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aBstract

Background: Prevalence rates of psychosocial stress during pregnancy are substantial. Evi-
dence for associations between psychosocial stress and birth outcomes is inconsistent. This 
study aims to identify and characterize different clusters of pregnant women, each with a 
distinct pattern of psychosocial stress, and investigate whether birth outcomes differ between 
these clusters.

Methods: Latent class analysis was performed on data of 7,740 pregnant women (Amster-
dam Born Children and their Development, ABCD study). Included constructs were depres-
sive symptoms, state anxiety, job strain, pregnancy-related anxiety and parenting stress.

Results: Five clusters of women with distinct patterns of psychosocial stress were objecti-
vely identified. Babies born from women in the cluster characterized as ‘high depression & 
high anxiety, moderate job strain’ (12%) had a lower birth weight, and those in the ‘high de-
pression & high anxiety, not employed’ cluster (15%) had an increased risk of preterm birth.

Conclusion: Babies from pregnant women reporting both high levels of anxiety and depres-
sive symptoms are at highest risk for adverse birth outcomes.
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About 25% of pregnant women experience some form of psychosocial stress 1. From a public 
health perspective it is important to identify those who suffer from psychosocial stress during 
pregnancy, because psychosocial factors (besides biomedical risk factors) might, in part, be 
accountable for pregnancy complications and adverse obstetric outcomes 2. Elevated levels 
of anxiety and depressive symptoms are reported to be related to obstetric complications 
and adverse pregnancy outcomes, like preterm birth 3. Accordingly, in a recent meta-analytic 
review, psychosocial stress during pregnancy was found to be weakly related to neonatal 
weight and the risk for low birth weight 4. In contrast, in a meta-analysis of 50 studies, no 
relation was found between anxiety symptoms during pregnancy and adverse perinatal out-
comes 2.
 Although the experience of severe job strain during pregnancy was found to be related 
to adverse birth outcomes 5-8, these findings are not unequivocal among comparable studies 
9, 10. Feelings of pregnancy-specific stress were directly associated with preterm delivery and 
indirectly with low birth weight 11. However, it is unclear whether stress specifically related 
to the parenting role (parenting stress) in women who have additional children, is related to 
adverse birth outcomes.
 The fact that findings and effect sizes vary among studies is probably due to differences 
in study design, such as which measure of psychosocial stress was used, and the pregnancy 
trimester in which these measures were administered. Furthermore, potential confounding 
factors and biomedical risk factors that might affect birth outcomes are not always taken into 
account (for reviews see 2, 3). Previous results from our prospective longitudinal community 
based birth cohort, also show that lifestyle factors (e.g. smoking) largely confounded the as-
sociation between depression and major pregnancy outcomes 12. 
 In an attempt to elucidate inconsistent findings from previous research, we investigated 
the potential influence of latent clusters of psychosocial stress during pregnancy on adverse 
birth outcomes. Moreover, we apply a person-oriented approach that incorporates multiple 
validated psychosocial stress constructs (anxiety and depressive symptoms, pregnancy-re-
lated anxieties, parenting stress and work-related stress) to objectively identify and charac-
terize clusters of women with distinct latent patterns of psychosocial stress 13. Second, we 
investigate whether different associations with birth outcomes exist between women in dif-
ferent clusters taking potentially confounding factors into account.

metHoDs
Participants
Between January 2003 and March 2004, all pregnant women (N= 12,373; 99% of target 
population) living in Amsterdam, were approached to participate in the Amsterdam Born 
Children and their Development (ABCD) study during their first prenatal visit to an obstetric 
care provider. Two weeks later, a pregnancy questionnaire that covered sociodemographic 
characteristics, obstetric history and psychosocial conditions was sent to their address. 8,266 
women filled out the questionnaire (67% response rate) at an average of 16 weeks’ gestation 
(IQR 14-18 weeks) and complete data (i.e., five psychosocial stress questionnaires) were 
available for 7,740 women (93.6%). All life born singletons with data on gestational duration 
(N= 7,391), preterm birth (N= 7,391), birth weight and birth size (N= 7,385) were included 
(participant flowchart in figure 1). Further details about this cohort have been described else-
where 14.
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 Approval of the study was obtained from the 
Central Committee on Research Involving Human 
Subjects in the Netherlands, the medical ethics 
review committees of the participating hospitals, 
and the Registration Committee of the Municipa-
lity of Amsterdam.

