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Abstract: Background. The German maternity guidelines require regular medical checkup (MC)
during pregnancy as a measure of prevention. Socioeconomic factors such as education, profession,
income and origin, but also age and parity may influence the preventive and health behavior of
pregnant women. The aim was to investigate the influence of these factors on the participation rate in
MC of pregnant women. Method. The current analysis is based on the prospective population-based
birth cohort study Survey of Neonates in Pomerania, which was conducted in Western Pomerania,
Germany. The data of 4092 pregnant women from 2004 to 2008 were analyzed regarding the antenatal
care and health behavior. Up to 12 MC were regularly offered; participation in 10 MC is defined
as standard screening according to maternity guidelines. Results. Women participated in the first
preventive MC on average in the 10th (±3.8 SD) week of pregnancy. 1343 (34.2%) women participated
in standard screening and 2039 (51.9%) took a screening above standard. 547 (13.92%) women
participated in less than the 10 standard MCs. In addition, about one-third of the pregnancies
investigated in this study were unplanned. Bivariate analyses showed an association between
better antenatal care behavior and higher maternal age, stabile partnerships and mother born in
Germany, p < 0.05. On the contrary antenatal care below standard were more often found by women
with unplanned pregnancies, less educational women and women with lower equivalent income,
p < 0.001. Health behaviors also influenced antenatal care. Whereas the risk of antenatal care
below standard increased by smoking during pregnancy (RRR 1.64; 95% CI 1.25, 2.14) and alcohol
consumption (RRR 1.31; 95% CI 1.01, 1.69), supplementation intake was associated with decreased risk
(iodine—RRR 0.66; 95% CI 0.53, 0.81; folic acid—RRR 0.56; 95% CI 0.44, 0.72). The health behavior of
pregnant women also differs according to their social status. Higher maternal income was negatively
correlated with smoking during pregnancy (OR 0.2; 95% CI 0.15, 0.24), but positively associated
with alcohol consumption during pregnancy (OR 1.3; 95% CI 1.15, 1.48) and lower pre-pregnancy
BMI (Coef. = 0.083, p < 0.001). Lower maternal education was positively correlated with smoking
during pregnancy (OR 59.0; 95% CI 28.68, 121.23). Conclusions. Prenatal care according to maternity
guidelines is well established with a high participation rate in MC during pregnancy of more than
85%. However, targeted preventive measures may address younger age, socioeconomic status and
health-damaging behaviors (smoking, drinking) of the pregnant women because these factors were
associated with antenatal care below standard.

Keywords: antenatal care; health behavior; pregnancy; public health; SNiP study

1. Background

Every day in 2017, 810 women worldwide died from preventable complications
during pregnancy or childbirth [1]. In developing countries, only about 65% of women
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receive prenatal care [2]. In Europe, Australia and the United States binding preventive
programs exist that regulate antenatal care [3–8]. In Germany, maternity guidelines regulate
prenatal care [4]. The aim of these preventive programs is to enable adequate health care for
pregnant women and to detect high-risk pregnancies at an early stage [9]. In Germany, ten to
twelve preventive medical check-ups are planned for healthy women during pregnancy [9].
The screening programs in other countries show that there are different ideas about the
optimal number of precautionary examinations in pregnancy. A comparative survey in nine
European countries yielded an average frequency of eight preventive examinations during
pregnancy [10]. In the US, the American College of Obstetricians and Gynecologists [4]
recommended fourteen examinations as the standard. In 2016, the WHO presented the new
antenatal care model (ANC model), according to which at least eight prenatal cares should
be established as the standard worldwide [11]. Since the introduction of the maternity
guidelines in Germany, an improvement in maternal and perinatal morbidity and mortality
has been recorded. The perinatal mortality in Germany before the introduction of the
maternity guidelines 1968 was 28/1000 births [BIB], in 2006 it was 5.5/1000 births [12]. The
WHO also reported on reduced maternal and perinatal mortality and better pregnancy
outcomes worldwide due to the increased use of prenatal care [13,14]. These include the
reduction of low birth weight, growth retardation and underweight of the newborn [15].

In addition to socio-demographic factors such as age, parity and relationship status,
socio-economic factors such as education, occupation, income and origin, may also affect
antenatal care, i.e., the number of prenatal check-ups. According to the European Perinatal
Health Report younger women in Europe have a higher risk for a lower social status and
for inadequate antenatal care [16]. Furthermore, women with a lower socio-economic
status (SES) tend to participate in less antenatal care examinations [17–19]. In addition,
the health status and health behavior of the pregnant woman also have an impact on the
use of preventive medical check-ups. Pregnant women with severe diseases and higher
risk for complications should use more antenatal check-ups than women without any
risk constellation [9,11,20]. The present study is intended to show the differences in the
antenatal care of pregnant women in Western Pomerania depending on socio-demographic
and socio-economic influences as well as health and risk behavior.

2. Methods
2.1. Study Design of SNiP-I

The present study is part of the birth cohort study ‘Survey of Neonates in Pomera-
nia (SNiP-I)’. Data were evaluated with respect to antenatal care and health behavior of
pregnant women in Western Pomerania. The SNiP-I study was conducted from February
2002 to November 2008 in the region of Pomerania in Northeastern Germany. SNiP is a
population-based, representative study that is able to describe the living and health condi-
tions of newborns and their families comprehensively. The study area was defined by zip
code areas 17379, 17389–17999. In addition, newborns from other catchment areas who had
been transferred to the Perinatal Center of the University of Greifswald due to premature
birth, congenital malformations and small for gestational age were included in the study.
In addition to a place of residence outside the above-mentioned zip code areas, a significant
language barrier between the parents and the interviewer was an exclusion criterion.

From each participating mother-child dyad, study stuff collected and recorded a
total of more than 270 variables on personal data, medical records, and socioeconomic
background. An analysis of the data from non-participating pregnant women did not
reveal any significant selection bias. The design of SNiP-I study has been described in
detail by Ebner et al. [21].

2.2. Ethics and Data Protection

The study design was approved by the Ethics Committee of the University Medicine
Greifswald (Reg.-Nr III UV 20/00-05/2002). Eligible women were asked for a written
informed consent. The study followed the principles of Declaration of Helsiniki. In cases
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of legally minor mothers the additional signatures of their legal caregivers were required.
The collected data was pseudonymized.

2.3. Population

The baseline of SNiP-I birth cohort includes data on 5800 mother-child dyads. For
purpose of this analysis, the data from the years 2004 to 2008 were evaluated in order to
map the data of complete years. This subpopulation from the basline SNiP-I birth cohort
comprised 4092 mother-child dyads. 3929 data sets contained information on antenatal
care (Figure 1).
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2.4. Maternity Guidelines

In Germany, the maternity guidelines regulate which prenatal check-ups should be
carried out in which period [9]. In addition to physical and serological examinations,
three ultrasound screenings and counseling sessions on health-related topics are included.
All examinations are documented in the maternity record. In the maternity directives in
Germany, the necessary examinations during pregnancy covered by the health insurance
companies. In our study, we have limited ourselves exclusively to preventive examinations
that are also covered by health insurance companies in order to curb the financial effect on
the implementation of the examination.

2.5. Antenatal Care

The time of the first check-up and the number of all obstetric check-ups in pregnancy
were recorded from the maternity record. Based on other national studies [22–25] and on
the basis of the maternity guidelines [9], ten to twelve medical checkups are considered
standard. Participation in less than ten examinations was classified as antenatal care below
standard. Participation in more than twelve examinations for uncomplicated pregnancies
was classified as antenatal care above standard. Based on the considerations of the WHO [26],
fewer than five medical check-ups were considered to be inadequate care and fewer than one
or no medical check-up as completely inadequate care [26,27].

