pregnancy. Yet, in order to further 
optimize the evidence base for effective implementation some topics need further investi-
gation. Firstly, in our empirical studies, we assumed that dietary habits would not change 
over the course of pregnancy, which is unrealistic. Therefore, for future research, we suggest 
measuring and analyzing calcium content in diet throughout the full pregnancy. Furthermore, 
since the food items in our FFQ only covered an estimated 61.65% of total absolute dietary 
calcium intake, we suggest to include more food items in future FFQs in order to enlarge the 
covered dietary calcium intake.

Secondly, the knowledge generated in our qualitative research should be used to further 
optimize implementation of counseling on calcium, e.g. by improving communication using 
the right words and arguments that will convince women of the importance of better calcium 
intake. The improved strategy should be evaluated and contrasted with the existing strategy. 

A population-based quantitative survey could give insight into the relative importance of each 
identified barrier or facilitator, which could enhance the efficiency of the implementation 
strategy.

Thirdly, we did not interview obstetric care professionals, although they may experience differ-
ent barriers and facilitators. Future studies should involve this group too, in order to identify 
more possibilities for improving implementation.

Fourthly, we suggest to study implementation strategy and advice calcium supplementa-
tion as standard recommendation for all pregnant women. The evidence from our qualitative 
study indicates that making the calcium advice as practical as possible will facilitate improved 
intake. Exceptions to calcium by means of supplementation can be made in individual counsel-
ling. However, we have shown that women do not easily achieve an adequate calcium intake 
from diet, and simply adding one extra dairy product serving a day will not provide sufficient 
calcium to cover the gap for all pregnant women. An extra supplement, 500-1000 mg/day, on 
the other hand will.

Lastly, we did not study the effects of counseling on calcium and actual calcium intake on 
maternal and child outcomes. These are the outcomes that should eventually profit from 
improved calcium intake. Further studies are necessary, within and outside the Expect da-
tabase, to assess whether strategies to improve calcium intake during pregnancy eventually 
ameliorate health outcomes, as suggested by calcium supplementation trials.

CONCLUSIONS
The studies in this thesis provide useful insight in calcium intake during pregnancy and ways 
to improve it. During RC, total calcium intake was inadequate in 60% of pregnant women . 
Calcium supplementation to all pregnant women is expected to yield considerable health 
benefit on a population level and a substantial reduction in related health care costs. In the 
Limburg region, the introduction of the recommendation to advise all pregnant women to 
take care for an adequate calcium intake has resulted in moderately improved calcium intake 
during pregnancy and an important increase in specific calcium supplement use. This effect 
was more pronounced among women with increased risk of developing PE, who may benefit 
most from improved calcium intake. Other risk groups for inadequate calcium intake were 
identified: young, nulliparous women of other than Caucasian origin, while medium-low level 
of education predicted a decreased risk of an inadequate calcium intake. Incorporation of the 
advice on adequate calcium intake in the basic pregnancy care pathway resulted in aware-
ness in the majority of women, but still intake was inadequate in half of them. Improvement 
can be made by raising awareness on a larger scale, implementing the advice as practical as 
possible in guidelines, stressing the importance and lack of harm and concrete and repeat 
the information on how to improve calcium intake.
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IMPACT
This chapter addresses the relevance and the potential scientific and social impact of the 
research in this dissertation on the short – and longer term.

DISSEMINATION OF RESULTS DURING THE 
PHD TRAJECTORY

During the PhD trajectory various means were employed to disseminate the study results to a 
broad audience, including researchers and clinicians with an epidemiologic and/or obstetric 
background. Firstly, we published our study findings in international scientific journals, as 
detailed in the beginning of each chapter of this thesis. Secondly, we presented our scientific 
findings at various conferences and symposia for audiences with a broad background. In 2017 
our scientific results were presented at the Dutch Epidemiological Conference (WEON) and, in 
the same year, at the Dutch gynaecological ‘Gynaecongres’ and at the research meeting at the 
Epidemiology department of Maastricht University. In 2018, we presented our research at the 
Dutch midwifery conference ‘Kennispoort Congres’, at several gynaecology departments of 
Dutch hospitals and at the ‘Care and Public Health Research Institute’ (CAPHRI) ‘Research Day’. 
In this way, the results were shared with multidisciplinary audiences with a broad clinical and/
or healthcare background. Thirdly, scientific results were presented professional and patient 
groups by means of semi-popular articles in magazines of the ‘Nederlandse Vereniging voor 
Obstetrie en Gynaecologie’(NVOG) and HELLP Foundation. Lastly, our research on calcium 
intake and calculated (cost-) effectiveness of implementing the calcium supplementation 
advice was picked up by national press, which enabled our research to reach a broad audience 
beyond the scientific community.

RELEVANCE
An adequate calcium intake during pregnancy, of at least 1000 mg/day, lowers the risk for 
morbidity and mortality for both mother and fetus1-7. Dietary calcium intake during pregnancy 
was found to be alarmingly low in low-income populations8. Before our studies, total calcium 
intake from both diet and supplement use on the other hand had never been calculated in a 
high-income population. In this thesis, we aimed at estimating and improving total calcium 
intake from diet and supplement use during early pregnancy in The Netherlands. We found 
that 60% of the pregnant population had an inadequate total calcium intake and did not meet 
the Recommended Dietary Allowance (RDA). Specific calcium supplements were used by only 
2% of the population. Even though multivitamin supplements were frequently used, their 
calcium content was insufficient to complement dietary calcium intake and achieve RDA for 
calcium. Next, we performed a decision analysis to provide insight whether advising calcium 

supplementation could be a (cost-)effective intervention for implementation in Dutch antenatal 
care. Advising calcium supplementation of 1000 mg/day to all pregnant women, women at risk 
for PE or women with low dietary calcium intakes was found to expectedly reduce incidence 
of PE with 25%, 8% or 13% respectively. Expected net financial benefits were €4,621,465, 
€2,059,165, or €2,822,115 per 100,000 pregnant women, respectively.

