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Abstract 

Background:  Appropriate health system utilisation during pregnancy is fundamental for maintaining maternal and 
child’s health. To study the use and determinants of supplementary prenatal screening and diagnostics in Germany 
this study provides comprehensive data.

Methods:  We obtained data from a recently established prospective German birth cohort study, the KUNO Kids 
Health Study. Analyses are based on Andersen’s Behavioural Model of health system use, which distinguishes 
between predisposing (e.g. country of birth), enabling (e.g. health insurance) and need factors (e.g. at-risk pregnancy). 
We examined bi- and multivariate association with the use of supplementary prenatal screening and diagnostics 
using logistic regression.

Results:  The study has a sample size of 1886 participating mothers. One fifth of the mothers investigated did not use 
any supplementary prenatal screening or diagnostics. Notably, the chance of using supplementary prenatal screen‑
ing and diagnostics more than doubled if the pregnant woman had a private health insurance (OR 2.336; 95% CI 
1.527–3.573). Higher maternal age (OR 1.038; 95% CI 1.006–1.071) and environmental tobacco smoke exposure (OR 
1.465 95% CI 1.071–2.004) increased the use of supplementary prenatal screening and diagnostics. However, regard‑
ing need factors only having an at-risk-pregnancy (OR 1.688; 95% CI 1.271–2.241) showed an independent association.

Conclusion:  The important role of the type of health insurance and the relatively small influence of need factors was 
surprising. Especially with respect to equity in accessing health care, this needs further attention.

Keywords:  Supplementary prenatal screening and diagnostics, Andersen’s Behavioural Model of Health Services Use, 
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Background
Medical-technical progress of recent years has contrib-
uted to an improvement in prenatal care [1]. Inadequate 
or insufficient use of antenatal care is seen as a main risk 
factor for adverse pregnancy outcomes. Appropriate 
health system utilisation during pregnancy allows pro-
viding information about prevention programmes and 
to ensure that adequate therapy is initiated in case of 
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pregnancy-specific or concurrent diseases. On the other 
hand, a further increase in screening programmes and 
additional examinations burdens health systems due to 
an increase in costs [2]. Hence, appropriate health system 
utilisation during pregnancy is important, as it can main-
tain maternal and child’s health [3] and can contribute to 
a cost-effective health care system.

In Germany the Federal Joint Committee (G-BA) 
defines which examinations and services are offered and 
the costs of which are covered by the statutory health 
insurance funds to all insured persons during pregnancy 
according to the current state of medical knowledge, con-
sidering expediency and cost-effectiveness. This includes 
counselling of pregnant women, examinations to detect 
at-risk-pregnancies, three fetal sonographies or serologi-
cal examinations. Regularly visits should take place at 
four-week intervals, with two examinations in each of the 
last two months of pregnancy. If risk status arises further 
examinations such as additional fetal sonographies may 
be indicated [4]. This study focusses on the use of pre-
natal screening and diagnostics outside of regular care 
which was specified as the use of at least one medically 
indicated or non-medically necessary prenatal diagnos-
tic examination: advanced 2nd trimester anatomy ultra-
sound, amniocenteses, first trimester screening, 3D or 
4D ultrasound, cordocentesis, translucency measure-
ment, chorionic villus sampling or non-invasive prenatal 
testing of maternal blood and considered dichotomized.

Prenatal genetic screening has gained importance in 
recent years [5]. According to a study by the Federal cen-
tre of Health education in Germany only 15% of women 
stated that they did not use any prenatal genetic screen-
ing [6]. A more detailed consideration reveals a decrease 
of invasive prenatal genetic screening in favour of an 
increase in non-invasive prenatal genetic screening in 

recent years [5]. The further development of non-inva-
sive methods, such as the analysis of cell-free DNA from 
maternal blood, may lead to a further increase in prenatal 
genetic screening use [5, 7].

An established model to describe health services use 
is the Behavioural Model of Health Services Use devel-
oped by R.M. Andersen [8], which has been revised sev-
eral times [9, 10]. The advantage of the model is, that it 
considers a wide range of determinants of health system 
use [11, 12]. Andersen defined three primary determi-
nants of health care use: Predisposing factors including 
demographic characteristics such as age or ethnicity, ena-
bling resources such as health insurance and subjectively 
as well as objectively surveyed need factors. Furthermore 
the model distinguishes between individual factors and 
contextual characteristics (such as accessibility of health 
services) [10]. For better understanding the model is 
illustrated in Fig. 1.

Even though this framework is frequently applied 
to investigate health system use [8], only a few studies 
have so far considered the period of pregnancy [13–17]. 
Among those, most researchers analysed timing or con-
tent of antenatal care [2, 15–18]. Earlier German studies 
solely focused on a single predictor of health care utili-
sation during pregnancy, such as migration [19–21] or 
physical activity [22]. However, to the best of our knowl-
edge, studies using Andersen’s model to describe the 
use of medically indicated and non-medically necessary 
prenatal diagnostic examinations beyond the regular pre-
ventive examinations during pregnancy in Germany are 
lacking.

We addressed this research gap using data from a 
recently established prospective birth cohort study, the 
KUNO Kids health study, to provide current data on 
the utilisation of supplementary prenatal screening and 

Fig. 1  Behavioural model of health service use including contextual and individual characteristics, modified according to Andersen [10]
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diagnostics in Germany as well as to identify influencing 
factors. Analyses are based on Andersen’s Behavioural 
Model of Health System Use [10].

Materials and methods
We obtained data from a prospective birth cohort study, 
the KUNO Kids Health Study, initiated in June 2015 at St. 
Hedwig hospital in Regensburg in Eastern Bavaria. The 
study aims to investigate a wide range of potential factors 
influencing various health-related outcomes in an inter-
disciplinary manner. Study design and procedures are 
described in more detail elsewhere [23].

St. Hedwig hospital is a level 1 perinatal centre with 
over 3000 births per year and about two thirds of the 
children in the region are born there [23]. The catchment 
area includes the city of Regensburg with 164000 inhab-
itants and the surrounding rural regions and is char-
acterised by one of the lowest unemployment rates in 
Germany as well as rising population figures [24].

All mothers who gave birth at St. Hedwig hospital in 
Regensburg were asked within 48 hours after delivery for 
voluntary participation. Written informed consent was 
obtained. Criteria for exclusion were insufficient German 
language skills and maternal age less than 18 years. The 
study has been approved by the Ethics Committee of the 
University of Regensburg (file number: 14–101-0347).

