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ABSTRACT
Background There are various maternal prenatal
biopsychosocial (BPS) predictors of birth weight, making it
difficult to quantify their cumulative relationship.
Methods We studied two birth cohorts: Northern
Finland Birth Cohort 1986 (NFBC1986) born in
1985–1986 and the Generation R Study (from the
Netherlands) born in 2002–2006. In NFBC1986, we
selected variables depicting BPS exposure in association
with birth weight and performed factor analysis to derive
latent constructs representing the relationship between
these variables. In Generation R, the same factors were
generated weighted by loadings of NFBC1986. Factor
scores from each factor were then allocated into tertiles
and added together to calculate a cumulative BPS score.
In all cases, we used regression analyses to explore the
relationship with birth weight corrected for sex and
gestational age and additionally adjusted for other
factors.
Results Factor analysis supported a four-factor
structure, labelled closely to represent their
characteristics as ‘Factor1-BMI’ (body mass index),
‘Factor2-DBP’ (diastolic blood pressure), ‘Factor3-
Socioeconomic-Obstetric-Profile’ and ‘Factor4-Parental-
Lifestyle’. In both cohorts, ‘Factor1-BMI’ was positively
associated with birth weight, whereas other factors
showed negative association. ‘Factor3-Socioeconomic-
Obstetric-Profile’ and ‘Factor4-Parental-Lifestyle’ had
the greatest effect size, explaining 30% of the variation
in birth weight. Associations of the factors with birth
weight were largely driven by ‘Factor1-BMI’. Graded
decrease in birth weight was observed with increasing
cumulative BPS score, jointly evaluating four factors in
both cohorts.
Conclusion Our study is a proof of concept for maternal
prenatal BPS hypothesis, highlighting the components
snowball effect on birth weight in two different European
birth cohorts.

BACKGROUND
Birth weight is an important health indicator asso-
ciated with the myriad of somatic and neurodeve-
lopment outcomes in later life.1–4 Several maternal
prenatal factors determine unfavourable birth out-
comes, particularly low and high birth weight,
encompassed by the multidimensional interplay

between biological, material and psychosocial mea-
sures during pregnancy.5

It is widely acknowledged that a greater under-
standing and description of the biopsychosocial
(BPS) nature of fetal growth, birth weight as its sur-
rogate end-point and the interplay of underlying pos-
sible causal factors is essential for advancing clinical
and social interventions.6–8 The causal role of biolo-
gical determinants, such asmaternal bodymass index
(BMI) or blood pressure (BP), is well documented.9

However, multiple maternal prenatal non-biological
factors such as themarital status, parity, maternal age,
smoking and alcohol use are posited to affect fetal
development. These are further compounded by the
socioeconomic environment, often defined by educa-
tion attainment, material assets, income and/or par-
ental occupation.5 Large social inequalities showing
striking disparities between and within countries are
recurrently cited in birth weight studies.10 11

However, these determinants may not exhibit direct
causal effects. These set of non-biological risk factors
tend to co-occur with direct and indirect relation-
ships. This follows the Engel’s holistic definition of
sickness, affected by multiple dimensions from socie-
tal to the molecular level.12

Research on the prenatal interplay between bio-
logical and non-biological exposures that compose
a BPS background still remain in its infancy in birth
weight and other early life studies. This remains an
important obstacle for improving prenatal interven-
tions aiming at sustainable fetal growth and its long-
term consequences. This may be explained by a lack
of scientific consensus on defining these non-
biological exposures on the one hand, and the lack-
ing practice for appropriate and reproducible quan-
tification of the risk on the other. Part of the
challenge is having no consensus on the definition
of psychosocial factors to test the ‘psychosocial
hypothesis’.7 Social measures may act as surrogate
indicators for the psychological status. For example,
lifestyle factors such as smoking and alcohol use are
associated with socioeconomic position but may
also influence psychological well-being of the
mother. According to previous evidence, lower
social classes are at higher risk of developing psy-
chological disorders and pregnancy complications,
potentially mediated via unhealthy behaviours.13 14
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The grouping of the aforementioned non-biological factors as
psychosocial, although imperfect, remains the closest overarch-
ing umbrella term so far and a widely surrogate for depicting such
exposures.