In 2016, to promote adequate calcium intake, gynecologists and midwives in the southeastern 
region of the Netherlands agreed to start counseling all pregnant women on the importance 
of an adequate calcium intake and to advise ingesting at least 1000 mg calcium per day. Cal-
cium intake improved, with an absolute risk reduction of 11% in inadequate calcium intake. 
The effect was most pronounced among women with an increased risk of developing pre-ec-
lampsia, who may benefit most from improved calcium intake. The intake of specific calcium 
supplements increased from 2 to 29%, while use of other multivitamin supplements remained 
comparable to use before the start of the calcium advice era, as expected. We identified lower 
age, nulliparity and non-Caucasian origin as risk factors for inadequate calcium intake during 
pregnancy. After the introduction of incorporating calcium advice into early pregnancy coun-
seling, most women reported to have received the advice. Most of the women that said to have 
received the advice were initially positive intentioned to optimize calcium intake, and overall 
they had significantly less inadequate calcium intakes compared to women who did not receive 
the advice. Less than 2% of women discontinued the use of calcium supplements, and since 
still 49% of women have an inadequate calcium intake, there should be focus on initiation: 
the actual start of uptake of the calcium advice, which can be supported by responding to 
barriers and facilitators that were identified.

FUTURE IMPLICATIONS OF THE GENERATED 
KNOWLEDGE

The findings presented in this thesis may have various scientific and clinical implications in the 
(nearby) future. We have increased awareness for calcium intake during pregnancy, and the 
Dutch committee for Obstetrics and Gynaecology (NVOG) recently agreed to incorporate the 
calcium recommendation during pregnancy in national guidelines9. In this way the barrier in 
the social domain will be lowered. Our evidence shows that advising calcium to all pregnant 
women will have major impacts on health and related health care costs. Uptake of the advice 
could have significant worldwide impact on maternal and child outcomes.

It is important to know which women can benefit most from the calcium intake advice to pay 
extra attention to their calcium intake. Target groups are: a) women who, despite good inten-
tions, do not initiate sufficient improvement of calcium intake (>1000 mg/day), b) women at risk 
for an inadequate calcium intake during pregnancy: young, nulliparous and/or non-Caucasian 
and c) women at increased risk of developing PE. The first group is already inclined to optimize 

8



138 139ImpactCHAPTER 8

calcium intake. They simply do not seem to have the practical how-to knowledge on manners 
to achieve adequate intake. They could benefit from concrete and repeated advice from their 
obstetric caregiver on how to improve their calcium intake. This also applies to women of 
the second category, who are most at risk for inadequate calcium intake. Stressing the im-
portance, and the lack of harm and repeat information on how to improve intake is expected 
to facilitate improvement. The last category were found to be aware of their increased risk 
and the potential of calcium to lower the risk: their calcium intake increased after obstetric 
caregivers started to counsel patients actively on calcium.

We showed that calcium intake improved only moderately when women were advised to 
improve their calcium intake either by diet or supplements. Dietary calcium intake may, how-
ever, easily be overestimated and total intake may still fall behind also after dietary changes. 
Complementary to our results, we suggest performing an implementation strategy study, 
empowering future implementation. We suggest to study advising calcium supplementation 
as a standard recommendation for all pregnant women. The results of our qualitative study 
indicate that making the calcium advice as practical as possible and repeating the advice 
will facilitate improved intake. In this way how-to knowledge among women will increase. 
Exceptions to calcium supplementation can be made, of course. However, the evidence from 
our studies shows that women do not easily achieve an adequate calcium intake from diet; 
simply adding one dairy product serving a day will not provide sufficient calcium to cover the 
gap for all pregnant women. An extra supplement, 500-1000 mg/day, on the other hand will.

The results provided by this thesis are relevant for obstetric caregivers and all pregnant 
women. Even when calcium supplementation is advised to all pregnant women, it is import-
ant to keep in mind which women are at risk for either developing PE, or low calcium intake 
– namely young, nulliparous and/or women of non-Caucasian origin - and have most benefit 
from the calcium advice. We suggest obstetric caregivers build in a verification moment into 
the care pathway of these women to check whether they use a calcium supplement, for in-
stance at 16 weeks of pregnancy.

CONCLUSION
In this thesis, we have included several studies that provide insight in calcium intake during 
pregnancy, risk groups for low calcium intake, barriers and facilitators for uptake of calcium 
advice, and potential strategies for improvement of calcium intake during pregnancy. To dis-
seminate this evidence to the right audiences and to increase the impact of this work, sever-
al strategies were employed to share these results with researchers, clinicians and general 
audiences. Yet, in order to further optimize the evidence base for effective implementation 
an implementation study should be performed, aiming to further improve calcium intake of 
pregnant women, nationally and internationally.

REFERENCES
1. Crowther, C.A., et al., Calcium supplementation in nulliparous women for the prevention of preg-

nancy-induced hypertension, preeclampsia and preterm birth: an Australian randomized trial. 
FRACOG and the ACT Study Group. Aust N Z J Obstet Gynaecol, 1999. 39(1): p. 12-8.

2. Bucher, H.C., et al., Effect of calcium supplementation on pregnancy-induced hypertension and 
preeclampsia: a meta-analysis of randomized controlled trials. JAMA, 1996. 275(14): p. 1113-7.

3. Hofmeyr, G.J., et al., Calcium supplementation during pregnancy for preventing hypertensive dis-
orders and related problems. Cochrane Database Syst Rev, 2014. 6: p. CD001059.

4. Patrelli, T.S., et al., Calcium supplementation and prevention of preeclampsia: a meta-analysis. J 
Matern Fetal Neonatal Med, 2012. 25(12): p. 2570-4.