Data collection
Information about maternal health system utilisation 
during pregnancy and influencing factors was collected 
retrospectively through a standardised interview by study 
team members and self-administered questionnaires. The 
interview was conducted by study team members dur-
ing the hospital stay after delivery. Immediately after the 
interview the baseline questionnaire was handed out to 
the mother and completed independently. Study team 
members rated maternal German language skills after 

the interview. Information about maternal age was taken 
directly from the electronic hospital chart.

Predictor variables
Variables were characterised as predisposing, enabling 
and need factors according to the Andersen model. 
Table 1 provides an overview of the grouping of the pre-
dictor variables. A more detailled description of the vari-
ables assessed is provided in supplementary information 
section (Additional file 1). 

Predisposing factors
Predisposing factors included maternal age (years), par-
ity (primi−/multiparous), single-parenting (yes/no), 
country of birth (Germany/other than Germany), Ger-
man language skills (excellent/lack of excellent Ger-
man language skills), educational attainment (more than 
10 years, 10 years, less than 10 years), employment before 
maternity leave (yes/no), smokers living in the house-
hold (yes/no), physical activity in the year before preg-
nancy (no/less than one hour per week/1–2 hours per 
week/ more than 2 hours per week), unhealthy diet (yes/
no). Unhealthy diet was defined as fruit or vegetable con-
sumption less than once a day.

Enabling factors
Enabling factors considered the type of health insur-
ance (private/statutory), traveling time to obstetrician 
(less than 15 min, 15 to 30 min, 30 to 60 min, more than 
60 min), health literacy (see definition below) and social 
support (see definition below).

Health literacy is characterised as the ability to under-
stand health related information concerning treatment 
options and health conditions, to know where to seek for 
care as well as the ability to take one’s medication cor-
rectly and being able to make appropriate health deci-
sions [25, 26]. We assessed maternal health literacy with 

Table 1  Predictor variables

Predisposing Factors Enabling Factors Need Factors

Maternal age Health insurance At-risk-pregnancy

Primiparous/multiparous Travel time to obstetrician Complications 
during pregnancy

Single parenting Health literacy Pre-existing illness

Country of birth other than Germany Social support

German language skills

Education level

No employment before maternity leave

Smoking behaviour

Physical activity in the year before pregnancy

Unhealthy diet
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the health care scale of the European Health Literacy 
Survey (HLS-EU-Q47). Questions concerning health 
literacy were part of the interview. The answers (rang-
ing from very difficult to very easy) are rated on a four-
point Likert scale. The sum of the items leads to a score 
between 0 and 50 points, whereas a higher score level 
is associated with higher health literacy. Additionally, 4 
groups may be performed inadequate (0–25), problem-
atic (> 25–33), sufficient (> 33–42) and excellent health 
literacy (> 42–50). For the statistical calculations carried 
out in this paper, health literacy was analysed as a con-
tinuous variable [27].

We used the short version of the social support ques-
tionnaire (F-SozU K-14) in order to assess the level of 
perceived social support. The questions of the F-SozU 
K-14 were part of the baseline questionnaire. A total 
score was derived by the sum of all items (coded from 1 
to 5) divided by the number of items, with higher values 
indicating a higher level of perceived social support [28].

Need factors
Concerning need factors having an at-risk-pregnancy 
(yes/no), having hypertension or diabetes during preg-
nancy (yes/no), having preterm contractions, jaundice or 
HELLP (Hypertension, Elevated Liver enzymes and Low 
Platelets) (yes/no) as well as pre-existing illnesses (yes/
no) was regarded. All these questions (including whether 
it was an at-risk-pregnancy or not) were answered by 
the mother in the interview. The variable at-risk-preg-
nancy refers to the definition of the maternity guideline 
catalogue, respectively the entry in the maternal routine 
care document (so called “Mutterpass”). It was assessed 
by self-report in the standardized interview and not 
medically verified, but as the interview was conducted 
by trained study team members the mother was well 
informed about the criteria.

Outcome
This study focusses on supplementary prenatal screen-
ing and diagnostics which was specified as the use of at 
least one medically indicated or non-medically necessary 
prenatal diagnostic examination beyond the regular pre-
ventive examinations during pregnancy: advanced 2nd 
trimester anatomy ultrasound, amniocenteses, first tri-
mester screening, 3D or 4D ultrasound, cordocentesis, 
translucency measurement, chorionic villus sampling or 
non-invasive prenatal testing of maternal blood and con-
sidered dichotomized. If any of these examinations was 
performed the outcome “supplementary prenatal diag-
nostics” was considered “yes”, if none of them was used 
the outcome was considered “no”. This means that the 
examinations covered in the analyses go beyond recom-
mendations for routine prenatal diagnostics in case of a 

non-at-risk pregnancy and are independent of the medi-
cal indication. However, they are recommended and 
therefore covered by the statutory health insurance if 
medically necessary for example a 3/4D ultrasound if a 
hearth failure is suspected [4].

Statistical analyses
We conducted statistical analyses using IBM SPSS sta-
tistics 24 [29]. In a first step we performed descriptive 
analysis to describe the study population. Associations 
between predictor and outcome variables were calculated 
using univariable logistic regression. In a second step, we 
performed multivariable predictive regression analyses 
to quantify the independent effect of each single variable. 
All variables with a p-value smaller than 0.2 in univari-
able analysis were included in the multivariable model. 
Odds ratios (OR) with 95% confidence intervals (CIs) 
were computed.

Results
Two thousand six hundred fifty seven infants and their 
families have joined the study between its start on 27th 
June 2015 and 28th June 2018. The study sample is 
defined as all mothers who participated in the interview 
and answered the baseline questionnaire. After exclud-
ing cases with missing values on the analytical variables, 
1886 cases were left for analyses (Fig. 2).

A non-responder analysis was also conducted for a 
selected observation period. This showed that one third 
of all potential families could be included in the study. 
Reasons for non-participation were, for example, a stay 
at the intensive care unit or an outpatient birth. The 
entire detailed non-responder analysis can be found 
elsewhere [23].