Hence, this study builds on the existing knowledge of multi-
fold predictors of birth weight to design a model describing the
mutual interplay between maternal BPS factors, and address their
cumulative risk on birth weight. We use a systematic methodolo-
gical approach to quantify the risk and evaluate its reproducibil-
ity in two independent European populations differing in years of
birth, country, ethnicity and social environment.

METHODS
Study design and participants
Data were derived from two prospective population-based birth
cohorts: the Northern Finland Birth Cohort 1986 (NFBC1986)
and the Generation R Study. The NFBC1986 is a Caucasian-
based Finnish population birth cohort.15 Mothers with expected
delivery dates between July 1985 and June 1986 were enrolled in
the study and data collection was started on average from the
12th week of gestational age (GA). The cohort included 9362
women with 9432 live births, covering 99% of births in the
northernmost provinces of Finland—Lapland and Oulu. A wide
range of phenotypic, lifestyle and demographic data was col-
lected through questionnaires, and clinical examinations were
carried out during antenatal visits. Paternal data were also col-
lected through questionnaires.

The Generation R Study included pregnant women living in
Rotterdam, the Netherlands, with expected delivery dates
between April 2002 and January 2006.16 Mother’s enrolment
was aimed at GA <18 weeks and measurements were planned at
—GA <18 weeks, 18–25 weeks and >25 weeks. Fathers were
assessed once during the pregnancy. In total, 8879 mothers were
enrolled in the study. The cohort is multi-ethnic, including
Dutch/European (58%), Surinamese (9%), Turkish (8%),
Moroccan (6%), Cape Verdean (4%), Dutch Antillean (3%) and
other ethnicities (12%).

NFBC1986 received ethical approval from Ethics Committee
of Northern Ostrobothnia Hospital District (EETTMK: 108/
2017) and Oulu University, Faculty of Medicine, Oulu, Finland.
Ethical approval for Generation R was obtained from the
Medical Ethics Committee of the Erasmus Medical Centre
(MEC 198.782/2001/31), Rotterdam, the Netherlands. Both
cohorts received ethical approval in accordance with the
Declaration of Helsinki 1964. Informed consent was obtained
from all individual participants in both cohorts. We excluded
twins and children born preterm (<37th week of gestation). In
Generation R, if mothers participated with multiple children,
only one of these was randomly selected.

Measures
Maternal biological measures (BMI, BP and haemoglobin levels)
were recorded through clinical examinations during antenatal
visits. Psychosocial measures related to age, marital status,
employment history, working position, assets, miscarriages, still-
births, pregnancy desirability, parity, smoking and alcohol use
during pregnancy were gathered through questionnaires.
Detailed description of the measures and question responses is
provided in online supplementarymaterials. In addition, paternal
data concerning employment history, BMI, smoking and alcohol
use were also included.

We used birth weight (g) as an outcome measure and trans-
formed it into SD scores corrected for gestational duration and

sex using North-European growth standards.17 The NFBC1986
is older in birth chronology and a homogeneous cohort in con-
trast to the Generation R Study; hence, it was used as the refer-
ence population to build the maternal BPS model which then was
tested for feasibility in Generation R.

Identification of maternal BPS model: NFBC1986
Variable selection
Selection of variables was a systematic data-driven approach as
described by Lowry et al.18 In NFBC1986, maternal BPS deter-
minants of birth weight were systematically selected based on
a priori knowledge, literature and data availability. In the primary
analyses, univariate linear regression was done to assess associa-
tions between maternal BPS variables and birth weight using SAS
(version 9.4, SAS Institute Inc., Cary, NC, USA) and variables
showing association (p<0.01) were included in the subsequent
analysis.