5. Villar, J., J.M. Belizan, and P.J. Fischer, Epidemiologic observations on the relationship between 
calcium intake and eclampsia. Int J Gynaecol Obstet, 1983. 21(4): p. 271-8.

6. Tang, R., et al., Limited evidence for calcium supplementation in preeclampsia prevention: a me-
ta-analysis and systematic review. Hypertens Pregnancy, 2015. 34(2): p. 181-203.

7. Villar, J., et al., Nutritional interventions during pregnancy for the prevention or treatment of ma-
ternal morbidity and preterm delivery: an overview of randomized controlled trials. J Nutr, 2003. 
133(5 Suppl 2): p. 1606S-1625S.

8. Merialdi, M., Mathai, M., Ngoc, N.T.N., Purwar, M., Campodonico, L., Abdel-Aleem, H., Hofmeyr, G.J., 
Rojas, M.X., Perez-Cuevas, R., Joseph, G., Hieu, N.T., Radha, N.A., Motghare, V., Carroli, G., Cerro del, 
S., Giordano, D., Ahmed, A., Mangesi, L., Roodt, A., Mahmoud, F.A., Piaggio, G., & Villar, J., World 
Health Organisation Systematic Review of the literature and multinational nutritional survey of 
calcium intake during pregnancy. Fetal and Maternal Medicine Review, 2005. 16(02): p. 97-121.

9. Nederlandse Vereniging voor Obstetrie en Gynaecologie,  Modules Hypertensieve aandoeningen 
in de zwangerschap. 2021.

8



ADDENDUM

Summary 
Nederlandstalige Samenvatting 
Dankwoord
Curriculum Vitae
List of publications



142 143AddendumAddendum

SUMMARY
Adequate calcium intake during pregnancy is of major importance for the health of both 
mother and fetus. Fetal risks of insufficient calcium intake during pregnancy include restricted 
intrauterine growth, low birth weight, poor bone mineralization and preterm birth, whereas 
maternal risks include hypertension and pre-eclampsia (PE).

In the Netherlands, the recommended dietary allowance (RDA) for calcium is 1000 mg/day 
for all adults, irrespective of pregnancy status. Even though diet is the main contributor to 
total calcium intake, an adequate intake is not easily achieved via diet alone since 100g of 
milk contains only 108 to 200mg calcium. Surveys show high levels of sub-RDA calcium intake 
in low-income countries. Evidence on the prevalence of inadequate calcium intake among 
pregnant women from Western countries is sparse.

In Chapter 2, we report on a study of calcium intake among Dutch pregnant women. The study 
was part of a prospective population-based cohort study among pregnant women living in 
the south-eastern art of the Netherlands (Expect Study I; 2013-2015). We estimated calcium 
intake from both diet and supplement use during early pregnancy on the basis of questionnaire 
data. Data of 2477 pregnant women were available for analysis. Results indicate that almost 
two third of women did not meet the recommended adequate calcium intake of 1000 mg/day. 
Median calcium intake was 886 (interquartile range 611-1213) mg/day. Although supplements 
were frequently used, the calcium content of most used supplements, prenatal vitamins, was 
insufficient for complementing dietary calcium intake to reach the recommended adequate 
intake.

In Chapter 3, we performed a decision analysis aimed at providing insight whether advising 
calcium supplementation would be a (cost-)effective intervention in Dutch antenatal care. Re-
sults indicated that advising calcium supplementation of 1000 mg/day to all pregnant women, 
pregnant women at high risk for PE, or pregnant women with low dietary calcium intake can be 
expected to reduce the incidence of PE by 25%, 8% or 13% respectively. Expected net financial 
benefits are €4,621,465, €2,059,165, or €2,822,115 per 100,000 pregnant women, respectively. 
Advising supplements to all women is likely to be the most cost-efficient strategy. Although 
advising calcium supplementation to subgroups may be a more targeted approach, is it less 
attainable to estimate actual calcium intake and risk of PE for each woman, while supplemen-
tation with 1000 mg calcium for the duration of pregnancy is not expected to be harmful even 
among women with adequate ingestion on the basis of diet alone.

In Chapter 4, we describe the strategy used to implement and evaluate the impact of risk-
based care in a study setting (Expect Study II). Risk-based care consisted of model-based 
prediction of risks of untoward pregnancy and birth outcomes combined with risk-based 
care paths. Recruitment and data collection were similar to those of the Expect I study. Just 
before the implementation of risk based care, obstetric caregivers had started counseling 

pregnant women on calcium in line with the outcome of the decision model. Therefore, the 
data collected on calcium in the Expect II study gave the opportunity to study the effects of 
advising calcium during early pregnancy.

In Chapter 5, we report on this before-after study, comparing regular care (RC, Expect Study 
I, 2013-2015, n=2477) with calcium advice care (CAC, Expect Study II, 2017-2018, n=774). Our 
results indicated that, in CAC versus RC, calcium intake improved, with an absolute decrease of 
11% in the probability of having an inadequate intake after the introduction of counselling on 
calcium. The intake of specific calcium supplements increased from 2 to 29%, while the use of 
other multivitamin supplements remained comparable to use in the pre-intervention period. 
We identified age, nulliparity, and the non-Caucasian ethnicity as risk factors of inadequate 
calcium intake, while medium-low level of education predicted a decreased risk of an inade-
quate calcium intake. In CAC, risk of inadequate intake decreased with increasing predicted 
risk of pre-eclampsia, which was a trend reversal in comparison to RC.