Mean maternal age at delivery was 34 years, less than 
half of all mothers were multiparous. Twelve percent 
were born outside Germany and in 21% of all families, 
smokers were living in the household. 36% were physi-
cally inactive in the year before pregnancy and 15% had 
a private health insurance. Mean level of health literacy 
was 35.6%. A large part of the population studied shows 
sufficient levels of health literacy (42.7%), however 38.8% 
had an inadequate or problematic literacy and only 18.5% 
an excellent health literacy. As the clinic St. Hedwig is 
level one perinatal centre the number of at-risk pregnan-
cies was relatively high (42%), as was the proportion of 
women having a pre-existing illness (65%). One fifth did 
not use any supplementary prenatal diagnostics.

Further characteristics of the study population are 
shown in Table 2.
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Univariable analyses
In univariable analyses (Table 3), the predisposing factor 
maternal age indicated a higher chance of supplementary 
prenatal screening and diagnostics use. No employment 
before maternity leave was associated with a reduced 
chance for using supplementary prenatal diagnostics.

Regarding enabling factors having a private health 
insurance showed a positive association with supplemen-
tary prenatal screening and diagnostics use.

Concerning need factors only a reported at-risk-preg-
nancy and having a pre-existing illness indicated a higher 
chance for supplementary prenatal screening and diag-
nostics use in the univariable model.

Multivariable analyses
The chance of using supplementary prenatal screen-
ing and diagnostics (Table  4) increased significantly 
with increasing maternal age and was also significantly 
increased when smokers were living in the household. 
However, being unemployed before maternity leave 
did not remain significant in the multivariable model. 
For enabling characteristics, the chance of using sup-
plementary prenatal screening and diagnostics more 
than doubled if the mothers had a private health insur-
ance. Similarly, a reported at-risk-pregnancy significantly 
increased the chance of supplementary prenatal screen-
ing and diagnostics use with respect to need charac-
teristics. Having a pre-existing illness did not remain 
significant in the multivariable model (Table 4).

Discussion
The present study assessed the amount and determi-
nants of supplementary prenatal screening and diag-
nostics use. Higher maternal age and environmental 
tobacco smoke exposure increased the chance for 
the use of supplementary prenatal diagnostics. Nota-
bly having a private health insurance showed a strong 
association with higher odds of supplementary pre-
natal diagnostics. With respect to this, the chance of 

using supplementary prenatal screening and diagnos-
tics more than doubled if the mother had a private 
health insurance. However, regarding need factors 
only having an at-risk-pregnancy was independently 
associated with supplementary prenatal screening and 
diagnostics use.

To the best of our knowledge, this is the first study 
using Andersen’s model to describe supplementary pre-
natal screening and diagnostics use in Germany. Earlier 
studies mainly focused on timing and content of antena-
tal care [2, 14–18]. Further, most studies regarding pre-
natal diagnostics were set outside of Germany [30, 31] or 
did not apply Andersen’s model [5]. Therefore, compara-
bility is limited. We set out to address this research gap 
to provide precise data about the amount and influencing 
factors of supplementary prenatal screening and diagnos-
tics use in Germany.

Predisposing factors
Higher maternal age is associated with at-risk pregnan-
cies which may lead to an increased use of supplemen-
tary prenatal diagnostics, especially as further prenatal 
diagnostics is covered by health insurance due to risk 
status [32]. Our findings identifying maternal age as pre-
dictor for the use of supplementary prenatal screening 
and diagnostics are in line with a recent study describing 
maternal age as the strongest predictor for undergoing 
invasive genetic testing, respectively the use of prenatal 
diagnostics in general [30].

Our results indicate a higher chance of using supple-
mentary prenatal screening and diagnostics if smokers 
are living in the household. This may be partly explained 
by findings reporting a higher utilisation of medical ser-
vices among smokers in general [33, 34]. Even though 
the data of these studies did not permit an analysis of the 
causes, higher morbidity rates due to smoking [33] as well 
as a less health conscious behaviour [34] were discussed. 
However, our results are in contrast to previous studies 
reporting smoking as risk factor for an inadequate use 

Fig. 2  Study sample
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of antenatal care [14, 15] or lower degrees of undergoing 
combined ultrasound and biochemical test [30].

A possible explanation for our diverging results could 
be that most studies examined the association between 
smoking and health service utilisation. In our analyses, 
however, “smokers living in the household” was used as 

independent variable. Thus, especially in those cases 
where only the father is a smoker, the mother as a non-
smoker could be particularly aware of the risks for the 
child and therefore have higher utilisation rates of supple-
mentary prenatal diagnostic programmes. Additionally, it 
has to be taken into account that the awareness regarding 

Table 2  Characteristics of the study population

SD Standard deviation
a Interview
b Baseline questionnaire

Predisposing factors Mean SD Min / Max
Maternal age (years) 34.33 4.463 19 / 49

N %
Multiparous 847 45.2

Single parenting 44 2.4

Country of birth other than Germany 226 12.2

No excellent German language skills 94 5.7

Educational attainment

  Less than 10 years of education 26 1.4

  10 years of education 716 39.3

  More than 10 years of education 1082 59.3

No employment before maternity leave 207 11.2

Smokers living in the household 397 21.4

Physical activity in the year before pregnancy

  No physical activity 669 35.8

  Less than 1 hour per week 204 10.9

  1–2 hours per week 476 25.5

  More than 2 hours per week 519 27.8

Unhealthy diet 870 47.1

Enabling factors
Private health insurance 278 15

Travel time to obstetrician

     < 15 min. 635 34.3

    15–30 min. 839 45.3

    30–60 min. 348 18.8

     > 60 min. 31 1.7

Mean SD Min / Max
Health literacy (European Health Literacy Survey (HLS-EU-Q47)a 35.62 7.317 0 / 50

Social support (short version of the social support questionnaire (F-SozU K-14)b 4.43 0.525 1.2/ 5.0

Need factors N %
At-risk-pregnancy 786 42.6

Hypertension or diabetes during pregnancy 391 21.2

Preterm contractions, jaundice or HELLP 288 15.6

Pre-existing illness (diabetes mellitus type 1, diabetes mellitus type 2, liver disease, kidney 
disease, thyroid disease, hip dysplasia, cancer, coagulation disorder, cardiac arrhythmia, heart 
attack, heart failure, hypertension prior to the pregnancy, pyelonephritis, urological disease, 
other metabolic disease, ADHD, depression, anorexia, bulimia, migraine, anxiety or panic dis‑
order, multiple sclerosis, peripheral facial nerve palsy, febrile seizure, epilepsy, single seizure, 
meningitis, encephalitis)

1192 64.5

OUTCOME N %
Supplementary prenatal diagnostics use 1453 79.9



Page 7 of 11Mayer et al. BMC Pregnancy and Childbirth          (2022) 22:436 	

health risks of smoking during pregnancy has increased 
in recent years. With respect to this, the increased use of 
additional prenatal diagnostics could also be seen as suc-
cess of these prevention programmes.