Factor analysis
Factor analysis was carried out using MPlus 7.0 to construct
the BPS model in NFBC1986.19 Exploratory factor analysis
(EFA) was used to determine the latent construct among
observed variables, followed by confirmatory factor analysis
(CFA) to provide the final model. Analysis was conducted
using weighted least squares mean and variance adjusted
parameter estimates appropriate for categorical variables.
Geomin oblique rotations were used to provide correlations
between the factors. The observed variables with the negative
loadings were reverse coded so that the correlations, and the
loadings of the observed variables were all positive within
the factor to facilitate interpretation.20 We examined best
factorial structure through factor loading patterns, scree
plot and eigenvalues. We used root mean square error of
approximation (RMSEA), comparative fit index (CFI) and
Tucker-Lewis Index (TLI) to assess model fit. Values <0.06
(RMSEA) and >0.90 (CFI and TLI) are suggestive of good
model fit.21 22 Variables with factor loadings <0.3 were
excluded.

Validation of the maternal BPS model: Generation R Study
Variables similar to the NFBC1986 data were selected in
Generation R, and data were harmonised in both cohorts to
maintain uniformity. Same latent factor structure was generated
in Generation R weighted on the factor loadings of NFBC1986.
Factor scores (continuous values with mean = 0 and SD = 1)

for each latent factor were extracted from both cohorts to assess
the association with birth weight using regression analyses
(Model 1). Stepwise adjustments were performed for each of
the other latent factors (Model 2) and additionally for ethnicity
in Generation R (Model 3). Finally, factor scores of each factor
were divided into tertiles (scored as 0, 1, 2) and added together to
calculate a cumulative BPS score, ranging from 0 to 8, whichwere
then tested for associations with birth weight. The latent factors
in the cumulative BPS score were included in the direction of
association with lower birth weight to maintain consistency. The
study design is illustrated in online supplementary figure S1.

RESULTS
Participant characteristics
Both cohorts had comparable sample size and similar sex distri-
bution. On average, birth weight for gestational was approxi-
mately 100 g lower in Generation R compared with
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NFBC1986. Across the two cohorts, maternal age, educational
level, smoking and alcohol use were higher in Generation R,
whereas mothers in NFBC1986 were more often multiparous
and married (table 1).

Variable selection
Twenty-two variables related to BPS measures were included in
the NFBC1986. Of these, four, including maternal systolic blood
pressure (SBP) at 20 and 30–36 weeks gestation, working posi-
tion and paternal employment were not singularly associated
with birth weight (p>0.05) and were subsequently excluded
(figure 1 and online supplementary table S1).

Latent factors
In the NFBC1986, an EFA of the remaining 18 variables yielded
a four-factor model for 13 variables, without any cross-loadings
or low factor loadings of <0.3 and with acceptable model fit
(RMSEA = 0.049, CFI = 0.905, TLI = 0.832). The first six
factors showed eigenvalue above 1; however, the scree plot
showed a sudden dip after factor four, and the first four factors
explained 50% of the accumulated percentage of common var-
iance. Thus, a four-factor structure was used based on interpret-
ability, model fit indices and clean structure without cross-
loadings (online supplementary table S2, online supplementary
figures S2 and S3).

CFA supported the four-factor structure with all indicators
loading strongly onto their respective latent factors (figure 2).
The latent factors were labelled to closely represent the char-
acteristics of their included observed variables. The first two
factors separated to represent biological variables. The first
factor was characterised by pre-pregnancy and end-pregnancy
BMI and was termed ‘Factor1-BMI’. The second factor
included diastolic blood pressure (DBP) at 20 and
30–36 weeks gestation and was termed ‘Factor2-DBP’. The
third factor represented a mix of variables related to maternal
profile and socioeconomic status (labelled ‘Factor3-
Socioeconomic-Obstetric-Profile’), including ‘no previous preg-
nancy complications’, ‘no house ownership’, ‘null-parity’,
‘lower maternal age’ and ‘unmarried status’. The fourth factor
labelled as ‘Factor4-Parental-Lifestyle’, included maternal and
paternal smoking and alcohol use. Higher values for ‘Factor3-
Socioeconomic-Obstetric-Profile’ and ‘Factor4-Parental-
Lifestyle’ represented unhealthier factors. Strongest correla-
tions were observed between ‘Factor1-BMI’ and ‘Factor2-
DBP’ in both cohorts, and discrepancy was observed in the
correlation between ‘Factor3-Socioeconomic-Obstetric-Profile’
and ‘Factor4-Parental-Lifestyle’ between two cohorts (figure 3).