In order to expand the evidence base for further optimization the uptake of the calcium advice, 
a mixed methods study with a sequential design (QUAN-QUAL) was performed (chapter 6). 
This study consisted of a self-reported survey among participants of Expect Study II (n=823) 
and interviews among a random selection of 16 typical cases . Incorporation of the advice 
on adequate calcium intake in the basic pregnancy care pathway resulted in awareness in 
the majority of women, but still an inadequate intake in half of them. The number of women 
discontinuing supplements was negligibly small (less than 2%), indicating that the main focus 
should be on initiation: the actual start of uptake of the calcium advice. Results further im-
plied that further improvement can be made by stressing the importance and lack of harm 
of calcium and the need for concrete and repeated information on how to improve intake. 
Enlarging (practical) how-to and (theoretical) principles knowledge by concretization can result 
in positive attitudes and increased adherence of the calcium advice

Chapter 7 provides a general discussion of the results presented in this thesis together with 
their implications and limitations. In conclusion, this thesis described, calcium intake during 
pregnancy. We showed that calcium intake in a Western country, with good availability and 
affordability of calcium-rich products, was inadequate in 60% of pregnant women during 
regular care. We calculated that calcium supplementation during pregnancy, an efficacious 
intervention in the prevention of PE, can result in important health effects on population level 
and a substantial reduction in health care costs. Next, we demonstrated that incorporating 
calcium advice into early pregnancy counseling leads to a decrease in the risk of inadequate 
calcium intake during pregnancy, most pronounced among women with increased risk of PE, 
who may benefit most from improved calcium intake. Further improvement could be attained 
by applying knowledge gained from our qualitative study; additional evidence is however 
necessary from interviewing obstetric caregivers and quantification of the importance of 
each identified factor in a survey. Incorporation of calcium advice to pregnant women in pro-
fessional guidelines could raise awareness among obstetric caregivers. The Dutch committee 



144 145AddendumAddendum

for Obstetrics and Gynaecology (NVOG) recently agreed to incorporate the calcium recom-
mendation during pregnancy in their guidelines. Although the guideline currently stresses 
adequate intake of calcium via diet or supplements, we suggest that narrowing down the 
advice to taking calcium supplements may improve simplicity, adherence, and, consequently, 
maternal and child outcomes.

NEDERLANDSTALIGE SAMENVATTING
Een adequate calcium inname is zowel voor een zwangere vrouw als voor de ongeboren baby 
erg belangrijk. Foetale risico’s van een inadequate calcium inname tijdens de zwangerschap 
zijn een beperkte intra-uteriene groei, een laag geboortegewicht en een slechte botminerali-
satie. Maternale risico’s betreffen zwangerschapshypertensie en pre-eclampsie (PE).

De aanbevolen dagelijkse hoeveelheid calcium is 1000 mg/d voor volwassenen, ongeacht 
zwangerschap. Voeding levert de belangrijkste bijdrage aan de totale calcium inname, maar 
een adequate inname bereiken via slechts voeding is niet makkelijk. Honderd gram melk 
bevat namelijk slechts 108 tot 200 mg calcium. Gepubliceerde studies uit ontwikkelingslanden 
laten veelal calcium innames onder de aanbevolen dagelijkse hoeveelheid zien. Bewijs voor 
de prevalentie van een inadequate calcium inname onder zwangere vrouwen in Westerse 
landen was spaarzaam.

In hoofdstuk 2 beschrijven we een studie over de calcium inname onder Nederlandse zwangere 
vrouwen. De studie was onderdeel van een multicenter prospectief cohortonderzoek onder 
zwangere vrouwen in het zuidoosten van Nederland (Expect Studie I; 2013-2015). Wij hebben 
calcium inname uit zowel voeding als supplement gebruik in de vroege zwangerschap bep-
aald op basis van vragenlijsten bij 2477 vrouwen. De resultaten van dit onderzoek laten zien 
dat bijna twee derde van de zwangere vrouwen niet de aanbevolen dagelijkse hoeveelheid 
calcium van 1000 mg/d binnen krijgen. De mediane calcium inname was 886 (interkwartielaf-
stand 611-1213) mg/d. Hoewel supplementen vaak werden gebruikt, was de calciuminhoud 
van de meest gebruikte supplementen, zwangerschapsmultivitaminen, onvoldoende om de 
calciuminname uit de voeding te compenseren tot aan de aanbevolen adequate hoeveelheid.

In hoofdstuk 3 hebben we een theoretische impactanalyse uitgevoerd om inzicht te verschaf-
fen of het adviseren van calciumsuppletie door middel van specifieke calciumsupplementen 
tijdens de zwangerschap een potentieel (kosten-)effectieve interventie is voor implementatie 
in de Nederlandse prenatale zorg. De resultaten toonden aan dat het adviseren van het gebruik 
van calciumsupplementen van 1000 mg/d aan alle zwangere vrouwen, zwangere vrouwen 
met een hoog risico op PE of zwangere vrouwen met een lage calciuminname de incidentie 
van PE met respectievelijk 25%, 8% or 13% kan reduceren. De te verwachten netto financiële 
voordelen zijn respectievelijk €4,621,465, €2,059,165, en €2,822,115 per 100,000 zwangere 
vrouwen. Het adviseren van calciumsupplementen aan alle zwangere vrouwen blijkt de meest 
kosteneffectieve strategie te zijn. Hoewel het adviseren van calciumsupplementen aan spec-
ifieke subgroepen een gerichtere aanpak is, is het minder haalbaar om de daadwerkelijke 
calciuminname en het PE risico per vrouw te bepalen. Bovendien wordt niet verwacht dat 
suppletie met 1000 mg calcium gedurende de zwangerschap schadelijk kan zijn, zelfs niet bij 
vrouwen die al een adequate calcium inname hebben op basis van enkel voeding.
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In hoofdstuk 4 beschrijven we de strategie die toegepast is om risico-gebaseerde zorg te 
implementeren en de impact hiervan in een studie-setting te evalueren (Expect Studie II). 
Risico-gebaseerde zorg bestaat uit een model met voorspellingen van risico’s op zwanger-
schaps- en geboorte-uitkomsten gecombineerd met risico-gebaseerde zorgpaden. Werving en 
datacollectie waren vergelijkbaar met de Expect Studie I. Vlak voor de implementatie van de 
risicogebaseerde zorg zijn obstetrische zorgverleners gestart met het counselen van zwangere 
vrouwen over calcium, overeenkomstig met de uitkomsten van het beslissingsmodel. Op deze 
manier gaven de verzamelde data uit de Expect Studie II de mogelijkheid om de effecten van 
het adviseren van calcium tijdens de vroege zwangerschap te bestuderen.