Materials
The pregnancy questionnaire included five vali-
dated Dutch translations of widely used question-
naires: 

Depressive symptoms
Depressive symptoms were assessed using the va-
lidated Dutch version 15 of the 20-item Center for 
Epidemiological Studies Depression Scale (CES-
D) 16, which evaluates the frequency of depres-
sive symptoms experienced during the preceding 
week. Two categories were defined: no depressive 
symptoms (<16) and depressive symptoms (≥16). 
In the present sample the internal consistency 
(Cronbach’s alpha) of the CES-D scale was 0.90.

Anxiety
Anxiety was assessed using the Dutch version 17 of the State-Trait Anxiety Inventory (STAI) 
18. The 20 items regarding state anxiety (transient or temporarily experienced anxiety) were 
included in our questionnaire. A cut-off score of 44 delineated the low-average from the high 
anxiety group 19. Internal consistency (Cronbach’s alpha) of the scale was 0.94.

Pregnancy-related anxieties
Pregnancy anxieties were assessed using an abbreviated 10-item version 20 of the Pregnancy-
Related Anxiety Questionnaire (PRAQ) 21. Three factors that can be distinguished are ‘fear 
of giving birth’, ‘fear of bearing a physically or mentally handicapped child’ and ‘concern 
about one’s appearance’. Because cut-offs were not available for this instrument, we used the 
90th percentile in all three subscales to identify women scoring high on pregnancy anxiety. 
Internal consistency (Cronbach’s alpha) of the scales was 0.77, 0.86 and 0.77, respectively.

Work stress
To assess work stress (job strain) a Dutch version 22 of the Job Content Questionnaire (JCQ) 23 
was used. It consists of 2 subscales: job demands and job control (Cronbach’s alpha 0.85 and 
0.92, respectively). In accordance with the JCQ guidelines, we divided the job demand score 
into: low (<50th percentile), moderate (50th-90th percentile) and high (>90th percentile). 
Similarly, we divided the job control score into high (>50th percentile), moderate (10th-50th 
percentile), and low (<10th percentile). Next, also in accordance with the JCQ guidelines, the 
categorical variable of interest, i.e. job strain, could be determined. One of the four categories 
consisted of non-employed women. Women in the category ‘low job strain’ had reported low 

Figure 1 Flowchart of study participants
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job demand with moderate or high job control. ‘High job strain’ consisted of women who 
reported high job demand with low or moderate job control. All other women fell into the 
‘moderate job strain’ category.

Parenting stress
Parenting stress was assessed using a Dutch adaptation 24 of the 20-item Parenting Daily Has-
sles (PDH) scale 25. The parents rated the occurrence of typical everyday events in parenting 
and parent-child interactions. Because cut-offs were not available for this instrument, we 
used the 90th percentile to identify the women scoring high on parenting stress. The ‘no pa-
renting stress’ category also included the pregnant women with no previous children. Internal 
consistency (Cronbach’s alpha) was 0.85.

Maternal characteristics and birth outcomes
Data sources and definitions of the maternal characteristics have been described previously 
26. These are: maternal age (continuous), educational level (continuous; years of education 
after primary school; proxy for socioeconomic status), ethnicity (categorical), living with a 
partner (categorical), smoking (discrete), alcohol consumption (discrete), obesity and parity 
(dichotomous). Information on birth outcomes was available from Youth Health Care Regis-
tration and the Dutch Perinatal Registration (PRN; www.perinatreg.nl). Gestational duration 
was dichotomized into at term and preterm (gestation < 37 weeks). To define ‘birth size’, the 
bottom and top 10% of birth weight, standardized for gender, gestational duration and parity 
using reference values from the PRN, were labeled small-for-gestational-age and large-for-
gestational-age, respectively. The middle 80% was labeled appropriate-for-gestational-age 27.

Statistical analysis
A latent class analysis 28 was performed to identify and describe clusters of women with simi-
lar patterns of psychosocial stress (Latent GOLD 4.5; Statistical Innovations, Boston, USA). 
In subsequent analyses, maternal characteristics and birth outcomes were compared among 
women belonging to the different clusters using ANOVA with post-hoc Tukey’s tests, and 
Chi-square tests. Subsequently, associations between cluster membership and birth outco-
mes were tested in multiple poisson regression (gestational duration), linear regression (birth 
weight) and logistic regression models (preterm and small-for-gestational age birth), adjusted 
for maternal age, educational level, ethnicity, smoking, alcohol consumption, hypertension, 
pre-pregnancy BMI, parity, fetal sex and gestational duration (when analyzing birth weight). 
The first cluster was used as the reference category.