Regression analysis
Figure 4 displays the association of each factor with birth weight,
and online supplementary table S3 presents their stepwise mod-
els. Unit increase in factor score of ‘Factor1-BMI’ was associated
with 0.24 (0.22, 0.26) SD and 0.19 (0.17, 0.21) SD higher birth
weight in NFBC1986 and Generation R, respectively. This
remained unchanged following adjustments. ‘Factor1-BMI’
showed the most robust association with birth weight and
showed strong influence on the associations of other latent fac-
tors with birth weight. The association between ‘Factor2-DBP’
and birth weight reversed upon adjustment for the other latent
factors and was most strongly confounded by ‘Factor1-BMI’.
A unit increase in ‘Factor2-DBP’ factor score was associated
with −0.14 (−0.18, −0.10) SD decrease in birth weight in

NFBC1986 and −0.13 (−0.16, −0.10) SD decrease in
Generation R (Model 2).
‘Factor3-Socioeconomic-Obstetric-Profile’ and ‘Factor4-

Parental-Lifestyle’ showed negative associations with birth
weight (figure 4 and online supplementary table S3). One unit
higher ‘Factor3-Socioeconomic-Obstetric-Profile’ factor score
(ie, more disadvantage) was associated with −0.37 (−0.41,
−0.33) and −0.33 (−0.37, −0.29) SD lower birth weight in
NFBC1986 and Generation R, respectively (Model 1) (online
supplementary table S3). Although ‘Factor3-Socioeconomic-
Obstetric-Profile’ had the largest effect on birth weight compared
with the other latent factors in both cohorts, it was highly atte-
nuated by the synergistic influence of ‘Factor1-BMI’ and
‘Factor4-Parental-Lifestyle’ in NFBC1986. Similarly, one unit
increase in ‘Factor4-Parental-Lifestyle’ factor score was asso-
ciated with −0.31 (−0.35, −0.26) and −0.09 (−0.14, −0.04)
SD decrease in birth weight in NFBC1986 and Generation
R (Model 1). The addition of ‘Factor3-Socioeconomic-
Obstetric-Profile’ markedly attenuated the association (−0.17,
95%CI−0.22 to−0.12) in the NFCB1986, whereas the associa-
tion became stronger (−0.24, 95% CI −0.29 to −0.19) in
Generation R (online supplementary table S3). Similar directions
of association were observed with small and large for GA
between both cohorts in the sensitivity analysis (online supple
mentary figures S4, S5 and table S7).

Cumulative BPS score
The score was normally distributed across both cohorts. An
increase in BPS score was negatively associated with birth weight
and showed a graded decrease in birth weight. The association of
the highest BPS risk category with birth weight was stronger in
the NFBC1986 than Generation R (figure 5, online supplemen
tary table S4).
Additionally, in Generation R, proportions of smokers

between European and non-European mothers (~18.5%) were
comparable; however, drinking any alcohol was more prevalent
among European mothers (47.9%) (online supplementary table
S5). Compared with European participants, lower birth weight
was observed among individuals fromCape Verdean, Surinamese
and Dutch Antillean ethnicity (online supplementary table S6).