2.6. Potentially Predictive Variables of Antenatal Care
2.6.1. Socio-Demographic Factors

The age of the women was queried in full years. According to the maternity guidelines,
women under the age of 18 and older than 35 are considered a risk group [9]. Accord-
ingly, women were divided into three categories: <18 years, 18 to 35 years and >35 years.
Parity describes the number of children born to a woman. Accordingly, pregnant women
were classified as primipara, secundipara and multipara. Partnership was classified as
living in a stable partnership or single. Origin was classified in German or women with a
migration background.

2.6.2. Socio-Economic Factors

Socio-economic factors included educational level, professional status and income of
pregnant women and the partner/huesband. The stratification pattern for educational level
followed previously published patterns [28,29]. Persons being still at school, without school
diploma, or with five years or less of secondary school, were grouped as having a lower
educational level. Persons with six years of secondary school (German ‘Realschulabschluss’)
were included in second level—middle educational level. The third level—high educational
level—included persons with eight years of secondary school (‘German Fachhochschulreife’
or ‘Abitur’). The last level included persons with university degree. Professional status
was classified into four categories: A. self-employed, B. employed, C. in education and
D. unskilled. Income was asked in the form of a household net income. Twelve income
categories were available for this in the self-answer questionnaire.

2.6.3. Health Behavior

The concept of health behavior contains both health-damaging behaviors and health-
promoting behaviors. In the health-damaging behavior category, information on pre-
pregnancy body mass index (BMI), smoking and alcohol consumption during pregnancy
were evaluated. For BMI calculation we used height (in cm) and pre-pregnancy body mass
(in kg) which were reported by women using a standardized self-report questionnaire.
According to the classification recommended by WHO [30] women were categorized into
different BMI groups. Following previously published patterns [28,29], this study used
a dichotomous classification for the information on smoking and alcohol consumption:
‘smoker/non-smoker’ and ‘drinker/non-drinker’. A pregnant woman was classified as
a smoker if she declared to smoke during the last four weeks before delivery. Similarly,
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a woman was classified as a drinker if she declares to continue to drink alcohol during
pregnancy, irrespective of time period or amount of consumption. To record alcohol con-
sumption, questions from the AUDIT-C [31], a short questionnaire to identify problematic
alcohol consumption, was used. Health-promoting behaviors included the intake of sup-
plements such as iodine, folic acid, iron and magnesium. Supplementation intake was
classified dichotomous in ‘intake—yes’ or ‘intake—no’.

2.6.4. Maternal Factors

Maternal factors that were analyzed were planned pregnancies and general maternal
conditions or chronic diseases for which the pregnant woman had to take medication (yes
or no). Pregnancy planning was classified in ‘planned pregnancy’, ‘no pregnancy planning,
but no use of contraception’ and ‘pregnancy despite using contraception’.

2.7. Statistical Analysis Strategies and Test Methods

The collected data was stored in a Microsoft Access database. After a corresponding
data usage request to the study management, the statistical data analysis was performed
using STATA for Windows. Means and SD were used to describe metric variables and
percentages and frequencies to describe categorical variables. In addition to the descriptive
analysis of the sample, relative risk ratios and odds ratios were used to describe the risk
of the different exposures. Associations between socio-demographic, socio-economic,
maternal factors, and health behavior with antenatal care behavior were calculated using a
multinominal regression model. For the multinominal logistic regression model we divided
the antenatal care into three groups according into low, high, and normal antenatal care.
The cut-offs for this were derived from guidelines (cut offs ≤9 and ≥12). In our analyses
we aimed to find markers for low and high antenatal care. For this, the multinomial logistic
regression is the model of choice because it can handle categorical outcomes with more
than two levels. We did a Small-Hsiao- test to test the assumption of irrelevant alternatives.
This showed that the assumption was not violated in our model (p = 0.864).

3. Results
3.1. Antenatal Care Behavior of the Studied Subpopulation

Out of 4092 mother-child dyads participating in the SNiP-I baseline study from 2004
to 2008, antenatal care behavior in pregnancy was reported for 3929 mother-child dyads.
The mean number of antenatal MCs was 12.8 ± 3.5. On average, the first MC took place at
the 10th (mean ± 3.8 SD) week of pregnancy.

Overall, 1343 mothers had standard antenatal care (34.2%) and 2039 had antenatal
care above standard (51.9%). 547 mothers (13.9%) had an antenatal care below standard. In
detail, 11 women of them (0.28%) did not attended any or at most one screening (totally
inadequate antenatal care). 61 (1.55%) of them attended two to five (inadequate antenatal care)
and 475 (12.09%) attended six to nine screening examinations.

3.2. Maternal and Pregnancy Characteristics of the Studied Subpopulation

The women (n = 4092) interviewed in the SNiP study from 2004 to 2008 had an average
age of 27.5 ± SD 5.4 years. 3974 (97.3%) of them were born in Germany. 3308 (93.3%) of
the women lived in a steady relationship, 1244 (37.9%) of them were married. Parity
information could be evaluated from 3928 women. 1803 (45.9%) women had their first
child, for 2125 (54.1%) women it was already at least their second child.

Data on pregnancy planning were available from 3367 (82.3%) pregnant women. 2308
(68.6%) stated that the pregnancy had been planned. Of the remaining women (n = 1059,
31.5%), 722 (21.4%) stated that they had not used contraception and 337 (10.0%) stated that
they had become pregnant despite using contraception. Information on chronic diseases
was provided by 3775 (92.3%) pregnant women. About one third of the women had at least
one such disease during pregnancy (n = 1327; 35.2%).
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Maternal and pregnancy characteristics stratified by the participation in MCs during
pregnancy in the study population are presented in Table 1. Bivariate analyses showed
that younger women, those who had a shorter gestational time until birth and those who
were not born in Germany had antenatal care below standard. Women with unplanned
pregnancy had also more often antenatal care below standard than the mothers in the
other two groups. Mothers with antenatal care above standard did not differ substantially
compared to mothers with standard antenatal care. The most profound differences between
these two groups were observed for parity and maternal chronic diseases. Mothers with
chronic diseases had more MCs compared to mothers without chronic diseases. Higher
parity seems to be associated with standard antenatal care compared to antenatal care
above standard.

Table 1. Maternal and pregnancy characteristics stratified by the participation in medical check-up
during pregnancy in the SNiP-I cohort from 2004 to 2008.

Variable N Antenatal Care p-Value
≤9 Visits
(n = 547)

10–12 Visits
(n = 1343)

>12 Visits
(n = 2039)

Age of mother; years 3929 26.8 (5.8) 27.8 (5.3) 27.6 (5.3) 0.0055
Mother born in Germany 3924 96.0% 97.7% 97.4% 0.113
Living with a partner 3426 90.5% 93.6% 93.2% 0.082
Parity

1st child
2nd child
3rd child
4th child or more

3928
41.3%
32.5%
12.3%
13.9%

43.6%
31.2%
15.5%
9.8%

48.7%
29.3%
11.8%
10.2%

<0.001

Maternal chronic disease 3775 30.7% 33.9% 37.2% 0.011
Number of antenatal care visits 3929 7.5 (2.0) 11.1 (0.8) 15.4 (2.6) <0.001
Gestational week of birth

<32 weeks
32–36 weeks
37–41 weeks
>41 weeks

3929

37.0 (3.3)
7.8%

20.1%
71.3%
0.7%

38.7 (1.7)
0.7%
6.5%

92.3%
0.6%

39.4 (1.6)
0.4%
3.7%
94.3%
1.6%

<0.001

Planned pregnancy
Yes
No contraception
No

3255 56.2%
27.7%
16.1%

70.0%
21.5%
8.5%

70.8%
20.2%
9.0%

<0.001

N = total number of mother-child dyads available for analyses. Data are expressed as mean and standard deviation
(continuous data) or as percentage (categorical data).