results
Descriptive analyses
Table 1 presents the sociodemographic characteristics of the study sample. Results from the 
latent class analysis suggested that the optimal number of clusters was either five or six (ta-
ble 2). This assumption was based on the substantial decrease in the log likelihood ratio; L2 
between the 4- and 5-cluster model (L2-difference=131). Despite the additional decrease in 
L2 between the 5- and 6-cluster model (L2 difference=203), the subsequent analysis concen-
trates on the 5-cluster solution because it was the most comprehensive and parsimonious. 
When cases were classified into these five clusters, misclassification is estimated at 15.2%, 
which can be considered satisfactory  . Classification certainty ranged from acceptable to high 



34

as mean posterior assignment probabilities were 93%, 84%, 90%, 91%, and 83% respecti-
vely. The local independence assumption was tested and inspection of bivariate residuals 
suggested that indicators were roughly unrelated within each latent class.

Mean/Percentage SD Interquartile range

Lower Upper

Age (years) 30.8 5.2 24.8 36.8

Education after primary school 
(years)

8.7 4 2.7 14.7

Ethnicity (%)(n) (7740)

   Dutch 63.5 (4914)

   Surinamese 5.5 (423)

   Antillean 1.1 (89)

   Turkish 3.9 (304)

   Moroccan 6.7 (516)

   Ghanaian 2.2 (170)

   Other non-western country 8.3 (641)

   Other western country 8.8 (683)

Living with partner (% yes) 86.1

Smoking (%)(n) (7732)

   No smoking 90.5 (6995)

   1-5 cigarettes/day 6.1 (470)

   ≥ 6 cigarettes/day 3.5 (267)

Alcohol (%)(n) (7737)

   No alcohol 78.9 (6101)

   < 1 glass/day 20.5 (1586)

   1-3 glasses/day 0.6 (50)

Obesity (BMI ≥ 30) (% yes) 6.1

Primiparous (% yes) 56.1

CES-D total score 13 9 2 24

STAI total score 38 10 24 52

PRAQ: fear of handicapped child 12 3 9 15

PRAQ: fear of giving birth 9 2 6 12

PRAQ: concerns about ap-
pearance

9 2 7 11

Job strain (%)(n) (7740)

   No job 35.7 (2766)

   Low job strain 11.1 (859)

   Moderate job strain 45.1 (3490)

   High job strain 8.1 (625)

PDH total score (multiparous. 
43.9%)

36 8 25 47

Gestational duration (weeks) 39.7 2.4 37.7 41.7

Preterm birth (<37 weeks) (% 
yes)

6.3

Birthweight (g) 3419 615 2739 4099

Size at birth (%)(n) (7740)

   Large for gestational age 9.5 (734)

   Appropriate for gestational age 81.2 (6284)

   Small for gestational age 9.3 (722)

Table 1 Characteristics of the study population (n=7,440)

Information Criteria Boots-
trap

Boots-
trap

L2-

DF L2 p-value BIC AIC AIC3 CAIC diffe-
rence

p-value

2-Cluster 
model

238 2144 <0.001 13 1668 1430 -225

3-Cluster 
model

230 948 <0.001 -1111 488 258 -1341 1196 <0.001

4-Cluster 
model

222 631 <0.001 -1375 187 -35 -1579 317 <0.001

5-Cluster 
model

214 500 <0.001 -1517 72 -142 -1631 131 <0.001

6-Cluster 
model

206 297 <0.001 -1548 -115 -321 -1754 203 <0.001

Table 2 Summary of model fit indices of the Latent Class Analysis
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DF = Degree of freedom
L2	=	Log-Likelihood	ratio
p-value	=	Bootstrap	estimate	of	the	p-value	associated	with	the	L2
BIC = Bayesian Information Criterion
AIC(3) = Akaike Information Criterion (3)
CAIC = Consistent Akaike Information Criterion
Bootstrap	L2-difference	=	L2	difference	after	adding	a	cluster
Bootstrap	p-value	=	Bootstrap	estimate	of	the	p-value	associated	with	the	L2	difference

Characterization of clusters
Table 3 shows the distribution of women over the five clusters. In cluster 1, few women 
reported either high depressive symptoms or high levels of state anxiety. Also, pregnancy-
related anxieties were not frequently reported by these women; they generally reported mo-
derate job strain and most of them did not report parenting stress.