DISCUSSION
Our study focused on the interplay between a set of prenatal BPS
determinants of birth weight. We identified that similar unfa-
vourable factors tended to cluster and showed comparable influ-
ence on birth weight in two European populations, born
16–20 years apart. Noticeably, across both cohorts, biological
factors had consistent associations with birth weight, while
other factors showed more heterogeneous associations.
Importantly, the cumulative score of BPS factors was negatively
associated with birth weight, highlighting a possible snowball
effect of BPS determinants.

Latent factors
We observed distinct variable patterns in the latent factors.
Variables related to BMI and DBP loaded strongly into different
clusters, which is expected as BMI and DBP were repeated mea-
sures at multiple time points. Although BMI and DBP clearly fall
in the biological realm, BMI represents both a biological con-
struct and a reflection on the lifestyle and social context.23 The
third factor showed a mix of variables focussing on mothers
prenatal profile, where lower maternal age had the strongest
loading followed by ‘no house ownership’, ‘null-parity’, and
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Table 1 Characteristics of the study population in the Northern Finland Birth Cohort 1986 and the Generation R Study, the Netherlands

NFBC 1986 (n = 8330) Generation R (n = 7586)

n Mean (SD) or n (%) n Mean (SD) or n (%)

Offspring

Sex 8330 7586

Male 4259 (51.1%) 3823 (50.4%)

Female 4070 (48.9%) 3763 (49.6%)

Birth weight (g) 8330 3547 (549) 7586 3461 (497)

Gestational age (weeks) 8330 39.8 (1.8) 7586 39.9 (1.8)

Maternal biological measures

Pre-pregnancy BMI (kg/m2) 8330 21.6 (3.7) 7586 22.7 (4.4)

End pregnancy BMI (kg/m2) 8300 26.8 (4.3) 7586 26.7 (5.3)

Systolic blood pressure at 20 weeks (mm Hg) 8129 120 (15) 7063 116.6 (12)

Diastolic blood pressure at 20 weeks (mm Hg) 8129 70 (12) 7063 66 (12)

Systolic blood pressure at 30–36 weeks (mm Hg) 8129 125 (12) 7063 117 (16)

Diastolic blood pressure at 30–36 weeks (mm Hg) 8129 80 (15) 7063 60 (9)

Haemoglobin at first visit (g/dL) 8129 13.6 (1.1) 6477 12.1 (1.0)

Maternal psychosocial§ measures

House ownership 7447 6038

Yes 4119 (55.3%) 3215 (53.3%)

No 3328 (44.7%) 2823 (46.8%)

Marital status 8234 6924

Married/co-habitating 7877 (95.7%) 5900 (85.2%)

Unmarried/widowed/divorced 357 (4.3%) 1024 (14.8%)

Maternal age (years) 8330 27.7 (5.5) 7581 29.5 (5.3)

Maternal alcohol use 7901 6563

Yes 979 (12.4%) 2366 (36.1%)

No 6922 (87.6%) 4197 (63.9%)

Maternal education 7184 7256

Tertiary 1899 (26.4%) 2933 (40.4%)

Secondary 4713 (65.6%) 3453 (47.6%)

Basic 572 (8.0%) 870 (12.0%)

Maternal employment 7234 5751

Employed 5132 (70.9%) 4122 (71.7%)

Unemployed 2102 (29.1%) 1629 (28.3%)

Pregnancy desirability* 7098 2285

Yes 6494 (91.6%) 2174 (95.1%)

No 598 (8.4%) 111 (4.9%)

Maternal smoking during pregnancy 7239 6653

Yes 608 (8.4%) 1251 (18.8%)

No 6631 (91.6%) 5402 (81.2%)

Maternal working position 6296 5671

Sitting 4841 (76.8%) 3472 (61.2%)

Standing or walking 1455 (23.1%) 2199 (38.8%)

Parity 8060 7908

Nulliparous 2643 (32.8%) 4480 (56.7%)

Multiparous 5417 (67.2%) 3428 (43.4%)