3.3. Maternal Socio-Economic Characteristics of the Studied Subpopulation

Around 70% of the women surveyed from 2004 to 2008 (N = 4092) provided informa-
tion about their socioeconomic status. There were data on education level from 3534 (86.4%)
pregnant women in the survey. 550 (15.6%) women could be assigned to a low educational
level, 1824 (51.6%) to a middle educational level and 590 (16.7%) to a high educational
level. 570 (16.1%) of the pregnant respondents had a university degree. The professional
status could be evaluated from a total of 2919 (71.3%) women. 127 (4.3%) of them stated
that they were self-employed and 2269 (77.8%) were employed. In addition, 206 (7.1%)
pregnant women were still in training and 317 (10.9%) were unskilled. The mean income in
the studied population was 1146€ (± SD 680€), p < 0.001.

Analyses showed that less educational women and women with lower equivalent
income more often had antenatal care below standard, p < 0.001. The maternal socio-
economic characteristics in relation to participation in medical check-up during pregnancy
are shown in Table 2.
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Table 2. Maternal socio-economic characteristics in relation to participation in medical check-up
during pregnancy in the SNiP-I cohort from 2004 to 2008.

Variable N Antenatal Care p-Value
≤9 Visits
(n = 547)

10–12 Visits
(n = 1343)

>12 Visits
(n = 2039)

Education of the mother
<10 years
10 years
11–13 years
University degree

3409
26.1%
44.4%
15.9%
13.7%

12.8%
53.8%
16.8%
16.6%

14.4%
52.1%
16.9%
16.6%

<0.001

Equivalent income; 1000€ 2428 1.00 (0.64) 1.2 (0.7) 1.1 (0.7) <0.001
N = total number of mother-child dyads available for analyses. Data are expressed as mean and standard deviation
(continuous data) or as percentage (categorical data).

3.4. Maternal Health Behavior Characteristics of the Studied Subpopulation
3.4.1. Health-Damaging Behavior

There was a response rate of around 85% regarding health-damaging behavior. There
were 644 (18.5%) smokers in the study population. 913 (25.5%) respondents reported having
consumed alcohol during their pregnancy. Analyses showed that higher maternal income
was negatively correlated with smoking during pregnancy (OR 0.2; 95% CI 0.15, 0.24), and
positively associated with alcohol consumption during pregnancy (OR 1.3; 95% CI 1.15,
1.48). Besides women with higher income had on average a lower BMI (Coef. = 0.083,
p < 0.001). Lower maternal education, on the other hand, was positively correlated with
smoking during pregnancy (OR 59.0; 95% CI 28.68, 121.23).

3.4.2. Health-Promoting Behavior

Data on supplement intake during pregnancy were available from all 4092 pregnant
women. Table 3 shows the supplement intake. Overall, more than half of the pregnant
women took supplements (iodine: n = 2674, 65.4%; folic acid: n = 3291, 80.4%; iron: n = 2359,
57.7%, magnesium: n = 1906, 46.6%). On average, women began taking folic acid in the 2nd
month of pregnancy (1.96 month ± SD 1.4). Supplement intake was positively associated
with maternal education (p < 0.005).

Table 3. Selected health behavior in relation to participation in medical check-up during pregnancy
in the SNiP-I cohort from 2004 to 2008.

Variable N Antenatal Care p-Value
≤9 Visits
(n = 547)

10–12 Visits
(n = 1343)

>12 Visits
(n = 2039)

BMI before pregnancy; kg/m2 3452 23.1 (4.9) 23.5 (4.6) 23.8 (4.9) 0.140
Smoking during pregnancy 3351 27.3% 19.3% 15.5% <0.001
Alcohol during pregnancy 3455 27.1% 24.5% 26.0% 0.476
Folic acid intake in pregnancy 3929 71.9% 81.5% 82.2% <0.001
Iron intake in pregnancy 3929 54.5% 59.0% 58.6% <0.001
Magnesium intake in pregnancy 3929 38.6% 44.1% 51.0% <0.001
Iodine intake in pregnancy 3929 56.1% 66.5% 67.7% <0.001

N = total number of mother-child dyads available for analyses. Data are expressed as mean and standard deviation
(continuous data) or as percentage.

3.4.3. Health Behavior and Antenatal Care

Selected health behavior in relation to participation in medical check-up during preg-
nancy are shown in Table 3. Smoking during pregnancy, alcohol consumption, lower
supplementation intake of folic acid, iron, magnesium and iodine were more often found
by mothers with antenatal care below standard compared to the groups with more than
9 visits. Mothers with antenatal care above standard did not differ substantially compared
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to mothers with standard antenatal care. The most profound differences between these two
groups were observed for smoking during pregnancy.

3.5. Association of Selected Variables with Antenatal Care Behavior Adjusted for Gestational Age
at Birth

Table 4 show associations between socio-demographic, socio-economic, maternal
factors, and health behavior with antenatal care beh\avior (p < 0.05). The associations were
calculated using a multinominal regression model adjusted for gestational age at birth.

Table 4. Association of selected variables with antenatal care behavior adjusted for gestational age
at birth.

Antenatal Care below Standard
(≤9) vs. Standard Antenatal
Care (10–12)

Antenatal Care above Standard
(>12) vs. Standard Antenatal
Care (10–12)

RRR (95%-CI) RRR (95%-CI)

Maternal age; years 0.95 (0.94; 0.98) * 1.00 (0.98; 1.01)
Parity

2nd vs. 1st child
3rd vs. 1st child
4th or more vs. 1st child

1.21 (0.95; 1.54)
0.90 (0.65; 1.25)
1.53 (1.09; 2.14) *

0.83 (0.70; 0.98)
0.70 (0.56; 0.87)
0.97 (0.76; 1.24)

Living with a partner 0.66 (0.44; 0.99) * 0.93 (0.69; 1.26)
Mother born in Germany 0.51 (0.29; 0.90) * 0.92 (0.59; 1.46)
Educational status

10 years vs. <10 years
>10 years vs. <10 years
University degree vs. <10 years

0.39 (0.29; 0.53) *
0.41 (0.28; 0.60) *
0.37 (0.25; 0.55) *

0.86 (0.68; 1.08)
0.92 (0.70; 1.21)
0.89 (0.68; 1.17)

Income; 1000€ 0.59 (0.48; 0.74) * 0.96 (0.84; 1.09)
Planned pregnancy

No, but no use of contraception vs. yes
No, but pregnancy despite contraception
vs. yes

1.74 (1.32; 2.29) *
2.85 (2.00; 4.06) *

0.91 (0.75; 1.10)
1.00 (0.76; 1.32)

Maternal chronic diseases 0.76 (0.60; 0.96) * 1.21 (1.04; 1.41) *
Pre-pregnancy BMI 0.98 (0.96; 1.01) 1.01 (0.99; 1.03)
Smoking during pregnancy 1.64 (1.25; 2.14) * 0.78 (0.64; 0.95) *
Alcohol consumption during pregnancy 1.31 (1.01; 1.69) * 1.00 (0.84; 1.19)
Intake of jodine during pregnancy 0.66 (0.53; 0.81) * 1.04 (0.90; 1.21)
Intake of folic acid during pregnancy 0.56 (0.44; 0.72) * 1.09 (0.91; 1.31)
Intake of iron during pregnancy
Intake of magnesium during pregnancy

0.86 (0.70; 1.06)
0.59 (0.47; 0.74) *

0.98 (0.85; 1.13)
1.54 (1.33; 1.77) *

Note. Relative risk ratios (RRR) and 95% confidence intervals (CI) were calculated using multinomial regression
models adjusted for the gestational week at birth. * p < 0.05.

3.5.1. Socio-Demographic Factors Influencing Antenatal Care Behavior

Maternal age, living with a partner and mother born in Germany were associated
with a better antenatal care behavior (p < 0.05). The risk of antenatal care below standard
decreases by 5% per additional year of maternal age. Permanent partnerships of pregnant
women also reduce the risk of antenatal care below standard by 34%. Mothers born in
Germany had a 49% risk decrease for antenatal care below standard.