Mean/Percentage SD Interquartile range

Lower Upper

Age (years) 30.8 5.2 24.8 36.8

Education after primary school 
(years)

8.7 4 2.7 14.7

Ethnicity (%)(n) (7740)

   Dutch 63.5 (4914)

   Surinamese 5.5 (423)

   Antillean 1.1 (89)

   Turkish 3.9 (304)

   Moroccan 6.7 (516)

   Ghanaian 2.2 (170)

   Other non-western country 8.3 (641)

   Other western country 8.8 (683)

Living with partner (% yes) 86.1

Smoking (%)(n) (7732)

   No smoking 90.5 (6995)

   1-5 cigarettes/day 6.1 (470)

   ≥ 6 cigarettes/day 3.5 (267)

Alcohol (%)(n) (7737)

   No alcohol 78.9 (6101)

   < 1 glass/day 20.5 (1586)

   1-3 glasses/day 0.6 (50)

Obesity (BMI ≥ 30) (% yes) 6.1

Primiparous (% yes) 56.1

CES-D total score 13 9 2 24

STAI total score 38 10 24 52

PRAQ: fear of handicapped child 12 3 9 15

PRAQ: fear of giving birth 9 2 6 12

PRAQ: concerns about ap-
pearance

9 2 7 11

Job strain (%)(n) (7740)

   No job 35.7 (2766)

   Low job strain 11.1 (859)

   Moderate job strain 45.1 (3490)

   High job strain 8.1 (625)

PDH total score (multiparous. 
43.9%)

36 8 25 47

Gestational duration (weeks) 39.7 2.4 37.7 41.7

Preterm birth (<37 weeks) (% 
yes)

6.3

Birthweight (g) 3419 615 2739 4099

Size at birth (%)(n) (7740)

   Large for gestational age 9.5 (734)

   Appropriate for gestational age 81.2 (6284)

   Small for gestational age 9.3 (722)

Table 1 Characteristics of the study population (n=7,440)

Information Criteria Boots-
trap

Boots-
trap

L2-

DF L2 p-value BIC AIC AIC3 CAIC diffe-
rence

p-value

2-Cluster 
model

238 2144 <0.001 13 1668 1430 -225

3-Cluster 
model

230 948 <0.001 -1111 488 258 -1341 1196 <0.001

4-Cluster 
model

222 631 <0.001 -1375 187 -35 -1579 317 <0.001

5-Cluster 
model

214 500 <0.001 -1517 72 -142 -1631 131 <0.001

6-Cluster 
model

206 297 <0.001 -1548 -115 -321 -1754 203 <0.001

Table 2 Summary of model fit indices of the Latent Class Analysis
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R²	=	the	amount	of	the	variance	of	each	indicator	explained	by	the	5-cluster	model

 Cluster 2 consists of women who scored high on depressive symptoms and reported high 
levels of state anxiety. However, these women did not report high levels of pregnancy- rela-
ted anxieties. Most of the women in cluster 2 are unemployed and this cluster contains the 
highest percentage of women that experienced parenting stress.
 Women in cluster 3 also reported a high number of depressive symptoms and scored high 
on state anxiety; however, compared to women in cluster 2, most of them are employed and 
reported moderate job strain. Similar to women in cluster 2, women in cluster 3 did not have 
high levels of pregnancy-related anxiety. This cluster does not show a discriminate percen-
tage of women who experienced parenting stress.
 Women in cluster 4 scored low on depressive symptoms, and on state anxiety and preg-
nancy anxieties. They are similar to the women in cluster 1, except that most of the women 
in cluster 4 are unemployed.

Cluster Cluster Cluster Cluster Cluster

1 2 3 4 5 R2

Cluster size n=3,869 n=1,116 n=967 n=818 n=670

% 52 15 13 11 9

Depressive symptoms (%) 0.70

No depressive symptoms 94 4 10 88 91

Depressive symptoms 6 96 90 12 9

Job strain (%) 0.47

No job 17 94 3 89 32

Low job strain 14 5 6 8 17

Moderate job strain 61 1 67 3 47

High job strain 9 0 24 0 4

Fear of giving birth (%) 0.39

No fear of giving birth 95 97 95 100 32

Fear of giving birth 5 3 5 0 68

Fear of handicapped child (%) 0.15

No fear of handicapped child 95 91 93 75 52

Fear of handicapped child 5 9 7 25 48

Concerns about appearance (%) 0.43

No concerns about appearance 94 94 93 95 16

Concerns about appearance (%) 6 6 7 5 84

State anxiety (%) 0.73

Low state anxiety 97 8 6 86 92

High state anxiety 3 92 94 14 8

Parenting stress (%) 0.05

No parenting stress 94 74 84 88 92

Parenting stress 6 26 16 12 8

Table 3 Probability and characterization of cluster membership (n=7,440)