Previous pregnancy complications† 8287 4209

Yes 1676 (20.2%) 1355 (32.2)

No 6611 (79.8%) 2854 (67.8%)

Ethnicity 8330 7172

Finnish 8330 (100%) –

European‡ – 4501 (53.3%)

Non-European – 3949 (46.7%)

Paternal measures

Paternal BMI (kg/m2) 7832 23.7 (3.3) 25.0 (4.4)

Continued
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‘unmarried status’ and ‘no previous pregnancy complications’
having the weakest loading. The current labelling of this factor
can raise caution to reduce misinterpretation of the underlying
mechanism and the possible stigma. It may capture a population
of mothers with comparable behaviour, that is, with lower age to
be nulliparous, having no house ownership, being unmarried and
absence of previous pregnancy complications. However, no
house ownership and unmarried status also highlight financial
instability and may reflect psychological stressor during preg-
nancy. Despite the uncertainty, it is very interesting to note how
these variables load onto one factor in influencing health that
replicates between cohorts. Lastly, unhealthy behaviours in both
parents such as alcohol use and smoking clustered together. It is
often noted that partners influence each other’s lifestyle and
behaviours.24 Thus, using data-driven approach allowed us to
observe structures that are unknown, without enforcing a prior
categorisation. Nevertheless, modelling psychosocial factors is
challenging. Martikainen et al hypothesised that individual
health outcomes are conditioned and moderated by the social
structures (non-psychosocial pathways) in which they exist.25 It is
important to note, however, that individual’s psychological well-
being partly depend on the social environment we live in.26 We
observed a positive association between ‘Factor1-BMI’ and birth
weight, consistent with observational studies.27 28 Tyrell et al
demonstrated a positive causal genetic association between
maternal BMI and birth weight.9 A recent meta-analysis has
identified maternal pre-pregnancy weight in influencing child’s
health (overweight/obesity throughout childhood) more than
gestational weight gain during pregnancy.29

DBP emerged as a stronger predictor of birth weight than SBP
in our study (online supplementary table S1). DBP is a more
stable, reliable and easily measurable marker of BP, and believed
to be the main contributor to the development of pre-
eclampsia.30 The ‘Factor2-DBP’ showed a positive-unadjusted
association with birth weight, but when adjusted for the other
factors, particularly ‘Factor1-BMI’, interestingly, the association
was reversed in both cohorts, and this has been noted in previous
studies as well (online supplementary table S3).9 31 It is well
established that maternal BMI positively associates with birth
weight as well as DBP.32–34 This suggests that the attributable
effects of BP on birth weight can be highly confounded by other

metabolic constituents. The mechanism underlying high mater-
nal BP and reduced fetal growth is yet unclear. It has been
speculated that increased maternal DBP could possibly be
a mechanism to compensate for placental dysfunction and as
such might be a consequence of restricted fetal growth.35

‘Factor3-Socioeconomic-Obstetric-Profile’ and ‘Factor4-
Parental-Lifestyle’ showed negative association with birth
weight, but heterogeneity in the effect size was observed between
the cohorts. In NFBC1986, sequential adjustment of ‘Factor1-
BMI’ and ‘Factor4-Parental-Lifestyle’ considerably attenuated
the associations between ‘Factor3-Socioeconomic-Obstetric-
Profile’ and birth weight. ‘Factor3-Socioeconomic-Obstetric-
Profile’ closely correlated with ‘Factor1-BMI’ and ‘Factor4-
Parental-Lifestyle’ (figure 3), and a robust association of
‘Factor1-BMI’ with higher birth weight may explain the attenua-
tion of this relationship. This also explains the attenuation of
association between ‘Factor4-Parental-Lifestyle’ and birth weight
on the addition of ‘Factor3-Socioeconomic-Obstetric-Profile’
indicating overlapping of variables suggesting social construct
in both factors through similar underlying pathways.
In contrast, in Generation R, the association with birth weight