In hoofdstuk 5 hebben we een voor-na studie beschreven, waarin normale zorg (Expect Studie 
I, 2013-2015, n=2477) vergeleken wordt met de zorg nadat obstetrische zorgverleners afgespro-
ken hebben om alle zwangere vrouwen te adviseren over calcium (Expect Studie II, 2017-2018, 
n=774). Onze resultaten laten zien dat de calciuminname verbeterd is sinds de start van het 
advies over calcium. Zo is er sindsdien een absolute daling van 11% op de kans op het hebben 
van een inadequate calcium inname. Het percentage zwangeren dat specifieke calcium sup-
plementen gebruikt is daarbij ook gestegen, van 2% naar 29% en het gebruik van multivita-
mine supplementen is gelijk gebleven. Als risicofactoren voor een inadequate calciuminname 
hebben we een jonge leeftijd, nullipariteit en de niet-Caucasische etniciteit geidentificeerd. Het 
MBO-opleidingsniveau was een voorspeller voor een lagere kans op een inadequate calcium 
inname. In de periode waarin calcium geadviseerd werd door zorgverleners zagen we ook 
een daling van inadequate calcium inname bij de vrouwen die het hoogst voorspelde risico 
op PE hadden. Deze trend was tegenovergesteld aan de hoeveelheid inadequate innames 
tijdens de normale zorg.

Om het opvolgen van het calcium advies nog verder te optimaliseren hebben we een studie met 
gemixte methoden met een sequentieel design (QUAN-QUAL) uitgevoerd. De studie bestond 
uit een zelf-gerapporteerde enquête onder deelnemers van de Expect Studie II (n=823) en 
interviews met een willekeurige selectie van 16 vrouwen. De meeste vrouwen zijn zich bewust 
van het belang van calcium tijdens de zwangerschap sinds de opname van het calcium advies 
in de basis obstetrische zorg. Echter, de helft van hen heeft nog een inadequate calciumin-
name. Het aantal vrouwen dat stopte met calcium supplement gebruik was verwaarloosbaar 
klein (kleiner dan 2%), wat aangeeft dat de focus zou moeten liggen op het daadwerkelijke 
starten van calcium en de opvolging van het calcium advies. Resultaten lieten verder zien dat 
overige verbetering bereikt kan worden door het belang van calcium te benadrukken en te 
benoemen dat schadelijke bijwerkingen ontbreken. Informatie moet vooral concreet zijn en 
herhaald worden. Het vergroten van specifieke praktische ‘how-to’ en theoretische ‘principles’ 
kennis door te concretizeren kan zo resulteren in positieve attitudes en kan de naleving van 
het calcium advies vergroten.

Hoofdstuk 7 bestaat uit een algemene bespreking van de resultaten die in dit proefschrift 
worden gepresenteerd, met hun bijbehorende implicaties en beperkingen. Concluderend 

beschrijft dit proefschrift de calcium inname tijdens de zwangerschap. We hebben laten 
zien dat de calcium inname voor 60% van de zwangere vrouwen in een Westers land, waar 
calcium-rijke producten goed beschikbaar en betaalbaar zijn, inadequaat was ten tijde van 
normale zorgverlening. We hebben berekend dat het adviseren van het gebruik van calcium 
supplementen, een effectieve interventie in de preventie van PE, kan resulteren in belangrijke 
gezondheidseffecten op populatieniveau en een aanzienlijke verlaging van de kosten van de 
gezondheidszorg kan opleveren. Vervolgens hebben we aangetoond dat het opnemen van cal-
cium als advies in counseling tijdens de vroege zwangerschap leidt tot een daling in het risico 
op een inadequate calcium inname tijdens de zwangerschap. Dit effect was meer uitgespro-
ken onder vrouwen met een verhoogd risico op het ontwikkelen van PE, die het meeste baat 
kunnen hebben van het verbeteren van hun calcium inname. Verdere verbetering kan bereikt 
worden door het toepassen van de kennis die blijkt uit onze kwalitatieve studie; aanvullend 
bewijs is echter nodig door ook obstetrische zorgverleners te interviewen en het belang van 
elke geïdentificeerde factor in een studie te kwantificeren. Door het calcium advies voor zwan-
gere vrouwen in professionele richtlijnen op te nemen kan bewustwording onder obstetrische 
zorgverleners bereikt worden. De Nederlandse Vereniging voor Obstetrie en Gynaecologie 
(NVOG) heeft recent afgesproken om de calcium aanbeveling tijdens de zwangerschap op te 
nemen in hun richtlijnen. Ook al beschrijft deze richtlijn adequate calciuminname momenteel 
via voeding of supplementen, wij stellen voor om dit advies te versmallen naar het nemen 
van calciumsupplementen om versimpeling, naleving en dientengevolge, de uitkomsten voor 
moeder en kind te verbeteren.
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DANKWOORD
Daar is ‘ie dan, mijn proefschrift! Wat ben ik trots dat het me gelukt is, maar alleen had ik dit 
nooit kunnen doen en daarom wil ik graag iedereen die me gesteund heeft bedanken.

Allereerst wil ik alle deelnemende zwangere vrouwen van de Expect Studie hartelijk bedanken 
voor de moeite die zij genomen hebben om onze vragenlijsten in te vullen of interviews af te 
leggen. Zonder jullie bijdrage had dit proefschrift niet kunnen bestaan!