3.5.2. Socio-Economic Factors Influencing Antenatal Care Behavior

The risk of having antenatal care below standard decreased by 41% per 1000€ of
household income.

3.5.3. Maternal Factors Influencing Antenatal Care Behavior

If the pregnancy was not planned, the risk of antenatal care below standard in-
creases by 74% compared to a planned pregnancy. Women with chronic diseases attended
more MCs.
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3.5.4. Health Behavior Factors Influencing Antenatal Care Behavior

Health-damaging behaviors (smoking, drinking) were associated with antenatal care
below standard. In contrast, taking dietary supplements (intake of iodine, folic acid, and
magnesium) had a positive effect on the participation in MCs.

3.6. Impact of Selected Maternal, Pregnancy and Health Behavior Factors on Antenatal Care Behavior

We calculated a multiple logistic regression model to evaluate the association (all
variables with p < 0.05) between antenatal care and each of the studied maternal, pregnancy
and health behavior factors (gestational week of birth, parity, educational level, pregnancy
planning, pre-pregnancy BMI, supplementation of magnesium) (OR 95% CI; Table 5).
The model demonstrated a modest fit (AUC = 0.787). If maternal, pregnancy and health
behavior factors were viewed as cofounders, the likelihood of participating in standard
antenatal care increased among the gestational week of pregnancy, among women with
at least middle educational level and among the willingness of supplementation intake.
The likelihood of antenatal care below standard increased by 1.59 respectively 2.58 by
unplanned pregnancies and by 1.52 if its not the first child of pregnant women.

Table 5. Impact of selected maternal, pregnancy and health behavior factors on antenatal care behav-
ior: multiple logistic regression analysis with antenatal care below standard as the dependent variable.

OR 95% CI p

Gestational week of birth 0.64 0.61 0.68 0.000 ***
Parity

Second child 1.52 1.18 1.96 0.001 **
Pregnancy planning

No, but no use of contraception
No, but pregnancy despite

contraception

1.59
2.58

1.19
1.800

2.11
3.68

0.002 **
0.000 ***

Educational level
middle educational level
High educational level
University degree

0.44
0.42
0.44

0.32
0.28
0.29

0.60
0.63
0.66

0.000 ***
0.000 ***
0.000 ***

Pre-pregnancy BMI 0.97 0.95 1.00 0.030 *
Supplementation of magnesium 0.52 0.41 0.67 0.000 ***

n = 2882 pregnant women (70.4% of the 4092 included in this analysis). *** p < 0.001, ** p < 0.001, * p < 0.05.

3.7. Discussion

The aim of this study was to analyze the antenatal care behavior and health behavior
of pregnant women and investigate the influence of sociodemographic and socioeconomic
factors on these behaviors. The analyses showed that the social status of the mother can
have a major impact on her participation in antenatal care and her health behaviors.

3.7.1. Antenatal Care Behavior

In the study region, antenatal care according to maternity guidelines is well established
with a high participation rate in standard or above standard MC during pregnancy of 86%
and an overall participation rate about 98%. However, a relevant number of pregnant
women received antenatal care below standard, i.e., participated in less than the 10 MCs. It
is worth noting that the 2016 WHO antenatal care guidelines recommend a minimum of
eight antenatal care visits to reduce perinatal mortality and improve women’s experience
of care [13]. This goal was found to be met by the majority in our survey. However,
internationally, this is still a different story. An analysis of antenatal care in low-income
country middle-income countries showed that participation in at least four preventive
examinations must already be considered a success, but this is nevertheless not achieved
for the most part [32].

Compared with international studies, the fact that the majority of the women we
studied attend their first screening mostly around the 10th week of pregnancy is a good
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indicator of careful antenatal care, especially because the WHO [33] provides first antenatal
screening by the 12th week of pregnancy. Internationally, it was shown that in 2013, the
participation rate in early antenatal care in developing regions was 48.1% compared to
84.8% in developed regions [34]. In turn, a later start of antenatal care can lead to poorer
fetal outcomes such as low birth weight and prematurity [35]. Again, the level of education
as well as the socioeconomic status of the mother were found to be the most important
determinants [36].

3.7.2. Risk Factors for Antenatal Care Below Standard

Preterm births contributed significantly to antenatal care below standard in our study.
However, our data do not allow to differentiate whether preterm birth occurred despite reg-
ular attendance to MCs or because of insufficient attendance to MCs. Further investigation
should be done to differentiate.

After controlling for preterm birth sociodemographic and socioeconomic factors were
identified to be associated with antenatal care below standard. Women attending antenatal
care below standard were for example on average three years younger and also had lower
incomes and lower education than pregnant women with at least standard antenatal care.
This is congruent with data from the European Perinatal Health Report, which showed
that younger women in Europe are at higher risk for lower social status and inadequate
antenatal care [16]. Our findings are also consistent with other previous national and
international studies that showed an association between inadequate antenatal care and
low maternal age [37], low income [38], and low educational level [39]. As well, (single)
women of non-German origin were previously identified as a risk group for antenatal care
below standard [23].

Origin was associated with antenatal care below standard also in our study. Although
the proportion of non-German participants in our study population was very low this is an
important issue. Moreover, other national surveys found similar results with higher rates
of participation among non-German pregnant women [23]. Racial and ethnic disparities
considerably contribute to maternal morbidity [40,41].

Around one-third of the pregnant women we surveyed said that their pregnancies had
been unplanned or had occurred despite contraception. This was another risk factor for
antenatal care below standard in our study. However, our data do not allow to represent
whether the unplanned pregnancy was detected later, leaving less time for adequate
prenatal care, or whether pregnant women deliberately avoided adequate prenatal care.
This and the question of how such a high number of unplanned pregnancies could occur
should be the subject of further investigation.

Nevertheless, our results of antenatal care below standard for unplanned pregnancies
are consistent with international findings, that have demonstrated that unplanned preg-
nancies were directly associated with poor health care utilization [42], late initiation of
antenatal care and inadequate use of antenatal screenings [43].

This unequal distribution in antenatal care illustrates that despite freely accessible
medical care and a standardized range of care through maternity guidelines [9], equal
opportunities are not yet equally guaranteed for all women. In order to prevent a lack of
prevention and its consequences for mother and child, prevention work and good education
by practicing gynecologists in these sub-communities is of enormous importance even
before pregnancy begins [44]. Here, consideration should be given to whether the health
insurance funds should not work more intensively with bonus programs for preventive
measures that maintain and promote health and thus create an additional incentive for
targeted preventive health care [45].

3.7.3. Health Care Behavior

Health-damaging behaviors, such as smoking, have been shown to be more common
among people of low socioeconomic status [46]. These differences contribute to health
disparities during pregnancy [47]. In the SNiP cohort, the incidence of smoking during
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pregnancy was approximately 20%. Moreover, this adverse health behavior was associated
with inadequate antenatal care and lower socio-economic status. Maternal smoking during
pregnancy is one of the most important modifiable determinants of low birth weight and
other adverse perinatal outcomes [48]. These results are both higher than smoking rates
reported in other national studies [49] than those reported in other European countries. For
example, smoking rates range from less than 5% in Sweden to 17% in France or 19% in
Scotland [16].

Therefore, specific antenatal counseling for women who smoke is needed as part
of antenatal care. The importance of smoking cessation in early pregnancy was recently
underscored by the finding that no major growth deficits were observed in women who
quit smoking in early pregnancy [50] (Lit). However, it was also found that only one in four
women quit smoking during pregnancy [51]. In addition, antenatal care should include
counseling on lifestyle-related stresses for the father and the entire family [52].

While smoking was associated with low socioeconomic status in the SNiP study,
alcohol use was more prevalent among women in higher income brackets.