increased when ‘Factor4-Parental-Lifestyle’ was adjusted for
‘Factor3-Socioeconomic-Obstetric-Profile’ and ethnicity. This
maybe because these factors are negatively correlated in
Generation R and it is important to acknowledge important struc-
tural differences highlighted by the correlation structure of the
observed variables of these latent factors between cohorts. The
largest differences were observed in the correlation of maternal
alcohol use with house ownership and maternal age, which is
much stronger in Generation R than NFBC1986. We also noted
an association of a more suboptimal ‘Factor4-Parental-Lifestyle’
with lower birth weight among participants of European ethnicity.
The frequency of alcohol use among European mothers was higher
than in the overall group of non-Europeanmothers; however, there
was high heterogeneity among non-European groups,36 but the
difference in smoking was minimal (online supplementary table
S5). Further, non-European ethnicities, particularly Dutch
Antilleans, Cape Verdeans and Surinamese, were associated with
a lower birth weight compared with the Dutch group (online
supplementary table S6), which may be related to social, cultural
and genetic disparities.10

Table 1 Continued

NFBC 1986 (n = 8330) Generation R (n = 7586)

n Mean (SD) or n (%) n Mean (SD) or n (%)

Paternal employment 7137 4396

Employed 5739 (80.4%) 4003 (91.1%)

Unemployed 1398 (19.6%) 393 (8.9%)

Paternal smoking 7286 3169

Yes 2847 (39.1%) 1951 (44.2%)

No 4439 (60.9%) 2466 (55.8%)

Paternal alcohol use 6997 4450

Yes 4977 (71.1%) 3672 (82.5%)

No 2020 (28.9%) 778 (17.5%)

Values are mean (SD) for continuous normally distributed and percentages for categorical variables.
*Pregnancy desirability has been defined in NFBC1986 by the question—‘Is the current pregnancy wanted?’ and in Generation R by the question—‘How do you feel about your current
pregnancy?’ and the responses were—‘Happy’, ‘Normal’ and ‘Not happy.’ The data were harmonised between two cohorts and the responses ‘Happy’ and ‘Normal’ were included into category
‘Yes’ and ‘Not Happy’ into ‘No’.
†Previous pregnancy complications included miscarriages and stillbirths.
‡In Generation R, European included participants with ethnicity as Dutch, American Western or other Europeans.
§Psychosocial is an umbrella term, used as surrogate for some of the possible social and psychological measures.
BMI, body mass index; NFBC1986, Northern Finland Birth Cohort 1986.
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Cumulative BPS score
Importantly, the cumulative BPS score of all four factors
demonstrated a graded decrease in birth weight with increas-
ing score in both cohorts, thus showing the snowball effect of
BPS construct. The uniformity of directions of association
and distribution of scores across both cohorts highlights the
validity, predictability and feasibility. This specifies the impor-
tance of environmental and societal exposures along with
biological components in contributing birth weight, empha-
sising the BPS paradigm of birth weight that supports Engel’s
proposition.12, 37 Importantly, unhealthy behaviours further
influence components of metabolic health including maternal
BMI and BP. These results posit that none of these determi-
nants alone bring about health or illness, but their interaction

determines the outcomes. Regarding multi-factorality, our
findings share similarities with a Canadian study showing
that the level of maternal perceived stress was influenced
both by social support and self-esteem. The psychosocial
variables indirectly affected fetal growth mediated by beha-
vioural and biological factors.38

We included birth weight as continuous measure. However,
sensitivity analysis with small or large for GA showed similar
patterns and directions of relationship in both cohorts (online
supplementary figures S4, S5 and table S7). Categorising
assumes constant relation between dependent and indepen-
dent variables within intervals, concealing information on
non-linear relations. Thus, any biological plausible change
in effect within an interval will be lost.39