Enabling factors
To better understand the results concerning health insur-
ance, it is important to know, that in Germany, both pri-
vately and statutorily insured persons are usually treated 
in the same clinics. However, the medical fee differs 
depending on the insurance [35]. Some private health 
insurances also cover services that go beyond those cov-
ered by the statutory health insurance [36].

The role of private health insurance we identified is in 
line with previous research that reported social differ-
ences in health system utilisation in Germany [32, 37]. 
A range of studies identified higher utilisation rates of 
preventive health care for higher socio-economic sta-
tus groups, better educated or people with a private 
health insurance, whereas socially disadvantaged show 
increased hospitalisation rates [38–41]. These findings 
are supported by our data. There are several possible 
explanations. First, differences may be caused due to 

Table 3  Results from univariable logistic regression analyses

OR Odds Ratio, 95% CI 95% confidence interval, *P-Value < 0.05, ** P-Value < 0.01

Variable OR Significance 95% CI

Predisposing factors
Multiparous 0.911 0.426 [0.724; 1.147]

Maternal age 1.073 < 0.001** [1.045; 1.102]
Single parenting 1.205 0.658 [0.529; 2.746]

Country of birth other than Germany 0.995 0.976 [0.696; 1.421]

No excellent German language skills 1.308 0.371 [0.727; 2.352]

Education level (compared to < 10 years)

  10 years 1.167 0.748 [0.455; 2.991]

   > 10 years 1.430 0.454 [0.560; 3.649]

No employment before maternity leave 0.691 0.034* [0.491; 0.973]
Smokers living in the household 1.316 0.070 [0.977; 1.773]

Physical activity in the year before pregnancy (compared to no physical activity)

   < 1 hour/week 1.130 0.556 [0.753; 1.695]

  1–2 hours/week 1.007 0.966 [0.748; 1.355]

   > 2 hours/week 1.003 0.984 [0.750; 1.341]

Unhealthy diet 0.966 0.772 [0.767; 1.218]

Enabling factors
Private health insurance 2.498 < 0.001** [1.659; 3.761]
Travel time to obstetrician (compared to < 15 min.)

  15–30 min. 1.073 0.595 [0.827; 1.394]

  30–60 min. 1.194 0.309 [0.849; 1.679]

   > 60 min. 1.634 0.370 [0.558. 4.780]

Health literacy 1.013 0.109 [0.997; 1.029]

Social support 0.882 0.288 [0.700; 1.112]

Need factors
At-risk-pregnancy 1.944 < 0.001** [1.519; 2.489]
Hypertension or diabetes 1.025 0.869 [0.768; 1.368]

Preterm contractions, jaundice or HELLP 1.034 0.839 [0.750; 1.425]

Pre-existing illness 1.313 0.025* [1.036; 1.665]

Table 4  Results from multivariable logistic regression analyses

OR Odds Ratio, 95% CI 95% confidence interval, *P-Value < 0.05, ** P-Value < 0.01

Variable OR Significance 95% CI

Predisposing factors
  Maternal age 1.038 0.018* [1.006; 1.071]

  Smokers living in the household 1.465 0.017* [1.071; 2.004]

Enabling factors
  Private health insurance 2.336 < 0.001** [1.527; 3.573]

Need factors
  At-risk-pregnancy 1.688 < 0.001** [1.271; 2.241]
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different information status about health care services or 
health in general. This may contribute especially to the 
lack in the use of preventive care [42]. A further explana-
tion may be Andersen’s hypothesis that the use of elective 
health services is mainly explained by enabling resources 
whereas for the use of hospitals need factors are more 
important, as they are mainly consulted due to more seri-
ous problems [10, 43].

The above-mentioned findings are according to our 
analyses concerning educational attainment, which 
revealed a higher chance for the use of supplementary 
prenatal screening and diagnostics with a higher edu-
cational attainment. However, the association was not 
significant. This is in line with findings from the Rob-
ert Koch Institute which did not support an association 
between education and health care use, but strong differ-
ences according to social conditions [44].

Need factors
Most studies addressing health system utilisation reported 
need factors as strong factors involved [11, 13]. However, 
regarding supplementary prenatal screening and diagnos-
tics only the variable “having an at-risk-pregnancy” showed 
an independent association, whereas no significant associa-
tion between the other need factors and the use of supple-
mentary prenatal screening and diagnostics was found. The 
positive association between an at-risk-pregnancy and sup-
plementary prenatal screening and diagnostics use is con-
sistent to an increase in the number of prenatal visits when 
risk status arose in a study of Feijen-de-Jong et al. [14]. The 
relatively small association with need factors in general 
and the important role of the type of health insurance was 
surprising and worrisome as it indicates social disparities 
in supplementary prenatal screening and diagnostics use, 
however it contributes to the above mentioned hypothesis 
by Andersen et al. [43, 45].

Frequency of utilisation of supplementary prenatal 
diagnostics
Regarding the frequency of use of supplementary prena-
tal screening and diagnostics comparisons are limited as 
official statistics are lacking and most studies analysed 
utilisation rates for special examinations such as translu-
cency measurement and not the total amount of supple-
mentary prenatal screening and diagnostics use [5]. For 
example, the 2015 Health Monitor reported around 50% 
uptake of a 3/4D ultrasound [1].

Strengths and limitations
As the St. Hedwig hospital is a level one perinatal centre 
it covers a major part of births in the region of Eastern 
Bavaria. However, there is a relatively high proportion of 
women with at-risk pregnancies [23] which could lead 

to higher health care utilisation rates during pregnancy. 
On the other hand, the prevalence of at-risk-pregnancies 
in the study sample is 42%, which does not differ con-
siderably from the Bavarian average of 36% [46]. A fur-
ther limitation is that at-risk-pregnancy was assessed 
by self-report and not verified by a medical diagnosis. 
However, it was assessed in the standardised interview 
by trained study team members after precisely informing 
the mother about the criteria referring to the maternity 
guideline catalogue.

The use of self-report data on the utilisation of supple-
mentary prenatal screening and diagnostics is a limita-
tion of our study. Bias due to memory effects cannot be 
fully  excluded. Despite, as these examinations require 
information and consent of the mother before being con-
ducted it can be supposed that they are well remembered.