Although alcohol consumption is known to cause preterm delivery, stillbirth [53],
fetal growth retardation, or fetal alcohol spectrum disorders [54] our results showed that
nearly one-quarter of women continued to consume alcohol during pregnancy. It should be
noted, however, that alcohol consumption in general during pregnancy was collected and
evaluated in our study, regardless of timing and amount of alcohol consumption. However,
compared with U.S. surveys [55] in which nearly half of women drank alcohol during
pregnancy, our results are significantly lower. Compared with an international multicenter
study [56], the results of our analyses are also in the lower range. Thus, alcohol consumption
during pregnancy was found to vary widely both within and between countries. Among
others, alcohol consumption was examined in the United Kingdom, Australia and New
Zealand and varied between 40% and 80%. This may be because until a few years ago,
recommendations in the UK assumed that low levels of alcohol consumption were unlikely
to be harmful [5]. However, current guidelines refute this, as there is insufficient evidence
to support the safety of any alcohol consumption during pregnancy [57]. Accordingly, any
type of alcohol consumption during pregnancy should be viewed critically, especially since
fetal alcohol spectrum disorder is a consequence for which there is currently no treatment or
established diagnostic or therapeutic tools to prevent and/or reduce the associated adverse
consequences [54]. Therefore, preventive approaches should be used in the pre-conception
and pre-birth periods to intervene in a timely manner, mitigate the effects of fetal alcohol
spectrum disorder, and ideally prevent it for life. In addition, it is important to remember
that alcohol use is nevertheless stigmatized in society. Accordingly, it is unclear whether
the reported values correspond to actual consumption or whether there may not be an even
higher number of unreported cases.

In contrast, health prevention behavior, i.e., the intake of folic acid, iodine and mag-
nesium was associated with at least standard antenatal care. Furthermore, we found that
more educated pregnant women were more likely to take supplements than pregnant
women with a low level of education. This is relevant insofar as the socioeconomic status
again can play a decisive role with regard to the child’s health. For this reason, the World
Health Organization have also developed nutritional recommendations and strategies to
prevent adverse pregnancy outcomes [13]. Accordingly, more effective education of all
women of childbearing age would be needed here as well, because maternal nutrition plays
a key role in fetal development and neonatal growth [58]. Although 80% of women in our
survey were taking folic acid, on average they also did not start until the second month of
pregnancy. However, our data do not allow a more precise differentiation of the reasons.
Further studies proved not only a low level of education, but also unplanned pregnancies or
pregnancies that occurred earlier than expected as a risk factor. Here, the women concerned
stated that they no longer had enough time for the correct start of intake. Furthermore,
a lack of information as well as the conscious decision not to take the medication was
highlighted as a risk factor for insufficient supplementation [59]. Furthermore, another
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factor to be investigated could be that the cost of supplementation is usually borne by the
pregnant woman herself. For women with a low level of education and thus potentially
low income, this could be an additional burden that they might not be willing to bear if
they are not sufficiently informed about the consequences of non-adherence.

3.7.4. Strength and Limitations

The strengths of our analysis are the high population coverage of SNiP-I, the large num-
ber of participants, geographically defined study region, homogeneous ethnic compositions
and a comprehensive dataset including medical and socio-economic factors. A limitation
of the study was that we used health behavior data from self-reported questionnaires of
pregnant women.

A limitation of the study was that we used the health behavior regarding alcohol
and tobacco consumption from the mothers’ self-reports, that could be a a source of
error. It would be possible that the women have answered in terms of socially desirable
behavior. Accordingly, the actual number of women smokers and alcohol consumers
could be higher. Nevertheless, our prevalence for alcohol consumption and smoking [60]
was already higher than that reported in other studies for Germany [61]. Moreover, we
calculated the pre-pregnancy BMI using mothers’ self-reported data of height and weight,
which might be also a source of error. Mental decision-making is an extremely important
factor. Unfortunately, a detailed psychiatric examination could not be carried out on the
large number of patients, but the known psychiatric illnesses and medications taken were
inquired about and documented from the patient files or maternity records.

4. Conclusions

Antenatal care according to maternity guidelines is well established, and the participa-
tion rate in MC during pregnancy is high, above 85%. Nevertheless, younger age, lower
socioeconomic status and low educational level were identified as risk factors for antenatal
care below standard. In addition, these risk factors influence health behaviors, which in
turn influence women’s antenatal care. Accordingly, targeted preventive measures should
be aimed at these risk groups as well as health-damaging behaviors (smoking, drinking) of
pregnant women to ensure adequate care for mother and child during pregnancy.

Author Contributions: J.M.-N. and A.E.L. were responsible for data collection and writing of the
manuscript. H.A. and G.P. were responsible in data collection and quality assessment, T.I. were
responsible for the statically analysis, A.E.L., M.H. and T.I. originally conceived of the study and
contributed to scientific interpretations and revise the manuscript. All authors have read and agreed
to the published version of the manuscript.

Funding: SNiP was supported by (a) the German Federal Ministry for Education and Research
(NBL3 program, grant 01 ZZ 0103), (b) the Excellence Support Programme of the Federal State of
Mecklenburg-Vorpommern (UG 07 034) ‘Genetics of frequent variants in INSIG2, their role in the
pathogenesis of obesity and other disorders particularly in children’ awarded to D. Rosskopf and J.
P. Haas, (c) the Epidemiological Study on Childhood Cancer and Malformations in the Vicinity of
Nuclear Power Plants (StSCH 4493).

Institutional Review Board Statement: Research based on patient-related data and human DNA is
strictly regulated by German law. The collection of detailed personal data combined with sampling
of biomaterials demands strict confidentiality. Our study complies with international guidelines of
ethical research based on the Declaration of Helsinki. The study design was reviewed and approved
by the Ethics Committee of the Board of Physicians Mecklenburg-Western Pomerania at the University
of Greifswald. (Reg.-Nr III UV 20/00-05/2002). Eligible women were asked for written informed
consent; in cases of legally minor mothers, i.e., aged < 18 years, the additional signature of the
newborn’s legal caregiver was required. Written informed consent included data assessment in face-
to-face interviews, self-administered questionnaires and patient records. It also covered biosamples
of blood. Furthermore, data storage of pseudonymized data was given informed consent to, as well
as their analyses and publication.



Children 2023, 10, 678 13 of 15

Informed Consent Statement: Eligible women were asked for written informed consent; in cases of
legally minor mothers, i.e., aged <18 years, the additional signature of the newborn’s legal caregiver
was required. Written informed consent included data assessment in face-to-face interviews, self-
administered questionnaires and patient records. It also covered biosamples of blood. Furthermore,
data storage of pseudonymized data was given informed consent to, as well as their analyses
and publication.

Data Availability Statement: The data of the SNIP-study is publicly available. This is a data repos-
itory where any researcher can register and find data dictionary as well as an online application
tool for getting access to data. Upon an application by registered users, the Research Cooperation
Community Medicine (RCC) of the University of Greifswald, Germany, which is funded by the
Federal Ministry of Education and Research (grant no. ZZ 96030) decides on granting access to the
data based on scientific guidelines.

Acknowledgments: This work is part of the Research Cooperation Community Medicine (RCC)
of the University of Greifswald, Germany, which is funded by the Federal Ministry of Education
and Research (grant no. ZZ 96030). The RCC encompasses several research projects that share data
obtained through population-based studies (http://www.community-medicine.de (accessed in 2002).
SNiP was supported by the German Federal Ministry for Education and Research (NBL3 program,
grant 01 ZZ 0103), the Excellence Support Programme of the Federal State of Mecklenburg-Western-
Pomerania (UG 07 034) “Genetics of frequent variants in INSIG2, their role in the pathogenesis of
obesity and other disorders particularly in children”, and the Epidemiological Study on Childhood
Cancer and Malformations in the Vicinity of Nuclear Power Plants (Stsch 4493). The Medical Faculty
of the Ernst Moritz Arndt University of Greifswald provided additional support in the form of a
training grant to AL.