Figure 1 Forest plot showing association between maternal prenatal biopsychosocial observed variables with birth weight, corrected for gestational
age and sex in the NFBC1986 (the effect size for birth weight is in SD scores, corrected for gestational age and sex, by unit or category increase in
exposure).
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Strengths and limitations
The study included cohorts with rich prenatal data on
mother and children. We benefitted from using factor analy-
sis, which empirically unravels the commonalities between
different BPS determinants and bases the weights of these on
the strength of their empirical relation rather than the cumu-
lative approach that applies equal weighting to all the
components.40 Our model was built on the NFBC1986
data and tested for feasibility in Generation R, which is
16–20 years younger in birth chronology. This allowed us
to elucidate the differences of BPS exposures on offspring

health between the two populations, providing further sup-
port for addressing the environmental and societal
exposures.
In terms of limitations, maternal smoking and alcohol use were

self-reported, and may be under-reported due to social undesir-
ability. Missing data are pervasive in cohort studies. However, we
usedMPlus, which uses all the available data to estimate themodel
using full informationmaximum likelihood to account for missing
data. It is always challenging to label latent factors and we have
tried to label them carefully to represent their underlying con-
struct. We aimed to include easily available measures in our study

Figure 2 Confirmatory factor analysis of four-factor structure including
13 observed variables in the NFBC1986. NFBC1986, Northern Finland
Birth Cohort 1986.

Key

A) NFBC1986

BMI

BMI 1 DBP

DBP 0.46 1 SOP

SOP -0.05 0.02 1 Parental Lifestyle

Parental 

Lifestyle
-0.13 -0.08 -0.20

1

BMI

BMI 1 DBP

DBP 0.33 1 SOP

SOP -0.33 -0.27 1 Parental Lifestyle

Parental 

Lifestyle
-0.03 -0.14 0.31

1

B) Generation R

Figure 3 Correlation between four latent factors in the NFBC1986 and
the Generation R Study. NFBC1986, Northern Finland Birth Cohort 1986.

Figure 4 Forest plot showing association of the four latent factors with birth weight, corrected for gestational age and sex (SD estimate, 95% CI) in the
NFBC1986 and the Generation R Study. NFBC1986, Northern Finland Birth Cohort 1986.
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and used factor analysis to facilitate ease of interpretation by
concise representation of similar measures, but this may have led
to loss of some valuable information pertaining to the individual
variables. The availability of direct measures of psychological
factors and stress enabling harmonisation between cohorts was
limited. However, the proxy variables used in the study are well
established and widely used measures in social medicine and also
well interpretable among the clinicians. Paternal data were limited
in our study, which would have been beneficial to highlight the
coexisting pathways between maternal and paternal variables.

CONCLUSION
We have derived a composite structure between prenatal BPS fac-
tors associated with birth weight, providing clarity on a set of
measures that present a cumulative risk. It is imperative to link
concepts from both social and biological sciences to achieve
a comprehensive overview of the possible pathways in the develop-
ment of the disease. Cross cohort analysis between two ethnically
different European population elucidated that psychosocial con-
structmay vary from generation to generation in influencing health.
This analysis is exploratory and opens the possibility to enumerate
how BPS adversities cluster over the life course and snowball risk to
offspring health. Furthermore, it broadens the scope of clinicians
gaze in the selection and tailoring of prenatal interventions and
preventive strategies for mothers at individual level.
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What is already known on this subject

► Offspring’s birth weight is determined by a mixture of
prenatal factors including maternal pre-pregnancy body
mass index, maternal age, birth order, genetics, along with
environmental factors such as smoking, alcohol, occupation
of the parents, forming a biopsychosocial construct. Despite
decades of research, the interplay between these
biopsychosocial factors collectively influencing birth weight
still requires more attention and empirical evidence.

What this study adds

► The study identifies a maternal biopsychosocial construct of
birth weight and disentangles the underlying relationships.
Variables related to maternal biopsychosocial health are
separated into biological factors such as body mass index
(Factor1-BMI) and diastolic blood pressure (Factor2-DBP) and
others characterised by maternal prenatal profile (Factor3-
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