Natuurlijk ook een groot woord van dank aan mijn promotieteam, prof. Dr. L.J.M. Smits en 
dr. H.C.J. Scheepers.
Luc, wat heb ik veel van jou geleerd. Toen ik aan ons onderzoek begon met mijn epidemi-
ologische basiskennis van GW had ik niet durven hopen op dit eindresultaat. Tijdens onze 
meetings heb je me meermaals uitgedaagd om mijn kennis uit te breiden en toe te passen. 
Mijn wetenschappelijke vorming heb ik voor een groot deel aan jou te danken! Onze eerste 
publicatie vierden we met bubbels. Ons artikel had een mooie boodschap en kreeg veel me-
dia-aandacht. Wat vond ik het gaaf dat ons onderzoek deze impact had! Het volgende artikel 
met de logistische regressie analyse; wat zag ik daar tegen op. Maar wat heb je me geholpen, 
samen achter de te trage computer, met een taartje en genoeg humor hebben we een mooie 
analyse neergezet! Ik heb met veel plezier met je samengewerkt en vond het supergaaf om 
jou professor te zien worden! Een eer om bij die mijlpaal aanwezig te mogen zijn.
Liesbeth, we leerden elkaar 7 jaar geleden kennen toen je me hielp in het creëren van een keuze 
coschap waarbij ik verliefd werd op jouw mooie vak. Ik mocht zwangeren in de 1e, 2e en 3e 
lijn volgen en droeg m’n steentje bij als stagiaire binnen de Expect Studie. Sindsdien bleef ik 
betrokken bij de Expect en zo ontstond het idee voor dit proefschrift! Je hielp om de vaart er 
in te houden en om het klinisch belang voor ogen te houden. Altijd even energiek en enthou-
siast, recht voor z’n raap en gepassioneerd over zowel de gyn als de wetenschap. Wat ben jij 
een powervrouw en wat heb ik veel respect voor wat, en hoe je het allemaal doet! Dankjewel 
voor je hulp, zowel bij het onderzoek, als ook je betrokkenheid daar buiten!

Linda & Pim, mijn expect-buddies en paranimfen! Wat heb ik met jullie fijn samengewerkt.
Linda, wat vond ik het spannend toen ik in mijn eerste co-schap jouw taken mocht waarnemen 
tijdens jouw vakantie naar Borneo & Maleisië. Wat ben jij een getalenteerd wetenschapper en 
wat kijk ik nog steeds tegen jouw werk op. Je hebt deze studie met zoveel nauwkeurigheid 
opgezet en ik heb veel van je mogen leren. Met jouw kennis, wetenschappelijke rugzak en 
communicatieve vaardigheden ben jij een hele fijne en goede huisarts!
En toen kwam Pim, nog zo’n talent! Gedreven en ambitieus leidde jij het tweede deel van de 
Expect studie en produceerde je het ene na het andere artikel. Altijd stond je voor me klaar, 
om even mee te denken of een figuur in elkaar te zetten. Binnen de opleiding van de interne 
geneeskunde ben jij helemaal in je element.

Lieve Linda & Pim, ik ben blij dat we elkaar nog steeds zien. Ik vond het een eer om naast 
jullie te mogen staan tijdens jullie verdediging en ik hoop met jullie aan mijn zij ook van mijn 
verdediging een feestje te kunnen maken!

De leden van de beoordelingscommissie, prof. dr. M.P. Weijenberg, prof. dr. R.M.M. Crutzen, dr. 
J.W. Ganzevoort en dr. N. Roeleveld wil ik bedanken voor de beoordeling van dit proefschrift.

Zonder de medewerking van alle betrokken verloskundigenpraktijken en ziekenhuizen was 
had de Expect Studie en ons calcium onderzoek niet plaats kunnen vinden. In het bijzonder 
dank aan de LOQS-projectgroep en werkgroepleden.

Ook alle co-auteurs wil ik hartelijk danken voor jullie kritische blik, feedback en goedkeuring 
van mijn manuscripten.
In het bijzonder wil ik Martien en Ilse bedanken. Martien, jouw kennis op voedingsgebied was 
onmisbaar. Ilse, wat hebben wij intensief samengewerkt. Wekelijkse zoom meetings en samen 
brainstormen, terwijl ons artikel steeds meer vorm kreeg. We hadden nog uren door kunnen 
praten denk ik, want er was zoveel informatie uit de interviews te halen! Ilse, ik wil je bedanken 
dat je me geïntroduceerd hebt in het kwalitatieve onderzoek en dat je me zoveel gespreks- en 
onderzoeksvaardigheden bijgebracht hebt, anders dan de kwantitatieve ‘mainstream’ onder-
zoeksskills. Ik denk dat ik hier ook in mijn carrière als huisarts de vruchten van zal plukken.

Dankjewel ook collega’s op Deb!
In het bijzonder wil ik de dames van het secretariaat bedanken. Conny, altijd even vriendelijk 
hielp je me aan gaatjes in de agenda’s van Luc & Liesbeth. Nicole en Yvonne, jullie hebben 
bergen werk verzet in het nauwkeurig uittypen van mijn interviews, dank jullie wel! En Mariëlle, 
dank bij het begeleiden van de laatste loodjes op weg naar de verdediging.
Christel en Adri, altijd waren jullie geïnteresseerd en in voor een praatje, dat was heel fijn. 
Harry en Jos, ik heb jullie vaak lastig gevallen met mijn ICT-probleempjes, waarbij jullie altijd 
een oplossing vonden, zelfs in Covid-thuiswerk-tijden, dank! Laure, met jou heb ik weinig 
samengewerkt, maar wat ben jij slim en ambitieus.

Mandy en Judith, de stagaires die me geholpen hebben. Ik waardeer jullie nauwkeurigheid en 
inzet. Mandy, je was een kei met SPSS en Judith, jouw visie vanuit preventie en gezondheid 
was een welkome aanvulling op onze interviews. Ik wens jullie beiden veel succes met jullie 
carrière!