Conflicts of Interest: The authors declare no conflict of interest. I confirm that all authors have
read and approved submission of the manuscript and that material in the manuscript has not been
published and is not being considered for publication elsewhere in whole or in part in any language
or any form. All authors have read and agreed to the published version of the manuscript.

References
1. World Health Organization. Trends in Maternal Mortality: 2000 to 2017: Estimates by WHO, UNICEF, UNFPA, World Bank Group and

the United Nations Population Division; World Health Organization: Geneva, Switzerland, 2019.
2. UNICEF. Information on Maternal Mortality. Cause of Death: Pregnancy and Childbirth. Available online: www.unicef.de

(accessed on 1 July 2022).
3. Bernloehr, A.; Smith, P.; Vydelingum, V. Antenatal care in the European Union: A survey on guidelines in all 25 member states of

the Community. Eur. J. Obstet. Gynecol. Reprod. Biol. 2005, 122, 22–32. [CrossRef]
4. American Academy of Pediatrics; American College of Obstetricians and Gynecologist. Guidelines for Perinatal Care, 8th ed.; AAP:

Elk Grove Village, IL, USA; American College of Obstetricians and Gynecologists: Washington, DC, USA, 2017.
5. National Institute for Health and Care Excellence (NICE). Antenatal care for uncomplicated pregnancies. In Clinical Guidelines;

National Institute for Health and Care Excellence (NICE): London, UK, 2008.
6. Backe, B.; Pay, A.S.; Klovning, A.; Sand, S. Antenatal Care. 2014. Available online: http://www.nfog.org/files/guidelines/1%20

NGF%20Obst%20Antenatal%20care%20Backe.pdf (accessed on 1 July 2022).
7. Australian Health Ministers’ Advisory Council. Clinical Practice Guidelines: Antenatal Care–Module I; Department of Health and

Ageing: Canberra, Australia, 2012.
8. Homer, C.S.; Oats, J.; Middleton, P.; Ramson, J.; Diplock, S. Updated clinical practice guidelines on pregnancy care. Med. J. Aust.

2018, 209, 409–412. [CrossRef]
9. der Ärzte, B. Richtlinien der Ärzte und Krankenkassen Über die Ärztliche Betreuung Während der Schwangerschaft und Nach der

Entbindung (Mutterschaftsrichtlinien), 2003.
10. Heringa, M.; Huisjes, H.J. Prenatal screening: Current policy in EC countries. Eur. J. Obstet. Gynecol. Reprod. Biol. 1988, 28, 7–52.

[PubMed]
11. World Health Organization (WHO). WHO Recommendations on Antenatal Care for a Positive Pregnancy Experience: Summary; Licence:

Cc BY-NC-SA 3.0 IGO; WHO: Geneva, Switzerland, 2018.
12. Bundesinstitut für Bevölkerungsforschung (BiB). Perinatale Sterblichkeit (1955–2019). Available online: https://www.bib.bund.

de/Permalink.html?id=10262816 (accessed on 1 July 2022).
13. World Health Organization (WHO). WHO Recommendations on Antenatal Care for a Positive Pregnancy Experience; WHO: Geneva,

Switzerland, 2016.
14. Dowswell, T.; Carroli, G.; Duley, L.; Gates, S.; Gülmezoglu, A.M.; Khan-Neelofur, D.; Piaggio, G. Alternative versus standard

packages of antenatal care for low-risk pregnancy. Cochrane Database Syst. Rev. 2015, 2015, CD000934. [CrossRef]

http://www.community-medicine.de
www.unicef.de
http://doi.org/10.1016/j.ejogrb.2005.04.004
http://www.nfog.org/files/guidelines/1%20NGF%20Obst%20Antenatal%20care%20Backe.pdf
http://www.nfog.org/files/guidelines/1%20NGF%20Obst%20Antenatal%20care%20Backe.pdf
http://doi.org/10.5694/mja18.00286
http://www.ncbi.nlm.nih.gov/pubmed/3384169
https://www.bib.bund.de/Permalink.html?id=10262816
https://www.bib.bund.de/Permalink.html?id=10262816
http://doi.org/10.1002/14651858.CD000934.pub3


Children 2023, 10, 678 14 of 15

15. Kuhnt, J.; Vollmer, S. Antenatal care services and its implications for vital and health outcomes of children: Evidence from
193 surveys in 69 low-income and middle-income countries. BMJ Open 2017, 7, e017122. [CrossRef]

16. Euro-Peristat. European Perinatal Health Report. In Core Indicators of the Health and Care of Pregnant Women and Babies in Europe in
2015. 2018.

17. Paredes, I.; Hidalgo, L.; Chedraui, P.; Palma, J.; Eugenio, J. Factors associated with inadequate prenatal care in Ecuadorian women.
Int. J. Gynecol. Obstet. 2005, 88, 168–172. [CrossRef] [PubMed]

18. Lee, S.H.; Lee, S.M.; Lim, N.G.; Kim, H.J.; Bae, S.-H.; Ock, M.; Kim, U.-N.; Lee, J.Y.; Jo, M.-W. Differences in pregnancy outcomes,
prenatal care utilization, and maternal complications between teenagers and adult women in Korea. Medicine 2016, 95, e4630.
[CrossRef] [PubMed]

19. Leppälahti, S.; Gissler, M.; Mentula, M.; Heikinheimo, O. Is teenage pregnancy an obstetric risk in a welfare society? A
population-based study in Finland, from 2006 to 2011. BMJ Open 2013, 3, e003225. [CrossRef]

20. Yeoh, P.L.; Hornetz, K.; Dahlui, M. Antenatal Care Utilisation and Content between Low-Risk and High-Risk Pregnant Women.
PLoS ONE 2016, 11, e0152167. [CrossRef]

21. Ebner, A.; Thyrian, J.R.; Lange, A.; Lingnau, M.L.; Scheler-Hofmann, M.; Rosskopf, D. Survey of Neonates in Pomerania (SNiP).
A population-based cross-sectional study on newborns in North-East Germany: Objectives, design and population coverage.
Paediatr. Perinat. Epidemiol. 2010, 24, 190–199. [CrossRef]

22. Koller, D.; Lack, N.; Mielck, A. Soziale Unterschiede bei der Inanspruchnahme der Schwangerschafts-Vorsorgeuntersuchungen,
beim Rauchen der Mutter während der Schwangerschaft und beim Geburtsgewicht des Neugeborenen. Empirische Analyse auf
Basis der Bayerischen Perinatal-Studie. Das Gesundh. 2009, 71, 10–18. [CrossRef] [PubMed]

23. Simoes, E.; Kunz, S.; Schmahl, F.W. Inanspruchnahmegradienten in der Schwangerschaftsvorsorge fordern zur Weiterentwicklung
des Präventionskonzepts auf. Das Gesundh. 2009, 71, 385–390. [CrossRef]

24. Simoes, E.; Kunz, S.; Bosing-Schwenkglenks, M.; Schwoerer, P.; Schmahl, F.W. Berufliche Tätigkeit der Mutter und Vorsorgever-
halten in der Schwangerschaft-Entwicklungstendenzen über 5 Jahre. Arb. Soz. Umw. 2003, 38, 12.