Due to language barriers migrants are often under-
represented in population based research [23, 47]. This 
is also a potential limitation of our study, as we excluded 
participants with insufficient German language skills 
to give informed consent. However, the percentage of 
mothers having another country of birth than Germany 
is approximately consistent with official statistics for 
women in German population and for the region [37].

There is an underrepresentation of the lowest educa-
tion group [48]. This may be an explanation why edu-
cational level did not show a significant association to 
supplementary prenatal screening and diagnostics use. 
Nevertheless, also findings from the Robert Koch Insti-
tute did not support an association between education 
and supplementary prenatal screening and diagnos-
tics use [44]. Furthermore due to overrepresentation 
of well-educated women the study population may 
show higher health literacy levels as previous findings 
for a representative sample of the German population 
[27]. However, in general, it can be said that women 
who would otherwise have been unattainable, could 
be included to the study due to the special efforts 
in recruitment such as presenting the study to each 
mother by study team members.

Conclusion
The study provides comprehensive data from a large 
sample of mothers on the utilisation of health care dur-
ing pregnancy, as well as potentially influencing factors. 
Especially the strong influence of the type of health 
insurance as well as the relatively small importance of 
need factors have to be taken into account and consid-
ered when discussing equity in accessing health care. 
The present study focusses on the use of prenatal diag-
nostics outside of regular care without reference to the 
medical indication. However, the insights gained may 
be used as basis to establish further research to identify 
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ways to use health system in a needs-based manner by 
presenting intervention options, such as reducing dif-
ferences between statutory and private health insur-
ance in order to prevent missing a diagnosis due to 
not using an important examination, or on the other 
hand not causing unnecessary concern due to the use 
of irrelevant examinations. Therefore, it is important to 
provide the information mothers need to discriminate 
about the adequacy of screening.

Abbreviations
HELLP: Hypertension, Elevated Liver enzymes and Low Platelets; HL: Health 
literacy; KUNO: Kinder Uniklinik Ostbayern (children’s university hospital for the 
region of Eastern Bavaria).

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12884-​022-​04692-​1 .

Additional file 1. 

Acknowledgements
We thank all families who participate in the study and the medical students, 
nurses, midwives, physicians, laboratory personnel, and researchers who sup‑
ported recruitment, examinations, and data assessment. Further, we thank all 
members of the KUNO- Kids study group.

KUNO Kids Study group.
Petra Arndt4, Andrea Baessler5, Mark Berneburg6, Stephan Böse- O’Reilly7, 
Romuald Brunner8, Wolfgang Buchalla9, Sara Fill Malfertheiner3, Andre 
Franke10, Sebastian Häusler3, Iris Heid11, Caroline Herr12, Wolfgang Högler13, 
Sebastian Kerzel14, Michael Koller15, Michael Leitzmann16, David Roth‑
fuß17, Wolfgang Rösch18, Bianca Schaub19, Bernhard H.F. Weber20, Stephan 
Weidinger21 and Sven Wellmann1.
1 University Children’s Hospital Regensburg (KUNO), Hospital St. Hedwig of the 
Order of St. John, Germany.
3 University Department of Obstetrics and Gynecology, Hospital St. Hedwig of 
the Order of St. John, University Medical Center Regensburg, DE, Germany.
4 ZNL Transfercenter of Neuroscience and Learning, University of Ulm, Ulm, 
Germany.
5 Department of Internal Medicine II, Regensburg University Medical Center, 
Regensburg, Germany.
6 Department of Dermatology, University Medical Centre Regensburg, Regens‑
burg, Germany.
7 Institute and Clinic for Occupational, Social and Environmental Medicine, 
University Hospital, LMU Munich, Munich, Germany.
8 Clinic of Child and Adolescent Psychiatry, Psychosomatics and Psychother‑
apy, Bezirksklinikum Regensburg (medbo), Regensburg, Germany.
9 Department of Conservative Dentistry and Periodontology, University Hospi‑
tal Regensburg, University of Regensburg, Regensburg, Germany.
10 Institute of Clinical Molecular Biology, Christian- Albrechts-University of Kiel, 
Kiel, Germany.
11 Department of Genetic Epidemiology, University of Regensburg, Regens‑
burg, Germany.
12 Bavarian Health and Food Safety Authority (LGL), Munich, Germany.
13 Department of Pediatrics and Adolescent Medicine, Johannes Kepler 
University Linz, Linz, Austria.
14 Department of Pediatric Pneumology and Allergy, University Children’s 
Hospital Regensburg, St. Hedwig Campus, Regensburg, Germany.
15 Center for Clinical Studies, University Hospital Regensburg, Regensburg, 
Germany.
16 Department of Epidemiology and Preventive Medicine, University of 
Regensburg, Regensburg, Germany.

17 City of Regensburg, Coordinating Center for Early Interventions, Regens‑
burg, Germany.
18 Department of Pediatric Urology, University Medical Center, Regensburg, 
Germany.
19 Pediatric Allergology, Dept of Pediatrics, Dr. von Hauner Children’s Hospital, 
University Hospital, LMU Munich, Munich, Germany.
20 Institute of Human Genetics, University of Regensburg, Regensburg, 
Germany.
21 Department of Dermatology, Venereology and Allergy, University Hospital 
Schleswig- Holstein, Campus Kiel, Kiel, Germany.

Authors’ contributions
JM: recruited participants in the clinic, analysed and interpreted the data, 
prepared and edited the manuscript. SB: analysed and interpreted the data, 
critically revised the manuscript. CT: critically revised the manuscript. BSG: 
conceptualized the design of the study and facilitated recruitment of partici‑
pants in the clinic. SFM: contributed her expertise and facilitated recruitment 
of participants in the clinic. MM: contributed to the design of the study and 
facilitated recruitment of participants. MK: designed the study. CA: contributed 
to the design of the study, helped to interpret the data, and critically revised 
the manuscript. All authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. The KUNO-Kids 
study is funded by research grants of the EU (HEALS: 603946) and the German 
Federal Ministry for Education and Research (SYSINFLAME: 01ZX1306E). Fur‑
ther financial support was provided by the University Children’s Hospital of the 
University of Regensburg (KUNO-Clinics) and the clinic “St. Hedwig” (Hospital 
“Barmherzige Brüder Regensburg”). The funding bodies had neither influence 
on the design of the study, on the collection, analysis and interpretation of 
data, nor in the writing of the manuscript.