En dan alle mede-PhD’s: Josien, Marlou-Floor, Kelly en Karlijn en degenen die al gepromoveerd 
zijn: de fast-food fridays, foute kerst lunches en uitjes waren een succes – wat deed iedereen 
zich ook altijd moeite voor lekker eten - en zorgden voor veel gezelligheid!
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Soms zijn collega’s meer dan alleen collega’s. Karlijn, Jacqueline en Sophie, hoogte- en 
dieptepunten deelden we, zowel DEB als privé gerelateerd. Karlijn, ooit kwam ik als roomie 
bij jou en Linda op de kamer en steeds leerden we elkaar beter kennen. Non-stop werkte jij 
door en wat leverde jij veel werk af! Nu maken we samen kinderkleding – jij meer dan ik - wat 
kun je dat ongelooflijk goed. Als jij een eigen merkje uit zou brengen weet ik zeker dat het 
een hit wordt! Dankjewel, dat je me dit geleerd hebt, maar meer ook voor onze vriendschap! 
Jacq en Sophie, wat heb ik met jullie (hard gewerkt en vooral) veel gelachen en gefeest! Bij 
zonsopkomst de kroeg uit rollen, met rozen in de hand en foto’s die hele verhalen vertellen… 
Onvergetelijk. En natuurlijk carnaval, jaarlijks door ons ingeluid op de donderdagavond in 
Valkenburg. Maar daarnaast veel belangrijker voor me was dat we altijd bij elkaar terecht 
kunnen en met elkaar meedenken. Jullie deur stond altijd open, dankjewel!

Ook wil enkele oud-collega’s graag bedanken.
Roosje, met jou heb ik veel gedeeld in mijn gyn-tijd. Dankjewel dat je er voor me was. Ik wens 
je veel succes met het afronden van jouw proefschrift, maar met jouw indrukwekkende ex-
celplanning komt dat snel helemaal goed!
René, wat vond ik het met jou fijn samenwerken op Valkenheim – je passie voor je vak en aan-
dacht voor de bewoners is bewonderenswaardig. Zo fijn dat we elkaar zijn blijven zien! Steeds 
weer vraag je of mijn boekje al af is; bedankt voor je interesse en meeleven!
Thiebault, onder jouw supervisie heb ik vertrouwen gekregen in mezelf en plezier in mijn werk. 
Je straalde rust uit en bood me precies wat ik nodig had. Dankjewel daarvoor!
Kitty, jij bent echt een voorbeeld voor me. Ik ben zo blij dat ik het eerste jaar van mijn opleid-
ing met jou mocht doorbrengen en kom graag ooit terug naar de Kluis. Dankjewel voor alles!

Guy, Kimberly en Verena en het hele team van huisartsenpraktijk Grensland. Ik ben pas net 
begonnen bij jullie in de praktijk, maar wat voel ik me nu al welkom. Dankjewel daarvoor. Ik 
denk dat we een mooi jaar tegemoet gaan samen!

Lieve HAIO-collega’s – we don’t heiny our feelings! Wat hebben we in onze terugkomdaggroep 
in jaar 1 veel gedeeld en hoe leuk dat we komend jaar een vakantie naar een fenomenaal 
kasteeltje geboekt hebben (credits voor Thomas, top organisatie!). Moniek, jij en ik, allebei 
zwanger en allebei 26 aug 2020 uitgerekend! Samen sporten en vooral heel veel mommy issues 
delen, het was genieten met jou! En nu met onze Mex en Isa hebben we tijd te kort en verhalen 
te veel! Stephanie, wat heb ik veel respect voor jou! Ik vraag me soms af hoe je alles geregeld 
krijgt en er zo fris uit blijft zien. Ik waardeer je eerlijkheid en je steun en ga heel blij zijn als we 
straks klaar zijn en onze werk-privé balans het overleefd heeft. Lieve Sofie, onze altijd enthou-
siaste en vrolijkste HAIO, jij maakt elk onderwijsprogramma tot een feestje! Lieke, sprankelend 
hielp je ons aan de LHK pubquiz overwinning. Ik mis je in onze 3e jaars groep! Manouk en Stijn, 
mijn mede AIOTHO’s, ik kijk uit naar jullie boekjes. Audrey, altijd even gastvrij en waar zouden 
we zonder jouw planningsvaardigheden en beroemde balletjes zijn. Thomas en Joep, jullie 
hebben mijn café aan huis in Mheer gevonden. Met jullie is het altijd gezellig, maar ook denk 
ik dat we kritisch naar elkaar luisteren en elkaar aan het denken zetten. En tenslotte, Carla, 

lieverd, ik ben zo blij dat wij elkaar gevonden hebben! Ooit was je mijn FIC-mama en nu zijn we 
echt opleidingsmaatjes. We kennen elkaar intussen door en door en weten dat we op elkaar 
kunnen bouwen. Ik ben blij met de groei die jij niet alleen in je carrière, maar ook met jullie 
kleine ventje in je buik hebt doorgemaakt. Je doet het super schat!

Lieve Mikal en Clint, jullie zijn meer geworden dan oud-Sevagram-collega’s en mede-HAIO’s. 
Naast gezelligheid, geven jullie me telkens ook inzichten in zowel ons vak, als mezelf. Miek, 
ooit leerden we elkaar kennen bij de gyn, waar je me als semi-arts hielp, en wat ben ik blij dat 
we sindsdien zo close gebleven zijn! Je hebt een groter talent dan je zelf misschien beseft. 
Wat vind ik het fijn om met jou te kletsen en ervaringen te delen. Maar ook veel te vroege 
spinning sessies en dansjes natuurlijk! En Clint, ooit was je moeilijk te peilen, maar intussen 
ken ik zelfs je zorgzame kant en kan ik vooral veel lachen om je goeie humor. Jouw visie op 
de huisartsenpraktijk van de toekomst is inspirerend en ik bewonder je ambities. Dankzij jou 
heb ook ik intussen mijn eerste ‘medisch leiderschap’-boek in de kast staan (lezen volgt nu 
ik dit boekje af heb). Als intervisie-hyena’s houden we elkaar scherp en laten we dat vooral 
voortzetten als we klaar zijn met de opleiding!