25. Simoes, E.; Kunz, S.; Bosing-Schwenkglenks, M.; Schwoerer, P.; Schmahl, F.W. Inanspruchnahme der Schwangerschaftsvorsorge-
ein Spiegel der gesellschaftlichen Entwicklungen und Aspekte der Effizienz. Untersuchung auf Basis der Perinatalerhebung
Baden-Würtemberg 1998–2001. Geburtsh Frauenheilk 2003, 63, 538–545. [CrossRef]

26. Villar, J.; Ba’Aqeel, H.; Piaggio, G.; Lumbiganon, P.; Belizán, J.M.; Farnot, U.; Al-Mazrou, Y.; Carroli, G.; Pinol, A.; Donner, A.; et al.
WHO antenatal care randomised trial for the evaluation of a new model of routine antenatal care. Lancet 2001, 357, 1551–1564.
[CrossRef]

27. Carroli, G.; Villar, J.; Piaggio, G.; Khan-Neelofur, D.; Gülmezoglu, M.; Mugford, M.; Lumbiganon, P.; Farnot, U.; Bersgjø, P.; WHO
Antenatal Care Trial Research Group. WHO systematic review of randomised controlled trials of routine antenatal care. Lancet
2001, 357, 1565–1570. [CrossRef]

28. Domanski, G.; Lange, A.E.; Ittermann, T.; Fallenberg, J.; Allenberg, H.; Zygmunt, M.; Heckmann, M. Maternal pre-pregnancy
underweight as a risk factor for the offspring: Survey of Neonates in Pomerania. Acta Paediatr. 2020, 110, 1452–1460. [CrossRef]

29. Domanski, G.; Lange, A.E.; Ittermann, T.; Allenberg, H.; Spoo, R.A.; Zygmunt, M.; Heckmann, M. Evaluation of neonatal and
maternal morbidity in mothers with gestational diabetes: A pop-ulation-based study. BMC Pregnancy Childbirth 2018, 18, 367.
[CrossRef]

30. World Health Organization. Obesity: Preventing and Managing the Global Epidemic; WHO Technical Report Series; World Health
Organization: Geneva, Switzerland, 2000; p. 394.

31. Bush, K.; Kivlahan, D.R.; McDonell, M.B.; Fihn, S.D.; Bradley, K.A. The AUDIT Alcohol Consumption Questions (AUDIT-C). An
Effective Brief Screening Test for Problem Drinking. Arch. Intern. Med. 1998, 158, 1789–1795. [CrossRef]

32. Benova, L.; Tunçalp, Ö.; Moran, A.C.; Campbell, O.M.R. Not just a number: Examining coverage and content of antenatal care in
low-income and middle-income countries. BMJ Glob. Health 2018, 3, e000779. [CrossRef] [PubMed]

33. Tuncalp, Ö.; Pena-Rosas, J.P.; Lawrie, T.; Bucagu, M.; Oladapo, O.T.; Portela, A.; Metin Gülmezoglu, A. WHO recommendations
on antenatal care for a positive pregnancy experience—Going beyond survival. Br. J. Obstet. Gynaecol. 2017, 124, 860–862.
[CrossRef]

34. Moller, A.-B.; Petzold, M.; Chou, D.; Say, L. Early antenatal care visit: A systematic analysis of regional and global levels and
trends of coverage from 1990 to 2013. Lancet Glob. Health 2017, 5, e977–e983. [CrossRef]

35. Enkin, M.; Keirse, M.; Neilson, J.; Crowther, C.; Duley, L.; Hodnett, E.; Hofmeyr, J. A Guide to Effective Care in Pregnancy and
Childbirth; Oxford University Press: Oxford, UK, 1989.

36. Gill, K.; Pande, R.; Malhotra, A. Women deliver for development. Lancet 2007, 370, 1347–1357. [CrossRef]
37. Baker, E.; Rajasingam, D. Using Trust databases to identify predictors of late booking for antenatal care within the UK. Public

Health 2012, 126, 112–116. [CrossRef]
38. Heaman, M.M.; Bayrampour, H.H.; Kingston, D.D.; Blondel, B.B.; Gissler, M.; Roth, C.C.; Alexander, S.; Gagnon, A.A. Migrant

Women’s Utilization of Prenatal Care: A Systematic Review. Matern. Child Health J. 2013, 17, 816–836. [CrossRef] [PubMed]
39. Choté, A.A.; Koopmans, G.T.; Redekop, W.K.; De Groot, C.J.M.; Hoefman, R.; Jaddoe, V.W.V.; Hofman, A.; Steegers, E.A.P.;

MacKenbach, J.P.; Trappenburg, M.; 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. 2010, 15, 689–699. [CrossRef]

http://doi.org/10.1136/bmjopen-2017-017122
http://doi.org/10.1016/j.ijgo.2004.09.024
http://www.ncbi.nlm.nih.gov/pubmed/15694103
http://doi.org/10.1097/MD.0000000000004630
http://www.ncbi.nlm.nih.gov/pubmed/27559960
http://doi.org/10.1136/bmjopen-2013-003225
http://doi.org/10.1371/journal.pone.0152167
http://doi.org/10.1111/j.1365-3016.2009.01078.x
http://doi.org/10.1055/s-0028-1082310
http://www.ncbi.nlm.nih.gov/pubmed/19173144
http://doi.org/10.1055/s-0029-1214401
http://doi.org/10.1055/s-2003-40474
http://doi.org/10.1016/S0140-6736(00)04722-X
http://doi.org/10.1016/S0140-6736(00)04723-1
http://doi.org/10.1111/apa.15701
http://doi.org/10.1186/s12884-018-2005-9
http://doi.org/10.1001/archinte.158.16.1789
http://doi.org/10.1136/bmjgh-2018-000779
http://www.ncbi.nlm.nih.gov/pubmed/29662698
http://doi.org/10.1111/1471-0528.14599
http://doi.org/10.1016/S2214-109X(17)30325-X
http://doi.org/10.1016/S0140-6736(07)61577-3
http://doi.org/10.1016/j.puhe.2011.10.007
http://doi.org/10.1007/s10995-012-1058-z
http://www.ncbi.nlm.nih.gov/pubmed/22714797
http://doi.org/10.1007/s10995-010-0619-2


Children 2023, 10, 678 15 of 15

40. Leonard, S.A.; Main, E.K.; Scott, K.A.; Profit, J.; Carmichael, S.L. Racial and ethnic disparities in severe maternal morbidity
prevalence and trends. Ann. Epidemiol. 2019, 33, 30–36. [CrossRef]

41. Posthumus, A.G.; Borsboom, G.J.; Poeran, J.; Steegers, E.A.P.; Bonsel, G.J. Geographical, Ethnic and Socio-Economic Differences
in Utilization of Obstetric Care in The Netherlands. PLoS ONE 2016, 11, e0156621. [CrossRef] [PubMed]

42. Cheng, D.; Schwarz, E.B.; Douglas, E.; Horon, I. Unintended pregnancy and associated maternal preconception, prenatal and
postpartum behaviors. Contraception 2009, 79, 194–198. [CrossRef]

43. Dibaba, Y.; Fantahun, M.; Hindin, M.J. The effects of pregnancy intention on the use of antenatal care services: Systematic review
and meta-analysis. Reprod. Health 2013, 10, 50. [CrossRef] [PubMed]

44. M’Hamdi, H.I.; Van Voorst, S.F.; Pinxten, W.; Hilhorst, M.T.; Steegers, E.A.P. Barriers in the Uptake and Delivery of Preconception
Care: Exploring the Views of Care Providers. Matern. Child Health J. 2016, 21, 21–28. [CrossRef] [PubMed]

45. van Dijk, M.R.; Oostingh, E.C.; Koster, M.P.H.; Willemsen, S.P.; Laven, J.S.E.; Steegers-Theunissen, R.P.M. The use of the mHealth
program Smarter Pregnancy in preconception care: Rationale, study design and data collection of a randomized controlled trial.
BMC Pregnancy Childbirth 2017, 17, 46. [CrossRef] [PubMed]