Availability of data and materials
The datasets used and analysed for this paper are available from the cor‑
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study has been approved by the Ethics Committee of the University of 
Regensburg (file number: 14–101-0347). All participating mothers provided 
written informed consent. All methods carried out were in accordance with 
relevant guidelines and regulations (Declaration of Helsinki).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 University Children’s Hospital Regensburg (KUNO), Hospital St. Hedwig 
of the Order of St. John, Steinmetzstr., 1‑3, 93049 Regensburg, Germany. 
2 Medical Sociology, Institute of Epidemiology and Preventive Medicine, 
University of Regensburg, Regensburg, Germany. 3 Institute for Social Medicine 
and Health Systems Research (ISMG), Leipzigerstr. 44, 39120 Magdeburg, 
Germany. 4 Research and Development Campus (WECARE), Hospital St. 
Hedwig of the Order of St. John, Regensburg, Germany. 5 State Institute 
of Health, Bavarian Health and Food Safety Authority, Bad Kissingen, Germany. 
6 University Department of Obstetrics and Gynecology, Hospital St. Hedwig 
of the Order of St. John, University Medical Center Regensburg, Regensburg, 
Germany. 

Received: 29 June 2021   Accepted: 14 April 2022

https://doi.org/10.1186/s12884-022-04692-1
https://doi.org/10.1186/s12884-022-04692-1


Page 10 of 11Mayer et al. BMC Pregnancy and Childbirth          (2022) 22:436 

References
	1.	 Schäfers R, Kolip P. Gesundheitsmonitor: Zusatzangebote in der 

Schwangerschaft: Sichere Rundumversorgung oder Geschäft mit der 
Unsicherheit? 2015. p. 1–16.

	2.	 Abalos E, Chamillard M, Diaz V, Tuncalp Ӧ, Gülmezoglu AM. Antenatal 
care for healthy pregnant women: A mapping of interventions from 
existing guidelines to inform the development of new WHO guidance on 
antenatal care. BJOG. 2016;123:519–28.

	3.	 Kapaya H, Mercer E, Boffey F, Jones G, Mitchell C, Anumba D. Deprivation 
and poor psychosocial support are key determinants of late antenatal 
presentation and poor fetal outcomes--a combined retrospective and 
prospective study. BMC Pregnancy Childbirth. 2015.

	4.	 Mainz HW. des Gemeinsamen Bundesausschussesüber die ärztli‑
che Betreuungwährend der Schwangerschaftund nach der 
Entbindung(“Mutterschafts-Richtlinien”): in der Fassung vom 10. Dezem‑
ber 1985 (veröffentlicht im Bundesanzeiger Nr. 60 a vom 27. März 1986) 
zuletzt geändert am 20. August 2020 veröffentlicht im Bundesanzeiger 
AT 23.11.2020 B3 in Kraft getreten am 24. 2020.  Available from: https://​
www.g-​ba.​de/​downl​oads/​62-​492-​2301/​Mu-​RL_​2020-​08-​20_​iK-​2020-​11-​
24.​pdf.

	5.	 Kolleck A, Sauter A. Aktueller Stand und Entwicklungen der Pränataldiag‑
nostik: Endbericht zum Monitoring TAB Arbeitsbericht Nr 184. 2019 [cited 
2020 Jan 5]. Available from: https://​www.​tab-​beim-​bunde​stag.​de/​de/​
pdf/​publi​katio​nen/​beric​hte/​TAB-​Arbei​tsber​icht-​ab184.​pdf

	6.	 BZgA. Schwangerschaftserleben und Pränataldiagnostik: Repräsenta‑
tive Befragung Schwangerer zum Thema Pränataldiagnostik [2006]. 
2009;1./10./06.06:1–61. Available from: https://​shop.​bzga.​de/​pdf/​13319​
200.​pdf.

	7.	 Bjerregaard L, Stenbakken AB, Andersen CS, et al. The rate of invasive 
testing for trisomy 21 is reduced after implementation of NIPT. Dan Med 
J. 2017;64(4):A5359.

	8.	 Boerleider AW, Wiegers TA, Manniën J, Francke AL, Devillé WLJM. Factors 
affecting the use of prenatal care by non-western women in industrial‑
ized western countries: A systematic review. BMC Pregnancy Childbirth. 
2013;13:81.

	9.	 Andersen R, Newman JF. Societal and individual determinants of medical 
care utilization in the United States. Milbank Mem Fund Q Health Soc. 
1973;83(4):1–28.

	10.	 Andersen RM, Davidson PL. Improving access to care in America: 
individual and contextual indicators. In: Andersen RM, Rice TH, Kominski 
EF, editors. Changing the U.S. health care system: key issues in health 
services, policy, and management. San Francisco, CA: Jossey-Bass; 2001. 
Available from: https://​www.​acade​mia.​edu/​14385​102/​IMPRO​VING_​
ACCESS_​TO_​CARE_​IN_​AMERI​CA_​Indiv​idual_​and_​Conte​xtual_​Indic​ators.

	11.	 Thode N, Bergmann E, Kamtsiuris P, Kurth B-M. Predictors for ambulatory 
medical care utilization in Germany [Einflussfaktoren auf die ambulante 
Inanspruchnahme in Deutschland]. Bundesgesundheitsblatt Gesund‑
heitsforschung Gesundheitsschutz. 2005;48:296–306.

	12.	 Herrmann WJ, Haarmann A, Flick U, Baerheim A, Lichte T, Herrmann M. 
Patients’ subjective concepts about primary healthcare utilisation: the 
study protocol of a qualitative comparative study between Norway and 
Germany. BMJ Open. 2013;3:e002952.

	13.	 Babitsch B, Gohl D, Lengerke T. Re-revisiting Andersen’s Behavioral Model 
of Health Services Use: a systematic review of studies from 1998–2011. 
GMS Psycho-social Med. 2012;9:Doc11.

	14.	 Feijen-de Jong EI, Jansen DE, Baarveld F, van der Schans CP, Schellevis FG, 
Reijneveld SA. Determinants of late and/or inadequate use of prenatal 
healthcare in high-income countries: a systematic review. Eur J Pub 
Health. 2012;22(6):904–13.