Lieve Wendy, samen begonnen we aan GW, jij met een rugzakje vol psychologie en ik vers van 
de middelbare school. In die eerste onderwijsgroep begon een vriendschap die ik koester! 
Onze dates voelen altijd alsof we elkaar de week er voor nog gezien hebben en ooit hoop ik 
met jou als POH in de praktijk samen te werken!

Lieve An, Lin, Lies, Clau, Nicky, MJ & Frouk - mijn familia! Ooit leerden we elkaar in het begin 
van onze geneesco-carrière kennen. Met zijn allen afspreken is vaak een uitdaging gezien 
de afstand en onze rijke sociale levens, maar ik weet dat ik op jullie kan rekenen en vind het 
zo fijn om via de app toch genoeg van elkaar mee te krijgen. Life-events en carrièrestappen 
vieren, daar zijn we heel goed in en eerlijk is eerlijk, het is echt weer tijd voor een weekendje 
samen op pad!

Lieve Anouk, samenwerkend onze studie door, wat hebben wij boekwerken geschreven en 
wat zijn we close geworden! Ik heb altijd zo tegen jou opgekeken, wat ben je een harde werker, 
intelligent en lief! Jouw patiënten boffen met een cardioloog zoals jij! Ik ben blij dat jij mijn 
vriendinnetje bent en trots op wat en hoe je alles doet! 

Lieve Aimee, een memorabele periode in Geldrop zorgde dat wij vriendinnetjes werden. Ik 
ben dankbaar voor alle lol die we hebben en goede gesprekken die we voeren. Je lipstick doet 
wonderen, met jouw humor kan ik elke keer weer lachen, je lef zet me aan het denken en je 
stralende lach maakt me blij.  

Lieve Nikki, Ellen, Laura, Lauraine en Inge - de chickaas! Wie had gedacht dat een introkamp 
van MSV Santé en een bachelor GW tot zo’n mooie en hechte vriendschap zouden leiden. Ons 
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10-jarig jubileum hebben we intussen gevierd (en hoe!) en onze weekendjes weg blijven mijn 
favorietjes. We vullen elkaar aan, delen lief en leed en wat ben ik trots op jullie! 

Lieve Wouter en Suus, als beste vrienden van Nick leerde ik jullie een oudjaarsavond kennen 
en al heel snel mocht ik zelfs meerijden met Nick in jullie bruidsauto. Maar een nog grotere 
eer was het dat ik bij de thuis-geboorte van Boris mocht zijn. Zo mooi, zo bijzonder - dat we 
dat deelden was voor mij wel ultiem in onze vriendschap! En daarnaast in het kader van mijn 
opleiding ook het perfecte voorbeeld van hoe puur, fysiologisch en magisch mooi een (thuis)
bevalling kan zijn. Lieve Suus, altijd ben je geïnteresseerd in mijn opleiding en onderzoek. Je 
vraagt door en denkt met me mee. Zo fijn vind ik dat, om met jou een inhoudelijke discussie 
te voeren of flink tegen je te kunnen klagen over alle hobbels die ik tegen ben gekomen. En 
gelukkig is er altijd wijn, of port en een hele grote borrelplank (onze specialiteit). Lieverds, op 
alle manieren waarop jullie konden bijdragen aan dit boekje deden jullie dat: dank jullie wel!

Lieve vrienden en vriendinnen. Jullie zorgden vooral voor de balans in mijn leven. Ik verheug 
me altijd op de momenten die we samen doorbrengen en ben dankbaar voor alles wat we 
samen beleefd hebben!

Lieve familie, bedankt voor jullie steun! Lieve Eva, wat zouden opa en oma trots op ons zijn! 
Lieve ome Nico en Karen, sinds corona hebben we elkaar niet meer in het echt kunnen zien, ik 
hoop jullie snel weer een knuffel te kunnen geven en weet hoe trots jullie zijn! Lieve Monique, 
wat kan ik nog veel van jou leren, je warmte en openhartigheid voelt als een verrijking.

Lieve Lilian en Jean-Pierre, wat voel ik me bij jullie welkom. Ik ben dankbaar voor onze goede 
band en jullie vele steun. Alles is bespreekbaar met jullie en ik weet dat ik bij jullie terecht 
kan. Merci daarvoor!

Lieve mama, dankjewel dat je me mijn hart hebt laten volgen en mijn keuzes in het leven 
respecteert. 

Lieve papa, dankzij jou is mijn interesse in de bètavakken ooit begonnen. Ik weet dat dit boekje 
jou heel trots maakt. Dankjewel dat je er voor me bent en me dat laat voelen. Ik ben heel blij 
met de rol die we in elkaars leven vervullen. 

Lieve Bas, mijn ‘kleine’ broertje. Wat ben ik ongelofelijk trots op jou. We hebben zo veel meege-
maakt en ik vind het zo knap hoe jij je staande houdt en blijft ontwikkelen. Je bent ultraslim en 
supersociaal, best een bijzondere combinatie eigenlijk. Jouw proefschrift begint ondertussen 
ook steeds meer vorm te krijgen en ik kijk er naar uit om als trotse zus op de eerste rij te zitten 
bij je verdediging! Lieve Bas, dankjewel dat jij mijn broertje bent!

Lieve Nick, mijn rots in de branding. Met jou is het leven één groot avontuur. Je houdt me 
scherp, biedt me structuur en houvast, staat naast me, maar ook voor me als dat nodig is 
en laat me voelen dat je heel veel van me houdt. 10 jaar samen, vele paradijselijke plekken 
verkend en een leven vol avonturen op onze wensenlijst. Vorig jaar kregen we de grootste, 
leukste en liefste uitdaging van ons leven: onze Isa. Met jullie wil ik onze dromen waar maken.
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