46. Baron, R.; Manniën, J.; Velde, S.J.T.; Klomp, T.; Hutton, E.K.; Brug, J. Socio-demographic inequalities across a range of health status
indicators and health behaviours among pregnant women in prenatal primary care: A cross-sectional study. BMC Pregnancy
Childbirth 2015, 15, 261. [CrossRef] [PubMed]

47. Poeran, J.; Maas, A.F.; Birnie, E.; Denktas, S.; Steegers, E.A.; Bonsel, G.J. Social deprivation and adverse perinatal outcomes among
Western and non-Western pregnant women in a Dutch urban population. Soc. Sci. Med. 2013, 83, 42–49. [CrossRef]

48. Cnattingius, S. The epidemiology of smoking during pregnancy: Smoking prevalence, maternal characteristics, and pregnancy
outcomes. Nicotine Tob. Res. 2004, 6 (Suppl. S2), S125–S140. [CrossRef]

49. Schneider, S.; Maul, H.; Freerksen, N.; Pötschke-Langer, M. Who smokes during pregnancy? An analysis of the German Perinatal
Quality Survey 2005. Public Health 2008, 122, 1210–1216. [CrossRef]

50. Brand, J.S.; Gaillard, R.; West, J.; McEachan, R.R.C.; Wright, J.; Voerman, E.; Felix, J.F.; Tilling, K.; Lawlor, D.A. Associations of
maternal quitting, reducing, and continuing smoking during pregnancy with longitudinal fetal growth: Findings from Mendelian
randomization and parental negative control studies. PLoS Med. 2019, 16, e1002972. [CrossRef]

51. Soneji, S.; Beltrán-Sánchez, H. Association of maternal cigarette smoking and smoking cessation with preterm birth. JAMA Netw.
Open 2019, 2, e192514. [CrossRef]

52. Accordini, S.; Calciano, L.; Johannessen, A.; Benediktsdóttir, B.; Bertelsen, R.J.; Bråbäck, L.; Dharmage, S.C.; Forsberg, B.; Real,
F.G.; Holloway, J.W.; et al. Prenatal and prepubertal exposures to tobacco smoke in men may cause lower lung function in future
offspring: A three-generation study using a causal modelling approach. Eur. Respir. J. 2021, 58, 2002791. [CrossRef]

53. Bailey, B.A.; Sokol, R.J. Prenatal alcohol exposure and miscarriage, stillbirth, preterm delivery, and sudden infant death syndrome.
Alcohol Res. Health 2011, 34, 86–91.

54. Dejong, K.; Olyaei, A.; Lo, J.O. Alcohol Use in Pregnancy. Clin. Obstet. Gynecol. 2019, 62, 142–155. [CrossRef] [PubMed]
55. Tan, C.H.; Denny, C.H.; Cheal, N.E.; Sniezek, J.E.; Kanny, D. Alcohol use and binge drinking among women of childbearing

age—United States, 2011–2013. Morb. Mortal. Wkly. Rep. 2015, 64, 1042–1046. [CrossRef] [PubMed]
56. O’Keeffe, L.M.; Kearney, P.M.; McCarthy, F.P.; Khashan, A.S.; Greene, R.A.; North, R.A.; Poston, L.; McCowan, L.M.E.; Baker, P.N.;

Dekker, G.A.; et al. Prevalence and predictors of alcohol use during pregnancy: Findings from international multicentre cohort
studies. BMJ Open 2015, 5, e006323. [CrossRef] [PubMed]

57. Department of Health UK. How to Keep Health Risks from Drinking Alcohol to a Low Level: Public Consultation on Proposed
New Guidelines. Available online: https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/489796
/CMO_alcohol_guidelines.pdf (accessed on 1 July 2022).

58. Christian, P. Micronutrients, birth weight, and survival. Annu. Rev. Nutr. 2010, 30, 83–104. [CrossRef] [PubMed]
59. Miani, C.; Ludwig, A.; Doyle, I.-M.; Breckenkamp, J.; Hoeller-Holtrichter, C.; Spallek, J.; Razum, O. The role of education and

migration background in explaining differences in folic acid supplementation intake in pregnancy: Results from a German birth
cohort study. Public Health Nutr. 2021, 24, 6094–6102. [CrossRef]

60. Kuntz, B.; Zeiher, J.; Starker, A.; Prütz, F.; Lampert, T. Smoking during pregnancy. Results of the cross-sectional KiGGS Wave
2 study and trends. J. Health Monit. 2018, 3, 45–51.

61. Lanting, C.I.; Van Dommelen, P.; van der Pal-de Bruin, K.; Gravenhorst, J.B.; Van Wouwe, J.P. Prevalence and pattern of alcohol
consumption during pregnancy in The Netherlands. BMC Public Health 2015, 15, 723. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.annepidem.2019.02.007
http://doi.org/10.1371/journal.pone.0156621
http://www.ncbi.nlm.nih.gov/pubmed/27336409
http://doi.org/10.1016/j.contraception.2008.09.009
http://doi.org/10.1186/1742-4755-10-50
http://www.ncbi.nlm.nih.gov/pubmed/24034506
http://doi.org/10.1007/s10995-016-2089-7
http://www.ncbi.nlm.nih.gov/pubmed/27423236
http://doi.org/10.1186/s12884-017-1228-5
http://www.ncbi.nlm.nih.gov/pubmed/28125970
http://doi.org/10.1186/s12884-015-0676-z
http://www.ncbi.nlm.nih.gov/pubmed/26463046
http://doi.org/10.1016/j.socscimed.2013.02.008
http://doi.org/10.1080/14622200410001669187
http://doi.org/10.1016/j.puhe.2008.02.011
http://doi.org/10.1371/journal.pmed.1002972
http://doi.org/10.1001/jamanetworkopen.2019.2514
http://doi.org/10.1183/13993003.02791-2020
http://doi.org/10.1097/GRF.0000000000000414
http://www.ncbi.nlm.nih.gov/pubmed/30575614
http://doi.org/10.15585/mmwr.mm6437a3
http://www.ncbi.nlm.nih.gov/pubmed/26401713
http://doi.org/10.1136/bmjopen-2014-006323
http://www.ncbi.nlm.nih.gov/pubmed/26152324
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/489796/CMO_alcohol_guidelines.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/489796/CMO_alcohol_guidelines.pdf
http://doi.org/10.1146/annurev.nutr.012809.104813
http://www.ncbi.nlm.nih.gov/pubmed/20415580
http://doi.org/10.1017/S1368980021003621
http://doi.org/10.1186/s12889-015-2070-1

	Background 
	Methods 
	Study Design of SNiP-I 
	Ethics and Data Protection 
	Population 
	Maternity Guidelines 
	Antenatal Care 
	Potentially Predictive Variables of Antenatal Care 
	Socio-Demographic Factors 
	Socio-Economic Factors 
	Health Behavior 
	Maternal Factors 

	Statistical Analysis Strategies and Test Methods 

	Results 
	Antenatal Care Behavior of the Studied Subpopulation 
	Maternal and Pregnancy Characteristics of the Studied Subpopulation 
	Maternal Socio-Economic Characteristics of the Studied Subpopulation 
	Maternal Health Behavior Characteristics of the Studied Subpopulation 
	Health-Damaging Behavior 
	Health-Promoting Behavior 
	Health Behavior and Antenatal Care 

	Association of Selected Variables with Antenatal Care Behavior Adjusted for Gestational Age at Birth 
	Socio-Demographic Factors Influencing Antenatal Care Behavior 
	Socio-Economic Factors Influencing Antenatal Care Behavior 
	Maternal Factors Influencing Antenatal Care Behavior 
	Health Behavior Factors Influencing Antenatal Care Behavior 

	Impact of Selected Maternal, Pregnancy and Health Behavior Factors on Antenatal Care Behavior 
	Discussion 
	Antenatal Care Behavior 
	Risk Factors for Antenatal Care Below Standard 
	Health Care Behavior 
	Strength and Limitations 


	Conclusions 
	References