	15.	 Vanden Broeck J, Feijen-de Jong E, Klomp T, Putman K, Beeckman K. 
Antenatal care use in urban areas in two European countries: Predispos‑
ing, enabling and pregnancy-related determinants in Belgium and the 
Netherlands. BMC Health Serv Res. 2016;16:337.

	16.	 Beeckman K, Louckx F, Putman K. Determinants of the number of antena‑
tal visits in a metropolitan region. BMC Public Health. 2010;10:527.

	17.	 Beeckman K, Louckx F, Putman K. Content and timing of antenatal care: 
Predisposing, enabling and pregnancy-related determinants of antenatal 
care trajectories. Eur J Pub Health. 2013;23(1):67–73.

	18.	 Choté AA, Koopmans GT, Redekop WK, de Groot CJM, Hoefman RJ, 
Jaddoe VWV, et al. Explaining ethnic differences in late antenatal care 

entry by predisposing, enabling and need factors in The Netherlands. The 
Generation R Study. Matern Child Health J. 2011;15:689–99.

	19.	 Almeida LM, Caldas J, Ayres-de-Campos D, Salcedo-Barrientos D, Dias 
S. Maternal healthcare in migrants: A systematic review. Matern Child 
Health J. 2013;17:1346–54.

	20.	 David M, Borde T, Brenne S, Ramsauer B, Henrich W, Breckenkamp J, et al. 
Comparison of Perinatal Data of Immigrant Women of Turkish Origin and 
German Women - Results of a Prospective Study in Berlin. Geburtshilfe 
Frauenheilkd. 2014;74:441–8.

	21.	 Reime B, Lindwedel U, Ertl KM, Jacob C, Schücking B, Wenzlaff P. Does 
underutilization of prenatal care explain the excess risk for stillbirth 
among women with migration background in Germany? Acta Obstet 
Gynecol Scand. 2009;88:1276–83.

	22.	 Schmidt T, Heilmann T, Savelsberg L, Maass N, Weisser B, Eckmann-
Scholz C. Physical Exercise During Pregnancy - How Active Are Pregnant 
Women in Germany and How Well Informed? Geburtshilfe Frauenheilkd. 
2017;77:508–15.

	23.	 Brandstetter S, Toncheva AA, Niggel J, Wolff C, Gran S, Seelbach-Göbel 
B, et al. KUNO-Kids birth cohort study: Rationale, design, and cohort 
description. Mol Cell Pediatr. 2019;6:1.

	24.	 Regierung Der Oberpfalz. Oberpfalz in Zahlen. 2018. Available from: 
https://​www.​regie​rung.​oberp​falz.​bayern.​de/​leist​ungen/​lande​splan​ung/​
stati​stik/​oiz_​kompa​kt.​pdf.

	25.	 Sorensen K, van den Broucke S, Pelikan JM, Fullam J, Doyle G, Slonska Z, 
et al. Measuring health literacy in populations: illuminating the design 
and development process of the European Health Literacy Survey Ques‑
tionnaire (HLS-EU-Q). BMC Public Health. 2013;13:948.

	26.	 Mantwill S, Monestel-Umana S, Schulz PJ. The Relationship between 
Health Literacy and Health Disparities: A Systematic Review. PLoS One. 
2015;10(12):e0145455.

	27.	 Jordan S, Hoebel J. Gesundheitskompetenz von Erwachsenen in 
Deutschland: Ergebnisse der Studie "Gesundheit in Deutschland aktuell" 
(GEDA) [Health literacy of adults in Germany: Findings from the German 
Health Update (GEDA) study]. Bundesgesundheitsblatt Gesundheits‑
forschung Gesundheitsschutz. 2015;58:942–50.

	28.	 Fydrich T, Sommer G, Brähler E. Social support questionnaire (F-SozU): 
Manual: Hogrefe Göttingen; 2007.

	29.	 IBM Corp. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM 
Corp; 2016.

	30.	 Petersson K, Lindkvist M, Persson M, Conner P, Åhman A, Mogren I. 
Prenatal diagnosis in Sweden 2011 to 2013-a register-based study. BMC 
Pregnancy Childbirth. 2016;16:365.

	31.	 Posthumus AG, Peters IA, Borsboom GJ, Knapen MFCM, Bonsel GJ. 
Inequalities in uptake of prenatal screening according to ethnicity and 
socio-economic status in the four largest cities of the Netherlands (2011-
2013). Prenat Diagn. 2017;37(10):959–67.

	32.	 Gemeinsamer Bundesausschuss. Richtlinien des Gemeinsamen Bunde‑
sausschusses über die ärztliche Betreuung während der Schwangerschaft 
und nach der Entbindung (“Mutterschafts-Richtlinien”). Bundesanzeiger 
AT 27.05.2019 B3. 2019 [cited 2019 Sep 16]; [38 p.]. Available from: https://​
www.g-​ba.​de/​downl​oads/​62-​492-​1829/​Mu-​RL_​2019-​03-​22_​iK_​2019-​05-​
28.​pdf

	33.	 Keto J, Ventola H, Jokelainen J, Timonen M, Linden K, Ylisaukko-Oja T, et al. 
Primary health care utilisation and its costs among middle-aged smokers. 
Eur J Health Econ. 2017;18:351–60.

	34.	 Wacker M, Holle R, Heinrich J, Ladwig K-H, Peters A, Leidl R, et al. The 
association of smoking status with healthcare utilisation, productivity loss 
and resulting costs: results from the population-based KORA F4 study. 
BMC Health Serv Res. 2013;13:278.

	35.	 Bundesministerium für Justiz und Verbraucherschutz. Gebührenordnung 
für Ärzte: (GOÄ). 2019.

	36.	 Walendzik A, Greß S, Manouguian M, Wasem J. Vergütungsunterschiede 
im ärztlichen Bereich zwischen PKV und GKV auf BAsis des standard‑
isierten Leistungsniveaus der GKV und Modelle der Vergütungsanglei‑
chung. Diskussionsbeitrag aus dem Fachbereich Wirtschaftswissenschaf‑
ten Universität Duisburg-Essen Campus Essen. 2008;165. Available from: 
https://​www.​boeck​ler.​de/​pdf_​fof/​97284.​pdf.