1
Low de-
pression & 
low anxiety,
moderate 
job strain

2
Depressed 
& anxious,
not em-
ployed

3
Depressed 
& anxious,
moderate 
job strain

4
Low de-
pression & 
low anxiety,
not em-
ployed

5
Low de-
pression & 
low anxiety,
with 
pregnancy 
anxieties

n=3,869
mean/
percentage  

n=1,116 n=967 n=818 n=670

SD

Age (years) 31.4 
bcde

4.7 28.7
ace

6.0 30.8
abde

5.2 28.1 
ace

5.8 32.2 
abcd

Education after primary school 
(years)

9.7 
bcde

3.7 6.2
ace

4.1 8.9
abd

3.6 6.2 
ace

4.0 8.9
abd

Ethnicity (%) bcde acde abde abce bcd

   Dutch 73.5 33.7 66 28.9 67.9

   Surinamese 3.5 8.8 8.5 8.1 7.6

   Antillean 0.8 1.8 1.9 2 0.7

   Turkish 2 12.2 2.4 8.5 0.8

   Moroccan 4.6 14.5 4.3 13.9 5.6

   Ghanaian 0.9 4 1.6 10.1 3.3

   Other non-western country 5.5 18.1 5.4 20.2 5.8

   Other western country 9.2 6.9 10 8.3 8.1

Living with partner (% yes) 90.7 
bcde

73.5 
ace

82.7 
abde

77.1 
ace

87.7 
abcd

Smoking (%) bce  ade ae b abc

   No smoking 92.9  84.6 86 90.3 90.4

   1-5 cigarettes/day 4.8  8.6 9.4 5.9 5.6

   ≥ 6 cigarettes/day 2.3  6.8 4.6 3.8 4

Alcohol (%) bde ace bd ace abd

   No alcohol 75.1 90.3 77.4 87.9  80.4

   < 1 glass/day 24.2  8.8 22.2 11.5 19.3

   1-3 glasses/day 0.7  1 0.4 0.6 0.3

Obesity (BMI ≥ 30) (% yes) 4.6 
bcd

9.9 
ace

7.6 
ab

9.4 
ae

5.8 
bd

Primiparous (% yes) 63.9 
bcde

42 
ace

57.9 
abde

40.6 
ace

33.4 
abcd

Gestational duration (weeks) 39.7 
bc

2.7 39.3 
a

3.2 39.4 
a

3.2 39.4 2.9 39.5

Preterm birth (<37 weeks) (% yes) 5.7 b 8.4 
ad

7.2 5.5 b 6.1

Birthweight (g) 3451 
bc

581 3333 
ae

685 3359
ae

654 3382 631 3455 
bc

Size at birth (%) b ace b b

   Small for gestational age 8.3 13 10 11 7.5

   Appropriate for gestational age 81.7 77.9 82.2 81.2 82.6

   Large for gestational age 10 9.1 7.9 7.8 10

Table 4 Maternal characteristics and birth outcomes per cluster (n=7,440)
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 Women in cluster 5 seem more anxious about their pregnancy as they frequently repor-
ted concerns about their appearance and about giving birth. They scored low on depressive 
symptoms and on state anxiety. Cluster 5 does not show a discriminate distribution of em-
ployment and job strain. The clustering explained the variance of most constructs by mini-
mally 5% (Parenting stress) to maximally 73% (State anxiety).

Associations between cluster membership and maternal characteristics
Associations between cluster membership and other maternal characteristics during preg-
nancy, such as smoking, alcohol use, educational level and ethnicity are presented in Table 4.

Cluster Cluster Cluster Cluster Cluster

1 2 3 4 5 R2

Cluster size n=3,869 n=1,116 n=967 n=818 n=670

% 52 15 13 11 9

Depressive symptoms (%) 0.70

No depressive symptoms 94 4 10 88 91

Depressive symptoms 6 96 90 12 9

Job strain (%) 0.47

No job 17 94 3 89 32

Low job strain 14 5 6 8 17

Moderate job strain 61 1 67 3 47

High job strain 9 0 24 0 4

Fear of giving birth (%) 0.39

No fear of giving birth 95 97 95 100 32

Fear of giving birth 5 3 5 0 68

Fear of handicapped child (%) 0.15

No fear of handicapped child 95 91 93 75 52

Fear of handicapped child 5 9 7 25 48

Concerns about appearance (%) 0.43

No concerns about appearance 94 94 93 95 16

Concerns about appearance (%) 6 6 7 5 84

State anxiety (%) 0.73

Low state anxiety 97 8 6 86 92

High state anxiety 3 92 94 14 8

Parenting stress (%) 0.05

No parenting stress 94 74 84 88 92

Parenting stress 6 26 16 12 8

Table 3 Probability and characterization of cluster membership (n=7,440)

1
Low de-
pression & 
low anxiety,
moderate 
job strain

2
Depressed 
& anxious,
not em-
ployed

3
Depressed 
& anxious,
moderate 
job strain

4
Low de-
pression & 
low anxiety,
not em-
ployed

5
Low de-
pression & 
low anxiety,
with 
pregnancy 
anxieties

n=3,869
mean/
percentage  

n=1,116 n=967 n=818 n=670

SD

Age (years) 31.4 
bcde

4.7 28.7
ace

6.0 30.8
abde

5.2 28.1 
ace

5.8 32.2 
abcd

Education after primary school 
(years)

9.7 
bcde

3.7 6.2
ace

4.1 8.9
abd

3.6 6.2 
ace

4.0 8.9
abd

Ethnicity (%) bcde acde abde abce bcd

   Dutch 73.5 33.7 66 28.9 67.9

   Surinamese 3.5 8.8 8.5 8.1 7.6

   Antillean 0.8 1.8 1.9 2 0.7

   Turkish 2 12.2 2.4 8.5 0.8

   Moroccan 4.6 14.5 4.3 13.9 5.6

   Ghanaian 0.9 4 1.6 10.1 3.3

   Other non-western country 5.5 18.1 5.4 20.2 5.8

   Other western country 9.2 6.9 10 8.3 8.1

Living with partner (% yes) 90.7 
bcde

73.5 
ace

82.7 
abde

77.1 
ace

87.7 
abcd

Smoking (%) bce  ade ae b abc

   No smoking 92.9  84.6 86 90.3 90.4

   1-5 cigarettes/day 4.8  8.6 9.4 5.9 5.6

   ≥ 6 cigarettes/day 2.3  6.8 4.6 3.8 4

Alcohol (%) bde ace bd ace abd

   No alcohol 75.1 90.3 77.4 87.9  80.4

   < 1 glass/day 24.2  8.8 22.2 11.5 19.3

   1-3 glasses/day 0.7  1 0.4 0.6 0.3

Obesity (BMI ≥ 30) (% yes) 4.6 
bcd

9.9 
ace

7.6 
ab

9.4 
ae

5.8 
bd

Primiparous (% yes) 63.9 
bcde

42 
ace

57.9 
abde

40.6 
ace

33.4 
abcd

Gestational duration (weeks) 39.7 
bc

2.7 39.3 
a

3.2 39.4 
a

3.2 39.4 2.9 39.5

Preterm birth (<37 weeks) (% yes) 5.7 b 8.4 
ad

7.2 5.5 b 6.1

Birthweight (g) 3451 
bc

581 3333 
ae

685 3359
ae

654 3382 631 3455 
bc

Size at birth (%) b ace b b

   Small for gestational age 8.3 13 10 11 7.5

   Appropriate for gestational age 81.7 77.9 82.2 81.2 82.6

   Large for gestational age 10 9.1 7.9 7.8 10

Table 4 Maternal characteristics and birth outcomes per cluster (n=7,440)
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a	Significantly	different	from	Cluster	1	(p<0.05)
b	Significantly	different	from	Cluster	2	(p<0.05)
c	Significantly	different	from	Cluster	3	(p<0.05)
d	Significantly	different	from	Cluster	4	(p<0.05)
e	Significantly	different	from	Cluster	5	(p<0.05)

 Most women in cluster 1 (low depression & low anxiety, moderate job strain) are of 
Dutch origin, highly educated, live with their partner, do not smoke and do not drink alcohol. 
Furthermore, for most of them it was their first pregnancy. The ethnic background of women 
in cluster 2 (high depression & high anxiety, not employed) is more diverse, almost 10% of 
them are obese and the rate of unemployment is high. All women in cluster 3 (high depres-
sion & high anxiety, moderate job strain) reported to have a job and 24% of them reported 
high levels of job strain (Table 3). Women in cluster 4 (low depression & anxiety, not em-
ployed) are relatively young and for 59% of them this is not their first pregnancy. Comparable 
to cluster 2 (high depression & high anxiety, not employed), cluster 4 (low depression & low 
anxiety, not working) includes women from various ethnic backgrounds, however only 1% 
of these women reported to have a job. Women in cluster 5 (low depression & low anxiety, 
high pregnancy anxieties) are relatively old and highly educated.