	37.	 Rommel A, Saß AC, Born S, Ellert U. Die gesundheitliche Lage von Men‑
schen mit Migrationshintergrund und die Bedeutung des sozioökono‑
mischen Status: Erste Ergebnisse der Studie zur Gesundheit Erwachsener 
in Deutschland (DEGS1) [Health status of people with a migrant 

https://www.g-ba.de/downloads/62-492-2301/Mu-RL_2020-08-20_iK-2020-11-24.pdf
https://www.g-ba.de/downloads/62-492-2301/Mu-RL_2020-08-20_iK-2020-11-24.pdf
https://www.g-ba.de/downloads/62-492-2301/Mu-RL_2020-08-20_iK-2020-11-24.pdf
https://www.tab-beim-bundestag.de/de/pdf/publikationen/berichte/TAB-Arbeitsbericht-ab184.pdf
https://www.tab-beim-bundestag.de/de/pdf/publikationen/berichte/TAB-Arbeitsbericht-ab184.pdf
https://shop.bzga.de/pdf/13319200.pdf
https://shop.bzga.de/pdf/13319200.pdf
https://www.academia.edu/14385102/IMPROVING_ACCESS_TO_CARE_IN_AMERICA_Individual_and_Contextual_Indicators
https://www.academia.edu/14385102/IMPROVING_ACCESS_TO_CARE_IN_AMERICA_Individual_and_Contextual_Indicators
https://www.regierung.oberpfalz.bayern.de/leistungen/landesplanung/statistik/oiz_kompakt.pdf
https://www.regierung.oberpfalz.bayern.de/leistungen/landesplanung/statistik/oiz_kompakt.pdf
https://www.g-ba.de/downloads/62-492-1829/Mu-RL_2019-03-22_iK_2019-05-28.pdf
https://www.g-ba.de/downloads/62-492-1829/Mu-RL_2019-03-22_iK_2019-05-28.pdf
https://www.g-ba.de/downloads/62-492-1829/Mu-RL_2019-03-22_iK_2019-05-28.pdf
https://www.boeckler.de/pdf_fof/97284.pdf


Page 11 of 11Mayer et al. BMC Pregnancy and Childbirth          (2022) 22:436 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

background and impact of socio-economic factors: First results of the 
German Health Interview and Examination Survey for Adults (DEGS1)]. 
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 
2015;58:543–52.

	38.	 Lampert T, Richter M, Schneider S, Spallek J, Dragano N. Soziale 
Ungleichheit und Gesundheit: Stand und Perspektiven der sozialepide‑
miologischen Forschung in Deutschland [Social inequality and health: 
Status and prospects of socio-epidemiological research in Germany]. 
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 
2016;59:153–65.

	39.	 Lindquist A, Kurinczuk JJ, Redshaw M, Knight M. Experiences, utilisation 
and outcomes of maternity care in England among women from differ‑
ent socio-economic groups: Findings from the 2010 National Maternity 
Survey. BJOG. 2015;122:1610–7.

	40.	 Bendix J, Hegaard HK, Langhoff-Roos J, Bergholt T. Changing prevalence 
and the risk factors for antenatal obstetric hospitalizations in Denmark 
2003-2012. Clin Epidemiol. 2016;8:165–75.

	41.	 Robert Koch Institute (ed). Health in Germany: Federal Health Reporting. 
Joint Service by RKI and Destatis. Berlin: RKI; 2015. Available from: www.​
rki.​de/​Healt​hInGe​rmany.

	42.	 Klein J, dem Knesebeck O. Soziale Unterschiede in der ambulanten 
und stationären Versorgung: Ein Überblick über aktuelle Befunde aus 
Deutschland [Social disparities in outpatient and inpatient care: An 
overview of current findings in Germany]. Bundesgesundheitsblatt 
Gesundheitsforschung Gesundheitsschutz. 2016;59:238–44.

	43.	 Adams J, Lui C-W, Sibbritt D, Broom A, Wardle J, Homer C. Attitudes and 
referral practices of maternity care professionals with regard to com‑
plementary and alternative medicine: an integrative review. J Adv Nurs. 
2011;67(3):472–83.

	44.	 Robert Koch-Institut (Hrsg). Arztbesuch. Faktenblatt zu GEDA 2012: 
Ergebnisse der Studie Gesundheit in Deutschland aktuell 2012, vol. 2012. 
Berlin: RKI; 2014.

	45.	 Andersen RM, Davidson PL. Ethnicity, aging, and oral health outcomes: a 
conceptual framework. Adv Dent Res. 1997;11(2):203–9.

	46.	 Bayerische Arbeitsgemeinschaft für Qualitätssicherung in der stationären 
Versorgung. Geburtshilfe: Auswertung 2018. 2018;16(1):1–49.

	47.	 Arora A, Manohar N, Bedros D, Hua APD, You SYH, Blight V, et al. Lessons 
learnt in recruiting disadvantaged families to a birth cohort study. BMC 
Nurs. 2018;17:7.

	48.	 Statistisches Bundesamt (Destatis). Bildungsstand der Bevölkerung - 
Ergebnisse des Mikrozensus; 2017. p. 2017. Available from: https://​www.​
desta​tis.​de/​DE/​Themen/​Gesel​lscha​ft-​Umwelt/​Bildu​ng-​Forsc​hung-​Kultur/​
Bildu​ngsst​and/​Publi​katio​nen/​Downl​oads-​Bildu​ngsst​and/​bildu​ngsst​and-​
bevoe​lkeru​ng-​52100​02177​004.​pdf?__​blob=​publi​catio​nFile.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.rki.de/HealthInGermany
https://www.rki.de/HealthInGermany
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Bildung-Forschung-Kultur/Bildungsstand/Publikationen/Downloads-Bildungsstand/bildungsstand-bevoelkerung-5210002177004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Bildung-Forschung-Kultur/Bildungsstand/Publikationen/Downloads-Bildungsstand/bildungsstand-bevoelkerung-5210002177004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Bildung-Forschung-Kultur/Bildungsstand/Publikationen/Downloads-Bildungsstand/bildungsstand-bevoelkerung-5210002177004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Bildung-Forschung-Kultur/Bildungsstand/Publikationen/Downloads-Bildungsstand/bildungsstand-bevoelkerung-5210002177004.pdf?__blob=publicationFile

	Utilisation of supplementary prenatal screening and diagnostics in Germany: cross-sectional study using data from the KUNO Kids Health Study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Data collection
	Predictor variables
	Predisposing factors
	Enabling factors
	Need factors
	Outcome
	Statistical analyses

	Results
	Univariable analyses
	Multivariable analyses

	Discussion
	Predisposing factors
	Enabling factors
	Need factors
	Frequency of utilisation of supplementary prenatal diagnostics
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