Associations between cluster membership and birth outcomes
The unadjusted associations between cluster membership and perinatal outcomes (i.e. ge-
stational age, preterm birth, birth weight, size at birth) are presented in Table 4; the adjusted 
associations are shown in Table 5. There was a significant difference in mean gestational age 
and birth weight between the clusters in the unadjusted models (both p<0.01). As compared 
to babies of women in the ‘low depression & low anxiety, moderate job strain’ cluster (1; the 
reference cluster), babies from women in the ‘high depression & high anxiety, not employed’ 
and ‘high depression & high anxiety, moderate job strain’ clusters (2 and 3) had a lower 
gestational age. After adjustment for confounders, these differences attenuated to the null.
 As compared to the reference cluster, babies from women in the ‘high depression & high 
anxiety, not employed’ and ‘high depression & high anxiety, moderate job strain’ clusters 
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   Turkish 2 12.2 2.4 8.5 0.8

   Moroccan 4.6 14.5 4.3 13.9 5.6
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   Other western country 9.2 6.9 10 8.3 8.1
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   1-5 cigarettes/day 4.8  8.6 9.4 5.9 5.6
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Alcohol (%) bde ace bd ace abd

   No alcohol 75.1 90.3 77.4 87.9  80.4

   < 1 glass/day 24.2  8.8 22.2 11.5 19.3

   1-3 glasses/day 0.7  1 0.4 0.6 0.3
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Table 4 Maternal characteristics and birth outcomes per cluster (n=7,440)
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Table 5 Adjusted associations of birth outcomes by cluster
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(2 and 3) had a lower birth weight. After adjustment for confounders, the difference in birth 
weight in cluster 3 remained significant (p=0.02). Although the difference in this continuous 
outcome variable is small, it is an important result that the differences between the clinically-
driven, categorized equivalents, (i.e., preterm birth and small for gestational age birth) are 
significant (p=0.01 and p<0.01, respectively). However, after adjustment for confounders, 
only the increased risk for preterm birth remained significant in women from the ‘high de-
pression & high anxiety, not employed’ cluster (2) (p=0.02).

All	models	(a=multivariate	poisson;	b=linear;	c=logistic	regression	models)	are	adjusted	for	maternal	age,	educa-
tional	level,	ethnicity,	smoking,	alcohol	consumption,	hypertension,	pre-pregnancy	BMI,	parity,	fetal	sex	and	gesta-
tional age (when analyzing birth weight). Mean/modal values were used when calculating the estimated marginal 
means	of	gestational	age.*	Gestational	age	in	none	of	the	clusters	was	significantly	different	from	gestational	age	
in	cluster	1.

Discussion
Based on five validated questionnaires addressing psychosocial stress, five distinct clusters 
of pregnant women were objectively identified by means of a latent class analysis. Babies 
born from women in the cluster characterized as ‘high depression & high anxiety, moderate 
job strain’ had a significantly lower birth weight compared to babies from women in the ‘low 
depression & low anxiety, moderate job strain’ (reference) cluster. Those in the ‘high depres-
sion & high anxiety, not employed’ cluster had an increased risk of preterm birth.
 The current study provides insight into the inconclusive results from previous studies on 
the relation between psychosocial stress during pregnancy and adverse birth outcomes 2, 4. 
Our results indicate that women who experience both high levels of anxiety as well as depres-
sive symptoms are particularly at risk for adverse birth outcomes; this is in accordance with 
conclusions from a previous review, where both constructs were identified as risk factors that 
contributed independently to adverse obstetric, fetal and neonatal outcome 3. At first sight, 
effect sizes in the present study may seem small, but the clinically-driven cut-off for preterm 
birth was significantly different between clusters. In all clusters, mean gestational age was 39 
weeks, but preterm birth, an important indicator for health-related adversities in later life 29-

31, still ranged from 5.5-8.4% over the five clusters. Such small differences may have a large 

1
Low depres-
sion & low 
anxiety,
moderate job 
strain

2
Depressed & 
anxious,
not employed

3
Depressed & 
anxious,
moderate job 
strain

4
Low depres-
sion & low 
anxiety,
not employed

5
Low depres-
sion & low 
anxiety,
with pregnan-
cy anxieties

Gestational age (weeks) 
a* Estimated marginal 
means (SE)

38.2 (0.8) 38.0 (0.9) 38.1 (0.8) 38.0 (0.8) 38.4 (0.8)

Birth weight (g) b β 
(95%CI)

Reference -27 (-60;7) -39 (-72;-6) -6 (-56;44) 11 (-29;51)

Preterm birth c OR 
(95%CI)

Reference 1.4 (1.0;1.9) 1.2 (0.9;1.7) 1.0 (0.6;1.7) 1.1 (0.7;1.6)

Small for gestational 
age birth c OR (95%CI)

Reference 1.1 (0.9;1.4) 1.1 (0.8;1.4) 1.0 (0.7;1.4) 0.7 (0.5;1.0)

Table 5 Adjusted associations of birth outcomes by cluster
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impact on public health when extrapolated to a larger population 32.
 Based on our findings, maternal employment status and the experience of job strain 
during pregnancy did not seem to be a discriminatory risk factor for negative birth outcomes, 
which corroborates the finding that the experience of job strain by itself was not associated 
with adverse pregnancy outcomes 33. However, earlier results from our cohort showed an 
association between high levels of job strain during pregnancy and offspring’s lower birth 
weight 8. Presumably, the experience of high levels of job strain combined with other psy-
chosocial risk factors such as depressive symptoms and high levels of state anxiety (cluster 3) 
might increase the odds for adverse pregnancy outcomes. In contrast to another study 11, we 
found that pregnancy-specific anxieties in the absence of other feelings of psychosocial stress 
(cluster 5) were not related to adverse birth outcomes. Hence, these pregnancy-related wor-
ries might indicate a healthy concern about the development of the unborn child 34, 35, which 
confirms the idea that pregnancy-related anxieties are distinct from general anxiety (20). 
Parenting stress was most frequently reported by women in cluster 2, who were most often 
unemployed and, therefore, more likely to spend extended time at home with their children. 
The amount of explained variance in parenting daily hassles by cluster allocation was low 
(5%) and was not associated with negative birth outcomes. To our knowledge, no previous 
studies have reported on an effect of parenting stress on birth outcomes. It is important to 
note that, in the present study, because assessment of psychosocial stress was at a subclinical 
level, associations with birth outcomes might be an underestimation in certain groups of wo-
men who suffer from (diagnosed) mood disorders 3.

Strengths & limitations
We have demonstrated in a large cohort that the application of a person-oriented approach 
that appreciates inter-individual differences in psychosocial stress patterns is useful to iden-
tify clusters of women with unique latent patterns of psychosocial stress. It is also shown 
that these clusters can subsequently be used to investigate associations with birth outco-
mes. Furthermore, analyses were conducted in a large multi-ethnic community-based sample 
which is a clear advantage in terms of statistical power; moreover, only validated and com-
monly used questionnaires were used as indicators to assess various constructs of psycho-
social stress. Pregnancy outcomes were available through record linkage with information 
from Youth Health Care Registration and the Dutch Perinatal Registration, eliminating any 
potential recall bias. In addition, analyses between cluster membership and birth outcomes 
were adjusted for a large number of a priori selected potentially confounding factors. 
 The study also has some methodological limitations. First, because psychosocial stress 
was examined at one occasion during gestation, we were unable to examine patterns and 
chronicity over the course of pregnancy. Second, assessment of depressive symptoms during 
pregnancy using a questionnaire is complicated because physical complaints (e.g. fatigue) 
are associated with both pregnancy and depression. However, Kabir et al. showed that remo-
ving the somatic items from the CES-D did not improve the psychometric properties or it’s 
predictive capacity 36. Third, selective non-response poses a threat to study validity. Howe-
ver, an anonymous non-response analysis using national perinatal registry data has revealed 
that although selective non-response was present in our cohort, selection bias was acceptably 
low and did not influence main study outcomes 37. 
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Implications
Results of the current study are informative and valuable to different groups of public health 
professionals. First, for researchers our results provide insight into the inconsistent fin-
dings from previous studies. The presence of both elevated levels of anxiety and depressive 
symptoms seem to be related to adverse pregnancy outcomes, independent of biomedical 
risk factors, other types of psychosocial stress and maternal characteristics. Secondly, results 
from the current study have identified and characterized pregnant women at risk for adverse 
birth outcomes; our findings strengthen the argument that pregnant women should be scree-
ned for the presence of anxiety and depressive symptoms early in gestation during routine 
antenatal care 38. Addressing the needs of these women at risk (representing almost 30% of 
the women in our sample) by means of support from public health professionals may enhance 
the prevention of long-term negative outcomes for both mothers and their offspring. In the 
future, we aim to investigate whether the identified clusters are differentially related to long-
term offspring’s (mental) health outcomes in this large multi-ethnic birth cohort.
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